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I = INTRODUCoIaN 

Health planning is an 
effort to introduce rationality
 

into the political and administrative processes of a
 

society in-order to obtain specified goals for health.
 

Althougn there 
nave been many improvements in planning
 

techniques, these improvements alone are not sufficient to
 

guarantee the achievement o1 the oesirea goals. Hence,
 

problems must arise elsewhere in tne planning process that
 

account for failure of implementation and a snortfall in
 

targets attained.
 

The purpose of the seven chapters that -flLow is to
 

contrioute to tne development of an inteirated theory of
 

the health planning process whicn involves its political,
 

tecnnical, ano adc.nistrative aspects, with the objective
 

of formulating implementaole plans.
 

To begin build1ing a model of tne planning process, 

:hIe oasis ror unoerstanLn4 scientific models in general 

is described in Cnapter 1I. 

Vie concept at a modeL is Introduced by presenting 

the steps required in constructing one: selecting tne 

i2portant aspects of tne phenomenon Doing studied,
 

cla3sttyIng tnese variables 
 as exogenous or endogenous,
 

specifying the forms of these variables, 
 and detecalning
 

the cause-effect relationships among thie varlaules. T e
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consequences of the aspects of reality excluaea 
from 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
 

systems are 
defined which nave outputs tnat influence the 

health status theof memaers of 
a society. An empirical 

index of health is established in order to analyse health
 

by statistical 
setnods. Statistical studies of factors
 

that determine the 
level of health and their 
 .uppLy and
 

demand are 
provided Lor illustration.
 

Planning for health is aescrioea in Chapter IV 
 as a
 

set of functions: decision-makiny, technical preparation
 

of tne plan, ipLpe,-entation ana control. 
 Znes,, functions 

are pertormed by five planning groups: hivn government 

otticiais, tecnnicians, PUDic administratoQr, private 

grouaps withir the same country, and foreiyn jovecnaents
 

and international organizations. 
A basic nyptlnesis for
 

anaIY31ng the planning process is sKetcno, a~suss/ng how 

the oriinlZaton and participation of tne pLannin; groups 

and :e .av in wnik:f the Alunctions are jec:,)re4 nifluence 

the iegree 'iz Cie'Jement of the targets of tae 2.lJn. 

?ne tilth chepter introduces tae use of 4Aantiflable 

models In the performance of 
the technical tunction. 
The
 

ideas about scientific nodals and their leatures presented
 

in 
 the second chapter are discussed in relation to the
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training. 
 A linear programming model 
 is Introduced for 

the optimal selection of health personnel. 

Planning for the number, size, and location of health 

facilities is discussed in Chapter VIII. Facilities are
 

selected so 
that the need for them 
can be sitsfLied using
 

the resources available whenever possible. 
 A description
 

of and a comparison among the different 
 types of health
 

facilities 
 are introduced. 
 Factors 
 ,hicn influence
 

hospital utilization and the impact of 
 hospital location
 

on their utilization 
are also discussed. An integer
 

prograaming model 
for the optimum selection of number,
 

size, and locations 
of the various 
 types of health 

facilities is presented. 



Ciwpter 1i: Scientific Models Page 5 

It L~LIE&&. AUILZ IMZIL MOEL 

II-i INTRhJD)CTION
 

This cnapter introduces the basic Instrument to be
 

utilized in the remainder of the manual - abstract madels. 
It
 

begins by assuming some conceptual framework on the part of the 

observer 
with whicn he forms analogies to the phenomenon being
 

examined and describes the necessary' steps in constructing an
 

abstract model.
 

11-2 CUNCEPT OF A MODEL
 

i5;The Concept of a model will De introduced by means of a 

step-by-step discription of the construction of 
one
 

First. it is assumed tnat the observer has some intuitive 

idea or mental image of tne phenomenon no intends to study, 

whicn will be called a conceptual framework of the phenomenon. 

he does not approach tne investigatLon witn an empty mznd- Aie 

has ideas, concepts, and expectations wnich are generally 

regarded as nis "knowledge", 0experiencem o, or "scientific 

bactground". The existence of these 
 ideas perats him to
 

establish anato.3ies Detween familiar concepts and the less
 

familiar phenomenon 
oeing studied. This concaptualizatton 
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particular illnesses, tor exampLe)and different observers would 

licaly choose different variaoies. A number of variaoles may 

not be selected, for many reasons. The observer *4y deem them 

Irrelevant. Every oaserver has limitations in comprehending
 

and defining a phenomenon. Also, not every variable can 
be
 

includea, since the oL model to
purpose the Is simplity 

reality. The aspects of reality excluded from the model 

introduce a margin of error, ana the consequences of this error
 

will be discussed later.
 

For the second step, the observer will specify the various
 

torms of the variables included, which may be either
 

quantitative or qualitative. 
 If uitferent numerical values can 

be 3pecifted corresponding to different amounts or different 

maynltuaes of degree or intensity, these are called 

qudnticative variaoles. It tne toras of a variaole are 

classiticatory, for instance,,difterent types of diseases, or 

if the manitude ot the intensity of the dtlterent focus ot a 

variable, tor instdnce whnen tne forms are good/aido then one is 

dealinq Witn qualitatLve varLaoles. Numoers, tnough, aay oe 

assigned to qu3litative w3riables, such as 0, 1, an so on for 

the purose r diStiftd.tnLai categories. Ta Ls is not to ne 

confused with ictual nuimecical pr,qectles. The set of all the 

forms tnat 3 variable takes is calle its range. Different 

ranges may be sp.cified tor the same phenomenon* If one range 

includes all the forms of another plus some adaitional ones, it 
is said to ae '"morereilned" or to give more "precision" to tie 
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variable.
 

One will also observe that not every form of 
one variable
 

appears together witn 
 every form of any otner variable. For
 

instance, not every level of infant mortality appears together
 

with every level of income. From observations of reality, one
 

can determine which forms of 
 the variables appear together;
 

i.e., 
which variables are correlated.
 

Next, 
the observer linxs the variables in cause-effect
 

relationships, stating that whenever 
 a variable cause
 

(exogenous variable) takes a specific fora, a 
variable effect
 

(andogenous variable) will take
also a specific torn. This
 

reiationsnip is the basis for 
the concept of explanation of a
 

Whenomenon ioe., a phenoaenon is explained when, given a
 

comoination at forms ot 
exogenous varlaoles, one cdn determine
 

tne form that eacn endogenous variaole will 
taxe. ior example,
 

healtn workers have ooservea tnit, witn an increase in the
 

numoer of vaccinatioas for a secific disease, tnat specIfIc
 

disease rate decreases, and concluded tnat increment
te In
 

vaccinations is 
 tne "cause" or the aecreasa in tie disease
 

specific rates, i.eo, decreased .orot-iiy rates 
 see explained
 

by increased vaccinations. 
 It is the aoz rv .
ano Links the 

variables in the causal relationsnip, ana mat Lin does not 

necessarily exist in reality. 

There are several characteristics 
ot tna cduse-efrect
 

relationship tnat should be discussed. first# a particular
 

variable eftect might Nave more 
M~an oat cause. -Lt is also
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pOsSible for 
 one variable to Do simultaneously a cause in one
 

relationship and an effect 
 in another. Finally, since the
 

cause-effect relationship depends upon the point ot view of the
 

observer, the relationship might change if he alters 
his
 

viewpoint. An example of 
 different focaulations of
 

cause-effect relationships arising from 
 different viewpoints
 

WiLl De 
 presented. A radIci'l perspective on health would
 

maintain that the problems of the health care system are caused
 

by variables outside the systea; 
 i.e., that the relationships
 

In the health care system reflect the reiationsnips In the
 

society at large. 
 On the other hand, a conservative
 

perspective would vieu these 
same proolems as a result of
 

variables within 
 the health care system. A case in point Is
 

the lack of care available to poor rural 
 areas. A radical
 

perspective isay look 
 to the distribution oi weattn and power
 

within society and the relationsnip of the rural sector to the
 

urban sector tor an explanation, 4lie a conservative
 

perspective Aiunt attrtoute 
 th4 problem to a rtawcaown of
 

market mecnant3is in tne health sector, resulting Lik snortages
 

of doctors, at:,
 

Variables mav oa cldssitidd as either endogenous or
 

exogenous. Those tnat irie dssu..ti to be causes only are called
 

exoyenous varlaoLes. Tnis 
 means that they influence the
 

pnenomenon oeinj stulidd, out are not 
 influenced by it.
 

Endogenous variables are those that appear both as causes and
 

effects or as 
 effects only. ?or example, in a dlsease odel 
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Concerning malaria, the 
acreage of marshy land vould be an
 

exogenous variable, 
 wnhle in a model of family planning
 

programs, population would 
be 	 an endogenous variable. 
 The
 

exogenous variables 
are considered the explanatory variabLes,
 

and the endogenous variables are 
considered tae explained
 

variables.
 

The same exogenous varlaoles used In several varying
 

causal chains 
may lead to different forms for 
the one or more
 

endogenous variables, i.e., there 
 are contradictory
 

explanations for 
 endogenous 
 variables. Coatradictory
 

explanations should not 
exist in a model if, wnenevec tne form
 

of the exogenous variaole is known, it 
is possiole to determine
 

in one aria only one way the forA ot each ot the 
 enaogenous
 

varldbles. The relationsnips in a model are consistent and
 

complete if, given the toras of tne
ill exogenous vartables,
 

the torits ot 
the endogenous variables can oe deterained.
 

Thus, we can see that a 
molel has tfhe toiio.lng basic
 

elements: (1) varia3les; (2) their ClassILtcItton as either
 

endogenous oc eAo.jenou; 
 (3) tae CdUSal relattoisnips among
 

them; 	 ana (4) the consistency condition.
 

In the 
tlio.ing sections, a more detat.le1 presentation
 

will oe g',r. .t tne variaDLes appearing in 
j odel and the
 

relationsnipvzmonq them. 
 Also the consequences ot the aspects
 

of reality exAl.~uo 
 trom 	the model will be aiscussea.
 

BEST AVAILABLE COPY
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11-4 VARIABLES IN A MODEL
 

Tne observer must Keep in mind that the 
 main reason for
 

constructing a model 
 is to simplify and systematize reality.
 

Therefore. the number of 
variables that One includes should 
be
 

manageaf!le.
 

in tne previous section, it was mentioned tat variables
 

tace different forms. 
 Specification of 
 the lorms of the
 

variables may be made according to 
the nature of measurement,
 

i.e., whether they are 
 nominal, ordinal, interval or ratio.
 

Nominal refers to a level of measurement *Aich 
grouvs objects
 

into classes so that all of 
 those in a sinyid class are
 

equivalent witn respect 
to some attribute. Examples include
 

the variaole wrich can oe classified as aaio or famale,
sex, 


and tne variable healtn services, which 
may be cLassfied as
 

maternal ana nedlth
cnila services, emeriency services,
 

surgical services, etc. 
 In other words, they are slots for
 

classification as mentioned previously. 
Ordinal measurement is
 

possible when one 
can detect differing degrees of 
an attribute
 

or property in objects, ana thu3 
tre oojects can ae ordered or
 

ranked. An example would be 
dLt:erenc legrees of disability ­
little, moderate and severe. interval level measurement
 

distinguishes different amounts ot 
an attribute in objects and
 

additionally discerns 
 equal difterences between objects. 
 For
 

example, one can say 
that there is a ditference o1 1 unit for
 

every degree on tne temperature scalee out one can not say that
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the differences among gooo, fairl and poor categories are equal
 

to so many units. The zero point is arbitrary, as on the
 

temperature scale, and does not reflect aosence of the
 

attribute. Ratio measurement has all the characteristics of
 

Interval measurement and in addition has a true zero point as
 

Its origin. Examples would be weiyht and heignt. Measurement
 

of moroidity and mortality as' rates per thousands would be
 

another example. Those variabLes which are nominal or ordinal
 

level are qualitative; those tnat ace interval or ratio level
 

are quantitative. The characteristic that separaLe these two
 

categories of variables is not innerent to tne quantitative
 

variables; it is simply that a method has been discovered to
 

quantify the different torus that a particular varlaoLe takes.
 

Scientitic models deal witn both types or variables.
 

However, the definition and analysis of qualitative variaoles
 

is more difricult.
 

One elerent common to all phenomenon Is time. Models
 

which inciuaq time are Known as dynamic models, and tnose waich
 

'do not include tiae are known as static.
 

11-5 RELATIONSHIPS AMONG VARIABLES
 

Another element of a model is the causal ceiationships
 

among the variables. The ooserver first assects tnat a
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Once the relationships among the variables In a model 
 are
 

specified ana their consistency verified, It Is possible to 
use
 

the model to study in the aastract the phenomenon it
 

represents. Powever, one must consIder the fact that the
 

aspects of the phenomenon left out ot te model influence 
Its
 

cause-effect reiationships, aIrch are discussed In 
 the
 

following section.
 

11-6 CONSEQUENCES OF THE ASPECTS OF REALITY EXCLUDED 
FROM THE
 

MODEL
 

In constructing a model , the observer leaves out some of
 

tre aspects of the reality no is studying, due to human
 

limitat-ions in comprehending the phenomenon, in specifying and
 

aggregating te variaoles, and excluskon at 
 variables
 

considered irrelevant oy the observer. 
 Tnis somewnat arbitrary 

elimination from a voue2 of some aspect of reality has
 

Important consequences.
 

First, tne reiatijarniis w4nq the variables la a model 

usually, do .not repr3tiuce exaccly the value of tne endogenous 

varlaoles. It is possible to specify the form of tne effect
 

varzaole only up to an error t ,rarI.e. ; 
it is not possible
 

to state the specific torm of teo effect variaile, out only a
 

specified set that includas several alternatives. Tle
 



Chaa:tr 11: Scientific ModeLs 
 Page 16
 

difference Detueen the observed 
and the computed vques is
 

known as random error. Another consequence is that the aspects
 
of reality excluded frum the model characterize the tore of the
 

relationships.
 

The relationship between the variaoles In a model 
 can be
 
specified on two levels: 
 dith or without td~ing into
 

consideration the aspects of reality not included in the model.
 

When these aspects are 
not considered in the relationships, a
 
genaral model is constructed 4hich does not refer to any
 
particular reality e 
in order to apply these general models,
 

the aspects of reality left out of 
them must be inciudea.
 

These observations show 
that another element in addition
 

to tne variables appears in the relationsaLp jetween the
 

variables in a model. This 
element is dependent upon the
 
aspects ot reality excluded from the model - parameters. For
 

instance, nutritional level may be excluded form a modelo but a
 
given value !or 
it would be assigned In order to calculate the
 

other cause-eftect relationships.
 

11-7 VERIFIC.YTIN OF A MODEL
 

The prolem ot verification Is that of deciding anetner or
 
not 
 the model descrioes satisfactorily the 0henoeunon being
 

studied. In order to find out, it is necessary to seoeciy the
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linK betweenI the varlaDles, taxing into consideration the
 

values of the parameters. When the values of the parameters
 

and the terms of tne exogenous variables are kaoun, it is
 

possible to determine the forms of the endogencus variables.
 

To test a model, the first step is to oDserve the forms
 

taken oy the exogenous and endogenous variables in reality.
 

Next, the observed forms of the exogenous variables are used in
 
the model. The relalAonships aiong the variables in the model
 

make possible the determination of the forms of the endogenous
 

variables. 
 Thus two sets of torns of the endogenous variables
 

are available: 
 those observed in reality, and those obtained
 

fron the relationships among the variables in tne 
aodel. These 

two sets of forms are compared. The model is verified and 

accepteap it or the observer's purpose these two sets ol forms
 

do not differ signit icantly. In this comparison, thle existence
 

of randow errors 
 snould be xept in mind by using 4tatistical 

techniques to i.e., tests oftest hypotheses signizacance are 

used to ascertain wnetier the aifterences are due to chance -


random error - or not.
 

Of course, it is the scientist who determines how close
 

the agreement oetkeen the observed and derived forms of the
 

variables should be. in s'ome cases, ne may feel cnat e very 

close agreeement is required, wniLe in others this may not be 

necessary.
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11-8 ACTUAL PROCESS
 

In practice, the sequence described tor constructing and
 

verifying a model is not feasible. It is very unlikely that
 

all tne data neede are available for evaluating tne parameters
 

of a model at 
the time the observer has defined tne variables
 

and tne cause-effect relationships in it. Consequently, 
he
 

must proceed In a stepwise fashion from 
one model to another. 

The first few models would utilize wratever Information is
 

available and also initial observations and estiations of the
 

variable values, 
 in order to discover and clarity the
 

cause-etfect relationships 
and to verity the aodal. If these
 

prove successtul, there may be 
a more systematic collection of
 

data, and the additional 
 data may suggest naw vaviaoLes and
 

cause-effect relationships. So 
tne process of constructing and
 

verifying a model is reinitiated, and the model can ae 

continuously refined and updated until the observer Is 

satisfied. 

11 -9 SUHMARY
 

This chapter has described the process of analyzing
 

reality and conceptualizing a particular phenomenon Into an
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abstract model. 
 Any idea mnch is logically consistent
 

constitutes a model, since models are 
the basis of systematic
 

thinKing° All the steps in building a model - saiection of
 

important aspects of the phenomenon being studied, their
 

classification as excgenous or endogenous, and the
 

determination of cause-eftect relationships among the variables
 

- are then included in any thinking process. The consequences
 

o0 the aspects of realLty excluded troam the model, varilication
 

of the model and the actual process of constructing and
 

verifying a uodel are also discussed.
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III UirkM UE AICNCEEA WMEUL 21 dIAj f " A COMPOMENX 91 

Before developing an empirical index of healtni and an 

Input/output model of the health process, we will examine the 

place of health as a component of the social processes, by
 

viewing some of the many Inter-relationships that exist between
 

them.
 

II1-1 HEALTH AS A COMPMNENT OF THE SOCIAL PROCESSES 

Healtn, using the W..O. detinition, is not just the 

absence of aisease, but a state of complete pnysical, emotional 

and socidl well-being. Health contrioutes directly to human 

well-being ana is one determinant of welfare. Good nealth 

permits partilcpdtion in personal, family, socAal, and 

political aitivities. The direct consumption &ad investment 

value o.f neaith is Measured in 2art oy resources devoted to 

health care. Health care satisfies felt numan ueeds and has 

important human support functionso wnether it cures the disease 

or not. However, health has not always been consideced 

important in the socio-economic planning process, given tite 

bias toward investment in physical elements of economic gfowtt. 
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The Implication of this bias 
 has been that "non-physlcal
 

capital factors" such as health and education and other forms
 

of human investment have been disregarded.
 

Ill health is thought to impose economic costs in the
 

productive sector by (1) reducing the avallaoility of labor)
 

(2) lmpal:4.ng the productivity of employed workers and capital
 

goods; (3) wasting current resources, particularly nutrients;
 

and (4) impeding the development of natural resources, animal
 

wealth and tourism potential. The availability of labor is
 

reduced botn by premature aeatn and by absenteeism due to
 

illness. IlI healtn affects the productivity of warers, since
 

their strength, stamina and aoility to concentrate suffer.
 

Current resources are wasted by the costs of diagnosis and
 

treatment and by the increased caloric needs of the population
 

caused 
ay levers, helinthic and enteric diseases, A waste of
 

resources also occurs when poor nedlth 
conditions restrict
 

settlement in areas with fertile Land ocnar
or natural
 

resources. 
 Tne presence of oncnocarclasis, Walaria and
 

sleeping sickness naa restricted access and development in &any
 

areas.
 

There exists a cQ. 1lex inter-relationsnip oeteden nealth
 

and many socio-ecornaic factors. The examale of the
 

relationsnip vetween nealth and education will 
 be consideredo
 

%= For a child to utilize the scaooling he outains to the
 

fullest extent, he must nave good healtn. Litedisef, an adult
 

must oe mentally ani pnysicalLy tit to use tne inowledge and
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skills he has acquired. Chronic sIc~ness In a school-age 

population can lead to a -decrease In the averaje years of 

education received, aftectinj the future quality of the wori 

torce. Chronic sickness and disaoility will affect the quality 

of the present work force, decreasing laDor productivity. On 

the other hand, the extent to which health conditions can be 

improved depends on people's knowledge and attitude toward
 

health practices. In turn, these standards of health and
 

education depend on the social environment, especially the
 

prevailing attitudes and institutions.
 

In fact, most of tne diseases that are importnL from the 

point of view of public health importance ii developing 

countries are basically socio-environmental in nature. Some 

examples of maJor health prooleas, that aay ne ciassifiea as
 

"social proolems with aedical aspects" ara:
 

(1) malnutrition;
 

(2) zany communicaole disdases suca as
 

gastro-intestinai conditions, Including
 

parasitoses, tetanus, tuberculosis and laprosy.
 

Although a jerm ajent is part of the etiology,
 

causation is oultitactorial and these conditions
 

would not be public health proolems if
 

socto-environmental conditions were ditferent;
 

(3) anemia in non-industrialized countries. Tna$S
 

is due mostly to factors related to the environaeat
 

(external and internal): inadequate intake oc
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absorption of iron, and chronic blood loss for such
 

reasons as hookworm Infestation (Martin, 1976:
 

185).
 

Now that we have outlined some aspects of nelth as a
 

component of the social processes, we will proceed to construct
 

a moiel of the health process. One of the first steps is
 

establishing an empirical definition of health "whicri wll be
 

termed a nealtn index.
 

111-2 CONCEPT AND EMPIRICAL INDEX OF HEALTH
 

In aefining the concept of nealtn, a distinction will as
 

made between individual health and societal neailtn. The
 

essential cnaracteristic in tae process of health is its
 

relationship with a natural range of physical and mental states
 

of well-oeing, illness and ueatn. 
 Illness is assuwea to be a
 

state that reduces t.ue health of an individual and eventually
 

leads to deatn if it is not cured. The existence o diseases
 

that cause d great de.al of discomfort out do not involve any
 

risk of deat-i .ill be ignored in developing an empirical index
 

at present :Line. An example could *a some forms ot mental
 

illness.
 

Once tne concept of individual health has been defined,
 

one can proceed to specify the concept of social health by many
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different methods. For our purposes, societal healtn will be
 

defined as an 
 average of the health status of the individual
 

members of a society. To obtain this average, a nealta index
 

for each individual must first be found that describes the
 

position an individual occupies on the scale of aell-being,
 

illness, and death, The value of this health index represents
 

the relative distance between the lndividual's state of health
 

and deatti at a given point in time. It is seasuced by Life
 

expectancy, the average number of years an individual can
 

expect to live (Mausner and Bann, 1974: 198), given his
 

present state of health. For example, if an individual is in a
 

state of well-being so that his life expectancy is 50 years,
 

his health index is 50. If he oecomes ill, and iosequently 

his lite expectancy is reaucea, his nealtU index is 

proportionately reduced. If the person returns to the initial 

conditions ot well-Deing nis healtn index wili increase
 

likewise. In order to prepare tnis indivtdual heaLth index,
 

one woull require knowledge oi dli tne illnesses and diseases
 

that a person will expertance an.1 the nuboer of years that each
 

one will suotzact from nis lite expectancy. Or, at the time of
 

an indiVidud"s death, one can efaludtv precisely the health
 

index as the number of years Lived.
 

For purposes of ilLustration, we will assuAe tna the
 

health indices of the members of a society are known. Then,
 

the health inaex for aa entire population can be represented by
 

one numerical term (a simple average) for the aggregate of all
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Individuals' health Indices In that population. 
 This average
 

health index approac3 otters some operational advantages.
 

Taole I11-1 
snows the health index of a population of 100 

persons, using the Individual health indices of such a 

population. 

LUULA O.L 11aEtial iLuA Peoulilm.i jagLts Ukialt 
Health Index(l) Numoer of Persons
 

(a) (W) 
 (a x b)
 

40 
 60 2400
 

35 30 1050 

Totals 
 100 3460
 

Health Index of Population = 3460/100 34.60 

<1> average numoer of years life
ot 


in-anoel 

Source: Correar 1968: 5. 

An observer ot the anove population studying a span
 

of life of 40 years would write down the numoer of people
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afto die at the end of the first year, waica in this 

example is 10; next he will write down the number of 

those dying at the end of the 35tn year, in tais case, 30; 

and finally the number of people uho die at the end of the 

40th year, which is 60o At this point n will estimate 

the average number of years of life of the population ­

which is 34460 years. 

The great advantage of the average number of years
 

approach is that tais can be eNtimated witnout vnowing the
 

health index of the individuals who constitute the
 

population. As a basis for 
these estimates, statistical
 

data or mortality /$to750 rates by sex and age areakdowns,
 

if 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
 

statisticai data and to difficulties in calcu~ation, it is
 

useful to have a rough approximation of life expectancy at
 

birth which can be ootatnea by tne formula
 

100/r
 

where r Is the rate of mortality in tne specific
 

population. These mortality rates and Life espectancies
 

will be used as a basis for later analysis.
 

111-3 FACTORS OHICH DETERMINE THE LEVEL OF HEALTH OF A
 

POPULATION
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The factors that influence the health status 
of the
 

aembers of a society can be classified along four almenslons:
 

(1) 	human genetics and intrinsic biological
 

characteristics;
 

(2) physical and social environment;
 

(3) health care organization; and
 

(4) human benavior.
 

The first factor involves all the processes that
 

occur within the body and affect health, such as
 

genetic endowment, internal metabolic systems, mental
 

aspects, and processes of development and maturation.
 

The second factor, the physical and social
 

environment, is external to the individual and ne
 

exercises little 
control over it. The pnysical
 

environment includes 
 chemical, Diologicalexogenous 

ana Ohsycial factors such as air and mater poLlucion, 

foods, noise, drugs, climate and so fortn. The social 

environment is tne entire arr3y of social, cultural, 

economic and political patterns within tne numan 

community that influence healtn such as snares belief
 

systems, family structures, education, and economic 

status. The interaction of some of these factors with 

health .as previously aentioned In discussing nealth 

as a component of the social processes.
 

Health care organization, the third zactor,
 

encompasses all institutions, providers and services
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of a medical 
 nature. The quantity, quality,
 

arrangement, nature 
 and relationship of people and
 

medical resources comprise this element.
 

Human behavior or "lifestyle", Is viewed as all
 

aspects of a person's decisions and naoits waich
 

affect health and over which a person has 
substantial
 

control. 
 This includes decisons about diet, exercise, 

and cigarette and alcohol consumption.
 

Health status, therefore, Is the 
 end result of
 

the interaction or 
all these diiensionso Within each
 

dimension, 
there are both factors which militate
 

against health and 
factors wnich defend healtn. 
 For
 

example, oacteria and parasites exist in the physical
 

environment and serve to aetract from the indLvidual's
 

level of healtn. Some these
of agents re~uIre
 

carriers jucn as 
insectst artnropods, ano rodentsp to
 

deliver tne aisease aents to 
the host. The existence
 

of tnese dgents and carriers, in turn, depenas on
 

conditions in the 
physical and social environment such 

as climate, sedage ani qarvaqe disposal metnods, water 

treatzent tacilitids, types nuusingoor 
 and health 

education. :alaria Ls ond exajple of a disease In 

which all the four ractors 
are present. Genetically, 

tnose individuals dnO possess the sickle cell trait 

are less susceptible to aalaria. eactors depenaent on
 

the physical environmentsuch 
as temperature and
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altituoe determine which species of mosquitoes exist,
 

some of which do not transmit malaria. Topograpaical
 

teatures affect the existence of breeding places for
 

mosquitoes. Social environmental factors determine
 

ousingo education, Insecticide availability and the
 

like which can serve either to increase or decrease an
 

individual's susceptibility to malaria. kealtn care
 

organizational factors would determine whether
 

preventive and curative services are administered.
 

Lastly, aspects of human behavior would inzluence
 

wnether an individual would take propnylactic
 

.eaicines, use bed nets or install screens in housing.
 

The disease agents only constitute the necessary
 

conaitions out not the sufticient cause tor the
 

disease to occur. 3esides harboring of the jisease
 

agent, an individual must be susceptible to that
 

disease. A partial list of agents which affect the
 

susceptibility of individuals to disease is sno.n in
 

the following diagram:
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the factors that defena or enhance
 

in the social environment (also
 

services) and their proauction
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depends mostly the
on economic conditions of the
 

community.
 

These four dimensions constitute a conceptual
 

framework which 
has been termed the KHealth Field
 

8
Concept' (Lee, 1977: 
 11), and it emphasizes the
 

importance of lifestyle and the physical 
 and social
 

environment relative 
to healtn care organization. Health
 

care services are not considered to be the greatest
 

contributor to health, both at 
a national and inOividual
 

level, 
 although health planning has generally
 

concentrated 
on tnls input. Utilization of this
 

tra-aework tosters 
a systems approach to the planning of
 

healtn, giving adequate consideration to the influence of
 

non-health factors.
 

Several assumptions are made: (1) thadt an
 

individual, in order to 
demand and utilize agents which
 

reduce his aisease susceptibility, must know 
 wnat Enese
 

agents are and recoqnize his need for thet; 
 (2) tnat
 

this knowledge depends on the level 
of education ot the
 

individual; ana (3) that the inaivLualjs 
iticome
 

determines his capaoility to express his need 
 for cnese
 

agents in tne market.
 

This past section defined four systems witn outputs
 

that influence health, 
ana the factors within eaca tnat 

serve to deLend or militate aganist health. Next, we 

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

111-4 STATISTICAL STUDIES OF THE FACTURS WHICH 
 DETERMINE
 

THE LEVEL OF HEALTH OF A POPULATION
 

In a statistical study of the health processesp 
 two
 

problems are to be considered: (1) estimating the
 

influence of the nealth-determining factors on the 
 level
 

of health of a population; and (2) studying the supply
 

and demand of sucn factors whicn ae.fend tne 
 Individual's
 

heaitn. Tne following diagram Lists the variables wu.ch
 

influence tne level of health:
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Source: Correa,1968: 17.
 

With the first problem mentioned, lack at sufficient
 

information on the 
use of such resaurces as physicians and
 

hospitals is a problem in the statistical analysis at the level
 

of health. An equation that 
can be utilized for statistical
 

analysis for estimating the influence of 
 health determining
 

factors is:
 

U<i> = a<Oi> + a<li>T + a<21>U + a<31>C a<41.P + 

a<5i> + a<61D + a<71>d + a<8t>g + a<9i>y 

wnere
 
T is temperature
 
U is percentage of urban population

C fs deficiency of calories per capita

P is deficiency of protein per capita

W is percentaya of 
houses with running water
 
D Is the number of persons per physicians

H is tne number of persons per hospital

E is percentage of literate population
 

is per capita income; and
 
d is the average mortality rate
 

Source: Correa, 196d: 21.
 

In an analysis of 16 developed countries and 15
 

underdeveloped countries 
 by Correa (1968), the percentage of
 

literate population 
 is possibly the most important factor
 

determining mortality rates.
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11-5 STATISTICAL STUDY OF THE SUPPLY AND DEMAND OF AGENTS 

wHICH DEFEND HUMAN HEALTH 

In this section we describe the technical proolems found
 

in the statistical study 
of the supply and demandoot agents
 

which defend the health of individuals, as well as 
a study of
 

the relationship between 
level of health and ayents which
 

defend human health.
 

For tne first, we confirmed the problem 
of tne lacK of
 

sufricient, data whica 
 bould 
only refer to supply or demand.
 

All of the available statistical information tefers the
to 


point ot equiliorium between supply and demand, i.e.o 
to the
 

result of the interaction that 
occurs between these 
two forces.
 

This complicates the proolem because the determining ractors of
 

the supply ,ntch contribute to an improved level ot 
nealth also
 

influence tneic demana. 
 For exaaple, in considering the supply
 

and deoina of medical.services, the educational level of the
 

population, tne rate 
of income, their health index, etc.,
 

influences siuzltaneously supply and demand. 
 It Is possible to
 

solve tnis "i.entification, problem only with avdilaoility of
 

statistical 'ati which 
 pertains only to either 
supply or
 

demand. UnRrtunateLy, 
such data is not available in many
 

countries.
 

In order to obtain some idea of the 
 relationship botdoen
 

supply and ot
lemand medical services, 
with ooth level of
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educAtion &nd per capita income, one can pertfora two regresslov 
analyses with per 
capita 
 income and per-centa&e of litegata.
 
population as 
independent v~L iaoles and number of inhabitants 

Per physician as the first depenent variable and inhabitants
 

per hospital bed as the second. 
 The results of these two
 
analyses by Correa 
(1968) usinq data for 
106 countries show
 
that income and per cent literacy have 
a aarked influence 
 on
 
each dependent variable. 
 However, looking at 
tne coefficient
 

Of multiple regression indicates that 
these variables explain a
 
small part of 
the variation In each dependent variable. 
Table
 

111-2 provides 
a summary of the results.
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ZAILL A11-2.. 

rB2LU&IIO.I W..LUf1 in 141 1AkaLL"a) analwat 

aco&XngidetrmanQ AUl " a ladqg. 
91 2bX2±1LBA0iDU.11AI 3aLM1IaA 

-- - - - -- - - - -- - - -----

Depencent Coefficients 
variaoles of per capita 

constant income 

- - - - -

Coefficients Coefficients 
of per cent of multiple 
of literacy regression 

Y 
-------------- ------------

E 
-- -------- -- --­ e 

Eaotrants 
per 
physl- 26489 .276 
cian (D) (2.58) 

-305.58 .51 
(57.6) 

HabLtants 
per hospital 
bed 1737 -0.64 

() (.18) 
-17.14 o44 

(.13) 

- ------------------ M----- - -- n--- -----

Note: 
Tne first figure In columns 3 and 4 is the regression

coefficiento The ligures in parenthesis represent 
Whe stan­
dard deviation of the coefficient.
 

Source: Correa, 1968: 33.
 

111-6 SUMMARY
 

This chapter outlines some aspects of health as a
 

component of tne social processes 
by examining tne many
 

inter-relationships that exist among nealth, 
 education, labor
 

productivity, economic growtho etc. 
 The value of investment t
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health is recognized by a description ot its economic 
 impact.
 

Then it proceeds to establish an empirical index ot health at
 

the individual and societal level in order to 
analise health by
 

statistical methods. The health index 
 for a population Is
 

ultimately defined as life expectancy at birth.
 

Four systems are defined wnich have outputs tnat influence
 

the healtn status of the members of a society. Tuese are:
 

(1) human genetics/intrinsic 
 oiolotical
 

characteristics; 

(2) physical and social environment; 

(3)health care organization; ana
 

(4) human behavior. 

Wit in each system, there are oath factors wnicn militate
 

against health, and those that defend health. 
 A list ot agents
 

uhich determine the susceptibility of an Individual to 
 disease
 

is presenteu.
 

A discussion ot statistical studies of these tactors 
nlich
 

aetermine the level of .aalth ana their supply ann demand
 

follows, with statistical studies by Correa (1968) provided as
 

examples.
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11 A IMAL, UL in LAUWXIG UUBL 

IV-1 INTRODUCTION
 

This chapter presents a model of thAe planning process,
 

following the ideas of 
tnke general mooel introduced in Chapter
 

2. 
Planning is analyzed from three perspectives: (i) by its 

outcomes; (2) by its formal elements; and (3) by the social 

groups involved in the process. These three points of view 

will provide the basis tor a detinition o the variabLes used 

in the analysis of nealtn planning, to be dicusseo Later. 

1V-2 OUTCOMES OF THE PLANNING PAOCESS
 

The outcomes of the planning process can be classified as:
 

(1) intended, and (2) unintended. Among tne first, the most
 

oovious is the achievesent of the plan's objectivoe 
 Among the
 

unintended outcomes, tne following 
can be mentionea:
 

(a) collection of useful zintormation, tor
 

instance, to prepare healtn plans; 
 collection of
 

aata on the health status of the 
population and
 

characteristics of the healtn delivery system;
 

(b) creation ot useful administrative
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organizations and improvement of existing onesp
 

(c) introduction of more rationality In the
 

decision making process.
 

On the other handr there may also be negative unintended
 

consequences:
 

(a) increased centralization and
 

bureaucratization In decision maKing, hindering tae
 

provision of services;
 

(b) legitimation of current political conditions.
 

Despite the importance of unintended consequences of
 

planning, it will be assumed for the purpose of tnls Xanual
 

that the outcome of a plan is characterized by its Intended
 

consequences.
 

IV-3 FORMAL ELEMENTS OF THE PLASNING PROCESS
 

The formal elements of the planning orocess to ae
 

considered are: (a) the process being plannea; (b) the
 

functions that nave to be performed wttfA respect to tre process
 

in order to plan; and (c) the level of aggregation with which
 

the process is considered* Eacn of these elements will be
 

studied in detail below.
 

IV-3.1 PROCESSES BEING PLANNED
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values, whicn were shaped 
by their particular environments.
 

The preferences 
of the members of society should be reflected
 

in all soci;i goals. The manner 
 by aich individual
 

preferences are aggregated and integrated into social goals is
 

through the political process. This politicai mecnanism is
 

characterized by coalitions and their formation and delegation
 

of power, 
 The more attributes that individuals snare - age,
 

social, economic 
or ethnic - the more likely they are to have
 

common values and set similar goals. Groups o such
 

individuals will for& coalitions to 
increase the likelihood
 

that tneir common social goals are achieved, dnd these
 

coalitions will yield 
 the power of all their Aedoers. The
 

preferences of those society semoers who nave 
more power will
 

weigh neavily in the aeteraination of the societdi goals of a
 
coalition, including 
a winning coalition. Once godl set
are 


for tae process being jl~nne , tne 
tecnnical preadration can
 

begin.
 

The technical preparation of tne pidn involves
 

determination of the ainisum 
inputs required to attain the
 

goals oE tne plan, of tne actions and proceaures to be
 

performe.; Co mate these inputs availaole at ttw ?roper time and
 

place, ana of the feasiDiLity oi these actions and 
procedures.
 

Actions and procedures 
 can and should oe sumaorized in a
 

general time table whicn contains a list of actions tnat must
 

be perforaea. Tecnnical peeparation is completed when
 

feasibility of actions and procedures is verifited.
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A basic element of the tecnnical function is a scientific
 

model of the process being planned, which determines the inputs
 

of the process and their relation to the outputs. Tais model
 

will contain all the characteristics mentioned in Chapter Il.
 

As observed above, given tne limitations of our knowledge,
 

there is a margin of uncertainty in the relation between inputs
 

and outputs. This model is what makes it possiole to specify
 

the inputs required to attain the goals of the plan.
 

During the plan's implementation, the third function, tre
 

general directions resulting from the technical preparation are
 

translated into actual day-to-day decisions and actions. The
 

fourtn £unction, control, determines whether tne actions
 

required by the plan are performed, and wnether tnese actions
 

produce the expected results.
 

These functions must be considered simultaneously in any
 

stage of the preparation of the plan, aitnougn tney nave been
 

descrioed sequentially above. This is to say that when goals
 

are being set, one must give attention as to wnether tnese
 

goals are feasiole, can be iapleaented and will produce the
 

expected results.
 

IV-3.3 LEVEL OF AGGREGATION
 

The third formal element in planning is tne level of
 

aggregation In regaras to content, time and space. A plan of
 

the health services only would oe at a lower Level 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, Long
etc. term planning would
 

represent tne highest aggregation in time, and international or
 

national 
 plans would represent the highest aggregation In
 

space. In actual planning it is necessary to pass from
 

aggregated to disaggregated plans. One assigns tasks and
 

procedures from the highest to the Lowest levels of
 

administration, from the region as a whole to all of the
 

political subdivisions, and specifying shorter time 
 intervals
 

than than in the overall plan. For instance, accions to be
 

performed will be stipulated for provincial healtn otficers for
 

one year periods in all regions.
 

The four main functions previously described cdn combine
 

among tnemselves on many levels. 
 For example, thu technical
 

preparation of the plan and control 
 may be ooth at the
 

aggregate anu disaggregate levels, wnile impleaentation may
 

mainly be at disaggregate levels, decision vaang asembly
 

refers to aggregated levels ot content ana space, but it is
 

also involved in disaggregated Levels in time, for instance,
 

with respect to annual budgets.
 

IV-4 SOCIAL GROUPS INVOLVED IN THE PLANNIIG PROCESS
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The planning functions just described are necessary for
 

the planning process to be ojierative, but the pertoraance of 

these functions alone is not sufficient. The persons wno carry
 

out these functions also Influence the success or failure of 

the plan.
 

The social groups to be considered In the analysis of the
 

planning process are: (1) the governaent of tne country; (2P
 

private groups in the same country; and (3) other 4overnments
 

or international agencies.
 

The government of a country seen as a planning group is
 

further subdivided into: 
 (1) nigh officials; (2) technicians;
 

and (3) public administrators. High officials or policy makers
 

would be members of the legislative and executive arancrhes of
 

government, 
sucn as members of Congress or Parliamente the
 

president 
 or prime ainister and the other ministers or
 

secretaries of state. Technicians or planning experts are
 

those 4no carry out the tecnnicaL aspects ot the planning
 

process anc usually are attached to co organizations: (1) a
 

national planning institution formed oy a Central 8oard and a
 

Technical Sacretariat (ej. the Dian and Budget Or~aULzdtion of 

Iran) anr; (&) ?Lanntlj bodies wit:.tr tne ditterent ministries 

and departxents at tne lovernants. iuoLic adaluitrators are
 

the planning qroup tnat has as its principal function the
 

implementation of a For exaaple, provincial
.Ln. or state 

health and medical orticers wouli be in this category.
 

The second planning group, i.e.o the private Lndividuals
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or Institutions, would Include all those persons or 

organizations outside the government In too sama country who 

have some Impact on the health process or are ittected by the 

health process. Some of the private groups have some specfic 

vested interest, such as medical, hospital, pharmaceutical, and 

insurance associations, and would make their prefereices known 

by lobbying among the high levels of government. Others, such 

as consumers, are represented on many of the broad aspects of 

the health processes oy national, regional or community level 

advocacy groups. Examples of aavocacy groups are Common Cause 

and Ralpn Nader's Healtn Research Group in the United States. 

These groups would also lobby among the government, presenting 

the vieds of its consumer memoers on nealth issues oir providing 

research result2 to decision maicers on behalf of tne general 

publico It the public nas elected (epresenc.*i:1ve4 An the high 

levels of government, tnese officials would LzAeLy monitor 

public opinion to Jeteraisie tne preterencwo ot t~eir 

constituents. 

Foreign governments and or janzations ahd Lnternational 

agencies are those .tc.1 dra external to the country, out can 

affect the health processes Ln ;ome manner. E£a pLes of such 

organizations are thts 4orloj Iealth Organzation, Food and 

Agricultural Organization, Agency for Internazional
 

Development, and the .edical issistance Progras, CaREoNEDICO,
 

and the International 3ank for Reconstruction ali Development.
 

Tnese organizations influence the planning process oy giving
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the weight of their prestige to some specific tdrgets, by
 

entering into international agreoments, and by contributing
 

loans and grants to the achievement of targets.
 

IV-5 DEFINITION OF THE VARIABLES TO BE CONSIDERLD IN THE
 

ANALYSIS OF PLANNING
 

Four sets of variables will be used for tfe analysis of
 

planning. These tour sets, derived from the three perspectives
 

discussed earlier in tnis chapter, define (1) tne outcomes of
 

the planning process; (2) the planning grou0s; (3) the
 

planning functions; and (4) the participation of the planning
 

groups in the planning functions.
 

The variables relating to the outcome of tne planning
 

processes deal primarily with the question of wnether or not
 

the targets of the plan were achieved. It is possibLe to
 

construct a quantitat tve index to evaluate te degree of
 

achievement of the targets. This quantitative index would
 

express the similarity between intended consequencas and actual
 

acnlevements.
 

The main variables relating to tne planning groups are (1)
 

their organization, the different forms of organization being
 

the different forms of this variable; an4 (2) trio
 

characteristics of the persons playing roles in toe planning
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groups, such as 
their values, baliefsp social class# education,
 

age# etc. Any plan is a result of the cooperation ot the 

persons In the pLannnIng groups, and the main variables 

associated with these persons are important in accounting for 

the characteristi, % of that cooperation.
 

An important point 
is the legal and actual periods during
 

which indivuals play roles in the different planning groups
 

because of the influence their characteristics and ideas exert
 

on the planning process. The period for which the plan is
 

prepared should be syncnronized wits the period during which
 

the memoers 
 of the planning groups remain in these functions.
 

For example, 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
 

processes. The 
 inputs and outputs of these processes ace the
 

variables tnat must be defined. 
The principal outputs are the
 

targets of 
 the plans for decision MaKLnq, vrLficatLion of the
 

feasioility of 
these targets, and actions to be performed to
 

achieve tnea to tecnnicaL preparation, act.Lous already
 

performed tor izplementition, and corrective intoraation and
 

actions tor control. 
 Tne main inputs of the planning functions
 

are the activities of tne planning groups. The 
 aeterminazion
 

and observations of tie itfofrent forms that tnese variables
 

may taxe present serious pcoblems that, for the most part.
 

remain to be solved.
 

The tinal set of variaoles dealsiulta ,the par clcpatlea eg
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4) If the actions recommended by the technical
 

function ace performed, and the control functioa is
 

developed appropriately, the taryets 
of the plan
 

will be achieved.
 

In Summary, the hypothesis presented goes trom the
 

organization and participation of the planning groups, and
 

the way 
in which the planning functions rre performed, to
 

the degree of achievement of the targets of the pian. 
This
 

is schematically diagrammed as follows:
 



-----------------------

------ ------ -----

-------------

----- --------------------
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Empirical verification ot the nasic hypothesis VresenV
 

serious 
 probleas, due to the Impossibility 0 ooserving
 

certain variabiest the lack of data 
on otners, and on the
 

characteristics of the hypotnesis Itself. These proDlems
 

maKe it impossible to establisn a clear 
 link Odsed on
 

observed information between 
 the organizations and
 

participation of 
the planning groups, tne performance of the
 

functions and the success or failure of the ptanning 

process. 

There is a missing link in the model between the 

actions recommended to achieve the and theirtargets 


performance. This appears at every 
 step relating the
 

organization and participation of the planning jroups to the
 

success of tne plan by tne performance ot the functions 
of
 

decision makin.j, 
 tecnntcal preparation, LmpLeaenLation and
 

control. ance the actions required to dchieve the targets
 

are detecmined as 
 output of the tecnnical functions, its
 

pertorwarce epenas on the will 
and capacity of tnd persons
 

designated 
 to perform them. It is impossiole to observe
 

tnis will to ato and unLiKeiy tnar. tne persons axijnedl 
 the
 

tasks would state they ace unjilling to perform 
cnem even
 

if such is the case*
 

An indirect zethoi s.ould as 
found to determine whether
 

the will to act exists. One possiollity is to considAr tae
 

actual performance or non-pertoraance of 
the actions as an
 

index. However, non-perftor ance of the actions may not mean
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lack of will, but rather lack of ability to act. Secondly,
 

there is no recora kept ot the performance or
 

non-performance of the actions required to impLement the 

plan. So the possibility of testing the existence of the 

will to act must be abandoned. 

Another missing link is that the perforaance or
 

non-performance of the actions recommended does not
 

guarantee the achieveaent ot the targets. The targets might
 

be achieved even uithout the performance of the actions,.
 

and, conversely, they Aight not be achieved even it the
 

actions are performed. For instance, a particujar target
 

for a reduced birth rate mignt be realized without
 

implementing family planning programs. On the other hand,
 

operation ot family planning prolramis may not cause birth
 

rates to decrease. The main reason for this is that the
 

method used to carry out the tecnnical preparation of tne
 

plan has liri~ations. Randoom errors do not oermit exact 

determination of tne values of targets, but only an 

approximation of the range of values. 

tV-7 SUMMARY
 

The model of the planning process can be usea to study
 

any planning process, including that used In private
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industry or government. This 
general model is described
 

according to the concepts presented in the second chapter.
 

Planning is examined from three perspectives: (1) by
 

its outcomes; (2) by its formal elements; and (3) by the
 

social groups involved. Froa the first perspective,
 

planning is assumed to be characterized by its intended
 

consequences, of which the most obvious is 
 the achievement
 

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 L. performed ; 
and (3) the level of 

aggregation. PLanning deals wittl one or several
 

input-output processes. The tour 
 functions that must be
 

performed to plan an input-output process are: (1) setting
 

ot goals tor the output ot the procdss Doing planned; (2)
 

the tecnnical preparation of tne plan; (3) implementation ;
 

and (4) control. The setLing of goals is accomplished
 

througn a political process of aggregating and integrating 

individual preferences into social goals. Tochnial 

preparation is the specification of the Inputs required to 

achieve tne targets, and ot tne actions to waxe them 

available. During the technical function it snould be 

verified that the actions needed are feasible. To specify
 

the required inputs, a scientific model ot the process being
 

planned nas to be used. Implementation translates the
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directions obtained trom the technical preparation Into
 

day-to-day decisions and actions. Control determines
 

whether the required actions are performed, and whether
 

these actions produce the desired results.
 

The level of agggregation, the third foraal element, is
 

considered with regard to content, time and space. It is
 

observed that the four main functious can combine among
 

themselves on many levels.
 

For the planning process to be operative, the
 

performance ot the four functions just described alone is
 

not sufficient; the persons wno perform tnese functions
 

affect the success or failure of the plan. The social
 

groups that are presented are: (1) the governaent of the
 

country; (2) privatd groups in the same country; and (3)
 

other governments or international agencies. Tre 4overnment
 

of the country is further suodivided into: (d) high
 

officials; (b) technicians; and (c) public adiuinLstrators.
 

Tne planning process was analyzea accoraing to
 

variables definrln: (1) the outcomes of the planning
 

process; (2) the planning jroups; (3) tne planning
 

functions; and (4) thi participation of the planning groups
 

in the planning functions.
 

A oasic hypothesis for analyzLng the plannin4 process
 

is given, along .ith a diagram describing now the
 

organization and participation of the planning groups and
 

the way in whicn the functions are performed influence the
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degree of achievement ot the targets of tfle plan. 
 Problems
 

ot verify1ny tnis hypothesis are also discussed. 
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TECHNICAL CEZ.N .0 HEALTH PL&IE a 

V-I CONCEPT OF THE TECHNICAL FUNCTION
 

Tne planning process, as mentioned earliec, can be 

analyzed as an input-output system. Health planning has 

as its output the health of the mambers of society, and 

the various inputs are those that were described in 

Chapter 111 These inputs themselves are outputs of 

subsystems in the society, each having its own inputs, 

eventually including some physical resources and some 

actions. 

In health planning, the technical tunction is 

oasically the use of a scientific model o the health 

processes outlined in the second chapter for the following
 

purposes:
 

(1) to aid in determining, first, the 'piaLs
 

ot tne output of tne nealtn system ana
 

subsystems that contributute to it, and tnen
 

tne targets for those outputs. A goal becomes
 

a target when it is verified that tne 

necessary inputs for its achievement are
 

available. 

(2) to determine the levels tnat the inputs
 

of this system and subsystems should reacht 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 being planned, a
 

series of aggregation and disaggregatlon steps is
 

involved. This makes it possiale to proceed from the
 

output of the aggregate systems to those of the subsystems
 

and vice versa.
 

V-2 OVERALL VIEW OF SCIENTIFIC 
MODELS IN THE TECHNICAL
 

FUNCTION
 

In nealth planning, tue system to be p)lanned is
 

health in society, and the subprocesses defined by it. At
 

least three types of models are necessary to perform the
 

technical tunction: 

(1) An holistic moael of nealth for the entire society, 

the output being health and well-oeing, and the input 

processes being tne social and physical environaent,
 

medical services, behavior 
 ot xembors of society, and 

human biology, in wnich the interactions between output 

ana inputs and among tne invuts themselves are 

considered; 

(2) A model of each process whose output contrioutes to 

health, for instance, a model of the health services
 

processes in wich the main variables type of serviceo,
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personnel and distribution of personnel health care
 

facilities, etc., appear; and 

(3) Models of each of the dtvisions 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 sentioned there that a scientific
 

model does not have to include only quantitative variables or
 

relations expresssed as mathematical equations. Qualitative
 

models are frequently used by hign government officials and by
 

puolic administrators to maKe decisionso However, Decause of
 

availaole Informationt most of tne subsequent analysis will
 

examine quantitative models rater tnan qualitative ones.
 

Tnj endogenous variaoles in a scientific model include the
 

outputs or the process. The torus of these output variables
 

are expressed by the 4oals of the planning process. For
 

example, output for preventive nealth services may be expressed 

as the number ot children to ae immunized for particular 

diseases, the number or lactating mothers and intants to De 

given supplemental foods, an-. ja on. The exogenous varlaoies 

include the inputs of the process, i.e., the resources and 

actions that determine tne levels reacnea by tne enoogenous 

variables. Some of the exojenous variables are subject to 

control by government officials ana public aamiuistrators, 

wntie some are not. These which can be controlled are called 

instruments.
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It is useful to distinguish the 
behavioral celationships
 

that are included in a model. 
 For example, a consumption
 

function may describe how people 
 alter their consumption of
 

health care services .ihen there 
are changes In their Income or
 

level of education. These relationships are important 
 in the
 

technical function because 
they are 
often used to describe
 

behavior in the private sector.
 

The first problem faced by technical planners is to choose
 

or construct an appropriate model of the process tor 
a specific
 

country. Once this is completed, the second step is to collect
 

data and use statistical methods to 
estimate tae vakues of the
 

parameters. Then it is 
possible to utiLize a model for the
 

purposes of the tecnnical function.
 

V-3 SELECTION OF MODELS TO BE.USED
 

The coastructbon or selection ol 
models in 
 the technical
 

tunction in planning 
and the construction of 
one for purely
 

scientilic purposes do not ditrer in any Dasic respect. 
 There
 

are differences concerning 
the persons involved in designing
 

and using the models and the purposes ot the modeLs (academic
 

vs. administrative orientation)*
 

The main oojective of aoels for 
 scientific analysts 
is
 

the explanation of a process or 
 the investiatLion of 
tta
 

caaracteristics, and is 
not usualiy concerned wita tae 
 actions
 

that government officials 
or puolic adinistratocs have to
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perform in order to direct the Process studied.
 

However, models for planning have to serve as the basis
 

for action and control of the performance oL government
 

officials ana administrators. The three maia groups,
 

officials, public administrators, and tecnnicians, would agree
 

on this point, but disagreement aaong the would lixely occur
 

because of their different points ot view and social
 

characteristics. For example, hign officials and public
 

administrators would prefer variables closer to their
 

experience, such as those dealing with actua politicaL
 

suodivisions of the country and organizational suodivisions of
 

the government, rather than some artifical ad noc subaivisons
 

created Dy the technicians tor scientific purposes. They might
 

also fail to coaprenend the detailed relationships among the
 

variables defined in a health model, or to undarstand complete
 

modeis of that process, because they are used to aea ing with
 

smaller, aore manageaole, aspects, hhile the technicians tale 

an overall view for granted. On the other hand, hypotheses 

that the officials deem acceptable and actually us4e as yuides 

for their actions might not satisfy tre criteria of the 

technicians. However, the solution of the conflicts among 

these groups is important to the success of the planning 

process. rhe model selected should satisfy a sinmum of the 

requirements of all the groups involved. 

Since models in tre technicai function are to be used as a
 

basis for action, vdlues of the parameters have to be ItnouA.
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As a consequence, wuien selecting a 
model, one must consldjr
 

availability 
 ot data requlred 
for parameter estlaation, the
 

possibility of obtaining them la a certain amount of 
 time, or
 

the possibility 
of usling parameters estiaated 
tor similar
 

countries, depending upon the time and resources available 
 for
 
aata 
collection and upon theconsequences of using unreliable
 

Information.
 

V-4 STATISTICAL DATA REQUIRED
 

Empirical information is required for both qualitative and
 

quantitative 
 models. However, 
 there is little experience in
 
tne collection of purely qualitative information 
fur use in
 

planniny, and 
 this section wilt be restricted to the 
analysis 

of quantitative statistical data. 

The characteristics of a scientific model will determine 

the cnaracteristics of the data required. Tne data are 

observations of the values taken simultaneously by independent 

and dependent variables. Usually 
 many sets of these
 

simultaneous 
 observations 
are required, corresponding to
 

different times or places; i.e., time series or 
cross section
 

data.; Since tne 
 rekationships oetueen 
cause and effect
 

variaoles are hypotheses regaring 
the cnange in the effect
 

variables Drought aoout 
oy the changes in the cause 
variaoLes,
 

these changes can only be 
 studied If many observations are
 

available.
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Usually, some data which were previously collected by a
 

statistical office another
or administrative department are
 

available at the time dhen the parameters of a model are going
 

to be evaluated. 
Since 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
 

mignt have to be adapted. Additionally, the data would have to
 

be examined for its reliability and consistency, and possibly
 

moaified for 
use in tue model, such as forming aggregates that
 

can be identified with the variaoles of the model. 
 The data
 

that are not available at 
the time when the parageters are
 

being 
estimated must be collected by the technical secretariat
 

in many cases, because tne statistical offices may not nave the
 

extra personnel and other resources needed for this special
 

collection.
 

V-5 DIAGNOSIS AND FORECAST
 

Aggregating and integratiny the desires and 
interests of
 

members of a society with respect to nealth goals through the
 

political process does not produce information that can oe used
 

to specify the resources needed to achieve taa In 
 the
 

tecnnical function.
 

The first step toward concrete goals is diagnosis of the
 

present health conaitions, whicn is divided Into evaLuation and
 

explanation *of future conditions. In evaluation, the values of
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the 
 variables in the aodei of the particular country for whtch
 

the health process is being planned are compared in several 
of
 

Its regions or 
with the values in similar countries if values
 

are not knownt or if 
better estimates are not available 
 uithin
 

the country itsell. 
 In the explanatory part of 
tne diagnosis,
 

the causes tor the values taken Dy 
the endogenous variables 
In
 

the model are determined, i.e., the values tacen by tt.
 

exogenous variables. During the diagnosis, 
 the information
 

contained in the 
 model must be interpreted properly. Where
 

required, one should take 
 into consideration qualitative
 

variables usually left out of 
the model. The second step is
 

the forecast witn 
tne aojective o determining the most likely
 

future evolution of 
the endogenous variables IdentiLied in the
 

process being planned.. 
The forecast is ootained by projecting
 

the past 
 trends of the exogenous variableso. If tere is some
 

aouDt that 
the past trends will continue in the future, 
 a
 

forecast based on 
additional considerations can be made.
 

These procedures make it possiale 
 to judge wnether tne
 

values tor the goals obtained through the political process are
 

reasonable tor 
the actual health situation. For example, the
 

outcome of the political process through 
 Ahich individual
 

preferences are aggregated into social goals may be the 
 deman.
 

for the installation of cardiac 
care units in certain
 

hospitals, Dut 
an analysis of health conditions mignt show that
 

a small percentage of the population would actually utilize
 

such a service.
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Diagnosis and forecast 
 are steps controlled mainly by 

technicians, if the results of these proceaures are not 

communicated to the high levels government publicof and 


adainnistratorr, these 
 ull not oe used in setting goals for
 

the health plans, and aake goal setting difficult. Using these
 

results alone, however, results in the setting of goals without
 

taking into consideration those formulated 
 through the
 

politLdi process. 
 In tact, it can De easy for technicians to
 

rzlace other planning groups in setting goals for 
 cne health
 

plan that may reflect only the interests of this one group.
 

For instance, the technicians, uith their usually nigher
 

eaucational levels, may favor curative, hospital based health
 

investments, while the needs of 
the majority of the public may
 

demand investment in preventive health services. 
However,
 

after a period of time with 
no input from other groups in
 

setting goals, problems may arise. For example, if the
 

technicians" choice of goals does not meet the approval of 
 the
 

acministrators, these choose not to
may implement the plan,
 

since their interests nave been neglected. The private 
sector
 

and the consumers may likewise be dissatisfied, aud withdraw
 

critical support of the plan, resulting in its failure.
 

V-6 CONTRIBUTION OF THE TECHNICAL FUNCTION TO THE DETERINATION
 

OF TARGETS FOR THE PLAN
 

During the determination or goals for the 
 health
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Processeso little 
 attention is given to their feaslilltyo or
 

to the various methods by dhica they can 
oe achieved.
 

Consequently, they are deemed tentative.
 

For these goals to be attained, the inputs of tae process
 

must 
 combine in a certain manner in relation to quantity, time
 

and space. Some actions are necessary to provide these inputs.
 

A scientific model of 
the health process aids in determining
 

all the resources required, the actions that need to be
 

performed 
so that tfte resources are made available, and the 

manner in which the resources snould be combined. For example,
 

one must combine the resources of personnel and vaccines and
 

perform particular actions to deliver these 
resources to the
 

target 
 population in order that an immunization campaign oe
 

successful. All these relevant variables are specified in the
 

model. 
 In many cases, it is 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 dish to perform
 

them. Knowing these limitations, it is necessary to specify
 

goals that 
can be achieved with what is available. Alternative
 

possibilities are stuaied bota going trom tne to
goals 


resources and actions 
 and froa resources to goals. This
 

process ends when a consistent set of goals, resources, and
 

actions is tound in the 
sense tnat the resources can be used
 

and the actions 
 will be performea, and as a consequence, the 

goals will oe achieved. Thus the goals become the targets Ot
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the plan, and the resources and actions are determined
 

siauitaneously.
 

V-7 AGGREGATION AND DISAGGREGATIO1
 

The step from goals to targets includes disagjregation and 

aggregation in two aspects: content of the process being 

planned and the governmental organizations involved In 

planning. The disaggregation in content goes from a general 

view of health to one of the pdrticrdlar processes, such as 

preventive services, curative services, etc., ana then from 

eacn one of these processes to tneir suoprocesses dad inputs. 

Disaggregation in organization is the step from the nigh Levels 

ot government dealing with the aggregate view of health to the 

lower levels dealing with particular health processes, such as 

the administrative units, dealing with the preventive services, 

curative services, etc., ana then to even smaller 

aaministrative units, reaching finally the level of the 

individual health tunctionary and the acts he is supposed to 

perform. The aggregation goes from the resources and ACt&lon3 

in the departments and sections at the loner iavels up to the 

goals of health as a whole as considered oy the nijn levels of 

the government.
 

Lt is possible to divide taese processes into four main
 

steps:
 

(1) Overall targets ot health are determined tAat 
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are consistent .Lth tne Linputs for health anj 
tne general
 

policies that Cdn oc 
carried out. 
 For this std it is
 

necessary 
 to have an Integrated model ot nealth which
 

kould include healtn as 
a tunction or 
all its inputs and
 

the interaction among these inputs, and the contribution
 

ot nealtri to social bell-being.
 

(2) A progressive disaggregation is performed.
 

In tnis step, the Levels required of all tne inp~u-6 for
 

nealth and the general policies to be carried out as
 

determinea in the first step become induced goals. 
 These
 

induced goals and scientific models of ol
each these
 

processes maxe it possible 
 to reinitiate at a
 
disagyregate 
 level the comparisons of goals 
 with
 

.torecasts, 
 and to 
 study tne resources and actions
 

required. It goals
the induced from the aggregated
 

analysis appear reasonable when compared with 
 the
 

torecasts and are cDnsistent with resources and 
 actions,
 

the analysis is completed at the disaggregate levels.
 

The goals then become targets and the necessary resources
 

and actions become 
 second order induced goals. If
 

consistency is achieved,
not the goals have to be
 

modified. The overall targets may even have to be
 

moaified. Examples of such second 
order inducea goals
 

are the outputs that medical 
 education, immunization
 

campaigns, environmental sanitatiop programs, ano 
health
 

education programs, etc. 
 should have to 
reach targets of
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reduced moruidity and aortality;
 

(3) Tht tnird step Is that of aggregation that
 

goes from actions and sources to goais;
 

(4) The fourth step is a coaparisou of the
 

results of steps one and two dith step tnree, when there
 

is complete agreement Detween bteps one, two and three,
 

the technical preparation of the plan is completed.
 

For tne first step, close interaction is needed among tne
 

technicians, tne high levels of the legislative DLasch and the
 

hign levels of tne executive branch. For the last two steps,
 

interaction between tecnnicians and members of public
 

administration is required.
 

V-8 TIME USED IN PERFORMANCE OF TECHNICAL FUNCTION
 

It is suggested tftat only a short period of tiEd be used 

to perform the technical tunction, for two redsons: (1) 

synchronization of the period of the plan with Ln period 

served Dy the high government officials so that taose who make 

the decisions about tne 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 TUE TECHNICAL FUNCTION
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Tne final outcome ot the tecnnical preparation of a plan
 

snoulo be a timetaDle or actions to be taken, including : (1)
 

a description of each action on Dotn aggregate and disaggregate
 

levels; (2) the 
 time in wnich each one should oe performed;
 

and (3) who should perform thes. 

Since the plan is an instrument for action, it should be
 
presented in such a way as to facilitate and encourage its use.
 

Tnis can be accomplishea by presenting it (1) in small
 

sUbdivisions, one for each organization responsible for the
 

implementation of 
a part ot the plan; and (2) wItnout highly
 

technical, lengthy details of the diagnosis and foiecast of the
 

processes planned, making it readable for those involved in its
 

implementation.
 

V-1O CONCEPT OF IMPLEMENTABLE PLANS
 

The final outcome of the technical function can be called
 

the published plan. This published plan will be considered
 

implementaole it there is a strong possiDility Ot performing
 

the actions required to achieve the targets by the levels of
 

government responsible for their performance. The aDility 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, regulatio.s, ina jiiternal organizations; 

(2) AvallaDility of physical# financiaL, and
 

human resources; 

(3) wiil, Knosledge and ability of individuals in 

the levels of government responsible for plan 4ch 

implementation. 

The process oi implementaDle plans is, In principle,
 

similar to the process of preparation of technically sound
 

plans. This involves attempts to determine whether the goals
 

of the plan are consistent uith the capacity, will, knowLedge
 

and aoility of the nigh levels of government and ol the public
 

administration. Present inconsistencies nave 
to be corrected
 

by modifying the goals of the plan. In the future,
 

discrepancies can ae avoidea with modification the
of 


characteristics of the high levels of government and the public
 

aaiznistration, in addition to modliication of the goals of the
 

plan. The preparation of implementabte plans is a part of the
 

tecnnical preparation of the plans, emphasizing the government
 

and administration responsle for its Implementation, rather
 

than the resources required to reach the targets.
 

V-11 CONTENT OF ACTUAL HEALTH PLANS
 

Although a plan should be a timetable of actaons, health
 



Chapter V: Tecnnical FunctLon 
 Page 76
 

plans in many countries or 
Latin America and test Africa, and
 
0i Iran, tor instance, do 
 not include any cledr norms of 
action. 
 A review of health plans publishvd for the Republlc of
 

Liberia (197-1976), Sierra 
 Leone ((1965-1975), Niger
 

(1965-1974), Gabon 
 (1966-1980), 
 and Mali (1966-1976) reveals
 

the folAowing contents:
 

(1) nealth situation;
 

(2) nealth organization and administration;
 

(3) health resources 
(physical and personnel);
 

(4) description of other health related activities;
 

(5) health budget in relation to other government
 

expenditures;
 

(6) appraisal of tne 
health problems;
 

(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
 
noes not 
specify the actions tnat are requirea at al levels to
 

attain the goals the
of plan. In addition, background
 

information for each country is provided, describing geograpny,
 

natural resources, national 
 economy, the 
 political and
 

administrative organization, and social and health legislation.
 

Health plans contained in general
the 
 social and economic
 

development 
 plar: for Colooia (1970-1973), Venezuela
 

(1970-1974), Argentina 
 (1971-1975) 
 and Iran (1973-1978)
 

describe tne broad objectives and goals of 
the health sector,
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outline the oasic policies and guidelines ior the sector, and
 

give details of the number of hospital beds, number of
 

physicians, and otner pnysical 
 and numan resources, ot the 

training programs for technical personnel, and of the budget 

allocations tor tne various health programs. in general, they 

are more resource-orienteo 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 contain primarily 

diagnoses of the health conditions ot the countries and 

forecasts ot the health processes to be plannedp but no 

indication of the targets or the actions needed to attain these 

V-12 SUMMARY
 

The technical function in health planning is viewed
 

conceptually as a scientific 
 nuodel of the health processes 

which assists in determining: 

(1) The goals of the health system and Its
 

suosystems and the targets for those outputs;
 

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

subsystems should reach to attain the goals and
 

targets; and
 

(3) That the input levels can and will be acaieved*. 
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Tne ideas about scientlic models and tndir features
 

ilntroaucea in the secona chapter are discussed in relation to
 

the technical function and the three models required for fhealtn
 

planning. The various steps tor performing the technical 

function which include selection of models to be used, 

collection and adaptation of statistical data, aagnosis and 

forecast, aggreyation and disagjregation, etc. are outlined.
 

The linal outcome of the technical preparation of a plan
 

is descriDed as a timetaDle of actions to ae 
tiaen and the
 

possibility of the implementation of the nealta plan is
 

ceraidered. Finally, the content of actual heditn plans of
 

several countries is provided and its Lack 
 of action
 

orientation noted,
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VI OWLF, 119I aEE U~L&If M~~l j~ INV1DUjLLIZq WkjIUL G 

VI-1.- Introduction 

The Instruments available to health planners to
 

Improve the health of a population can be classified into
 

two main categories: individualized health care and
 

public healtn services.
 

The term "health care" refers to treatment, of a
 

single patient, whether It be through a public clinic or
 

by a private physician after the onset of a disease in
 

order to cure that 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., counselinq to the parent of a sicx child,
 

tar the most part the services are restricted to the
 

patient himself, and are disease specific.
 

The advantage of individualized care is that health
 

personnel, supplies, and financial resources 
 are
 

concentrated only on the afflicted,.in the hope that al
 

who contract a disease will be treated, regardless of the
 

specilic nature ot the disease. The drawoacx of this
 

approach is that the cost of disease treatment, 

particularly high in later stages of disease, maya 


prohibit adequate treatment of all victims. In additior
 

by allocating resources to individualized treataento
 

diseases that could have been prevented or aetectad and
 

treated in early stages may result in deaths In
or tne
 

http:afflicted,.in
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spread of inffection ,
 

Tne ters "puolic healtn" will De used 
to describe any
 
disease 
 control program unich aiLs to provide services to
 

an entire population 
or sub-population in oraer to
 
minimize illness or 
death within that group, regardless of
 

the current nealth status of members of that group. The 
services zncluded in the putlic health category can De
 
divided into two types: 
 prevention and mass screivning,
 

each ot 
whicn can be disease soecitic or non-specific.
 

Prevention, as 
the name implies# attempts to 
 avoid
 

the appearance of a disease through action taKen before
 
its onset. 
 A disease specific prevention program, such as
 

tne U.S. Scine-fiu program o 
1975-76, aims to eliminate
 

potential cases through a 
particular prevention 
deviceo
 

such as vaccination. 
 On tne 
 other nand, non-specific
 

prevention programs 
 attempt to 
 control 
 diseases
 
simultaneously 
tarough environmental 
measures, 
such as
 

rodent or garbage 
 control, or host improvement steps,
 

e.g., nutrition supplementation 
or personal hygiene
 

education programs.
 

The major advantages of a prevention program are 
that
 
it successfulo 
 deaths are minimized by reductions in the
 
morbidity rates, and health resources are spread over 
 the
 
entire population. Tnerefore, all citizens Denetit from
 

the decrease in the numb.r 
 cases of the 
 disease, and
 
subsequent deatns 
 are .. 
 without costJy treatment,
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wage 	loss and general suffterin.
 

Prevention programs, nowevero alo 
 nave­

disadvantages. Prevention costs, althougn minmal at the
 

inalvidual level, &ay oe quite substantial wnen the
 

measures are applied to the entire population. These
 

costs may be so high that they consume cesources to the
 

extent that treatment o those for whom puolic health 

measures have failed may not be possible. In addition,
 

because prevention programs are usually specific to 
one
 

disease or group of diseases, investment of money in them
 

may 	 result in tne total disregard of victims of other
 

diseases that may not be appropriate foL preventive
 

measures.
 

For diseases for wnich prevention options are
 

non-existent or ineffective, the other public nealth
 

option, mass screening, may oe an appropriate method of
 

disease control. Through its use, public nealtn officials
 

attempt to lessen the effects of 'a disease upon its
 

victims through 
 detection in its early, sometimes
 

symptoaless stages, in which, on hand,
the one treatment
 

is often more effective and less expensive, and on the
 

other nand, the spread of infectious diseasa throughout
 

the population can be avoided. Screening programs can be
 

used for a single disease such as tuberculosis or cancer,
 

or for a number of different diseases. One sucn multiple
 

disease approacn is the LDSPT (Early Screening for
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Prevention Detection 
and Treatment) program which Is
 

currently in operation under tne sponsorship of the U.S.
 

Departaent 
of Health, Education and Weltare. 
In this
 

program, participating lou- income cnildren 
 are examined
 

at specliied intervals to 
detect any signs ot illness and,
 

if neeaeattreatment referrals are provided.
 

Like prevention, early screening prograu 
 distrinute
 

resources 
 throughout the population, but also can be very
 

costly. Screening programst 
 which have become very
 

popular since iorld War Il, 
tor the most part have been
 

unsuccessful because of 
these nigh costs and oecause of
 

low detection rates.
 

with an unlimited availability of nealta personnel,
 

facilities and financial resources, health plannners could
 

must appropriately utilize all public nealth and
 

individualized 
 treatment options 
 so that all disease
 

hithin a society could reduced far
be as as current
 

medical Knowledge 
 would permit. flowever, health
 

resources, like those in 
 any other area, are limited;
 

this liuitation eliminates the possiulity 
of reducing
 

aisease to the ideal minimum. 
 In the absence of unlimited
 

resources, the health autnorities" most reasunable course
 

of action is to 
use the resources available to implement
 

the combination of alternatives that daximizes health
 

.benetits. 
In suasary t and in applying the ideas above to
 

health planning and policy making,.tne best combination of
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puolc health and individualized medical De
care that can 


obtainea within the resources available must ue selected.
 

In oroer 
to rationally choose the best comaination of
 

program alternatives, the neaith Planner must laentity the
 
objectives sought Dy tne 
 alternatives, 
 the oenetits of
 
each program, i.e., how such 
 they contribute 
 to the
 

achievement of objectives 
ana the costs, or toe amount of
 

resources used in the attainment of those Denetits.
 

As observed, the health plannner must first 
 identify
 

the objective 
 sought by each alternative. 
 The basic
 

Objective of every health program is 
 the improvement of
 
well-oeiny. From 
 this ptint of view it 
can De said that
 
before cost factors are consiaered, prevention 
 programs
 

tnat 
 avoid disease should De preferred to early detection
 

programs that minimize disease impact after its onset, and
 

that early detection should De preferred to sin'ple 
cure of
 

advanced cases. 
 It should be observed, however, that once
 
tne cost factors of 
the alternatives are 
considerea, the
 
actual choice of the programs might differ 
 from that of
 

the original preference ranking. 
 This is particularly
 

true if 
the health of all the members of the community Is
 

to be considered.
 

The reason for 
this can be seen with an example. In
 
a costly prevention program the scarce 
resources available
 

might, be sufficient only 
to protect a small segment of the
 

community from disease. 
 Howevere if 
a large nuaoer of the
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un-protected versons are ILcely to contract it, and it all
 

resmurces have oeen expended in prevention, many members 

at the community may suffer severely due to non-treatment.
 

Clearly, therefore, the choice cannot be made solely on
 

tne basis of preference; the cost of alternatives must
 

also be taken into consideration.
 

Intuitvelyo tne healtn pLanner wirn resource
 

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 the
 

costs of prevention. he snould op. for prevention when
 

its costs are low and morbidity and infection rates and
 

treatment costs are nigh, and for screening when the
 

differential cost between early and late treatment is
 

significant so as to warrant an extra investment in a
 

screening program.
 

There is some possibility of using the above
 

observations as a basis to construct the numerical indices
 

needed for selecting the healtn programs which are most
 

desirable for a community* With this objective, we could
 

select the most appropriate program in such c way so as to
 

minimize 
 tne number of cases within tro resources
 

availaDLe. Another possibility would be to minimize the
 

number of disability days caused by a disease.
 

The indices just mentioned, however, would be only
 

rough approximationsp because they would not take Into
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consideration tne severity ox the disease ana its ultimate
 

outcoeo A different prooLei. tor the use of tne number of 

sick days produced by a aisease is the lac oft reliable 

Information. 

Anotner oojective 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 of
 

deaths.
 

In addition to its clear and intutive meaninge the
 

main advantage of using the number of deaths as an index
 

of health service efficiency is the availability of some
 

of the statistical data needed for its use. One of the
 

disadvantages is that all deaths are equally
not 


important; for instance, the death of a Lather of a
 

family 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-exclui'es losses due to
 

morbidity alone. This limitation is particularly
 

important when a choice between acute and chronic disease
 

has to be made, since the former might produce immediate
 

deaths while tne later, mainly years of suffering.
 

Despite the disadvantages listed, for want o a better
 

index, the minimization of deaths will Doe used as the
 

objective of the different health programs.
 

Tne intuitive ideas 3ust presented can be 
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owerationaiizeC witn mathematical methods tor aecision
 

&aKers. Belob, Ztf simplest, most commonly used o1 these
 

metnods, namely linear programming, will De applied to tie
 

toiLoiing three problems mass screeninv vs.
 

Individualized care, prevention vs. individualized care,
 

and nutrition and prevention vs. individualized care. A
 

mathematical codel and a numerical example will be
 

presented for eacn case.
 

VI-2oMass Screening
 

VI-2.1.- The Model
 

The purpose oi the early-screening model is to find
 

the optimal number of people to participate In a disease
 

screening program and/or treatment programs in order to
 

minimize deaths due to the disease, given various costs
 

and resource constraintse In developing tne model,
 

several simplifying assumptions are made. First, the
 

problems associated with the passage of time are not
 

emoodied in the model. Second, it is assumed that all
 

occurences of a disease are detected between the time of
 

inception of tne disease and the time of death. Other
 

assumptions will be mentioned in the following paragraphs.
 

The total numoer of people in the target population
 

susceptible to the disease is denoted P. Thus,
 

N1 * N2 = P 
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where hl indicates the number of people that, according to 

the results ot tne model, snoula 
 be in the screening
 

program, and N2 denotes the number that snould not 
be In 

the program. 

It we assume that occurences of the disease appear 

randomly tnrougnout the target population, we can say that
 

persons Dotn in ana outside of the prevention program are
 

equally likely to contract the disease. Tnus, 

b*Nl + b*tN2 = B*P
 

where b indicates the occurence rate of the disease in 
the
 

target population, and as a consequence, o*N1 is the
 

nuauer ot persons tnat are affected by the disease and
 

that snould be in the screening program. The otner items
 

in the equation nave similar meaning.
 

Belou it will be assumed that all cases of the
 

disease are eventually detected. It E indicates total
 

numoer of early detections of the disease and L 
 denotes
 

the total number of late detections, we find that
 

del*b*Nl + de2*b*N2 = E 

and
 

(1-del)*b*hl + (1-de2)W*bN2 L 

wnere del is the early detection rate in the program, and 

de2 is the early detection rate outside of tne program.
 

Tnus, (1 - del) and (1 - de2) arc the proportions of cases
 

detected at 
a late stage in the disease's development.
 

Depending on limitations in resources, not all people
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contracting the 31sease aill be aDle to 
Do treated. Thus,
 

mi .m2 =E
 

ana
 

M3 M4 = L 

unere Ml and m3 indicate the number of early and late 

detected cases, respectively, which are treated. 142 and 

M4 denote tnose early and late detected cases which are
 

not treated.
 

The total costs of detection and treatment 
 aust
 

satisty the tollowing constraint:
 

cl*Nl + c2ml + c3*M3 <= R
 

wnere 
cl is the cost per person participating in the
 

prograin, c2 is the 
cost ol treating cases which are
 

detected early, c3 
is the cost ot treating cases detected
 

late, and R denotes the total 
resources available for
 

treatment ana detection.
 

The numoer ot deaths cdused the
Dy disease is a
 

function of 
 tfe number of persons treated and the
 

mortality rates associated with the patients' condition
 

upon entering into treatment. Tnus,
 

T = M2 + M4 + tl*l + t3*M3
 

where T is the total number of deaths and t1 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 die,
 

i.e., the mortality rate equals 1. In summaryp the model
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is: 

M4inimize T 
= .+4 M4 * tleu1 . t3*H3 

SUDject tog 

NI t N2 = P
 

del*'*nl + de2*b'n2
 

(1-dlel)*o'nl 0 (1-ae2)*Don2 = L
 

M1 + M2 =
 

H3 + N4 = L
 

CiWN1 + c2*m1 + c3*M3 <= R
 

VI-2.2 Choice Detoeen 
Mass Screening and Treatment 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). Howeverp one
 

in 13 women will 
 develop it sometime ducing their
 

lifetime(3). When 
discovered 
at the early localized
 

stage, 
 the five-year mortality rate 
 is .16, but when 

detected after spread to the axillary lympn node the 
 rate
 

increases to .44(3). 
 The average economic Losses to a
 

victim with a "less 
severe cancer." taken in tnis case to
 
be an early detected one, are $18,000, and sisilar average
 

losses for victims of 
 "more severe" or later 
 detected
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cancers are $40,000. Taese economic losses uscluae not
 

only treatment costs, but expected wage 
loss as well(4).
 

Because of tne significant difference in botn treatment 

Costs and mortality rates, screening seems to be 

warranted. 

The American Cancer Society 
 and The breast Cancer
 

Institute have 
3ointly sponsored a numoer oi detection
 

aemonstration projects to 
test the feasibility ot breast
 

cancer screening. The early published results report that
 

of all breast cancers detected by the program, 771 are
 

still in 
 tne early stages as compared to the 451 rate of
 

early cases among 
women bitn cancers detectea by all other
 

means other than the program(3). 
 The cost ot screening is
 

$16 per woman(4).
 

The information aoove is summarized in 
 Taole VI-2.l
 

and can be used to 
apply the model in Section VI-2.1.
 

The results obtained from the application o1 the
 

model are presented In Taole VI-2.2. 
 They snoh, witn the
 

aata usea, tnat to minimize the number of deaths o1 breast
 

cancer patients, treatment and 
not mass screening for
 

early aetection snould be emphasized,
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TABLE VI-2e1 

uata
 

oreast cancer screening program
 

total number of women in target
 
Populat un 


ael proportion of total cases in
 
program detected early 


de2 proportion of total cases
 
not in program detected early 


ti five-year nortality rate of early
detections with treatment 

t3 five-year mortality rate of late
 
detections with treatment 


cl cost per woman screened 


c2 cost of treatment to cases
 
detected early 


c3 cost of treatment to cases 
detected late 

0 occurence rate ot breast cancer 


R resources available (lOf*b) 
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15,O00,000
 

.77
 

.45
 

.16
 

.44 

16.04)
 

18,O00
 

40,000
 

.o000o 

250
 



L 
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TAbLE VI-2.2
 

variaoles to be deterainea
 

oreast cancer screening program
 

N;1 number of women in program 0
 

N2 numcer of women not in program 15.0 million
 

M1 number of cases detected early 4050
 
and treated
 

M2 number of cases detected early 0
 
and not treated
 

E total numDer of early 4050
 
aetections
 

M3 number of cases detected late 4427
 
and treated
 

M4 	 number of cases detected late 522
 
and not treated
 

total number of late detections 4950
 

EA early detection/late detection .81
 

T deatns due to cancer 3119
 

M deaths per 1 million target 208
 
population
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405t data are Subject to statistical error, and most 

parawxters are liKely to vary, even if only sl14ftly, from
 

time to time. Keeping these zactors in Aind, it is
 

important to evaluate 
tne effect of changes in the
 

parameters on the results ol mathematical #rocedures.
 

because of the variability of data, only results that do
 

not 
 cfange witn small or medium adjustments in the
 

parameters should be implemented. Tables Vl-o.3 through
 

VI-2.8 snow the results of sensitivity analyses in the
 

breast cancer protlem.
 

In Table 1-3 tne effect of reaucing tne cost per
 

boman in a mass screening program is studied. by reducing
 

tne cost per woman screened trom $16 to $10, changes
no 


result when the total resources amourt to $250 millon.
 

At Sb per woman, however, more lives are saved if 
 enough
 

resources are allocated to the program to screen all 
women
 

(NI= 15 * 10 ** 6, N2 = 0) But, this increases Ehe number
 

of late aetected cases (m4) which cannot De treated due to
 

lack of resources. As program costs decrease, the number
 

of late detected cases that are 
not treated diminishes to
 

zero, wnile the number of deaths falls to 2020.
 

Therefore, according to results,
these mass screening
 

should only be implemented if the cost per be
woman can 


reduced to 50% 
or less of its current value.
 



Cnapiter VI: 
Puolic vs. Indivldualized 
 Page 96
 

TABLE VI-2.3
 

OPIMA'L SOLUIJNS AT VARIOUS PROGRAM COSTS
 

oRI.AST CANCER SCREENING PROGRAM
 

c1 aollars 16 8 4 2 

Ni wcmen 0 15.0 15.0 15.0 
in millions 

N2 women 15.0 0 0 0 
in millions 

M1 -omen 4050 o930 6930 6930 

M2 women 0 0 0 0 

E wonten 4050 6930 6930 6930 

M3 women 4427 131 1631 2070 

M4 women 522 1938 438 0 

L women 4950 2070 2070 2070 

E/L .818 3.348 3.348 3.348 

T women 3119 3105 2265 2020 

M T/per 2C8 207 151 135 
million 
wome[n 

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

Target population (P) = 15,000.000
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In Taole VI-4 the Impact of cnanges in Eo resources 

availaDle is studied. Tnere it can be seen that witn
 

resources 
Detween 250 and 450 aillion dollars, all early
 

and late aetected cases would De treated, i.e., M2= M4 = 

0, and there would be some resources not used for
 

treatment that 
 could be devoted to mass screening (Ni
 

becomes cifferent from zero).
 

The number of persons in mass screening programs(N1)
 

increases witn tne increments in resources, and should
 

cover the intire population (N1 = 15. * 10 ** 6) when 

resources reacn aDout $450 million. At the same time, the
 

ratio ot early to late detections Increases to the point 

where any aaditonal funds 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 SmLl 
 100 250 
 300 
 350 
 400 
 450
 

N1 In millions 0 
 0 
 2e471 
 6.717 
 10o963 
15.000
 
N2 In millions 15.000 15.000 
 12.529 8.283 4.037 0 
M1 women 4050 4050 4524 534A 6155 6930 
M2 women 0 0 0 0 0 0 
_ women 4050 4050 4524 5340 6155 6930 
M3 women 677 4427 4475 3660 2845 2070 
M4 women 4272 522 0 0 0 0 
L women 4950 4950 4475 3660 2845 2070 
E/L .18 .818 1.011 1.459 2.163 3.348 

T women 
 5219 3119 
 2693 
 2465 
 2237 
 2020
 
•" T/per 348 208 180 164 
 149 135
million
 

womenslacx $ In millions 

2.4b0
 

Target Population (kp) 
 = 150oooooo
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In Taole VI-5, the Consequences ot incroasing 
the
 

costs (c2) of treating early detected cases 
is studied. A
 

tirst consequence Is equivalent to a reduction 
 of
 

resources, and, as a result, 
 the number of deaths (T)
 

caused by cancer tends to increase. In addition, there
 

are some changes in the allocation of resources 
from
 

treatment of cases aetected late (M3) to 
the treathent of
 

cases detacted early (MI). The reason for this is that
 

aespite the increasing cost of treating the cases detected
 

early, this type of 
treatment should be preferred because
 

its relative cost of saving lives is lower 
 than that ot
 

treatment of cases detected late.
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TABLE VI-2.5
 

OPTIMAL SOLUTIONS AT CHANGING £ARLY TREATMENT COSTS
 

bRiAST CANCER SCREe94ING PROGRAM 

c2 In dollars 18,000 25,000 30,O00 35,000 

c3 in dollars 40,000 40,000 4000 40,O00 

Ni In millions 0 0 0 0 

N2 in millions 15.0 15.0 15.0 15.0 

Ml women 4050 4050 4050 4050 

M2 women 0 0 a 0 

E women 4050 4050 4050 4050 

K,3 women 4427 3719 3212 2706 

M4 women 522 1231 1737 2244 

L women 4950 4950 4950 4950 

E/L .818 .818 .18 .818 

T women 3119 3515 3799 4082 

M T/ver 208 234 253 272 
million 
women 

Total resources (R) = $250000,000 

40oO0
 

40jOu
 

0
 

15.0
 

4050
 

3 

4050
 

2200
 

2750
 

4950
 

4366
 

292
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Tadle VI-6 presents results that can De called the
 

counterpart ot tnose in Table VI-5o namelyothe results
 

oDtained by decreasing c3, the cost of trGaLing cases
 

detected late. The first effect of this reduction is that
 

resources are available to treat more late detected
 

patients and, as a consequence, their number (N3)
 

increases and the number (N4) of late detected not treated
 

cases decreases, becoming zero for costs between $30,000
 

and $18,OOO. For tnese values, i.e., wnen all patients
 

are treated, it is also possible to begin a mass screening
 

program. This result shows once more that with the values
 

of the parameters in Table VI-l, treatment of early and
 

late detected cases is more eflicient in reducing deaths'
 

than mars screening.
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TAbLE VI-6
 

OPTIMAL SOLUTIONS AT 
CtANGING LATE TREATMENT COSTS
 

tRE AST CANCER SCREENING PROGRAM
 

c2 dollars 18,000 18,o000 18,000 18o000 

c3 dollars 40o000 30,o000 20,000 .18f000 

N1 in millions 0 2.088 5.001 5.500 

N2 in millions 15.0 12.912 9.999 9.500 

M1 women 4050 4451 5010 5106 

M2 women 0 0 0 0 

E women 4050 4451 5010 5106 

M3 women 4427 4549 3990 3894 

M4 women 522 0 0 0 

L women 4950 4549 3990 3894 

E/L .818 .978 1.256 1.311 

T women 3119 2714 2557 2530 

m T/per" 208 181 170 169
 
million
 
women
 

Total resources = $250,000,000 
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Tab'le 'VI-2-7 shows the results of increaIM9
 

treatment COSts simultaneously. As both treetment 
costs
 

increaser resources ere best divertea 
from tme screenig 

Program tc treatments in order to miminize oeaths, 
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TABLE VI-2-7
 

OPTV"AL 	 SJLUTICIS AT CHA"JGV'G EARLY ArND LATE TREATENYT COSTS 

BPEAST CAN;CER SCREENING PROGRAM
 

c2 dcllars 2000 450. 9000 18000 25000 32000 3q000 

c3 dollars 500C 10000 20000 40000 47000 54000 61000 
rj million 14,079 12.197 8.248 0 0 0 0 

,J rilorns 0,q21 2,B02 6.752 15,0 15,0 15,0 15,0 

worren b353 6392 5634 4050 4050 4050 4050 

?A2 frmer 0 0 0 0 0 0 0 

E woren 6753 63q1 5b34 4050 4050 4050 a050 

Y.3 woren 2247 2bW0 3366 427 3165 2230 1509 

,14 woerren 0 (1 0 522 1785 2720 3441 

L women 22a7 2608 336b 4950 4950 4q50 950 

f/L 3,005 2,451 1,b74 .818 .818 g818 .818 

T women 2069 2170 2383 3119 352b 4349 4753 

M T/Per 13b 145 159 298 255 290 317 
mi I Iion 
women 

Re3ources (r) = 5250,00J0,000 
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The :ontinuois hi;ner efficiency of t[deatnto salnIV
 

treatrenE o: early aetectei cdses, 
over mass s.reenlng Is
 

so-aemnat surprising. iselltlaily, It treatsmnt oi early
 

aetected cases Is suostantially more efficient tnan tnat
 

ot late treated ones, it snoula De appropriate to increase
 

tfe numoe[ ot early ones tnrouyh screening. IntiltLVelyf
 

It can De saia that early detection ilint De LnetiLcient 

DeCduse the detection rates are iow. To study this 

possibility, tile results of increasing early oetection
 

rates in Table V1-2.8 can be used. They snow tnat auth
 

the resources available, even witn a 100% earLy detectiun
 

rate o cancer patients, screening programs would not 
save
 

lives more etficiently than treating patients detected
 

late.
 



--
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'CABLE VI-2.8
 

OPTIAL S3LUTIONS kT INCREASING PROGR AM EFFECTIVeN.SS
 

tUk'AST CAJC.ik SCRLE41NG PWUGkAM
 

ael .77 .87
.32 
 .97 1.00
 

,1 in millions 6.72 7.12 
 7.56 8.66 9.05
 

2 in j,11ilons 9.2d 7.88 7.43 6.34 5.95
 

01 women 5340 5b30 5956 b751 7037
 

1.;2 wothen 0 0
0 0 0
 

L Aomen 5340 5530 6751
5956 7037 

Y'3 women 3o00 3370 3044 2294 1963 

u4 toxen 

L women 3t60 3370 3044 2249 1963
 

L/I 1.459 1.670 3.002
1.957 3.585
 

T woien 24o5 2384 20702292 1990
 

M T/per 164 159 138
153 133
 
million
 
odken
 

Resources (R) $350,000,000
 

From the aoove analysis it can be concluded that
 

http:EFFECTIVeN.SS
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at its current costs and detection rates, mass
 

bcreenLI9 is not dn advisaoLe alternative. Tne present
 

costs ano successes ot treatment programs darcant their
 

ConLinued use.
 

The concius1~n that resources snould be cnannelled
 

to treatiment oL Dreast cancer is consistent 
 wito
 

previous evaluations o1 other mass screening
 

progras(norowitz,1970). However, a recent article on
 

screening for cervical cancer staunchly supports the
 

Pak) test as a cost-effective means of comnating
 

cervical cancer(sh.hietzer,1974). Through the of
use 


proability analysis 
and decision trees, Scnbeitzer
 

develops d decision rule wnereoy tne cost of detection 

and possible treatwent are compared to the value of
 

aaditional and/ or improved life beyond tie screening
 

test. Hy applying tnis decision rule to curcent data,
 

Schweitzer concluaes that the 
 Pap test is a
 

cost-etrective, one-time screening device from the
 

vievpoint o society.
 

Altnough Schnietzer's model was not applAed 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 difterances in the
 

underlying assumptions of the two modelsp it would not
 

nave been surprising if conflicting resuirs had
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occurrea. Two ot those difterences involve resources.
 

ScnweLtzer assutes that resources are availdole to
 

tredt all disease victims it screening is tmeLeaented.
 

The .ove ikodel, nowever, proposes that screening
 

expenditures limit tne resources aviliaDle tor
 

treatment. Secondly, in Schbeitzer°s model present
 

costs are weigned against future Denetits, wniie the
 

linear programming model compares present costs to
 

current resources. Tne tnird major difterence lies in
 

the etrectiveness indices used. Shweitzer measures
 

eftectiveness in terms oL t(±e economic value of 

additional length or quality ol lite, the aoove models
 

in the number ot deaths avoided Dy the healtn weasures
 

implemented. The pros ani cons of each oz these
 

indices were discussed earlier.
 

lI conclusion, Althougn both models ciaim to
 

measure "cost-etfectiveness" of early detection and
 

treatment, it appears tnat tney are measuring two
 

ditferent effectiveness dimensions.
 

VI-3-- Cnoice Between Prevention and Cure of One
 

Disease
 

VI-3-1- The model
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1i tnis section, the pr.oiea of ctoosinw oetween 

&-reventive and curative measures In order to minimize 

deaths cdusea ay one cisease will oe studied. UnliKe 

the above model, wnere mortality rates and morbidity 

costs were aitterdntiatea accoroing to tl7e Lime ot 

detection ot the disease, this model assumes that the 

disease considereo Las only one average treatsent cost 

and one averaye morbidity rate. Once again, proDlees 

associated =itn tne passage of time wili not be 

addressed. 

At tne risk of some repetition, two forms ot the 

proulem to be studied will oe considered. Initially, a 

basic approacn wi1l De introduced. Some of the 

simplitications of this approach will be removea an the
 

second versiori, but tfle linear relationships will be
 

uiaLatained. 

As mentioned belore, the problem to be stuaied 
in 

tnis section is tne influence on the number OL deaths 

caused by a disease of expenditures on preventive and 

curative measures. Tne basic model to De introduced 

allows us to see the relationships among the *ain 

variables in a rather simple way. This model aoes not
 

have any practical application; however, its
 

modification (to be introauced later) can be used in
 

actual pianning. 

The following notation mill be used:
 



Cnapter VI: PuDlIc vs. lndivtaualized 
 Page 110
 

P buscetiUle poulation
 

b total nurber of people atfected Dy tne
 

ulseasep
 

(i.e.,no become SICK)
 

T total number of deaths
 

E(1) total expenditure in preventive aeasures
 

E(2) total expenditure in treatment of 
SICK
 

people
 

R total resources available (Datum)
 

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

It will oe assumed that tne total numaer of peo.le who 

oecoae sick is a decreasing function of tne total 

expenditures on 
prevention. Specifically, it ill be
m


assumed that
 

B= P - s(1)*(1) (2)
 

wnere s(l) is a parameter that can De called tne number
 

of cases t/nat can De avoided witn an expenditure of one
 

dollar. In the second modal, 
the method to evaluate
 

s(l) starting 
 with actual data will De presented, and
 

tnere we will 
also remove tne assumption in equation
 

(2) tnat every person in tne population wao has not
 

been protected with a preventive measure will 
 oecome
 

sick*
 

Next, me will assume that tne number of 
uedtns is
 

the following linear function of the number o 
people
 

sIcK and tne expenditures on tceatmento
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T = B - s(2)'.-(2) (3) 

.mere s(2) is a parameter tnat aenotes the number of 

deatns that can ae avoideJ with the expenditure ot one 

aollar. In the second moael, a more detailed analysis 

oL tnis equatioa is made 
along lines similar to those 

in equation 2. 

iltri equations 1, 2, ana 3, tie joro.ies of
 

minimizing 
 the number of deaths takes tne following 

torA: 

Minimi ze 

T = P - s(1)3 E(1) - s(2)*E(2) (4) 

SUDjec. to 

R = E(1) + E(2) (5) 

anu 

T>= 0 

Since in practice tne amount of resources available 

usuatly vill not ae enough to make T = u, we will 

ignore the conaition T > = 0 in the analysis DeLow. 

From 4 and 5 it roliows tnat 

T = P (s(1) -s(2)*E(1) - s(2)*R (6) 

and 

0= E(1)= R 

Hence T will ne a minimum if 

E(M) = R when s(l) >= s(2) 

E(2) = R wnen s(l) = s(2) 

Tne results ootairied, i.e., spend everytning on the 
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&edsbre .itn tne nigner returns per auiiar, adcgs 

per[ecL intuitive sense. 

Tne wain liuitation ot the mooel just preentea is 

thaL it does not include any indication of tre Aethod 

tiat snoulu De used to evaluate the parameters s(i) and 

s(2) usiny statistical data. Tnis limitation is 

rewoved in tue uojel to De presented next. For tlis, 

the tollowing notdtion and equations will oe used: 

P Susceptiole popiulation 

N(O) Number of persons who should be protected 

witn preventive measures sucn as vaccinations 

in order to minimize deaths 

N(2) Number of persons wtio snould not oe protectea 

P = N(1) + N(2) (8) 

D(1) Morbidity rate among trie people protectea 

(Oatum); 

b(2) Morolalty rate among the people not 

protected (Datum); 

B Total number oi cases, i.e., people 

afttected by the disease; 

B = o(1)*N(1) * b(2)*N(2) (9) 

M(I) Numoer ot sick persons who should De 

treated aith curative measures 

in order to iinimze deatis 
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M(2) 	 humver o! sicl: 'ersons .no snould
 

not De treatea
 

= Ai(l) 	+ P(2) (10)
 

t() 	 mortality rate among peokole 
treateo 

E(2) Mortality rate among people not treated 

T Total number o1 aeatns 

T = t(1)*M(1) + E(2)*M.(2) (11) 

c(1) Cost of protecting one person (Datum) 

c(2) Cost ot treatinj one person (Datum) 

E(I) Amount tnat snoula be spent on prevention 

in oraer to ainwiwze deat'hs 

L(2) Amount that should be spent un treatment 

in orcer to -inLhmize deatns 

R 	 Total resources available (Datum)
 

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

E(1) = c(1) N(1) (13)
 

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

The problem is to determine E(1) and E(2) in such a way
 

as to minimize T. A comparison of the two models in
 

equations (4) and (5) witn the one in equations (8) 
 to
 

(14) 	 snows that they are essentiaill identical.
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1iowever, the number of parareters and variables needed 

in tne second model maKes It uiftIcult to understand 

tne Osic principle introduced in tne first. in order
 

to 
reduce the secona prooiei to the tirst tLe Lullowang
 

transroru&ations are requi.ed:
 

Fro u 10 arid i
 

T = (t(1) - t(2))*M(1) + t(2)*S (15)
 

From 8 and 9
 

= (o(1) - b(2))'*N(1) + o(2)*P (161
 

From 15 and 16
 

T t(2)*D(2)*P + t(2)'(D(1) - b(2))*a(1) + (t(l) - t(2))*M(1) (17)
 

Ana from 13, 14, and 17
 

T t(2)*b(2)*P + t(2)*(o(1) - b(2))E(1)/c(1) + (t(1) - E(2)*E(2))/c(2
 

The problem reduces to minimize T in (18) suoje:t to
 

condition (12). Tins prooLew is equivalent to the one
 

in equations (4) and (5) witti
 

- s(1) = t(2)*(b(1)-b(2))/c(1) ((19)
 

-s(2) = (t(1)-t(2))/c(2) 

With (19) tne solution in (7) can be applied to this 

CdSe*
 

From equation (18) it should be clear s(2),
tnat 


as aeilned in (19), is the numoer of 
deaths tnat can be
 

avoideu with the expenditure of one dolLar on
 

treatment, w.tile s(1) is tne number of Ueatns that can
 

be avoided witn the expenditure of one aoiLar on
 

prevention o tne disease, but without treating those
 

http:requi.ed
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&no Lall SICK. It Is Possiole to vet 1 ,y direcLly tntd 

weaninis just given 
to s(I) 
ana s(2) witn the following
 

apJproach.
 

First, let us ouserve miat from (11) 
me nave 

aT = t(1)*am(1) + t(2) * dm(2) (20) 

wnere d denotes difterentiation,
 

ana tro,4 ()e, since h is assumed to 
remain cotistant, .
 

nave
 

0 = aM(.) +d m(2) (21)
 

Hence, trow (20) 
and (21)
 

dT = (t(1) -t(2))* aM(l) (22)
 

From (22), .ith dT = 1, 
 we obtain that 

-dM= - 1/(t(1)-t(2)) (23)
 

is the nunDer o people to oe treated to avoid one
 

deatn.
 

Since c(2) is 
tne cost per person treated, the cost to
 

avoio one 
deatn witn treataent is
 

- c(2)/ (t(1)- t(2)) (24)
 

and its inverse, i.e.t s(2) 
is the number of deaths
 

that can be avoioed with 
the expenditure of 
oaae unit.
 

A similar analysis is valid tor 
the case of s(l).
 

VI-3-2- Choice Between Prevention and Treatment­

whooping Couyn
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II this sOctLon a nuaarical exa.le oft 
 tne second
 

rodel in VI-3-1 will De pre3entec.
 

Tae DdSIC statistical data are presented in Taole
 

VI-3-1. Tnese aata 
refer to wnooplng cougn in Nortnern
 

Santiago, Crhileo 
in 1963(aluiunaaa,1965).
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TA4.LE VI-3-1
 

basic Cat; neeaea to apply tle mooel in 
this section rererring to
 

wnoopirny cougn 
in tortnern Santiago, Cnile, 1963
 

SyMroo Definition 
 Value
 

b(1) Moroldit'y rate in protected 
 0U.45
 

popula tion
 

b(2) Morbialty rate in non-protected pop 00.60 

t(l) Mortality rate wita treatment 
 00.01
 

t(2) Mortality rate 
witnout treatment 00.03
 

c(1) 
 Cost of protecting one person 
 01.30
 

c(-') 
 Cost at treating one person 2d.86
 

R Total resources availaule(Escudos) 31.317
 

Source: Anu anadaJ.(et. al.) li ab Jlh PU nU j a~ r.R2.L & 21 U = 22 

bag tj.C.0Q~o Table 7 (p.39), 

Pan American Healtn Organization, hasnington, D.C., April, 1965.
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Upon application of tne linear projrsaming model
 

introducei in trie previous sectLon, it is learned that the
 

optivur soluton will be ootainea when E(1) - R= 31,317
 

anu E(2) = . In rhis case tne total nuaioer OL usatns that
 

could Le avoided is 470.
 

It is worti.aile to ouserve that accoroiig 
 to the
 

lntormation in 
 refeience (6), the distribution of
 

resources &as E(1) = 7,15d, E(2) = 24,149, ana tne number
 

ot deatns prevented was 124, i.e. uitn a 
planning
 

approach, a total of 
346 deaths could nave Deen avoided.
 

Although the anove model 
 as useful with the whooping
 

cough proolem, in its present lorm, its utility is limited
 

to allocation proalems dealing with 
one Clsease with a
 

single preventive and a single curative Oevice. A model
 

anicn l l take 
tnese limitations into consideration will
 

be presented in section 4.
 

For a more aetailea treatment of tne aiuove model
 

please see Cnapter 11 of Reference(7).
 

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

Diseases are Considered
 

VI-4.1- The Mooel
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In tnis section the model 
 for CrtOlCU between
 

prevention and cure ot one disease will 
oe eXpanded to
 

consider tne onen
case several 
 dzseases are Included.
 

Witn the inclusion ot several aiseases, the proalea 
is not 

only to cnoose between prevention and treatient, Dut also
 

tne disease to mnicn ettner or 
Ootn of tUe t~o option
 

Snould be applied to reduce deaths. 
 In adJitionf now it
 

is possiDle to consiaer metnoas of prevention that are not
 

disedse specitic.
 

Pernaps tne uost important non-specifi,, prevention
 

,ue-noa dVdilaole is good nutrition. Adequd~e nutrition
 

will oe reyarded as 
a general means of disease prevention
 

unicn can used
oe alone or as a suppieuent to disease
 

specific preventive measures 
sucn as vaccinatioa, in the
 

improvement of tnie health of 
a population. Nutrition also
 

will be introducel as an influential factor towards the
 

t1aal 
outcome of an illness.
 

In principle, 
 a person can deviate from
 

"satistactory" nutritional 
 conuitions in an infinite
 

numaaer of ways. qowever, oelow it 
4.ill oa Assumed that
 

only one unsatisfactory 
 status is possiold. For the
 

satistactory and unsatisractocy nutritionii zonaitionsp
 

jrecise values ot 
 morDi1ity ana mortaLitj rates are
 

assuleu to De Xnown. Finally, it will oe dSsa&dd that by
 

macing cektain expenaitures per person it is wossiDle to
 

suppitAent tne aiet or tie ?opulatiun all thae persons 
 in
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It bill achieve the "Satistactory" nutritional Level. 

.itn tile explicit consiJeratlon of satistdtQry and 

unsdtis!dctory nutritional conditions of population,ta 


tne question ot iptimun allocation of resuucces among
 

oetter nutrition and prevention or cure of aisdase can be
 

studied in detail.
 

Again to 
slijdify, the analysis will Os restricted to
 

tne case in unich a health and nutrition plan is designed
 

to comoat three ulseases. It will oe assuised that there
 

one
is only specific metnod of prevention aa=a one method
 

or treatment tor eacn of theja. 
 Thnese assumptioas greatly
 

simplify the presentation ot tne model ana the data
 

needed. towever, they can easily be dispensea with if 

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

nere that the objective is to minimize deatnso
 

To Lormaalize tne ,aodel, let
 

P denote the population considered for
 

the nealth and nutrition plan
 

N4(xj) number of 
persons with nutritional conditionss
 

I = I satisfactory 

t = 2 current unsatisLactory 

ana prevention status 

none 

=
I against uisease I only
 

j = 2 against aisease 2 only
 

= 3 against disease 3 only
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j = against diseases I and 2 

5S against diseases I and 3 

3 = 6 against ;diseases 2 and 3 

7 against diseases 1, 2, and j 

A first condition that must De satisfied is
 

P = sum .(ij) (1) 

Tne number of cases of 
disease K among 
persons with
 
nutritional condition 1 (to 
De denoted witn b(i,Ic)) is
 

b(i,.) = sum t(Ijrk) N 

for 
 (2)
 

j = Ooe,t7 
wnere
 

b(Ijp,~) is the 
.-oroidity rate tor nutritional
 

condition, i, preventive care, 
j, and for disease, x.
 

As oDservea, only one 
 treatment is assuied to o,
 

possible tor 
 each disease. However, this does not mean
 
tnat every patient fas to 
 be treateds. Act.aaily, one
 

possibility open to 
a decision-aker is not to 
treat some 
or aii patients sutterinj from a particu.ac disease. 

DJnotiny Ait. M (I,Kv) tne numoer of withpersons 

nutritional ccnditioris i = l,2 dhisease c = 1,3 wno S.flu4 

http:particu.ac
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De tredted (v = 1)0 or wno should not be trdatd (v x 2), 

the tolloiny constraint is obtained:
 

B(iok) Z sum M(ifXc.v) (3)
 

v = lp..,2 

the numoer ot deaths of patients suffering tro& the
 

three aiseases becomes
 

Tz sum t(ipp,u) * M(irK,v) (4) 

v l*..2
 
k =1r..3
 

where t(i.-Ic.m) is the aortality rate for personT 
 with
 

nutritional conditions i = 
lo..o2r affected by disease k
 

I,.*,131 ana with treatment 7 = l,..t2.
 

The above four equations 'explain' the numb~er of
 

Qeatnsf out not deal 4itn
do resources naeeed to reduce
 

that number. To consider this let
element, r(ipjpk,w)
 

aenote resources at type w = ,°-
 needea Ver person,
 

for prevention i = treatment i for
1, and 2f 
 persons
 

-ztn nutritional 
 level i (i = 1,2), and tor i.etnoa of
 

2revention j (i = 0,7), or treatment of 
 disease K (k =
 

1,.3); 
 and with R(w) total resources of type w avaiLlable*
 

•men th~e following constraints can be definedl;
 

R(w)> =suia r(ii3, ,'")*N(jtK) + sum r(2jjjk,;a)* 4tj,l) (5,4 

3=0,7
 

In the example jetou ic ;will be assumed gnat R 3o
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I.e,, 
 tnat tnree resources 
are used to prevent or cure
 

olsease. Tnese resources o
are aoctors services, nurses'
 

services, ano 
 financial means. As a cunsequence,
 

r(i.J,K,) aill oe weasureu minutes of
in uuctors' tise 
per patient, r(ifJ,k,2) iii minutes of nurses tine per 

Pdtient, r(ipj,KO3) expenditures per patient.
 

oitn the notation aoovel 
the problem of integrating
 

health and nutritional planning reduces to that of
 

ini,.Miziny (4) suaject to 
tne constraints in (1) to (3) 

and (5).
 

Ia the model presentel so far, nutritioa appears 

simply as one possiole way to use the resources available
 

to imrove the health 
 conditions ot the Vopulation.
 

However, 
 it can also be used to study the impact of
 

aericient nutritional conuitions on aoroidity 
 and
 

mortality. 
 For tnis, it is necessary to compare the
 

numDer of aeatns when tne 
povulation enjoys satisfactory
 

nutritional conditions 
 and when 
it does not* The first
 

alternative is slfulated in the modelp assuming 
that the
 

cost of satisfactory nutritional conditions is zeroo, and
 

tne second assuming that it is 
so niyn tnat none of tne
 

resources availaale 
 should 
oe used ror Lt. uutritional
 

costs Detween these tko oounds will 
 sho4 the impact on 

aeatns of usin some resources to improve nutrition and 

some to prevent or treat disease*
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VI-4.2-HEALTH AND NUTRITIJp 
 PLANNIdC-- AN E.XAMPLE 

Tne Yodel presented above will De applied below to
 
tne planning 
 ot neaLtn and nutritioi for infants and
 

Clhilaren in the United Arao Republic (e.jgypt). 

As ooservedr two nutritionai levels will be 

considere.. Thed tnree llsedses to be included are 
bronchitis, aiarrr.oea, and aeasles, whicfl to.etner cause 

90 per cent ot the deaths or children between 0-4 years of
 

age. 

better housing and clotning are considered to be the
 

preventive measures 
 against Droncnitls, i sanitary water 

supply against aiarrnoea, anu vaccination against measles. 

The data required on .o'bidity and mortality ratest 

uses ot resources, ana costs were 
 estimated, using
 

intormation trom 
 alfferent countriest different
 

yovernurates 
 Ot tne UAR, and the opinions ot nealth
 

officials in that country. 
 Data were collected in such 
a
 

way as to reflect the conaitions existing in 1970-73.
 

These data are presented in Table vi-4-1.
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No. 	 Equation 
Description 

oDjective 


Population 

Utsease 1 

no nutrition
 

Disease 1 

nutrition
 

Disease 2 

no nutrition
 

disease 2 

nutrition
 

Disease 3 

no nutrition
 

Disease 3f 

nutrition
 

Doctors' 

tLAe
 

Nurses' 

tiae 

financial 


TABLE 	 VI-4-1 

United arao Republic: 

Data Used to Specify Optimum Allocation at Resources 

for the Integrated Nutrition and Health Plan 

Constant N10 Nil W12
 

0. 0. 0. 0. 0.
 

5000 1.0 1.0 1.0 1.0 1.0
 
0 : 	 .051 0.017 0.045 0.051 0.015 

0 0 0. 0. 0. 0.
0. 

0 = 0.35 075 0.4 0.850 0.40 

0 = 0. 0. 0. 0. 0. 

0 = 0.70 0.65 0,b8 0.90 0.63 

0 = 0. 0. 0. 0. 0. 

90000>= 0 0. 2.0 .0. 0.
 

180000>= 0. 3.0 3.0 3.0 5.0
 

R > 0. 7.15 11.0 0.019 8.15'
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No, Eouation 

r~grI t ion 

Comstant N15 U16 NIT N20 "N21 

UbJective 0, 0, 0, 0, 0, 

Constraints 

Poulation 
Disease it 

no notrition 

5000 
0 

1.0 
0.017 

1,0 
0045 

1.0 
0015 

t,0 
0, 

1.0 
O 

Osease 1, 
nutri titon 

0 z 0 0, 0 0,039 0o013 

Disease 2p 
me nutrition 

0 a 0,750 0,0 01350. 0, 0, 

Disease 2, 

mutr tion 

0 a 0 0, 0, 0o300 0,700 

Osease 3, 

no nutrition 
0 : 0,085 0.090 0,085 0, 0 

Disease 3, 
nutri ton 

0 a 0o 0. 0, 0,650 0,600 

Ooctors'time 

Jurses, 

time 
Fimancial 

90000 a 2.0 

10000 :on5.0 

R.'* 7,168 

2.,0 

5,0 

1,018 

2.0 

7.0 

8o168 

0, 

5of 

c 

0, 

7.0 

€+7o1S 
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.o. Equation 

Ooscription 

Constant M22 M23 N24 925 126 

fO)ecttve 0. 0. 0. 00 0. 

Population 

Disease 1, 
no nutrition 

500C 

0 z 

1.0 

0. 

1.0 

0. 

1.0 

0. 

1.0 

0. 

1.0 

0. 

i1sease 1, 

nutrition 
0 = 0.0344 0.039 000115 0.013 00345 

Disease 2, 
no nutrition 

0 = 0. 0. 0. 0. 0 

DLsease2, 
nutrition 

0 = 0.350 0.80 0.87 0.70 0.35 

Disease 3, 
no nutrition 

0 = 0. 0. 0. 0. 0. 

Disease 3, 
nutrition 

0 = 0.610 0.070 0.610 0.075 0.075 

Doctors' 

T to e 
90000 => 0.0 200 0.0 2.0 2.0 

Nucses' 

Tiae 

180000>= 7.0 b.0 10.0 10.0 10.0 

Financial R>= c+1.0 c+0.018 c+8.15 c+7.168 C+1.018 
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Mo. Equation 

Objective 

Constant N27 

0. 

Till 

0. 

T112 

0. 

T211 

0. 

T212. 

0. 

T121 

0. 

Population 

Disease 1, 
no nutrition 

5000 : 

0 = 

1.0 

0. 

0. 

-1. 

0. 

-1. 

0. 

0. 

0. 

0. 

0. 

0. 

Disease 1, 
nutrition 

0 = 0.0115 0. 0. -1. -1. 0. 

Disease 2, 

no nutritioi 

0 = 0. 0. 0. 0. 0. -t 

Disease 2, 

nutrition 
0 = 0.30 0. 0. 0.. 0. 0. 

Diseasp 3, 

no nutrition 
0 0. 0. 0. 0. 0. 0. 

Disease 3, 

nutrition 

0 = 0.075 0. 0. 0. 0. 0. 

Doctors" 

tine 

90000 >= 2.0 0. 25. 0. 25. 0. 

Vurses" 

Tiae 

180000 >= 12.0 0. 32.5 0. 32.5 0. 

Financial R>= c+8.168 0. b.15 0. 6.15 0. 

R4 
c 

2000,5000,0ooo,10ooo,2ooo0,25000 
0.,0.10,0.15,0.20,0.50,1.0,2.0,5.0,10.0 
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Doctors' *no nurses' time dia not apear to be a 

scarce factor in any of the analyses Mao On the basis of 

these oata. This was true withoJt assuming that additonal 

Personnel t1fe could be obtainen by using some financial 

resources for that Purpose. Therefore, in the following 

analysis attention is oaid only to restrictions Imposeo by
 

scarce financial resources.
 

Tables vi-4-2 through vi-4-4 make it Vossible to
 

study the influence on morbiclty ana mortality rates of
 

satisfactory and unsatisfactory nutritional conditions.
 

They are obtained by assuming, firstly, that the cost of
 

satisfactory mutriton 
is zero, i.e., that the nutritional
 

conditions of the population are satisfactory, and
 

secon0 , that the cost of improving nutritional
 

conditions is so high that it prohibits resource
 

utilizaticn for this uuroose; because greater reduction of
 

mOroitjity and mortality can obtained by using the
 

resources in other ways. Table VI-4-2 shows that
 

aptroxinately 40 Per cant 
 of the oeaths of infants and
 

chilurei coull be avoided if their nutritional status were
 

%.r18i 'Ct3Y, Tables vi-4-2 Ani vi--3 show how financial 

Srj 1<idj on useo. The fact tmat tne ratter, in 

,, tresi, Is identical is a consecuence of the 

-
a :ti - '-:licit in tie data that a satisfactory
 

itdtuS reauces in an aporoximately 

.. 43,Y ali --ort'iqvty ana mortality rates* It is 
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l|xely that this 
 asuptiom--
 acceatable for 
the three
 

diseases 
 etqng COnsf3ereao- will 
hot hold true in 
the Case
 

of other diseases. 
 For this reason, it Should be 

emolricallv verified 
in each sPecific c€se.
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TABLE VI-4-2 

I;AR: Minimum number of deaths per year among
 

5030 infants and children q th different nutritional
 

status ano health expenditures
 

Health 
 Nutritional status
 

ExvenHjiture
 

per ye.r Satisfactory NonSatisfactory 100(a)/Cb)
 

(a) (b) 

0 238 65,7
 

S o U 
 75 134 55.q 

301,1)37 o1 60,7 

l51WO) 3" 57 5906 

2flO 31 52 59o
 

2 5Ju 28 47 59. 



Chapter VI: PuUIic vs. Indivioualizea Page 132 

In the mOeli nutrition appears as om of the
 

alternative ways to use the human and finencial resources
 

availible. This makes it possible to 
stuoy the influence
 

on the number of death, of oifferent levels of exuenaiiture
 

neejec to raise the current nutritional level of the
 

Oopulaticn to a satisfactory level. The results of this
 

analysis appear in Table 
 VI-4-4. An increase in
 

nutritional expenditures when part of the resources are
 

usej for tetter nutrition simoly means less rescurces for
 

other uses in health care. As a consequence, the numoer
 

of .Ieaths increases. Finally, the Position is reacheo
 

where the cost is too higm to Justify any expenature on
 

nutrition. Although this conclusion 
 might seem 

surorisirgp it simoly means that rore lives can be savea 

with one rcnetary unit usec, say, for vaccination than
 

witi one urni used for improving nltrition. The reason 

for this is not that troe life-saving Properties of 

nutrition have been reituceo but tiat their cost is too
 

hi qh* 
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TABLE VI- -3
 

UAP: lumber of chiloren that ShouIdI receive preventive
 

mealUres and the number of Patients that Should be treated
 

to minmiie chilcren's deaths (assuming SdtisfaCtopy
 

nutritional conaitions)
 

I II III IV V VI

Chillren in copulation 5000 5000 5000 500) 5000 5000
 

Financial Resources 200a 5000 1030]( 15000 25000
20100 

available (Cqyotian
 
Pounds)
 

"inimun no. of 238 75 37 
 31 31 28
 
leatMs 

tN,*should receive . 0 
 0 0
 
0 

no protectlon
 

No. should receive 0 0 0 0 0 0 
ProteCtion fror I 

Io, snoula receive j 0 0 0 0 0
 
Protection from 2 

!!i. shoulQ receive 5000 5000 0 0 0 0
 
from 3 

No. should receive 0 O 0 0 0 0 
fram 1-2 

Io, $houla receive 0 0 0 0 0, 0
 
from 1-3
 

Io. should receive 0 0 478a U065 3346 2627
 
from 2w3
 

No. should receive 0 0 216 435 1654 2374 
from 1,2,3 

Patients of I that 195 131 0 0 00 

snoull not be treatea
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Patients c' 

s"OulJ met 

2 that 

be tre4teo 

2310 0 0 

Pateiets of 3 that 
SNOula mot De tre4teC 

350 0 0 0 0 

Pdtiemts o I that 03 168 151 134 118 
$"Uo1J Oe tredtec 

Patients c# 2 that 

shotwjJ be treated 
1690 O000 1739 1703 1b67 1o31 

Pati.ts of 3 that 0 0 375 375 375 375 
shoulj be treated 
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T~~bLE V104-4 

iumter that should receive Preventive 
measures ana numner of Patients that should be 

treatej to mi i ize chil deaths (assuming current 
nutritionjal conditions) 

Case oe, 

SII III TV V VI 

Childrren in 
Population 

the 5000 5o00 5000 5000 5000 5000 

Financial resources 
available E ls. 

2000 5vOO i00o00 15000 2ouOG 25000 

dinimum no, of eaths 362 134 bl 57 52 47 

"lQmber snoula receive 
no protection 

'jumber shoulm receive 
Protection from I 

0 

Q 

0 

0 

0 

) 

0 

0 

0 

0 

0 

0 

.JAmber shoula receive 

orotection from 2 
0 0 0 0 0 0 

f;wmber shoula receive 
nrotection from 3 

5000 5000 0 0 0 0 

,ljmber SHo 
Protection 

JlO receive 
from I ard 2 

1) 0 0 0 00 

umber should receive 
Protection from I aria 3 

0 0 0 0 0 0 

'olimber shoulo receive 
Protection from 2 and 3 

j 0 4880 44156 3432 2708 

hjumber should receive 
protection from 1, 2# 3 

0 0 120 844 1568 2292 

Patients of I that 
should not be treated 

255 237 0 0 0 0 

Patients of 2 that 
should not ae tredtao 

2559 0 0 ' 0 0 
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Patients of 3 tvat 

should not oe treatec 

450 450 0 0 0 0 

Patlents of I tmat 

unoult be treated 

0 18 221 19q 178 156 

Patients cf 2 that 
shoulI Le treated 

1691 4250 1994 1958 1922 1885 

Patients of 3 that 

should be treatea 

0 440l 1 2 439 
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LIAR: "inimum number of 
cildrcm wen financial 

for health ana 

oeaths among 5000 
resources are useo 
nutrition 

Resources 

Available 

(C lbso) 

Costs of Nutrition Per Person Per Year 

I) .1 .15 ,20 *5u 1, 2, 5. 

(E lban) 

1o 

CO!iu 

5000 

110.1 

1500 

20U-O 

25000 

238 

75 

37 

34 

31 

24 

267 

q 

37 

3(4 

31 

29 

2t)9 

q2 

37 

34 

32 

2q 

270 

q4 

37 

34 

32 

29 

3h2 

134 

42 

35 

33 

30 

362 

134 

55 

37 

34 

31 

3t32 

134 

59 

46 

37 

34 

362 

134 

61 

56 

51 

46 

362 

134 

61 

57 

52 

47 
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'JPOm PrVifw Of the above fodols, it seems apoarent 

that there 4re numerous similarities among them* 
 All of
 

the moelS are linear Programming algorithms 
 whose
 

ocjective is minimize through
to deaths 
 inoividual
 

treatment ano public health options* Because of this 
 the
 

ooJective functions 
 assume 
 the same basic structure:
 

Mjinmze
 

T x tlm! + t2m2
 

where tle total 
number of deaths equals the mortality rate
 

for tmose treatea times 
 the number treateo plus the
 

mortalitv 
rate of those not treated multiplied by the
 

nimber nct treatec. Although this specific formula is the
 

Objective function of 
only the secona mooei cresented, it
 

cam be easilyYemomstPateo that the functions of mocaels |
 

arnc 3 are variations of it, 

In tne eperationalization of a;) of 
the mocels, one
 

sholid incltace a Conition tmnt 
the number of oeachs to be
 

minimizec for any 'lisoase be larger than 
or eQual to zero.
 

Since in realibv it is nct Possible to reduce ceaths to a
 

negative level, ts 
 rsult i- a mathematical operation
 

woulo simply mear tiar 
sze resources are being wasted.
 

Just as 
the Unjective 4;,Ctions of the moels are
 

similar, 
 the reso ' cj corfstraints of all of the models
 

assume the same basic form# 
that the cost of all treatment
 

options must ee 
less than or eQual to the total .ount of
 

resources available.
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In &coition, all of the models are Static ones, 

hooever. thCY could be Converted to OynqmiC Omeg with 

minimal aifficulty. Lnfortunately, lack of the 

appropriate statistical data Prohibits th, implementation,
 

of such mooCls at the Present time.
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alternatives, it tollows that an important proolem that
 

nealtn planners must face is the specification ot the most
 

appropriate itnas Ot health personnel 
 tnat a country 

should have* This is the problem that will be studied in
 

this cnapter.
 

For this analysis, In Section 1, a Driet description
 

of the main characteristics of the different types of
 

health personnel are presented. In section 11 an attempt
 

is made to compare tneir efficiency as factors in the
 

production of nealtn. In 
 Section III, the information
 

presented in Sections 
 I and II will De useu in a linear 

proqramming uoueL for tne optimal selection of neaLth
 

personnel.
 

Section I 

DIFFERENT TYPES df HEALTH PERSQ04ir-L 

VII-I Introduction 

For tMe purpaose ot tflis study, it 
 will be assumed 

tnat mudical persoo'noL can oe classified as .oliows: 

I- Physicians;
 

2- Auxiliary personnei;
 

3- "Barefoot -octors"; 

4- Traditional medical practitioners*
 

These four classes are descrioed below utilizing
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information from the United States, Egypt, China, and
 

Inala to illustrate the prevailing trends in nealth
 

planning 
In developed and developing countries. In this
 

respect, Egypt will be presented as an example of a
 

developing country which adopted the Vestocn health 

system, while India and China will be presented as
 

examples of countries using unique traditional health
 

systems on a nationwide basis, in addition to using
 

mestern medical svstems.
 

VI1-2 elysicians
 

Medicdl education varies signiricantly from. one 

country to another regarding the criteria ot aualssLon to 

medical school, curricula, duration ot medical education,
 

tors and nature of postgraduate training. in the United
 

States, following the Flexner report, medicai eucation
 

became rigid because the American Medical Association
 

specified the courses and programs required for medical
 

school accreditation in a detailed anner, since
 

physicians must have graduated from only accredited
 

medical schools to have been licensed. (Raftercy p.126). 

in general, tn the U.S.A., a college degree (usually 

B.S or B.A) is required for admission to melical school, 

and the duration of medical education is four years plus 
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one year of Internship tolioNea usually by a period of 

rusidency which may range from one to three years in some
 

specialities.
 

In other countries, 
 such as Egypt, admission to
 

medical school is airectily alter the high school (12 years
 

general education), out the medical curriculum is to 
 six
 
years (instead 
of tour), followed by one year compulsory
 

internship, and tdo years residency in most cases.
 

Physicians have traditionally occupied the top of the
 

income nierarchy in the nealtn field. 
 For iustance, in
 

the United States, the median net income tot 
 solo
 

practitioners (defineo as tnose snaring neithac income 
nor
 

practice expenses) in 1966 was 
 $29,740 (Rafferty 9.47),
 

compared to $4,272 tor a practical nurse, ana to S5,736
 

for a general lutv nurse, and to $56,336 for a dead nurse
 

in tne same year. (Greenfield 1969).
 

In the otner hand, when cosoaring physicians' income
 

to otn r nonmedical protesstorns, 
 o find tnat the median
 

earnings (1969 doLlars) were S5L03 tor a service worer,
 

$7,265 for clericsl borcers, and $9,151 for teachers
 

(Statistical ADstcact USA 1)75).
 

An idea of t.. ictivtties performed by physicians can
 

ne ootained frod 
 tae services provided oy physicians to
 

amoulatory patients in primary health care 
. This type of
 

care may be 
 derined as the Initial assessment of the
 

patient condition. This include the area of general
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practice, emergency medicine, Internal medtcine,
 

pediatrics, Lail1V medicine, and obstetrics. After the
 

Initial assessment, the patient may be treated by the
 

primary care physician or reterred to the Secondary level
 

or the more specialized types of care, eog., cardiology,
 

urology, surgery, orthopedics etc.
 

In Table VII-1 a list or the services provided to
 

amoulatory patients in primary healtn care Is pCesenteG.
 

Tis list represents 82.61 ot the activities of this type
 

of practice. (SmLth 1972).
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TABLS VI-I 

SERVICES PER 1000 VISITS TU AMBULATORY PATIENTS 

OF VARIOUS PRIMARY CARE CENTERS, USA 

SERVICES NUHER SERVICES NU"SER 

PHYSICAL EXAMINATION URINARY INFECTIIN 4 

WELL CHILD (AGE 0-1) 40 HEART DISEASE 

WELL CHILD (ACE 1-16) 141 WITH ECG I 

ABBREVIATED 30 WITIIOUT ECG I 

COMPLETE FEMALE 24 EXOGENOUS OBESITY 21 

COMPLETE 55 HIPERTENTION 

COMPLETE WITH ECG 14 WITHOUT OBESITY 4 

PRENATAL EXAhIBATION WITH OBESITY 2 

ROUTINE 42 ELDERLY 6 

dITH GENETIC COUNSELING 14 WITH ABBREVIATED PHYSICAL 2 

FIRST VISIT-PREGNANCY 10 FRACTURES Is 

BIRTH CONTROL RELATED PROBLEMS to LACERATIONS 

DESENSITISATION SHOTS 55 fIRST VISIT 4 

SKIN ALLERGY 30 CHECK AND REDRESS 26 

IMMUNIZATION 47 N.MOVE SUTURES 20 

snow ?fIpRl 54 MlIsI-WI 461WtII.In4N _ 



-------------- 
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HENATOMA 
 1 BURNS 
 8
 

REMOVE EAR WAX 
 15 ABSCESS 
 8
 

WARTS 
 UUN INFECTIONS 
 12
 

EXCISE 
 7 ART1hRITIS 
 6
 

FOLLOW-UP 
 7 ALL OTHER SE!4ICES 
 176
 

--------------------------------------------------------------

SOURCE: Kenneth R. Sigith; Marianne miller; Fredrick L. h;idl4 "yavAnAnalysis of 
The Optimal Use of Inputs in The Production of Medical services', The Jornill of uman 

Resources 7:209-25 (Spring 72)
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It Is aortn mentioning that tio percentage of 

Physicians' time devoted to amaulatory care is more than
 

70' ot their total Practice time (rough estimate).
 

111-3 Auxiliary personnel
 

"Auxiliary personnel" can be further subdivided 
Into
 

the toLlowlng types of assistants: (ref. 1)
 

A- Allied health workers or traditional medical aidesi
 

8- InteraedLate-level 
 nealtn workers or "Pnysician
 

extenders';
 

C- Medical tecnnicians;
 

0- Nonaedical assistants. 

These four types will be described oelow.
 

A- Allied health workers also known as traditional
 

medical aides include Registered Nurses (A N), Licensed
 

Practical Nurses (LPN), and Medical Assistants (MA). The
 

role of these personnel is mostly limited to 
indirect 

patient care since, in. real practice, tney spend a 

relatively lesser amount of their total working time in 

direct contact with patients, and during the time which 

they spena witn patients they are mostly engaged in 

mechanical and social tasks, and the mount of
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substitution of ther time 
 tot pnysicians time in the
 

area at direct patient care has typically been minimal In
 

actual practice. Table VI[-2 
presents the educational
 

hacKground, activLties, and income at 
these personneL.
 

8- Intermediate-level health 
workecs or OPhysician
 

Extenders" 
 include the Meadices, Pediatric 
 Nurse
 

Practitioners (PNP), 
Nurse Midbives, 
 and tne Physician
 

Assistants (PA).
 

During the past decade, over hundred
one programs
 

have been developed in the U.S.A. 
 for training of the
 

various types of ?hysician Extenders (Reference 1). The
 

Initial experience, duration,, and level 
o training as
 

well as the 
tasks that couid be delegated ditzer widely
 

among these groups. The 
Medix I. trained to deal with
 

medical emergencies at 
the site at the scene, while 
a
 

Pediatric Nurse Practitioner 
(PNP) Is trained to work side
 

by 
siue witn the pediatrician and 
 to peorora some
 

delegated tasks such as 
weighlg, body measurement, vision
 

and nearing screeming, inmunization. 
On the otner hand,
 

a nurse midwife is trained 
to substitute for 
the physician
 

In normal deliveries and 
some other oostetrical 
 and
 

gynecoLogical tasks whLle a 
physician assistant (PA)
 

usually performs the following tasrs: (Smitn 10T2).
 

Removing warts and follow up
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tnroats
Treating sore 


Treating inLasitis
 

performing well-child examinations
 

Treating minor burns
 

Treating subcle contusion (without 
x-ray)
 

conjunctilon 
 itn the
 
Birth control counseling (in 


physician)
 
oacxgrOund
the educational 


Table VII-2 summarizes 


this group ot halthn Oersonnal.
 
activities, and income 

of 


and Laboratory
X-ray
technicians: 


utilize
 
C- Medical 


tne toruer group is to 

The role of
technicians. 


to diagnose and
 
and electron beam equipment 

in order 

x-ray 


and
in preparing
assist
They also 

treat patients. 


The
therapy purposes. 

handilin radioactive materials 

tor 


the various
administer
is to 

of the latter group


role 

For oducational


techniques.
laboratorY
diagnostic 


to Table VII-2.
 
background and income, 

refer 


and
 as cLecical
such
assistants
D- Nonmedical 


Their role may oe DooK-Kepingo
 
administrative personneL. 


secretarial
 
claims, filing data,


insurance
processing 


similar admlnistrative 
tasxs.
 

worK, and otner 
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It should be noted that the classification of
 

auxiliary health personnel described above is used in tae
 

U.S.A. Other countries say establish different programs
 

to train and graduate different categories o auxiliary
 

health personnel according .o the needs and resources
 

available in each coun"ky. To Illustrate this point, a
 

briaL description of the auxiliary heaizh wersonnel In
 

Egypt is presented below as an example from a developing
 

country.
 

9-Auxlliary Nealth Personnel in Egypt: 

1- Nurses 

Basically the. foLlowing types of nurses' training 

exist in Egypt:
 

a- The nign Institute of Nursing Curriculum 

This is a five year curriculum leading to a B.S. 

degree. Admission to this program is altar completion of 

the high school (12 years of general education). 

b- The technical secondary nurse program 

Candidates are admitted after completion ot the 

middle school (9 years of general education) and tae 

curriculum is for three years Leading to a 1l0loma. 

c- Midwives
 

Graduate nurses may specialize in aiowifery by 

attending a special program for another two years. In 
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tact, these nurses 
are highly trained midwives and are
 
usually utilized in obstetrical hospitals.
 

d- Assistant nurses
 

This program Is 
tar one and a halt years after 
 the
 
middle school, 
 and training 
Is usually for 
one specialty
 

(this program 
was 
aoanooned recently).
 

e- Assistant nurse midwives
 

Admission to 
tnis program is 
after the middle school,
 
and training 
is for one 
and a half years.
 

2- Allied healtn worKers
 

a- Laooratory 
technicians, 
 x-ray techniclanse 
 and
 
dental technicians 

The curricuija for these programs is for two years 
after nlgh scnool leading to a diploma In these 
specialities. 

D- Sanitarxans
 

The curriculum tor 
this program is also [or two years
 

after the high school. 

c- Others
 

Such as healtn visitors, laooratory 
 assistants,
 
dental assistants, 
 administrative 
 assistants. 
 The
 
programs for 
those specialities 
are usually 
 two years
 
after 
the middle school.
 

Taole V1-3 presents a comparison amon; tfle 
 salaries
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of the various Eavptlan health personnel.
 

There is an Important point which 
 muzz be made 

regarding the aoove presentation. In the description of
 

the pOSSibilities of substitution among the plysiclan, the
 

allied health 
 worero 
and the physician extender, it
 

should be noticed that physicians have 
 to fully utilize
 

their personnel. Consequently, in 
 actual practice,
 

physician extenders dnd allied health workers may be 
 used
 

by pnysicians In essentially tne 
same way. For instance,
 

a Physician Assistant (PA), 
with much less formal training
 

than a Registered Nurse, may be delegated the same 
tasks
 

as are normally delegated to the RN.
 

Because of this, 
some idea will oe given nor* about
 

the educational oackground or 
these groups. Table VII-2
 

presents a comparison between physician extenderso 
 allied
 

nealtn workersp ana medical technicians regarding their
 

formal education, main activities 
and income.
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PA NO STANDARDIZED TRAINING REH9EL UIRLCT AND SPECIFIC S216 
ENTIRE SPECTRUM Of DFF- ASSISTAICE To PHVSICIAS IN 

ZRKUT TRAINING CLINICAL AND RESEARCH vinRt, 

TAKING MEDICAL 3IISTnRILS, 

HMD*I ROUGHLY THE SAME PERPUMING DETAILED PHYSICAL WA 
PUP AMOUNT OF FORMAL EXA4IIATIUNS, AUDITURI AND ffA 
NURSE NIIRIFE TRAINING AS THE VISUAL SCREEMINGAnD RA 

REGISTERED NURSE LAnrRATURT TESTS. 

NEDICAL TECHNICIANSI 

R-RAV VOCATIOnAL SCHOUL MAIITAI.#S AND SAFELY USES 
TLCHNICIAN LEVEL (12-36 MONTHS) QUIPMENTS AND SUPPLIES 

NECSSAkY TO DEMONSTRATE 

PARTS or HUmAN ouuv ON X-RAY 

FILIS UK SCREENS TO UIAGNUSE 

DISEASES. 

$3696 

LAIBOATUY VOCATIONAL SCHOOL wnRKS UNUR TIIE SUPCRIISIUN 

TECHNICIAN LEVEL (12-24 MONTHS) OF PHYSICIAN, MF:UICAL TFCIINULUGIST, 

OR PATIIULSJGIST, IN PERVI)PHING 

TIlE MUR SPECILIZEID II 

CIIIPLLX bIOLOGICAL, IACTf RIIIoLJGI CAT., 

AID C.ILIAL rESI i.ra iuLu' 
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from the economic point of vieu, it was estimated by 

Schetffer and Stinson (Scheafler 1972) tnat rte mean 

starting salary of a PA In 1972 was $10,501 while the
 

possible gain to the physician is two or tare. tines as
 

much. Moreover, It has been shown by Reinhardt and Smith
 

(1974) that "...tne physician time can be reauced by 50
 

percent by 
the use of 1.5 pediatric nurse practitionero
 

(Rafferty 1974).
 

It was also estimated by Reinnardt (Reiahardt, 1972)
 

that the marginal productivity of an auxiliary tended to
 

increase up 
to the level of anout one aide per physician,
 

then diminishing, until becoming negative 
 at a level
 

between 5 and 5.5 aides per physician. Accoratag to this,
 

at 
 prevailing wages, "the average solo practitioner could
 

profitably employ almost twice as many ancillary personnel
 

as are currently being used, i.e., 
from 1.9 to 4 aides par
 

physician" ( Rafferty, p. 157 ).
 

On the other hand, Xehrer and Zaretsky ( 1972 ) found
 

that doubling of the allied health 
personnel Input
 

Increased the total patient visits per physician by 20 to 

25t (Kehrer, 1972). 

In other studies, it was shown that roughly 401 of 

the patients 
are well and about 50% of the pediatrician's
 

patient contact time 
is devoted to well-calld care. In
 

additione -about 30% of the pediatrician's time is devoted
 

to ainor illnesses (Rafferty p.25).
 



T4IAc Vi-i 

tOrIiai LI. SPerr&lsi@ ii C-,.L 

CdtOhigry Of pdE:OflI| Ly.pVtlas PounJ U.:;. ItoidI S 
................................................................................. 

Ialli Institute iurse 300 429 

Te.h. s.conl r Nurse IdO 257.4 
Il-*16* 198 2u*3.14 

JSlt.Nurse 144 20oS.vi 

As*1stdlatoM. NIdwilvs 144 205.92 

Techlicians 204 2 
91.7d 

2ltd£adis204 291.72 
dealth Visitors 110 257.4 

Kedlan SdaLv PdV f(dE 
PhBaWsiclans 3000 4290 

------------------------- -------------------------------------------------­
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As a consequence, one obvious direction of change Is 

to substitute the less expensive units of health manpower 

(PA, PNP, etc) for the more expensive onese especially 

physicians. In this respect, the tasks which are 

repetitive and require less training are delegated to the 

allied health workers or the pnysician extenders. Data on 

the characteristics that delegation takes in different 

specializations is available from the American Medlcal 

Association's seventh periodic survey of physicians* 

conducted in 1971. This survey included questions about 

delegation ot tasks by pfysicians in office based
 

practices. Ten tasks were identified in the
 

questionnaire.
 

Table VII-4 presents the percentages of tines these 

ten tasKs are delegated in various specialities (Kehrer, 

1974). 
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From Table 111-4 it Is obvious t"at the procedures ubick
 

can be easiy routinized are delegated more frequently than 

those requiring clinical judgement. Table 111-5 shows the 

tyrpes of personnel to whom those tasks are delegated 
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V11-1.4 "Barefoot doctorso
 

"Barefoot doctors" is name
the given to medical
 

practitioners in rural mainland China. 
 As background to the
 

may they contribute to the health system In 
 that country, it
 

should 
be observed that the administration of Chinese rural
 

areas 
falls under a hiera':chy of local governments, starting
 

with the perfectiire, which is divided into several counties. A
 

county, in is into
turn, divided several 
 communes, each 

covering from ­15,000 30,000 people. A commune Is further 

subdivided into several origades of sizes ranging from 2,000 -


5,000 people, which is 
 further subdivided into smaller work
 

teams of 2000 - 8000 people (Ned, 1975>-


The barefoot doctors (BMD's) are usally 
young production
 

brigade members 
of the "poor and lower-middle" peasants,
 

usually 
selected by their fellows or recommended by the 

political cadres on 
 the basis of their willingness and their 

ability to serve the people. The prior education of the BND'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 
more than a year, with three to six months being the
 

average. Table 1I-6 
presents the educational oacagroundo 

training, and medical specialities of MD's In som selected 

locations. As is shown in tnis Table, the educaUonal 

background ranges from primary education to a college level. 

However, as observed from this Taale, the middle school level 
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Is the most frequent one. Consequently, thIs level Of 
education will be used as a term of reference throughout this
 

chapter. In 
 other words, the average education of INDOS will
 

be considered here 
as middle school level, which is 
equivalent
 

to nine years schooling, besides a period of 
training of jjbout 

six montns. 
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In-service training is usually given uhen needed 
 or feasible. 

It can be conducted by physicians at city or commune hospitals, 

or sometimes by medical tems consisting of NDas and UND's from 

the Red Army or even by some experienced barefoot doctors from 

other communes, In some circumstances. In general, there is no 

national or regional professional standard for selection and 

training of BMD's (Usu, 1974)o 

BND's spend approximately half of their time doing medical 

work In various health clinics placed throughout the comune, 

and the other half working in the fields as farmers or in the 

factories as workers. 

The barefoot doctors' medical duties vary from one commune 

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 they see, and refer the others to medical doctors 

(Quinn). They usually use a combination of Chinese herbs, 

acupuncture, and Western medications. 
Some of then can perform
 

vasectomies, insert Intrauterine devices CI.U.Ds), and 
remove
 

some types of tumors (Kong-Mingo 1975).
 

Because the Chinese program emphasises disease prevention
 

and health education as the primary function of BNDS (Hsu,
 

1974), the responsibilities of 
the SH0Ns can be classified Into
 

the following categories:
 

a- Disease prevention
 

Includes:
 

I- Environmental sanitation.
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2- Health education.
 

3- Immunization.
 

b- Aspects of 
patient primary health care (defined before)
 

Includes:­

1- first aid.
 

2- Initial assessment of the patient condition.
 

3- Administering treatments.
 

4- Refiral of cases 
to ND's when needed.
 

c- Post-illness 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- ather patient-related services
 

Includes:
 

1- Providing continued contact uith the patient and 
 often
 

his family.
 

2- Acting as the patient advisor In area
the of health
 

care.(Healtn Services Research, 1975).
 

As stated In the 1968 China Medicine (Sidel, 1972) "All of
 

them can prescribe 
around a hundred medical preparations and
 

diagnose and cure around a hundred common ailments of 
 frequent
 

occurrence in country
the sideo.osome of them have shoun
 

greater ability in practical uork than some of the 
doctors in 

the commune clinic# who are graduates of medical school but 

lack practical experiencem. 

It is worth mentioning that each BU, after completion of 
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his primary training, is given a 09aretoot hotorps Nanualu
 

uhich may differ from one region to another, depending on the
 

relative Importance of diseases in each region (osuain, 1974).
 

The manual serves as a reference to the BHDs for diagnosing
 

and treating their patients. A list of diseases discussed in
 

one of these BNDs manuals is presented In appendix "AN.
 

(Running Press, 1977).
 

As already mentioned, the BMDs are usually able to treat 

about 701 of the patients they see. The spectrum of diseases 

which they can treat varies according to prevalent diseases in 

the region In which they receive their training. For the 

purpose of this study, a trial is made to specify among the 

tasks performed by physicians and presented in Table V11-1, 

those that BMO's can also perform. This is presented in Table 

VXI-7. This Table is only an educated guess at toe services 

which may be performed by BND's in a primary care facility. 
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Regarding the income of BO*Ms, communes pay for their 
services 
through funds that they collect from their resIdents. 
The BND~s monthly salary differs from one commune to another
 
ith an average equivalent to $20 
to $60 per moats. This Is
 
slightly higher than the average farm worker's salary. 
 In some 
communes, the END's salary Is equivalent to other farm workers'
 
salaries (New, 1975).
 

In comparison, 
 the monthly salary of 
personnel uith
 
similar training In 
 the U.S.A. may be as low as $230 Il the
 
case of medical assistants, or 
as high as $768 in the 
 case of
 
physician assistants (1971 estimates).
 

II-1.5 Traditional medical practitioners (THPs) 

In virtually every developing country, and oven in some of 
the most advanced ones, providing adequate medical care Is 
considered a major problem. Due to the scarcity of qualified
 
health persolnel (WHO, 
 1968), the vacuum Is usually filled br
 
traditional 
or indigenous medical prrctitioners (TaP) that at 
worst are practicing without any medical training, and at best
 
have some information of traditional medical practices, many of
 
them witnout scientific ba..ls. 
 However, aue to 
their Immediate
 
availability and ability to sell themselves, they nave managed
 
to gain tne confidence of the populace they serve. Nany 
countries, such as 
 Turxey (Taylor), 
 have formally outlaued
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?XP's. Moreover, others are considering the possibility of
 

using traditional 
 or Indigenous medicine practitioners for 

medical care mainly In rural camunlties Examples of these 
countries are: India, Iran, Tanzaniao Guatemala, and Cuba.
 

(Noeell, 1975).
 

T6e extent of using TMP's is likely to differ widely from
 

one country to another depending on tne cultural and supporting
 

Institutional and social structures of each. 
India has tried
 

to strengthen and standardize the teaching of Indigenous
 

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 ("Sclence of
 

Knowlege of Life") originated In India more 
than 3000 years age
 

as 
a part of the Hindu roligion. It is concerned with 
the
 

whole of Life, with 
 emphasis an the spiritual aspects of
 

healthful living. This system was 
 emphasized by the Indian
 

Universities as early as the second century B.C. 
During the
 

Moghul period, the tnant medicine was Introduced. The ekimes 

(who practice the nanA System) are still numerous In India and 

practice a combination of Ayuvedic and Arab Systems of
 

Medicine. Moreover, modern 
meaicine was introduced to India
 

during the period of British colonization. Starting around the
 

1920's, efforts 
have been made to revive.and moernize the
 

complex system of Ayurvedic medicine by establishing programs
 

leading to diplomas. the Lengtn of the prograis range trom two
 

to five years with 
an average of three years. Kareover, a
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leriod Of formal tralping and apprenticeship ranging free a few
months to 
five Years was not uncommo n. 
Regarding their basic education 
It 
was shown In one study
two regions In India that half had completed middle scbol,
 

at 


and about forty percent had completed high 
school.
tfeir Regardiag
income, 
 it was shown In the same study that the average
fee paid to TMP's for their services was 
about two 
 Rupees
visit. per
HOwever, 
 the 
 number of visits varies wiaely from one
TMP to another, and 
 there 
 Is no 
 available 
estimate 
 given.

(Neuman, 1971).
 

On the other hand, In other countries TP's nay
any basic education not have
 
or formal 
training. 
 gxaapLes are the
needleman In Turkey, the Curandero in Latin 
America, 
 and
Witch the
doctor 
 In Africa. 
 However, all of them should have a
period of apprenticeship 
to Other TNPos In order to ae
Many trained.
of these TMP-s may be trained by means of formal programs
and function as medical workers who 
 give emergency and
care 


treat minor Illnesses.
 
The differences between TMP-s ana BND-s


the are mainly that
latter 
 group 
 shows total devotion to 
the health of their
Pe3ple, wtnout thought of any personal 
material 
 gain.
should be Thisone of the main points emphasized during the trainingof the TMPs. Moreover, BND*s are not totally 
 committed
medical 
 services only; they 
to 

also perform otner duties an
 
farmers or factory workers.
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SECTION 11
 

11I-2 A COMPARISON OF TUE eriFCIEICy OF DIFEiant
 

TYPES OF HEALTH PERSONNEL
 

In order to specify the type or 
types of health personnel
 

that should 
be formed in a country, it Is necessary to have 

some idea about the health problems of that country. 

In general, it can be said that acute, infectious, and
 

parasitic diseases still main
are the threat to health in
 

developing countries. (Furnia).
 

One of the criteria that should be used to 
decide the type
 

of health personnel 
 that should no used Is their capacity to 

combat disease. To do so, some idea of the diseases they are
 

likely to treat has to be presented first. This will be done
 

In Section 11-1. A comparison of 
the impact that the different
 

types of health personnel are likely to have Is presented In
 

Section 11-2.
 

VII-2.1 Some observation on the health problems of a
 

typical
 

developing country
 

To demonstrate tne health 
 problems at developing 

countries, some of te health problems of Egypt are presented
 

here. [n this regardo an attempt is made to oelineace aiseases
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Of critical Importance to the health of the Igyptiaa populace.
 

1- Schistosomlasisl this Is regarded by almost all public
 

health officials In Egypt as 
the most serious health problem.
 

The prevalence of this disease is 
on the increase despite all
 

the efforts and the costs envolved In its control. 
The cause
 

of the increasing prevalance of this disease Is attributed to
 

the change in the irrigation system after the High Dan. 
It was
 

estimated In the 
1960's that 609 of the population was infected
 

with Schistosomiasts. It was also estimated teat one in every
 

22 Egyptians In the Northern part of 
the Delta died of this
 

disease, in wnich the 
patient is condemned to live in groutng
 

pain and exhaustion, and in most cases 
this exhaustion limits
 

the product~vity of the individual 
to the extent that the uork
 

day Is reduced to only three hours.
 

2- Gastrointestinal diseases: This of
group diseases
 

Includes intestinal parasites, diarrheal diseases and
 

dysenteries. 
Among these diseases, acute gastroentritls Is the
 

second 
 major public health prooles in Egypt. Generally
 

speaking, this group of 
diseases are due to inadequate sanitary
 

conditions and lack of health education.
 

3- Diseases of infancy and childhuod: the most important 

disease in this group is infantile diarrnea, uhica accounted
 

for more than half the deaths of infants In rural areas during 

the sixties. Other diseases are measles, muaps, whoopli -

cough, chiccenpox, and German measles. 
These diseases usualy
 

occur in periodic epidemics.
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4- Typhoid and Paratyphoid Infectionss 
 these diseases are 
still frequent in Egypt, with 
an estimated annual rate of 1500
 

cases per 10,000 population.
 

5- Malaria: by 1973-74, 
 te incidence 
of malaria was
 
approximately iOoOO cases. Plasmodium vivaz 
is the cause of
 

the majority of the cases.
 

6- Trachoma although this disease does not cause 
 death,
 
it is responsible for total blindness 
or impairwent of eyesight
 

In a large portion of the population.
 

7- Tuberculosis: 
although the incidence of this disease
 

has declined substantially since 1960's, it is stliA considered
 

one of 
the endemic diseases in Egypt.
 

V1i-2.2 The impact of the various types of health 

personnel 

on the health of the population: 

Because the diseases which constitute the major health 

prooles are not necessarily the leading causes of death, an 

attempt is made here to separate these too 
Issues. Table VIX-O
 

presents 
the significant Egyptian nealta probless and compares 

the Impact of utilsing the services of physicians oaly, B1Dos
 
or TmPs only (wnen they are 
usdd), or a combination of tUhe 
 on
 

the estimated case 
fatality rates of 
these diseases. 
 From this
 

Table it is obvious that the 
most important neaLta problems In 

Egypt are the parasitic and the 
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acute knfectious diseasese 
 most of 
 which are preventable
 

through environmental sanitation# 
 health education, and
 

Immunization; 
 tasks which 
could be achieved with very
 

satisfactory results using well trained TMP's or 
800s. On the
 

other hand, the increase in the case fatality rate as a 
result
 

of substituting physicians 
by TMP-s in treating tae diseases
 

presented above seems reasonable in most cases.
 

Table V[I-9 compares the impact of substituting physicians
 
by TMP's (or BMDos) on 
 the case fatality rate of the ten
 

leading causes of death in Egypt (classified according 
to the
 

aDoreviated international list, 1965 revision).
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And bronchiolitis (466)
 

Empyema (510) 


Lung abcess (513) 


Pulmonary collapse (519.0) 


Other diseases of the
 

lungs (519.2) 


- Urinary diseases:
 

Hydronephrosis (591) 


Calculus of kidney
 

And ureter (592) 

Acute tubular nephrosis 


(593.1) 

Urinary tract infections 


(599.0) 

Diseases of arteries and veins:
 

Arteriosclerosis (440) 

Arterial embolism and 

Thrombosis (444) 

-Pulmonary embolism and 

Infarction (450) 

Portal vein thrombosis (452) 

OiSeasqs of the nervous system: 

4577 


4577 


4577 


6865 


7724 


3862 

3862 


15448 


2574 

5149 


5149 


2574 


10-30 


15-50 


100 


10-90 


80-100 


20-80 

20-80 


10-20 


80-90 
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100 


100 
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1-2 


1-5 
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1-5 

5-30 


0-2 


20-40 

20-100 


80-100 


60-90 
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20-65 00-10( 
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As can be observed from Tables 11-8 and VJI-g9 the impact
 

of substituting physicians by TKPs on the case fatality rate
 

Is greater In case cf the leading causes of death (Table 11-9)
 

than in the case of the important 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 treatment than the TMP's or the BOD's are trained
 

to handle. However, it Is clear from table VII-8 that the
 

TP's (or the BKD's) can handle most of the diseases which
 

constitute the major health problems, and which contribute to
 

the marked decline of the poctlation 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 organism, the physical condition of the patient and his
 

body resistance, occurrance of complications, presence of other
 

diseases, effectiveness of a given tr2atment, availability of
 

medical and hospital facilities, social and economic factors
 

related to the patient, environmental 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 stuoyo and because of the
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As can be observed from Tables VII-8 and WI1-9, the Impact 

ot substituting physicians by TKP's on the case latality rate 

is greater in case of the leading causes of death (Table VII-9) 

than in the case of the Important health problems (Table
 

V1I-8). This may be attributed to the fact that the former
 

group of diseases requires more sophisticated tecaniques for
 

diagnosis and treatment than the TMPs or 
the BKOIs are trained
 

to handle. However, it Is clear from Table VII-8 that the
 

TMP's (or the BNDs) can handle most of the diseases which
 

constitute the 
 major health problems, and which contribute to
 

the marked -:iecline of the population productivity.
 

Regarding the preparation of Tables VLU-8 and V1I-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 coaplications, presence of other 

diseases, effectiveness of a given treatment, availability of 

medical and hospital facilities, social and economic factors 

related to the patient, environmental 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 oif death. 

However, for the purpose of this study, and because of the
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Lack ot statistical lnformationso, an attempt is made to
 

estimate the case fatality rates of tre diseases presented In
 

and
Tables VII-8 II-9 based on clinical experience in Egypt
 

and on the discussions presented those in
about diseases 


references (21-26).
 

At the same time, it is emphasized here that the figures
 

presented are still rough estimates that are useful as
 

illustration of 
the data needed.
 

SECTION III
 

VII-3 A MODEL FOR THE OPTIMAL CHOICE
 

OF HEALTH PERSONNEL
 

VII-3.1-Presentation of the Model
 

In the previous section, It has been observed that the
 

different types of health personnel have different 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 Is most efficient to a
 

country or a region. 
The most efficient health personnel will
 

be considered here to be the one that minimizes the 
number of
 

deaths.
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the model aoove are the tollowing:
 

(1) The death "rate per 1000 populatiton per year wlthout 

using any medical service. 

(2) The death rate per 1000 population per year when using
 

the ith type of medical personnel, where I = lo...eN. 

(3) The cost per person of using the ith type 
of medical 

personnel per year where I 1p...eN.= 

(4) The total resources available for 
one year.
 

Table VII-10 summarizes the oata needed to solve the model
 

in equations (5) through (7).
 

For the purpose ot illustrating the aata needed, the death
 

rate per 1000 population of the United States (9.4) 
is used,
 

and an assumption is made that this death rate will 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 BMDs and
 

MD's; 
 and it will reach three times its original value (28.2)
 

with no medical attention. 
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In tni3 section, only an aggregate nodal will be
 

presented, that Is, 
a model In ohich only the average-mortality
 

rates of the populatiom are considered. A more realistic model
 

would consider seperately each of the different diseases that
 

affect the population of a country, their incidence 
and the
 

deaths that they cause. Such a model is perfectly feasible
 

with the mathematical methods 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 such easier to understand.
 

In the consideration of the model, it will be assumed 
that
 

there are N (where N is a positive integer) different
 

categories of health personnel that 
can be used to deliver the
 

healtn services. Each category will be designated with a
 

number that ranges from 1 to No Only the effect of each method
 

on tne mortality rate of the population is consiaered; that
 

is, the differences in effectiveness of the methods of
 

delivering the medical care, for example, when patients having
 

different socio-economic status use ther 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 witnout medical care
 



------------- ----------------
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TABLE vr[-10
 

DATA NEEDED TO SOLVE THE MODEL
 

(I) Type of death rate 
 cost per
 

madical 
 per 1000 person
 

pa~sonei beta(i)
 

0 No sadical servij. 
 28.2 
 0
 

1 MUDs 
 9.4 
 20.7520
 

2 HD 0 assistant 9,4 
 14.649*
 

3 BMD*s 
 16.8 
 3.19"
 

4 HMO * MD 
 14.1 
 7.58"
 

'Elaborated from Kenneth R. Smithj Marianne Miller) Fredrick L. Colladay "An Analysis
 

of the UptImal 
 Use of Inputs in the Pioduction ot Medical Services," The Journal of Human
 

Resources, Vol. Vil No.2 (Sprin. 1972).
 

" Estimation based on the salary of workers IIn the U.S.A. uith an average numoer of years
 

of education and training similar 
to HMD-s.
 

Resources 
are assumed to be $700 million# that is
 

R = 700 0 10 ** 6 (100 million)
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In this section, only an aggregate modei uiLU be 

presented, that is, a model in which only the average wortallt7
 

rates of the populatiom are consicered. A more redlistLc model
 

would consider seperately each of the different alseases that
 

affect the population of a country, their Incidence 
and the
 

deaths 
 cause.
that they Such a model is perfectly feasible
 

wltn the mathematical methods presently available, and it Mould
 

be advisable In actual practice. 
However, for instructional
 

purposesr it Is more convenient to use the aggregate model that
 

includes the essential points and is much easier to understand.
 

In the consideration of 
the model, it ull be assumed that
 

there are N (where N is a 
positive integer) different
 

categories of health personnel that can be used to deliver 
the
 

health services. Each will be
category designated uith 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 in effectiveness of the methods of
 

delivering 
the medical care, for example, uhen patients having
 

different socio-econonic 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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I = le.-ooN with medical attention fro personel 

ci). 

Alpha(x): deaths avoided per 
1000 persons unen attended
 

by persnnnel (1). 
 As a consequence,
 

Alpha(i) 
= Beta(O) - Beta(i), I = 

X(M): number In thousands of persons uho should be 

treated by personnel type (i) to maximize deaths avoided. 

CM) cost of treating one patient by personnel type (I). 
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) * XCI) I = lnoooel
 

Is the number of deaths 
avoided uith treatment by type (I)# 
and
 

Z = Sun Alpna(i) * X(i)
 

I = 1,..°oH
 

Is the total number of deaths avoided.
 

Similarly,
 

CMi) * X(i)
 

I = 

is the total cost of treating patients by utilizing type (1) of.
 

medical personnel and
 

Sum C(i) * 1(1)
 

I = 

Is the total cost ol treating patient's ith the different types 

of medical personnel. 

Similarly, 
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Sun X(1) 

i = 11...PM 

is the total number of persons treated. 

With the notation above the problem of selecting the most 

appropriate type of health perscnnel becomes that of maximizing 

the total number of deaths avoided, i.e.; maximizin;
 

Z = ua Alpha(i) * X(i) M.)
 

i = lt...,N 

subject to the resource constraint 

Sum C(i) * X(i) <= R (2) 

i =1F..,N
 

to the population constraint
 

Sum X(i) <= P (3)
 

I = 

and to the non negatL ity constraint
 

X() >= 0 (1) 

= l..-N 

It is interesting to obtain the algebraic solution of 
 the
 

problem above, assuming that only the resources Sto-2
 

constraint 4s binding, and that only
tere are two types of
 

medical personnel. With this, the problem becomes 2
 

Mazimize:
 

Alpha(l) * X(1) + Alpha(2) * X(2) (5) 

subject to:
 

C(1) *X(1) + C(2) * X(2) = R (6)
 

from the constraint (6) one obtains
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i = l,...eN with medical attention from personnel 

(1).
 

Alpha(L): 
 deaths avoided per 1000 persons wrien attended
 

by personnel (1). As a consequence, 

Alpha(i) = Beta(Q) - Reta(i)f I = 1,..o9 

X(1): number in thousands of persons mho should be 

treated by personnel type (I) to maximize deaths avoided. 

C(i): cost of treating one patient Dy personnel type (I).
 

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
 

Aipna(i) * X(i) I = 1,...,H
 

is the number of deaths avoided with treatment by type (1), 
and 

Z = Sum '.Lpna(i) * X(i) 

1 = lfo..,N
 

Is 
the total number of datns avoided.
 

Similarly,
 

C() * X(1)
 

i = 1,...,N 

is the total cost of treating patients by utilizing type (1) of 

medical personnel and 

Sum C(i) * X(i)
 

I = P9I 
Is the total cost of 
treating patients with the dietforent types
 

of medical personnel.
 

Similarly,
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M() = (R-C(2)*X(2))/C(l) (7)
 

Replacing (7) in (5) and Simplifyzng, one obtatrAs tAe follojing
 

expression for deaths avoided :
 

Z = Alpha(l) * R/C(1) 

+ "Alpha(2) - Alpha(l) * C(2)/C(1)) * 1(2) (8) 

From equation (8) it follows that total ofthe number 


deaths avoided will be maximized If:
 

(Alpha(2) - Alpha(1) *C(2)/C(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) In (8) becomes 
crucial. From (9), It
 

follows 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 * C(2) is the cost to treat 1000 persons. Mith
 

the attention to 1000 personso Alpha(2) deaths 
are avoided.
 

This means that
 

1000 * C(2)/Alpha(2)
 

Is the cost to avoid one death, with type 2 medical attention.
 

In a similar way
 

1000 * C(1/Alpha(1)
 

Is the cost to avoid oae death with treatment I*.
 

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

maximize deaths avoidedo tbe numbers of persons treated with
 

type 2 l
om 
edical acz-ices should be maximizedo If
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SuN 1(1)
 

I a
3Po0o05
 

is the total number of persons treated.
 

With the notation a~ove the problem of selecting the most
 

appropriate typ6 of health personnel becomes that of maximizing
 

the total number of deaths avoided, to*e; maximsizin
 

Z = Sum Alpha(l) * X(1) (1)
 

subject to the resource constraint 

Sum C(i) * X(I) <= R (2) 

i = 

to the population constraint 

Sum X(1) <= P (3) 

1 = Ioooo0N 

and to the non negativity constraint
 

X(i) >= 0 (4)
 

i : 

It is interesting to obtain the algebraic solution of the
 

problem above, 
 assuming that only the resources Sto-2
 

constraint is binding, and that there are. only 
two types of 

medical personnel. With this, the problem becomes 3 

Nazimize: 

Alpha(l) * X(1) + Alpha(2) * X(2) (5) 

subject to: 

C(M) X(1) + C(2) X(2) : R (6) 

from the constraint'(6) one obtains 3 
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X(1) = (R-C(2)-X(2))/C(l) * (7) 

Replacing (7) In (5) and simplifyingo, one obtains the follouing 

expression for deaths avoided : 

Z = Alpha(l) * R/C(1) 

+ (Alpha(2) - Atpha(1) * C(2)/C(1)) * 1(2) (8) 

From equation (8) it follows that total ofthe number 


deaths avoided will be maximized if:
 

(Alpha(2) - Alpha(l) *C(2)/C(1)) > 0 \9)
 

and X(2) is mada 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) in 
 (8) becomes crucial. From (9), it
 

follows 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 * C(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)
 

is the cost to 
avoid one death, with type 2 medical attention.
 

In a similar way
 

1000 * C(1)/Alpha(1)
 

is the cost to avoid one death with treatment 1.
 

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

maximize deaths avoided, the numbers of persons treated with
 

type 2 of medical services should be 2aximized, if
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1000 * C(l)/Alpha(1) > 1000 
* C(2)/Alpha(2)
 

that Is to say, if 
the cost per death avoided with treatment
 

type 2 is 
lower than the cost per death avoided witn treatment
 

type 1. From equation (7)# 
 it follows that the largast number 

that X(2) caa 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), 
 te maximum
 

number of deaths avoided is
 

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

Similar resul-s can be obtained with respect to 1(1) If the
 

inequality (9) is inve-ted.
 

VII-3.2 Explanation of 
the data needed:
 

It is to be noted that the 
 case fatality rates from
 
different aiseases presented in section II are 
the number of
 

deaths per 100 casts of 
disease, and they are used in that
 

section to illustrate the iapact of different types ot health
 

personnel on 
the health prosp(.ct of 
 patients with different
 

diseases. However, for the purpose of 
this aggregate model, 
an
 

average mortality rate from all 
these diseaa;es is needed. 
 In
 

this respect, and with the assumption that each membec of 
the
 
population zay have one 
or 
another of these diseases during a
 

period of 
one year, the death rate per 1000 population per year
 

can be used iiere. Consequently, the basic data neodwd 
to use
 

http:prosp(.ct
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0OO * C(l)AIphatl) Y 1000 * C(2)/Aipna(2) 

that is to say, if the cost per death avoided wit treatment
 

type 
 2 is lomer than tne cost per deata avoided wita treatment
 

type 1. From equation (7)# 
it follous that the largest number
 

that X(2) can attain is:
 

X(2) = R/C(2) (11)
 

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

It the number of patients treated Is R/C(2), the maximm
 

number of deaths avoided is
 

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

Similar results can be obtained uith respect to 1(1) If the
 

inequality (9) is inverted.
 

VII-3.2 Explanation of the data needed:
 

It is to be noted that the case fatalLity rates from
 

different diseases presented in section I 
are the number of
 

deaths per 100 cases cf disease, and they are used In that
 

section to iliuitrate the impact of different types of health
 

personnel on "he health prospect 
of -patients uith different
 

diseases. However, for 
the perpose of this aggregate model, an
 

average mortality rate from all these diseases is needed. In
 

this respect, and with the assumption that each member of the
 

population may have one or 
another of these diseases during a
 

period of one year, the 
death rate per 1000 population per year 

can be used here. Consequently, the basic data needed to use
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the model aove ire the following:
 

(1) The death rate 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 Z=0o0o#No
 

(3) The cost per person of using the Iti type of medical
 

personnel per year where I :
 

(4) The total resources available fox one year.
 

Table 1II-10 sumnarizes the data needed to solve the model
 

In equations (5) through (7).
 

For the purpose of illustrating the data needed, tne death
 

rate per 1000 population of the United States (9.4) is used,
 

and an assumption Is 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 BND's and
 

MD.s; and it will reach three tines Its original value (28.2)
 

with no medical attention*
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Now the problem can be restatea as follows:
 

Maximize : 

Z = 18.8 X(1) +18.8 X(2) +9.4 X(3) +14.1 1(4)
 

suoject to:
 

20.752 X(1) 
+ 14.649 X(2) + 3.19 X(3) + 7.58 X(4) <= 700,000
 

and: 

X(1) 
+ X(2) + X(3) + X(4) <= 200,000 

Table (12) gives the number ot deaths avoided with
 

expenditure of 1000 dollars 
 using the ith astnod where I a 

O,. .4, 
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TABLE VII-11
 

ESTIMATING THE DEATHS AVOIDED
 

----- 5- ~~050 

(1) Beta(O) - 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 - 18.8 9o4 

4 28.2 - 14.1 14.1 
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TABLE VII-12 

THE NUMBER OF DEATHS AVOIDED PER 1000 DOLLAkS 

------- --------------- ----­

(1) Alpha(i)/C(i) 

0 0/0 = 0 

1 18.8/20.752 = .9059 

2 19.8/14.649 = 1.2834 

3 9.4/3.19 = 2.947 

4 14.1/7.58 = 1.8602 

m ­ ------ ---- -m ---- --- enm----­ n 
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Fros this Taole it is obvious that the hignest nuaber 
 of
 

deathr avoided 
 per 1000 dollars used is Alpha(3)IC(3) =2.947, 

ana tne ?otal deaths avoided is Alpha(3)IC(3)*R = 2.447*700,000
 

- 2062696 which is equivalent to:
 

Alpna(3)*R/C(3)=9.4*100,00013.
 
19=20 6 26 9 6 deatas avoided.
 

These equations can oe soivea Dy using linear 
 programing
 

(for the technical 
 details of linear programaunjo 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
 

avoidea.
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The estimated values ot Aipha(i) (the number of deaths
 

avoided per 1000 persons in the population) are presented In
 

Taoie VII-11.
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In Table VII-13 It can be observed that the types of
 

personnel aeliverlng tne medical care 
depend on the amount of
 

resources available. When the 
resources available equal $300
 

aillions, tne BmD's snould 
be useu in iraer to mdxiaize tne
 

number of deaths avoided. 
 With this value of resources, the
 

number of people treated by BMD's -X(3)- is 94044 and the
 

number 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 number of people treated oy B140s -X(3)­

increases with the increase in the value of resources available 

while the numoer of persons witnout treatment -X(6)- decreases
 

witn tne increase in the value of 
k until this value reaches a
 

certain point (640 millions in the case presented here) where
 

the value ot X(3) reachs itb maximum and tie value of X(6)
 

reacns zero. 
 At this point (R = 640 millions), the amount of
 
resources available is 
 enough to deliver medical care to the
 
total population using 8MD's -as 
in X(3)- and MD's + BD's 
-as
 

in X(4)-. From this point 
 on, the value of X(3) decreases
 

proportionally with the 
increase of R, while tne value of 
 X(4)
 

increases proportionally 
 with the increase of R til the value
 

of R reaches a certain point (2000 aillions in this case) where
 
the number of people treated by B.I0s -X(3)- becomes zero, the
 

number of people teated BMDfs
by + MD's -X(4)- starts to
 
decrease proportionally With the increase of R, and the number
 

of people treated by MD's + Assistants -X(2)- changes 
rom zero
 

to 68468. At this value of 
resources (R z 2000 aillions), the
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types of personnel that 
should oe used in order 
to *dxjxize the
 
number of 
 deaths avoided 
are 
 tD's + Assistants and ND-s +
 
BMD's. 
 From this point on, 
 X(2) starts 
 to increase
 
proportionally 
with the 
 increase 
o 
 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 
the number of
 
people treated by MD's -X(1)-
 changes from zero 
to 11503.
 

At this value of resources (R = 
3000 millions), the 
 types
 
of personnel 
 that should 
be used to maximize the number of
 
deaths avoided are 
the MD's and the MDs 
+ Assistants. 
 From
 
this point on, X(1) starts to 
increase with the increase of R,
 
-nile X(2) starts to 
decrease with 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,
 
the 
 type of personnel that should be used in order to maximize
 
the nuanber of deaths avoided Is 
the MDOs.
 

From Table VIT-13 it is also observed that 
 the value of
 
tne nutnoer 
of deatns avoided -Y- increases Proportiondlly with
 
the increase in the value of 
R until 
 Y reaches 
lt maximum
 
value, where no 
further increase in its value can be attained.
 
In the case presented here, this maximum value of Y is 
attained
 

R equals 3000 millions.
when 
4nen the value of R increases to
 

4500 millions, it is observed that 
 the value 
of the excess 
money after treating all the population -X(7)- increases from
 
zero to 349600. 
 With the increase of R to 5000 miLlxons, ioeo,
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ncreas, 
 the 

n d 
i., 

value of XW) becomesncrea.e), 849600 (500'
 

in 
the Increase In resourced Is not Used
delivering 


the 
 medical 
Care 
 Utilizing
sPeciled personnel, th* Previously
and this trend Continues M0th taP 
 incoeau, 
In the value of R.
 

It is important 

depend 

to note that the results
on )tesented
tne awount of resources, the value above
 
or 
 te Ortalty
rates used, and the cost of 
 Utillzlng 
each 
 type 
 of
Personnel. *erical
In Other 
 woras, 
 nen the aOrtaJity rtescost or t eo Utillztn the dfferent types of Personnel
types change,
of Personnel the
wno 
Shoula be usea in order to
number of deaths avoided will aaximize


also change. ths
 
table VxIji 
 sheoSthe 
 results 
 of 
 cnanging the mortality


attended rate of
oy the Population811Ds when the value of resourcesand 
 all is $700 
Millions,
other varlaoles 
kept Constant. 

avoided The numbers of deaths
- Alpha - that correspond 


to 
each mortal-ty ratecalculated are
In Table VII-1 4 , 
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Taile VIA-I1 

Changrng The Deaths Avu|jjea Per 1OO p'opu|atioll 

ALte.aded fIy lM?'s AaiJ fly 41)"s II!I,* 

-------------------------------------------------------------------------------------------------------------------------------

Case DBta(0) - Beta(3) Alpha(1) Ilet,(O) - 41eta(4) 4 It,fh04) 

No. 

-- ---------------------------------------------------------------------------------------------------------------------­

1 28.2 - 18.8 9.4 2H.2 - 14.1 !i.: 

2 28.2 - 19.3 8.9 24.2 - 14.5 IA.o 
3 28.2 - 19.8 8.4 28.2 - 15.113.1 

4 28.2 ­ 20.3 7.9 28.2 - v3.% 

5 2R.2 - 20.8 7.4 2H.2 - 1b.1 1-.1 

6 28.2 ­ 21.3 6.9 28.2 - 16.6 11.6 
1 28.2 - 21.8 6.4 28.2 - 17.1 11.1 
8 28.2 - 22.3 5.9 28.2 - 17.6 lu.b 
9 28.2 - 22.8 5.4 28.2 - 18.1 10.1 

LO 28.2 - 23.3 4.9 Z8.2 - 1IU.bt. 

Ll 28.2 ­ 23.8 4.4 29.? - 19.1 4.1 

12 28.2 ­ 24.3 3.9 28.2 - 19.6 B.h 

13 28.2- 24.8 3.4 211.2 - 20.1 H.1 
14 28.2 - 25.3 2.9 28.2 - 20.6 7.b 

15 28.2 ­ 25.8 2.4 29.2 - 21.1 7.1 

16 28.2 - 27.3 0.9 24.2 - ;P1.1 6.6 

17 28.2- 27.0 0.4 28.2 - 22.1 0.E 
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Id, i1 Vii-Lb
 

The Etlect lit Chaln-iiij Tite Value ill rTh mortality 

Rate [lit T|fi Ciiuice Ut |'erbu illeil 

Case v X(1) X(2) 
 X(J) Y(4) X(5) 
 X(b) I'7)
 

gO. Deaths avoided Treateu by Tredted by IrOAteU by TLeateA by 
 No. of 4,wuple Lacess
 

MU*S MO-sAsst. IMOIs MDe'SddMi)s tot treated *osiy
 

I 194b000 0.0 0.0 
 18tidu 14123 0.0 O.v 0.0
 

2 1846000 
 ).0 0.0 13bu 14123 0.0 
 0.0 0.0
 

3 1746000 0.0 0.0 
 1854dI 141e3 0.a 
 0.0 0.1
 

4 164bOnO 0.0 0.2 
 18l30. 14123 0.0 
 O.C 0.0
 

1546000 0.0 0.3 IqluJ 14123 0.0 0.0 0.0
 

6 144b0P0 0.0 
 0.0 18t;8 14123 0.0 1.0 0.4
 

7 1347000 0.0 5410.b 191591 0.0 0.0 
 O.C 0.0
 

.8 12500l0 0.0 54L0.b 
 19459v 0.0 0.0 0.0 0.0
 

1153000 0.0 511.b 19159j 
 0.0 0.0 O.0 
 Ou
 

10 1056000 0.0 5410.b 194ij 7. 
 0.0 0.0 L.0
 

11 967900 0.0 5410.b 19159u 
 0.0 0.0 
 0.0 0.0
 

12 898-100 0.0 47705 0.) 0.0 0.0 
 152220 O.G
 

13 8P400 
 0.0 477b5 0.0 0.0 
 0.1 152220 0.0
 

14 89400 0.0 47785 O.J 
 0.0 0.0 152220 0.0 

15 891J400 0.0 47785 O.J 0.0 0.0 1!2220 0.0 

16 899470 O.0 417b5 0.:) 0.0 0.0 152220 0.G
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As can be observed from Tabl*4 VII-14 and VI-15, with the
 

decrease of the value ot deaths avoided by using BND's - Alpha ­

(i.e., increasing the mortality rate of the population attended by
 

BMD's), the total numoer ot deaths avoided - Y - decreases until it
 

reaches a certain point (Alpha = 3.9 in this case) where it remains
 

constant with any further decrease in the value of Alpha
 

(L.e.,increase in the value of mortality rate). 
 At the same time,
 

when Alpha equals 9.4 (case number I)o the number of people treated
 

by BMD's - X(3) - is 185880, the number of people treated by MDOs +
 

BMD's - X(4) - is 14123, and the types of personnel that should be
 

used in order to maximize the number of deaths avoided are BMD's ­

as in X(3) - and MD's + BHD's - as in X(4) - and tnese results
 

remain constant with the decrease of the value of Alpha untill a
 

point is reached (Alpha = 6.4 in this case) where the number of
 

people treated oy BD's -X(3) - becomes 194590, the number of
 

people treated by MD's + BMD's - X(4) - becomes zero, and the
 

number of people treated of MD's + Assistants changes troa zero to
 

4510. At this point (Alpha = 6.4)p the type of personnel that
 

snould De used to maximize the number of deaths avoLded is the
 

3MD's - as in X(3) - and MD's + Assistants as in X(2)o Tnese 

results remain constant until a point is reached (Alpha = 3.9 in 

this case) where the total number of deaths avoided -Y- stabilizes 

at 898400, X(2) stabilizes at 47785, X(3) becomes zero, and the 

resources available are not enough to give medical attention to the 

total population, so the number of people not treatea - X(6) ­

changes from zero to 152220. At this point, the type of personnel 
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that should be used to maximize the number of deatas avoided Is tMe 

MDOs # Assistants, and tnese results remain constant with further
 

decrease in the value of Alpha.
 

On the other hand, when the cost of utilizing tne different 

types of personnel changes (1ceeping all other variables constant)o,
 

the types of personnel that should be used in order to 
maximize the 

number of deaths avoided will also change. Tables 111-16 and 

VII-17 present the effect of changing the cost of utiliLzing BMD's
 

wnen the value of resources available is also $700 aillions and all
 

other variables kept constant.
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Changinng 

Table VII-16 

The Cost Ut Utiisillsi HMDs 

--

Case 

No. 

--

-------------------------------------------------------------------------

Cost ot utilizinj 

BMD"s 

-------------------------------------------------------------------------

Cost ut utliziaq 

Mu0s * "MOIS 

S3.19 

2 

3 

4 

57.19 

4.19 

S.19 

6.19 

7.5 

8.59 

9.51q 

1O.5d 

11.58 

1 

S 

--

18.19 12.SO 

9.19 13.5d 

10.19 14.58 

-----------------------------------------------------------------------­
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Tire Ettect 01 Chanylnj lizltCost ')I Oll llt j IU° 

OlII the Choice (! IfitlLetel t 'ype.: Ils l A , I'e.tluaej 

Case 

No. 

V X(t) 

Deaths avoided Treated by 

M D 's 

X(2) 

Treated by 

MD's+Asst. 

X(3) 

TtetLdJ uy 

HM ':il 

X(1) 

rreat,.tI~ 

qu b+ tJ".h:.41] ,SI11O1 

x(,){ 

:. ol .u.,,. 

tl edte I 0I 

) 

" 

1 

2 

3 

4 

5 

6 

7 

6 

1946000 

1570000 

12bD000 

1063000 

915200 

898400 

898400 

898400 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

47785 

47785 

47785 

liittiU 

16"13b 

13J47u 

11309o 

97357 

0.0 

0.0 

0.3 

14123 

0.0 

C.0 

0.0 

0.0 

0.0 

0." 

0.0 

0.0 

0.0 

0.0 

0.(. 

0.f 

.0 

C.0 

0., 

u.c 

J,?Vit 

E(b'(% 

hb9I4 

IU.J0qo 

1541.10 

1.' 

l 

.J 

q., 

U. . 

Q.U 

U., 

.11 

,.L,V, 

-----------------------------------------------------------------------------------------------------------------------------­
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From Tables VII-16 and VII-17 it 
can be observed that hhen the
 
cost of utilizing HMD0s is 
$3.19 (case numoer 1), 
tne total number
 
of aeatns avoided Is 1946000, 
the number of people treated by BND~s
 
- X(3) - is 185880, 
 and the number of people treated by 
 DOs +
 
81Os ­ X(4) - is 14123. 
 In this case , the types of personnel
 
that should be used in 
 order to maximize the numoer of deaths
 
avoided are 
the BND's -as 
in X(3) ­ and the NDs + BMoDs - inas 


X(4).
 

With the increase of the cost 
to $4.19 (case 
 numoer 2), 
 the
 
number of 
deaths avoided - Y - decreases to 1570000, the number of
 
people treated oy BMD's 
- X(3) - decreases to 167060, 
the number 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.
 
With further increase in the 
cost of utilizing BMD's to $5.19 (case
 
number 3), 
the total number 
 of deaths avoided -
 Y - becomes 
1268000, 
 X(3) becomes 134870, 
X(6) becomes 65125. 
 kith further
 
increase in the cost, 
the total numner of 
 deaths avoided 
- Y ­
decreases, 
 X(3) decreases, 
 and X(6) increases untill a point is
 
reached (case number 6) where Y stabilizes at 898400, 
the number of
 
people treated 
 by !Ds + Assistants 
- X(2) - changes from zero to
 
47785, X(3) becomes zero 
and X(6) becomes 152220 and these 
 results
 
remain constant 
 with further increase in the 
cost. At this point
 
(case number 6), 
the type of personnel that should be usedin order
 
to 
maxiAize the number of deaths avoided is the MDs + Assistants.
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Appendix wA"
 

Diseases treated by BHK-s
 

Eplemic influenza, measles, chicxenpoxf pertussis, diphtheria,
 

Infantile paralysis, pulmonary tuberculosis, epidemic parotitis,
 

epidemic encephalitis, bacterial dysentry, 
 amebic dysentry,
 

typhoid, infectious hepatitis, epidemic encephalitis o, malaria, 

leptospirosis, tetanus, rabies, schistosomiasis, tWlaariasis, 

ankylostomiasis, ascariasts, fasciolopsiasis, enteroblasis, 

taeniasis, upper respiratory to infections, acute oronchitis, 

chronic bronchitis, asthma, lobar pneumonia, lung abcess, acute
 

gastro entritis, gastric 
 and duodenal ulcers, liver cirrhosis,
 

prolapse of rectum, glomerulonephritis, chronic nephritisp
 

pyelonephritis r calculi in the urinary system, retention of urine,
 

rheumatic arthritis, rneumatoid arthritis, heart failure,
 

hypertention, stroke, epilepsy, neurosthenia, trigeminal neuralgia,
 

migraine headache, sciatica, anemia, thrombopenic purpura,
 

anaphyiactic purpura, leukaemia 
 tendemic goiter, beriberi,
 

neurodermatitis, contact dermatitis, 
 drug dermatitis, menstrual
 

irregularities, dysmenorrhea, 
amenorrhea, pelvic inflanationso
 

leakorrnea, uterine bleedingprolapse of uterus vomiting 
of
 

pregnancy, mastitis, purperal 
sepsis, post partum bleeding,
 

infanLije convulsions, marasmus, 
rickets, infantile diarrhea,
 

enuresis, colic, favism, summer fever, rhinitis, sinusitis, nasal
 

polyp, acute tonsillitis, laryngitis, toothache, otitis externa,
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otitis media, deaf-mutism, styes, acute conjunctivitise trachoma,
 

keratitisp tricnasis, eye Injuries.
 

Surgical Conditions
 

Fractures, dislocations, sprains, 
 carbuncle, cellulitis,
 

erysipelas, tuberculosis of 
tne cervical nodes, acute apendicitisr 

acute cnolicystitise acute peritonitis, intestinal obstruction,
 

hernia, internal hemorrhoids, external nemorrhoids, leg ulcers,
 

other diseases
 

Frostbite, chapping, imptigo, urticaria, 
eczema, tinea capitis,
 

tinea corporis and pedis. 
 first aid, other medical emergencies.
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vIII-1 INTRODUCTION
 

The problem to be considered here Is that of 

location of
selecting the optimum number, size, and 

hospitals, clinics, dispensaries, etc. 

The basic reason why such selection is necessary Is 

enough resources are available to provide all
 that not 


to all the population. As a consequence it is
 
tacilities 


that the need for
select the facilities so 
necessary to 


them can be satisfied using the resources 
availalble,
 

types of
 
The different contributions that different 


make to the health of the population must
 can 


of small and large
 

facilities 


also be understood. Comparison 


facilities suggests that the large ones usually have 
more
 

the patients,
 
or better means for restoring the nealth 

of 


can use more spacialized personnel with
 and usually they 


the same purpose.
 

might

However, the contributions of small facilities 


larger number of them can be made
 
be greater because a 


is
When zany units are available it usually.

available. 


the persons who
 some facility close to
possible to have 


demand medical services. This implies that tney will be
 

used more frequently.
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In summary, It can be said that te problem to be
 

considered here is that of selecting the appropriate
 

distrioution of resources between large and small
 

facilities, considering that the large ones can make a
 

greater contribution to the health of the patients once
 

they have checked into them, while the smaller ones are
 

more likely to be in frequent contact with the patients.
 

However, the size of the hospitals is 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 evalua ed realistically in
 

terms 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 will become available.
 

After they are opened, many wards and clinics remain
 

under-used or unused because of shortage of necessary
 

personnel to operate them, or shortage of money to pay
 

tnose personnel. Moreover, the hospital system in a
 

country depends to a large extent the
on social
 

institutions, level of development, needs ana resources of
 

that country. Tne hospital adainistration in each country
 

is also-the result of historical developments over long
 

periods of time. As a result, it is impossible to
 

recommend a unifora scheme o hospital organization to all
 

countries 
 of the worla. Houevere within the framework of 

regional planning , definite functions can be assigned to 
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each type ot hospital. Tnerefore, hospital organization
 

should be a coapromise between centralization and
 

decentralization. In general this compromise should be
 

related to the economic, social, and cultural development
 

of each country.
 

A description of the different types of health 

factlities and a method to select the aosL appropriate 

type(s) to Iaprove 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 tae indices of 

hospital utilization are presented. Section 3 ds3crlbes 

and compares the different types of health tacilities. 

Their organization, structure, and quantitative guidelines 

necessary ior their departmentalization and staffing are 

presented. In section 4 , the factors wnich influence 

hospital utilization and tre impact of hospital location 

are briefly discussed. In section 5, an integer 

programming model for the optimum selection of number, 

size, and locations of the various types of health 

facilities is presented. 
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VIII-2 DEFINITIONS OF TER4S IND INDICES DEALING WITI
 

HOSPITALS AND HOSPITAL UTILIZATION
 

Before proceeding to discuss the various types of
 

hospitals, it is advisaole to define tte terms used.
 

dorld Organization are
Detinitions used by the Health 


summarized below (Davis, 1966).
 

- Hospital beds:
 

Those beds that are regularly maintained and staffed for
 

a succession of
the accomodation and full time care of 


wards or areas of the
in-patients and are situated in 


for La-patients
hospital in wnich continuous medical care 


is provided. This definition excludes tne cots for
 

babies in maternity wards but
normal, healtny, newborn 


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 resiaence therein
 

one more
and who are expected to remain tor or nights.
 

counted as
Normal, nealthy, newborn babies should not ae 


care
in-eatient admissions, while babies requiring ppecial 


should be included. 

Admission rate: 

Also 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 admissions,
 

Including readmissions for the same pathological
 

condition, are counted.
 

Bed-days or patient-days:
 

The total number of days spent by inpatients in a
 

hospital. In some hospitals, the day of admission and the
 

day of discharge are counted as one day. In others, 
a
 

full day is counted only when admission is before aid-day
 

or discharges is after mid-day. Patient-days should not
 

include the data for healthy, newborn Infants. one
 

"bed-day" or "patient-day" is the unit denoting the
 

services rendered to one inpatient betueen two successive
 

days.
 

Discharges and derths:
 

The annual numoer of discharges includes the number of
 

patients who have left the hospital (cured, improved, or
 

died), and the number transferred to another health or
 

social inistitution.
 

Average length of stay:
 

The average period in hospital (in days) per patient
 

admitted.
 

Bed-occupancy rates
 

This rate reflects the ratio between the average number of
 

beds used and the total numoer of beds provided. It Is
 

calculated by dividing the average number of oeds occupied
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per day, by the bed complement (the nominal number of beds
 

in the facility) and multiplying 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 remains
 

empty, i.e., the average time elapsing betueen the
 

discharge of
 

Hospitalization rate per person:
 

Expresses the volume of hospitalization in terms of number
 

of hospitalization days per person per year. It is
 

calculated by dividing the total number of hospitalization
 

days in one year oy the mean population in the same year.
 

Bed/population index:
 

Expresses the availability of nospital beds in terms of
 

the number of beds per 1000 of the population.
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VIII-3 DIFFERENT TYPES OF HEtALTH FACILITIES
 

VIII-3.1- Introduction
 

Hospitals are alike 
 In certain respectso, but
 

different in others.
 

Some are large scale organizations with hundreds 
of beds
 

and thousands of
 

employees, while many of them 
are smaller Institutions
 

with only 
 a few dozen beds. Soae are located in large
 

urban communities, while others 
are scattered in small
 

cities or villages. Nany are only concerned with
 

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
 

specialized medical, surgical, 
and nursing services, while
 

others deal with only the more common acute 
 diseases and
 

tne relatively routine cases. Because of tnis, a need
 

arises to categorize and define 
 the various types of
 

hospitals. Belowf 
health facilities will De classified as
 

follows:
 

a) Relatively large health facilities, i.e.o regional
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Hospitals, District Hospitals, Local Hospitals.
 

b) Relatively small health facilities, e.g., Rural lea) h
 

Centerse Rural Health Clinics, Rural Health OiLiceso
 

VII[-3.2- Large health facilities
 

VIII-3.2.1 Definitions
 

The following categories of hospitals were
 

estaolished and defined by the WHO Expert Comlttee on the
 

Organization of Medical Care (wHO,1972).
 

(1) The regional hospital, designed to provide a completes
 
range of treatment, including such specialities zs
 
radiotherapy, neurosurgery, thoracic surgery, aad plastic
 
surgery. Where possible, such a hospital would comprise,
 
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 several 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 maternity care.
 

The various kinds of hospitals defined anove 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 systems ot the body.
 

Examples are: eye, ear, nose, and 
 throat; tuoerculosls
 

hospitals; Infectious diseases hospitals. On the other
 

hand, the second category deals with a wide range 
ot
 

specialist servicese provides medical care 
to all age
 

groups suffering from any form of illness (except the 

highly infectious and dangerous conditions, e.g., 

smallpox, cholerar and similar diseases). In addition, 

rural hospitals may vary among themselves regarding their 

size, number of personnel needed to operate tnem , and 

numoer of people they serve. A comparison of the 

different types of 
large hospitals Is presented in Table
 

VIII-1. A detailed description of them is presented
 

below.
 

V1I-3.2.2- Regional hospital center or medical center
 

This consists of a group of hospitals integrating
 

their services to fulfill a complete range of functions.
 

It should be located in the largest city in a region,
 

where the most complex elements of modern life are
 

co-ordinated (Bridgman). It is usually a hospital group,
 

consisting of institutions and integrated services and
 

comprising or closely associated wita a medical teachlng
 



Chapter VIII: Location Page 231
 

center. This center should offer a complete range of
 

specialized departments where patients suffering from the
 

rarest diseases can be treated. Other coanon specialties
 

should be also included* Table V1II-1 presents a
 

comparison between this type of hospital and tae district
 

and local ones*
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Tible wAi/-I 

CfIlhPAH|SIJ l F TIl- IIFFi.R-." TYPES (F IIL.ALTH I ACILITIES 

1- Hhk[LAT1VELY LARCI. FACILITIES 

Variable Helical center Dlistrict nospital Local hoslital 

---------

Goals 
------------------------------------

Service, tralzln j anu 
----------------

Service, training and 
--- -----

Mainly service 
--------- ----­

researcn reseacECI 

----------------

Services 0ltferea 
-------------------------------------------------------

Inpatient, Outpatient and in ratent, outpatient and 
------- ----

Inpatient, outpdtient and 

emergency services emeryetiy services emergency services 

- --------- --------------------------------------------------------------

Specialties Complete range ot speciali- Common zpecialties General madicine 

Led departments Anere 

patients suffering from 

tne rarest disease can 

sucn as; 

paediatuics 

gastru-entrology 

General sirgety 

Maternity services 

Communicaile diseases 

be treated. These include 

cancer department whtrn 

includes; 

obstetnics 

dermatoioqy 

cardiolojy 

Endemic diseases 

Some of tie common 

specialtia3s such as: 

radloiogy lab. 

nucliedr-physcs Lab. 

neurosurjery dep.rtment 

otorninolaryiaqology 

uroloj) 

oesides; 

paedlatri s 

gynaecololy 

obstetrici 

advancel chest suriery genardl medicine 

special operations fjeneral. surgery 



uesides othier coaun 

speclalties such as: 

pai-diatrics 

.atotnlLy services 

comiunAiiahle diseases 

endemtc diseases 

gastro-enttology 

.jyliaecolo-jy 

dermatol ogy 

cardiology 

otoiniolaryngoio 

ophthalmology 

jy 

urology 

Btesides: 

general medicine 

yi-ierai surgery 

maternity SeLvIies 

COIIeIUIiCdbile diseaises 

endemic diseases 

- -- --------------------------------------------------------

NUwber o beds 6004 30U - 4iO 

--- -----------------­

70 - 153 

-----

Nunuer ot 

-- ---

jopulation l.5 

---------------- ---------------------------------------­

- 2 millions 300,00 - OO,000 100,000 - lbO,000 

served 

-- -------

Personnel . eeded to 

--------------------------------------- - - ------------­

operate the taclity: 

AdgminiStrdtive and supportive seivLces: 

administration 30 1 



business ollice 


diatary 


engineering anhi 

maintenance 

axoubKeeplng and laundary 


medical records 


nursing services 


outpatient 


personnel 


pharmdcy 

anesthesia 


clinical lab. 


Physical therapy 


radiology 


purchasing 


Miedical stal: 

Yeneral practitioner 


surgical start 


obstetrical stalf 


pediatrics Stdtl 


Ladlologists 


pathologists 


anesthesiologists 


otorhxlaolaryaigologlsts 

70 


90 


75 


80 

35 


600 


60 


15 


45 


40 


65 


16 


80 


24 


200 


90 


30 


28 

4 


4 


4 


4 

40 


54. 


25 


44 


12 


232 


31 


5 


15 

10 


22 


4
 

16 


6 

24 


17 


8 


7 


1 


1
 

1 


1 

Paie 134 

10
 

15
 

7
 

11 

3
 

60
 

10
 

2 

4 

3
 

6
 

4
 

2 

10
 

3
 

1
 

1
 

1"
 

1*
 



ophthaloologists 

dermatoloij1sts 

4 

4 

1 

1 

1' 

rolo 22S 

*Part-tLme 
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V!i[-3.2.3- General district hospitals
 

General district hospitals are usually considered the
 

basic units In the hospital system, and for this reason
 

the main departments of a hypothetical short-term general
 

care facility are descrined and discussed in some detail
 

in this section. These hospitals are assumed to provide
 

general acute care In the following four areas: medical,
 

surgical, obstetrical, and pediatrics. However, It is
 

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" (Champion,
 

1976). Hospital structure varies from hospital to
 

hospital, from one point in time to another, and from one
 

geographic region to another.
 

Outpatient cepartment
 

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) Ophthalmic
 

It is advised that the outpatient department should
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be located on the ground floor# because many patients may 

have difficulty In climbing stairs, otherwise adequate 

lift communication should be available. In addition, the 

clinics should be located so that it is impossible to took 

into the examination rooms from the outside. In general, 

the location of tne department should be such that traffic 

of outpatients through the in-patients wards is reduced to 

a minimum. In many cases, it is recommended that various
 

clinics oe combined In such a way that a number of
 

specialists make use of the same rooms.
 

A laboratory for routine tests incorporated in the
 

outpatient department is only economically Justified from
 

the point of view of staff, if the available work load
 

constitutes a full time task for the personnel in charge
 

(Bouwcentrumf 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 parting perambulators, waiting rooms
 

(their sizes and numbers depend on whether adopting an
 

appointment system or not), canteen, patients' bathrooms,
 

policlinic for nose 0 ear, and throat (donsulting room,
 

treatment room, dark room, and rest room), ophthalmic
 

poLiclinic (combined consulting and treatment room, dark
 

roof), five dual-purpose policlinica, suites (five
 

consulting rooms and ten examination rooms, operating
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theatre, and plaster room), laboratory for routine tests, 

rest rooms, space for storage of wheeled stretcher, 

closets for cleaning materials, and staff toilets. 

In-patient units
 

There are 
certain services which require in-patient
 

facilities of a special type. 
 Examples are pediatrics,
 

maternity and infectious diseases. 
 However, in-patient
 

care for most patients can be discussed in general 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 orrer hand,
 

particular attention should oe devoted to tho routes by
 

which infected or used materials of all kinds are disposed
 

of.
 

The traacitional nursing 
unit from wuich most
 

contemporary arrangements nave arisen Nas the 
 ward
 

containing 25 to 35 patients. Because of 
 increasing
 

complexity, technic"l 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 the patients. 

Generally speaking, modern hospitals are composed 

principally of rooms for four or six patients, together 

with a number of single -bed rooms. It is recommended 

that about 201 of the beds be provided in single rooms in 

order to be aole to isolate 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 ill patiants 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 tentso etc.
 

Consequently, a nursing unit of 20 beds mignt have two
 

six-bed rooms, one four-bed Loom, and four single rooms.
 

Apart from rooms and toilets for patients, other
 

important facilities are needed, such as a nurses' station
 

for each nursing unit, provided with chairs and a desk, a
 

telephone, and other facilities. A treatment room 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 tailets and changing rooms, private office
 

for the head nurse, and offices for medical staff. An
 

interview room and a seminar room are also useful.
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The discussion so far has been, concerned uith
 

outpatient and in-patient departments as examples of major
 

departments of a general district hospital. A comparison
 

between this 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 aospitals
 

These institutions are mainly concerned with general
 

medicine, general surgery, maternity services and
 

communicale diseases. All or some of the common
 

specialties may also be offered. Table VIII-1 presents a
 

comparison between this type of hospital and tne medical
 

center and district hospital.
 

VIII-3.3 Relatively small facilities
 

V1ii-3.3.1 Definitions
 

A brief description of the Egyptian rural health
 

system is presented as an example of small or rural health
 

faci ities.
 

Egypt is divided into twenty fve governorates
 

(regions or provinces), each of whicn Is subdivided into a
 

number of districts termed "Narkaz", the total number of
 

"Maricaz" being 123. Each district or "MariazO consists of
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a number of villages, the total number of these is 4200.
 

The ministry of health establishes tne technical
 

policies and plans the programs, which then implemented by
 

the governorate health administration and oy the district
 

and rural health levels. In other words, the central 

administration is 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 health services in
 

their area (Furnia, 1975).
 

On the rural health level or the village level, the
 

Egyptian government has created a system of rural health
 

centers and rural nealth units to provide healtn to
care 


the entire rural population. Each rural health unit
 

serves about 5OOD people, with the unit being no more
 

than three kilometers from the most distant meaoer of this
 

population. It was estimated that there should be a rural
 

health center (which frequently combined community
 

development activities) for every three rural health units
 

(serving up to 20,000 persons). *The staffing pattern dnd
 

services offered by these units are described in Table
 

VIII-2.
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CflMPARI[.JII [I I l F-VOL'T TYaFS o[r lIHALTI! FACILIT|Ls
THK 

2- IULLATI.-VL !,4ALL fACILITIEP 

-
Variable 
 Rural health centei kuril health unit Small ofiice
 

Goal Service and ttaiii inq Service sewvic
 

Services Ofered 
 inpatient, outpatient outpatient and out;'atlent ;Ind 

and tirst aid first aid llfst aid 

Spectalties: General medicine 
 Geneal .euicine ad General practice
 

General surgery puulic ealth services, some rublic health setlvces,
 

Public health services 
 as in rural nealth center such as:
 

such as: 
 vaccinattin and 

maternal ard child weltare health fedcation 

communicable disease 

conltrol 

eliviron, ental sanitation 

housing control
 

loud control
 

health education
 

school ,eaith services
 

lanoratory examination
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in-service traEn31, ot 
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fiuMber of population jbout 23,000 about b O0 about 150) 

served: 

Personnel needed to
 

operate the tacility physicians 2 physicidn I lIMO 1
 

dentist 1* SalitdLian 1
 

Sdllitartan 1 
 assistasnt midwives 2 

dssIstait imidwivas 3 assistant lnuf3e 2 

assistant nurses 3 laoordtory assistant I 

assistant sanlitarian I male orierlies 2
 

laboiatory tecznLcinn I temile ur-terltes 2
 

aale and temale
 

orderlies P - IU 

ambulance driver I 

Cook 1
 

- -- t-t----------- ----------------------- ------
*Part-time 
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VIII-3.3.2 Rural health centers:
 

A rural health center consists essentiaLly of an
 

out-patient department, in-patient department, 
 small
 

operating room, snall laboratory, dispensary, kitchen and
 

annexes, and a place for accomodating the medical staff.
 

Out-patient department
 

This consists of waiting rooms 
with wooden benches
 

(separate rooms 
for men and wonen), separate sanitary
 

facilities for men and women, 
medical examination room,
 

dressing and first aid room, a room for nurses (containing
 

scales, sint, necessary shelves for medicines and 

dressings to De used for preparing injections and 

instruments at the physician's request), and a room for 

dental examinations (served regularly by a dentist once or
 

tiice a week).
 

In-patient department
 

Accomodates 15 to 20 patients in two 
 separate wards
 

for men and women. 
 Each ward may be divided Into smaller.
 

rooms containing six beds, three oeds, and one bed.
 

Hospital furniture is simple and to 
easy to maintain and
 

repair locally. Beds, tables, chairs, 
Denches, and
 

cupboards are usually metal, in order that they may be
 

easily cleaned and disinfected. The in-patient aepartaent
 

also contains the following facilities:
 

Nurseso workroom with 
 a table for preparing
 

injections, a counter 
 and sink for cleaning used
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instruments.
 

Built-in cupboards for clean linen, cleaning
 

utensils, spittoons, bedpans, urinal etc.
 

Fire extinguishers.
 

Sanitary installations for patients: one sanitary
 

installation for every four patients.
 

Operating room
 

used for aseptic minor surgeries such as removal of
 

foreign bodies, simple hernias and varicoceles. This room
 

is Joined by a sterilizing room.
 

Delivery roo:
 

used for normal deliveries and some complicated
 

'deliveries which do not require major obstetrical
 

intervension.
 

Laboratory
 

a spacious room with central table to receive samples
 

from the out-patient and the In-patient departments. It
 

also contains a centrifuge (electric and/or manual), a
 

refrigerator, and laboratory equipment for examining
 

parasitic and endemic diseases*
 

Dispensary
 

Used to prepare certain types of drugs and distribute
 

drugs for both in-patients and out-patientso 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 and narcotics.
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Accomodations for staff
 

These present a reasonable standard 
of comfort In 

order to make the stay In rural areas as pleasant as
 

possible. Accomodation is 
 free of charge (including
 

lighting, laundry and house keeping).
 

VIII-3.3.3 Rural health units:
 

These units are located in small villages with
 

populations 
 of about 5,000. They provide out-patient
 

services only. A rural health unit consists of the 

following facilities: 

An out-patient department similar to that of the 

rural health centers, except for the abscence of the 

dental services. 

Small laboratory, dispensary, and a 
 place for
 

accommodating the medical staff, similar to that described
 

under the rural health centers. For the staffiag pattern 

and services offered by these types, of health facilities 

refer to Table VIII-2. 

VIii-3.3.4 Dispensaries: 

Another type of smaller rural health facility Is the 

small dispensary type of facility. This type is suitable
 

for use by a "Barefoot 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 

Is presented In Table VII[-2. 

¥111-4 DETERMINANTS OF HOSPITAL UTILIZATION
 

VIII-4.1 Introduction
 

.he extent and form of utilizing hospital 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
 

habits of the medical profession. For instance, in
 

developing countries, people may exert pressure on the
 

attending physician in order not to be nospitalized,
 

because of their fear of the hospital or their
 

unwillingness to be separated from their families. On the 

other hand, the reverse may occur in developed countries. 

Some of the factors that influence hospital utilization 

(1, 7-12) are presented in section 4.2, ana a method to 
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evaluate the impact of tospitals ° location 
on tieir
 

utilization is presented in section 4.3.
 

VIII.2 Factors affecting hospital utilization
 

¥111.2.1 Factors refering to facilities
 

1- Availability of hospital beds: 
 @ 

Although it has been observed in many countries that the 

larger the number of available hospital beds, 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-economic
 

development of a country, such as 
better health education,
 

better health consciousness, and higher standard 
 of
 

living. A saturation level will eventually oe reached,
 

especially for specialized services. $to585 
 Sometimes a
 

direct relationship 
 may be found oetween the
 

bed/population ratio and utilization 
indices such as
 

bed-occupancy rate, admission rates, 
and per person
 

hospitalization rate (Davis, 1966, p. 
320).
 

2- Distribution of hospital beds:
 

An even geographic distribution of hospitals increases
 

their utilization by 
maing them more easily avaible to
 

all the people. A high bed /population Index in Itself
 

does not guarantee a full " population coverage if most
 

hospitals are concentrated in ';-an areas (Daviws, 1966 p.
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32).
 

3- The efficiency of the supporting sevicess
 

Supporting sevices in a hospital are very Important to the
 

efficiency of the overall hospital services. ixamples of
 

such services are X-ray departments, operating rooms, and
 

laboratories. Lack of equipment or persounel in these
 

departments prolongs the average length of stay, decreases
 

the admission rate and increases the cost per patient 

(Davis, 1966, page 33). 

4- Other hospital functions: 

Teaching hospitals are usually more selective in their 

admission policies. They tend to accept cases which are
 

of value for training medical personnel or for research
 

purposes. 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 Iowa As the number of physicians increases,
 

this rate also Increases as the result of detecting more
 

cases of illness, until a maximum point is reached where
 

physician/population ratio becomes such that there is
 

practically complete coverage of the population, but the
 

number. of patients per doctor is very nilga. At this
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point, physicians become overburdened and tney tend to
 

refer 
to hospitals 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 

them, 
 and allows for more medical attention for patients
 

outside the hospital. Consequently, the admission rate
 

tends to level off.
 

6- Attitudes of the niedical profession:
 

Medical customs differ froa one country to another. For
 

instance, in some countries, hospital deliveries for
 

almost all births are 
 the rule. In other countries,
 

hospital deliveries are only confined to abnormal cases
 

and priziparas. Moreover, tne length of stay in hospitals
 

in normal obstetric cases varies considerably from one
 

country to another.
 

VII[-4.2.3 Factors referlng to the patient popuiations 

7- Age of the population: 

The higher the proportion of aged persons In a 

population, the greater is the volume of nospitalizationo
 

This is reflected as a high per 
pe-in hospitalization
 

rate and a high average lengn of stay per patient.
 

8- Morbidity pattern:
 

The morbidity pattern in a community greatly affects tbe
 

pattern and volume 
of hospital utilization. Acute
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Infectious diseases 14Ncrease the demand Lot Deds in 

"short-stay" Instltutionto while chronic and degenerative 

ones tend to Increase the average stay In hospitals.
 

9- tousing conditlons:
 

Many ho'pttal admissions are due not to the real need tor
 

hospital caces but to the Inconveniences encountered when
 

caring tor patients in small houses or apartments.
 

10- Capacity to pay and method of payment:
 

Payment for hospital services may be either directly by 

the patients, or indirectly through a third party such as
 

an insurance company . The method of payment usually
 

influences the decision of weather to be hospitalized or
 

not. Also, the demand for a hospital should decline as
 

the costs of reaching it increase (Morrill, 196d).
 

11- Religion:
 

Religious preferences may play a decisive role in hospital
 

attractiveness. in the work done by Morrill and Earicieson
 

(1969), it was found that the average Jew evaluates the
 

aistdcice to non-Jewish hospitals to be aoouL three times 

as qLeat as it actualty Is. Meanwhile, Catholics evaluat4 

distance to non-Catholic hospitals as acout twxce as taro 

and Protestants evalute Catholic and Jewisn hospitals as 

about twice as tar, but evaluate tne noureligiously­

oriented hospitals about the same as Protestant ones. 

12- Social class: 

In their comparisons between the middle and uorking 
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classes, Weiss and Creenlich (1970) conclude Mhat distance
 

attects the medical care process differentially by social
 

class.
 

VIII-4.3 Quantitative evaluation the
of impact 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 physicians and
 

hospitals, together 
with various characterLStics of the
 

hospital itself such as size, quality of 
 care offered,
 

possible discrimination according to race 
or method and/or
 

ability of payment, religious affiliation and so forth.
 

In order to examine tne impact of locating nospital
 

facilities within certain distances 
from population
 

centers, Morrill and Kelley (1970) 
 have ceveloped the
 

concept of "distance decay". 
 These are convenient
 

mathematical formalizations designed to reflect real
 

behavior or perception and response to distance.
 

Considering a simple gravity type model as 
expressing the
 

relative attractiveness of equivalent facilities with
 

increasing distance, Horrell and Kelley nypothesized that
 

attractiveness "RIO 
 can be related to distance NO" dith the
 

formula
 

•R = 1 / (D ** b)... (1) 
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bhere 0910 denotes exponential, and o Is a parameter to 

be estimated from actual data. Assuming tnat b I for 

medical facilities located at distances = CI, 2, 3# 4, 5, 

63, one obtains mattractiveness. = [lt 1/?, 1/3 114, 1/5# 

1/61. As a perceptual model, this nay express logically 

and reasonably the patients' view of distance, since 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" = CIO 1/4, 1/9, 1/16 1/25, 1/363. 

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 above
 

may have different degrees. In this case it can be
 

written as:
 

R(i) = K(i) / (D "* b)
 

where the subscript mi" denotes that the varianle refers
 

to the type of health facility "i". The more
 

attractiveness a facility has, the higher will 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" = El, 1/2o 1/4, 1/8, 1/16, 

1/32]. 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. Itb is still quite logical that some
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persons may perceive and respond to distance in this way. 
Since a person0s perception of distance could be a 

mixure of Doth the gravity and exponential cases described 

above, other forms of distanze decay were also suggested.
 

For instance, R = 2 / (D ** 0.5) (2 **D) or R = D 


0.5 + 0.5 D 

If the closesot hospital Is more distant, at eight
 

iiles for example, with others at ten, eleven, 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 mile) and then view the other as three, four, and six
 

miles.
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VIII-5 AN INTEGER PROGRAMMING MODEL FOR TdE OPTIMN 

SELECTION OF NUMBER, SIZE, AND LOCATION OF HEALTE 

FACILITIES. 

VIII-5.1 Presentation of the model
 

In the presentation below it is assumed that in a 

country or geographical area, N locations where health 

facilities could be located nave been Identified. These 

locations can be cities, villages, or other
 

collectivities. They will be designated below with 
a 

subscript that taces values from 1 to N. 

The number of inhabitants in the locations will be 

designated by P(I), witn I 1,...,N to indicate the 

location. 

The total number of persons in the region being 

considered will be denoted with P, i.e., 

P = SUM P(I) 
1=1,..*N 

In the simplified,problem to be considerd nere, only
 

two types of medical facilities will be considered: small
 

and large. The small ones will be called dispensaries,
 

ana the large ones hospitals. Subindices with values from
 

1 to N will be used to designate a dispensary in location
 

I = l,...oN and a subcript 1= N.1,...,2N, will indicate a
 

hospital in location I to N. In what follows, the
 



Chapter VII: Location 
 Page 256
 

dispensary 
 in location I will be called dispensary I, and 

the hospital In location I to m, will be hospital 1.
 

For the analysis below it is useful to introduce the
 

variable B(J), 
 where J =f...,N for dispensaries and J = 

Nel,...,2N for hospitals. 8(J) can be defined as the 

Index of location as well as of type facility. That is , 

the value of J indicates both 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 between 11 and 20, 
the facility would
 

be a nospital. To 
identify its location, one would have
 

to suotract ten from 18 (i.e, 
from the numoer between 11
 

and 20). 
 Thus the hospital would be at location 8. When
 

a facility is available B(J)assuaes the value of 1, and
 

when one is not availablepit 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, the following notation will 
 be
 

used: 

A(10J) = proportion of persons from location 
that would use facility J, for J = I...2N. 

It should be observed that the proportions A(IoJ)
 

reflect the preferences 
of the persons of the different
 

localities with respect to 
the medical facility that they
 

I 
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would use if It were available, and not their actual
 

behavior. For this reason, it is not only possible# but
 

likely tnat
 

SUM A(IJ) ) 1. 
J1l,.. .,2q 

This point can be illustrated by the following
 

example, It is reasonable to assume that if a tacility Is
 

availaole in a community, 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(IJ) would be 

1.5. However, this does not mean that 150 per cent of the
 

persons from that community receive medical attention.
 

Witn the notation aoove, it follows who the number of 

persons from locality I who demand medical attention In 

facility J, if available, is 

A(IJ)*P(I)*B(J), I=1,..oN (1) 
J=1-• .,2N 

From formula (1) it follows that the number of
 

persons who demand services in facility J is 

SUM A(lJ)*P(I)*B(J), J=l,...2N (2) 
I=1,...,N 

Form tromula (1) it also follows that the number of
 

persons from locality I wno are treated In ali tne medical
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tacilitles avallaole is 

SUN A(IJ)*P(I)'B(J) 1=I,...ON (3)
J=i ... , 2N 

and the number of persons trom locality I not treated in
 

any medical facility Is
 

P(I) - SUM A(LJ)*P(I)*B(J) (4) 
Jl..., 2N 

i.e.. It is equal to the number of persons in locality 


minus the total treated in all dispensaries and hospitals.
 

The total number of persons from all localities
 

treated in all the medical facilities available is
 

SUM A(IJ)P(I)*B(J). (5)
 
I=Ifo o.,N

Jl,... 121
 

and the total number of patients not treated In any
 

medical facility is
 

SUN P([)*E 1 - SUR A(IJ)*B(J) ] (6)
1=1,...,N J=1,..., 2N 

Denoting witr, V(J) the survival rate for persons with 

no medical attention (J=O)l and for persons with attention 

in a dispensary or hospital J, (J = 1,...,21)r one 

obtains, using formula (1), that the number of persons 

from locality I treated in 

I 
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dispensary or hospital J, and who survive is
 

V(J)*A(IJ)*P(I)'*(J) J=O...,2N (7)
 

From lormulas (2) and (6) it follows that the total number 

of persons surviving from among those demanding medical 

services at facility J is 

SUN V(J)*A(IJ)*P(I)*B(J) (8)
1=1,... N 

From formulas (2) and (6) one also obtains that the total 

number of persons in I who demand medical attention and 

survive is 

SUM V(J)*A(IJ)*P(I)*B(J). (9)

j=II...,r2N 

Formulas (8) and (9) imply that the totai number of 

persons in all hospitals and dispenaries who survive is
 

SUM V(J)*A(ItJ)*P(I)*8(J) (10)
 
I=1,.. .,N 
J=1,...,2N 

To compute tre total number of persons surviving,
 

those surviving among those not treated in any medical
 

facility must be specified. This result is ootained by
 

multiplying the number of people in region I who are not
 

treated in any facility - that is, formula (3) - by the
 

survival rate, V(O). As a result, one ootains the
 

following expression
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V(O)r P(I) - SUM A(IJ)*P(I)*B(J) j (11)
 
J=1o...2N
 

and the total 	survival for the non-assisted population
 

will be
 

V(O)c SUN P(I) 	- SUM A(IfJ)*P(I)*B(J) 3 (12)
I= lr ...,N 	 I= I,...,H 

J=1, ... ,2N 

With the meaning given previosly to P , i.e., the 

total population in the region being consLaered, formula
 

(10) 	becomes
 

V(0)*E P - SU4 A(IJ)*P(I)*8(J) 3

I=1,... ,N
 

J=l,.*.,2N
 

In the model being presented it will oe assumed 
that
 

the objective is 
 to maximize tri.al survival. With the
 

formulas above, total survivai is equal to
 

V(O)*P + SUM C V(J) - V(O) 3*A(IJ)*P(I)w8(J). (13) 
I=1,.. .,N 
J=l.. .,2N 

The maximization of total survival 
 must be done
 

subject to the constraints imposed by the resourcer
 

availaole, and the 
demand for medical servicesp, wich is 

dependent on the location and size of the facility. These 

two types of constraints will be discussed beloa. 

In principle, many types of resources can be
 

considered in the type of model being presented. 
 For the
 

sake of simplicitv, only 
two of them will oe considered
 

here: 
 Human and financial resources. To formalize them
 



Chapter VIII: Location Page 261
 

the tollowing notation wil be used:
 

C(RoJ) = Units of resource R,

R = 1, for humane and R = 2, for financial 
resources, needed for facility J tor J = 
i...,2N. 

K(R) Total amount of resource R available.
 

With the notation above, the total amount of resource
 

R used by all the facilities available will be
 

SUMq C(RIJ)*B(J) (14) 
J=1.. .e2N 

and these total amounts must be, at most, equal to the 

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

SUM C(RJ)*d(J) <: K(R). (15)
J=.. .o2N 

To introduce the constraints imposed by the
 

population's demand for medical services, it should be
 

remembered that when presenting the definition of the
 

coefficients A(IJ), it was observed that tney are likely
 

to count each member 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, chis cnaracteristic of
 

the A(IJ) should be eliminated, since in actual practicep
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a person 
cannot attend several medical facilities at the 

same time. For thiis reason# the following Constraint must 

be introduced 

SUN A(IfJ)*B(J)*P(I) <= P(I). (16) 
J=le...e2N 

This constraint simply says that the total number 
of
 

persons from locality I attending all the different
 

medical facilities must be less tnan 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) 

J1, ... , 2N 

In summary, the model can be reduced to 
the following:-


Maximize:
 

V(O )*P+S UN[V(J)-V (0)]*A(ItJ)*P(I)*B (J)
 

1=1,..., N
 
J=,..., 2N 

Subject to:
 

SUM C(RfJ)*B(J)<=K(R)p R=l,2
 
J=,.. ,12N
 

SUM A(XJ)*B(J)<=1, I=l,°..t
J=l1e.-.2N 

Wuith variables B(J),J=1,...2N, being the decision 

variables which take on the vlues 0 and 1. 

http:J=l1e.-.2N
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ViiE-5.2 Numerical example 

Tne data needed for the application of tao model as
 

well as for its solution are illustrated in tols section
 

witn a judicious numerical example.
 

In the numerical example it will be assumed that 
 the
 

numbersize and location of 
tne health facilities for the
 

ten villages represented in Figure 1 has to be specified.
 

The number of 
persons living in each of tiese villages 1
 

presented in Table VIII-3.
 

TABL VIII-3
 

Total
 

Lafulan 
1 1,529 

2 1,1013 

3 2,014 

4 2,211
 

5 1,621 

6 1,041 

7 891 

8 8,721
 

9 4,901 
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10 5,213
 

The simplest way to estimate the pToportions A(IJ) 

of persons in location I wno would attend facility J Is to 

assume that they are deterained by the distances D(IS) 

for I and =L,...N, from one village to another. Thle 

distances assumed for the present example are presented in 

Taule VIII-4. 

TABLE VIII-4
 

&isud Distang~l Lr.a Qn
XYAU 1 U g Anotpr 

S 1 2 3 4 5 6 7 8 9 10 

I 
1 - 17 19 13 18 21 26 21 16 17
 

2 - 6 18 23 26 31 39 11 17 

3 
 - 20 25 28 33 41 13 24
 

4 ­ 5 8 13 33 8 1 

5 
 - 13 18 38 13 7 

6 - 5 41 16 9 

7 4 G 21 14 

8 - 36 36 

9 - 7 



10 
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Table VIII-4 indicates the distance between an*
 

village and another by reading the figure at the
 

Intersection of row and column. For exampleothe distance
 

between village 3 and village 5 Is 25 kilometers as can be
 

seen from 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(lJ) are computed
 

here witn the following foLaulas:
 

A~lJ)=3w ;1/D(I,S)), I=1,o..N
 

1=S1e. ..,N
 

and
 
A(Ie.J)=6*(1/L)(1,S))o I=Jp ...N
 

J=N+S=N+1,.o.,2N 

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 formula, it is assumed
 

that a hospital is twice as attractive as a alipensary.
 

It should be emphasized again that although the parameters
 

for the formulae above can be estimated from actual datar
 

this is not the case for tne figures used
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In our example. The results obtaLned are presented In 

Table VIII-5.
 

TABLE VIIX-5
 

ex.Qoa2ios, AnAL ),L & "2 in aoiLLL I 
1bJ1 woIl ls"i Ea±1±.tx j 

(a) DISPENSARIES
 

J 
 1 2 3 4 5 6 7 
 8 9 10
 

1 .70 .18 
 .16 .23 .17 .14 .11 .14 .19 .18
 

2 .70 .51 .17 .13 .11 .09 .84 .27 .16
 

3 .70 .15 .12 .11 .09 .84 .27 .16
 

4 .70 .60 .37 .22 .09 .38 1.0
 

5 
 .70 ,22 .17 .84 .23 .42
 

6 
 .70 .60 .07 .19 .33
 

7 
 .70 .07 .14 .21
 

8 
 .70 .08 .08
 

9 .70 .43
 

10 
 .70
 

(b) HOSPITALS
 

http:Ea�1�.tx
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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 o16 .55 .27 

3 1.0 .30 .24 .22 .18 .14 .46 .25 

4 1.0 1.0 .75 .46 .18 .75 1.q 

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 either dispensaries or hospitals. For
 

simplicity it wil1 be assumed that the survivaL rate of
 

persons who receive medical attention is the same for all
 

dispensaries and all hospitals. The values to be used In
 

the example are given in Table VIII-6.
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Table VIII-6 

Suvival Rate Lan Patienla QL 

No medical attention Y(O)=.97 

For dispeasaries J=10...1O V(J)=o9e 

For hospitals J=11,...o20 V(J)=.99 

Next, the human and financial resources needed for 

health facilities will be considered. The rouenents of 

dispensaries and mospitals are presented in Table 7. 

Table VII-7
 

Facility Number of personnel tinancial resources
 

needed for unit operation*
 

Dispensaries 30 
 75
 

Hospitals 120 
 225
 

Maximua 

available 800 
 600
 

*1000 of Dollars
 

http:V(J)=.99
http:Y(O)=.97
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AULMI5 Using the data given in our numerical 

example In tne previous section, that is, In 

Tables I Co 5, several runs were made using a 

lLnzg lnlitui Ugrajaugj lutioJj . In each run 

the value of K(2) (wnich indicates the quality of 

hospital) was changed. The results are presented 

in Table VIII-8. 

In Table VIII-8, the following data is 

presented:- (a) L.W,,d &M: the co-efficients
 

of dispensaries and hospitals respectively--rihen 

compared (i.e. K(2)/K(1)), they indicate the 

preference for hospitals over dispensaries based 

on quality; (o) 1LJ.". the locatioi selected Zor 

a medical facility--for J=l o 10 ii iensaries) 

and J=11 to 20 (hospitals); (C) 'Ti'aut~lqa Qo 

2.Qu14,121 the percentage of the population 

covered Dy medical services; (d)j3lje of 1" 

211e9LY.I ..LiCi= the number of people who 

survive as a result of medical services; and (e) 

EMa &,a.l the amount ol financial and nuaan 

resources that are used. 
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(Coetlzc ltis Lot Ilspensaries r(1)=J) 

UIccula 

LUL U IiA2i 

LL21 
edLLg 

ELLIL6121 

L~raiLea 

L1L,11 

raLftut0 

61u 

iCL ol 

UIXULTI 

LUULLLQU 

Iuean EAJJUCL,1 

IMgL911 HIIQUEF.2 

hl11 I 

3.1 

3.5 

q.O 

4.5 

5.0 

6.0 

7.0 

8.0 

9. ! 

10.0 

1.0 

1.2 

1.3 

1.5 

1,7 

2.3 

2.3 

2.7 

3.3 

3.3 

39,10 

",9,10 

8,9,IC 

18 

1d 

2u 

2u 

23 

23 

1! 

25.7 

25.7 

2b.7 

39.1 

39.9 

41.3 

46.6 

50.7 

S4.d 

59.0 

2d5C2.55 

Z8502.55 

-M502.55 

28507.35 

u512.35 

28527.35 

18551.35 

28575.00 

28599.35 

28623.55 

90 

90 

90 

120 

120 

120 

120 

120 

120 

120 

2.i 

225 

22i 

22i 

22i 

221 

225 

22i 

22i 

22i 
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According to our results, when the quality of
 

the dispensary and the hospital are the same (l.
 

K(1)=K(2)=3), dispensaries are selected for O(d),
 

B(9) and 8(10). The results remained the sane
 

when tne quality of the hospital was 1.16 and 1.33
 

times better than the dispensary. In all three
 

cases tne value of the objective function was
 

28502.55 and the percentage of people covered by
 

medical services was 25.7 per cent.
 

When the quality of the hospital was 150 

percent and 167 percent better than the 

dispensary, a hospital was selected for location 

8. Here the number of people who survived 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 wzis chosen. As shown in-Table 6, the
 

number of people who survive ranged from 28527 to
 

28599. Similarly, the percentage of the 

population covered ranged from 41.3 to 54.8 

percent. 

http:28502.55
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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 covere, 59
 

percent.
 

A close examination of the results for the
 

first three runs indicated that In all instances
 

the three most populous locations in the region
 

were selected. With respect to the cholce of
 

hospital, the first location chosen had the
 

largest population. However, as 
 differences
 

between hospitals 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/D(I,S) and (b) K(I)--FOR I=1 and 2. Wnen
 

the value of K(I) is high, that is, when one type
 

of facility is far superior to the otner, the
 

proportion of people attending that facility would
 

also increase. Thus, as 
the quality of a facility
 

increases, there is a shift away from the location
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with the higher population to the one that otfers
 

greater coverage of the region's population. Tals
 

Is borne out in Table VIII-7.
 

wttn respect to the constraints, it can be
 

Observed that the most iportant of then is not
 

the resource constraints, but tne proportion of
 

people attending a facility--that is, the sum of
 

the A(IJ)'S. Because we established earlier tnat
 

no more than IDO percent of the people tros a
 

region can attend a facility in the same Location
 

and that the sum of the A(I,J)'S can not exceed 1,
 

only one hospital can be chosen. it is tais
 

constraint, and the above influences that 

determine the selection of a location for a 

medical facility. 
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