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A CATALOGUE OF IEALTH SECTOR ANALYSIS METHODS

The two purposes of this catalogue of health sector analysis methods
are: (15 to present a selection of past analyses of components of the
health sector; and (2) to evaluate these analyses in terms of their ability tu
illuminate choices on three levels:

a, the facility of the analysis in identifying choices in

applying scarce resources among competing objectives,

activities, or strategies;

b. the evaluation of the consequences of alternative decisions

in general terms of health, economic improvement, and cost; and

c. the preferredness from among the alternatives, given the

available quantity and quality of information, skills, resources.

These criteria are applied in settings widely varied as to the ability
of successfully undertaking such studies as well as applying the results.
Thus, the catalogue aims to identify weaknesses where they cxist and offer
some remedics. The reader is referred to cited literature where specified
problems are analyzed and where specified teciniques are applied. This
catalogue does not serve as a "cookbook" for directly solving health sector

problems, but aids the reader to references where others with similar problems

have tread ground.



INTRODUCTION

A, The'chpe of the Catalogue

“""“The:catalogue begins by discussing the boundaries or. constraints in
utiliziﬁg”ﬁu&ntitative methods and techniques. " The subjective nature:of
broad, ‘national health planning choices and strategies limits the role of
quantitative analyses for these purposes. Program budgeting applications
are described in both the developed and in the developing country setting.
Also, examples of cost-effectiveness analyses are offered for cholera and
malaria.
| At the "management' levels of health sector programs, forecasting
and operations-research techniques are described. Examples are offered of
identifying and organizing of data into information, and the analyzing and
managing this information into description and pfescription of health sector
decisions. The examples are concerned with health resources planning in terms
of forecasting demand for services with the applications oriented to the
developed country but transferrable to the underdeveloped setting. Methods
included are timeseries analysis, regression analysis, simple population and
utilization projections, queuing and inventory theory, and netwo&k analysis.

Analyfic or optimizing models include mathematical programning

(linear and dynamic) and Markovian analysis. Allocation models are discussed
for decisions dealing with tuberculosis, allocating personnel, moving patients,
and two environmental health examples.

B. The Nature and Context of Choice

Health sector analysts face analogous problems regardless of the

resources available or the organizational level utilizing these resources.

.



The major task is arriving at decisions about choice - choices of what can be
done as well as how to do it. The analyst's rnole is to assist those within
governments and organizations in reflecting on the consequences of these
decisions in a constantly changing énvironment.

A critical common concept of quantitative techniques for health planning
is that of economic or opportunity cost. This is the cost consequence of a
decision or choice - that is, the benefits of foregone alternatives. The
analytical techniques are designed to specify alternative courses of action
and to compare their consequences. Some approaches include optimization criteria,
while others are limited to developing a framework for comparison, while the
evaluation of preferred alternatives is done externally to the model by
""decision makers" or the '"political process",

One common problem is coping with uncertainty. Uncertainty is knowing
that one doesn't know what must be known about the risks involved in alternative
decisions. The purpose of this catalogue is to describe available analytic and
statistical tools and methods which can offer informed information to improve
the decision making process. The analyst's role includes reducing uncertainty,
identifying risks, and estimating the implications of uncertainties that remain.
The application of rational calculations, systematic modeling and operations
analysis is only just beginning to be used in coping with uncertainty in
national health planning.

Information about the consequences and effects of past and current
programs and policies is usually poorly known. Finding this information is
difficult, time consuming, and thus costly. The range of availability is from

"information overload" - a mire of data, unformated and fragmented - to complete



ignorance. Obtaining new information is a second way of trying to cope with
UHQGIFPiFtY-; Buildipg in expgctatioﬁslof uncertainty ("business cycles are
normal", '"nothing is sure but death and taxes") and spreading the risks
(insu;gnqe) are two additional ways to cope with unce;tainty. Thus, the
range of avoi&ing unéertainty is»f:om ignoring the issues that lead to it
. to translating the situation into a risk situation. A risk sitqation is
differentiated from an uncertain situation when one can estimate the probabilities
involved. Risk choices are based on the probability-based expectation that
théngs will go one way rather than another.1

The nature of the choice decision limits the successful application of
analytic and statistical techniques, Strategic decisions used in national
policy guidance generally have wide-spread incommensurable ramifications.
Objectives are often hard to specify, let alone,‘quantify. Most techniques
- generally included under the general term, "systems analysis" - are limited
to the extent of trying to classify the uncertainties in the factors on which
the action can be based. Assignment and maximization of values of these factors
are also sought., Health sector analysts here attempt to understand, for example,
relationships of resources devoted to health to resources devoted to general
social and economic improvements. Model building aids in this classification.
Mos;;modeis assume ratinnal behavior of men and events. There is generally a
gap in_scientific knowledge; the analyst can offer bold conjecture, undertake
substantive research or abandon the problem. Hié tihe, skills and financial

constraints often decide which course will be taken. Obviously, reducing the

v

, lD. Michael, "On the Social Psychology of Organizational Resistances
" to Long-Range Social Planning", I.E.E.E. Transactions, Vol, 2, No. 5, November
1972,



uncertainty between values and objectives can't be solved by '"techniques"
-alone. Because of the limitations due to uncertainty and socio-political
constraints, -systems analysis will always fail to include the problem (under
study) -within an "analytic formulation'.

Managerial-Operational decisions, on the other hand, are generally

narrower in scope and have a narrower range of consequences than strategic
decisions. The issues are generally sharper. The narrower the scope of an
operation, the greater is the likelihood that all of the consequences will be
commensurable, sometimes in terms of money. More techniques are available and
are gencrally included under the generic term "operations or operational
research'. Reinke1 defines operations research as any formalized quantitative
analysis whose purpose is to improve efficiency where "efficiency" is defined.
Most applications are at middle or low levels within an organization. The
clarity of objectives, the relative simplicity of relationships, and the
availability of technical knowledge and statistical methods are possible reasons
for its success. Decisions at these levels frequently concern matters that
have short time horizons - often all consequences are practically immediate.
Operations research is best adapted to dealing with routine, semi-technical,
quantitative problems. It is easier to ascertain the objectives of a specialized
clinic than a comprehensive national health strategic plan.

C. The Planning Process

All of the methods and tools to be discussed fall within a technology
of.planning. The process, ideally, flows from problem identification to

analysis to objective setting to implementation to evaluation. Analysis includes

lF. Grundy and W. Reinke, "Health Practice Resources and Formalized
Managerial Methods', Public Health Papers #518, World Health Organization,
Geneva, 1973,



“the fdréCAStingldfrrelévant and ‘desirable’futures based on "what is";'andan'-
 appréisa1wof alternatives plans by tracing pertinent benefit and cost consequences
within:'the direct operating ‘environment: (for example, the health sector), and
6utside the direct operating envirdnment'(for,example; the-national economy) ,

YiksFrom:analyses“flow§‘objectivc:set;ing. Ohjectives are process guides

- street’signs rather ‘than rigid end points. There are generally two types of
objectives ‘one may have (Reinke) - those:that retain things of value (input
minimization) and those that 923212 things of value (output maximization).
Concurrent high output and low input-is impossibly ambiguous. From objective
setting flows implementation:or the ‘laying out of sequenced chains of actions
that-define the plan. -From implementation flows evaluation with allowance for
feedback. A similar description of the plarning process consists of three
linked functions ---"planning", "management', and "control", Thus in the
planning ‘phase, one-faces:choices of objectives, choices of alternatives, and

‘choices of criteria to select preferred alternatives. Within "management" there
are’choices of obtaining resources, and searches for obtaining and improving
mehtodébof%productivefefficiency, task definition, skills and motivation improve-
ment;.and organizational structural.changes necessary to implement programs and

“:rpolicies. The "control" function includes the monitoring and evaluation

necessary as feedback to thé~"planning"»phase.

Thus, the process within the analysis phase is generally one of
diagnosis:- assessing the relative significance of ;problems, their functional
:eiétidﬂships, and searching for and appraising alternative means to mitigate

lﬁhthgﬂproblems~while recognizing the‘coﬁstraint54andflimitatiOnS>of obtaining and

~utilizing resources within the poiitical-economic-cultprgl“f:gmework.



‘ If suc;gssfﬂla tbe plaqning procoss will reduce unéertéigﬁy about the
likely effect of possible outcomes, Techniques of research invb;vé sﬁatisfical
_analysis and forecasting, epidemiological and social surveyS, a;h fo a iimit;d
extent,.field‘experiments and controlled trials; Resulté are often s&nthesiied
in a model, almost alwaysvdescriptive and partial. The processes are essen?ially
geared to searching for choices for the productive use of resources in imple-
menting policies and programs. If succéssful, the unéertainty of the linkage
of the societies' values and objectives is reduced. The uncertainty of the’
éffect of one decision on another is reduced. Techniques of choice include
cost/benefit and related analyses, attitude surveys, and program budgeting.
Organization management tools, for the implementation phase, include work
study analyses, network analyses, and cost analyses.

Many systematic analyses fail because of the following reasons offered
by Reinke: the analyses are of poor quality, they were not geared properly to
the needs of the decision maker; decision makers have preference for "intuitive
reasoning'; programs could be justified that don't need support; poor cooperation
of analysis and operational departments; and lack of feedback to the analytic
team. In addition, analysts frequently have failed to take into.account the
interrelationships between planning and implementation.1

The criteria for success would therefore seem to be in methods and
techniques which (1) are simple to understand, described ir. practicable terms;
(2) interact with each other (the budget as a tool, along with simulation
studies of the ''what-if,..?'" nature, and allocation techniques); (3) are

didactic, and (4) are of reasonable cost.

1Walter Williams, Social Policy Research and Analysis, Robert Levine,
Public Planning, and D, Ewing, The Human Side of Planning.




_ As a general rule, the planner uses the best technique for which he
has data; subJect to hls Skllls and budget. For example, a timeseries analysis

PURTEN
SR T E

enables the descrlptlon and pred1ction of the future value of any one varlable,

p.r,-e,;
s

if the process can be regarded as progre551ng in time. However, if more infor-
ﬁmatlon is avallable about the nature of the process, mu1t1p1e regre551on
3techn1ques may employ several d1sparate variables 1nf1uenc1ng the process.
Tnas may produce more accurate descr1pt1on and prescription, If these are the
only two methods considered, the cost "tradeoffs" are between information
availablllty, elegance, and analytic capability as well as the amount of error
one can live with. Obviously, the greater amount of information available
expands the range of utilization of several techniquee. The more techniques
used, the more certainty is attained, assuming the reliability and validity of
the information.

From an economic standpoint, "elegance' can often be appropriately
pursued. Any technique is appropriate whenever its use results in changes in
system improvement by a larger dollar amount than it costs. For example, if
forecasting bed oemand at $50,000/bed, substantial sums are justified to
improve the accuracy of the forecast.

Four areas of settings are described in which to apply these health
sector techniques -- national, regional, single facility and single program.

The second section of the manual covers the arena of national health

‘ policy formulation replete with its seemingly overwhelming number of approaches
to improving resource allocation. Yet, basic commonsense is required to

identify the critical information needed by the planner. Program budgeting



techniques aid in problem idéntification, crude cost estimations of existing
serices, and professional education relating to the utility of "alternatives
specification" as well as thinking in terms of relevant outcome measures. The
fixed budget approach is relevant in developing nation settings even where only
crude cost estimations are possible. As the costing of resources utilized within
and between the health sector and other national programs also competing for scarce
resources improves, the rationale for healq? programming becomes more apparent.

Cost-effectiveness techniques are often allied with the theory and
practice of program budgeting. In health-sector planning, the common problem
involves the formulation and specification of output measures and their
relationship to inputs -- what we get in payoff for what we do with our resources,
Clearly, the techniques are simple, the areas of potential application are great,
and those with sufficient skills (mainly a question of orientation) are growing
in numbers. Univer;ities can play a major role in performing cost-effectiveness
analyses for host countries, as well as for funding institutions and governmental
agencies,

Section III is concerned with the analysis of regional health systenms,
Here, the traditional methods of "single-facility" planning are amplified to
include not just the evaluation of existing facilities and estimating future
bed needs but the questions of branching of services, such as clinics, the
sharing of services, the location of hospitals and services, and the allocation
of resources between these hospitals and services. The techniques used are
derivéd'fromsimpleto advanced statistical analysis, basic cost analysis,
sphtial’teéhniqués derived from geography theory, and economic analysis as the
scope of the problem goes from simple description to regional optimization and

simulation studies.
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S1mp1e stat1$t1cs arewutlllzed71n evaluat1ng ex1st1ng fac111t'e5’

forecast1ng of future bed needs can 1nvolve more. advanced stat15t1ca1 analys1s

T 3
uxh RN LS

such as regre551on and t1me ser1es ana1y51s.h The ana1y51s of branchlng and

O O AT

’onomies of scale., Cost analys1s con51sts of 1dent1fy1ng dlscrete resource
cost elements (often 1n un1t terms) and then value1ng them 1n monetary units,
Total costs or expendltures are the~product of un1t costs t1mes the quantity
used, The locatlon of hosp1tals and services can employ gravity models derlved
from 51mp1e phy51cs and geograph1c theory Value1ng travel costs 1nvolves_
. economlc assumptlons of ‘the value of the t1me consumed 1n trave11ng. Cost-
effect1veness ana1y51s is also employed 1n reg10na1 plannlng in offer1ng
preferences for ch01ces of serv1ces and fac111t1es relatlve to locat1on and
populatlons served

Section IIT is also concerned with the planning for and management of
sinsle facilities and agencies. Here the operations research tools come into
usg: . Thelr applicebility is agaip dependont on dsta availability and
facilitative skills. While the use of operations-zesesrch is incressing, its
valueagndhlmpact‘has_beengllmited., Erudite models that havehlittle meaning'are
;yglvenqlomkpriority by health administrators and are seldom implemented What
is called operatlons-research is often degenerated to mathemat1cal mode11ng
exercises.. The problems under attack have not been well formulated, the
objective functlons .are often na1ve1y constructed and effectlveness measures,

sub optimal Quantitatzve variables are con51dered prime while behavioral
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yﬁf{éﬁi§§5ate’négiqéted; Politically and socially infeasible alternatives

| éfefgﬁﬁ%idergd.ip»thg feasible set,

| ' ??§3feégsting techniques are used within this arena with most applications
| iﬁVQlViﬁg”&éqah& analysis. Variations in cost (resource use) and efficiency
pfoﬂiéﬁéférefaiso studied. Again, large quantities of data are required to
dcﬁﬁifela”reasonable sample size at reasonable cost.

The final aiea is concerned with single program management. The
analyst has an array of management tools such as network analysis techniques
(PERT, CPM), an§ evaluation techniques to determine the efficacy of program
accomplishment. As individual programs are generally administratively linked,
{or funding from a common source) successful future cost-effectiveness analyses
depend on concise structuring of individual program inputs, costs, and basic
output measures -- the major task of each individual program manager.

In summary, the successful analyses matches the purpose of the study
with the best information feasibly obtainable. Elegance of myriads of
computer output and esoteric statistical tests, and the gathering of data

into expensive information systems is costly and generally avoidable.
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II, PLANNING THE ANALYSIS OF HEALTH SECTOR PROBLEMS

A, . Cost-effective and Ccst-benefit Analysis

The concepts of cost-effectiveness and cost-benefit analysis are surveyed
in three discussions by Grossel, Uemuraz, and Davis? The latter two studies
are prefaced by a discussion of structuring the analyses of specific disease
oriented health sector problems.

The Grosse paper describes concepts of economic analysis employed in
cost-benefit or cost-effectiveness analysis. Descriptions of two studies con-
ducted at the U.S. Departmént of Health, Education and Welfare illustrate
problems of estimating health prrgram costs and benefits for use in improved
budget making and legislative proposals. A third example considers '"program
budgeting' involving a current national (Indonesia) health program. An attempt
is made to link resources to program objectives and accomplishments. Programs
are categorized in three groups - designated priority health problems, medical
care delivery programs, and support programs, with principal outputs offered for
the first two, and costs for all three (over five years). As the total costs

exceed estimated total budgets, several mixes of programs, of approximate equal

1R. Grosse, Economics, Health Programs § Program Budgets, Seminar
on Modern Management Approach in Health Administration, World Health Organization,
Cairo, Oct., 1973.

2K. Uemura et al., Epidemiological Model of Cholera - Its Uses in the
Planning of Control Programmes and in Cost-benefit Analysis, W.H.0, Interregional
Training Course on Cholera Control, Malaysia, Oct., 1971.

3. Davis et al., Malaria Control Program of Indonesia, U.S.A.ID,
Indonesia, July, 1972, -
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and lower value are offered.

Two disease-oriented analyses are discussed after a summary
description of the logical process of disecase control planning.

Different approaches to identifying and valueing benefits are
offefed in the cholera and malaria examples. A computer simulation model
of cholera is utilized to choose alternative preventive and therapeutic
strategies based on valueing reductions in hospital resource needs.
A limited cost-benefit analysis is presented. The approach
is applicable in endemic (pervasive) and epidemic (explosive) situations
relying on the accumulation of historical data in a variety of settings.
Sometiﬁes, arbitrary averages have to be utilized with reliance on
expert groups and individuals for information.

The process traces the natural processes of cholera based on
past history. Next, the analysis estimates the effectiveness of pre-
ventative (vacines and/or sanitation) and curative measures in terms
of population coverage and duration. Costs are developed for alternative
strategies, and criteria for benefits are chosen. The structuring of the
model is then complete and simulations can be performed testing the
assumptions and their sensitivities. .

The malaria control example more broadly defines possible
benefits accrueing to a spraying control program in various sections of
Indonesia. The benefits are valued in economic terms of avoidance of
furture prevention, treatment, or rehabilitation from disease, and the

decreased effects upon labor productivity of illness or premature death.
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EXAMPLE 1
- ECONOMICS, HEALTH PROGRAMS AND PROGRAM BUDGETS

: + .Robert N. Grosse
School of Public Health
The University of Michigan
Séminar'on-Modern Management Approach in Health Administration

World Health Organization - Regional Office for the Eastern Mediterranean
N SRR Cairo, U.A.R. -~ 4 October 1973

Pe;haps the single most importaht concept of economics is that
of coét. v%ﬁé.ﬁéaning of cost, in é géneral sense, is that of sacrifice.
Webster's Second International defines cost as "...whatever, as labor,
self-deﬁial, suffering, etc., is requisite to secure benefit,"

In economic analysis, as employed in cost-benefit or cost-
effectiveness studies, costs are benefits lost. They are the result of
a decision to forego benefits that could otherwise be obtained. What
we decide to do has as its costs those goods things we cannot achieve
because of the decision to apply our resources in a particular way.1
The interesting moral question is not to distinguish between good and evil, but
rather to choose among different goods.

A decision to invest more of society's resources in health programs

means that less will be invested in education, housing, transportation,

national security, space exploration, or private consumption.

1For good discussions of economic cost, see James M, Buchanan, Cost
and Choice (Chicago: Markham, 1969); R. H. Coase, "The Nature of Costs," in
Studies in Cost Analysis, David Solomons, ed. (Homewood, I1l,: Richard D.
Irwin, 1968), pp. 118-133; and Robert E. Bickner, "Concepts of Economic Cost,"
in Gene H. Fisher, Cost Considerations in Systems Analysis (New York:
American Elsevier, 1971), pp. 24-62.
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The costs of the addition to health programs are the foregone benefits from
the best additions to these others. Whether the cost is worthwhile depends
on our values and on our ability to estimate and evaluate the benefits from
the various alternatives,

In deciding how best to use resources in the field of health, the
cost of an investment in research or hospital construction may be the
benefits foregone in extending access to current health services. The
c;st of saving lives by expanding a tuberculosis control program is the
lives tﬁat might be saved by expanding a cervical cancer program, if both
cannot be done because the available resources are limited.

Ivan Illich has put this concept forcefully in regard to moderni-
zation:

"Each car which Brazil puts on the road denies fifty people good
transportation by bus. Each merchandized refrigerator reduces the chance
of building a commumity freezer. Every dollar spent in Latin America on
doctors and hospitalé costs a hundred lives... Had each dollar been spent
on providing safe drinking water, a hundred lives could have been saved."2

If, then, the costs of a decision are those things we most prize -

human life, reduction of suffering, enhancement of the quality of life,

2Ivan D. Illich, Celebration of Awarencse (New York: Doubleday,
1970), p. 163,
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prote¢tioﬁ¢6¥9fﬁé%depéﬁdentéthen'cbnsideratiqn‘of:such,costswshould be a
serious elémentﬂinTSUCh'decisiOns.ﬁ

Theé “cost of ‘saving a human life is not to be .measured in dollars,
but rather in terms of altérnative lives to be saved or other.social values
sacrificed. A dramatic battle over the costs and benefits of alternative
allocations of health resources took place in China in the past few years.
A decision to shiff physicians, nurses, and sanitarians to rural areas had
great consequences in benefits lost to urban centers and to health pro-
fessionals.3

If the concept of economic cost is such a desirable one to apply,
is it difficult in practice to do so? Of course it is. One difficulty is
that the benefits we compare are measurable only in very different dimensions.
Health programs may have as ultimate benefits the reduction of premature
death, reduction of disabling conditions, reduction in suffering, ability to
function better socially and at given tasks. Resources expended on arthritis
control may reduce pain and disablement, but will have little effect on
mortality rates. Other programs, such as the artificial kidney or heart

transplants, may have their primary effect in postponing death.

3Descriptions of events and issues are in various issvas of
Current Scene-Developments in Mainland China: '"Mao's Revol:tim in
Public Health," May 1, 1968; '""The Mao-Liu Controversy ovnr Fural
Public Health," June 15, 1569; '"Public Health Developmenzs - fion-
tinued Focus on Farms," December 15, 1969,
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When we consider measuring health program costs in their effects
.on programs forggone in education or housing, the dimensions of benefit
are even more difficult to compare.

The inability to measure benefits in commensurable units does
not mean that costs (foregone benefits) cannot be estimated and
compared. It does mean, however, that judgments and political pro-
cesses must be used to make the choices. Cost analysis makes these
d;cisions better informed, so that we know more about how social
values may be best realized.

In the search for commensurability, attempts have been made to
reduce benefits to a common denominator, usually dollars. But
agreement on dollar values is unlikely.

The problem of incommensurability is only one in a long list
of measurement difficulties. We lack knowledge of the outputs or

" benefits of past and existing programs and projects, let alone those

of future programs wﬁich may be foregone. But if we recognize the
necessity for cost (and therefore benefit) information, then we may

put a higher value on evaluation and analysis of programs. The development
of production functions to give us greater insight into relations among

resources, techniques, and outputs is a high priority item for better

decision-making.4

4The relation of analysis and political decisions is well discussed
in Charles L. Schultze, The Politice and Economics of Public Spending
(Washington: Brookings Institution, 1968), pp. 55-76.
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~To illustrate ‘some’ of » the problems of: estlmatlng costs and, benefits
‘of health programs,.as.well.as their use:in.aiding budget declslons and
legislative proposals, two studies done at the U.S,thpartment;gfkﬂeg;th,i'
Bducﬁtion ‘and'  Welfare in the late 1960's are summarized.

Disease Control Programs

One of the first analytical studies at the Department of Health,
Education, and Welfare was on disease control programs then under way,
Considerable work had been done during earlier years in estimating the
economic costs of particular diseases. Among the best known of these are
Rashi Fein's Economics of Mental Illness, Burton Weisbrod's Economice
of Public Health (in which he estimated the costs of cancer, tuberculosis,
and poliomyelitis), Herbert Klarman's paper on syphilis control programs,
and Dorothy Rice's studies covering the international classification of
diseases. A generation eariier, Dublin and Lotka's classic study explored

“the impacts of disease and disability and their relation to changes in
earning power. The'economic'implications of disability were, of course,
a matter of central interest in the area of workmen's compensation in-
surance. It was not surprising, then, that when systematic quantitative
analysis of government programs and policies began to spread from defense
to civilian applications, one of the first analytical studies was a study
of disease-contre] programs,

HEW supports, or could support, a number of categorical diséase

control programs whose objectives are, or would be, to save lives or to
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prevenf diﬁgﬁili%yjﬁy controlling specific diseases. The study was therefore
an atteﬁptl%dianswervthe question: If additional money were to be allocated
to di;eaﬁe'control programs, which programs would show the hiéheét payoff in
terms of lives saved and disability prevented per dollar spent? The study
defined disease liberally. Motor vehicle accidents were included, together
with tuberculosis, syphilis, cancer, and érthritis.

These programs are not research activities but those in which a
technology exists, and the problem is whether to put the same, more, or
fewer federdl funds behind these control programs to support activities in
hospitals, states and communities. The question addressed is where to al-
locate the resources available for this purpose.

TABLE 1—~CaNcEr CoNTrOL ProGmAM

. 1966-1972
Uterl,
C‘:rv/'llxe Breast Htl‘igci“d feoclto\?l;l
Grax;t ti:mds total .
ousands of dollars) $§97,750 17,750
Number of examinations ; $13.250 313,300
c (l:: thouu.nc!s) 9,363 2,280 609 662
08t per examination $10.44 7.79 .
Examinations researched s $21.16 32010
per case found 81.5 167.3 620.2
Total cases found 107,045 13,628 982 15340
Cost per case found $913 §1,302 $13,493 $9,970
Total deaths averted 44,081 2,936 303 288
Cost per death averted $2,217 $6,046 $43,729 $46,181

Soumce: T'ie Analysis and Evaluotion of Public Expenditures: The PPB §
b i . O, -
gress, Joint Econon'ﬂc Committee, Subcommittee on Economy in Government, yl;g, U §- Con

Table 1 illustrates the approach to one set of diseases, cancer.
HEW looked at cancer of the uterine cervix, breast, head and neck, and

coion-rectum. Estimates were made of cost per examination and the probable
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ﬁﬁgEg;&Oﬁ%gxgq%gytigpﬁitkgy wqg;ﬂdpgﬁ;eqpireq‘fo? each case found. From this
wés‘égﬁﬁggqhqhéjnqﬂbq;rgf\ggsgs that would be)fognﬁlqu a given expeﬁai;ure
ieve;,gapgug§tima§g§foprhgﬁcgst per case found. An éstimate4wgslmad; §f

the number of deaths that could be averted.by}thé trgatheﬁt following the
detecgin;Qgﬁtbg cgpcg?, and then the cost per death averted was calculated;
this ranged from about $2,200 in the case of cervical cancer up to $40,000

to $45,000 in the case of head-and-neck and colon-rectum cancer.

'DEATHS AVERTED PER DoLLAR EXPENDED FOR VARIOUS HEALTH/SAFETY MEASURES
FIGURE 1—CANCER PROGRAMS

“1so - . T
Colon-Recmlm
) Head & Neck |
128 I
Breast

i /////////'-
78 ' <
' Uterine CV
,f Aff""‘
50 / ,
L

as
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- On_the vertical axis of figure 1 are plotted the program costs; these

include the cost of the treatment in addition to the federal detection program.
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On the horizontal axis, estimates of deaths averted are ordered by the increase
in cost per dedth averted in each program. Segments of the cufve identified for
each diseage cover the extent of the program which it was estimétéd could be
mounted in the years 1968-1972 before running into sharply increasing costs.

In concept, the cervical cancer curve is cut off where costs become higher than
the breast cancer program, and so on. From this analysis one might say that

if there is available only $50 million, cervical cancer shouid get all the
funds. If we have $115 million, then breast cancer control programs look

quite competitive. Head and neck and colon-rectum cancer detection as subjects
of major control programs did not look attractive when viewed in this context.

The analysts recommended that these programs concentrate on research and

development - FIGURE 2—Cancer Procrads CoMPARED 10 OTHER PROCRAMS
600 T Y
Colon-Rectum Cancer
Head & Neck Cancch
500 Tubﬂculo:f.ri
400 l ~
- Syphilis
300
Driver License
Breast Cancer
Lung Concer
Alcoholic Driver
L~
Cervical Cancer /
100
*Moror Vehicles
§ Al ‘

0 10 20 0 40 50 60 70 80 90 100 110

Horisontal: Deaths Averted—in thousands Vertical: Cost in millions of dollars
Source: See Table 1. *Includes programs on use of seat belts, defensive driving, and
reduction in pedestrian injuries.

The same kind of analysis was performed for each of the other,

non-cancer programs studied (figure 2). There seemed to be a very high
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potentlal”'a‘off for certaln educatlonal programsfln'motor veh1c1e injury

SR

prevention. trying to persuade people to use seatbelts, not»to walk in:front

of a car, and s0 on. And then as we move up thlS curve agaln ordered by cost v

of avertlng death we begin addlng the others.

g ST

.

Thzs partlcular cr1ter1on, deaths averted, was not completely satlsfactory.
The number of fatalities attrlbuted to arthrltls was neg11g1b1e, and so is not B
shown. Secondly, there was the question, did it matter who d1ed? D1d 1t matter
whether it was a thirty-year-old mother or a forty-year-old father of a family or

a seventy-five-year-old grandfather?

FIGURE 3—DoLrag SAVING v CANCER PROGRAMS COMPARED TO OTHER TREATMENT PRocRAMS =~

600 Colon-Rectunt Cancer
Head & Neck Cancer
Driver License
Tuberculosis
500
Blmm Ca'ncer y
Lung Cancer gx
400

<
Cervical Cl'anur /-
300 - (

200 - Syphilis, 1/ o

1004y Alcohol Driving ,/4
. Arthritis &
Motor Vehicles

l Al

1 .
O v 2 3 4 s 7, 8 9 10 n 2

Horizontal: Savings in billions of dollcrs
Vertical: Program costs in millions of dollars
Sounce: See Table 1. A LIy
‘}ngudes programs on use of seat belt.s. defenslve driving, and reduction In pedestrian
injuries

On Figure 3, dollar-saving totaling the avoided medical treatnentS'and a crude

estimate of the average (discounted) lifetime earnings saved are plotted as a
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variable in place,of, deaths, averted. : There, are two,changes, in results: . Cervical
cancer and, syphilis, control programs change, places in:priority, order;, and we are
able to introduce, the arthritis program. .. .~ .. ' |

;,Jﬁpseﬁstgdiés we:e;nptEgreated»with.un}verspl.acCIaim, .Criticisms‘fbgused
on a number of problems. First, with«almost,no,excgpfipn,theéponclusionslwere
based on.average ;elationships; .That is, the total benefits were divided by the
total costs.

. There was little evidence of what the actual impact of increasing
or decreasing programs by small amounts might be. If we actually believed
the average ratios to be valid. at the margin, oﬁght we not to put all our
funds into the program with the highest benefit-cost or deaths-averted-per-
dollar ratios?

Let me illustrate with a h}pothetical example of how such marginal

information might be used to determine the preferred mix of disease control

programs. Assume that we can determine, as in tables 2 and 3, the number of

TREATMENT CoSTS COMPARED

TABLE 2 TABLE 3
Diseas:
EA | EXPENDITURE Lives SAvED
EXPENDITURE Lives Savep . $1,000,000 0n Disease A 465
$ 500,000 $1,000,0000n Disease B.................270
! 000,000 ...... RRTEETRPS 360 . $500,000 on °
,000,000.....5........ 465 $1.000.000 m'umA..scol
Disease B o SSOD(:OOOO?; 200 J ......... 560
$ 500,000............... 200
1,000,000............... 210




., l;

lives saved by d1fferent expendltures on dlsease A and dlsease By

If we ‘knew' only the effect(of%spendln :$1“miIIioﬁ;‘wé'mihht‘dpf
for a program where a11 our money went toward’ contr0111ng disease“A, by
* WHicht ‘we ‘could ‘savé 465 1ives: ‘instead of ‘the: 270 saved ‘if we ‘spent it all
on disease-B. Similarly; if we'kheW“dn1y5thE‘effééts of'prdérams‘using‘

a half million’ dollars,' we would’ probably pfé’fei ‘A, ‘as we would save 360
rather than only 200 lives.

But if we knew the results for ‘expenditures of both a half million
dollars and $1 million in each program, we would quickly see that spending
half our money in each program was better than putting it all in one,
assuming we have $1 million available,

r0R HyroTEETICAL DIsEASES
TABLE 4

Diszasz A -

ExpENDITURES

TABLE §

—_— —
—_—

ExPENDITURE Lives Savep

860(?,000 on

Disease A. .400

$1,000,000 $400,000 on . 1]
Disease B..170
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But suppose we had still more discrete data, as in table 4, which
gives us the effect of each hundred thousand dollars spent on each control
program. We could then spend the million dollars even more effectively,
as in table 5.

The lack of marginal data resulted from both a lack of such data for
most programs and a lack of economic sophistication on the part of the Public
Health Service analysts who performed the studies. Despite the theovetical
shortcomings, the results were useful when applied with some common sense.

Practical obstacles of existing commitments made it almost im-
possible to recommend reductions in any program. So the decisions dealt
with the allocation of modest incfements.

In the case of oral and colon-rectum cancer, the average cost per
death averted seemed so high that the department recommended emphasis on
research and development rather than on a control program to demonstrate
and extend current technology.

In cervical cancer, investigation indicated a sizable number of hospitals
in low socio-economic areas without detection programs which woulq be
willing to establish these if supported by federal funds. The unit cost of
increasing the number of hospitals seemed to be the same as that of those
already in the program. Shifting the approach to reach out for additional
women in the community would increase cosis per examination but not so much
as to change the relative position of this program. At most, it raised

costs to about those of the breast cancer control program.
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:&Despitettheﬁseeming1y~highupotentia1 payoff . .of some of the motor
vehicle programs;*there»wasﬁconsiderableruncertainty-about the success, As
a consequence, recommendations were for small programs with a large emphasis
on evaluation for use in'future decisions. The same philosophy was applied
to the arthritis program.

Programs were classified into categories by relative pay-

off (deaths averted; savings) and certainty of result.

FIGURE 4—ProcrAus CLASSIFIED BY
MaoNITUDE AND CERTAINTY OF RESULT

" Pavy-orr
Hicr Low
Cervical Colon-rectum|}
Cancer Cancer
Hicn | syphilis Head and
Neck
CERTAINTY Cancer
: Motor Heart
Low| Vehicle Transplant
Education
Arthritis

Thus, a matrix of four possibilities might be drawn, as in figure.4.
Some of the programs falling within these.possibilities are inserted for
illustration.

In programs for which the pay-off looked very good, and with relative
confidence in the calculations, recommendations for substantial increases in
funding were made. Where the pay-off looked high but was rated with

considerable uncertainty, as in educational programs to stimulate use of
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restraining devices in automobiles, modest funding was suggested with
large evaluation components to buy more information. Where results looked
relatively poor, it was recommended that no additions to program be made,
and that investment might better be Placed in additional research to
develop improved screening techniques, epidemiological knowledge, or
therapy.

The analyses and recomﬁendations were fed into the decision-
making process, which also considers existing commitments, the political
situation, feasible changes in the rates of spending, the ability to get
people moving on programs, and so on. ,

What resulted, then, was a setting of priori#ies for additional

funding, based on the analytical results, judgment aéout their reliability,
and practical considerations. !

A second type of criticism of the analysis described above
was concerned with the. criteria, especially the calculation of benefits.
They were considered inadequate in that they paid attention to economic
productivity alone, and omitted other considerations. In particular, they
were thought to discriminate against the old who might be past employment
years, and women whose earnings were relatively low. It was also feared that
the logic, if vigofously pursued, would penalize not only health programs for
the aged such as the newly launched Medicare, but also programs aimed at
assisting the poor, whose relative earning power is low by definition.

In actual practice in the programs studied, these concerns were

only hypothetica;. The programs for cervical and breast cancer, limited,

of course, to women, seemed to be good. As for the poor, most of the
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programs considered,” ‘especidlly cervical cancer; ‘syphilis; ‘and- tuberculosis,

were dirécted ‘primarily ‘at them, and projects were ‘usually located 0 serve”

low-ineome residents. = .

Another type of objection was raised not against the technique of
analysis, but against its being done at all. 'Choices among diseases to
be controlled and concern with costs of saving lives can be viewed as
contrary to physiéians‘ attitud;s in the care of an individual patient.

" Yet, such decisions are made analysis or no. Prior decisions on allo-
cations to various health problems rested upon a combination of perception
of the magnitude of the problem and the political strength organized to
obtain funding, as in the National Tuberculosis Association.

The disease control cost-benefit analyses suggest that additional
considerations are very relevant. Given scarce resources-and if resources are
not scarce, there is no allocation problem-one ought to estimate the costs
of achieving improvement in health. If we can save more lives by applying
resoﬁrces to a small problem-in numbers affected-rather than a large one, we

ought to consider doing so.

Maternal and Child Health Programs

' 'In regard to maternal and child-care programs, the stated goal was to
' maké’néédéd"mateingl and child health services available and accessible to
‘all, in particular to all expectant mothers and children in health-depresséd
areas. Health-depressed areas could be characterized as arveas with excessive
infant mortality rates. 'fhere is no universal index of good or bad health

among children. ‘Tvo measurable areas were selected: mortality, and the
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prevalence of chronic handicapping conditions. Over a dozen possible programs

aimed at feduéing these were examined.

TABLE 6—YranLy ErrecTs pER $10,000,000 ExpENDEL 1IN
HEALTH-DEPRESSED AREAS

CASE FINDING
COMPREHENSIVE PROGRAMS OF TREATMEN)
0,1,3,5,7.9
to age 18 toages years oflxe
Maternal deaths prevented 1.6 3
Premature births prevented 100-250 200-485
- Infant deaths prevented 40-60 85-120
. Mental retardation prevented 5-1 7-14
Handicaps prevented
or corrected by age 18:
Vision problems: All 350 195 3,470
Amblyopia 60 119 1,140
Hearing loss: All 9% 70 7,290
Binaural 6 5 60
Other physical haadicaps 200 63 1,470

Source: See Tahle 1.
On table 6, three selected programs addressed to the problem of coverage of
maternal and child health are illustrated, two of them comprehensive programs
of care to expectant mothers and children. This table shows the annual effects
of spending the same amount of money, $10 million a year, in different ways.
The analysts examined comprehensive care programs covering up to age eighteen
and up to age five, with cstimates based on the best assumptions derived from
the literature and advisers on the probabilities of prevention of. maternal
deaths, premature deaths, infant deaths, and mental retardation, and handicap-
ping conditions prevented or corrected by age eighteen. They also looked at a
program of early case-finding and assureq treatment which focused on children
at birth (aged four days) and again every other year until they were nine.
Expending the same amounts, the money yields different results depending on
wheré it is put, With respect to reduction of infant mortality, several other

programs had higher pay-offs than these. For example, a possible program
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of intensive-care units for high-risk newborns was estimated to reduce
annually 367 deaths if we '"put all our eggs in one basket"; this would
cost about $27 thousand per infant death prevented. The programs shown
cost about four times that amount, but they do other good things, too.
The HEW analysts also looked at programs with a given amount of
money aimed at reducing the number of children who would have decayed

and unfilled teeth by age eighteen (see table 7).

TABLE 7—ReDUCIION IN NUMBER OF CHILDREN wiTH DECAYED
TeeTH PER $10 MiLLioN EXPENDED

APPROXIMATE Repvcep

PopuLaTiON NUMBER OF
COVERED CHILDREN
TREATME Y (IN THOUSANDS) (I1¥ THOUSANDS)
Fluoridation alone 14,085 294
Comprchensive dental care with fluoridation 729 4“4
Comprehensive dental care without fluoridation 333 18

SOURCE: See Table 1.

Introducing fluoridation programs in communities which do not possess them,
will, for the same amount of money ($10 million), give us close to 300,000
fewer children in this condition, compared to the 44,000 or 18,009 fewer in
the other programs noted. Fluoridation iooks like a very attractive program,
It is so attractive that it could be inferred that a program as cheap as this
is not being inhibfted by lack of financial support by the federal government;
there are other factors at work.
One other program, additional funds on family planning, looked like
a very good way to reduce not only the number of infant deaths but also the rate

of infant mortality in high-risk communities.
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Despite the information difficulties, several conclusions emerged
clearly from the study. Two of these conclusions resulted in new legislation
being requested from Congress. First, it seemed clear that a program of early
case-findings and treatment of handicapping conditions would have considerable
pay-off. It was also clear that if the large number of children who do not now
have access to good medical care were to be provided with pediatric services,
an acute shortage of doctors would be precipitated. Ways havé to be found to use
meaical manpower more efficiently. The Social Security Amendments of 1967
include provision for programs of early case-finding and treatment of children
with handicépping conditions,

These condensed discussions of some of HEW's applications of cost-
benefit analysis tc disease-control and child health programs illustrate both
the usefulness and limitations of such analyses for decision-making. Issues
are sharpened, and quantitative estimates are developed to reduce the decision-
maker's uncertainty about costs and effects. Nevertheless, the multiplicity
of dimensions of output and their basic incommensurabilities, both with costs
and with the outputs of other claimants for public expenditure, still require the

use of value judgments and political consensus.

The two studies described are concerned with reasonably narrow health
objectives - control of specific diseases and maternal and child health. While
the bundle of concepts known as '"program budgeting" includes program analyses,
the problems of determining allocations to the many programs and objectives of
A Ministry of Health or of a whole society are not so conveniently handled.

"Program budgeting" is a term used to describe efforts to develop insight and
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information relating resources to program objectives and accomplishments.
We need to know the resource requirements of each program, the
accomplishments of each, and the relative social values of the program
accomplishments.

| There are numerous difficulties in determining these: Accomplishments
may be multiple for any one program, of different dimensions from program to
program, may be the result of more than one program, and may occur at a much
later time than the application of resources. Accomplishments may be unknown
and unidentified or difficult to predict. Accomplishments of changes in
programs may be unknown or highly uncertain. Costs of programs, of program
elements, and of changes in progfams, may be unknown or highly uncertain.

Given the unknowns and uncertainties, what can be done? The answer,
of course, depends on the particular situation - political, economic, and
social of each society, but some general guides may be helpful,

First, I suggest that we examine criteria for choice. Economic
analysis suggest four that might be of use.

1. Maximize benefits less costs.

2. Minimize costs of achieving our goal,

3. Maximize the social values of resources utilized.

4. Evaluate incremental géins against incremental costs.

It is unlikely that for any broad mix of health programs that we
could use either of the first two criteria., The first requires that benefits
and costs be measured in the same dimensions, so they can be additive. Usually
this is impossible, and attempts to convert outputs of health pfograms to

monetary numeraire have found little agreement.
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The second criteria - minimizing costs of achieving goals is difficult
if our goals are in more than one dimension. Health program effects impact
on different sub-sets of the population - by agé, socio-economic status,
region, and time, and are measureable in reductions of deaths, pain,
disability, fertility, uncared for populations, etc.

I believe we should concentrate on the last two criteria. The third
criteria would start with a given budget over a period of time. Assuming that
we had reasonable estimates of the costs of each program, we could select
various strategies for allocations among programs which would have one thing
in common - identical costs for resources used. We could then compare the
strategies and programs and select that mix of programs we felt to be preferable.
In making this decision, those responsible for decisions could take into
account any information, judgement, or intuition they believed available and
relevant. The preferred strategy may utilize cost-effectiveness analyses, but
cannot be arrived at by any mathematical or analytical formula. It would have
to take into account political, cultural and administrative realities.

Such an approach to program budgeting could be done at any budgetary
level. And we would have some basis for using our fourth criterié - comparing
the differences in costs and results of preferred program mixes at various
budget levels - to demonstrate what differences there would be if our health
budgets were increased or decrecased.

I have included as an annex to this paper an example of such an
approach to a wide array of health programs from work in which I recently

participated in Indonesia. You might note Table 7 on its last page which
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arrays _half a .dozen strategies each costing.100 billion .rupiahs during the
period of the next.five.years. ... e

These very general statements and.limited examples do not address
all of the techniques, problems, and limitations to the application of
program-budgeting to management of resource allocation decisions in national
health planning.. It is my hope that they are illustrative of some of the
major issues, and that further,-more specific, discussions can lead us to a

better understanding of some approaches to improved decision-making.
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ANNEX

ALTERNATIVE STRATEGIES FOR A 5-YEAR PROGRAM BUDGET - INDONESIA

In this discussion the programs and ‘their outputs and costs
are reviewed, using the "maximum" programs designed by the Task Force
on Health Planning as the basis., As the total of these programs
appears to be more than can be expected in the new five year develop-
ment budget some alternative approaches are illustrated which
outline some of the choices that must be made.

Programs have been divided into three broad categories:

1. Those aimed directly at designated priority.health

problems:

_high fertility

ignorance

copmunicable diseases

nutrition

environmental sanitation

2. Programs concerned with the delivery of medical cafe:
-Health centers, maternal and child health centers » polyclinics
- General and special hospitals
- Programs for mental, dental and eye health.

3. Support programs; such as food and drug control, training

and education, laboratories, planning, ‘research, etc.
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Table 1 summarizes information or. principal outputs and five year
costs (investment and operating; central, provincial and kabupaten;

donors) for the priority programs.

TABLE 1
Priority Programs OQutput Indicators Costs
- (Billions of Rps.)

Family Planning 6,000,000 acceptors S7
Health Education 6
Malaria-Control

Treatment o 40,000,000 pecple 2

Spraying 15,000,000 houses 7

Smallpox control

Vaccinations and

Revaccinations 5,000,000 children each 2
Cholera and Gastro-enteritis

Prevention of

dehydration 720,000 patients
Rehydration _ 110,000 patients
T8 _ .
BCG vaccinations 12,000,000 per year )
Case finding and : :
treatment 200,000 cases 2
Other CDC (yaws, DPT, polio, VD, leprosy, et al.) 3
Environmental sanitation . ‘
Piped water 4,800,000 rural residents 9
Wells 20,000,000 rural residents 5
Latrines ' , 2,375,000 rural residents 2
Nutrition
Vitamin A 7,500,000 children , 1
Supplementary feeding 130,000 children

TOTAL 99
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The total costs of the priority programs is almost 100 billion
rupiahs for the five years, but a substantial portion of this is
estimated to be financed by donog agencies from overseas assisting
countries., The total required t; be financgd by the Republic of

Indonesia is then about 44 billions.

TABLE 2

Priority Programs Rp. Billions
Total Donors R.I.
Family Planning 57 47 10
Health Education 6 - 6
Comm. Disease Control 19 ) | 18
Environmental Sanitation 16 7 9
Nutrition 1 - 1
TOTAL 99 55 44

The second broad category of programs, those for medical care
make up the largest cost category of the three, 220 billion rupiahs
for the five year period. Table 3 shows the operating costs and the
investment costs of these programs; Taple 4 shows the éosts and services

in terms of outpatient visits, inpatient days, etc.



TABLE 3

Medical‘Cere‘Pregrams Rp. Billions

Health Centers, Maternal and
Child Health Centers, Polyclinlcs

l’ : Panpny

D

Health Type

Health Type - C
Health Type B‘

Health Type A

Health Type - E and Eye
Mental Health

Dental Health

TOTAL

B

21

14

l - N N = 3 O

:??;fﬁ;estment Operating  Total

ry,)r
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TABLE 4
Medical Care Prograﬁs Millions of Visits Operating Costs
(Bill, Rp.)
Health Centers
MCH 37.5 11.2
Polyclinics @30 visits/day/center ;3¢ g 52.2
MCH 12.9 6.7
Polyclinics @10 visits/day/center 171.3 12.9
Millions of
Inpatient Days
Hospital

D - rehabilitated

D - not rehabilitated
C -~ rehabilitated

B - rehabilitated

A - rehabilitated

E and Eye

Mental

Dental Health

13.2 15.0
27,7 31.3
9.9 14.0
6.6 7.7
1.3 1.9

A 3.9

12.8 6.9

5.9 million children
treated in school;
40% reduction in

disease 1.8
20 million patients/ )
year treated 8 .

TOTAL '166.3
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Support‘programs are shown in Table 5, which compares the

estimates made for each program with the amounts expended during the

first five year plan.

Support Programs

Food and drug Ahministration
Bpi&emiological survey
Quarantine

Laboratories, Pusat and Daerah
Upgrading and training
Institutional educafion
Research

Planning

Management

Physical facilitiés (doctors' housing)
dverseas acti#ities

Production

Libraries

TABLE 5

Costs
(Bil1l. Rp.)

FIVE YEAR ECONOMIC PLAN

I

S5
.2
3
o5
.6
2.7
6
o3
4
.6
.3
S
.1

7.6

II

3.4
.6
.6

3.3
.9

7.9

2.0
N

© 2.3

4.9
.6
.9

2.8

30.8
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The requifements on the Republic of Indonesia are summarized

in Table 6 by major progrem category and between central and regional budgets.

TABLE 6
Billions of Rupiahs
Central Regional Total
Priority Programs 41 3 44
Medical Care Programs 68 145 213
Suppurt Programs 30 1 31
TOTAL 139 149 288

With respect to regional financial responsibilities, almost
everything is in medical care programs. Three billions in priority
programs are the operating costs of rural environmental sanitation
progrems. The one billion in support programs are for the regional
laboratories. The rest of the almost 150 billions is in operations
of hospitals, health centers, and clinics. The levels and allocations
- of these regional expenditures are related not only to provincial and

national policy decisions. but also to investment actions taken by the Central

government Department of Health, Investment in hospital rehabilitation may result in

substantial increases in hospital utilization and its costs, as may

investment in MCH or Health Centers result in increasing operational costs for

these facilities.



 With respect to central govemment development budget during the mext
years; At seons ikely that the 130 billion rupishs is considerably more then
be obtdinéd. Various estimates of whét ban be ex;ected range from about
100 to 115 billion rupiahs, representing a required reduction of about

25 to 40 billioh rupiahs for the fivé féars.

1" féar there is no automatic scientific black box which will

giée;us the correct answer as to what changes and reductions to make.

The  decisions will flow from judgements about the relative values of
programs from a8 technical medical sense, politics, social problems,

and judgements of conformance to national objectives such as improved
distribution of services to the masses of oﬁr rural population,

It should be feasible, however, to develop a number of possible

strategies or policies of allocation all costing the same amount, say

the "maxiﬁumh budget less aboﬁt 40 ﬁillions,'to starf with a pessinmistic
prediction of the next fi\}e year plan allocations to health, Decision makers and
advisors, both provincial and national ;ould coﬁpare pairs of these
hypothesized allocations and assert that one is preferred to the other

(or that they are of‘equal value; in wﬂich casé eiiher would be acceptable).
After this has been done to éll interesting and possible strategies, we
determine which is the most préférrable one.
| 1 have‘outlined some of the dimensions of possible alternatives,
and will set these before you for'fhevpufposes of initiating thesc
dfﬁéﬁséioné; I have used the assuﬁption that the maximum levels in the
Health Planning Task Force's position papers are to be the objects of

comparison, and have more or less accepted them as internally already optimized.
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Table 7, at the end of the paper summarizes the specific budgetary
changes for each of the strategies considered, If we designate the
"maximum" budget as Program I, and look for ways to reduce the five year
expenditure levels by 40 billion rupiahs, then Program II might:

- Eliminate the construction of buildings in the Health Centers.

program, but procure equipment.

- Reduce hospital in&estment to only a demonstration and

evaluation program, designed to yield infoimation on the

~ actual relationships Between hospital physical rehabilitation

of improvements in utilization. These relationships have
been assumed by the hospital program, but seem highly uncertain.

- Support programs would be reduced to half of the projected

levels, which wéuld be about twice the first five year plan level.

- Priority programs would be supported at the maximum levels

projected. CDC, nutrition, family planning, and environmental
sanitation. With the possible exception of health education,
we are relatively certain of their results, they seem highly
effective relative to their costs, and large masses of the
population are covered. Medical care investment would be
restricted to health centers.

Program III would take a very different approach:

- pocus;ceﬂéraf gsvernment development funds on building a hospital referral

system and on the "priority programs".

- Eliminate all investment in health centers.

- Eliminate investment ir rural hospitals.
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- Reduce communical disease control by two billions (largest priority program)

~ Cut support programs in half.

Program 1V, with a still different strategy, would focus on
mass primary medical care in the health centers and rural hospitals, and
upon the priority programs. In this case the opportunity cost is
sacrificing all referral hospital investment, and cutting support

programs ceven further,

- Pocus central covernment development funds on:

health centers
Rural hospitals (D)
Priority programs

- Cut all new investment in A,B,C,E, and mental hospitals.

- Cut support programs by 2/3.

Program V would generally support the hospital construction
program, but at the cost of health center investment and sharp reductions in
priority programs and support:

- Cut health education by 1/3

- Cut CDC by 1/3

- Cut environmental sanitation by 1/3

- Bliminate health centers capital investment

- Cut sﬁpport by 2/3

- Focus central budget on support of hospital program construction

Program VI keeps support programs at a considerably higher level
than the other alternatives, on the assumption this is a major central

niﬁistry responsibility, cuts into hospital investment sharply, and
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somewhat into PusKesMas investment and priority programs. The
relatively larger cut in Health Education is on the assumption that this
program of training educators and preparing materials for media is not
really as significant to educating the public as the direct contact
work of the health center personnel.

Cut health education by 1/3

Cut CDC by 1/6

- Cut health centers investment in construction partially

Cut investment sharply in all hospital programs

Cut support by 1/3

Program VII and other alternatives I leave to your fertile

imaginations.
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Family Planning

Health Education

Communicable Disease Control

Environmental Sanitation

Nutrition

Health Centers

Polyclinics

Maternal § Child Health

Hospitals
Hospitals

Hospitals

Hospitals .

Hospitals

Mental Health

Dental Health

D
c
B
A
E & Eye

Support Programs
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TABLE 7

Central Government
1975-1979

Program mix (Bill. Rps.)
(mgx.) II I1I v v Vi VII VIII
9.5
6.5 -2,0 -2.0 -2,0
18.1 -2.0 -1.1 -6.0 --3.8
6.4 -2.0
1.3 ‘
17.4 -6.0 -10.0 -10.0 -2.7
3.1
2.2
13.4 -10.0 -13.0 -7.5
3.1 -2.0 -3.1 =2.0
7.6 =7.0 -7.6 =7.0
3.4 -1.8 -1.5
3.6 -1.5 -1.5
9.2 -2.0 -2.0
2.8
30.8 -15.0 -15.0 -20.3-20.0 -10.0

-40.0 -40.0-40.0 -40.0 -40.0 -40.0

140,0 -40.0
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B. Structuring the Analysis of Specific Disease Oriented Programs1

The analysis begins with epidemiologic considerations of the problem
identifying, crudely, the biological - functional states an individual possesses
and the probabjlity of moving to another state (states are precurser, infection,

disease, and consequence) in the absence of public health intervention. Standard

health indices give modest clues to estimating the proportion of population in
these states and the flows between them, Some researchers have attempted to
quantify the transitional flows-utilizing Markovian analyses.2 A fuller discussion
is found in section III-C-II of this paper.

Next, public health strategies are conceived. A strategy is a series of
possible actions (preventive, promotive, or therapeutic) to efficiently modify the
risks of moving to a worse state. Thus, epidemologic effectiveness represents the
influence of a specific technique on the community at large (expressed, perhaps, in
terms of new cases prevented), in contrast to clinical efficacy, applying to
individuals (measured'by controlled clinical trials.)

Applying the technology 1is constrained, obviously,by the availability of
resources. In implementing services, human, material, and financial resources are
used and they are constrained.

Costing methods aid in revealing the total expenditure needed to perform an
activity in terms of the total resource costs including manpower estimates by func-
tion (time required, estimated cost/unit time), total bed-days required, and a very rough

work load (population at risk) - possibly estimates of urban versus rural symptomatics.

1'This section is a summary adapted from M. Feldstein et. al, ''Resource
Allocation Model for Public Health Planning", WHO supplement to Vol. 48 of the Bulletin
of the World Health Organization. (1973). See also Section III-C-I of this paper.

2'T. Dahl, "Operations Research on Health Care in Chile: An Experiment,"
International J. of Health Services, Vol 1 #3, (1971), p. 271.
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Given we have (i) a grasp on the epidemiology of the problem,
(2) alternative ways we can tackle the problem, and (3) a knohledge of
what we have and will have (in the near term) in resources to tackle the
problem, assessing potential benefits of alternative strategiés is a
crucial factor in health-sector resource allocation. Measurement of the
benefits (outcomes) ranges from controlled trials, essentialiy clinical,
to obtain direct health benefits to individuals to epidemiological
simulation, expressed in future cases prevented, where the comhunity fares
better-off than the sum of the individuals treated. Obviously, effectiveness
varies and estimating the marginal effectiveness of control strategies in
different settings is most difficult.

Valueing the benefits to health is often considered as a "human
capital" investment within the overall economic development process.
Public health programs affect the availability of labor, productivity
of labor, accumulation and productive use of capital, and population growth.
Population growth, in turn affects the economic dependency ratio and the
national per capita income. This investment is a slow process with lags
generations long making association difficult. The role of health
services in improving human capital is confounded by the role of independent
and "synergistic with health" factors such as better housing , education,
nutrition, water supply, etc. Thus, there are multiple inputs to be utilized
to improve health. Likewise health service investments produce outputs
related to an improved rate-of-return on educational investments and general
manpower development in that poor healthis wasteful-- more people must

be trained.
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In addition to the role of ill health on labor, its role on capital
is similarly assessed. Poor health resulting in low national income
results in low savings resulting in low investments and capital growth
possibilities.

Less clearly understood is the impact of ill health on population
growth. Some treat illness as the classic ""Malthusian Check" as excess
morbidity and mortality within the ages of reproduction reduces further births.
Alternative theories postulate ill health resulting in a higher population
rate. if per capita income increases with better health, family size de-
creases and vice versa - if lower health reduces income, family size increases.
Allied to the theories is the concept of 'desired family size'" or the
number of surviving births (sons). Low survival probability increases parents'
uncertainty about their children's survivability. Thus, valueing the effect
on national income by instituting a health program is complicated. The
common approach involves valueing gains in productive worktime through
reductions in disability, absenteeism, and loss of capacity through impair-
ment and death. Reduced bed-days, while implying a corresponding gain in
productive work days, is often hampered by legal, social or insurance
restrictions interfering with immediate work resumption.Reductions in pre-
mature death results in an increase in productive work years; however, using

ave.life expectancy to value the gain is hampered by the exposure of an

individual to death from disease of another cause. Also,impaired workers
can be shifted to other jobs and productive work-time does not have to be

totally lost,
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Social benefits also accrue from improved health. The CENDES
method uses life expectancy as the criterion for health planning
decisions. This implies no "weight" for reduction in impairment and to
productivity gains. Others have considered the discounted present

sum of "Years of healthly living'" as the social benefit.
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EXAMPLE 2
APPLYING THE CHOLERA MODEL

First, the natural -infection course of the disease is simulated.

It is next interfered with by combinations of preventative and curative
measures any of which decrease new cases. Generally, sanitation improve-
ments reduce the force of infection, immunization reduces the number of
susceptibles for a short period, and chemoprophylaxis, the number of new
infectives. The model simulates the effects of the interplay of these
measures to show the effectiveness of preventative measures (Figures 1-4),

This cost-benefit analysis examines the prevention and treatment costs

compared with treatment costs with no prevention measures taken. The pro-
gram producing the greatest reduction in incidence given a fixed budget
(or the program achieving a set target at least cost) is preferred.

To add realism, endemicity and epidemics are simulated. During
endemics, the disease spreads through the increase in infection, peaks,
and then declines as the number of susceptibles diminishes, first gradually,
then rapidly (the dynamics of any endemic curve). Oscillations around the
descrete cycle is due to variations in climate and population movements.
The epidemic curve sharply rises with the introduction of infection followed
by a less rapid decline often the force of infection has again dropped
to zero. A contaminated water or immigration of cases and/or carriers
or both might be the trigger. Chain reactions can start in other areas
due to migration (for example the 1973 Italian outbreak). Thus rapid
chlorination does not end the epidemic as contacts keep the outbreak from
abruptly ending. Figures 1-4 display the dynamics and alternative patterns

of cholera 1n;idence.
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fConducting the Slnulations
Preventlve measures e endemic area . .

Vaccines at 70% effectiveness are glven 30. days prior to the seasonal

'hafrise to 75% of the. population resulted in a 17% 1nc1dence decrease.”ﬂFor

ihU Sy $7SO 000 spent,.. 2040 cases were prevented in.a 10 year period or
*;$368/prevented\case.’ Thus. against .a backgroundvof high.stable endem1c1ty,
“there are small benefits in terms. of cases prevented and economic benefit.
~.-In comparison, prevention of: one case through sanitation costs

‘about $29. with the total investment.over,aﬁperiod of years.less than any
other preventative measure._ While improvedwsanitation:has a long-lasting
effect, it cannot be immediately,implemented.ﬁk

Chemoprophylaxis while very inexpensive isunot:yeryveffective.
The simulated cost/'case prevented is $77.. :

Combinations of programspshpw large variability. Sanitation plus
vaccinationcosts $83; chemoprpphylaxis plus vaccination cost $163; and

sanitation plus chemoprophylaxis cost §$28.

Cost- effectiveness and cost-benefit analy51s

Judging the simulations by "reduced 1nc1dence" only is unacceptable.

Relative costs that are feasible and benefits other than reduced ‘incidence

. -r-—-r—l—-—'
should be taken into account. Table 1 values costs and benefiti. Choice
vof strategy depends on resources available. If $200, 000 is available
, sanitation can be applied. However, the relative cost/prevented case
has also to be considered (col, 11) Also as relatively expensive ‘measures

lmay accrue additional benofits (sanitation will prevent other enteric

and diarrhoeal as well‘as promote 'tourism), "one-disease" oriented
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cost-benefit analyses should be made from a wider point of view. Benefits
can be calculated on the basis of savings on treatment of prevented cases
nat the-cost of preventive measures. Examining col 12 of Tablel , one
would choose sanitation either alone or combined with chemoprophylaxis,
since these measures are economically the most beneficial and require the
least investment. Chemoprophylaxis is the cheapest measure requiring the
least investment, but the return is low (see columns 2 and 3). Thus sani-
tation is the strategy of choice. If "saved lives'" were accounted for,
further financial benefits would accrue.

In that all '"net benefits" are negative, one logically could
apt for the first alternative, doing nothing. However, three alternatives
are close enough to zero, and, if additional benefits were identified
and valued, economic justification for proceeding with a cholera program

would exist.
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FIG. 2. ENDEMIC PATTERN OF CHOLERA WITH SEASONAL
INCREASE OF INCIDENCE

(without application of any preventive measure)
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3. EXPLOSIVE WATER-BORNE EPIDEMIC PATTERN
OF CHOLERA IN ENDEMIC SITUATION
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FIG. 4, EXPLOSIVE WATER-BORNE EPIDEMIC PATTERN
OF CHOLERA IN NON-ENDEMIC SITUATION
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TABLE 4. THE TOTAL NUMBER OF CASES AND COSTS OF TREATMENT AND CONTROL MEASURES OVER 10 YEARS .
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Example 3

COST-BENEFIT ANALYSIS OF MALARTIA CONTROL IN INDONESIA

Introduction

This attempt to analyze and compare the costs and benefits of the
proposed Malaria Control Program (MCP) will largely restrict itself to
the analysis of the tentative proposal made by CDC to USAID and its associated
costs. No attempt will be made to evaluate the previous Malaria Eradication
Program (MEP) in terms of its relative costs and benefits since such an
exercise would have no practical policy implications at the present time.

The analysis will examine the two altermatives of the proposed intensi-
fied control activity and the alternative presented by the Review Team for
the islands of Java and Bali.

The analysis will treat separately the proposed control programs for
Java and Bali and th2 Cuter Islands. This division is due to the greater
effect upon malaria and the subsequent greater econamic benefits to be
expected from the activities in the Outer Islands.

In the event that the analysis indicates that the costs of the proposed
program exceed the benefits, other alternatives will be explored to see if
some intermediate level of malaria control activity can be justified econo-
mically on the basis of its effect on agricultural sector productivity.

Method of Analysis

Cost-benefit analysis is simply a planning process by which costs of
a proposed program are caompared to the probable benefits to be derived from
the program. In applying this process to health sector programs as in other
investments in human capital, certain problems occur both in the quantifi-
cation of costs and of benefits. In the case of malaria control, a suffi-
ciently ample and documented experience exists from which fairly accurate
cost estimates can be drawn. Other portions of this report will evaluate
the appropriateness of the specific budget plan of the Indonesian Ministry
of Health. The cost estimates used in this analysis will incorporate any
modification resulting fram the budget evaluation. A general review of
cost-benefit analysis or its application to health sector programs will
not be given in this paper. Instead, readers are referred to references
cited at the end of this section.

In malaria control programs, as in many other health programs, the
conceptual area of benefits is quite broad and includes benefits of several
diverse types. The analysis presented in this report will limit itself to
the econamic benefits to be derived from malaria control, i.e., those
benefits whose quantification can allow the government and assistance
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agencies to compare the returns from investment in malaria control to invest-
ments in other projects. This limitation of the analysis to these variables
which impact directly on national ecoiomic development should not be inter—
preted as a claim that no other personal, political or social parameters

are involved in malaria control. Instead, it is an attenmpt to outline the
opportunity costs of decisions made on these criteria in terms of their
impact on national income. The evaluation of the social and humanitarian
benefits is left to those qualified to make them, the national government.

Limiting the analysis to the econmnic aspects also can be sufficient
fram the point of view of the public health professicnal. Sufficient
experience exists in presently developed couwitries to clearly show that
the major portion of improvements in health of populations were the result
of a rising standard of living rather than *he result of specific health
interventions. Thus, one of the tasks of the health planner and health
econamist became the analysis and presentation of health sector projects
which may enhance general econamic development.

The econamic benefits to be derived from malaria control are several.
The two main categories of benefits are the avoidance of future costs of
prevention, treatment or rehabilitation from disease and the decreased ef-
fects upon labor force productivity of illness or premature death.

The future costs avoided by an intensified malaria control program
include (1) costs of treatment and hospitalization of malaria cases;
(2) costs of excess caloric requirements of individuals suffering from
febrile diseases; and (3) costs of control of malaria if eradication can
be achieved or control at a lower level can he maintained more cheaply than
at the previous level of control.

The increase in agricultural sector productivity may be of two types.
The first and most camon is the increase in productivity due to making
available a larger portion of the labor force by reducing debility fram
malaria. In other terms, the intermediate good of health is valued in
temms of its effect on a final good, productivity.

The appropriate evaluation of the increased labor supply is abviously
the marginal wage paid to labor. A second particular case is when new
areas of a country may be opened to agricultural exploitation as a result
of malaria control. 1In this case, all the benefits which accrue to the
investment of labor in these areas are attributable to the malaria control
program.

The cost-benefit ratio will be calculated by the equation:

T
2 (Pt) (Bt) 7 -1
tel I+D ¢ Z:: 0 +K

t=1 T+ ¢
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where B, = benefits received in year t
0 = operating maintenance and routine
replacement incurred in year t

K = fixed or initial investment

i = discount rate

t = life of project

Pt = operational probability of accomplishing

predicted benefits in year t.

Certain econamically quantifiable benefits or disbenefits are beyond
the scope of this cost benefit analysis due to lack of time and resources
to take them fully into account and carry out the more rigorous analysis
required when the general equiliberium conditions are modified. These
variables are (1) employment engenderad by an expanded control program;

(2) effects on distribution of wealth by distributing in-kind health
services; and (3) effects of population increase secondary to malaria
oontrol on growth cf national incom:. Estimates will be presented concerning
the probable magnitude of these variables so that the Mission can consider
them and campare their implications with the econamic implications pre-
sented in this paper.

Synopsis of the Current Malaria Situation
and the Proposed Control Program

At the time of cessation of malaria eradication activities in 1965,
annual malaria incidence on Java and Bali had fallen from its past WWII
level of 300 cases per thousand to approximately .25 cases per thousand.
Since 1965 malaria incidence increased at an expected exponential rate
to a level approximately 20 times its 1965 low by 1969. At that time,
limited control measures were undertaken which may have halted what other—
wise might have been a further marked increase in cases. The limited
control measures introduced have achieved control at an approximate level
of 5.3 cases per thousand.

This. level of disease has been maintained for the past 3-1/4 years
at an approximate annual cost of 1,441,000,000 rupiah (79% of development
budget + 95% of routine budget of MCP supports activities in Java and Bali).
(Note: All budgets or expenditures projections in the remainder of this
paper will include both the development and routine budgets. What effect
natural and other factors contributed to the relative stability of disease
incidence is not known.)
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Table 1.

Expected Malaria Cases in 6 Years of the
Expanded Malaria Control Program

Year Expected Cases
1972 400,000
1973 272,000
1974 184,000
1975 : 124,000
1976 84,000
1977 60,000
1978 40,000
All subsequent years 40,000

The proposed program will involve an additional expenditure of Rp. 10, 382,000,000
over 6 years for Java and Bali. The predicted result of the expanded control
program will be a control level for malaria in the range .5 - .6 annual cases
per thousand. (See Table )l for intermediate malaria levels.) This level can
be maintained by an annual expenditure of Rp. 963,000,000 annually. This
estimate is derived from data which shows for East Java that with the
diminished incidence one could expect malaria to be confined to 1/3 its
previous area. This may well be a substantial understatement of the required
maintenance cost due to the probability of large numbers of imported cases
from the outer islands. 1In fact, the maintenance cost at the new control
level conceivably could exceed the cost of the present control level.

An important aspect to keep in mind during the remainder of this
discussion is that malaria control is characterized by rapidly decreasing
returns for expenditures. This is demonstrated in that by an expenditure
of 158 million dollars U.S. fram 1952 to 1965 malaria incidence was reduced -
from 300 cases per thousand to .25 cases per thousand. Now, to reduce
malaria fram 5.3 cases per thousand to .5 cases per thousand will require
an expenditure of about 22 million dollars U.S.

Both the present malaria situation and proposed program in the Outer
Islands are considerably different fram those of Java and Bali. The disease
has reverted to its original mesoendemic state and annually effects some
15% of the population of the Outer Islands. Although little information
exists concerning mortality fram malaria, the Jisease probably is directly
or indirectly incriminated in a small portion of deaths in the Outer Islands.
Malaria appears to have almost no effect on mortality or fertility in
Java or Bali.

The annual cost would be Rp. 1,620,000,000 for the Outer Island program,
Transmigration projects, estimates and regional development projects

are to be granted first priority. The results of this activity are not as
predictable (due to lack of previous experience to extrapolate from) as in
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Java and Bali, but a conservative estimate would be that malaria incidence
would be reduced to 50 cases per thousand annually and maintained at that
level. There is sufficient uncertainty concerning the estimates of
incidence of malaria and probable effectiveness of DDT; however, that some
research into these parameters is indicated prior to undertaking a large
scale program.

Estimation of the Magnitude of the Benefit
Parameters of Malaria Control in Indonesia

For those patients who are treated by the active surveillance workers
or who obtain antimalarial drugs fram private or commercial sources, the
cost of treatment of approximatley Rp. 50.

Patients who receive treatment fram outpatient clinics or polyclinics
for malaria incur personal or governmental costs of approximately Rp. 300.

Those patients who require hospitalization usually remain for 7 days
for an average cost of Rp. 10,500.

Individuals who suffer fram any febrile disease have excess caloric
requirement. In malaria, the excess caloric intake required daily is
400 kilo calories or 100 grams of carbohydrates for an average of 10 days
in cases of treated malaria. The value at current prices of 1 kg. of
rice is Rp. 40.

The value of time lost fram agricultural endeavor is very difficult
to quantify in a society with significant unemployment or underemployment
as in Java and Bali (stated to approach 30% of available labor supply).
Two values are suggested: (1) An average opportunity cost of Rp. 50
per day is assigned to marginal labor since some studies have indicated
that work for food programs can attract labor for goods with this value
and public works projects can attract workers for this value; and
(2) Assign a 0 marginal wage to additional labor for most of the vear,
but to assign a value of Rp. 70 as the marginal wage during rice harvesting
season.

The average implied wage in the agricultural sector in Indonesia
as a whole is approximately Rp. 80/day, but the marginal wage would be
expected to be lower and further depressed in Java and Bali due to the
oversupply of labor on these two islands. If a value cother than 0 is
appropriate, using an annual marginal wage of Rp. 50 or a seascnal
fluctuation from 0 to Rp. 70 would yield similar results since malaria
is at its peak incidence during rice harvest season.

The value of future labor lost due to premature death will be valued
at the discounted marginal per capita value added in the agricultural
sector (Rp. 15,000 annually). The liability of adding an additional
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person to an already oversupply of labor will be presented in terms of its
impact on rate of population increase. Tt would seem, however, that there
would be few conceptual problaus involved with assigning a positive value
(magnitude somewhere betwecin 0 and Rp. 50 pwr day) for loss of productivity
due to premature nortality in adults since chese individuals no longer make
significant demands on social overhead inve.tments.

In the case of infants, it may well Ix the case that the required
social overhead investments outweigh the loon o1 productivity implied in
premature death. For the purposes oi this analysis, however, the benefits
assigned to this parameter are so small 1n onmparison to the other para-
meters that even assigning a modest negative value would not change the
B/C ratios to less than or greater than unity.

It will be assumed for the sake of simplicity that the average wage
in the agricultural sector Jdees not vary with age or sex between the ages
or 15 and A5,

There appear to be no areas in the Outer Islands which are not exploited
due to uncontrolled malaria. Even in areas where malaria prevalence is
guite high, colonies are transmigrated and it is quite uncommon to hear an
example mentionea of a culony which failed due to health reasaons. There-
fore, again the marginal value of labor will be utilized as the value for
additional rlays productivity added to the labor force. Due to a smaller
supply of labor in the Outer Islands, the value of additional labor is
higher than on Jav.a and Bali and is at least Rp. 130 per day. This is a
conservative estimate based on wages paid to temporary employees on estates
and in some instances in Lampung a wage of 300~400 rupiah a day is required
to obtain labor for public works rrojects.

While no accurate data exists oconcerning mortality from malaria in
Indonesia, certain estimates of number of deaths due to malaria were
generated on the basis of Ceylon data and its analysis in Malaria Eradi-
cation and Population Growth by Peter Newman. The equation used for
infant malaria mortality was equal to .3453 x malaria prevalence = deaths
fran malaria per 1,000 population in age group 0-1 = 165 deaths for Java
and Bali.

For adults the generating function was .0239x malaria prevalence =
deaths fram malaria per 1,000 population in age group 10-45 = 136 deaths.

A rather conservative discount rate of 18% is chosen. The market
interest rate on long-term loans is somewhat above this figure but this
is the rate at which consumers appear to be willing to forego present
consumption for future consumption (1l year time deposit rate). The
argument might be made that the social discount rate should be lower
if the rate of capital investment is suboptional. Unfortunately, the author
has not had sufficient time or exposure to the Indonesian economy to make a
judgment on this aspect.



65

In disoounting future benefits due to the avoidance of premature
mortality, the discount rate is modified by the assumption of a 5% annual

increase in labor productivity.

discount rate of 12.4%.

1973
1974
1975
1976
1977
1978

All subse-

years

TOTAL

Table Z.

Calculation of Benefits from Expanded Malaria Control

a
Avoided
Malaria

cases
see
Table 1

128,100
216,000
276,000
316,000
340,000
360,000

£
Value of
Avoided
hospitali-
zation
costs 5)

8,000
13,100
16,600
19,200
20,600
21,800

174,000
273,300

Program in Java and Bali

(in thousand rupiah)

This modification yieids a net effective

b c d e
Value of value of Value of Value of
Avoided Avoided Avoided Avoided
labor calorie treatment clinic
loss 1) loss 2) costs 3) costs 4)

65,600 5,120 6,420 3,100

116,900 8,640 10,860 5,340
156,000 11,040 13,860 6,820
188,800 12,640 16,500 7,810
211,200 13,600 17,100 8,400
234,400 14,400 18,120 8,900
1,876,000 115,200 144,840 71,300
2,848,900 180,640 227,700 111,750
g h i bl
Value of Value of Value of Decreased
Avoided Avoided Avoided future
mortality mortality absentee- control
in adults in ism from ocosts 9)
6) children7) school8)

19,200 5,200 15,400

32,800 8,800 26,000

42,400 11,600 34,200

48,000 13,200 38,900

52,400 14,000 41,300

55,200 14,800 43,700

441,600 119,600 353,000 3,850,000
691,600 187,200 552,500
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l) Value of Av01ded labor loss =

}'__' Total nunber of cases avc>1ded % .50 (portlon of population of
t=1 - working age)
X Rp. 50 (Avg. marginal wage) x 20.5 (Avg. nunber of days disability)
x (L+i)-t
(See Table 3 for values)

2) Value of Avoided calorie loss =
T

> Total number of cases avoided in year t x 5 (length of febrile treated
= 1 malaria) x Rp. 40 (valwue of excess calorie consumption per day) x
(1+i)~t

3) Value of avoided treatment costs =

T

2 Total number of cases avoided in year t x .67 (that portion of

t = 1 patients being treated outside cl:uuc facilities) x Rp. 50 (cost
of course of treatment) x (1+i)~t ,

4) Value of Avoided clinic costs =
T
7 Total nurber of cases avoided in year t x .33 (portion of malaria
t=1 cases %ated in clinics) x Rp. 300 (cost per clinic visit) x
(1 + i)
5) Value of avoided hospitalization costs =
T
Total number of cases avoided in year t x .006 (estimates of portion
t =1 of cases treated in hospital) x 7 days (average course of treatment
for malaria) x Rp. 1,500/day x (1+i)~t

6) Value of Avoided mortality in adults =

T
2 Death avoided in year t x65 survivorship to year j (see table 1)
t=1 =35

Rp. 15,000 (marginal wage in agriculture sector x [i + i) ~t
(1+i)~ [3-35])

7) Value of Avoided mortality in children =

T 30 _
> Deaths avoided in year t x survivorship to year j x Rp. 25,000
t=1 j=0

(average wage in agriculture sector) x (l+J.)'t X (ZI.-i-J.)"':l

.8} Value of Avoided absenteeism from school =
T
Cases avoided of malaria in year t x .374 (% malaria cases in
=1 age 5-15) 45
x .55% population age 5-15 attending school x survivorship to
j=10
year j x Rp. 2,500 (additional annual wage impu téed 8? campleting
1 year of el@mentary school) x (14i)” tx (l+i) 3-10) « .10

(portion of school year missed due to absenteeism for case of malaria)



9) Decreased future control costs =

T
=

t=1
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Original control costs - future control costs in year t x (l*i-i)t

ould WNH

O~

10

13
14

Table 3.

Net Effective Discount Rate

Discount Rate (12.4%)¢

.889
.790
. 704

.627
«557
.493

441
.392
.348

311
.276
.246

.219
.195

Year

15
16
17

18
19
20

21
22
23

24
25
26

27
28

.173
.154
137

.122
.109
.097

.085
.076
.068

.060
.054
.048

.043
.039
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Percent Survival for Five Year Ochorts at Given Age

0-5 5-10 10-15 .15-20 20-25 25-30 30-35 35-40 40-L45 45-50 50-55 55-60 60-65

15 .836 .936 .976

16 .820 .918 .957

17 .815 .912 .952

18 .810 .907 .946 .995

19 .805 .901 .940 .990

20 .800 .896 .934 .984

21.,789 .883 ,921 967

22 775 .867 .906 .950

23 ,760 .851 .888 .933 .982

24 ,745 .83% 870 .916 .963

25 .732 .819 .854 .898 .9kl

26 724 .811 .845 .889 .935

27 .716 .8o2 .836 .880 .925

28 .707 .791 .825 .868 914 .987
29 .699 .783 .616 .858 .903 .976
30 .690 .772 .806 .8u8 .892 .964

31 764  .796 .838 .881 .952

32 755 .787 .828 870 .941

33 ST .79 817 .859 .929 .988

34 739 .771 807 849 917 .975

35 732,763 .796 .838 .905 .961

36 751 .785 .B26 .892 ,9u8

37 739 .773 .813 .878 .93k

38 727 760 800 .864 ,918 ,984

39 T .77 .786 .849 .00k .966

%) .703 .734 JT7L .83k .887 .950

b1 .720 767 .818 .870 .932

42 . 707 .43 .803 .854 .913

b3 694 .729 .788. .838 .897 .981

I .680 716 .773 .822 .881 .963

4s 667 .702 .758 .806 .864 .9k

L6 685 .7h0 .786 .B843 .922

L7 668 .722 .766 .821 .898

48 650 .703 .747 .800 .875 .974

L9 634 ,685 .728 .779 .853 .950

50 617 667 .708 .759 .830 .924

51 648 .689 ,738 .807 .899

52 628 ,668 .715 .782 .871

53 608 646,692 .757 .843 .968

54 .588 .625 .669 .732 ,815 .937

55 _ .568 ,605 .648 .709 790 .907

56 .581 .622 .680 .757 .870

57 : .556 ,595 .651 ..725 .832

58 , .531 .568 .622 .693 .795 .996
59 .506 .sW2 .593 .660 .758 .91l
60 481,516 .séu 628 ,721 .867
61 487 .532 .593 .681 .018
62 458 ,502 .559 .64l 770
63 130 470 523 601 .723 .939
6k 102 438 .489 .561 674 877

65 ' .377 408 . 4shk 521 .627 .81k
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Results of the Analysis

From Table 2 it can be derived that the cost-benefit ratio for the
pooposed expanded malaria control program in Java and Bali is B/C =
8,924 million = .87
10,238 million

Two alternatives should be discussed. The first being the potential
benefits of a malaria eradication program (if such an activity were
technically or organizationally feasible). For purposes of the example
we will state that the program would progress to maintenance phase in
six years. The potential benefits would then be 1.11 x benefits, listed
under columbs b to i of Table 2 +

30 percent ccntrol program costs x (1+i)”F
+=1

or approximately (assuning maintenance costs = 0) 16,614,000,000. It
seems unlikely that an eradication program could be designed within this
budgetary constraint or that the maintenance costs could approach 0.

A seocond alternative is suggested by East Java which indicates
that a few areas have the majority of cases. Therefore, using smaller
amounts of DDT but focusing directly on those areas with highest inci-
dence could be expected to lower the malaria case load substantially.

Specifically, the amount of DDT presently being utilized could
spray for two cycles annually those villages in which 75-80% of the
malaria cases occur, while same 2-1/2 times that amount would be required
to spray villages in which 100% of reported cases occur,

It is, however, the feeling of the Review Team that the tentative
proposal of the MCP to USAID significantly overstates the resource require-
ments if, in applicable areas, dosage rates are reduced to 1 gram per
square metre. The following differences in DDT requirements for Java
and Bali are noted:

Tons DDT
Year MCP Requirement estimate Team requirement estimate
1973 2,500 3,375
1974 2,500 2,250
1975 3,000 2,250
1976 4,000 2,250
1977 4,500 2,250
1978 5,500 2,250
TOTAL 22,000 14,625

It is also considered that the continued control following 1978
would require a level of activity approximately that of the present
control effort.
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For these more modest resource requirements, additional resources of
approximately Rp. 4,850 million (above the average 1969-1971) would be
needed over the six years of expanded operation. The same benefits would
accrue as shown in Table 2 with the exception of reduced future control
costs (annual future control costs are assumed to equal the 1969-1971
average) .

The resultant cost benefit ratio would be B/C = 5,526 million or 1.14.
4,580 million

It must be pointed out that this ratio varies sensitively with the
level of future activity required to maintain the new level of control.
If the requirements for maintenance at this new level are greater than
the level of activity required for the present level of control, then the
alternative is no longer an econamically feasible one.

It must be pointed out that this more modest program could almost be
accanplished within the present resource allocations to the MCP. Follow-
ing the initial years the costs of the program would be about Rp. 2,350,
000,000 vs, an allocation for 1972/73 or about Rp. 1,900,000,000. Thus
it is to be expected that significant amounts of external assistance
would be required only for the initial year of more extensive spraying
activity. The projected cost of the first year's activity would be
about Rp. 2,850,000,000.

This analysis in no way should be taken to question the wisdom of
the existing level of activity of the malaria control program since the
benefits to be derived fram preventing malaria from increasing tenfold
or 100-fold obviously outweigh the cost of the program.

The situation is markedly different in the Outer Islands.

Since malaria incidence is so great and only a portion of the effected
households are to be sprayed, it is safe to assume that malaria will
decrease as a linear function of intensity of spraying activities (versus
the exponential decay functions used in the case of Java and Bali).
Further, it is assumed that the same level of spraying activities must be
maintained indefinitely to maintain a given level of control. With these
two assumptions one can then calculate the cost-benefit ratio for any year
of the proposed program and it will be the same for any other year.

For illustration purposes, the example chosen is that of 6 years after
the initiation of the program when the full level of activities is realized.

Certain values of the variables are changed other than the explicit
change in cases avoided. They are (1) the marginal wage is taken to be
Rp. 130/day and (2) the deaths caused by malaria in adults are calculated
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as in Table 4 to avoid overstating this parameter. However, this aspect
will be reexamined later when the population implication of malaria control
are presented. The :nalysis yields a B/C = 2,061 = 1.27,

1,620

Since an attenpt was made to adopt minimal estimates for the benefits
it would require a substantial change in the estimated cost or an actual
incidence of malaria or effectiveness of the program much below that
presented to change the B/C ratio to less than 1.

The program presanted would rcguire an annual input of 2,500 -
3,000 tons of DDT.

Thus, the cost-benefit criterion would favor the expansion of the
program in the Outev Islands over an expanded program in Java and Bali.

In cther cections of this report, convincing reasons are presented
for a cautious expansicn of the malaria control program in the Outer
Islands. It is noped that this demonstration of the greater economic
attractiveness of investment in malaria control in the Outer Islands will
stimilate the recearch required to more adequately identify the vectors
and analyze the bicnoinics of malaria in these regions. The shift of
program emphasis fram eradication to control makes possible the imple-
mentation of programs where the major problems exist, where unit costs
for a case prevented would be less and there the value of additional labor
is greatest, i.e., in the Outer Islands. To state it differently, this
simply means that the artificial criteria of "technical feasibility of
eradication" have became meaningless. Therefore, the government now has
the flexibility to expand its programs to areas where the cost per case
of malaria prevented, conservatively estimated, will be only 30-40% of that
of Java and Bali. The only prerequisites to this expansion should be the
carrying out of the above mentioned research using either national or
external resources.

A reasonable estimate of the cost of the research would be
Rp. 200,000,000. If the research validated the assumptions made in the
economic analysis, the B/C ratio including the cost of research would
still be in the range of 1.25, superior to that to be expected from
investments in the malaria control program in Java and Bali.

Effects of the Proposed Malaria Control Program
on Non-Economic Efficiency Parameters

As stated in the introduction, no attempt has been made to impose cost-
benefit criterion as the sole determinant of program decisions. Three other
parameters which require consideration are: (1) employment generation,

(2) redistribution of wealth, and (3) effect on population growth rates.
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The employment generation variable of the program is fairly easily
estimated. The majority of new employment will be of spraymen to spray
the additional houses. The output per sprayman is fairly accurately known
to be about 7.5 houses/day. Additional support personnel for equipment
repair, transportation and supervision add 33% to the number of enmployees
required. Therefore, the additional employment generated in Java and Bali
would total 5,700 man years annually. The proposed program in the Outer
Islands would total 3,200 man years annually. The new employment generated
would in general require no special skills except for literacy for most of
the workers.

The redistribution of wealth aspects of the proposed program are also
fairly obvious. Since malaria control is a problem of rural areas and in
Java and Bali many of the vectors are closely related to rice culture, the
program represents a redistribution of wealth from those populations who -
make the largest contribution to government revenues to rural populations.
The extent of this transfer is exactly the benefits derived by tuese popu
lations as listed in Tables 2 and 5 or Rp. 135,000,000 annually in Java
and Bali and Rp. 2,476,000,000 for the Outer Islands.

The proposed program will have minimal effects on rate of population
increase in Java and 8ali. ‘This is due both to the relatively low incidence
of the disease and the infrequency of recurrent infections which appears to
be one of the main determinants of mortality. As previously stated under
Table 2, the nurber of deaths averted by the progrem would be 311 or
.0050/1,000. The increased crude birth rate (CBB) would be .0268 x malaria
prevalence which equals .0031/1,000 (generated by coefficients for Ceylon
in

The conbination of these two factors is equal to an increased crude
rate of natural increase (CRNI) of .0008%, a negligible amount.

In the Outer Islands, the situation is quite different due to the
increased prevalence of malaria and the effect on mortality of recurrent
malaria infections. ‘The CBR increase would be .268/1,000. The crude death
rate decreases would be .3285 x malaria prevalence = 3.285/1,000. The
cambination of these two factors would be an increase in the crude rate
of natural increase of .35% (corresponding in a 14% increase over the
present level of CRNI).

Obviously, the extrapolation of technical coefficients between Ceylon
and Indonesia can create sizable errors. 'The validity of the specific
coefficients used has keen questioned in the Ceylon situation by other
researchers. They are used as a last resort in the absence of any other
alternative estimates. The results they yield should be interpreted as
only first order approximations of the effect to be expected on population
by an expanded malaria control program,
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Calculation of Benefits from Malaria Control

a
Avoided
Malaria
Program Cases
Year

1978 1,000,000
e
Value of
Avoided
clinic
costs

99,000,000

in the Outer Islands

(effected population 10 million)

b
Value of
Avoided
labor
loss

1,330,000,

f
value of
Avoided
hospitali-
zation
costs

65,500,000

i
value of
Avoided
absentee-
ism from
school

c
Value of
Avoided
caloric loss

d
Value of
Avoided
treatment cost

000 40,000,000

d
Value of
Avoided
mortality
in adults

354,000

110,000,000

33,500,000

h
Value of
Avoided
mortality

in
children

94,700,000
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Sunmary

Fram the analysis presented, it appears that the proposed program for
Java and Bali would (1) yield returns less than the cost involved; (2) exert
a negligible effect on population growth; (3) result in job creation of
5,700 new jobs for a period of 6 years; and (4) involve an urban to rural,
wealthy to non-wealthy redistribution of wealth of about Rp. 150,000,000
annually.

The alternative proposal for Java and Bali generated by the Team's
requirements assessnent would have the same effects on population growth,
job creation and distribution of wealth. It would, however, be expected
to yield benefits in excess of the costs of the program if the program
can be implemented within a budget of 15,000,000,000 rupiah and maintenance
costs would not exceed the present control costs.

The hypothetical program presented for the Outer Islands would
(1) yield returns greater than the cost involved; (2) result in a sig-
nificant increase in population growth among the population effected by
the program; (3) result in job creation cof 3,200 new jobs for the indefi-
nite future; and (4) involve an urban to rural, wealthy to non-wealthy
redistribution of wealth of about Rp. 2,500,000,000 annually. 'The benefits
to be realized from malaria control in the Outer Islands make imperative
appropriate research to outline the epidemiological and technical parameters
involved and to reconmend alternative control measures and their costs.
Unfortunately, it has not proven possible to generate other alternative
cantrol levels and their associated costs. If access could be gained to
records of the MCP 1952-1959 or to malariometric surveys taken during the
early years of MEP it might be possible to construct a mathematical
function which would generate other alternatives. This information would
prove useful to planners in the Indonesian Government.

e i e T T T T T T
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III.

THE USE OF MODELS AND MODELING

A. Survey of the Range of Use

Models are used to describe, explain, predict and prescribe.
Prediction provides a basis for deduction that can be compared with ob-
servations while prescription suggests what should be done to achieve or
approach a stated objective. The '"tradeoff'" with the use of models is
between simplification and reality. Generally, it is easier, more feasible,
less costly, and less time consuming to obtain information from models
than from experimentation with the reality that the model represents.

A model, then is useful when it is simple to understand, has explanatory
and preditive power, and permits one to draw valid inferences regarding
the behavior of the system.

Models can be classified by their degree of abstraction. A physi-
cal model such as a toy airplane cannot predict anything but is easy to
build. A graphic model can be schematic -- a flow chart, a PERT chart,

a computer program, an organizational chart. ECven disease incidence tables,
epidemiological curves, and population pyramids are models. As epidemiologi-
cal knowledge improves, so do causal models as shown in example 1,

A mathematical model can represent a system or reality by employing
mathematical symbols and relationships. Analytic mathematical models can
have single period, or stage, decisions processes (linear, integer, and
quadratic programming) or sequential decision processes whose parameters

do change from period to period (dynamic programming).

1 M. Susser, Causal Thinking in the Health Sciences, Oxford:
London, p. 16, 1973,




EXAMPLET
Factors: Winter (X), lcy water (2), Phiegm and hoarseness (v}

Hippocralic Model:

X - Z Y
Independent inte-vening Dependent
variable variable variable

Current Modiz//’// ;
X Spurious causal inference

\\‘ i
EXAMPLE 2

Factors: Summer1 A, Stagnantwater {81, Spleen {C), Wasting (D),
Diasrhea (£), Fever (F ). Dropsy G!, Death (H)

Hippocratic Model:
A 8 C D £ f (@ H
Linked chain of events in sequence
Current Model: -
Mosquito Fever
: o |Spleen
Plasmodium (X3}~ 1 \t3cting (Y4) —=Death
/ etc. etc.
Stagnant -
water Fever
\ Enteric and Spleen
Summer dysenteric (Xa) = [ \ya5ting {¥y) == Death
\_ organisms LD iarrhea

b
1 Nutritional deficiency  (X;) —== Dropsy (Y;) ——Death

77
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Optimal solutions to models within the health sector and other
public policy problems are often not the optimal solutions to the actual
problems themselves. The inability to de’ine objectives is probably
the reason, Because of political, technological, and economic uncertain-
ties, one should not expect the results from any quantitative study to be
implemented or transferred to another area without modification, no matter
how impressive the results may appear. This is true, morcover, if the
results happen to appear on the printout of a computer! The quality
(effectivenes.:) of any quantitative study should not be evaluated in terms
of immediate and direct implementation. Rather its value lies in whether
or not the information derived was useful in the decision-making process.

Community health care "systems-analysis'' models are being developed.
Charts 1 and 21 show the structuring of such attempts. Notice the com-
binations and interrelations of four models.

Dorfman2

considers three stages in model development-description
creative hypothesizing, and quantification. Description usually involves
algebraic symbols related by equations or inequalities which translate

a real world situation into a set of abstract and simplified symbols.
Creative hypothesizing adds motivational, behavioral, and technical assump-
tions generally introduced as constraints. Quantification is the assign-
ment of numerical values to the parameters of the model.

Dorfman divides all optimization models into two parts: (1) a

part describing the structure of an operation or a system and the relations

1 Milly, G., et al., "A computer Simulation Model for Evaluation
of the Health Care Delivery System,' Geomet, Inc., Rockville, Md. (1970), p. 29.

2 R. Dorfman, Operations Research, American Economic Review,
June 1961,
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COMURITY
OEFINITION

SYSTEM
DEFINITION

CosT FIRARCIAL
SPECIFICATIONS SPECIFICATIONS

'
' = Untt Resource Costs fee Schedules
SRR T ¢ R— Interest Rates, etc.
-Socfo-tconoric : v e ——
Oemoqraphy
Geography . JENUNOUN W— COST MODEL
Utiffzation Pattern S-T Stations
—— ~Equipnent L w e e cAPITAL apital
| -Personnel o] reauirements I il
' i Operating HaDEL
; OPERATING [ cogres
POPULATiON Cerands SELERY || Fosorers ong Pate of Peturn
MODEL Se:S;ce MORES Servicas Rensered g:s: E‘l:v" .
Delays, etc. sk Estirates
” rargfucl Costs, etc.
? QFERATIOMAL
o Goa.ls for '-‘fd‘ca\ :5:{52#355 QVER-ALL
«e® Prinéipal Inputs "’g;gg"‘i;; Al SYSTEM Pzps(lnwntt
; : - EVALUATION
s
O evaluation Analyses N Goerations! Merserce:

Aralysts of waiting Tires '
D Major Models Services Reindeted by Case-

Type, etc.

SPECIFICATIONS

Synthests of Measures of
OF CARE

Performance Related to:
Patient Satisfaction
Provider Satisfaction
Accassibility, etc.

UJ Major tnput Specifications

Chart 1 Major features of systens analysis madel.

Cozeunity Definition o= ® POPULATION
MODEL .
~ Demand
Patfents Enterfng System Pattants Leaving System
s HEALTH CARE ' Analysis of Results
oo DELIVERY SYSTEM :
Specifications of Care —==———>i OPERATIONAL — . ratfonal
PERFORMA'ICE ' Ope
MODEL
Mysica) Resources COST MODEL

Cost

. CAPITAL { OPERATING
Unte Coses . ‘ﬁ

: . i l oo " ' F--,—---------

"n_anem
FINANCIAL MODEL I
' ‘ | nm#n o
Chart 2 Genersl mace) structure {ndicating major categord hee
and outputs. Major inputs are ungcrl{ned. eqortes of fnputs
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[

| among the varlables, and (2) a part that evaluates the consequences of
any cho1ce of variables in terms of cost, profit, or some other measure

:'qf desirability. The first part are constraints and the second is the

objective or criterion function. Most operatlons-research studles search

[

for the values of vgriables that maximize or minimize the value of the
t

”ebjective function while satisfying the constraints.

" .The problem is often one of combining various objectives into
a singie objective function to be maximized. The problems include (a) com-

quiné'censequences that occur at different times, (b) the uncertainty

-of the consequences in tue future, and (c) the incommensurabilities of the

consequences of a decision. For (a), discounting procedures offer relative
values to costs, revenues, etc., at different dates, for (b) the result

of a decision is not a predictable value but a probability distribution

of values. Therefore, the comparison of the desirability of consequences

presumes that we are able to compare the desirability of probability

- distributiom

Reinkel classifies models as to the behavior of the parameters.

- Deterministic models have parameters that are constant or vary predict-

ably. Stochastic models depend partly on chance or when the model takes

--account of variability such as queueing. Static models have parameters

independent of each other and vary in a way not altered by time. Dynamic

models take changing ecircumstances into account and the way in which

“decisions will affect or be affected by these circumstances.

1 W. Reinke, Health Practice Research and Formalized Managerial

'Mg;hgdg, WHO--Public Health Papers ¥51, 1973, p. 33.
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Descriptive Models

I. Forecasting Models and Techniques

Forccasting is widely used in health sector modeling and has
grown in importance, complexity and accuracy with the advent of the com-
puter. This does not preclude successful forecasting by manual tabula-
tions. While a large number of comparative statistics are being collected
in the health field relatively little is being done with analysis. Forecast-
ing aids in evaluating the input or effect of activities, programs, and
strategies by expressing functional (causal) relationships among relevant
factors. Detection of future change (turning points) in response to
related planned activity is the primary concern of forecasting. Because
health planning is concerned with making future allocative ¢ <‘sions or
present decisions whose effects extend intu the future, forecasting is
often a prerequisite for the application of other methodologies.

Forecasting techniques are qualitative and quantitative, the for-
mer based on human judgment through experts' opinions on information a-
bout special events when data is scarce(for example, Dephi Technique methods);
the latter is based on applying statistical techniques on historical data
to predict future events.

Threce groups of quantitative techniques are discussed: time
series analysi:z -- forecasts based on time trends, single-equation,
and simultaneous equation regression models. The latter two are fore-
casts based on functional relationships. As a forecast is basically a
guess -- it does not guarantee an exact prediction -- it is associated

with some error. The threc techniques grow in sophistication in treating
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this error, as well as in cost and data and skill requirements. The
more accurate the forecast needed, the more complex the process. The
more obscure the data, the greater will be the cost of obtaining it.
The tradeoff is between the cost of improved accuracy and the value of

the additional accuracy.

I. A, Time Series Analysis

The analysis seeks to discover trends or long term movements
and patterns of seasonal or periodic effects around the trends from his-
torical data and to forecast or extend this trend into the future. Random
(unsystematic componernts) are also taken into account. Most epidemio-
logic forecasting of disease considers two separate forecasts -- one of
the disease incidence (numerator) and one of the population at risk (de-
nominator). Most health facility forecasts consider admissions and/or
services rendered. As a continuation of historical patterns is assumed,
the influence of outside factors is not taken into account. The first step
in the analysis of a new time series is the determination of the nature
of underlying process. The procedure for doing this is very:analogous
to the '"cracking" of petroleum, in that both resolve a mixture into one
or more ''pure' components plus a residuum (residual error; '"gunk").
Graphing the data series reveals the overall structure, statistical analysis
aids in determining overall causes of the trend and fluctuations.

Forecasts based on an average are commonly used in health facility
planning. Only if processes are stationary can past behavior be the best
estimate of the future. For non-stationary trends or even deterministic

(no chance variations) trends, the use of the average can give poor results,
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Examples of stationary (A and B), non-stationary (C) and deterministic (D)
processes are shown in Figure 1} Here processes A and B are the only
ones applicable for forecasting as their past behavior is the best estimate

of the future.

L 2
5 ’(- _ x‘/‘x\\5<///x$\\9c//"\\g(

TIME ' P
Figure 1

TYPES OF PROCESSES

Jelinik attempted to predict hospital admissions using historical
data forecast one month in advancez. Figure 2 shows the large discrepancy
that may occur if the process is non-stationary.

Since observed stochastic (random) processes are often time de-
‘pendent, two more sophisticated methods of prediction are useful ---the

moving-average forecast and the exponential smoothing forecast.

1R.C. Jelinek, Operations Research in the Planning and Control of
Health Services, Ann Arbor, Michigan, 1968,

2Ibid,
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The moving average technique uses only data from a specified number
of immediately preceding periods rather than all available past data
points. The forecast is the sum of the data points for the desired number
of past periods divided by the number of data points included in the sum.
A new forecast is computed for each period by dropping the data points for
the most distant time period and adding the data points for the most
recent period. Figure 3 shows forecasted admissions using a three month
moving ave. and shows the ability of this apprpach in following the cycles
of actual admissions. The computations can be carried out by hand.

The exponential smoothing technique considers all past data but
places more emphasis on the more recent data points than on prior data.

An advantage of this approach is that it requires minimum storage of
historical information. Like the moving-average, the approach has the
power of following the cycles of actual admissions as shown in Figure 4.
Further corrections for trends and seasons can greatly improve the quality
of the forecast (Figure 5).

If hospital demand is successfully forecasted, the preparation
of the hospital (clinic) budget is facilitated. Yet annual budgets are
inflexible with staffing and other costs adjusted to the budget and not
_the the actual fluctuating demand. Thus if forecasting is improved, a
more flexible budget system is possible.

It is possible to forecast production measures such as patient-
days, surgical procedures, or number of treatments. These statistics,
in turn, are indicators of manpower needs within the hospital or clinic.

The exponential smoothing method, discussed above, is a good fore-

casting candidate in this situation as (1) the forecast is short-range,
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(recent changes can be taken into account), (3) not much data needs to be
stored, and (4) the computations are simple. Other techniques are the
seasonally adjusted simple regression trend analyses technique, which

is éommon for budget preparation. Multi-variate regression analysis and
other techniques are too complex and costly -- it is difficult and expen-
sive to identify and quantify Fhe set of independent variables.

The improvements brought about by a more accurate estimate of
resource needs based on forecasted demand varies with the volume of work
produced (and, thus, saved) If a 1% variation reduction in surgery is
equivalent to reduction of 20 patients/month, and if man-hours required
of patient-day is 5, 100 hours/month are saved. However, a 1% improvement
in X-ray outpatient testing might result in improving accuracy by 18
procedures/month or 18 hours of human resources at one hour/procedure.

I11. B, 1. B. Single Equation Regression and Multivariate Models

Generally, relationships exist between the variables we wish to
forecast or explain. The variable we wish to predict is referred to the
dependent variable -- it depends on related variables acting singly or in
combination. These later variables are referred to as independent variables.

“Time'" is generally implied as an independent variable in forecasting,

Figure 6 projects patient days over a fifteen year period. Assumptions
based on a linear versus nonlinear relationship vastly affects the pro-

jection (48,000 vs, 58,500).l

lJ. Griffith, "Quantitative Techniques for Hospital Planning and Control",

Toronto,1972, p. 25.



Independent variables may represent a feature of the system or
environment the future level of which is known, or they may represent
some feature of the system which is an advanced indicator of a change in
the dependent variable.

Thus, demand for health services (dep. variable), for example,
is a function of the following non-exhaustive list of independent vari-
ables: the price of the service, the income of the patient, and his per-
ception of the quality of care he expects to receive. The functional
form for this relationship is a model with one dependent and three in-
dependent variables:

Y = f(Xl, Xz, X3)

The most widely used form of this model is in a linear (straight-line)
form represented as Y = ag * alxl + azxz + ... 0" anxn.

Here, the model expresses the quantitative effect of a change
in one of the independent variables, Xi on the dependent variable, Y.
Regression coefficients (the numbers preceding each independent variable,

the "a's'") are the factors by which changes in each of the independent

90

variables are to be multiplied to yield estimates of corresponding changes

in the dependent variable,

For developing countries, the following independent variables
are good candidates for estimated demand for services using a multiple
reg. model.

(1) Age of population and its distribution

(2) availability of facilities

(3) education and income levels

(4) urban-rural mix
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As is the case in simple regression, the goal of the analysis is a function
or mathematical statement related the dependent variable (ex-demand for
.serviées) to a given set of independent variables. The aim is to study

the ability of the independent variables to reduce the variation of the
dependent variable. The success of the analysis is the reduction in variance
of the dependent variable. -

Large quantities of data are usually required -- a constraint
albeit the "quality of data" dilemma. Census data or previous published
studies (secondary data) are preferable to collecting raw (primary data)
due to the excessive costs involved. The accuracy of the input measure-
ments., obviously affects the accuracy of output. Variables which are
only crudely estimated themselves should be avoided as should estimates
collected from a variety of sources taking different estimating approaches.
Independent variables highly correlated with .themselves must be avoided
(% of population greater than 65 and social security support).

Other techniques can handle non-linear relationships as well
or interrelations between independent variables.

III. B. I. C. Simultaneous-Equation Regression Model

In many real world problems, more than one relationship is observed.

For example, hospital demand is influenced by price and at the same time,

demand, influences price. The presence of a two-way conversation makes a
simultaneous-equation model necessary. These models have the ability to describe
more complex and mutually influencing relationships by introducing as many

equations as are necessary to represent the relationship. "Econometric

models' are based on series of simultaneous equations.l'z'

lM. Feldstein, "Econom’‘c Analysis for Health Service Efficiency”,

Amsterdam. 1967.

Paul Fgldstein "An Econometric Model of the Medical Care Sector",
Ann Arbor,
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Table lloffers criteria of choosing forecasting techniques.

TABLE 1
Techniques
) Simultaneous-
equation
. Time-series Single-equation regression
Criteria analysis regression model model
Consideration on
external conditions No Yes Yes
Turning-point
N Yes Yes Yes
detection (limited to
seasonal or {(lumited)
cyclic change)
Consistent prediction
orrelated events No No Yes
Dynamics of the
No Yes Yes
flow system (limited)
Accuracy
Short term ' Fair to Excellent Good to Very Good Good to Very
(0-3 months) Good
Medium term Poor to Good Good to Very Good Very Good to
(3 months -2 years) Excellent
Long term (2 years and Very Poor Poor Good
up)

1 M. Aiso, Forecasting Techniques, I.B.M. Systems Journal #2, p- 189,

1973,



93

. ‘ , “’ N . N
III, B. I. D, Applications: Three Examples of Predicting Facility Needs

Aﬁﬁfiéafith’pf:health fac§iity forécasting are desciﬁed.ﬁy three studies,
The Feldstein-Germaﬁ study utilizes multivariate regressién analysis wifh
.cross sectional information on factors relating to hospital utilization. Combi-
nations of independent variables are subjected to regression. Thus, a one per
cent increase in a selected variablé, other things equal, produces estimated
changes in utilization based on a derived regression equation. The range‘of
error, in projection, utilizing this approach is discussed.

The second example is a summary of a study conducted by the Greater

Detroit Area Hospital Council to predict bed needs in that large region(over
one hundred hospitals). The analysis relies heavily on 1970 decennial census
data as well as patient origin estimates. Developing countries would require
signigicant investments in time and resources to gain such information. However,
estimates, age stratified if possible, can be useful. Of interest is the fact
that in many regions within developed countries, the supply of existing beds
is often greater than ''needed" in the near future.

The third example is a summary of a training course seminar on regional
health planning. It summarizes the statistical requirements used in surveying
a region’: need for health facilities, as well as offers rough iédicators of
factors affecting utilization. The concepts are simple and direct application

to developing countries is possible.
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: EXRRLE
1

- THE FELﬁSTBiN-GBRMAN,-ST'UDYv:/PRBDICT'ING HOSPITAL UTILIZATIONS
Bed supply studies can utili?e.geveral fb:gcasting models. The
‘levei of hospital utilization is the fggtgg,tq‘pp explained (dependqpt
variable) and the many factors explaining possible variation in utilization
a:e,the‘independent,vqriableé, Differing models explain what is '"going on in
the real world." Models that merely -extrapolate past utilization (first
-example) do ndt offer causal explanation of why there is utilization. Thus,
if we hypothesize that hospital utilization is explained by, for example, the
.available bed supply, we have a "causgl' theory. Various '"demand" theories
-are also causal models - the explanation is in terms of several underiying
factors, a combination of population characteristics plus past experience.
A simple linear relationship usiﬁg; for example, 3 variables can be formulated
and described asU = 3 + bi I+ b2 M + e, where
U = number of patients per day/1000 population
I = proportion of the population with insurance
‘M = proportion of tﬁe»population aged 55 and over
a = a constant term referring to the utilization level if boéh I and M are
equal to zero
"b's" = regression coefficients which represent the change in utilization with
respect to a unit change in each independent variable holding constant
the other independent variables.
"e'" = error térﬁ combosed of all other factors affecting ut}lization in terms
of the diffeience between, the actual and predicted estimates of

utili:atio@

l’ P.. Feldstein and. J. German, "Predicting Hospital Jtilization: an
Evaluation of Three Approaches" Inqu1ry, 2(1), 13-36,. (1965)
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1f, as a result of compufations; "a" = 400PD/1000 (400»patieﬂfs days/

1000 population), "Bi" =§PD/1000bfor each % point of the population insured and
"b2" equals 10PD/1000 for each % point of population over 55 years, thexv
equation would read U=400+31+10M, To predict utilization (U), estimates
for I and M:.must.be -inserted (50% of the population is insured and 20% is
oﬁeglssqyéars, for example,) Us500+3(50)+10(220)+150+200=750 patients days/
1000npopu1ation. ~ .

- Trend models are constructed similarly. If we assume utilization in a
given year is a function of utilization in the previous two years, the equation

wquld,be: Uyears a"b:luyearz bZUyear 1

Some variation always exists between the estimated results from analysis and
actual résults. Statistical measures such as the '"standard error of -estimates,
and the 'standard error of the net regression coeficient", and the coefficient of
multiple correlation are usually employed.
" An expanded Socio-economic model demonstrates the demand approach to
utilization and might Be expressed as: Patient days=a+b(income)+c (insurance)+d
(%of pop.> 55)+e(Surban)+f(room rate)+g
(non-white) (EQ.1).
Here patient days are linearly related to several factors.. The relationships
of coefficients to predict error in patient days is tabulated below in table 2.
Here, a "T" value + 1.68 implies a significant effect. Thus, income and insurance

affect utilization, while room rate and % non-white has less effect.
Table), Facor coelficients and thair significance

Foctar ' Cosliclent (k) l smwmml c=is

. 0.08 0.02 247
:mmnf’ M l 07 ! 023 ' 313
Age (A) . 10.58 10.04 1.5
Urbanization (U) | - 4.80 ! 222 l =216
Room rate (R) —for 8.64 | =17
Non-white (N) . = —186 280 —0.66

If the combined influence of all the factors of concern is taken into account,
multiple regression analysis then shows that the standard error of P is 125 in the
present case. Thus the number of patient-days per 1000 population predicted for a

state from Equation 1 could be in error by as much as: +(1 68)(125)=210patient-days
per 1000 population.2
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'§§E@é£&ﬂ |
o :I;a‘Using:p#st trendSAtokpreﬁiét'théjfﬁtﬁre¥aSSumes“that'the
3ﬁhdeflyigg;fdrce55act:ihéafCOnsistent:faSHion;5 CHanﬁes>ithheSe*fa¢fbrs
can be 1ncorporate§ to predict changes, and the utility of the approach
3ismsqundLif;nogabruptachanges‘occur;"Itf13f3150ffhe*e3516St‘éppr6hch.
Incorporating influential: socio-economical factors ‘intothe analysis
offers the ability to incorporate changqs which may occur.. The planner

i;_fpyged_to,dpcide which variables are the most important, and must

gather data on each factor. Thus the approach is more difficult and costly,
EXAMPLE: 2

APPLYING BED-PLANNING IN THE REGIONAL SETTING

' "The logitgl'stép“aftér'ﬁddel’deieldﬁﬁent is its use in predicting
‘utilization. Predictive ability declines as equations developed over
";”giveh period are used fufther,iﬁ the future.

Metropolitan U.S., facility planning councils devote much atten-
““tion to predicting bed utilization.
* Table 3 shows a 1980 projection of bed supply within several

1

“"W3tldy ‘areds" of Séuthéanern Michigan'. The formmulae used to calculate

the projéctiens ate described.

“'ltlnt§fim Reéort oﬁiﬁcute Carefpgngata,rlQ?S,eGreater Detroit

B R

‘Area Hospital Council.,



TABLE 3
Greater Detroit Area Hospital Council, Incorporated

. INTERIM REPORT ON ACUTE CARE BED DATA
FOR SOUTHEASTERN MICHIGAN, 1930 PROJECTIONS

June 1973

R ‘Beds Serving Area's Residents ' : L - Net 3 S
' : ‘ : ‘ | Othe::Beds
S~ 71980 s S Under .Constr. TOTAL Surplus or . - . Proposed. Study -
Projected Need | Existing or Approved by | Projected Deficit for - © Sasof . - ‘Area
for Acute Beds ‘ GDAHC-CHPC | f{for 1980 . 1980 Needs - . May19737 |

Study
Area

7

* b
g Snsemegy 2400 VLY

ALL .| - 13,842 19, 730 1,615 21, 345 +2,503 - 503 ~ | ALL

‘Areal | 4,33 " 1 5604 160 5, 764 +1,451 109
Areas - . Lo
2:%5 e 4, 900 ' 4,737 398 5,135 + 235 \ 260:

Aréas e : - o . o « Coe L
34 - 3,618 . 3,173 562 3,735 + 17 . 8%

P

_Area b .| 2711~ | 222 2 224 - a7 e
Area T 443 430 25 455 o+ 12 R
~Area8 - 535 | 485 15 500 - 35 - r

F e

Area9 339 . ! 303 4 307 : - 32

 Area10 3| 2,014 | 2,120 126 2,246 + 232

ar. -

Aveall gl o zA09 ) oz686 | 323 2oty || w0 ff sb
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Future Needs for Acute Care Beds R

‘Beginning with the year 1972, data on the number of inpatient days used by
the residents of specific geographic areas is obtained from the Patient
‘Origin and Hospital Use Study, an ongoing survey conducted by GDAHC.

Origin of patieats. Data on the distribution of individual hospxtal's patients
by their place of residence is also obtained from the Patient Origin and
Hospital Use Study.

Population. The latest population estimates are taken from the figures
released by the Population and Housing Committee of the Southeastern
Michigan Council of Governments (SEMCOG) unless current figures from
the U.S. decennial census are available, in which case census figures are
used. Similarly all population projections are ebtained from SEMCOG.

Bed complements. The number of acute care beds in the hospitals is deter-
mined based on the number of licensed beds, in some cases adjusted using
the bed complements reported to GDAHC. Rehabilitation, tuberculosis,
psychiatric, and long term beds are excluded from those figures. Beds
known to be closed temporarily (e.g., for remodeling) are included in

the inventory.

THE FORMULA AND INVENTORY

1. Bed Need Formula

The acute care bed need formula consists of two steps. First, the regional
bed need is calculated to obtain the number of acute care beds needed to serve
the entire region served by GDAHC., The second step involves the reapportioning
of these needed beds among all Study Areas.

Regional bed need. The regional bed need for the year 197X is obtained as
follows: the average number of inpatient days per person per year for the
region (taken for the most recent five years for which data are available) is
multiplied by the projected population for the region for 197X, to obtain the
total inpatient days per year projected for the region for 197X, This quan-
tity is then divided by 365 (to reduce it to a per day figure) and by . 88 (the

" expected overall occupancy rate for the region's hospitals), thus obtaining
the number of <cute care beds needed based on an 88% occupancy level.

' I.n formula form, this gives-

5 yr. average : Pro;ected

~ Patient. Days ' Regxonal

"Per Person /" - -~ Population
(365) (. 88)

Regional Bed Nesd s "

~continued -
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Future Needs for Acute Care Beds

' Study Area bed.need. The regional bed need is initially reapportioned among
Study Areas based on projected population figures; the result is then multi-
plied by an index derived from utilization rates. .

The number of beds needed to serve the population of a Study Area is obtained
as follows: the regional bed need figure for the year 197X is multiplied by
"the ratio of the Study Area’s projected population for 197X and the region's
projected population for 197X. The result is a Study Area bed need figure
directly proportional to the Study Area's projected populaticn.

That figure is then multiplied by a utilization index, which is defined as the
ratio of the utilization of hospital care by the Study Area's population for the
latest available year--expressed in terms of inpatient days per thousand
population--and the utilization of hospital care by the region's population,
also for the latest available year. (The resulting figures for individual Study
Areas add up to less than the original regional bed need, and the difference--
in the order of 5% of the total--must be reapportioned proportionately among

the Study Areas).

Finally, the quantity obtained is multiplied by .9, thus decreasing it by 10%,
the adjustment factor for appropriateness of utilization of acute care
facilities.

In formula form, this gives:

197X StudA (S. A. Pt. )
Area Pop. / Nays/1000 Pop./ (.9)

197X Reg. : (.’.".eg.'.l.?ﬁ.

Study Area _ _
Bed Need (Reg. Bed Need) X

Ponulation “ays/1000 Pop.

2. Acute Care Bed Inventory

* The inventory of acute care beds involves the detrrmination of the total acute
care beds available to each Study Area's pesulation, in ecach of thran catagories:
nxinting beds, beds under construction, anc additionnl bedn anprovad by (GDAHC
and CHPC, I

N

The existing and projected bec.s of evary hospital in the rngion are thus re-
apportioned among Study Areas according tp the proportion of patient dayf of
cara provided by the hospital to rosidents of each Rmdy Arzan, as doterminad
fanra the Patient Origin and Hospital Jsa .Study'. (Sinc s po uiilization data are

-continnad.


http:doterrminr5.on
http:7o,1u.at

" Methiod by Which GDAHC Determines 100
- Future Needs for Acute Care Beds

available for new hospitals yet to be built, reasonable approximations are made
in such cases, using where feasible known patterns of use of facilities in the area).

3. Deficits and Surpluses

By comparing the number of beds available to serve the Study Area's popu-
lation by 197X (rather than the beds located in that Study Area) with the estimate
of beds needed to serve that population by 197X, future surpluses or deficits
are identified.
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EXAMPIE 3

THE COMMUNITY SURVEY IN HEALTH FACILITTIES PLANNING

William L. Dowling
Assistant Professor of Hospital Administration
Program in Hospital Administration
University of Michigan

Prepared for
the

Engineering Sumer Conference
on
Operational Analysis
) in the
Management of Health Services

June 1967
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" The Commmity Health Facilities Survey

: d)jective of the coomunity health facilities survey.
" 1. Hospitals and other health care facilities should be:planned

ih response to present and future commmnity needs and in
relation to camumity resources.

2. The basic dbjective of the survey is to assist the cawmmity in-
developing a coordinated system of hospitals and other health
care facilities which will provide a broad range of services

for all members of the community in an econamic and effective
manner. :

Specific purposes of the commmity health facilitiesA survey.

1. To assist the community in determining the present and future
need for hospitals and other health care facilities.

2. To recommend a plan of action for meeting this need.

3. To recamend an information system and planning procedures
which will enable the communi’ -~ to measure its need for health
care services on a continuing .asis and to plan its health care
facilities in response to this need. :

4. To stimulate a better understanding of the nature of the health
care delivery system, and the interrelatiopships among the
various elements in this system, and the advantages of coordinating
these elements.

Most commumnities face several or all of the following problems relating
to their health care facilities.

1. Population growth ‘

2. Cr'xanging demands forv health ca:e gservices

3. Increasing costs of care

4. Too many beds of same types and/or too few of others
5. Unnecessary duplication of facilities and services
. 6. Gaps in facilities and services

7. Obsolescence and delayed response to advance in medical
‘ science - '
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Over-use of sane servwes and/or mderbuse of others
Poorly coordmated use of fac:.llties and services

Shortage of personnel.

The ocmnunlty health facilities survey is one approach to studying these
problems in an objective and scientific manner and developing a plan of
action to solve them. The survey should provide answers to the following
questions and many others which are critical to rational health care
facility planning.

1.
2.
3.
4.
3.

6.

8.

What facilities and services does the commmnity have?
What condition are they in?

Are they properly located?

Are there too many beds? Too few?

Are there gaps in services that result in high-cost
hospitalization when long-term units, outpatient services,
home care, etc. might be more appropriate?

Are there unnecessary duplications in services or facilities?

How is the community using - or misusing - its facilities?

Does the community have a balanced, inteyrated, health care

-system that offers the best possible care at a reasonable

cost?

Factors existant in many commnities which lead to irrational decisions
regarding the construction or expansion of health care facilities.

1.
2.
3.
4.
5.

6.
7.

Imagined need for additional services

Comunity pride

Oanpet.ition among hospitals

Campetition and/or discrimination among phj{Sicians

New or expanded facilities viewed as a means of recruiting
physicians and/or other professional personnel

Misdirected benevolence

Ehpire building
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11.
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Overa@asis on more attractive or newer servides
Simultaneous perception of needs by several institutions
Additional beds needed to sell fund raising drive

ILack of understanding of changes in health care.

The organization requesting the camunity health facilities survey must
agree to the following conditiaons before the survey will be undertaken.

1.

2.

The survey will ccnsider the needs of the entire community for
all types of health care services - prevention, diagnosis,
therapy, and rehabilitation.

a. It will not be limited to any one segment of the
camunity.

b. It will not be limited to any one type of service.

The survey will consider all types of health care facilities -
ambulatory care facilities, acute and long-term hospitals,
extended care facilities, nursing hames, rehabilitation
facilities, and hame care programs.

a. It will not focus on any one element of the health care
delivery system, since the elements are interrelated,
the actions of one affect the others, and coordination
between the elements is essential to good patient care.

b. A survey will usually not be undertaken for one hospital
in a multi-hospital comunity.

The survey team will communicate with various health care
professionals, and organizations - vhysicians, public and
private health care agencies, public and private welfare
agencies, and others -~ and representatives of community
leadership, consumers, insurers, etc.

a. Good planmng considers the viewpoints of all par-
ticipants in the commmity health care system.

b. Teo often the views of one parta.cxpant are :umosed on
the others, .cesultmq in ppor coopm'atlon.
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Wwhat are the advantages of seeking the assistance of an organization
outside of the commmnity?

1.

2.

3.

4.

Outside organization is likely to be objective and unbiased.

Outside organization may see new approaches to the solution
of problems.

Outside organization may have talents and resources not
available in the community.

Outside organization may bring new research findings and
techniques to the camunity planning process.

Disadvantages of assistance by an outside organization.

1.

2.

3.

4.

Recammendations may not be implemented because of a lack of
cammunity involvement and commitment to the survey.

Outside organization may lack sensitivity to the commumnity
power structure, comnunity prablems, and commnity resources.

Outside organization may alienate itself if viewed as
"telling" the cammunity how to allocate its health care
resources.

Community may depend too much cn outside organization and
not develop its capability to carry on its own planning in
the future,

Methodology of the cammunity health facilities survey.

1.

2.

3.

5.

Project the future need for health care services in the
community. (Surveys are generally limited to services:
provided in or by health care institutions.)

Determine the type, size, scope and arrangement of facili-
ties required to meet these needs.

Inventory the existing facilities to determine the degree
to which they meet these requirements.

Identify the gaps between existing and needed facilities.

Explore altemative methods of filling these gaps and make
recommendations regarding the best plan of action.



Approaches* to'projecting the need for health care facilities.

l.'

2.

a.

C.

d.

- e.

Medical
Determine the amount of illness and injury in the

comunity (morbidity and mortality by specific
diagnosis) .

Determine the quantity of the various camponents of
patient care (outpatient visits, inpatient days of
care, surgical procedures, obstetrical procedures,
laboratory tests, X-ray examinations, and other
diagnostic and therapeutic services) needed to
properly diagnose and treat each diagnosis.

Develop a means for assuring that patients use the
predetemined quantity of each type of service
appropriate for their diagnosis.

Add up the amount of each type of service that will be
used and translate this into facilities.

This approach is still in the research stage and is not
developed to the point that it can be used in planning
at the present time.

Demand (two approaches)

a.

b.

Project the past trend in the demand for services into
the future and translate this into facilities.

(1) This approach assumes that the factors which
influence demand will continue to operate in the
future as they have in the past.

(2) Relatively accurate in the short run but less so
for long range projections.

(3) Simplest method, but does not lead to an under-
standing of the complex nature of demand.

Identify the demographic, econamic, medical and social
factors that influence the demand for services and
determine the extent and manner (positive or negative)
that each factor (independent variable) affects the
demand for services (dependent variable). Develop a
demand model. Use the model to estimate future demand
by plugging in estimates of each factor for some future
point in time.
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" Hospital Use = f( + a2x + ...+ an’&x)

(1) This approach recognizes the factors which influence
demand and does not assume that they will continue
to operate in the future as they have in the past.

(2) This approach is still in the research stage and not
developed to the point that it can be used in planning
at the present time.

Approach used in the cammnity health facilities surway.

1.

Canbination of the two demand approaches.

a.

The trend in the utilization of various health care
services over the past five years is projected five to
ten years into the future, modified by expectations
about changes in the factors which influence demand
and changes in the nature of the health care delivery
system.

In addition to changes in the factors vhich affect
demand, other changes may be recommended based upon
knowledge about ways :in which the health care delivery
system can be improved. These recammendations also
modify the projection of the utilization of services
if there is a good chance they will be implemented.

Examples of recammendations

(1) More emphasis should be placed on the use of
alternatives to acute inpatient hospital care
such as ambulatory care, extended care, self-care,
nursing home care, and hawe care.

(2) More emphasis should be placed on utilization
review as a mezns of reducing unnecessary hospital
use (i.e., use motivated by financial or social
rather than medical reasons) and encouraging the
pramwpt movement of patients to alternative
facilities.

(3) Affiliation and transfer agreements should be
developed between hospitals and long-term care
facilities to facilitate the prampt movement
of patients to alternative facilities.



108
"(4) Affiliation should be developed between community
" hospitals and large regional or university hospitals
“to facilitate the referral of patients requiring
- specialized services and other types of care which
‘are not available (and often should not be avail-
able) in the community hospitals.

Specific steps in the community health facilities survey.
1. The area served by the hospital or hospitals in the commmnity
is determined. This is accomplished by:

a. Collecting data on the place of residence of all
patients admitted to the hospitals in the community
during the most recent twelve month period.

b. Ooliecting similar data for the same per:.od from all
hospitals surrounding the community.

c. Ciraumscribing the geographic area within which the
majority of people use the hospitals in the community
under study whenever hospitalization is necessary.

Hospital Service Area

Hospitals' 162
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1. . The. hospltal service area not only reflects the movement
“f,l,of ‘patients, but it also reflects the patterns of practice
of physicians, since they refer patients to hospitals for
admission.

'Ihe past and present population of the hospital service area
is determined using U.S. BureauoftheCe.nsusorotherpopu—
lation information. The population is broken down by major
age groups, since different age groups use different types
of hospital services.

Age | Service

14 and under Pediatric

14-44 (female) Obstetric

14 and over Medical and Surgical
65 and over Long~term Care

The future population of the hospital service area is pro-
jected five to ten years into the future using the best
available population estimates. Projections are made to
specific years for which health care facility needs are
to be determined. Again, the projected population is
broken down by age group.

(Although population data should be broken down by age group,
this is not done in the example presented in this section
of the outline.)

Year Service Area Population

1960 18,000

1961 18,200

1962 18,400 5.6% increase
1963 18,600

1964 18,800

1965 19,000

1970 (estimate) 20,060 5.6 $ increase

- (estimate)

1975 (estimate) 21,190 5.6% increase

(estimate)
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}Ihe past and pmesent utilization of hospltal beds'is determined

fktnlhospltal records. Use is measured in’ admlssicns and days
“of care per year for each cllnlcal service. '

(Although utilization data should be broken down hy clinical
sexvice, this is not done in the example presented 1n this

‘Yéar

1960
1961
1962

1963 -
IR PO

tcsectaon of the outline.)

Admissions
2,000
2,100
2,200

2,400
2,500

Average

Iength of Stay ’

8.2
8.1
,(18 0
”.7 9
7.8
7.8

"~ Days of Care

16,400
17,010
17,600
18,170
18,720
19,500

Past and present utilization rates are calculated using the
population of the hospital service area and admissions
and/or days of care.

Admissions

Admission Rate = Population x 1,000 (Admissions/l,000 population)

Utilization Rate - Days of Care
E&tm&" x 1,000 (Days of Care/1,000

Year
1960
1961
1962
1963

“1964
1965 .

Service Area

Population
18,000
18,200
18400

187600
i8;s00
19,000

Days of Care
16,400

17,010
17,600
18,170
2718;720
19,500

population)

Utilization Rate

911
935
957
977
996
-.1,026



i ‘Iheutih.zation rate is projected five botenyearsintothe

‘ ',f?,ffuun:e based on the trend experienced during the past five .
'years, modified by expectations about changes in the factors
which influence the demand for hospital care. Projections
are made to specific years for which health care facility

needs are to be determined.

Year Utilization Rate
1960 011
1961 935
1962 957
1963 977
1964 996
1965 1,026
1970 (estimate) 1,160
1975 (estimate) 1,310

.13% ‘increase

13% increase (estimate)
13% increase (estimate)

The factors which influence the demand for hospital care include:

Demographic As this factor increases it tends to affect
hospital use in the following manner

population

% of population in female 14-44 age group
% of pcpulation in 65 and over age group
% of population living in urban areas

% of population married

% of population with little education

% of population norwhite

Economic
% of population with high income

$ of population covered by health insurance

Medical

physician/population ratio
specialist/population ratio
hospital beds/population ratio

availability of alternatives to hospital care

L4+ +

+ +

L4+ +
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As this factor increases it tends to

Legislation affect hogpltal use in the following manner
Medicare +
Medicaid : +
Camunity Mental Health Centers Act ‘ +

7. One problem which must be considered in making projections
fram the utilization rate experienced during the past five
years is that utilization may be artificially low because
hospital facilities are inadequate to meet the potential
demand. In other words, the utilization rate would have
been higher had more beds been available. In determining
whether such a situation exists, the physicians in the
cammunity should be consulted and a nuwber of indicators
of bed shortage examined.

a. high occupancy rates
b. short average length of stay
c. waiting list for admissions
d. difficulty of admission for elective procedures
e. beds set up in halls and day roams
f. cancellations of scheduled surgery

8. The projected utiiization rate is applied to the: projected
population to determine the estimated number of days of
hospital care that will be provided in the future. This is
divided by 365 to determine the estimated average daily
census. Since hospitals cannot operate at 100% occupancy

the average daily census is divided by the planned
occupancy rate to determine the number of beds needed.

Projected Projected Estimated
Service Area Utilization Patient
Year Population Rate Days of Care
1970 20,060 X 1,160 = 23,270
1,000
1975 21,190 X 1,310 = 27,760
1,000 ‘
1970 23,270
365 = 64 average daily census
1975 26,260
365 = 76 average daily census
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1970 64
.- 80% = 80 beds needed

1975 76
80% = 95 beds needed

(As noted above, separate determinations should be made for the
number of beds needed for each clinical service rather than for
the hospital as a whole.)

9.

10.

Estimates are also made of the quantity of service that will
be provided by the major diagnostic and therapeutic depart-
ments in the hospital. These estimates are based on the
trends experienced during the past five years in the use of
these services.

a. Lab tests per admission (or per patient day)

b. X-ray examinations per admission (or per patient day)

C. Surgical procedures per surgical admission (or per
patient day)

d. PT treatments per medical-surgical admission
(or per patient day)

e. Prescriptions per admission (or per patient day)
The projections of the use of services are modified by expected
changes in the pattem of services, changes in hospital policy,
and advances in medical care. Consultation with the medical
staff of the hospital is essential in developing projections
of the use of diagnostic and therapeutic services. Many
factors must be considered. ‘
a. The addition of new services
b. The addition of specialists to the medical staff
¢. The actions of other hospitals
d. New hospital policies

(1) All patients must have a chest X~-ray upon admission.

(2) All patients must have certain laboratory tests
as part of their admission workup.

(3) Outpatients may have prescriptions filled in the
hospital pharmacy.



11.

13.

The levels of inpatient, outpatient, diagnostic, and thera-
peutic services which the hospital will be required to pro-
vide in the future are translated into the facilities needed
to accamodate these services. This translation is based on
past experience, general standards developed in the hospital
field, and the efficiency of hospital operations. General
standards regarding the square feet of space, equipment,

and other facilities needed in an average or typical patient
roam ,delivery room, operating room, laboratory, X-ray depart-
ment, etc., also exist, although they must be tailored to ‘the
local situation.

a. One bed in a patient room can accammodate one patient
per day.

b. One operating room can acconmodate five to six surgical
procedures per workday.

c. One outpatient or emergency room examination and treat-
ment station can accommodate 12 to 14 patient visits
per workday.

After estimates have been made of the hospital facilities
which will be required in the future, the hospital (space,
beds, equipment, and other facilities) is evaluated to
determine its adequacy to meet these future requirements.
The adequacy of individual departments is evaluated in terms
of the following questions:

a. Can the future workload requirements be handled in
the department?

b. Can the work be done safely?
c. Can the work be done reasonably efficiently?

d. Can the work be done with due regard for the patients'
dignity?

Recommendations are made regarding the amount: and type of
modernization, expansion, or new construction tha' will he
required to provide hospital facilities adequath 0 mee*:
future workload requiremenis. In developing sv~h recormrn~
dations, community resourcn; must ba consicdern:il.
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a. construction funds
b. operating funds

c. availability of physicians

d. availability of specialists

e, availability of paramedical personnel

f. availability of services in other hospitals
Essentially the same steps are undertaken regarding other
health care facilities, nursing homes and home care programs.
Future utilization is estimated, the adequacy of existing
facilities to meet these levels of service is evaluated,
and recommendations are made as to the modernization,
expansion, or addition of facilities.

Emphasis is placed on areas of potential cooperation, coor-
dination and consolidation of effort among health care
facilities. Opportunities for the sharing or joint coopera-
tion of services exist in many areas.

a. laundries

b. blood banks

c. purchasing

d. ambulance services

e. nursing schools

f. X-ray therapy

g. intern and residency training programs

h. rehabilitation

i. persomel

j. phamacy

k. cardiac and neurosurgery

1. premature nurseries

m. laboratory services

115
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16. Emphasis is placed on the entire comunity health care delivery
system and on the savings in caonstruction and operating funds
and the improvements in patient care that can be achieved

~ through the development of appropriate relationships among
the elements in the system. For exanple, many studies have
shown that a significant number of patients in acute hospitals
do not need to be in the hospital but could be adequately
cared for at home (assuming a home care program is available
in the camunity), on an ambulatory basis (assuming out-
patient facilities are available), or in rehabilitation
facilities, extended care facilities, nursing hames, homes
for the aged, or foster homes (again, assuming these facili-
ties are available). Unnecessary acute hospital use is
estimated to be as high as 10% to 20% of the days of care
rendered. Since alternative facilities are less expensive
to construct and operate and since: they can meet appropriate
levels of medical need, it is important that the community
have an adequate supply of each type of facility and that
the community health care system encourage the prampt movement
of patients to the type of facility that best meets the
patient's medical needs.

Cammunity Health Care Delivery System

L T Care Facilities

i

Qutpatient Facilities Acute Hospital

\ .

Physicians' 2
Offices

108 vd

F 3

2.5%
Home Care Program

-——— ] ——

L 4

-
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I11. B, 1II, Queding and Inventory Problems

A queue is any backlog of tasks waiting to be performed - a
pilé of unanswered letters on a desk to out-patients requiring ex-
aminations. Due to uncertainty and scarcity of resources, queues and
bottlenscks are almost inevitable., Queuing problems utilize alternative
measures to improve service provision, and such problems can also be
described as involving '"probablistic service"..

There are 9 basic characteristics describing any queuing problem:

1. There is a service facility,

2. There are customers requiring services.

3. There are servers providing service to the customers.
Thus, a clinic is a facility with doctors and nurses treating patients.
No problem would exiét if there were enough doctors to immediately
see every patient; however, the doctors would be idle for long
periods. Thus, é balance is sought between waiting and service costs.

4, There is a customer arrival pattern, in terms of inter-
arrival time of successive customers.

5. There is a service pattern, in terms of the distribution of
service time, approximated by a probability distributien.

6. There is a queue discipline - the order in which customers re-
ceive service, Examples include a "first come-first serve' discipline

or an appointment scheme.
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7. There is a server arrangement - generally in a "parallel"

or "series" fashion. Three possible queuing systems are shown in

Figure7,!
. facility .

srrivals” queue simple queue,
(8) —= o e s | e[ sorver | e == ginoiy server

' facility
srrivals queus ~ L e \ simple queve,
(b) e —tm ——— W —=[] sorvers | —= == many servers

: in parallel
(-
facility

simple queuse
arrivals queue server servar N
——— e ——— AN _.E: with servars in
—— A — 4
@ sub-quouo:j series resuiting
in a sub-queue

F1GURre 7" Three queucing systems

8. There.are customer cost arising from the time queuing and
in service, and the benefit derived.

9. There are the service cost of the facility and the servers
both when idle and when in service.

In industrial contexts, explicit resource costs are oﬁtainable.
How customers cost (value) their idle time is difficult to calculate
and is generally inferred by observation of those leaving the queue
when it is considered to long or too sloﬁ.

Hospital queue costs are difficult to define. What is the cost
of keeping a patient waiting? What is the cost of rejecting a patient?

Is it desirable to put these costs in monetary terms?

1. G. Luck et al., "patients, Hospitals, and Operations Researcly Tavistock,
London, 1971, p. 97.
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A flow diagram links the procedures for tackling a queuing

problem.l Draw up 2 diagram
(e.q. Figure 7)

Define the nine characteristics
(e.g. TaMe 21 )

Define states and ways

in which changes can
take place

{

Set up equations for
changes of state

Collect data on arrival
and service pattarns

!

Solve equations to
give probabilities
for each state

Can
assumptions
be altered?

Yes

Use customer and service costs
to obtsin operational solution

FIGURES Procedures for tackling a queucing problem -

A hospital can be looked upon as a system of queues linked together.
In the past, out-patient clinics have been extensively studied by
queuing methods in order to develop appointment systems; yet, im-

portant aspects of the'inpatient system have not been extensively studied,

1. Luck, op. cit., p. 102,



Table 4. summarizes four hospital queuing problems}

‘Four hasprtal queueing prodlem
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patients unpunctual

‘ Inpatient waiting liss Qutpatient twaiting lise Qutpatient elinic waiting  Opevating theatre lists

Facility Inpatient care Qutpatient clinic Qutpatient clinic Opersting theatres

Customer Patient referred from out- Patient referved by GP Patient with sppointment Patient recommended fore
pstient dept ) surgery

Berver Staffed and equipped bed Doctor and consulting Doctor and consulting Surgeon

N foom room

Arvival pattem Weekly binomisl probs-  Usually random Unpunctuality around Planned admission but

bility distribution sppointment times patients do not always
arrive

Setvice pattern Langth of stay skew Fixed number of uppoint- Consultetion time variable Weekly timetable of
probability distribution  ments each week theatre sessions

Queug discipline Varied; usually three Usually first come first  Usually appointment Order of list made up by
categories, vrgent, soon,  served; may be screened  order surgeon to his preference
other for urgency

Amngement of servers  Parallel with traditional ~ May be complex if cone  May be complex if con-  Single server; sometimes
ward; series-parallel with sultant, junior, and sultant, junior, and two theatres in paralle}
progressive patient care  clinical assistant clinical assistant .

Customer coet Benefit: diagnosis, treat-  Benefit: diagnosis, re- Bencefit: diagnosis, re- Benefit: peobable improve-
ment, and care, Waiting  ferral to treatunent, ferrul to treatment, ment in condition or
cost: deterioration, Whuiting cost: deteriora-  Waiting cost: time sitting prevention of deterioration.
inconvenience tion, anxiety, incon- in outpatient dept Waiting cost: deterioration,

venience inconvenience
Service cost Building, equipment, staff Building, equipment, staff Loss of tiine for doctor if  Operating thea.re, equipe

ment, staff

Inpatient vaiting lists enable the hggptial to smooth out'its work

load and act as an allocative mechanism in choosing between hospitals.

The list is an indicator for planning the expansion and contraction of

resources. (Possible on a long-term basis.) Queue.discipline determines

the way patients are removed from the list for admission - generally in

priority terms of "urgent", ''soon", and "in turn'".

Planners need to know .

the average rate of additions to the list and to see how far these are in

balance with the admissions to hospital.

1. G, Luck, op. cit., p. 107,
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Queuing will not be eliminated as it is impossible to accurately
predict (1)_emergencyvadmissions and (2) the way in which individual
patients respond to treatment. Probability distributions approximate
these assumptions made about arrivals and service times. Thus, in a
non-appointment setting, one assumes that the probability of an arrival
at a given moment is constant over time - an arrival at 10:15 A.M, is
equally as likely as one at 10:15 P.M. This situation is approximated
by a Poisson distribution. The only parameter needed to make the es-
timation is the average arrival rate. Service times are also assumed
to constantly terminate '"at the next moment". Thus, a patient after
20 minutes of service and one with 15 minutes are both assumed to terminate
the next minute. Negative exponential distributions describe this situation.
The only parameter needed to make the estimation of the service time
variability is the average service time (arrival rate/service rate). This
ratio can't exceed one, or the queue will grow indefinately as arrivals
are faster than the ability to service them. Table 2 shows the beginning
of the clogging phenonemon as the arrival rate (col. 1) épproaches

the service rate (col. 2).1

Steady-state operating characteristics of paediatric clinic

hdonuv.h-md characearistics ] of.::"’.‘

Mean Mean Ratioof | 1 :chmm

bl | e arivel T paanme iy | Meen gl poiens

arrivals (min) service | Proportion
{min) rate of
(60/A) (0/R) (AIR) time
Waitng | Total | Waideg | Total doctor

) i

400 10 | o 3 0| ar | o3 i 7
20,0 ' 10 0.50 10 20 0S 1.0 50
133 1 10 0.75 30 40 22 3.0 25
11 | 10 0.0 %2 100 | a1 90 : 10
10.5 10 0.95 1%0 200 ' 18.0 19.0 5
10.1- 10 0.99 9% 1000 98.0 9.0 ]

1. Grundy and Reinke, op. cit., p. 164.
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Reinkel.offers three remedies - a) remove chance arrivals by instituting
an.appointment system, b) redesign the clinic to handle less than its capacity

of 6 patients hr. (col. 2), c) add additional services, say an additional
physician. Thus, the model is useful if it can foresee the need to consider these
alternatifes to avoid difficulties.

Inventory Problems.Queuing problems are related to inventory problems as

both concern accumulations with additions to them and substractions from them.
In queuing*problems, additions are random and beyond direct influence while
substractions are controlled through service. In inventory problems, additions
are subject to at least partial control, through reordering, but substractions are
often random beyond the control of the organization maintaining the inventory.
The uncertainties affecting stability include changes in demand, scheduled
services, and rates of innovations. Hundreds of inventory modes, classified generally
by product, level, location and price makes this the most developed aspect of
operations research. The problems are served analytically or by simulation
utilizing queuing, linear programming and dynamic programming models.

Health applications include estimating service, net profit, and supply needs.
Computer models can maintain perpetual inventory information, write purchase
orders and print daily and monthly reports. Predicted use of hospital

items is facilitated by exponential smoothing and regression analysis.

1op. cit, p.64
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A model of a community hospital's arrivals and discharges has been
simulated by S. Heda into a game. The objective is to aid the admitting
officer to plan a stable occupancy as well as instantly examine the consequences
of various admission and discharge decisions. Seven days are simulated with
each day divided into five parts. Emergency, medical, surgical, and obstetrical
patients arrive into, and transfer between intensive and coronary care units,
med-surgexy wards, and OB/GYN floors as shown in the Flow Diagram. Arrival
patterns and mean LOS (Length of Stay) are often based on historical information.
One week's simulation is played with summary statistics offered on the last page.
Thus, gaming is simulation with human intervention. The utility of
the game as a pedagogical devise is that it tests changes in performances based
on changes in circumstances and data under the user's control. Gaming is very

expensive.
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EXAMPLE 1
A SIMULATION-GAME FOR HOSPITAL DECISION MAKING

S. Heda
University of Michigan

DISCHARGES

Very
Few

>
=S
>

Transfers
TIBsfers

3,4§5

CAP=214
K 3
GYN
OB/GYN
2nd Floor
CAP=36

Icu/ ccu
CAP=16

0B




Time
) &

Midnite =

7 a.m.

9 a.m,

11 a.m.

1p.m,

Midnite

Bnergency Arrivals

—+

Emergency arrival
Discharges (4/5)
Transfers from ICU/CCU

R

Pmergency arrivais
Discharges (1/5)
Transfers from ICU
Sched. Medical Arrival
Cancellations

\

Emergency arrival
Transfers from ICU
Call Ins.
Scheduled Surgical
Cancellations

Gyn from 2nd Floor

Census

SIMULATION MODEL |
Time Scl:édule: .
3,4, 85 OB/GYN
:,VCensus \ Ceﬁsus
£ Bnergelncy Arrivals OB Arrivals
. Dis.chmrges

I 2

Gyn Arrival
OB Arrival
Cancellations

Census
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I

Census

¢

Transfers out

Transfers
out

ICU Arrival
Transfers Out
Overflow

Census
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SHOTH AR, f-

ARRIVAL PATTERNS: carde ol ekl .
R g o Mo To‘ .W. mo Fo Sc S.
- Scheduled Medical - mrursrm o 3:.3..3..3 6 6 3
..Scheduled Surgical @ " ' 15° ;14 14 14 0 0 17
[Scheduled surgical 1nc1udes‘ g, whichiare. po1sson dlstrlbuted with mean
’ of 2/day]
Arrival to Queues: , e
Medical ' Poisson with mean 7/day
Surgical Poisson with mean 12/day
Emergency Arrivals: (All Poisson) i
Midnite - 7 a.m, ;
7am, - 9a.m. 2,33 :
9 a.m. - 11 a.m. .29 X:rm}val
11 a.m. - 1 p.m .29 Rat;s
1p.m. - Midnite 3,38 -
L)
Total 7.0 / Day
OB Arrivals: _ ¢

Poisson with means of

Midnite - 1 p.m. 2.5 / Day

1 pom. - Inid-n.ite ) 2.5 / D&Y

4

Total 5.0 / Day

ICU/CCU Admissions Poisson with é

mean 2/Day



OTHER DISTRIBUTIONS

1. Isolation beds mean = 2/day
2. Length of stay (means)

1CU/CCU - 6/days
OB - 3.8/days
GYN - 3.5/days
MED - 10.0/days
SURG - 5.5/days
Emergency -~ 11.5/days

ICU/Transfers~ 10.0/days
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THIS PROGRAM 1S A SIMULATION. GAME FOR UNDERSTANDING THE DEC!S1ON P

MAKING PROCESS OF THE ADMITTING OFFICE IN A HOSPITAL,
THE OUTPUT IS SELF-EXPLANATORY, INPUT SHOULD BE RIGHT ANJUSTED UNDER XS~ =——---

e o e -- . . . e . . “wt mee e . s e@es Semeeemer

IF YOU HAVE ANY QUESTI0i!S, CONTACT : h : N
SHYAM HEDA et DI A
BUREAU OF HOSPITAL ADMINISTRATION.
UNIVERSITY OF MICHIGAN T _ -
TEL NO.: 764 1394 '

DO YOU WISH EXPECTATIONS OF THE DAY PRINTED?

TYPE YES OR NO N
yes .
DO YOU WISH 24 HRS DISCHARGE INFORMATION? «= -~ === —_—
TYPE YES OR NO

yes - - ae teewe o B Iy . ) + a—ces -y e

DELAY TIME & SURG = 23 DAYS
MED = 13 DAYS =~ - o - oo — -

THE MEDICAL & SURGICAL ALLOWANCES IN THE PROCRAM ARE :

HON TUE WED THU FRI SAT SUN B T ommoTTTm e
MED 3 3 3 3 6 6 3
SUR 15 14 14 1% 0 0 17 ‘ T TT o T

PO YOU WISH TO CHANGE THESE ALLOWANCES? Tt T T e
TYPE YES OR NO

no p - - N
1ONDAY

MIP-NITE CENSUS. ..

3,4&5 FLOORS 208

2ND FLOOR 13

ICU/CCu 12

EMER ADM (12-7)
EMEFR ADM (7-9)

9 AM. ¢
CENSUS = 213 ‘
PATS AVAITING TRANSFER FROIT ICU : 1 ' oo o

e o0
& -

EXPECTATIONS TO=-DAY ...
DISCHARGES : 17 (MAX= 24 ,MIN= 11)
SCHED.MED : 3
SCHED.SUR ¢ 15( INCL GYN EXP ADM = 2)
EMER,ARRIV 3 5 (MAX= §,MIN= 2)
ISOLATION BEDS : 3

EMPTY BEDS : -6 (MiN=-15,MAX= )

FOR AVAIL. BEDS = 211

(TRAHSFERS NOT INCLUDED)

(HEG. NUM3BER INDICATES OVERFLOW)

0B/AYN. .. _ i

cesemiie  oem aeer - — e - & o o = E—



* (TRANSFERS NOT INCLUDED)
“(NEG, NUMBER INDICATES OVERFLOW) R e e e e

. OB/GYN. .. )
EXP. DISCH, : 7 (MIN= 3, MAX= 11)
EXP. OB ADPM = 5 AND GYN ADM = 2 ‘ T T Sreem g el een ememn

. HOW MANY TRANSFERS NOW 2 = = . == == = ommm s o o o e e ——
XX

L A mlerar R NN S emicqapemes - RIS BN ey g o

.DISCH. TOMORROW 716"~~~ "7 " "7 o o s -

11 A.M, : o

DISCH TILL 11AM : 21
EMER ADM(9-11) : 0 o T e
= CENSUS : 192

PATS AWAITING TRANSFER FROM ICU-: 1 - === - = - - -

HOW MANY TRANSFERS NOW ?

% ; -
1

HOW MANY CALL INS 2° = =t r o = o mwm o iomememicmee St

WAITING LINE HAS 50 PATS

XX . —— e e et e o e e e - -

. - [N i em cer e s dme s aseeiel et oo - - SIS s s e tww M B e

<o vem . e am . cee o e smaee . — ———t. o

IF YOU WISH TO CANCEL ANY SCHEDULED PATIENTS ENTER BELOW——— -
MED SUR '

xx xx .o . .. e e a1 et e amt e chin ceeee se cememeses v e
1 PM, ¢ - . ' - - - ————
DISCH (11-1) : 3 (TOT DISCH= 24 )

EMER APM(11-1) ¢ O SR : e o
SCH MED ADM : 3

= CENSUS : 193 ' Cmo ‘ AR
AVAIL, BED CAPACITY : 211

ST! LL TO COME ceces .o - e . e - + ceem s o s — — e m— o
SCHEP SURG : 11

EXPECTED EMER AFTER 1PM : &4 - ' oo T
EXP EMPTY BEDS = 3 B

(INCLUDING ALL CALL INS & TNANS,) T

ICU/CCU CENSUS : 11
2iD FLOOR ACTIVITY
DISCH : &

08 ADM(AM) : 1

= CENSUS : 8

STILL TO COME...

CYN SCHED : &4 : oo

EXP OB : 2.5 ‘
HOW MANY GYN TO 3,4,5 ? T o -
XX )

GYN CANCELLATIONS ?

xx .. S . - . e b eewee e ‘.. . . C e s
HOw MANY ADDITIONAL CALL NS ? o T e T
YOU HAVE ALREADY CALLED 0

xx L. - . -t et meen - . P .j...

3 .

D0 YOU WIiSH TO CAMCEL ANY SURGJCAL PATS 2 -~ -~ - - - = B
ENTER NUMBER BELOW

XX v .- - . - e v te . me. se . W e - s0m T TR Rt bk e v -
HUMBER OF PATS CALLED IN : 3 T T o mmmEe ey - -
NUMBER OF PATS CAME IN -2 3

EMER APMY AFTER 1PM ¢ 3 - - o T e



NUMBER OF PATS CALLED IN : 3
NUMBER OF PATS CAME IN : 3
EMER ADM AFTER 1PM : 3 '

ICU ADMISSIONS ¢ 1 . (o
OB ADMISSIONS(PM): 3 - ——= = =w—=—=—e

S

130

- - ————r ot oy $s 0

s o e 0 s,

TUESDAY
MID-NITE CENSUS... e e
5,445 FLOORS 210

2HD FLOQR ~===—== ===== = = - 1§ e
Icu/ceu 12

EMER ADM (7 9) s 1

¥ e - oo . e 8 anamaon e s we we

9 AM, : _ ‘
CENSUS = 211 - ce e e - N

PATS AWAITING TRANSFER FROM - ICU

s

ey

R e

o ememromtenmeme ssmm—

EXPECTATIONS TO-DAY ,.,i ~~ o -

N1SCHARGES : 21 (MAX= 28, MIN- 15)

SCHED.MED : 3 e

SCHED.SUR ¢  14( INCL GYM EXP ADM = 2)
PMERVARRIV @ 5 (MAX=  8,MIN= 2) -
"SOLATION BEDS : 1

FMPTY BEDS ¢ 3 (MIN= =6 ,MAX= 13) ——- - -

“OR AVAIL. BEDS = 213
(TKRANSFERS NOT INCLUDED) -

0B/GYN...
EXP. DISCH., : 7 (MIN= 3, MAX= 11)
EXP. OB ADM = 5 AND GYN ADM = 2

HOW MANY TRANSFERS NOW ?
XX
1

DISCH. TOMORROW : 31

11 A.M, :

DISCH TILL 11AM : 10
EMER ADM(9-11) : 0

= CENSUS : 202

HOW LIANY CALL INS ?
WAITING LINE HAS 53 PATS
XX

th et eme e e Amm—— e et $=8 dmvma 4

CeiemAt aeiWn Srmdn as . mee - -

© ae e imm e = e e cm e im e ®

IF YOU WISH TO CANCEL ANY SCHEDULED PATIENTS ENTER BELOV

HED SUR
XX XX

1 P.M. ¢ :
DISCH (11-1) : 6 (TOT DISCH= 16 )

FHERHQPHX6A 1) : g

= CENSUS : 199

AVAIL. BED CAPACITY : 213

STILL TO COME ...

SCHED SURG : 13

EXPECTED ELMER AFTER 1PM ¢
EXP-EMPTY BEDS = =3

(INCLUDING ALL CALL INS & THANS,)
ICU/CCU CENSUS : 11
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(INCLUDING ALL CALL INS & TNANS.)
ICU/CCU CENSUS : 11

28D FLOOR ACTIVITY
DISCH : 5
0B ADM(AM) .2 3
= CENSUS :
STILL TO COME.,..

GYN SCHED : 1

EXP OB : 2.5

HOY! MANY GYN TO 3,# 3 T
XX

GYN

CANCELLATIONS ?
¥ AR

P e L

~-

MANY ADDITIONAL CALL INS 2 7
HAVE ALREADY CALLED O :

HOW
Yau
XX

DO YOU WISH TO CANCEL ANY SURGICAL PATS 7~

ENTER NUMBER BELOW
Xx P SR

EMER ADM AFTER 1PM : 1 -~
EMER. OVERFLOW FROM 3,4&5 :
HOY/ MANY OVERFLOW TO
XX

1 S e
ICU ADMISSIONS : 2
IHCLUDED OVERFLOW :
OB ADMISSIONS(PM):

1

cear ame s vemn  sae

b
2

WED~SDAY :
"1'D-N'TE CENSUS. o0
3,485 FLOORS -
28D FLOOR
Icu/ccu

213
16
13

EMER ADM (12-7) : 1
9 AM,

CENSUS = 214

EMER AWAITING ADM : 1

PATS AWAITING TRANSFER FROM I1CU ¢ 3

EXPECTAT!IONS TO=-DAY ...
DISCHARGES : 23 (MAX= 31,MIN=
SCHED.MED : 3
SCHED,SUR : 1i(
EMER.,ARRIV ¢ 5 (MAX=
ISOLATION BEDS : 1
EMPTY BEDS : 1 (MIN= -8 ,MAX=
FOR AVAIL, BEDS = 213
(TRANSFERS NOT INCLUDED)

16)

ADM = 2)
2)

12)-

INCL GYN. EXP
8,MIN=

GYN.oo ' T L
EXé. DISCH. : 7 (MIN= 3, MAX= 12)

EXP. OB ADM = 5 AND GYN ADM = 2

HOW' MAMY TRANSFERS NOW ?
XX ' .

13 - R e

P myes ap e

lcu ?< L ee e

.- e wsan . .,

o o ————— ey o et g -

- . P T

‘omam o o

L AR MNP PO G EE ¢ e ¢ e At b e SO SOIMRNURILEEr AW S 0w e

- . e Ae—a. bo aew o 4 -




THE SUMMARY STATISTICS OF THE WEEK..: —

AVE. CENSUS

AVE OCCUPANCY . 96.33

TOT SURGICAL ADMISSIONS - - m e e e e s oo B g e
TOT MEDICAL ADMISSICNS 58,

AVE NO. QF EMER, ADMISSHIONS - = = — o s mmmc st s e v s o s Qg e ommrme se o o
TOT., MEDICAL CANCELLATIONS 0.

TOTAL SURGICAL CANCELLATIONS e T By e
TOTAL CMER. TURNED AWAY 12-7 AM : ) 0.

TOTAL EMER. TURNED AUAY 1-12 PM ¢ : =l e —
TOTAL PATS FAILED TO BE TRANSFERPED FROM UNIT' 0.

TOTAL PATS HEEDED TO BE TRANSFERRED:- FROM UNIT: e 157 ~
TOTAL PATS ADMITTED THRU CALL INS 31,

TOTAL PATS FAILED TO BE ADMITTED THRU CALL INS = ~- M. P
TOTAL UNUSEABLE BEDS 18,

OB/GYN FLOOR STATISTICS.... - s

AVE. CENSUS 18.n0

AVE. OCCUPANCY 50,00 - -

TOTAL OB ADM 31,

TOTAL GY!N ADM TO 2 FLOOR - i i
TOTAL GYN ADM TG 3,4&5 0.

TGTAL GYN CANCELLATIONS .- - 0. e
TOTAL OR CALCELLATIONS 0.

ICU/CCU STATISTICS.. S e e el e e e
AVE. CENSUS 14,00 -

AVE. OCCUPANCY - e e—— 87,50 ~ommeee s
TOTAL 1CU ADM 18.

ToTAL OVERFLO” To lcu Lo e e Cemeen e —. e m o . P  w - 1. “a e b emebm:  emus- seeswem e .
TOTAL ICU CANCELLATIONS 0.

NUMBER OF SIMULATED DAYS...

132

o oo - ive 4

- o o

DO YOU WISH TO CONTINUE FOR ANOTHER WEEK ? - -~

WRITE YES OR NO
no

NUMBER OF SIFULATED VJEEKS, ..

TUW R eteR e b B IR B 1P P RS - oS Wl o P
1 .
LR o et IR P AR -, e
G NN L emeiman e gt a et O cates wres we e -

. et b

B R S, v —— 45 & -

. 206 o 1“..-—._...._._._-_...‘..-. vem-

- .- 7.‘-—4.‘« CEEAES - ® . BUS e 14« A S sme, o ®

. - e PR . vou imeioin
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B. III. - INTRODUCT ION
T0 :
NETWORK PLANNING TECHNIQUES

The gritical Path Method (CPM) and the Program Evaluation

and Review Technique (PERT) are both very powerful manage~-
ment tools for analyzing and planning large and complex
projects. Both were developed in the late 1950's and are
quite similar since both are based on a graphical portrayal
of the interrelations between jobs. The minor differences
between them are of no significance, as will be shown later
on, but this text will use the notation of CPM.

CPM is a planning technique for any project which has a be-
ginning and an end. A project, as used here, is made up of
many jobs or tasks. It can be used on any project from get-
ting up and off to work in the morning, to building a bat-
tleship, and to the planning of a water pollution survey.
The method allows a planner to conceive and plot the entire
project without initial regard to time. The planner con-
centrates his attention on arranging the various jobs within
the project into the most logical or best sequence to com-
plete the project. L .

For example, the project may be '"getting up and off to work
in the morning." If one considers the various jobs making
up this project as non-concurrent and arranges them in lo-
gical order, one may end up with a straight line sequence as
shown below in Figure 1. "

@ ‘ . &
-+ 34D Rt

8T =T O " BATHE & DRSS _PRFCARE EAT frry
ATART GOF a#g SHAVE BRECHEAST
| 2 3 a g

Pigure 1,
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- There are altogether five jobs, each dependeat upon the one
- immeciately proceeding. Job 5 can not start until job 4 has
been completed. One can pot eat breakfast until breakfast
has been prepared. This basic concept is the heart of the -
CPM. 2

- Now if the little man in the illustration could get his

litt e woman to get up and fix him his breakfast, one would

have some concurrent jobs in the project and the sequence
might be as illustrated below .in Fieure 2 —_

| @’*
\l/

2y 7 LITTLE woMaN EPARE b
N Al GETS OUT OF BED  gRSAKFAST > 3
& 2 4 é%f%?
Pre

P EAT FINISH
. START L L
SR Y €) ¢ ] 6

> ?‘ >

GET OUT .
"OF BED BaiAve®  DRESS
Figure 2,

-Drawing these illustrations requires quite some artistic
talent (which not every manager has) and time, and there-
fore an abstraction of the problem is in order. Let a
circle indicate a job or task, and let an arrow indicate
the sequence in which they have to be performed. This
will lead to a graph or network as shown in Figure 3.

Figure .3,


http:below.in
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One thing becomes obvious. The drawing of the graph or
network is relatively easy, but writing the full descrip-
tion of the individual task is difficult due to space li-
mitations., The two possibilities are: one, to abbreviate
‘the description of the job as done in Figure 3, or two,
‘to just use a unique number for each job which is refer-
enced in a table.

Job number Job description

Start

Get out of bed

Little woman out of bed
Bathe and shave

Prepare breakfast

Dress .

Eat breakfast

Finish

~N O AN = O

Before proceeding any further the logic of the network
should be checked. This can be dune by taking each job
at a time and asking three questions:

1.) Have any jobs been overlooked which have
to be accomplished before this one can be
done and are those shown correct?

2.) Have any jobs been overlooked which can be
done concurrently and are those shown correct?

3.) Have any jobs been overlooked which follow
this job and are those shown correct?

‘Once the network passes this check, a time estimate must
be assigned to each job, This time estimate must be ex-
pressed in the same time units for each job within the
project. Depending on the project, this may be years,
months, days, hours or minutes. Whichever best suits the
situation should be used. In the example here minutes will
be used. If one enters this time in the circle below the
jdentification number, the network as shown in Figure 4
will result,
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: Figure'4.

Now, irrespective of how the CPM diagram looks like; however
simple or complicated -- there must be one sequence of jobs
that takes the longest time between start and finish.. In
this project, it can readily found to be the sequence of -
jobs O, 1, 3, 5, 6, & 7. This then represents the shortest
completion time possible since the project cannot be finished
"any sooner than the total time it takes to perform the jobs
on the path, one after another. This sequence of jobs, called
the CRTICIAL PATH, is defined as the series of consecutive
jobs which takes the longest time to complete in the project.
One can indicate the activities on the critical path by draw-

ing slashes through the connecting arrows:

It follows then that the time for the entire project can
neither be shortened or lengthened, unless one or more of
the individual jobs on the critical path are either short-
ened ar lengthened. Also, if one or more of the jobs of the
critical path are lengthened, a new critical path and a new
total time for the project may result. For example, if it
.takes the little woman twenty minutes to get out of bed, the
critical path will change and we may be late getting to work.

Now, let the project be changed a little. Suppose there is

a house guest, who also wants to go to work at the same time.
"He can be added to the diagram in the following way:
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Figure 5.

‘Note that the following jobs have been added

Jab number Job description Job time
8 house guest gets up 10
9 house guest bathes 15
10 house guest dresses 15
11 house guest eats 20

Checking this diagram, it appears to be advantageous to eat
breakfast together. This can be taken care of by combining
the individual jobs into one. At the same time an error in
the diagram can be corrected. The error is that the diagram
does not show that breakfast has to be prepared before the
house guest can eat.

What about the bathroom situation? If there is only one
bathroom, then its use must be scheduled properly. I sup-
pose the house guest is allowed into the bathroom only after
I have finished, this will require the introduction of the
arrow from 3 to 10. Introduction of this branch puts now
all jobs in the proper and logical order. This network is
shown in Figure 6.
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Figure 6.

Barlier it was mentioned that the critical path was made

up of the series of consecutive jobs which takes the longest
time to complete the project; looking at Figure 6 it can be
seen that this path goes through the jobs 0, 1, 3, 9, 10,.6

§ 7. By adding the time for each job along this path a total
of seventy (70) minutes will be obtained., This is the time it
will take to complete the project.

In this very simple example shown here it was not difficult
to find the critical path and it was found by mere inspec-
tion. However, when the number of jobs is in the hundreds,
an inspection will not suffice and a more formal procedure
to find the critical path will be necessary. At the same
time these calculations will reveal some very interesting
other information, .

To start this computational procedure, place two boxes to
~the left and the right of each job in the network.. The two
boxes to the left of each job will contain the earliest and
latest starting time, and the boxes to the right will con-

tain the earliest and latest finish times. Two paths will

be made through the network; in the forward path, the earliest
starting and finishing times will be computed; in the backward -.
pgth the latest starting and finishing times will be deter-
mined.

A formal description of the two algorithms is as follows:

A. Earliest Start (ES) and Earliest Finish (EF) Times
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Suppose the starting time or date for a project is given
(denote it by S), then there exists for each job an earl-
jest starting time (ES), which is the earliest possible
time that a job can begin, if all its predecessors are
also started at their earliest starting times. If the
time it takes to finish a job is denoted by t, then the
earliest finish time (EF) is equal to ES+t,

- To compute the ES and EF times of each job of a project

refer to the project graph. Proceed as follows:

1. Mark the value of S to the left and to the right of
START

2. Consider any unmarked job all of whose predecessors
" have been marked and mark to the Ieft of the job the
Targest number marked to the right of any of its im-
meaiate predecessors. This number is the earliest
start time (ES) of this job,

3, Add to the ES time the time it takes to finish the

job and mark the resulting earliest finish time (EF)
EF = ES+t to the right of the job.

4. Continue until FINISH has been reached,

Having finished then all calculations each job will
have been marked; on the left side of the job is the
earliest starting time and on the right side the
earliest finish time. The number appearing to the
right of the last job, FINISH, is the earliest finish
time for the entire project.

Latest Start (LS) and Latest Finish (LF) Times

Suppose now that a target time (T) is given at which the
project must be finished. This usually will be a calen-
dar date. Then the question arises as to what the latest
time is that the project can be started and still finished
in time. Off course, T must be greater (later) than or
equal to F, otherwise the project can never be finished

in time. Assuming then that T is greater than F one can
determine the latest time at which a job must be finished
(LF) without delaying the total project beyond target time.
By analogy, then one can calculate also a latest start time
(LS) LS = LF - t for each job. ‘
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ﬁThe,computaﬁions‘leading?to,LS and LF -are-similar to the

‘previous ones, except that one works from-the:end of the

‘project graph. 'Proceed as follows:

1. Mark the value of T to the right and left of FINISH,

2. Consider any unmarked job all of whose successors have
been marked and mark to the right of the )Job the smallest
IS time marked to the left of any of its immediate
successors. This number is the latest finish time (LF)
of this job.

3. Subtract from the LF time the time it takes to com-
plete the job and mark the resulting latest start
time (LS) LS = LF - t to the left of the job.

"4, Continue until START has been reached.

At the cnd of these calculations each job will have a
LS and LF time; the number LS associated with START is
the latest time at which the entire project can be
started and still be finished at target time T.

Total Slack_(TS) and Free Slack (FS)

The total slack (TS) of a job is defined as the difference
between LS and ES (or LF-EF) and denotes the time that a
job can be delayed without delaying the project. Free
slack (FS) is the amount of time a job can be delayed
without delaying the early start of another job. It is
defined as the difference between the job's EF time and
the smallest (earliest) of the ES times of all its imme-
diate successors. The free slack is always smaller than
or equal to the total slack.



The description of these computations sounds very difficult,
but is actually very simple once one gets the "hang of it".
Refer to Figure 7 and the forward path through the network.
Assuming a starting time of zero, we place a zero in both
earliest start and finish time of the job START. The earli-
est time jobs 1, 2 and 8 can he started is time zero, and
therefore we place a zero in the appropriate box, And the
earliest finish times are then 10, 15, and 10, respectively.
The earliest starting time of job 3 is then 10, and its earl-
iest finish time is 20, Now let's look at job 9, The earl-
iest starting time is the latest of the earliest finish

times of the two preceeding jobs, namely 8 and 3. And thus
the earliest starting time of job 9 is 20, and its earliest
finish time is 35. Proceeding in this manner further through
the network will indicate that the earliest starting time

of the "dummy job' finish is 70 minutes.

Now we precceed to calculate the latest finish and starting
times. Assume that 70 minutes are available. We there-

fore place a 70 to both sides of the job "Finish", and a 50
and 70 to the left and right of job 6 (eat breakfast). The
latest finish times of jobhs 4, 5 and 10 are then 50, and
their latest start times are 40,40 and 35, respectively.

The latest finish time of 9 is 35, and therefore the latest
starting time is 20. Now consider job 3, The latest finish
time for job 3 is the smallest of the latest start times

of jobs 5 and 9; in this case it is the time of job 9, namely

20, Proceeding further in this fashion will result in the
network and numbers as shown in Figure 8.

Now the slack times may be calculated. It should be noted
that all jobs along the critical path have zero slack, that
is they must be performed exactly on time. The total slack
times for jobs 8, 5, 2, and 4 are 10, 20, 25 and 25 minutes,
respectively, They are calculated as the difference between
earliest and latest start, or earliest and latest finich.

The so-called free slack is the di€ference between a jobs
earlinst finish time, and the carliest of all s%arting times
of all successors, It is always smaller than, nr at most e-
aual 0 the totrl slack. Thus for examnle, “=he fr=2e slack
of joh 8 is 10 rinutes, which means thn% the hnuse guest

may dalay his genting up for 10 minutes (but nn more) with-
out #°fctina anv nther job, Sinilarly, the f-ee slack of
johs 4 and 5 are 2F and 20 winutes, resnectively,

- b
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All these figures may now be summarized conveniently as

shown in Table 1.

Rather than using the word "job" for

each individual activity, we will use the word "activity."

Activity : Earliest | Latest | Earliest | Latest Slack

No. Duration Start Start Finish | Finish | Total | Free

0 0 0 0 0 0 o* 0
1 10 0 0 10 10 o* 0

2 15 0 25 15 40 25 0
3 10 10 10 20 20 o* 0
4 10 15 40 25 50 25 25
5 10 20 40 30 50 20 20
6 20 50 50 70 70 o* 0
7 0 70 70 70 70 o 0
8 10 0 10 10 20 10 10
9 15 20 20 35 35 o 0
10 15 35 35 50 50 0# 0

* Indicates activity on critical nath,

1344

TABLE 1.
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We have now completed all basic CPM calculation. We now
have enough data to make a specific schedule, Certain of
the ectivities are critical and must be done at a fixed time,
Others can be delayed within the "slack.'" We must now sche-
dule these activities with these '"slacks' in mind.

Let's make our schedule in simple bar chart style. Since
the critical path activities are already 'scheduled", we
can draw them in first. This only leaves us with four ac-
tivities to actually decide where we want to schedule the
activity. Since we will have to use some judgement when we
schedule these activities, we should include a description
of what the activity is in the schedule,

i
FTime Scale - Minutes 06 5 10 15 20 25 30 35 40 45 .50 . 55.60. 65 70

11 TIVITY DESCRIPTION

I get out of bed

{

[ T bathe

guest bathes

—
S O W » =

we eat

|
!
|
i
guest dresses ‘ ‘ l
!

Figure 9,

- - 00 s mee — e e e o e . e -

Now, let's try to schedule activity 8, "Guest Gets Out of
Bed". Checking our Activity Table, we see this activity
has Free Slack of 10, This means that this activity can
be delayed 10 minutes without delaying our project. He
would probably appreciate it if we scheduled his getting
out of bed for the latest time, so that he can use his
"slack" to lie in bed after the alarm has gone off, Note,
however, this makes the activity critical, If he takes
longer than 10 minutes to get out of bed aftzr laying
there for 10 minutes, he will delay the completion of the
project.
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Now, let's look at activity 2, "Wife Gets Out of Bed".
This activity has Total Float of 25. This means she

could lay in b

ed 25 minutes after the alarm goes off

without delaying completion, However, Free Slack is

zero. This me
“amount the ear
The following

Activity 4 has
wife prepare b
are going to b
best thing to

Slack between

been prepared.
tween the time
fast. This al
utes. She wil
activity to sc
and Free Float
that I would h
would not have
just what will
view will be t
dressed. This

ans that any delay wiil delay by the same -

liest start of the following activity.

activity is 4, "Wife Prepares Breakfast."
Total and Free Slack of 25. If I let my

reakfast at the Earliest Times, our eggs

e mighty cold by the time we eat. The

do is to leave about 5 minutes of Free

the time we eat and when breakfast has
Likewise, we will lcave 5 minutes in be-
she gets up and starts preparing break-

lows her to lie in bed an extra 15 min-

1 like me ftor this. This leaves one more

hedule. Activity 5, "I Dress'", and Total

of 20 minutes. It becomes obvious now

ave time for fixing breakfast, and my wife -
to get up. If my wife sees this, that is
happen. The best schedule from my point of

o give myself an extra 15 minutes to get
will leave only 5 minutes Free Flcat, which

isn't enough for me to prepare breakfast.

To complete ou

r schedule, we can assume that we leave the

house at 8:00 A.M. and indicate 70 on our time scale as

8:00 A.M. VWor
alarm for 6:50

king back, we find that we should set our
A.M.

Figure 10,

Time Scale - Minutes

0 5 10 15 20 25 30 35 40 45 50 55 60 65

CTIVITY

DESCRIPTION

tn o ~N CBNhOOL -

I get out of bed

1 bathe

guest bathes

guest dresses

we eat

guest gets out of
bed

wife gets out of
bed

wifn prepares
Sreakfast

.
1 4ress

6

50 A.M. ‘ ' 8:00 A
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SUMMARY

fgﬁhﬂgfizing;‘the following should be noted. ,Té do a
.CPM analysis on any project, it must have two essential
wcha:acteristics:

A)’ The project consists of a well defined collec-
tion of jobs (activities) which when completed
mark the end of the project.

B) Jobs are ordered - they must be performed in a
certain technological sequence.

It is largely an arithmetic procedure which, based on the
project graph, identifies the relative importance of each

job.
- The benefits of such an analysis are:

1. It gives discipline in planning, scheduling and
controlling long range projects.

2. It has become a standard method of documenting a
project - communicating project plans, schedules,
times, costs, etc.

3, It identifies the critical elements and focuses
attention on the few jobs that are critical,

4, 1t serves as a framework to illustrate the effects
of technical and procedural changes.
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Example Problem: Building a House

Consider now the project of building a house, While a con-
tractor might want a more detailed analysis, we will be satis-
fied with a list of the major jobs together with their esti-
mated time and ordering. These jobs are shown in Table 2.

Tn this table the column "immediate predecessors'' determines
the sequence relationships of the jobs and enablés us toin
draw the project graph as shown in Figure 9. To identify
each job a letter (rather than a number) has been chosen

and is shown insider every circle; the number shown in the
circle indicates the jobh time,

Following the steps described before, the earliest starting
and finishing times are calculated. It can be seen that the
critical nath passes through the jobs a, b, ¢, d, i, k, 1, n,
t, s, x with a total time of 34 days. Sunpose now that al-
together 37 days are available for the comnletion of the pro-
ject, then the latest start and finish times may be calculated.
Also, the free slack times may now be determined. All this

is shown in Figure 10. Several conclusions may be drawn:

1.) The contractor could nostpone the starting of
construction by three daivs and still complete
it on schedule. However, this would reduce the
total slack for all critical jobs to zero.

2.) Several jobs have free slack. The contractor
could delay the completion of i (rough wiring)
by two days, g (the basement floor) by one dav,
h" (rough plumbing) by four days, r (storm drains),
by 12 days, and so on - without affecting succeed-
ing jobs. '

3.) The series of iobs e (brickwork), p (roofing),
g (gutters), v (grading), and w (landscaping)
have a large amount of total slack (nine days).
The contractor would use these and other slack
jobs and juggle them around to smooth the work-
load on his crew.

Again, as in the example before, the critical path analysis
focuses attention on those jobs which are critical, and
clearly identifies those which may be scheduled with a cer-
tain amount of flexibility.



148

Suppose now the house would have to be finished in less
than 34 days. Clearly, one or more of the jobs along the
‘critical path have to be shortened. Assume that the house
has to be finished in 32 days. In a first attempt to meet
this deadline, the contractor might decide to assign more
"carpenters to job d (wooden frame) and reduce the time from
4 days to 2 days. What would happen? The earliest finish
time of job d would then be at time 8, rather than 10. But
the earliest starting time of j, the one following along the
critical path,is determined by the latest of the earliest
finish time of the two predecessors which in this case is time
9 of job g.

Thus we see, that if we shorten the time required for job d
by two days, the overall reduction in the critical path and
completion time would be only one day, since the critical
path has now shifted and no longer passes through d, but
passes through the jobs f, g and j. Therefore, if job d
should be shortened, it should be shortened by at most one
dayé and some other job on the critical path should be short-
ened,

This kind of analysis raises a whole series of questions
regarding the costs of shortening individual jobs and the
overall project, which will be dealt with in a later
paragraph.



TABLE 2

Sequence :and Time»Requitements,

Immediate

Job. Job description Job
No. ' Prede- Time
cessors (days)
a Start 0
b Excavate, pour footer a 4
¢ Pour concrete foundation b 2
d Erect wooden frame, rough c 4
roof
e Lay Brickwork d 6
f Install Basement drains c 1
g Pour basement floor £ 2
h Install rough nlumbing. f 3
i Install rough wiring d 2
j Install heating, ‘ d,g 4
ventilating
k Install drywall, plaster i,j,h 10
1 Lay flooring k 3
mn Install kitchen fixtures 1 1
n Finish plumbing 1 2
.0 Finish Carventry 1 3
1) Finish roofing, flashing e 2
Fasten gutters, downspouts P 1
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Job. Job’description : _ -Immediate Job
" No. Prede=" - Time
~ cessors (dqxg)
T Lay storm drains for c 1
rainwater )
s Sand and va;nish floors o,t 2
t Paint m,n 3
u Finish electrical work t , 1
)
v Finish grading a,r 2
w Pour walks, complete v 5
landscane
x Finish s,u,w 0
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A Pollution Control Project

Probably the best known example of the use of CPM in a
pollution control project is described in a short paper
by Vaughn® which is reprinted in the ‘appendix. Briefly,
the paper is concerned with the Detroit River - Lake Erie
study, a study with the purpose of defining levels of pol-
lution, sources of pollution, and plans for the improver
ment of the situation in the greater Detroit area. As a
manager of this study, Vaughn had to hire personnel, find
laboratory and office spaces, buy laboratory equipment,
and plan the general sequence of investigations. Figure
11 shows the beginning of the network describing the over-
all activities, which was too large to be reproduced here
in its entirety,

*Use of the Critical-Path Method in a Pollution Control
Project, by R.D. Vaughn, Journal, Am. Water Works Assoc.,
September 1964, ‘ .
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Differences between PERT and CPM

The major difference between PERT and CPM is the esti-
mation of the time for each individual job. In CPM a
rather deterministic outlook prevails, that is one as-
sumes that the time estimate can be developed with a
very narrow variance. In contrast PERT has a probab-
ilistic outlook and attempts to define the probability
distribution of the time estimate for each activity,

graphically, this may be best portrayed in the follow-
ing way: .

PERT - CPM

% o

: ¥

B &
2 o 25 q o 1l
TiMe - TIME

Another minor difference is that in PERT the activity is
not denoted by a circle, but by the actual branch, and

that the beginning and end nodes of a branch denote the
so-called event times - beginning and ending. For example,
consider the sequence of two activities below. The node 9
denotes beginning of the activity 'guest bathes", and node
10 denotes the ending of this activity and the beginning of
activity '"guest dresses'. But the basic algorithms for
solving these networks are the same.

9 ) GUEST flo\ GUEST @

BATHES \_/ DRESSES

157



Extensions of PERT/CPM

Because of their great potential both CPM and PERT have
received extensive developments in the past years. Most
of the extensions are in the area of resource allocation,
scheduling of multiple projects, and general cost consi-
derations,

Thus, for example, RAMPS, a system developed by CEIR,
which is an acronym for Resource Allocation and Multi-
Project Scheduling, doeS just what its name implTes.

PERT/COST adds the consideration of resource costs into
the schedules produced by PERT, and will give best sche-
dules for various projects.

PECOS, and acronym for Project Evaluation and Cost Op-
timization System, will determifie the optimal and least
cost schedules for project networks and determines the
ontimum time-cost curves of a project.

158
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Literature on PERT/CPM

There are virtually thousands of articles and reports on
PERT/CPM, cach providing its own variation of the basic
concept, which can by nicely summarized by the slogan:

FIRST PLAN THE WORK, THEN WORK THE PLAN.,

For those wishing to read more about it, the following may
serve as a guideline:

Project Management with CPM and PERT, Moder and Phillips,
Reinhold FuB%isEing Corporation, N.Y., 1964,

CPM in Construction Management, O'Brian, McGraw-Hill Book
Co., N.Y., 1967, ‘

Industrial Scheduling, Muth and Thompson, Prentice-Hall,
Tnc., 1963.

PERT Fundamentals, 4 programmed instruction manual,'U.S.
Government Printing Office, 1963,

Health Program Implementation through PERT, American
Public Hea%tﬁ Association, 1066, .
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III. C. Analytic (Optimization) Models

I. Linear Programming Techniques

Linear programming is concerned with optimally allocafing limited
resources under conditions of certainty. The word 'programming" is a
synomyn for 'planning" and has nothing to do with computer programming.
"Programming' derives from ‘'progran'in the sense of a schedule of
activities . A mathematical model describes a problem usually involving
the integration of many variables subject to various constraining
conditions, Objectives, such as costs, profits, or measures of
effectiveness are obtained in the best possible, or "optimal'" fashion
subject to restraining conditions-generally budgetary or physical
limitations. In addition, in the course of finding a solution, it
reveals the effects of the constraints imposed. The restrictions must be
represented by a system of simultaneous equations or inequalities. The
model is static and deterministic. Thus, "how much of what to d¢
when" is sought. The output is seldom .n explicit formula like
A=ﬂr2, but is usually an algorithm - a aumerical procedure. An example
would be performing long division, where a fived set of operations is
repeated until the appropriate answer is produced.

"Linear" means all mathematical relationships in the model are
straight-line functions: For example ir the cost to produce one hospital
bed-day is $40, a lincar assumption :esults in $80 to produce two bed-
days. TFurthermore, if an expenditure of $1 million on vaccines yields a
reduction of 10,000 days of illness, spending $5 million would reduce
50,000 days. Realistically, there are often "economics-of-scale' and

diminishing returns on investments so that noi. inear objoctive
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functions exist. In other words, cost is not strictly linear with

units of production, and unit prices are not consistent with all ranges
oflproduction. Therefore, a clinic purchasing department could pay $100

for the first five pieces of equipment and $500 for additional

pieces after a certain nuﬁber at $1000.hﬁve been purchased. However,

a linear framework through piecewise linear approximation is possible,

A diminishing level of morbidity with increased expenditures is diagrammed

in Figure 1 below [Piece-wise linear approximations are added], with increase
expenditures, a diminishing reduction of morbidity is obtained (C <B <A).

EFFECTIVENESS MODEL

Redoction ¢ -7 il
tn B A L
Hor‘m&.-k& ol
A ,/ '
a
| HeLEMENTATION

revers (s)

In addition to the linearity or proportionality assumption, all co-
efficients must be deterministic. That is, the numbers in the model are

known constants. In reality, this is rare. Often they are guesses or
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rrandom 'variables with known and unknown distributions. The solution
will only be-as.good as the coefficients.

Also, in order to have a linear objective function, the activities
must be additive. If therg is interaction between competing products
or variables, linearity may no longer hold.

Finally, the unknowns or decision variables are meaningful,
generally, only if they have integer values, (the devisibility assumption),
but the solution procedure doesn't guarantee that the solution will be
an integer. If an optimal solution, for example, indicates assigning
2.3 nurse aids, rounding to 2 or 3 is necessary. If 66.3 personnel are
called for, one may safely round to 66. At present, there are no
efficient procedures available which solve integer programming
problems with the speed and convergence of comparable linear pro-
gramming problems.

As sub-components of the allocation problems, scheduling,
distribution, assignment, and product mix problems are 'solvable'" by
linear programming technics. Assignment problems aim to m;tch
personnel (nurses, M,D.'s) to facilities (clinics, wards, etc.) so
as to minimize the overall costs of assignments. The usual constraints
are availability of personnel by type and the costs associated with
different assignment mixes.

Perhaps the most sophisticated attempt to utilize linear

programming in the health field has been the work of M. Feldstein, Piot,
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and Sundéregén. (Suﬁplement io Vol, 48,'§L11;tin of the World Health
Organizatién, #48) (1973). Linear ﬁfogrammiﬂg ié usea to integrate
he#lth sector planning, mainly health personnel activity analysis)

and epidemiologic modeling with economic development. The objective

is to allocate funds among distinct control programs to yield optimal out-
puts valued in $ terms of reduced mortality, morbidity and community
economic loss.

The optimization algorithm, a linear activity analysis, relates
activity sets of inputs and outputs. Each activity is defined by sets of
conditionalVprobabilities, has constrained inputs and populations served.
The problem is to derive the intensity with which each activity is to be
operated as each activity has a mix of potential services leading to
) service outputs (death, impairment, and economic loss reductions) to
individuals and the community.

A resource allocation model then, is utilized to determine the
intensity of activity levels subject to constraints so that community
benefits are maximized. The'dual" formulation seeks to as§ign marginal
vglues (shadow prices) to the constrained inputs. This value is the
amount of additional benefit that would result if one extra unit of that
resource were available.

The use of such a model aids planners and health officials to, at
least, conceﬁtually understand the structure of the problem of health
planning: the ways in which preferences, population, structures, disease
incidence and prevalence, scarce resources, and technologies are

inter-related in determining the optimal set of activities. This frame-
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Transferring the tool to other health problems is possible but
costly. TWenty years of T8 epldemlologlc exper1mentation, thinking ,
and practice has been "sumk" into the model. Data was painstakingly

gathered at considerable cost. Replicatlon would be quite costly.
The major value of such efforts lies in the utility of structuring

health planning analysis. Internalization of this thinking process
by decisinn-makers is thn most valuable benefit of such studies.

Other linear programming examples within the health facility sector
have generally been in the less global areas of hospital location, personnel
staffing, and menu planning. None of the studies have reached the
practical application stage.

Menu planning has heen applied as the problem is easy to formulate
with the objective to minimize food costs, nutrition requirements and food
items the consfraints. However, these models . 3id dietician judgment but

. . 1
doesn't guarantee a mathematical optimum.

In nurse staffing problems, the resources are hours of personnel time,
and the demands are the tasks needed to be done. Tangible and intangible
costs (level of patient care estimates) are the objectives to be
minimized. Tasks and unit times are developed and measured. Again,

considerable technical manipulating is required to supply the

relationships and assumptions. The task values of a s%a”fing model are
shown in Table 1,2

1'See J. Balintfy, "Experiment with Compu®ar arsisted Monu Planning",
Hospitals 40, #12 (1966).

2. Wolfe and Young, "Staffing the Vur ing Unis,"™, Mursing R Rornarch
14, #4, (1965).
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TABLE 1
Nursing Care Task Values
. Assistant  General Licensed
Task . Head Heud Staff  Practicat  Nursing  Ward
Complex Nurse Nifrse | Nurse Nurse Aide Clerk
Technical :
Task 1
Class | $852 §$7I190 $ 7.56 $ 5.28 $ 4,32 §o°
Class 1} 14.10 13.10 12.50 8.80 8.50 oo
Class LI 9.87 9.17 8.75 1749 9.24 oo
Technical
Task 2
Clas | 141 1.31 1.2 1.01 oo oo
Class I 5.64 524 5.00 428 o %
Clas IR 5.64 5.24 5.00 $3 ; o L
Proz reatory )
Caz 1 33.84 31.44 30.00 21.12 172.76 4392
P s-aratory
Cir: 2 14.30 13.30 12.50 12,30 o o
Ceieal Taslz ) 8.46 7.86 7.50 528 4.32 8.88
C ricat Teek 2 20.86 19.46 18.62 1344 20.72 9.80
C el T2k 3 5.64 5.68 6.24 6.76 oo oo
Houe!l2o~ing
Lrwicy 12.69 11.79 11.25 792 6.39 14.94
Freorg ang
£ sand 14.10 13.10 12.50 9.10 8.40 1340
Cesrvising
ot Teackian 423 4.35 468 S.13 oo ad
Evahiation
&4 Assiearzent 3243 34.50 39.79 44.26 oo oo
Maintonance
Chrinting & Ordering )
ramnlieg 423 393 3.75 2.64 4,17 210

o2 VUo¥e and Young “Staffing the Nursing Unit,” & -~s'=~ Desearch 14, no. 4, (1955)

Iy 8

eirmiseee s en ba fmpeseit e or uneafn.

costs were assirned where performeace of © *ark by a aiven skill level was
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Variations,in demand for services are caniderdble within the

hospitai and accomodations through "pooling" staff has the advantage

of matching the fluctuations with available personnel.

The "transportation problem" variant of linear programming is

concerned with dispersion from different sources to different destinations.

Grundy and Reinke, apply the technique to tie problem of transferring

dispersed clinic patients to seperate hospitals% Table 2 shows S

clinics "serving" three hospitals.
g P

least costly referral pattern as shown in Table 3.

The objective

Table 2 Data for determining optimal referral pattern

is to establish the

Unit cost of trantport Irom clinic to hospital

Houploal Clinie A Clinic 8 Clinic C Clinic D Clinic 8
(rﬂhrrai 'nlcrr‘a'l' (uh rr:ly :rchrr:l (:'o:\rc'hl
l0ad:30) | l0ad:50) | foad:40) : load:60) | load: 30)
X (capacdity: 90) 10 20 5 9 10
Y (capacity: 40) 2 10 8 39 6
Z (capacity: 60) 1 20 7 10 4
Table 3 Optimal referral pattern based on data of Table
T from dl'nte T
heenical
A 3 c P n
Pyt - -_ 40 50 -
v —-— 40 — - “—
~ 30 | 10 — %0 K]
{
] !

1., Grundy and Reinke, op. cit.,

p. 58.
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To demonstrate the algebraic and graphic process as well as the
application of linear programming to a water related problem the foliowing

somewhat artificial and oversimplified exampleswill be considered:

A farmer is concerned with growing two types of products,
corn and oats. His farm has a total acreage of 160 acres.
It takes 1 unit of water per acre to grow oats and 3 units
of water per acre to grow corn., The total amount of water
available to him is 240 units. Net profits for oats are $20
per acre and $40 per acre for corn. How many acres of oats
and corn should the farmer grow in order to maximize his‘pro-

fit?

Let X, = acres of oats

X, = acres of corn

The first restriction to be considered is that the num-
ber of acres of corn and oats can not exceed 160 acres. One

can therefore write

+

X) *+ Xy < 160

Note, that this is an inequality and says that the total

~acreage of oats and corn must be less than or equal to 160

acres. If this inequality would have been written as equal-
ity, this would mean that all 160 acres must be used. This

would be an unnecessary restriction of the choice the farmer
has.

Similarly, the restriction con water is:
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Xy * 3x2 < 240.

Again, this inequality says that the amount of water

applied to the acreage of oats and corn must be equal to or -
less than 240 units.
Since a negative Xy OT X, does not make any sense, two

further restrictions are required, namely

v
o

X
Xy 2 0

Finally, if X, acres of oats and X, acres of corn are

grown, the farmer will realize a net profit of
20 x; + 40 x,

Summarizing now all inequalities, the Farmer's Problem

stated mathematically is:

maximize 20 Xy * 40 Xy (1)
subject to X, £ 160 - (2)
X + 3%y ¢ 240 (3)

X 2 0 @)

Xy 2 0 - (5)

This is a typical linear programming problem, namely
to- find the maximum of a linear function subject to linear

inequalitites and non-negativity constraints. .
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Consider now the graphical solution of the Farmer'S Prob-
lém. The constraints (4)‘and (5) restrict the values of Xy
and X, to the first quadrant of a cartesian coordinate system,
To graph the other constraints they will be treated momentar-

ily as equality. Thus, inequality (2) written as equality

Xq * X, = 160

can be traced as a straight line passing through the points
A (160,0) and B (0,160), Inequality (3) can be written as
equality

X, + 3x, = 240

and thus gives a straight line passing through the points C
(240,0) and D(0,80). These lines are .shown in Figure 1.

Now, since all points to the "left" of the line AB sat-
isfy the inequalify X *+ X, ¢ 160, the triangle OAB describes
a region in which any point satisfies (2). The triangle 0oCD
describes the collectxon of points which satisfy 1nequa11ty
(3). But since both inequalities must be sat1s£1ed 51mu1-
taneously, the quadrangle OAED describes the region whose
points are satisfying all inequalities (2) - (5). Thé prob-
lem now is to find a point within the quadrangle or on its
boundary which maximizes the objective function
20x1 + 40x2.

In order to graph the objective function assume a;bitra-

rily that it has a value of 800. The equation.

20x1 + 40x2 = 800
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can be shown as a straight line passing through the points

(40,0 and (0,20). If one chooses a value of 1600, the line
20x1 + 40xZ = 1600

will pass through the points (80,0) and (0,40)., It can be
seen that the lines are parallel., A line which is parallel
to b&th and yields the highest value of the objective func-
tion, but still has one point in the constraint region can

be drawn through point E. The equation of this line is
2031.+ 40x, = 4000

Thus the point (x1 = 120, X, = 40) is the one which maximizes
the objective function. The answer to the Farmer's Problem
is:

He should grow 120 acres of oats and 40 acres

of corn which will yield the maximum net ﬁro-

fit of 4000 dollars.

In general, the solution procedure is therefore to draw

a number of parallel lines and find the one which has” at
least one point in the region which satisfies all constraints
and at the same time has the greatest distahce.frém the or-

igin,
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EXAMPLE II:

A manufacturing plant can producé finished goods
that sell for a unit price of 10.0 at a unit cost of 2.7. Un-
fortunately, in-the manufacturing procésg 3.0 units of waste
are generated for each unit of goods. In addition to deciding
what level of output, Xx,, at which to operate, the decision
mﬁker must decide how much of this waste he should discharge
untreated in?o a nearby water course and how much he should
pass through an existing waste-water treatment plant that di-
minishes the wasfeload by 85 per cent, Of course, some expénse
will be .sustained in treating the waste (.5 per unit of influ-
ent waste), and his treatment plant is limited by size to ac-
cept not more than 9 units of waste,

Two other considerations are pertinent to his decision:
there is an "effluent tax" imposed on the waste discharged to
the watercourse (1.76 for each unit), and in any case the pol-
lution-control éuthority has specified an upper limit on the
amount of waste any manufacturer may discharge (2.25 units of
waste). This situation is shown schematically in Figure 3.

The purpose of this problem is to select x,, the amount of

goods produced, and X9 the amount of waste discharged untreated,
so that the profifs minus the costs of manufaéture, waste treat-
ment and effluent taxes are maximized, while not exceeding the
limitations imposed by the regulatory agency §n the amount of
waste discharged or the capacity of the existing waste treat-

. ment plant.
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This linear-programming problem may be stated mathematic-

ally as follows: Find non-negative values of xl.and Xy that

maximize . .
f = profits minus manufacturing costs minus
waste treatment costs minus effluent charges;
that is,

f - "10.0:1 - 2.711 - 0.5(32(1 - Xz) - 1.76 [Xz + 0.15(3)(1 - xZ)]
or
f = sxl - Xz,

subject to the following constraints:
(1) Flow of waste through treatment plant must not
exceed plant capacity, |
3x1 - X, %9
(2) Total waste discharged, untreated, plus residual
treated; must be less than the level specified by

regulatory agency,

Rearranging,

0.45x, + 0.85x, < 2,25,
{(3) Direction of waste flow must be toward wate;cdurse,
3x1 - xz' > o

This constraint arises from the fact that the différeﬁce
of two non-negative variables can be negative; this would im-

ply that waste flows from the treatment plant toward the man-
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ufacturing'prpcgss, ) _ | - ‘
Figure 4 shows a graphical solution of .the problem, The

optimal solution is found to be‘kﬁ = 3.3_and-x2.=’.9. The

value of the objective function is f = 15.6.

MANUFACTURE X,__FINISHED OUTRUT
(-2.7) (4 10.0) .
WASTE '\ 3¥, ' '
X, UNTREATED EFFLUENT
(~.76) il
K%\ 0.15 (3X, -X,)
WASTE -
TREATL |-~ ELLEUENT,
(-0.5)

FIGURE |: SIMPLE MANUFACTURING DECISION MODEL

3 !

X
UNTREATED
EFFLUENT »

FINISHED FRODUCT §:7\ ¥

FIGURE 2! LINEAR PROGRAM FOR EXAVSLE Pr2aLE



175

III. C. II. Other Mathematical Programming Techniques

In addition to linear programming, integer and quadratic are used
depending on the mathematical nature of the objective function. All of them,
however, are solved for a single period of time or stage. When parameters
change overtime, the outcome of a decision at one stage affects the next stage
and dynamic programming is used to determine the combinations of decisions at
various levels to optimize an objective. Health applications include construction
scheduling and facility investmént problems and inventory and replacement
problems. The applications are quite complex and costly in terms of data
requirements and interpretation.

Markov models are dynamic - they treat random occurrences where the past
influences prediction. Systems are analyzed as to the location and movements
of phenonéma (such as health status or patient location,) af a given time. The
process is probalistic with outcomes in different stages. In a stockastic process,
the prediction of the next experiment is not affected by the knowledge of the
outcomes of any precedding experiment, while in a Markov process, immeidate past
knowledge influences predictions. At any given time, the system is in N states.
At different time periods if known probability based shifts (transitions)
occur; the 'behavior of the system'" is determined. .

While considerable data needs to be collected, application of these
techniques is possible,

Dahl, in Chile, took untrained administrators, taught and applied
the techniques to estimate patient flows ( a Quasi-Markovian flow model)
within the health delivery 'system' and a linear programming resource allocated

model to incorporate the resource flows, Sample output is shown in Table 4,
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1. Number of Pcople Entering the

TABLE 4
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Systent 1967 1968 1969 1970 "N

Population to emergency (P} 43,114 44,091 45,051 46,045 46,991

Population to peripherai clin- 53,721 54,938 56,134 §7,373 58,551

fcs (Pcer) :

Population to specialist clinics 2,152 2,201 2,249 2,299 2,345

{Pcax)

Total 98,987 101,230 103,434 105,717 107,888
Il. Number of People Leaving the

System

Emergency to population (Up) 4,318 4,416 4,512 4,612 4,706

Peripheral clinics to popula- 89,906 91,943 93,945 96,018 97,990

tion (CPp)

Specisalist clinics to population 4,25 4,349 4,444 4,542 4,636

(CEEp)

Hospital deaths (ip) 492 503 514 525 536

Emergency deaths (Up) 18 19 19 20 20

Total 98,987 101,230 103,434 105,717 107,888
1. Number of People Not Entering

the System 72,647 74,203 75,910 77,585 7,178
V. Total Legal Population 171,634 175,523 179,344 183,302 187,066
V. Distribution berween Stations

Hospital (Y) 3,214 3,287 3,39 3,433 3,504

Specialist clinics (CEE) 5,956 6,091 6,224 6,361 6,492

Hospital outpatient clinics 2,002 2,047 2,092 2,138 2,182

(CEH) .

Emergency room (L) 43,301 44,282 45,246 46,245 47,194

Peripheral clinics (CP) 94,083 96,215 98,309 100,479 102,542

Deaths (D) 871 891 910 930 949

Total 149,427 152,813 156,140 159,586 1G2,863
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