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The Division -of Manpower Intelligence, contractor for this study,

was dissolved as of March 1, 1974 in conjunction with reorganization
of the Bureau of Health Resources Development (BHRD).

In .iiries concerning this material should be addressed to the Resource
Au lysis Staff, Office of the Bureau Director, BHRD, at the National
Institutes of Health, 9000 Rockville Pike, Bethesda, Maryland 20014.




Preface

A major program objective of the Division of Manpower Intelligence

durtng'che 2% years of its existence was the analysis of current and future
health ménpower resources and requirements. In pursuit of this objechive,
'the Division engaged in the development and support of various modelling'
activities aimed .at developing improved techniques and analytical tools.

These activities were carried out both by Division staff and by contract

studies,

The present report on work perfofmed by Vector Research, Inc. for
the Division of Manpower Intelligence under contract number MI-24313, "A'
Health Manpower Model Evaluation Study," consists of two volumes. This
first volume contains a coﬁparative analysis of problem areas in'heqlth
manpower analysis and the subject matter treated by the models described
in Volume II. An indepth evaluation of two models contracted for b& the
Division of Manpower Intelligence, "The Preliminary HRRC Microsimulation
Model'" and the "Simulatioh of Hospital ttilization and Health Manpower
Requiréments," is included. It is believ;d that the information contained

in these reports should be of value to all persons interested in health

manpower analysis,

The material presented in this report was prépared by Seth Bonder,
Timothy C. Doyle, and Janice R, Enberg of Vector Research, Inc., with the
assistance of W. Peter Cherry, Paul J. Feldstein, and William W. White.
The authors wish to express their appreciation for the‘cooperation of the
Human Resources Reseérch Centér staff and the Research Triangle Institute

staff in the preparation of the report.




SUMMARY

This summary provides an overview of the results of the health
‘manpower model evaluation stddy conducted for the Bureau of ﬁealth
“Resource Development (BHRD) by Vector Research. Incorporated,

These results are presented in a two volume report which incluqeé a
detailed de ~ription of 56 health manpower models, an evaluatica of these '
models in terms of their usefulness to health manpbwer'ana1ysis pfqblemé.
and an in-depth analysis of two largé-scale models developed Qndef BHRD
. contracts.
The description of the 56 models proviu.. in the second volume of

the report contains information on the‘purpose;Ascope'and subject; and

model aséumptions. as well as itenpifying model structuré. inputs and

outputs, computer characteristics, and mode’th techniques empToyed.
The majority of the models were found to have been developed using

~some form Qf regression analyéis. The remaining models are a mixture
of opiimization models (e.g.,.l1inear prograﬁming) or desériptive models
(e.g., queueing, Monte Carlo or deterministic stimulation models, etc.).
Classification of the models by subject areas revals that over one-half
of the models cover topics concerned with health care delivery
organizations. Slightly léss than half of the models fali in the

heaith manpower resource and consumer service behavior areas. Of the
models which deal directly with health manpower, the'overwﬁelming major«

ity are primarily concerned with two health disciplines-- physicians and
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nurses. Other subject areas treated by fhe movels are incidence of i11-
ness, health professions education, educational choice, and population
dynamics. .

Each_member of the array of models is briefly described in volume
I of this report. .This description provides an overvieﬁ of these models, .
preséﬁting the attributes commonly shared by the members of model
populations and 1deﬁt1fy1ng dissimilarities where significant, The
models described are then evaluated in terms of their usefulness to
current and potential health manpower anaiysis problems. The analysis
issﬁes which provide a backdrop for this model utility assessment are
presented within the framework of the general problems concerned with
the demand for and supply of health manpower services. Major analysis
. areas concerned with health manpower demand include: (1) the
characterization of health service, utilization in terms of the cﬁltural/
demographic compositidn of the health consumer population, (2) the
analysis of health service demand %n terms of economic factors,'and (3)
the assessment of the effects of health care delivery cons%raints on the
utilization of services. 51m11ar1y; the health manpower supply analysis
areas are: (1) the analysis of factors 1hfluenc1ngAadditions to the stock
of health manpower, (2) the examinations of the specialty and- geographic
distribution of health personnel, and (3) the analysis of labor force
participation and utilization of health manpower.

The study evaluated the usefulness of the models with this analysis

frameaork in terms of four criteria ~- applicability, generality, validity,

and operational feasibility.. The operational feasibility of a model
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. varies from user to user as a function of the user's computational
capabilities and time constraints and the model's operational require- ‘
* ments. Model validity is considered in terms of the realism and
consistency of basic aesumptions and structural relationships,
mathematical soundness, and empirical verification. A tabulation is-
presented which outlines the testing history (if any) ef each model

in the inventory. |

Modé] generality is the ability'of a model to bhe used effectively
in user problems which are similar, but not necessari]y identical to
those underly{eg development qf the model.. For example, a model suifable
only to describe the opeﬁatiohs of Johns‘Hopkins Hospital is a nongeneral
(i.e., specific) model. A table is provided which indicates the degree
of generality of each of the models examined.

In the evaluation of applicability, emphasis is placed on the
relevance of model inputs and outputs to the six major areas of health
manpower analysis described above. Important policy actions (user=
control]ed inputs) and performance measures (outputs) are essociated
with each analysis area to determine model applicability. The following
areas are found to have reeeived the greatest amount of modeling
activity: economic factore influencing demand, cultural/demographic |
factors influencing demand, and factors affecting labor force
participation and efficient utilization of health manpower. Of the 56

models examined, eight describe health processes which are not direetly

reTevant to the above analysis areas.
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The two 1arge~scaievmodels evaluated in this study are the
Preliminary Operational HRRC Mierosimulation model developed by the
Human Resources Research Center at the University of"Southgrn California
and the Stmulation of Hospital Utilization and Health Manpover Require-
ments developed by the Research Triangle Institute. The models are
evaluated in terms of their conceptual and empirical structures, the
results of model validation tests and the resources requifed to operate
‘the models.. The examination of the conceptual and empiriéal structure
of the HRRC model indicates that it does not treat many of the
parameters used in policy analy$is and omits a number of chtors Which
influence the behavior of simulated processes. Furthermore, a Qeneral
disparity in the level of detail and sophistication offered by the'
various subcomponents of the structure is observed. Since only limited
model validation experiménts were~parformed'onlthis model., VRI echoes
the HRRC recommendation that additional experiments are necessary. The
operationél requirements of the HRRC model are minimal with the
exception of the'user tfme.required to transfer the programs to his
computer }acility and to become familiar with model attributes.

The conceéptual structure of the RTI model contains three inherent
assumptions which may reduce the accuracy of model preductions. These
assumptions are: (1) the supplies of hospital resources and personnel
are limitless, (2) the current conditions and observed. trends in the
provision and consumption of hospital services and manpower remain
stable over time, and (3) the ratio of hospital services ufilized to
manpower requirements is some trended constant over time. Within this

somewhat constrained enviroument, the RTI model canvprovide an alternate

9
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mechanism for predicting future reqdirements for short-term, general

hospital persocinel. The predictive capabilifies of the three component

models of the RTI simulation were tested against historical data in a
fairly extensive series of verification tests. The results of these
tests indicate that two of the component models -- the population history
and hospital épisode models -~ predict outputs which compare favorably
with historical data, particularly when the outputs'are aggregated. The
validity test performed on the third component model -~ the maﬁpoWer

. requi}ements model -- was difficult to assess due to lack of comparable

historical data.

The report concludes.with a delineation of summary conclusions and
principle recommendations of the study. The final and most important
recommendation of the study is that major health manpower planning
agencies should attempt to employ pealch manpower models as operational
tools. These models should be exercised on a continual basis by heaith
planning analysts. Continual use will generate an inventory of information
that can be used to address decision problems in a responsive manner. This
hands-on experience will provide insights into the deficiencies of existing
models and indicate wherelfuture model development efforts should be
devoted. Allocation of modeling support without such experience will

result in modeling efforts that are unresponsive to usér needs.
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1.6 INTRODUCTION

This report describes the work performed under contract #NOY M1~

24313, A Health Mampower Model Evaluation Study, by Vector Research,

Incorporated (VRI) for the Bureau of Health Resources Development
(BHRD), Health Resource Administration. The objective of the project
was to evaluate the potential usefulness of health manpower models, in
general, and sgacifically to assess the applicability of two safected
models in the health manpower analysis and planning environment, This
objective was accomplished through the performance of four interralated
tasks which are briefly described in section 1.1 of this introductory
chapter, The task description is followed by a general outline of the

contents of this report in section 1.2,

1.1 Study Tasks

The tirst task of the study was to identify and describe the spec-
trum of problem areas and policy issues confronting local, state, and
national health manpower planning agencies. This task was accemplished
by: a review of existing-documentation describing goals and health man-
pover issues at the national level; an examination of the documentation
describing healtn manpower problams confronting the Stata of Michigans
and a series of interviews with personnel in the Division of Manpovier
Intelligence, BHRD, as well as several individuals at tha University of
Michigan conducting research on State health manbower problers paralleling

this Tirst task,

e
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The second study‘task was to comnile an inventory of models directly
or peripherally related to health manpower supply and requirements
or problems.' To accomplish this task VRI performed a comprehensive search,
retrieval and review of written material describing existing health
mahpéwer models; developed a set of model inventory descriptors to
characterize the models identified; and constructed an inventory of
health ménpower models in terms of these descriptors.

In the third. task, the spectrum of analysis areas compiled in task 1
was used as a backdrop against which the usefulnass of tha modals identified
in task 2-we§e assessed. That is, the utility of these models was evaluated
in te(ms of the number and type of health ménpower issues treafed by these
models and the degree of detail or insight thét health manpower ﬁodels
contribute to the analysis areas identified.

The fourth and final task of this study was specifically designed
to evaluate the potential usefulnesé of twd modals developed under con-
tract to BHRD. These models were developed to project future health man-
povwer requirements -~ one, to forecast short-term hospital manpower re-
quirements, and the other to provide an econometric model of health man-
power system behavior. The evaluation of both models was conducted in
tires phases. In the first phase members of the VRI staff independently
reviawad available documentation on each model and delineated model
capabilities and shortcomings. In the second phase, on-site meetings
were held with modal davelopers to substantiate vitfs understanding of
the models and fhe results of the first phase evaluation. Topics inw
ciudsd In these discussions weéé: rationale and philosophy undariying

tha development of each models structure of the models and their

Full Tt Provided by ERIC.
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subcomponents; application and limjtations of these models; and an=
ticipated modifications and/or enrichment of each model. In the third
and final phase information obtained at these meetings was integrated

into the comprehensive model evaluation presented in ‘this final report.

1.2 Outline of the Report

The material presented in this report 1s divided into two volumes.
Volume I documents the result of the 1dent1f1cétion of health manpower
- analysis areas, the assessment of the usefulness of models in addressing
these areas, and the evaluation of the two selected health manpower
models. Volume II, the Health Manpower Model Iﬁventory, contain; a
detailed description of 56 health manpower models and a structure for .
classifying these health manpower models. The specific contents of the
fif;t of this two-volume report are discussed in the following para-
graphs. A similar description of the contents of volume Il is provided
in the first cﬁapter of that volume,

volume ! of this report is organiged into five chapters --‘this
introductory chapter followed by three chapters describing the results
of the work performed on the above tasks and a chapter describing summary
conclusions and recommendations. The second chapter presents'an over=
view of the health manpower analysis areas identified in the first task
of the project. The discussion of analysis areas is organized into
two parts -- the demand for and supply of health manpower services.v
Mreas for analysis of demand identified in chapter 2.0 include -« the

cultural-demographic characterizations of consumer utilization of




health care, the influence of economic factors on consumer demands,
| and the health service delivery system vhich constrains and modulates
this demand, The problem areas confronting the supply of health man-
power‘services are outlined in tems of the geographic and specialty:
ma1distr1bqtion of health manpower, the poor representation of minori-
ties and women in medicine, and the ineffactive or inefficient utiliza-.
tion.of health manpowér services, in addition to the more general
- problem of shortages of certain types of manpower, | |

The third chapter, entitled Health Manpower Modeling, summarizes

the attributes of modg1s described in volume I1, Health Manpower
Model Inventory of this report. Models which treat similar subject
material (i.e., manipulate similar parameters) are collectively dis-
cusséd to facilitate reader understanding of the overall framework of -
modeling activity which constitutes the spectfum of health manpower
models, as well as to simplify the subsequent similarity matching of
model attributes and health manpower analysis requirements. Following
th1§ overview of *he models in the inventory, the applicability of
these models to health manpower analysis problems is discussed.. A come
parison between mode1 input/output variables aﬁd analysis factors is
used to isolate the collection of models potentially applicable to
each analysis area. This comparison is followed by a discussion of thé
model concentration in each analysis area as well as a description of

analysis areas reqdiring further analytical activity,




In chapter 4.0 the results of VRI's evaluation of the two large-
scale models, developed under BHRD contract, are described. The two

models examined are the Preliminany Operational HRRC Microsimulation

Model developed by the Human Resources Research Center at the
University of Southern California and the Similation of Hoapital Utiliaa~
tion.and Health Manpower Requiremente developed by tha Research Triangle
Institute. To facilitaté discussion of the model evaluations, a brief
description of the structure and components of each model is provided.
The description of/each model is followed by the results of VRI's .
evaluation. Thesé results are divided into three model assessment areas:
(1) the conceptual foundation and analytic structure of the
.model and the statistical estimation techniques employed
in model development,
(2) the results of model verification tests or experiments, and
(3) the resources required to operate'the model and use its
results., _
The description of the results of the model evaluation is concluded
with a brief discussion of the requirements for applying the models

to actual analysis problems.
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care, rising incomes, expansion of services offered, and increasing
health insurance coverage have all contributed to the rising demand

for health services, To satisfy this demand, new health manpower pro-
grams must focus on the factors which influence the demand for services
and evaluate the services provided by various manpower categories rather
than simpiy'concentrate on the number of health personnel. This ser=
vice assessment should include ana1yéis of such elements as the quality
of health care, relative cost of services, perception of need, man-
power productivity, labor force participation, alternative health prac=
tice settings, alternative mixes of manpower delivery teams, and specialty
and geographic distribution of health manpower. The assessment should
also consider the analysis of factors affecting the total supply of
health manpower services,

Many previous health manpower analysis activities have been exclu=
sively tied to some predetermined manpower-to-population ratio (1.e.,
physicians, dentists, or nurses per 100,000 population) to determine
the adequacies of the supplies of health manpower services. The tradi-
tional health manpower planning technique has been to measure ‘the
supply of health manpower‘in terms of these ratios, estimate projected
or existing health manpower shortages, and enact legislation with the
principle objective of alleviqting these shortages. Although the ratio
techniques provide an easily understeod numerical assessment of health
manpower supply and demand, their utility (as a sensitive, reliable

periormance measure of health services provided) 15 suspect. The accuracy




_of previous projections of manpower-to-population ratios has been
degraded by often inaccurate population forecasts and unreliable pre-
digtions of future manpower supplies. This unreliability is evidenced
by the considerable variance émong the estimates of manpower ratios
developed in various studies,?

Furthermore, the achievement of a particular ratio will not necessarily
_guarantee that the health service requirements of the population will be
met. That is, the ratios do not reflect changes in the imagnitude and
.type of services required within a given population, nor are tﬁey sensi-
tive to alterations in the efficiency of health care service delivery -=
- two princ1p1e factors which may significantly influence the utilization
of health manpower sgrvices. Therefore, as 1ong as the collective
demands for health care continue to change and the modes of health care
delivery vemain in a continual state of f1ux. health manpower ratios w111
‘provide on\y 1imited insight into the actual health manpower situation.
As a consequence, programs tied to specific ratio objectives may have
only a restricted 1nf1uen§e on the escalatory cost of medical care'and

may not guarantee that individuals who need health services will neces-
sarily receive them. |

1See Hansen, W. Lee. "An Appraisal of Physician Manpower Projections",
Inquiry. March 1970,

) ~
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Recognition of ‘the 1nheren£ limitations in these inventory-taking
methods as a manpower evaluation tool has resulted in an increased focus
on.identifying~and'measuring health manpower faétors whiéh move accue
rately reflect the status of ihe nation's health manpower system. _
Health manpower models are one of the tools available to health b]anners
and governmént policy-makers to investigate the effects of varioug pro- -
grams and policies on the supply of and demand for health mabpower services,
Hoﬂever, for these models to be useful they must: first, manipulate
parameters bearing on the user's analysis problems; second, provide an
accufate representation of the real world; and, thir&, perform their
analytical function within the time and resource constraints of the
user. The remainder of this chapter 15 concerned with the first item
(identifying analysis areas of interest to users). Since the focus of
the present study is to evaIuatg the utility of models %o health planners
in general, ratﬁer than to a single individual or organization, the
analysis prob]ems»which'might typically confront health planning agencies
need to be identified,

CIEarIy. this discussion of analysis areas can neither beJexhaqstive
nor extremely specific betause of the breadth of subjéct materfa] currently
or potentially of interest to health manpower planners, * Rather, the
material presented here should be viewed as a compilation of general
health manpower problem areas confronting national or local hea]fh

planning agencies. In the presentation that follows, specific health

A
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manpower problems will be discussed within the framework of two

general health manpower analysis areas -- the demand for and the supply

of health manpower services.

2.2 Characteristics of the Demand for Health Manpower Services

Two tybes of health care demands placed on manpower services are
those which are placed directly on private practitioners and their
employees and those which are placed on health care institutions (e.g.,
hosﬁitals, nursing homes, psychiatric care faci]ities, etc.) which in
turn establish requirements for health personnel. Both types of |
demand are usually preceded by fhe health consumer decision to seek
some form of health service. Thus, the analysis of the demand for health
manpower services requires an understanding of the factors which
influence the consumer's health, his behavior, énd his consumption of
health manpower services. Factors which influence the consumer's
behavior include an individual's cultural beliefs, attitudes toward
health care, psychological condition, and perception of illness, as well
as the relative utility, cost and quality of health care which he per-
ceives. Since data describing these parameters are difficult if not
impossible to obtain, most analyses attempt to describe variations in
héalth service utili;ation in terms of socioeconomic, demographic, or
other 'differentiable attributes of the population, as well as changes
in epidemiolugical conditions, price, aﬁd other health system parameters.
These-patterns‘of health service utilization are then used to describe
the influence of consumer discretionary behavior on the demand for health

services.




12

For the resutts of these analyses of health consumer demands to
be useful in health manpower planning, they must be translated into.
requirements for manpower services. The way in which these require-
ments are met will depend not only on the magnitude and type of services
desired, but also on the staffing patterns and maﬁpower resource levels
as determined by the operational and functional limitations of health
cére delivery organizations. Variations in type of services offered
and ihe size of the health service faciiities utilized, as well as
differences in the allocation and mix of perSonnél, will have a compound
efféct on health manpower requirements. These health care delivery
factors act as constraints which affect. the requiremént for manpower at ,
a given level of utilization. They also shape‘and mold the type of
care sought by influencing the priées, accessibility, andlavailability
of services offered. Thus, 1h order to simplify our discussion of these
highly interrelated analysis faétbrs, the description of these areas for
analysis is organized into three;categories --'cultura1~demographic

factors, economic factors, and health cara delivefy constraints.

2,2,1 Cultural and Demographic Factors

The type and magnitude of health care services demanded are often
stratified for ahalysts in terms of parameters such as age, sex, marital
status, family size, education, and residence (urban vs. rural). For
example, the incidence of 11lness, morbidity patterns, disease’recovery

rates, and mortality rates all vary with age. Females in different
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age groups require different quantities of obstetrical service, and

men require none. Marital status and family size reflect the availa-
bility of home recuperative care, and hence can be used to characterize
total amounts of service demanded, Differences in cultural beliefs and
ébcial.attitudes toward utilization of health care might'be distinguished
by an individual's education and/or Tocation of residence.

Data describing the above  (and other) cultural/demographic popu-
lation attributes and health services consumptioﬁ are used as a basis
for determining health service utilization behavior. Predictions of
the relative numbers of persons in each population category coupled
~ with descriptions of the health service utilization behavior prdviﬂe
a mechanism fdr estimating future service consumption, and hence require-
‘ments. These estimates are, however, often constrained by limitafions
inherent in the availabie data. Relationships between different types
of utilization and the desired ;et of demographic factors are“difficult.
if not impossible; to ascértain since the cross-sectional and/or longi-
tudinal utilization data requived is often unavailable, incomplete, or
inconsistent. However, these data constraints can be overcome under
certain circumstances, either through statistical manipulation of
existing data or extensive data gathering and/or identification activi-
ties. e

Although the analysis of cultural-demographic factors may increase
understanding of health consumer behavior patterns, it offers a few
areas where health agencies can intervene and improve health service

| utilization. One such policy action which could affect utilization
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is the education of the consumer, particularly in the area.of health
or health-related subject material. Health education, for example,
could change cultural attitudes and increase_pdeié"awareness of
alternative forms of treatment and service delivery. Greater under-
standing of disease symptoms and treatment of self-limiting illness
could result. in earlier detection and hence treatment of serious illnesses
and a reduction in the utilization of health services for minor ailments.
An.educated consumer could possibly differentiate‘1evels of service
quality being offered and select the type of service most cost/beneficial
to him. Furthemmore, a part of this educational activity could be
devoted to dissemination of information on.the availability of free
preventive treatments such as chest " =rays, pab smears, and vaccinations
as well as to inform the public of impending epidemics (e.q., flu or
syphilis) or health hazards (e.g., environmental pollution, severe
weather, or dangerous working conditions). Although ﬁhere.are other
cultural-demogranhic factors which could be influenced by governmental
intervention such as marital status, f5m11y size and residence -- educa~
tional and information dissemination programs appear to be the only
aétions contemplated in the near future. _

1In addition to the aforementioned 1imitations, analysis of the
influence of cultural-demographic factors on health service utilization
will not reveé] the effects of economic factors on the demand for sep-
vices, nor does it reflect the constraints placed on the consumer by the
haa?fh service system, The ana1ys§s of the effect of thasenlatter fac~

tors on health service demands is the topic of the next two subsections.

[ T
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2.2.2 Economic Factors

Two economic factors which affect the demand for health services -
are the price of services (i.e., the cost of health care to the consumer)
and the income or ability of the cousumer to pay fd? services offered.
The cost bf medical care to the consumer consists of not only the fees
charged and/ar prices demanded by physicians and health institutions,
but also dther intangible costs such as loss of leisure time, diffi-
cultiés in obtaining health care, and other inconveniences which confront
the .health consumer. Since most of the nonmonetary costs are the result
of restrictions placed on the consumer by the health delivery system,
-discussion of these costs will be left to the subsequent subsection.

Here we shall concentrate on direct and indirect (e.g., loss of income)
monecary costs df health care service, and the effects of these costs
on the utilization of health services.

Prices of health care affect not only an individual's decision to
seek health services, but also the amount and type of service he uses.
For example, the price of health services may influence whether or not
‘a person decides to have elective surgery to improve a chronic condition,
to remain in a hospital for a longer recuperative period, or to seek
the services of a medical ;pecialist or a general practitioner. The
- outcome of such decisions may also be influenced by the consumer's
ability to pay, a combination of his income and coinsurance.

Analysis of the effects of these factors on the utilization of
services 1s necessary to assess the impact 6f economic programs aimed

at decreasing the cost of health care or reducing health economic
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barriers confronting low income groups. The effects of programs

designed to decrease the cost of care to selected groups {e.g.,
Medicare and Medicaid) and proposed programs aimed at ameliorating
the total cost of care (e.g., the National Health Inéurance Standards
Act and the Family Health Insurance Plan) on the overall demands for
health serv}ces need to be examined. Significant reductions in cost of
‘health care to the consumer could increase the quantity of care demanded
which may, in turn, escalate the price of care in the short run. Within
these programs, aiternativé reimbursement systems (e.g., prospective vs,
retrospeétive payment) shou19 be examined with respect to their pdssibIe
~moderation of escalating health care costs.
 The relationship between income and.the consumption of health ser=
vices should be examined to determine the effects of this factor on the
overall utilization of health services. Different income groups may
consume differing quantitites and types of health service. Persons with
higher incomes may select more comprehensive forms of care (e.g., yearly
physicals and elective surgery), have longer lengths of stay in health
institutions, utilize more-specialized services, and pay higher prices'
.for'similar services, Furthermore, the consumer'; ability to pay for
care could influence a physician's selection of treatment modality and
partially account for the amount and type of health services utilized,
A third factor which must be specifically taken into account in
analyzing the economics of health care utiIization is health insurance.

H2alth insurance not only distorts the impact of cost and incoma factors




on utilization, but also influences the quantity and type of medical
care demanded. Insurance protects the individual consumer from unex-
pected expenses by distributing the cost of medical care across the
insured population. By lessening the cost of health care; patterns
pf conﬁumption are altered. Individuals confronted with "bargain"
care are mdre liker to increase their demand for care, particularly
those types of care which offer the greatest insurance coverage. For
exqmp1e, hospital care may be sought instead of ambulatory care because
of specific insurance provisioné. Similarly, there may be increased
demands for specialists vs. general practitioners sjqcé their services
are more completely insured. Health insurance programs sponsored by
the federal government (e.g., Medicaid and Medicare) and by other %hird
party contributions (e.g..‘combany 1hsurance programs) can be viewed as
effectively increasing an individual's income and selectively changing
his ability to pay for health care services.

The interrelationships between the above factors =- health service
utilization and alternative economic policies and programs of'govern-

mental planning agencies -- need to be identified to develop, impIement,

| and assess these alternative courses of action. The impact of tax
incentives directed toward increasing individual and employer expenditures
for health insurance, fedéral and state welfare programs aimed at
decreasing the medical costs or increasing the income of the indigent
(e.9., Medicaid), and government-supported health care ¢linics which
-provide lbw cost or free services (e.g., ngighborhood health ¢linics)

additionally should be addressed in this analysis.
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2,2.3 Health Care Delivery Constraints

In addition to the economics and cultural-demqgraphic factors
vhich influence and characterize an individual's deéision to seek
health services, external health care delivery constraints méy Timit and
mold the choice of alternatives available to the health consumers The
accessibility of different services may not only influencg.the type of
care sought, but also contribute to the decision to seek care. The
disutility associated with consumption of services which require encum-
bering appointment procedures, long travel or waiting times, ér other
- similar 1nconven1ence§'may significantly influence a consumer's decision
process. Similarly, the relative accessibility of alternative health
delivery forms may affect the type of care utilized.

Alternative modes of health care delivery such as prepaid vs. fee
for service care, group vs. solo practice, and preventive vs. episodic
medical care, affect the manner in which these services are utilized
and hence influence the manpower service requirements for patient care.
Forlexample. group practices may place greater dependence on auxiliary
personnel to provide contjnuity of care for chronic 111nesses than would
a solo practitioner; or preventive medical services may requi}e fewer
inpatient services (i.e., shorter lengths of stay, fewer admissions,
or both) and more outpatient visits than its episodic counterparts; or
prepaid patients may demand more services than fee-for-service patients,

Inherent in the health care delivery system are a complex sat of
procecures which further constrain the action space of the health

service consumer, Foremost among these 1s the restriction that all but

R4
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the most simple of medical care services requires some interaction

with a physician. As a consequence, the physician acts, in part, as

-a buyer of health services for the consdmer. This patient-physician
relationship results in the physician rather than the consumer placing
demands ‘for many kinds of health services. Physicians not only select
the method and Tocation of treatment, but also as a consequence of these
decisions, detérminé the overall magnitude and type of health service
required fer each illness episode. Factors which influence the physician's
decision process include: training and specialized orientation (e.qes
a surgeon may treat specific health problems in a different manner than
an internist or a general practitioner); special institutional agree-
ments and arrangements (e.g., hospital appointments, clinical testing
and laboratory arrangements, etc.); patients' interests (i.e., cost
and quality of alternative treatment modalities); and the physician's
personal benefits (e.g. 1ncome; leisure time, utility, etc.). The
physician's decision space is also constrained by the limits of pre-
ferred medical practice and professional or organizational sanctions
which preclude certain actions such as prolonging a patient's hospital
stay or admitting patients to a hospital unnecessarily. Other procedural
constraints which are outside the spectrum of physician control are
those principally imposed by facility and personnel 1imitations (e.g.s
number of beds, type ofllaboratory facilities, size of hdspita1 stéff.

etc,).
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In addition, the decrease in the relative number of physicians
offering what is currently referred to as primary health care (i.e.,
general or family practice) may result in increased difficulty in
obtaining tﬁis type of care and subsequently cause inappropriate
utilization of medical specialists for selleﬂmiting or non-specific
illnesses. The increasing utilization of specialists for initial
treatment requires greater consumer medical knowledge (i.e., health
education) to select the correct medical discipline and is subject to

greater misuse of health manpower talent and a resulting increase 1h
| total demand for manpower services,

Thus, one of the major health care delivery constraints which -
shapes the demand for medical services is the availability or supply of

health manpower resources ~-"the'top1c of the next section.

8.8 Charaoterisiios of the Supry of Héatth'Munpower

Increasing the number of health professionals still continues to
be a primary health service objective to meet increased demands. Pr&-
grams to stimuléte increases in health education enrollments as well =
as a push toward a three-year medical school curriculum are activities
directed toward achieving this objective. The federal government has
subsidized construction of new schools and expansion or renovatfon of
existing facilities, encouraged enrollmgnt increases through capita~
tion grants to health profession schools, and supported {mplementation

¢f curriculum-shortening programs in several health profession
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schools. Since the first major legislation directed toward increasing
the supply of health personnel (Health Professions Educational
Assistance Act of 1963), there have been increases in the number of
schools, the total enroliment in health education institutions.'and
the number pf health professions graduates; however, the degree to
which federal intervention has {nfluenced output increases has been
difficult to ascertain. |

Although manpower-to-population ratios will probably continue to
be the major supply performance measure, what are the parameters which
influence this ratio, and more importantly, how can manpower planning
agencies influence these factors to modulate the supplies of health per-
sonnel? For example, the primary sources of physician supply are schools
of medicine and ostebpathy and immigration of foreign medical griduates.
What are the principal factors which influence these numbers, and what
are the impacts of federal or state programs on these supplies? Con-
struction loans or medical school expansion subsidies may increase the
capability of schools to produce medical graduatess however, will this.
capability be utilized? Furthermore, is it the size or quality of
educational facilities which primarily determines the number of graduates
or are othér, possibly less expensive programs, equa)ly as effective
in increasing the supply? Programs directed toward increasing class
size (such as capitation grants to schools) or those which focus on
shortening theleducational curriculum (such as subsidies to three-year
medical schools) may have a greater.impact on physician supply in a

shorter period of time and at less cost.
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In addition to the assessment of federal and state programs pro-
viding monetary incentive to increase supply, the impact of alternative
regulatory bolicies and programs which influence the numbers of health
manpower also needs to be examined. Federal policies regardiné immi-
gration of, health personnel, as well as state licensure and accredita~ -
tion of both foreign 'and domestic graduates, coujd 1nf1uence the supply
of pfofessionaI and allied health persennel. Alternative immigration
policies would modulate the supply of health manpower entering the US,
and individual state 1icensure and accreditation requirements might
influence the number of US citizens obtaining foreign medical education.
Furthermore, state regulatory policies could be one of thé main deter-
minants in an individual's occupational selection process, particularly
in certain allied health disciplines. Other ramificatiops of these
requiréments could be the relative geographic distributions of numbers
of maripower {n specific haalth QiscipIines as'we11 as the utilization.of
health-trained personnel currently not participating in the labor force.
These two areas of analysis, i.e., distribution and utilization, are'

. the subject of the next two sections.

2.3.1 _Health Manpower Distributional Issues

There are essentially three types of distributional questions con-
fronting the nation's health matpowar system, First, the maldistribution
of physicians among tha medical speci&Ities and the scarcity of seleatad
types of manpower has become a major concern. Second, tha problems

eostuiated with the disparity in the number of health powsonnal among
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the several states or similar geographic or socioeconomic boundaries
remain unsolved. Finally, there is a ma1distr1bufion and poor repre-
sentation of minorities and women in certain health professions
(minority enrollment in medical schools has made large gains in recent
years, but is still quite disproportionate to the population percentages).
The first two of the above problem areas are principally con-
cerned with improving the accessibility of primary health care and
providing services to those living in areas of 1nadequate'h961th ser«
vices. The basic problems of insufficient medical services for lower
income groups in city slums and poor rural areas have not been solved.
In ten years the percent of active physicians in general practice has~
decreased from 42.7% in 1960 to 22,9% in 1969. Unequal distributions
between specialties has had the effect of causing service shortages
even when the total number of health personnel is considered adequate,
To alleviate regional manpower shortages, loan forgiveness programs
and scholarships are available for those who promise to pract{ce in
medically underserved areas. Special project grants for recruitment and
training of students 1ikely to practice in shortage areas and specialized
programs such as the National Health Service Corps have been astablished
to improve the geographic distribution of health manpower, Uith
respect to specialty distribution, special grants were allocated under
the Act of 1871 to support family medicine training to increase the
numbef of primary care practitioners. Finally, programs to 1mproye

minority representation in the health disciplines, such as scholarships,
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loans, and lqan forgiveness programs for the financially or educationally
disadvantaged have been developed. _

Issues for analysis fn the geographical location of manpower
include the success of current programs in attracting graduates to
medically underserved areas, the potential of alternate incentive pro-
grams (e.g., tax exemptions, moving subsidies, gtc.), and the accessi-.
bility of health professionals relocated into these underserved areas.
The, impact of differences iﬁ state licensure and accraditation on the
maldistribution of health personnel needs to be evaluated as well as

| thgjr influence on the migration and lﬁgétion of foreign,medicél graduates.
Alternative programs to standardize these requirements or approach
greater uniformity in state regulatory'policies may be necessary to
reduce the effect of diverse state laws on choice of work locatién.

Sﬁate and fegional health'planning agencies are principally con-
cérneq with the numbers of health personnel within sections of their
respeétive geographic borders. These agencies require data déscribing
the current stock of manpower as vell as an understanding of the factors
which 1nf1ueﬁce these numbers. This requisite information can, in
turn, be utilized to assess the impact of alternative programs to
increase the supply of health manpower within a particular geographic
area. For example, data describing the relative nuhbers of medical
graduates choosing residencies within a region, and subsequeﬁtIy pro-
ducing medical services in that region, might influence a state to

increase support ¢f residency programs. Tha selection of a particular




residency program over another would then depend on the results of an

analysis of the factors which influence a medical graduate’s decision
to select the location of his resident training, e;é., salary, working
environment, professional reputatioh of institution, etc.

In the-érea of specialty distribution, suggestions have been made
that graduated capitation rates to schools and scholarships be 1inked
with relative specialty shortages, and that financial incentives be

developed for hospitals so that size and composition of residency
| programs become related to specialty requirements. Shifts in tﬁe
requirements for“particy1§r specialties should also be invesgigated
(e.g., effect of a decreasing birth rate on the demand for dbstetric
services). There are a variety of factors which contribute to a
physician's choice of specialty such as expected earnings, working
environment, perceived job prestige, as well as the accessibi1ity.
length and cost of specialty training, and socioeconomic and demographic
characteristics of medical graduates. Federal and state programs
directed toward improving specialty distribution or increasing the
accessibility of primary health care should concentrate on those factors
which appear to have the greatest impact on this distribution. 1In
addition, the effectiveness of minority subsidies in meeting the objec~
tives of equal opportunity in thé health professions and equalizing
health care among different population groups is anothar issue deserving

attention. This analysis problem also includes the questions of to
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what extent minority graduates will devote themselves to serving
minority populations and whether this group would provide a partial
-Yemedy to the primary care problem.

2.3.2 Efficient Utilization of Health Manpower and Labor Force
. Participation =

More recent legislation (i.e., the HeaItﬁ Manpower'Act of 1971)
and the associated program activity has witnessed a shift in policy
from exclusive concentration on the numbers of health professionals
to an increased attention toward improving the utilization of highly
trained health pefsonng1 as well as increasing manbower prbduct1v1ty.
_%o this end, programs in 1ntef&iscip11nary team training, project ”

grants to train for new roles, types or levels of personnel, and capi-
tation grants for training physician assistants and dental therapists
are recent indicators of a shift in emphasis from numbers of health
personnel to the supply of services. Other contributions directed

o

toward improving manpowar utilization and productivity can be expected

to come from evaluations of alternative practice settings (i.e., s0l0 _

versus group practices and fee-for-service versus prepaid or health
saintenance organizations); from implementation of modern management
strategies concerned with optimal allocation, scheduling and inter-
discinlinary mixes of health personnel; and frcm the application bf
technological innovations which increase manpower productivity.
'A1though the legislation stresses increasing the supply of allied

Healih workers as a vahicle for 1mp§oving utilization of physician and
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dentists' time, and subsidies are provided for physician and dentist
extender (physician assistants, nurse practitioners, dental therapists)
training programs, the questions concerned with appropriate task dele~
gation and state licensure and credentialing requirement§ are still

unresolved. Other issues created by this use of extender personnel

services are: the willingness and ability of physicians and dentists
to utilize these personnel; the incentives and disincentives which
govern utilization of support personnel; the cost effectivenesg of task
redist%ibution to the consumer (i.e., monetary cost, accessibility and
quality of care); the allocation of physician and dentist time produced
as a result of task deIegation;_and'the appropriateness of alternative
mixes of manpower, technology,and practice settings to sat%sfy various
serzice dunands. In addition, questions concerning the utility of
various management tools directgd at improving the productivity or
utilization of health manpower, as well as major factors governing an
individual's participation in the health labor force, reqqire further
inQestigatiOn.

Of ‘particular interest to health manpower analysts are the factors
which influence the labor force participation rate of nurses. Nurses
constitute the largest category of health professionals; however, only
about one half of the individuals trained in the nurse disciplines pare
ticipate in the nurse labor force. Minor increases in the ﬁurse labor
force participation rate could, therefore, raesult in a substantial
increase in the utilization of nurse manpower resources. Programs

directed toward stimulating an increase in this rate (e.g., nurse
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refrezher trainirg courses) need to he evaluated in terms of their
effectiveness and rew approaches to this problem identified, With
regard to the latter, the relative importance of factors wnich influence
rurse participation (e.g., marital status, location of residence, fqmily
ircome, level of training, etc.) should be identified in order to expose
nes alternative courses of action. The effectiveness of these alférna-
tives on increasing the utilization of existing nurse labor forces
s¥3uld £hen Sz compared to policies directad toward increasing 4he
supb1y of nurse graduatés,;

The analysis areas summarized in this chapter represent an overview
of the key issues ?d:h¢a1th’ﬁanpower planning. . They wil1l be used in
chapter 3.0 as a backdrop for assessing thé utility of the models identi-
fied in the stuay.




3.0 HEALTH MANPOWER MODELS

In this chapter ve shall concentrate on the integration of the
models identified in this study into a health manpower modeling framé-
Qbrk and describe the manner in whfch these models address the anal&sis
areas presented in chapter 2.0. In order to accomplish this purpose,
the chapter is organized into three sections. The first section pro-
vides'an overview of the models, describing individual models in terms
of their 1ocations within a health manpower model classification structure.
The second sectioﬁ discusses the evaluation of these models in terms of
four criteria describing their usefulness to the health manpower analysis

problems. The final section summarizes the analysis and presents some

overview conclusions.

3.1 Overview of Health Monpower Models

Before discussing the applicability of health manpower models to
the analysis areas describeq %n chapter 2.0, the spectrum of models to
be'subjected to this evaluation must be delineated to acquaint the reader
with the models examingd in this study. Because each member of this array
of models is described in the second volume of this report, these de-
tailed descriptions are not reproduced here. Rather, this section focuses
on an overview of these models, presenting the common attributes of the
model population and identifying dissimilarities where they are sig-
n{ficant.

In all, the study examined 56 models ﬁovering a di&erse collection

of health manpower topics such as the prediction of coronary recovery

4{)




“states and_the geographic migration of dentists, and varying in com-
plexity from a single regression model to a- large-scale Monte Carlo
simulation model or a multi-dimensional linear programming model. The -
diversity of subject matter treated by these models 1s further reflected
by the differences in the scope or perspective of individual models. '
For exampla, where one model might describe the utilization of hospital
manpower.services as a function of health consumer attributes, another
would tnvestigate both the supply end demand for health maﬁpower services
as e function of price. In addition to variations in subject matter,
complexity, aﬁd perspective, the amount of available documentation de-
'tailing the structure and contents of each model also fluctuated greetly‘
from one model to the next. |

Thde. the general incongruity of the models examined combined with
an absence of any hierarchical ordering of the subject material treated
in these analytic descriptions hirders most attempts to-coﬁcise]y da-
scribe this spectrum of health manpower models. One method of presenting
the models identified in this study would be to discuss them in terms
of the health manpower disciplines they address. Another technique would
be to characterize the modele with respect to the magnitude of the heelth
manpower systems treated (i.e., single hospital, medical school,
conmunity: health system, state health manpower processes, or national
manpower issues). Sti11 a third way would be to describe individual
mocels within an overall conceptual framework of the processes which
govern the supply of and demand for health manpower. The third technique
is chosen in this report for two reasons. First, the description of
models within this conceptual structure should provide greater 10319ht

@ "




3

into the overall depth and scope of the health manpower modeling spectrum
as well as facilitate understanding of the inierrelationship amony modeling
efforts. Second, such a conceptual framework of models is more amenable

to the evaluation of model usefulness in terms of the analysis areas pre=~

.t
i

sentéd in chapter 2.0,

The conpeptual model structure chosen for this discussion is a
condensed, slightly revised version of the general model classification
structure presented in the Health Manpower Inventory. As can be seen in
figure 1, the conceptual model structure consists of six intefconnected
health manpower process blocks which describe health manpower Supply
and demand and three suspended circles representing the three economic
markets which govern the interaction of these processes. Although the
processes and markets depicted in this structure encompass most of fhe
attributes of the models examined in this study, the reader is cautioned
that this structure does not nece;sarily define the boundaries of health
manpower modeling activities nor does each model necessarily fall within
one and only one component of the structure. For example, additional
modeling areas which might be éonsidered as peripheral to this framework
are models of health research processes or models characterizing the
growth of the population (see volume Il of this report), both of which
could significantly affect health manpower supplies and demands. Further=
morc, many of the models, particularly those concerned with the economic
markets, manipulate parameters relevant to the processes classified in
different blocks of this structure. To facilitate this discussion, however,
most models will be associated with only those blocks reflecting thetr

major components,
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The left half of figure 1 is essentially concerned with the supply
or development of health manpower resources and the right half with the
utilization of o% demand for these resources. Processes in the blocks
which treat the supply of health manpower (i.e., educational choice,
health professions education, and manpower resources models) are governed
by factors in the health professions education market.  This market
essentially describes the behavior of prospective studenfs. graduates
from health education institutions, and persons selecting health
disciplines not requiring formal education, as a function of the price,
entry prerequisites, and uther factors governing amount and type of
training facilities utilized. On the demand side of this structure, the
utilization of manpowerhservices in the health services market is a
function of the price of these Qervices (across the various forms of
health service delivery), changes in illness incidence, and health |
consumer behavior. The overall demand for and'supply of health manpower
is brought together in the health manpower market (depicted by the
circle in the center of figure 1) as a function of prices, wages, and
other economic variables.

Although a few of the models examined in this study attempt to
describe the interactions of the processes within each of the afore-
.mentioned three markets, the vast majority of models either concentrate
on the factors which influence the supply of services or attempt to
describe the conditions influencing the demand for these services.

That is, the models treat subject material related to each of the

three market circles and/or the process blocks surrounding or adjacent




to these circles. In order to facilitate the description of the models
identified in this study, each of the following discussions is organized
into three subsections. Each subsection conéentrateélbn the models which

attempt to characterize a particular market and its associated process .

blocks. - The health services market models and the related process ‘models
are presented first, i.e., models of health manpower demand, fallowed by
the mo&els describing manpower supply, énd concluding with the models
concerned with the interaction between health manpower éupp1y and demand.

3.1.1 Models of the Demand for Health Manpower

0f the 56 models examined in this study, all but 17 concentrate on
the demaﬁd for health manpower and the services they perform. These
demand. models manipulate, forecast. or otherwise describe such processes
‘as: health.services market behavior. health care delivery, hea1th con-
sumer behavior. and incidence of 111ness, which govern the demand for
health.manpower services. In‘the following paragraphs the models which

fall into each of these four process categories are briefly described.

Health Sew'tqe Market Models

Within the collection of models treateu in this study, 39 are denand
models. Seven of these are regression analysis models ofieconomic behavior
in the health services market. Martin Feldstein [1967, 1970, 1971) has
developed three of these market models -« an aggregate model of the supp1y
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and demand for hospital inpatient care, an econometric model of the.allocé-
tion of health care resources under Medicare, and a model of the health
service market determination of physician prices, Another economatric
madel which cdncentrates on the expenditures for physicians services

is the model developed by Fuchs and Kramer [1972]. it describes variations
1n the type of physician Lrvices utilized as a function of such vériables
as service costs, physician availability, patient income, etc. A more

~ racent model which also facusas on the supply and demand for physician
service; (as well as certain non-physician manpower services) is the

Human Resources Research Center [1972] model discussed in detail in

chapter 4.0 of this report. The remaining two health service market

models are the aggregated models of the medical and dental care sectors

by Paul Feldstein and Kelman [1972] and Paul Feldstein [1972]. These

two generalized models describe market ﬁnteractiqns in each of the three
markets shown in figure 1 (health services, health manpower, and health
education) in both the dental and medical sectors. As such, these two
models attempt to describe the overall status of fhe health ménpower

system rather than concentrating on a single region of the modeling

spectrun,

Health Cove Delivery Modele

Approximately one-half of the 39 models concerned with factors
influencing the dedand for health manpower fall in the category of

nealth care delivery models. In all, 19 models of health care delivery
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were examined in the study. Within this group, 13 models are developed
using data'describing the health care delivery functions of é single
hospital or specific community, with the remaining six models being
deveioped using information from nation-wide surveys or hypothetical
data. This differentiation between models which utilize hospital or
cosmunity specific data and models concerned with a more global pere
spective of health services deIivery'defjnes thé prihary application
of the model's results. That is, models which are developed within the
framework of an individual hospital or commdnity are primarily intended
for use with hospitaI or community health services planning problems
| rather than with health service deiivery analysis problems at the
state or national level. _ |

~The 13 models concerned with individual hospital or community
problems examined in this study can be subdivided into two subject
groupings ==-.models of scheduling‘or allocation of nurse manpower
(sig models) and models which describe hospital processes,. predict
fupurejutilizatioh of hospiial beds, describe demand for comaunity
maternal care facilities, etc. (seven models). Three of the six nurse
management models were developed af Johns Hopkins University tolimprove
the utildzation of nursing personnel. Connor [1960] developed an
1npét1ent classification scﬁeme relating the degree of 111ness to
direct patieﬁt care requirements which in turn is used to specify the
relationship between hospital patient case 1oad and total nuitsing
workload. Singer [1961] used Connor's classification scheme to develop

.a Markov process model which predicts the number of patients in each of
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these categories at some future time. Wolfe [1969] also used this
scheme to develop a 1inear pogramming model to optimfze the allocation
and mix of nursing personnel to meet current or future demands. The
remaining three nurse management models by Thomas [1964, 1968], Jelinek
[1964, 1967], and Laberge-Nadeau and Feuvrier [1972] also relate the
number and type of nursing resources required to the number qf patiehts
in various health conditions. Thomas specifically focuses on the reqyiref
ment for nurses in relation to the number of patients in 14 Markovian
coronary recovery states; the Laberge-Nadeau-FeVrier simulation.
model describes the amount of time consumed in performance of speciffc |
tasks with variations in the number and class of patients and the number
and type of nursing persunnel on a hospital staff. The description of
the work behavior of the nursing unit is also the principal subject
treated in Jelinek's model. This model characterizes the behavior of
a nursing unit in terms of regreséive equations which relate
the number of nursing hours (per patient day) that are devotgd to
various éctivities to size of available nursing staff, number of pat{ents
in each é]ass. type of nursiﬁb staff, number of patients in each class,
type of nursing unit, etc. a

The remaining seven models are concerned with the analysis of a
A single hospital or community (i.e., health care delivery organiiation;
planning.and utilization models) and use a combination of anmalytic
techniqueé to describe these processes. For example, Moss'[1970] developed
a queueing model to simulate utilization of personnel services, medical
facilities equipment, and consumable supplies by sampling from analytical

probability distributions of arrival and service times. Similar Monte




Carlo simulation techniques are employed by Uyeno [1971] vhere samples

of empirical data rather than analytic probability distribution provide

statistics concerning patient waiting time, personnel. utilization,

facility utilijzation, etc., under alternative patient care requirements,
eam compositions, anq facilities. The empirical simulation developed

by Hearn and.Bishop [1970] describes .the activities and events concerned
with thé-care of hospital patients with changes in hospital procedures..
Simulation techniques are combined with regression analysis in Kennedy';
model [1968a, b, ¢, d] of maternal and child care in a community. - In this
model, regression analysis (which_is used to estimate the relationship
between the number of mother's visits, birth.weight of infants, etc.,

and selected demographic data) is combined with simylated maternal and
child care characteristics to schedule maternal health care visits,
allocate resources, and estimate qtiIization. The model developed by

the Research Triangle Institute [1972], which.is described in detail in
chapter 4.0 of this report, empioys a similar combination of simulation
and regression analysis techniques to forecast health manpower require-
ments as 5 func£ion of hospital utilization. Prediction of heaIth_care'
resource utilization is also the main topic of the regression analysis
model developed by Abranovic [1969]. .Abranovic's model focuses-on the
future resource requirements in a single category of hospital services -~
ancillary services -~ in terms of the projected inpatient census and the -
charactaristics of the ancillary department. The final single hospital
planning model identified in this study is a 1inear programming model
developed by Lazarus [1971]. This model derives optimal solutions (number

of patients by -hospital service category) for each of three objective
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functions (social welfare, income, and admissioﬁs) subject to constraints
on bed allocations, operating room capacity, staff size, etc., to develop
a plan for an 805-bed hospital.

of the.19 models within the health care delivery category, we
have discussed all but the six models concerned with the more generalized
descriptions of these.delivery processes. Only one of these six models;
the model by Reinhardt [1970, 19721, is based on.empirical information,
The purpose of this regression model is to measure the influence of
medical aides, physician fees, types of practice, and other inputs on
the physician's production of services, The other five models in this
collection of generalized health care delivery models are primarily
theoretical structures which optimize personnel utilization, community
benefits, or hospital outputs under hypothetical conditions. Four of
these mo&els are lineaf programming formuf;tions developed by Baligh
and Léughhunn [1969], Shuman [1965], Shuman .. Young, and Naddor [1969, 1970]
and Abernathy and Hershey [1972]. The Baligh-Laughhunn model develzps
an economic measure related.to the treatmené of hospital patients by
patient class and minimizes its value subject to a resource, a patient,
a budgetary, and two policy constraints. In the two models by Shuman
and his colleayues, three basic linear programming structures are formulated
to investigate potential cost savings through various personnel substitu-
tions, the maximization of the overall level of quality of health services
provided, and the minimization of the total cost of these services to the
cermunity under alternative mixes of health manpower. The Abérnathy-
Hershy model employs Monte Carlo simulation techniques to explore two

hypothetical nurse staffing alternatives (fixed staffing and controlled

s
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variable staffing) and uses a linear programming structure to specify
the pptimum staff allocation policy to minimize costs. Finaily. Zemach
[1970) formlates a Vinear difference equaéion structure to examine the
utilization of health services in a region and the allocation of: resources
necessary to provide these services. - |
One madel which could be included in the health care delivery
category but which has not been discussed previously is the cﬁnversational
Modeling Language (CML) model Sy Fetter and Miles [undated]. The CML
modeling strategy is applied to hoalth manpower MGdeling. Since the |
‘model is more a description of the modeling landuagg than of the' 
processes of the health.carg system, it is not evaluated in terms of

the health manpower analysis problem in chapter 2.0.

Health Consumer Behavior Models

In addition to the model developed at the Research Triamgle
Institute (RT1), there are nine other models (not previously discussed) .
which can be classified as health consumer behavioi models. These
- models essentially describe consumer utilization of various health re-
sources with respect to changes in specific attributes of the consumer
population. For example, the RTI model simulates admission rates, ‘.
surgery status, length of stay, etc., as functions of such-consumer
characteristics as age, sex, income, residence, etc. Two other models
in this category which relate admissions, length of stay, and patient '

days to similar demographic characteristics are the models developed
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by Rosenthal [1964] and Baer [1971]. Rosenthal's model consists of three
Tinear equations relating patient days, admissions, and average length
of'stay to.age, marital status, sex, education, etc. Regressidn analysis
is also employed in Baer's single equation model describing the relation-
ship of patient characteristics and hospital service utilization to length
of stay. | |

Two of phe ten health consumer behavior models identified in this study
concentrate on estimating the demand for medical care as a function of con-
sumer and health service factors which influence demand. Dars' [197f]
model consists of two separate structures -- oné concerned with estimates
of linear relationships between health insurance variables (benefits,
coverage, and expenditures) and consumer income, medical care prices,
time, etc., and the other with the demand for medical care (expenditures,
expenditures per 111-health day, and health status) as a function of
consumer household variables. Edwards' [1972a, b] model, which is
currently under development, simulates 23 measures of medical care
‘requirements in terms of the health characteristics of standard metro-
politan statistical areas. The consumer healtﬁ characteristics of
specific geographical regions are also used by Hopkins [1967], Been-
hakker [1963], and Fitzmaurice [1972] to describe regional requirements
for hospital beds, Hopkins' model concentrated on the hospital bed needs
in 58 California counties, estimating the 1inear relationship among
hospital patient days per county‘and such variables as net effective
‘buying income, number of live birtns, and number of deaths. Similarly,

the hodels by Beenhakker and Fitzmaurice provide a mora complex 1inear




o

Illness Incidena_e Models

42

’representation of the number of patient days consumed in Maryland and

Indiana counties, respectively, as a function of county health service

- and county population characteristics.

The ‘remaining two models in this category are those developed by

 Andersen [1968] and Navarro, et al. [1969, 1970a, b], Andersen's

model consists of a delineation of important social, economic, and
demographic factors influencing the utflization of health services by
family units. These factors are determined using correlation analysis
and analysis of variance. The Markov model developed by Navarro, et al.,
predicts proportions of the population in differenf health service

states, thus providing estimates of the'utilization of health services

during a period of time.

The smallest gfoup of models on the demand side of the model structure
showfi in figure 1 are models concerned with illness incidence./ These
models could be included witﬁin the consumer service behavior category
since these models must, of necessity, rely on health services utilization
data to determine incidence. These models are segregated ffom consumey
behavior models in that their outputs are intended to reflect the health
status of a population rather than the utilization of health services.

Four models were identified in this study which treat occurrence of
illnass (i.e:, mortality and mobidity rates) from this parspective.

Three of these models employ regression analysis to describe the

¢
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relationships between the medical care environment, population attributes,
etc., and the_health status (mortality rates) of the_population.

Puster, Leveson, and Sarachek [1969] and Anderson [1972] developed
models which relate such variables as income, education, medical care
expenditures, and other socioeconomic/health parameters to age-adjusted
and diagnosis-specific death rates. Larmore's [1967] model concentrates
on an économefric production function for health, estimating the
relationships between population characteristics and mortality rates,
disability days, number of physician visits, etc. The fourth model |
in this category is a birth/death Markov model developed by Ortiz and

Parker [1971] describing mortality rates By disease and age to determine

life expectancy.

3.1.2 Health Manpower Supply Modé]s

Of the 56 models examined, 15 manipulate data concerned with the
supply of health manpower. The following paragraphs provide a brief
description of these models as they appear to be classed within the

structure presented in figure 1.

Health Education Market Models

Models which fall into this category are those which describe the
intaraction of economic forces influercing the production and occupational

distribution of health profession education graduates. - Two models

g;z
oo
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which are categorized in this area are those developed by Feldstein
and Kelman [1972], mentioned previously under health service market
modeis, and Deane [1971]. |

The first of these two models is a large-scale multiple market
model of thé medical care system which treats both demand fot and supply
of five medical services. Within the supply sector of the model,
existing stocks of manpower ére adjusted due to graduations from health
eaucation programs, immigration, and labor force participation rates.
Similarly, Deane's model also concentrates on more than one of the
economic markets (i.e., educational resource market and labor market)
using regression equations to predict changes in the'number of nurse -

graduates; participation rates, vacancy rates, wages, etc.

Health Manpower Resource Models

‘The greatest number of models within the category of health -
manpower supply are those classed as health manpower resource mbdels.
The ten models which fall in this collection include six models con-
cernad with describing the geograpnic and Specialty distributions of
physiciéhs and four models describing the labor force behavior of

- nurses and allied health personnel. The models of geographic dis-
tribution describe the number of physicians in a specific r »ion (1.e.,
state or census tract) as a function of the socioeconomic and health
characteristics within these boundaries, The models by Benham, Maurizi,

and Reder [1968], Hawkins [1969], and Scheffler [1971] examine the




distribution of physicians across states. Each of these three models
employs regression analysis to relate the number of pbysicians (or
physiciané per capita) to differences in income, education, population
density, number of hospital beds, etc., across states. In addition to
variation in the number and type of variables chosen, these three models
differ in that Hawkin's model also examines the distribution of physicians
within a specific state and both the Hawkins and Scheffler models in=
vestigate geographic distributions with regard to several medi;al
specialtie;. The models developed by Elesh, Schollaert, and Lazarz
[1972a, b] investigate the distribution of physicians across census
tracts in two urban areas, deséribing the relationship between physician
types (specialists or general practitioner), office location, and the
economic and demographic character of the census tract.

Ph&sician géographié distribution is treated from a different
perspective in the models by Held [1973] and Sloan and Yett [1969a, b,
1971a, b}. These models describe the migration patterns of physicians
from stéte of training to state of practice location as a function of
place of birth, location of residencies, mean physician income, state
medical exam failure rate, hospital bed population, etc. In addition
to the migration behavior of physicians, the Sloan and Yett model also
treats the physician choice-of-spacialty process. This model describes
the number of residents in a particular specialty as a function of
economic and job satisfaction parameters.

Three of the four models concerned with kealth manpower labor

force behavior concentrate on the participation of nurses in the labor
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pool (i.e,, number of nursing hours or weeks worked). The model by

- Benham [1970] 1s essentially a model of the nurse labor market which

has as an putpu; nurse labor force participation. The Bognanno [1969)
and Sloan and ‘Blair [1973] models estimate the supply of nursiné-hours-‘

With respect to changes in such parameters as race, age, location of
residence (geographic region), etc. The fourth model concerned with

labor force behavior is a two-equation model by Shaw [19671 relating

Tength of service and absenteeism in the allied health professions to

~salary, age, number of dependents, and length of previdus employment.

Health Professions Education Models

The only model in the inventory which is principall& concerned
with de;cribing the health professions education environment is the
model of medical school production activities developed by Latham [1971].
This linear programming model maximizes the production of medical
education outputs (i.e., mafket prices times output quantity) subject
to constraints on medical school activities and inputs (numbers of
students). The primary purpose of this model is to estimate the cost
of each educétional activity (e.g., research, medical education, patient

services, etc.) and specify the optimal mix of these activities.
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Educational Choice Models

The two regression analysis models in this category are those
developed b& Altman [1971] and Sloan and Yett [1969a.5; 1971a,b].
Altman's model is used to estimate future admission rates to nurse
trqining programs as a function of the growth of various'typés.of
nurse education programs and the wage differential between nurses and
public school %eachers. Since this modal concentrates on factors whi:’
infldenge educational choice as well as variables characterizing
changes in the educational institutions, it could also be classed as a
health professions educational model. The Sloan-Yett model might also
be classified under both categories; however, the model's primary_fbcus
is on factors 1nfluené1ng decision processes of -college graduates
rather than limitations in available medical school spaces. That is,

the number of applicants planning to enter a medical college is a
function of the number of college graduates, tuition, fees, PhD

stipends, physician income, etc. ’

3.1.3 Models of the Interaction Between Health Manpower Supply and
Demand |
Models concerned with thé factors influencing the supply of
or demand for health manpower generally fall within one of two
classes. That is, they either focus on the specific market inter-
action between health care delivery processes and the health man-
power resource processes, or they attempt to characterize the inter-

relationships of the three markets and associated processes shown in

Fle!
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figure 1. Models which are of the first type correspond to those ‘Which
~ fall within the health manpower market and model category depicted as
the center circle in figure 1. The second type of models is essentially

multi-market models «= models which treat two or three of the markets
shown in figure 1.

Health Manpowsr Markst Models

0f the four health manpower market models in the inventory, one

model describes the supply of and demand for manpower in 20 health -

. disciplines, two are concerned with the market for nurse labor, and
the fourth characterizes hospital: demand for residents. Maki [1967)
develope& a quadratic programming model to estimate the demind. supply,
excess demand, and employment for 20 health occupations. Thé model
minimizes the difference between demand and employment subject to con-
straints on the percent chanée in number of workers, the total available
résouﬁces. and non-negative émployment. The model by Deane [[1971]
concentrates on the labor market behavior of ten occupations, all within
a single disciplinary field -- nursing. Deane's regression analysis
model contains a block of 126 simultaneous equations to describe the
effects of changes-in the factors influencing nurse labor supply and
demand on nurse wages, employment, desired employment, vacahcies. and
retirements. Another model characterizing the behavior of the nurse
1abor‘market is that developedlby Hixson [1969]. This model describes
the nurse employment tﬁrnover rate, the number of RNs, LPNs, and nursing

3
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aides as a function of patient population in various hospital services,
distribution and mix of nursing personnel across these services, nurse
wages and hospital discretionary policies. The fourth model concerned
with the intergction between health services and manpower Supply is
Sloan's singlé equation model which relates a hospital's demand for
residgnts to stipends, medical school affiliation, patient census, and

outpatient visits.

Multi-Market Models

Only three of the models examined in this study explicitly treat
the behavior in two or three of the markets depicted in figure' 1 --
Paul Feldstein's two models of the dental sector and medical care
system and the Human Resource Center (HRRC) [1972] model. Feldstein's

_ model [Feldstein and Kelman, 1972] of the medical care system describes

the demand for and supply of five types of medical services as well as
the demand for and supply of -health manpower in each of these services.
The Feldstein {1972] dental care model examines each of the three
markets (dental services, dental manpower, aﬁd dental education) pre-
sented in figure 1. Each of these market structures contains two .
equations specifying the relationship between the demand for and supply
of services, manpower, and training facilities as a function of dental
population, prices, wages, and training facilities. The model developed
by HRRC s a preliminary operational version of a comprehensive con-
ceptual structure of the health care system. The operational modet,

which is describad in detail in chapter 4.0 of this report, characterizes
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the demand. for and supply of physician visits and the demand for physician
and non-physician manpover, '

8.2 Usefulness of Health Manpouer Models

This section presents an analysis of the usefulness of the models
described in the previous section with respect to each of the analysis
areas described in chapter 2,0, Since the emphasis of this study is
on the major components of the health manpower analysis -environment rathar
than the specific ana1ytic requirements of a pa}ticu1arnuser or organization,
the assessment of model usefulness presented here does not provide a utility
ranking of the models examined. Nor is it intended to be.used to rejeét
or confirm the usefulness of a particular model 1in a specific analytic
role. Suéh model scaling and acceptance criteria ultimately must be de-
termined by the potential user, who will be aware of the importance,
scope, and analysis perspective df each probiem encountered and cognizant
of the analysis constraints which encompass this problem. -The purpose of
this section is to provide'potential model users with general criterig
to assess model usefulness and then to apply these criteria; i.e., the
assessment of the usefulnéss of the models within the framework of the
aforamentioned health manpower analysis environment.- This section con-
tinues with a description of four criteria for the evaluation of model
utility and concludes with assessments of the usefulness of the modelé
in the 1nventory‘w1th1n the framework of these criteria.

Health manpower models serve two Qenera1 types of functions. First,

they simulate the individual or composite processes which collectively
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define the health manpower system. Second, they are used to predict
the effects of changes in model parameters or causal relationships on

the status of this sytem, The descriptive function is performed to ex-

pose or systemgtically deline&te the interrelationships between health
system components, processes and other factors 1nfl§enc1ng the status
of the health manpover system. The'infdrmation gained as a result of
model develobment and use may help to verify and enrich intuition,
quantify relationships, identify current health manpower problems, and
expose the faétors contributing to these problems. Model predictions
are extensions of this descriptive capability into the future. A
prediction or estimate of future conditions or relationships is obtained
by projecting current trends into-the future or by predicting the timing
of anticipated events. This capability of models to look forward in time
with varying degrees of uncertainty, permits the user to estimate the
effects of governmental interventions and other ocqurkences on specific
components of the health manpower system.

The particular usefulness of a model thch performs the descriptive

and/or the predictive function depends: upon:

(1) the relevance of the model subject matter to the user's
problem, |
(2) the adaptability of the model to the user's special modeling ‘
requirements, ‘ |
. (3) éhe ability of the model to reflect accurately and reliably
actual conditions, and |
(4) the capability of the user to employ the model within the time

and resource constraints of his particular analysis problen,




These four interrelated multidimensional criteria for model usefulness
might be appropriately termed the model applicability, model generality,
mode] validity. and operational feasibility. A model. is apblicable to
a particular problem if it describes the performance of the health man-
power system un&er the specific conditions of interest to the user. That -
is, @ model's applicability will depend upon the particular sector of the:
system treated by the model as well as the specific relationships within
this sector that the model describes. Model generality is concerned with
tﬁe ability of a model to address a broad spectrum of analysis questions-
without significant modification of the model's structure. The validity
of the mbdel depends upon the degree to which the model is internally
consistént and experinentally accdrdte. An 1ntern611y consistent model
is free of contradictory assumptions, incompatible theories and erroneous
mathematics. The experimental accuracy of the-model depends on the relative
~ability of the mddel to represent.(simulate) conditions as they exist
in the veal world. The comparison of user time dnd resource constraints
with the model's operational requirements (i.e., computational, user
interface, input data, etc.) determines the operetionall}easibility of

the model -~ the ability of the user to employ the model for his needs. -

3.2.1 Model Applicability

In an evaluation of model applicability, specific emphasis -is placed
on the relevance of model outputs and inputs to the analysi¢ decisions.
Fer @ riodel to be applicable to a particular problem, model outputs

should describe or predict the status of the system in terms of the
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specific system measures of interest to the user. Similarly, the model
inputs should reflect the factors extérnal to the system which the user
may either monjtor to gain understanding of system status, use to es-
timate future system status, or attempt to control in order to alter

the system processes and future conditions. Since these factors which
influence the status of the system are in part dependent dpon various
policies and actions of public agencies, models applicable to the prob-
lems in this area (i.e., the primary focus of the analysis areas presented
+in this report) should have inputs associated with these policy actions.

Thus, an assessment of model applicability consists of a comparison

“between the system performance measures of interest to the user and the
model output variables and a similarity matching between the policy actions
and the model input variables. The comparison of a model's predictions
(the oufputs) with the performance measures of interest within a partiéular
analysis area indicates father directly its applicability. Obviously, the .
oufpdts o? one model may suit one set of analysis problems, but_not others.
A model able to predict all the desired performance meésures would be
" clearly more applicable to a specific problem than one which predicted

none of these measures. However, the applicability of a particular model
to an analysis problem may not be measured simply in terms of the number
of performance measures which it predicts. In addition to the number of
performance measures predicted, the user's perception of the relative
importance of each measure, as well as the input variables which the model
uses to predict the value of each measure, play an important role in the
assessment of model applicability., Similarly, the assessment of model

applicability in terms of the degree of correspondence between input

variables and policy actions requires an understanding of user interest.

6
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Since the users of the models are not identified in this study, and
since each analysis area presénteq covers a wide spectrum of interest,
the aséessment of'model applicability will of necessity be somewhat
general in nature. That is, a dimension-by-dimension comparison of
hodel inputs énd outputs with alternative policy actions and measures

; ‘of each analysis problem is not provided. Rather, the matqriaI‘here
will concentrate on the collective applicability of selected groupings
of these models to each analysis area.

The six major.anéiysis areas presanied in chapter 2.0. are sub-
divided into.two groups -- those concerned with the demand for-health
manpower services (roman. numeral 1) and thosc concerned with the supply

- (roman numeral 11) rof thesé services. An outline of these analysis

. areas (alphabetic headings) and numbered topibs within them follows:

1. Characterization of the ‘demand for health manpower ;ervices
A. Cultural-demographic factors |
1. Characterization of demand in terms of age, ssex,
marital status, etc. _
2, - Analysis of policy actions which alter these character-
istics (i.e., consumer health education) and influence.
‘demand,
B, Economic factors
1. Description of the effects of the price of care on the
utilization of services.

2, Analysis of the inflyence of consumer income on the type
end amount of health care demanded.




3. Evaluation of the relationship between alternative forms
of health insurance and health service demands.

4. Assessment of alternative health care reimbursement
systems and other economic incentive programs with

respect to their influence on health care costs and the

demand for services.

C. Health care delivery constraints

1. Analysis of aVailability or other factors governing the
use of health services of differing levels of accessi-

bility and the demand for manpower. .
2. Characterization of the impact of various modalities of

health care delivery, such as preventive versus episbdic
or group versus solo‘practice; on the utilization of
health services.

3. bescription of 'the effects of health care delivery pro-
cedures on fhe'consumption of health services (e.9.,
analysis of the factoys which influence physician
recommendations regarding the type and amount of health
services to be utilized by their patients).

11. Characterization of the supply of health manpower services
A. Additions to the stock of health manpower

1, Identification of factors which influence the number of
medical school graduafes or graduates of other health
professions' education programs,

2, Assessment of the impact of government financial pro-

‘grams aimed at increasing the number of health graduates,
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€,9., health educatiénal institution construction loans
or expansion subsidies, capitation grants to schuols,
and curriculum shortening programs.

3. Evaluation of federal and sjate regulatory policies
(e.g., FMG immigration po}icies, state 1jgensure and
accredftation fequiremeﬁts. etc{) which'influeppe_;he
supply of health personnel, | _

B. Specialty and geographic distribution of health manpover

and entry mix

1., Analysis of factors influencing the distribution of
physicians ampng the medical specialties.

2. Analysis of factors affecting the gquraphic distri-
bution of health manpower (particularly physicians
and nurses). _

3. Analysis of the factors governing the.poor represen- |
tation of minorities and women in the health professions.

4. Assessment of alternétive prograﬁs and policy actions
(e.g., National Health Service Corps, special education
grants, state licensure and accreditation provisions,
etc.) on the distributional issues and programs aimed
at ameliorating entry mix problems.

C. Labor force participation and utilization of health manpower

1. Analysis of the utilization of allied health personnel
as substitute providers of routine medigal and dental
services, including consideration of such factors_as
physician or dentist acceptance, delegation of tasks,

quality of auxiliary services, etc.

.,-a }A’
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2. Analysis of other techniques designed to improve the
supply of services and the utilization and productivity
of health manpower (e.g., implementation of optimal
management strategies, use of alternative practice
settings, and application of technological innovations
to improve health care delivery).

3. Analysis of factors which influence the 1abor force par-
ticipation of health manpower with particular emphasis'
on those factors which influence nurse labor force

behavior;

The applicability of the specified models to each of the six analysis
areas places specific emphasis on the correspondencé between the model
input variables énd policy actions and model output variables and the
system perfusmance ineasures assoc%ated With each analysis area,

Tables 1 and 2 ‘on the subsequent pages provide a representative
1ist of system'performance measures and policy actions associated with
each of the six major health ﬁanpower analysis aréas. The first of these
two tabies focuses on the three principal analysis areas concerned with
the characterization of the demand for health manpover services, and the
second table concentrates on the analysis areas associated with the supply
of these services. The collection of performance measures and policy
actions detailed in these tables, while sufficiently general to cover
most of the significant measures and actions associated with each analysis
area, is ﬁot intended to provide an exhaustive 1isting of these analysis

components. The set of measures and actions presented is, however,

G4
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Analysis of Cultural-Demographic Factors Characterizing Demand

Policy Actions -
‘Consumer health education
Performance Measures :
Utilization of heaith services by type of service
- Utilization of services by selected groups
- Demands for health manpower
Expenditures for health cave

“Analysis of the Effects of Economic Factors Influgnéing Demand’

Policy Actions
Medicare and Medicaid
National Health Insurance
Alternate modes of health 'care-reimbursement
-Performance Measures ‘
Utilizatioh of health services by type of- service
Utilization of services by selected gmups
Expenditures for health insurance
Expenditures for health care
Price of health services

Analysis of the Effects of Health Care Deliver
Cinstrafiits on UetTizatTon of HeaTth Nampoer Services
" Policy Actions
Federal support to ambulatory and other health care clinics
HMO incentives
Facility construction programs (Hi11- Burton)
“Performance- Measures .
Geographic distribution (accessibi]ity)_of health services
Utilization of health services by type of service
-Utilization of services by selected groups

TABLE 11 POLICY ACTIONS AND PERFORMANCE MEASURES ASSOCIATED WITH THE
DEMAND FOR HEALTH MANPOWER SERVICES

-+ o
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Additions to the Stock of Health Manpower
Policy Actions

Scholarship loans for disadvantaged

National Health Service Corps

Schp1arships linked with specialty shortage

Loan forgiveness linked with location of practice
State 1icensure and accreditation'po1icies
=?edera1 immigration policies -

Facility expansion and construction programs
Capitation grants to increase enrolIment

Support of curriculum shortening programs

Performance Measures

Number and type of students entering various health
professional training programs

Educational costs

Number of foreign medical graduates
Number of graduates who pass licensure and accreditation exams
Number of health profession educational institutions
Enrollment in health orofession educational programs

Number of graduates in each health discipline

TAGLE 2: POLICY ACTIONS AND PERFORMANCE MEASURES . ASSOCIATED WITH THE
SUPPLY OF HEALTH MANPOWER SERVICES
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Analysis of the §pec1alt¥ and Geographic
Distriputions of heaitn Manpower and Entry Mix

' Po1lcy Actions

Scholarships 1inked with specialty shortage

Loan forgiveness linked with location of practice
National Health Service Corps ,

State licensure and accreditation policies

Tax 1ncent1ves and moving subsidies t0'1mprove geographic
distribution

Capitation grants to improve specialty distribution
Grants to support family medicine training '
" $cholarship loans for disadvantaged

Performance Measures
Number of graduates who pass 11censure and -accreditation exams

- Number of women and minorities in eath uccupation and specialty
Speciaity distribution of physicians
Geographic distribution of health manpower

" Analysis of the Labor Force Participation .
and E??'cieﬁt Utilization of Hea"iﬁeMEEEBWér
Poiicy Actions '

Programs in interdisciplinary team” training

Capitation grants to stimulate dental therapy and physician
assistant programs

Refresher courses to stimulate labor force participation

Performance Measures
. Labor force participation rates of health manpower disciplines
Quality of services
Efficient utilization of health personnel
Productivity of health personnsi

TABLE 2 - Continued
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representative of the analysis elements requiring attention, as described

in chapter, 2.0, Thus, the policy actions and system performance

measures can be compared to model input and output variables, respectively,
to assess model applicability, To facilitate this comparison, policy
actions and performance measures are distributed écfoss the health man-
power modél conceptual structure, as shown in figv-es 2 and 3, Listiﬁg
these analysis compbnents in tinis maﬁner helps to isolate those models
~in the‘inventory potentially applicable to the general dimensions of
each analysis problem. Although nearly all of the above models might
be applicable either directly or indirectly to each of these analysis
" areas, specific groups of models clearly appear to be more relevant to
a particular area fhan the remaining models.
Integrating tﬁe information-presented in the above tables and figures
Qith the description of model input and output variables provided in
volume 11 of this report, the models can be classified in terms of the
analysis areas which they treat. Taoles 3 and 4 provide a 1ist of the
modeIs associated with each of the analysis areas characterizing the
demand for and supply of heaIth services, respectively. As can be seen :
from the 1ists in these figures, the greatest number of mode1s appear
to be applicable to the analysis of economic factors influencing demand
(20 models). Analysis areas afforded comparable levels of modeling
activity include the characterization of demand for services in terms
of the cultural-demographic composition 6f the consumer population
(18 models) and the analysis of labor force participation and efficient
utilization of health manpower (18 models). 1In the remaining three

anaTysis areas, 12 models are concerned with the analysis of health

'.P 0
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-Facility expansion and
construction programs
.unwvmﬂwﬂmon grants to
improve specialty distri-
bution, stimulate dental
therapy and physician
assistant programs, and
increase enrolliment
=Support of curriculum
mrosﬂmzmzm programs

SUPPLY OF HEALTH MANPOWER

Educational
Choice

mmmaﬂs
Education
Market

mmmﬂﬁw
.v«ommmmmoam

Education

\I’bl\’.

-Programs in inter-

aﬂmr.vdﬂzwsw team training

FIGURE 2:

-Schelarship loans for disadvantaged
-Scholarships linked with speciall
-Loan forgiveness linked with
location of practice
-National Health Service Corps{ Manpower
-State licensure and accredi-

tation policies

Manpower nmmmns
.- Care
Resource Delivery
pE— S . S
-Federal daaumxmwch -Federal support to
‘policies ambulatory and other

-State licensure and
- accreditation policies
-Refresher courses to
stimulate labor force
participation
-Tax incentives and
moving subsidies to
improve geographic
distribution

>Pronbﬂnoz OF POLICY ACTIONS ACROSS CONCEPTUAL MODEL STRUCTURE

Market

-Grants to support family medicine nqw*amsm.nuv

CEMAND FOR HEALTH MANPOLER

Health
Services
Market

health care clinics
-HMG incentives
-Alternative modes of
he2ith care reimbursement

.-Facitity construction

programs (Hi1l Burten)

Incidence
of

Iiiness

Health
Consumer

Behavior

—

Disease
screening,
vaccination
and treat-
ment programs

-Consumer healih sducation
-Medicare and Medicaid
-National Health Insurance

Q

Aruitoxt provided by Eic:
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. Number and type of students
Educational j=lentering various health pro-
fessional training programs

. Health
Manpower
Market

Choice |
. - Health
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Market Costs Health Services Market
Health | zw:.n ower xmmm. th
Professions , : Care
Education Resource Delivery
3 h‘ 3 — k - T f Hl 3
-dumber of health pro- ~ -Number of foreign -Geographic distribution
fessions education schools medical graduates = - (accessibility) of health
~-Enroliment in health pro- -Number of graduates who -Quality of services
fessions education pass licensure and <Demands for health man-
programs accreditation exams power
-Number of graduates in -Number of women and -Productivity of health
each health discipline minorities in each personnel . )
occupation and specialty -Efficient utilization of
-Specialty distribution health personnel

-Geographic distribution of.
health manpower

-Labor force participation rates
of health manpower disciplines

Incidence of
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of |3

I1iness

Health

Consumer
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Behavior

¥

-Utilization of health

service by type of service
-tilization of services
by selected giroups
-Expenditures for health
jnsurance
-Expenditure for services
-Understanding of health
care delivery process

FIGURE 3: ALLOCATION OF PERFORMANCE MEASURES ACROSS CONCEPTUAL MODEL STRUCTURE
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Analysis of*§u1tura1/Demqgrgpbic Factors_Characterizing Demand

A2 -~ Abranovic (1969) -- Hospital Ancillary Services Planning Model
A4 -- gnde;sen (1968) -- Behavioral Model of Families' Use of Health
ervices .
Bi -- Baer (1971) -~ Patfent Characteristics, Hospital Services, and
Length of Stay
B3 ~~ Beenhakker (1963) ~= Prediction of Future Hospital Bed Needs
D1 -= Dars (1971) -~ Demand for Health and Medical Care: ' An
Econometric Model - '
_E1 ~- Edwards (1972a, b) -- Model Predicting Population Demands' for
Medical Services ' '
F1 -= M. Feldstein (1967) -- An Aggregate Planning Model of the Health
<" Care Sector
F4 -~ P, Feldstein (1972) -~ Econometric Model for Forecasting and
Policy Evaluation in the Dental Sector
F§ -- P, Feldstein and Kelman (1972) -- An Econometric Model of the
Medical Care Sector
F7 -~ Fitzmaurice (1972) -- Demand for Hospital Services
H5 -- Hopkins (1967) == Linear Regression Model -- Estimating Hospital
Bed Needs in California :
L2 - har?:;e (1967) =~ An Econometric Production Function Model for
ea
N1 -~ Navarro et al (1969, 1970a, h, (undated)) == A Markov Model of
Medical Care Utilization ‘
R2 - Research Triangle Institute (1970a, b, 1969, 1972a, b, ¢, d, e,
‘ f, g) -- Health Manpower Requirements Simulation Model _
R3 -~ Rosenthal (1964) ~- Demand, for General Hospital Facilities
T1 -- Thomas (1964, 1968) -~ Demand for Nursing Resources
Y1 == Yett - -HRRC {1973) -~ Micro-Simulation Model of Health Manpower
21 -- Zemach (1970) -- Community Health Service Utilization and Resource
Allocation Model : '

Analysis of Effects of Economic Factors Inf1uenc1ng Demand

A2 -~ Abranovic (1969) -- Hospital Ancillary Services Planning Model

A4 -- énde:sen (1968) -- Behavioral Model of Families' Use of Health
ervices :

B3 -~ Beenhakker (1963) «- Prediction of Future Hospital Bed Needs

D} -~ aa:s1(1971) -« Demand for Health and Medical Care: An Economic
ode

02 «= Deane (1971) -~ Econometric Model for Market for Nurses )

El -~ Edwards (1972a, b) =~ Model Predicting Population Demands for

-~ Medical Services
F2 «= M, Feldstein (1970) -« The Rising Price of Physician Services.

TASLE 3: MODELS CONCERNED WITH CHARACTERIZING THE DEMAND
FOR HEALTH MANPOWER SERVICES
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M. Feldstein 51971) <= An Econometric Model of the Medicare System
pP. Feldstein (1972) -- Econometric Model for Forecasting and
Policy Evaluation in the Dental Sector

P. Feldstein and Kelman (1972) -- An Econometric Model of Medical
Care Sector

Fitzmaurice (19721 -~ Demand for Hospital Services

Fuchs and Kramer (1972) -- Expenditures for Physician's Services
Hopkins (1967) -~ Linear Regression Model - Estimating Hospital
Bed Needs in California

Research Triangle Institute (1970a, b, 1969, 1972a, b, c, d, e,

f, q) -- Health Manpower Requirements Simulation Model _
Rosenthal (1964) -- Demand for General Hospital Facilities

Shuman (1969) -- Mathematical Models for Health Manpower Planning
Shuman et al (1969, 1970) -~ Optimum Health Manpower Mix Model -
Sloan (1970) =~ Hospital Damand for Rasidents

Yett - HRRC (1973) -- Micro-Simulation.Model of Health Manpower
Zemach (1970) -~ Community Health Service Utilization and Resource

"Allocation Model

Analysis of the Effects of Health Care Deliver
Constraints in Utilization of Health manpower gerv1ces

Abranovic (1969) -- Hospital Ancillary Services Planning Model

énde:sen (1968) =~ Behavioral Model of Families' Use of Health
ervices

Beenhakker' (1963) <~ Prediction of Future Hospital Bed Needs
Deane (1971) -~ Econometric Model of Market for Nurses

Edwards (1972a, b) == Model Predicting Population Demands for.

Medical Services

M Feldstein (1967) -- An Aggregate Flanning Model of the Health
Care Sector

M. Feldstein (1971) =« An Econometric Model of the Medicare System
Fitzmaurice (1972) -~ Demand for Hospital Services

Fuchs and Kramer (1972) -- Expenditures for Physician's Services

ﬁenn?dy (1968a, b, ¢, d) -- Maternal and Child Care Simulation
ode

Yett - HRRC (1973) -« Micro-Simulation Model of Health Manpower

Zemach (1970) -- Community Health Service Utilization and Resource

‘Allocation Model

TABLE 3 ~ Continued
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Additions to the Stock of Health Manpower
A3 «- Altman (1971) ~- Present and Future Supply of Registered Murses
02 --.Deane (1971) -~ Econometric Model of Market for Nurses
F4 ~~ P. Feldstein (1972) -~ Econometric Model for Forecasting and Policy
: Evaluation in the Dental Sector
F5 -~ P. Feldstein and Kelman (1972) -~ An Econometric Model of Medical
Care Sector -
L3 -- Latham (1971) <~ Cost of Medical Education Model : ‘
M1 -- Maki (1967) -~ Forecasting Model of Manpower Requirements in the
Health Occupations

§6 -~ Sloan and Yett (1969a, b; 1971a, b) =~ Model of Physician Educational -
Behavior Patterns

Analysis of Specialty and Geographic Distributions of
‘Health Manpower apd Entry Mix s
84 <~ Benham (1670, 1971) -~ A Three-Equation Model for the Registered
Nurse Labor Market : A
BS -- Benham et. al. (1968) -- Migration, Location and Renumeration of
Physicians and Dentists
E2 «u glesh et. al. (1972a, b) -~ Distribution of Physicians in an Urban
rea - . '
H1 -~ Hawkins (1969) -~ Physician Distributions
H3 «« Held (1973) ~-- Migration of the 1955-1965 Graduates of<Amer1qan

Medical Schools _ - _

S1 -~ Scheffler (1971) -« Geographic Distribution of Physicians and
Specialists

56 - Sloan and Yett (1969a, b; 1971a, b) -~ Three Models on Physician
Educational and Occupationgl.Behavior Patterns

Analysis of Labor Force Participation
and Efficient Utilization of Health Manpower
Al -- Abernathy et. al. (1972a, b) «~ Nurse Allocation Planning and
Scheduling Model _
B4 -~ Benham (1970, 1971) ~- A Three-Equation Model for the Registered
- Nurse Labor Force
B -~ Bognanno (1969) -~ Hours of Labor Offered by the Registered Nurse
€1 -~ Connor (1960) -~ A Hospital Inpatient Classification System
H4 «- gixsgn 1969) -- Demand and Supply of Professional Hospital Nurses'
ervices L
J1 -~ Jelinek (1964, 1967) -- Allocation of Nursing Time to Patient
Care Model _
K1 <« Kennedy (1968a, b, c, d) ~- Maternal and Child Care Simulation Model
L1 -~ Laberge- Madeau and Feuvrier (1972) -- Model of Patient Care Demands
for Murse Manpower
M2 «« Moss (1970) -~ A Simulated Health Service Queue
Rl -~ Reinhardt (1970, 1972) «~ A Production Function for Physician Services

TABLE 4: MODELS COMCERMED WITH CHARACTERIZATION OF THE SUPPLY
OF HEALTH MANPOWER SERVICES.
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$3 == Shuman (1969) -- Mathematical Models for Health Manpower Planning

S4 -~ Shuman et. al. (1969, 1970) -~ Optimim Health Manpower Mix Model

S5 - Siager1(1?61) ~= Model of the Variation of Patient Categories Within
4 Hospita e

S8 -- Sloan and Blair (1973) -- Short-Run Supply Responses of Professional
Nurses

T1 =~ Thomas (1964, 1968) -- Demand for Nursing Resources

Ul -~ Uyeno 1971; - Design of Primary Health Care Teams :

Wl -= Wolfe (1964) -- Multiple Assignment Model for Staffing Nursing Units

Y1 == Yett - HRRC (1972) -- Micro-Simulation Model of Health Manpower

TABLE 4 - Continued




care delivery constraints on utilization of health manpower services,
~ seven models with the analysis of health manpower supply, and seven

models with the analysis of specialty and deographic'distribution of
health manpower.

Modele Which Characteriae
The Demand for Health Manpower Services

The models characterizing the demand fer health mahpower services
relate health service utilization and/or health manpower requirements to
consumer population attributes, economic factors and health service con-
straints. That is, one group of models concentrates on the utilization
of services while the other group focuses on the manpower reeuirements
necessary to satisfy these service demands. The models concerned with
the utilization of services provi&e output measures of factors such as
physician or outpatient visits, hospital admissions, hospital-patient
~days, and hospital lengths of stay. The output measures found in the
models predicting health manpower requirements reflect the number of per-
sonnel or personnel hours reqdired (demanded) for the various health
manpower disciplines. Models in the first category can be used_to
describe the factors which influence the utilization of various types

of services or to predict future magnitudes and types of serVice
utitized. Models falling in the second category are more-applicable

to h2alth manpover analysis problems, j.e.; estimating the current or
future requirements for specific numbers of health manpower. Clearly,

service demand models and manpower demand models need not be mutually
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exclusive. A single model could predict service utilization and then

translate these service demands into manpower requirements.

Tahles 5, 6, and 7 provfde an abbreviated Hstipgl of some of the
interact}ons between the major'input and output vari$b1es of the models -
concerned wifh the analysis of the utilization of health serviaea.

.~ Table 8 displays these interactions for models treating.the demand for
health manpower, In tables § - 8 the interaction between the mode
input and output variables is presented in a matrix format. The major
input and output variables are identified by row and column headings,
respectively, and the models which describe each interaction are shown
as entries in the intersection of the abpropriate row and column. The
model identification codes shown in these matrices correspond to the
prefix codes provided in the model 1isting in table 3.

Examination of the input and output variables shown in table 5
reveals that the méde1s within the first analysis area -~ cultural-
demographic factors characterizing demand -- covér a wide array of

| re1ationshfps between population attributes‘and health service
utilization. Many of the traditional population characteristics plus
three health attributes (health condition, attitudes toward medicine,
and knowledge of djsease) are re1ateq to four general measures of
service utilization. A similar examination of the model variables
delineated in tabie 8 shows that three of the models in table 5 (E1, R2,

and Y1) also provide estimates of the demand for health manpower.

1The lists of variables displayed in these and subsequent tables and
figures are a representative collection of the types of variables treated
by these models rather than an exact and comprehensive delineation of
© the variables for each model, Readers interested in a vomplete listing
of the variables manipulated by each model are referred to volume II
of this report.
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Health care expenditures

HEALTH SERVICE UTILIZATIUN IN TERMS OF
POPULATION CULTURALDEMOGRAPHIC ATTRIBUTES*

D! only) e '
. femmeee Number of

Tnput yartables Nu??ertof NuTbegioft hosgital Leggth
, At patien outpatien admissions

variables days U visits : stay

Age F7 R2 F5 El EVL2F5YI| ETR3IF1 W1 -R2 R3 vi
N RIAGHS DI | A4 DI ReB3 | -

Sex F1 R3 H5 R2 F5 Y1 L2 A4} R3 Y1 R2 R3 Y1 R2

F5 A4 -

Race F7 R2 R3 5 L2 Y1 A4 - | R3I VI F3R2| R3 VI R
' Family lerrarsae. | e1F5ma 1| E1 F3 R3 61

size ]| : o 8

Urbanization  |E1 R3 F5 Bl F§ EERIFI | R3F1

Marital . ' . |

status F5 R3 F5 F1 R3 R3 F1

Education F7 A5 R3 A4 Mol | R3O R3
1evel, ]| | '

Population F7 R2 N1 F4 N1 R2 B3 R2

size - -

Health A4 N1 Ad N1

condition o

Employment - |H5 Ad A L2 83

status

Geographic 0 L2 DI

location |

Attitudes A4 Ad

toward ,

medicine =«

Knowledge Ad A4

of disease

TABLE 5: MODEL INPUTS AND OUTPUTS CHARACTERIZING

*Models 1isted 1n this table are contained in table 3 under Analysis of
Cultural/Demographic Factors Characterizing Demand.
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Health care expenditures
; Qutput (D1 only) _ Lenath
1 ut.variables Number of " | Number of Number of eg%
"pi bles hospital outpatient | hospital stay
variabl patient days | visits admissions
Price of health care] F7 01 D1 A4 EI o R3
' F5 A4 F4 F8 . F3 Y1
R3 Y1 F5 R3 '
~ Income or wages R2 E1 DI Y1 F4 R3 B3 R3
| F7 R3 A4 E1 D1 F8 E1 R2 Y1
H5 F5 MF2 | Y R2,
Public expenditures | F5 E1F5 | F3 El
for health care Bl F2 El
c Ad A4 '
Health insurance R3 A4 D1 R2 R3 R2
e ' R2 F2 AGES [ Y1 Y1
coverad oFE | v Fs R
Enrollment in - F7
Medicare
) Price of .
health insurance D1 D1

TABLE 6: MODEL INPUTS AND OUTPUTS CHARACTERIZING HEALTH
SERVICES UTILIZATION IN TERMS OF ECONOMIC FACTORS*

*Modals 1isted in this table are contained 1n table 3 under Analysis of
Effacts of Economic Factors Influencing Demand.




72

= Peen
Outgugt : : _
variables
Number of | Mumber of t

C Input patients or |outpatient 23;g:§?lns Leg% "

| vagiabtes , patient days | visits stay -mn\\\\

— = —= ‘ SRR o !

Number of - A4 F?7 3 | A4 El

physicians B3 F8 £l F:

Bl F3
Number of A4 El . A4 F3 El
hospital beds El F8 . El 3|
F7 _ R :

Presente of - F7

hospi tal

outpatient.” {

, factlities

| or servites
Personnel and 1 Kl
office resources

TABLE 7: MODEL INPUTS AND OUTPUTS ‘CHARACTERIZING
THE UTILIZATION OF SERVICES IN TERMS OF
. 'HEALTH CARE DELIVERY CONSTRAINTS*

*todels Tisted in this table are contained in table 3 under Analysis of

the Effects of Health Care Delivery Constraints in Utilization of Health
Manpovar Services. . :




73

These models determine the utilization of health services (e.g., hospital
bed days) in terms of the cultural-demdgraphic composition of the bopu-
lation and then derive the demand for health manpower from the amount of
services utilized. Prediction‘of the relative number of persona in each
population category (coupled with thes\\analytic descriptions) provides
a mechanism for estimating future utilization of health services and
the Qerjved'ﬁémand for manpower. |
~ One policy action identified within the analysis area concerned

with cultural-demographic effects on demand (éee table 1) -« consumer
health education -- receives very limited treatment by the models examined.
In fact, the only model in the inventory which might provide insight into |
the effects of such education on the utilization of services is Andersen's
~ (A4) model. Two of the input variables of this model shown in table § -~
attitudes toward medicine and knowledge of disease =~ could be used to
reflect the results of héalth eduéation on consumer behavior, but only if
~one can first state the effects of education on consumer attitudes and
knowledge. |

Model input and outpuc variables associated with the second analysis
area (characterizing the influence of ecbnomic factors on the demand) for
health manpower services are shown in tables 6 and 8. This analysis area
contains four analysis topics (see outline on page 54). Three are cons
cerned With the description of the effects of price, income, and ihsurance
on the demand for health services, and the fourth concentrates on thg ime
pact of alternative federal and state financial programs on this deménd.
The interrelationships between these economic factors and the utilization

of health services are presented in table 6. Of the 14 models 1isted in




this vable, only two include all-four economic factors as inputs to the
model equations. Six models examine the effects of thfee of these |
factors on health service utilization, three models‘jncludé two economic
factors, and three models include only price or income. Treatment of

each of these factors by the models is briefly dfscussed below.

The set of models which describes the effects of wages or the price
of care on dtilization of services examines such relationships as the
effects 6f price on total medical expenditures (D1), the gffecté of
room charges on patient days per capita (R3), and the effectélof physician
fees on doctor's office visits (v1). Similarly, models'used to analyze
the influence of consumef incomes on the type and amount of health care
demanded describe the interaction between the proportion of families in
various income groups and'the number of outpatient visits, inpatient. '
visits, and lengths of hospital stay (E1), as well as between effective -
buying income and the number of hospital patients pey month in the
communicable d{seaSe category (B3). |

The set of models which describe the relationship between alternative
forms of health 1nsurah¢e‘ahd health service demands include the nine ,
models which have 1hputs corresponding to the last three rows in taﬁle 6
(i.e., healﬁh insurance coverage, enrollment in Mgdicare. and price.of
health insurance). The way in which these models characterize the
relationships between health service ut{lization and the amount and tibe
of insurance is reflected in the specific type of input variables they
emplqy. The characterization of the gross impact of haalth insurance
on demand is examined by models which consider oﬁly the presence or

atsance of various forms of insurance coverage (e.g., Medicare, Medicadd,

wd
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hospital insurance, insured outpatient care). Other models consider the
relative amounts of coinsurance coverage maintained (1.e., coinsurance
rate) for a specific type of care (e.g., hospitalization insurance).
However, none of ‘the models examined, with the possible excéeption of the
Yett~HRRC model (Y1), permits an analysis of the simultaneous effects of
different omounts of various forms of insurance on health seréice utiliza=-
tion, .This latter type of analysis would be particularly applicable to
nrablems concernad with the impact of alternative provisions in a National
Health Insurance program. |

" The fourth topic within the analysis of econoinic effects on demand «-
the effects of alternative reimbursement systems and other financial
programs on health care cost and utilization -- is not treated directly
by any of the model§ examined, The only input variables which might.be
associated with this topic are those concerned with special government
insurance programs (e.d., Medicaré) or.other public expenditures for health
care, That is, an 1nvest19a§10n of the effects of alternative federal or
state reimbufsement systems on the demand for nealth services would first
require an-understanding of tﬁe'impact of current public expenditures on
these demands, irrespective of the particuler mode of payment utilized.

In addition to using economic factors to predict utilizatioﬁ of health
service, some of the models use the economic facuors to estimate demands
for pealth manpower, Table 8 shows the grouping of seven mode1s (six |
of which were not represented in table 6) which relate economic factors
to the demands for. health manpowér dikectly (i.e., the row containing
wagRs, prices, etc.). Unlike the previous analysis area (the effects of

cultural=demographic factors on demand), thase veven models estimate




- demands for manptwer directly as a function of economic factors such as

salary and hiring costs, stipends, and service charges, and some measure
of service utilization which is qssumed to be available as input.
Three of the models in table 8 estimating demand for manpawer as a functioﬁ'
of health service utilization only (E1, R2, and Y1) also estimate utiliza-
tion as a function of economic factors (és shown 1in tablé 6). Accordingly,
they.may be used to study the effects of the economic characteristics of
tﬁe population on the demand for manpower in a two-step estimation procesé.
The third and final health manpower analysis area concerned with
characterizing the demand for heaIth'services 1s the assessment of the
‘jmpact of health care delivery constraints on the utilization of services
anq manpower (see outline on page 55). As disqussed in chapter 2.0, the

three main analysis topics within this area are:

(1) analysis of availability or other factors govérning the use of
health services of differing levels of accessibility and the
demand for manpower,

(2) characterization of the impact of various modalities of -health
care delivery on the dtilizatjon of services and manpower, and

(3) description of the effects of specific procedures within these
service modalities on the consumption of services.

As can be seen from tables 7 and 8 only the first of the above
topics 1s specifically addressed by the models. That is, the model
input variables concen@rate on factors, such as numbers of.personnei
fprivarily physicians) and health care f;cilities; which influence
the availability of health care resources to the consumer and hence

shape his methods of utilization. As such, these models describe the

;. . ‘\,’
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more aggregate effects 6f availability on utilization, ignoring the more
detalled effects such as those caused by the substitutability among
service tybes. Furthermore, the impact of service accessibility factors
such as the disutility of appointment_procedures, vaiting time, and traQel
distances is largely untreated by the models in the inventory. -As 1h the
analysis of economic effects on demand, factors constraining health
service availability are used to estimate manpower demands directly..as
wall as to estimate utilization méasurés which may be translated into

demand for manpower,

Models Which Chavacterise the Supply of HeaZtﬁ Manpower Services

As outlined on pagé 55, the environment of health manpdwer supply
can be viewed in terms of three major areas of analysis ~« additions to
the stock of health manpower, specialty and gebgréphic distribution of
health manpower, and efficient utilization of health manpower resources.
From this outline we see that each analysis area is further divided into
more specific anglysis toptes. Table 2, also presented earliier, provides
a stétement of the policy actions and performance measures typically
associated with each analysis area. Finally, table 4 presents a listing
of those models in the inventory which are applicable to each analysis area.
Combining information from these three sources -~ the outline, table 2,
and table 4 -« the following discussion examines the applicability of the
models to ecach of the analysis tobics.

Thé three analysis topi;s within the analysis of additions to the

stock of health manpower services are:

& S
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(1) identification of factors which influence the number of gradua£es
of heaTth professions educational institutions,
(2) assessment of tﬁe impact of government financii) programs aimed
at 1ﬁcrea§1ng the supply of health graduates, and
(3) evaluation of the influence of federal and state regulatory policies’

on these supplies.

An examination of the 1ist of input and output variables provided in
table 9 reveals that most models in this area focus primarily on the
first of the above topics. That is, the models primarily describe the
‘supplies df health manpower disciplines in terms of educational prdcess
factors.l Factors such as expected ‘incomé in health professions (e.é..
nurses) versus other occupational substitutés (e.q., public school
teachers) or the number of high school graduates are used to estimate
changes in supply (A3 and F6), but these factors are only indirectly
affected by governmental actions. Variables listed in table 9 which are
also associated with, but not diréctly.re1ated to, financial pfograms
incTude -the number of spaces in educational institutions (associatéd
with government construction programs) and tuition and fees (associatéd
with government loan and scholarship programs)., The only input variables
directly related to financial programs are federai constfuction subsidies
and numbef of scholarships. ane of the models examined treat the third

analysis topic 1isted above, i.e., regulatory policies. Thus, only a

1

Several of the interactions described by thesa models ard identities

or definitions rather than causal relationships batween variables, For
gxample, the number of medical school graduates may be defined as the
total number of siudents admitted three years ago winus the number of
dropouts since that time (F5) or the maximum number of graduates Timited
by the number of spaces in educational institutions (A3




AN Cutput Number of | Number of | Number of Net

variazbles imedical dentai nursing . Nunber of | immigration
'school school school Health medical of foreign
Input admissions { admissions | admissions | personnel { school trained
varjables and/or and/or and/or applicants|{ nurses and
graduates | graduates | graduates . physicians

Occupational Mi M Ml F5 M S6 F5

wage or income . F4 A3

measures

Number of L3 F4 A3

students or F5

spaces in educa- {D2

tional institu- )

tions .

Federal construc-iF5 F4

ticn subsidies

Number of F5 F5

scholarships

Number of high F5 F5

school or college

graduates

Mcwﬁmcn and fees S6

Number of school Fb F&

dropouts b2

TABLE 9: INPUT AND OUTPUT VARIABLES OF MODELS CONCERNED WITH

ADDITIONS TO THE STOCK OF HEALTH MANPGNER

Yo

Q

Aruitoxt provided by Eic:
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Timited number of factors are used to predict number of health education.
applicants, admissions, and graduates. Specific analyses of thé effective- .
ness of a]terngtive programs to increase the number of graduates (e.g., '
capitation grants, construction loans, and curriculum shortening) woul&
require greater and more detailed representation of these programs and
their specific provisions in the mode]s than is currently provided.
Models which are applicable to the secoﬁd major analysis area con-
cernad with heé]th manpover supply treat one or more of the following
aﬁalysis topics: _ 4
(1) analysis of factors influencing the distribution of physicians among
the medical specialties,
(2) analysis of factors affecting the geographic distribution of health

manpower, . f
(3) analysis of %pe factors governing poor representation of minorities

and women in the health professions, and |
(4)‘ assessment of alternative programs and policy actions on the above

distributional issues and entry mix problems. | _

As can be seen in table 10, only one of the seven fiodels in this
analysis area manipulates variables which describe physician choice of
specialty (S6). Seyeral of the input variables in this model could
reflect policy actions identified in table 2, Number of residenpies
offered could be influenced by capitatiun grants to teaching hospitals
for increasing the number of residencies in selected specialties or
by spucific grants to institutions establishing new programs such as
family medicine training. Simi1érly, scholarships 1inked with.speciaIty
shortages would effectively increase stipends to residants in this

specialty.

4 A
O
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Output
variables

Input
. variablé;\‘\g\\

Number of
physicians
ina
specific
region

State physician

retention

Number of
nurses in

-+ a state

Number of
residents
in each '
speciality -

Physiciah‘éﬁﬁge

56

Populatinon charace
teristics (age;
education levels
urbanization,
medical insurance
coverage, etc.)

H1 H3
B5* E2

i8]

H3
S6

Occupational wages
or incoine measures

S1 H3
H1 B5

$6 H3

B4

§6

Hurbar of medical
schools (graduates)
in a geographic
ragion

H1 BS S1
H3

H3

Number of physicians
(specialists, FMGs,
house staff, ect.)

H3 H1

H3

Regional variables
(degree days, price
of land, population
migrationg

H3

o

H3

Previous contact
with state .

.560

Number of nursing
graduates in state

B4

Murber of hospital
beds or admissions

S1 43 HI

S6 H3

Failure rate of
state licensing exam

- |Bs*

§6

Stipends and number
of residencies
offared

56

Nusber of hours
viorked by physjcians

56 -

Physician dissatise
Paction

56

*also has output variable -~ number of dentists in state

TABLE 10t INPUT AND OUTPUT VARIABLES OF MODELS CONCERMED
WITH GEOGRAPHIC DISTRIBUTION OF HEALTH MANPOUER
AMD LISTRIBUTION OF PHYSICIANS AMONG THE MEDICAL

SPECTALTIES

.
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Each of the seven models in this analysis area can be used to evaluate
the effects of various factors on the geographic distribution of manpower,
Six mbdels'focus on the geographic distribution of'pﬁysiéians.‘one alsb
descwibiﬁg thg'distribution of dentists, and another concentratiﬁg on
nurse distfibutfon. These models estimate the number of all physiecians,
specialists, general practitioners, dentists, and/or registered nurses
by region. The factors included in the equations which may exblgin,the
salection of -occupational location in a-particular region are listed
1natabl§ 10. The geographic regions treated in these models are states,
census tracts and regions within a state. The input variables in this’
1ist which ébyld be-refeVant to the anafysjs of state or federal pol4cy
actfons include: (1) number of nursing or medical graduates in a state,
(2) the number of hospital beds in a state, and. (5) the number of |
residencies and size of stipends offered. The first two of the varidbleS
reflect the impact of programs designed to increase medical school capacity
(including construction of new schools) or the effects of programs for
stimulating increaseé in the number of hospital beds on the geograph1b_-
distribqéion of physicians.‘ The third variable could reflect the actions
of the more direct programs which promote residencies in medically -
depressed regions. |

" The third topic iﬁ this analysis area -« equal representation of
minorities tn the health professions -~ is not directly treated by any.
of the models in the inventory. However, if one assumes that -the minorities
and wamen select health professions with the same consideration as people
in general, then the models presented in table 9 might provide some 1p~
siaht inté this problem. That is, the relationship between tuition, fées..

33
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and number of medical school applicants ($6) could be used to make inferences

on the effects of scholarship or loan programs on improving entry mix.
Clearly, such extrapolations would be tenuous in nature, especially for
minorities, since the economic composiﬁion of the minority poﬁu]ation
(and hence tﬁe behavior toward educational costs) is quite different
from that of the overall population. | '

The third aﬁd final analysis area is the analysis of efficient
utilization of health manpower resources., As noted previdugly eighteen
of the models examined are applicable to the three analysis topics

classified under this area. These topics are:

(1) analysis of expanded roles for allied health manpower,

(2) analysis of other technidues tdlimprove health manpower productivity

and utilization, and
(3) analysis of factbrs which influence the labor force participation

rate of health manpower, | .

The models applicable to these analysis topics fall into two general
categories, models which exam@ne the first two of the above topics and
those which examine the fhird. The first}category. then, is composed of
models of health care delivery processes (see section 3.1.1) which describe
optimal scheduling, allocation, and utilization of personnel in the delivery
of health services. The secpnd category of mﬁde1s examines factors which
influence the number of hours offered énd the labor force participation rates
of health personnel, i.e., the third analysis topic. '

Many of the models of health care delivery processes are mathematical
programming models whose outpgts are the values of the process variables

which maximize or minimize the selected objective function., Coefficients

BEST coey AVMLABLE
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of the constraint and objective functions are inputs to these models.
The large number of inputs and output§ are not particularly amenable to
- presentation in the tabular form used previbusly. Theréfore. general
measures of sbhé'b?'thése-quantities'are provided in table 11, along
vwith the ¥hpui and output variables from the nonprogrdmming models which
are also applicable to this area. 3
‘The models concerned with the alfocation and scheduling of nur;es'
.services (A1, C1, J1, L1, S5, T1, and W1) define optimal or efficient
.management systems to improve the use of these re§ources. Other models -
in this group (HA, K1, M2, S3, and S4) provide descriptions of health
.care delivery processes under existing or optimal conditions to provide
-iqs%ght into the relatiﬁnships between the provision.and consumption of
healtﬁ sé?vices. The nurﬁe;a}igcation and - hospital process models are
.applicable to problems in indiviqyal hospitals and, although they
déscribe efficieﬁt methods of utilization, they are generally inappropriate
for analysis of more aggregated problems at the state or national level.
.However, these models could be indirectiy applicable to theranalysis of
-alternative-fechniques desidhed to improve manpower utilizatﬁoﬁ in that
each model can be considered a descfiption of different health care delivery
procedures and techniques which have differing levels of manpower pro-
ductivity and utilization, . |
Six of the 18 models concerned with the utilization of manpover

resources are applicable to the first analysis topic listed above --

the amalysis of expanded roles for allied health manpower. In two.of
these models (Y1 and R1) the number of total physician visits supplied

is a function of the number of nurses, technicians, and secretaries employed.

P
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Output‘ ' Number and Staffi

variables |Labor force | Number of | Total .2‘}"’""" of | type of co::s ggd
participation | hours physician | | me spent | staff. other

Input rate of worked by | visits v nurses | required | o oo e

varfablen, - | nurses nurses supplied | In varicus | under of -
and ¢co- activities | different Uti14zation

efficients ' ) ‘ _ sftuations
Age Y 86 S8
Race , S8

Living '
arrangement 86

Number of young |84 86 S8
children

Community sfze .86

1Foreign born s8

_ Gec;c_'araphicm S8
region of .
residence

Occupational |84 Y1 ' | B6 §8
wage or income
measures

Nurber of hours A an W
worked R

Number and type n Al S4 Al 01
of ?ersonnel R 53 H4
employed

Personnel ) ' ' Al §4 Al K1
costs -- salary, §3 W
firing, ete,

Tasks and task ’ - u W
perforrance _ M2
times

Patient classi- S5 ] n U
'fication catee a '

gories and . :
relatad care .
requiraments

ot

TABLE 11: IKPUT AND OUTPUT VARLABLES OF MODELS
WHICH ADORESS LAZOP FURCE PARTICIPATION
AND EFFICIENT UTILIZATICN OF HEALTH MAMPOWER
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Two models, (S3) and (54), provide theoretical structures for examining
the optimal mix of health manpover to minimize cost te a éommunity or
maximize the quality of healtﬁ;services received. The fifth model (U1)
investigates the effects of increasing the nuﬁbers,of allied health man~
power on patient service and waiting times in a health care clinic. The
final model in this group (M2) simulates a health service dueur to measure
éfficiency in terms of skill level requirements and usage, cost, etc.

flone of these models contains input variablas which refleci the importance
of government po11cy actions on the availability or number of allied
health personnel 16 expanded roles.

Models which_address the third analysis topic are easily recognizable
in terms of théir output variables (i.e., labor force participation and
nursing hours worked) aé shown in table 11. These models relate a
nurse's personal and familial attributes to her decision to join the
1abor force and propensity to work. These models are simi1ar to others
in this analysis area in that they do not reflect any governmental

policy actions or inputs.

3,2.2 Model Generality

Model generality ié the abiTity of a model to address a broad spectrum
of user ﬁroblqms which are similar (but not necessarily identical) to
those considered in the development of the model. Some models are
developed to study the problems of particuiar users with no atteﬁpt to .
randar them applicable to other problem enviroﬁments. These models are

callad specifio because they treat the processes of particular organizations

4
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or geographic areas. The Latham [1971] model, for example, seeks the
optimal sutput mix'for the University of Towa Medi¢a1 College subject to
jts unique institutional structure and resource cons@raints. Thus, the
Latham mode is tailored specifically to the University of Iowa and is

not readily applicable to any other medical schoo1; This is not to say,
of course, that Latham's basic approach could not be applied successfully
to other schools, but simply that the model, itself, is not directly
transférab1e. On the other hand; some models are expressly des%gned to
serve any number of users as long as they possess a éommona1ity of analysis
interest. The Abernathy [1972] model, for example, is generally applicable
_to any acute-care hospital for assistance in"nurse allocation and scheduling
problems. |

In practice, genera1ity is a matter of degree. Few models, if any.

cén be transferred from one user to égﬁther without minor modifications _
in model logic and substantial data-base replacements. The coefficients

of regression ;quations frequently require re-estimation because the
original data base is no longer current or is not completely app1ﬁcab1e

to the new user. Re-estimation may, in turn, cause certain 1ndependent
variables to be dropped from the equations because their coeffic;ents

are no longer significantly different from zero. At the other end of the
spectrum, few models are irrevocably specif{c because few Systems are
completely unique. One institution may profitably adapt a model designed
expressly for another institution if 1t has the ingenuity as well as the
resources to do so.

The 56 niodals cataloged in volume 11 are classified in table 12 as

either general (G) or specific (S). These classifications are not

44
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sacrosanct. Rather, they reflect judgments intended to 111uﬁ1nate this

utility dimension of each model. It is reasonable to expect, however, that

specific (S) models in table 12 could require more effort than general (8)
models to apply -to new situations. Maiy of the mode1§ deemed general (G)
vere deve1opedland tested with specific data (SD), i.e., data specific to
a particular organization or geographical area; or with hypothetical data
{HD); or in some < ses, with'no data at all (ND). .Though such models are
generally applic..le, they must be provided with appropriate data bases
before they can be used effectively. In many instances, even the general
.mode1s developed with generally app]icab1e data will require new data
bases (because the old ones are no longer current). Some of the models
Judged specifié'(s) to a pérticu1ar system are beiieved to be "reasonably"
amenable to generalization or exirapolation (E) to other similar systems.
Such extrapolations, of course, will require model modifications as well
as data-base acquisitions. These latter efforts are discussed further

under the topic of operational feasibility.

3.2.3 Model Validity

Given that a model is applicable to a particular analysis problem
and that it is adaptable to the specific problem environment (i.e.,
sufficiently general), the third question which must be posed 1n|a model
Ot111ty assessment is =~ is it valid? The question of model va11d1ty
is adequately resolved only through a careful analysis of model assumptions,
a rigorous chesking of mathematical logic, and a comprehensive examination

of model predictions and their correspondence with analogbus outputs in

oo BEST COPY AVAILABLE
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the real world: In addition, a model must be currently valid to offer
significant utility to potential users. That is, trends and events may
have transpired-which invalidate the model's assumptions, its logical
relationships, its data base, and hence ény prior comparisons with
real-world behavior.

The first step in the evaluation of validity is to tést the model's
basic gssumptions and structural relationships in the 1ight of current
realities. Are tﬁey consistent? Are they realistic? Do they tend to
~ oversimplify? These questions should be asked with cdgnizance that a
. useful model need only abstract those aspects of the real system which
are particularly relevant to the problems at-hand. If the basic assumptions
and/or structural relationships are found irrational, there is no need to
proceed further since it - is highly unltkely that the model will nffectively
simulate real systei behavior. |

If a model's basic assumptions and structural relationships are
deemed soutd, one might next want to-examine the completeness and
corirectness of the model's mathematical structure. Inherent in this
analysis should be an evaluation of the various assumptions implicit in
the particular mathematical techniques selected. These assumptions (e.g.,
1inear, statistical independence, etc.) are an integral part of any
mathematical formulation and define a hypothetical environment which
hopefully behaves in a manner similar to the beha?ior of the processes
described, Statistical tests of the correspondence between-mathematical
assumntions of component parts of the model and actual behaviby of the
associgtnd subprocesses of the overall system provide scme measure of

the va1idity of the hypothesized description. For example, if the

1ut
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model uses an exponential probability distribution to generate times

to recovery, was this selection based on a successful goodness-of-fft
comparison with empirical data? If a linear regression equation is
used to predic; demand for health services, based on given population
and environmental characteristics, viere the estimated coefficients of
this equation tested for statistical significance? _
The ultimate test of a model's validity is the outcome of carefully

designéd experimental runs (which are normally executed on a compdter
but which may simply be performed via hand computation in some cases).
These exercises view the model as a "black box" which operates on |
selected, historical, real-world inputs and produces simulated odtputs
which are compared to the actual historical outputs of the overall system,
The closer simulateé outputs are to their historical counterparts, the
more successful is the test. A good test result provides egperimenta]"
evidence to support an inference that the mgde1 is logically sound and
error free. However, since all facets of a model rarely come into play
for any one set of input values, we cannot state that the model .is valid
in general. The procedure is to test as many historical 1nput/ou;put

~ combinations (scenarios) as practicable to increase the probability tﬁat
the model is fully exercised. The results of these tests are used to
provide a reasonable measure of the correspondence bétween the model
descriptions and actual system behavior.

A valid model of processes and interrelationships which are relatively

time invariant may be useful for problems in many successive time periods.
Howaver, it 15 unreasonably to nxpect the‘dynamic social environment

vhich aoverns the health system (and hence health manpower supply and demand)
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to maintain-such static relationships. Population siie and composition
change over time as do the rates of disease.incidence, the modalities

of medical treatment, and the behavior of the health consumer. Further-.
more, puslic intervention into this system, such as the introduction :

of Medicare‘aﬁd Medicaid, can greatly alter the environment in.which
hedlth care services are delivered. Thus, there are few if any.mqdels of
health systems which remain even approximately valid over a long éeriod of
time.

| As can be seen from the above discussion, the analysis of model
validity consists of four interrelated analysis dimensions. First, the
_model's basic assumptions and structural.relationships should be examined
for consistency and realism. Second, the collection of assumptions
implicit in the mathematical.xechniques utilized should be evaluated and
tested empirically. Third, the model oufbuts should be empirically veri-
fied against hisﬁorica1 data. qurth. the historical beriod chosen to
test the model empirically should be sufficiently current for one to be
reasonably confident of the model predictions.'

Clearly, a detailed evaluation of aésumptions, structural relation-
ships, and mathematical formulations contained 1h the models described
previously, as well as comprehensive 1n§estigatjon of the results of
verification tests performed on these models, is beyond the scope of
this study. Instead, this investigation has concentrated on compiling
a detailed summary of model assumptions, hypotheses, and constraints
underlying the conceptual structure of each model, the.majar analytic
relationships and mathemgtical composition of fhese models, the data
_ sources utilized in model construction, and the model verification study

performed. “This information is provided in volume 11 of this report.

(AVES
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An examination of the explicit assumptions (i.e., those noted by
the model developer) listed in fhe inventory reveals that the models are
based on a large variety of assumptions (over 200) which are generally
model-specific and have varying degrees of plausibility. That is,
several of the.assumptioﬁs must be considered nearly statements of facts
or definitions, such as -~ mean family income can change 6ver tine (R2),
women younger than ten or older than 50 are assumed infertile (01), and
thare exists-some form of total resource constraint (M1). The majority
of explicit assumptions are statements about health system conditions
dr health system parameters which would be recognized by most individuals
in the health field as intuitively reasonable under certain conditions. .
For éxample, the assumption that the stock of nurses is fixed during the -
time period under observation (H4) is reasonable for certain time periods.
Similarly, the asgumption that two part-time employees are equivalent to
one full-time employee is plausiblé under the condition that employee
productivity is constant across employees and independent of working
period length (20 hours veisus 40 hours per week). Another exampie of
this type of assumption -- patients who have longer lengths of stay have
more hospital services performéd in their behalf (B1) -- is reasonabie
only if the patients are identical in terms of the rate at which they
consume hospital services. |

Only a very few of the explicit model assumptions examined fall
into a third category which might be termed as questionable. The
assurptions in this category are plausible only in highly const?ained
environmenﬁs{ An example 1stthe assumption that an 1ndiv1dua1'§ hea!th_

is a function of this vear's medical services only; i.e., it does not

U4




depend on service received in previous years (A6). If this assumption is

true, one of the major tools used by physicians to diagnose patient
condition -~ the medical history =~ is of no value. Although the assumptions
“which fal in this latter category are less generally aéceptable than
~ those in the other two categories, they only differ from the others in
the number and typé of conditions,ﬁhich must exist for them.to be plausible.
~ An examination of the analy;ical structures of the models reveals
that most employ regression analysis to describe the health system both
cross-sectionally and over time while the remaining models use (in
(descending order of prevalence) mathematical programming, Monté Carlo
sfmu!ation. and ana1yt1c'Markov1an formulations. Associated with each
- analysis teéhnique is a-series of implicit assumptions. Regression
analysis models assume that there exists'some deterministic, predictive
. (not necessarily causal) re1at16nshjp between the collection of input
variables associated with each model and the output variable. .with one
exéeption; all of the models examined assume that the form of this reTation~
ship is either 11neaf or linear in logarithms. The ohe exception (86)
assumes a quadratic re1$tionsh1p'between a nurse's age and the number of
hours vihich she works. Mathematical programming models assume’ that the
health process described pursues a single objective (e.g., to minimize
costs, to minimize excess demand for healfh manpower, to maximize quality
of services, etc.). This objective function is taken as a linear com-
bination of decision variables by all developers of the models in the
invantary except Maki (M1) who assumes a‘quadratic objective function,

In 211 the programming models, the constraining relationships are assumed
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to be linear. Monte Carlo simulation models assume -that the processes
being described are étochastic in nature. The underlying protability
distributions which describe this stochastic behavior are assumed to
be known. Finally, the analytic Markovian formulations in the 1nventony.
also assume thaf the process under observation is stochastic and,
additionally, that the probability of making_a transition to auch state
of the'process is dependent only on the state presently occupied..

As noted above, expliéit and implicit assumptions range from
axfomatic statements about the process being modéled to statements
which simplify ithe model's view of'the process to the point of destroying
any meaﬁingful analogy. A rating of4an assumption's validity within this
range must be based on the particular analysis requirements of the pros-
pective user. -Each user normaily considers a somewhat unique process
environment and has special pfoblem-solving requirements, The validit&'
cf any assumption is really user Qeﬁendent. That is, it ﬁust be evalu;
ated in terms of its comparative costs (decreased model reality) and
benefits (increased model tractability) as related to the analysis require-
ments of the partfcular user., Thus, an exhaustive evaluation of the
validity of every assumption listed with the models cataloged in volume II
viould not‘be meaningful beyond the context of user-specified information.
Consequently, such an evaluation of explicit and implicit assumptions is
left to each potential user, the person most aware of the intricate as-
pects of his particular problem. To facilitate this analysis, volume II
descri&;s the explicit structural assumptions and mathematical formulations

o each model.
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Thg'third and fourth dimensions of model validity assessment --

empirical verification of the overall model and the currency of this

" test -~ are summarized in table 13. This table provides information on °
each model in the health manpower model inventory, indicatiﬁg whetﬁer
its butputs_we§e tested for validity against historical data., 1f
validation studies were performed (i.e., comparison of model predictions
tothis;orical data), the years from which data was:obtainéd for es- |
timation of the model parameters and the dates Sf the historical com-
parison .are indicated. Component_model_teSt results ~- 1n'terms of
significance levels for coefficients, estimates o percent of error, and
eStimates,of variance -- are also shown 1f this information was provided
in the aQailable model documentation. Frequently, the evaluations 6f'

test results were subjective' in nature (e.g., describing whether or
not model estimates compare favorably with historical data) involving:

lengthy. descriptions of the corfespon&ence between model predictfons
and available-datd; These descriptions. are not repeated here. Individ;
uals interested in the rasults of these tests are referred to the st
of modad peferences providéd'at the end of this report.

3.2.4 Operational Feasibility

Clearly, no model is completely self-contained nor self-executing.
To exercise a model a user must perform many "“supportive" tasks. MNamely;
he has to maintain a current data base, select and specify options;
supply input values in the proper format, execute the muied.{efther by -

hard somputations cr on a computer of sufficient capacity and speed),




Al - Abernathy, et al - not tested

A2 - Abranovic - tested with January 1968-July 1968 data, developed
with July 1967-danuary 1968 data

A3 - Altman -~ not tested

A4 - Andersen - not tested

AS - Anderson - not tested

A6 -~ Auster - not tested

B1 - Baer - not tested

B2 - Baligh and Laughhunn - not tested

B3 - Beenhakker - not tested

B4 - Benham - not tested

variance and/t-tests accepted as significant

D1 -"Duy tested

D2 - Deane - estimated with 1966 data, tested with 1947-1966 data.
Largest mean percent of error was 3.6 percent; largest mean
squared percentage error was 27.66%. Forecasts to 1970 compared
"favorably" with actual data available, : - -

E1 - Edwards - hospital admissions estimated with 1957-1966 data, tested
with 1967-69 data; average error of 4%. Patient days estimated
With 5 year time span of data base, 1960-65, 61-66, 62-67, 63-68,
64-69, tested with 1970 data, average errors 2.9% ~ 4.4%, Inpuis
for production function for hospital care -- all statistically
significant at 1% level. '

£2 - Elesh, et al - Detroit model explained 45-50% of variance,
Chicago model explained 35-40% of variance.

B5 - Benham et = not tested _

B6 - Bognanno - not\tested

C\- COf:jt';oifﬁﬁlo ed with 1958-1959 data. Results o analysis of
1

F1 - Feldstein - not tested
F2 - Feldstein - not tested
F3 - Feldstein -~ not tested
F4 - Feldstein - not tested

F5 - Feldstein - estimated with 1960 and 1965 data, tested using 1960
data to predict 1965 values,

F6 - Fetter - not tested

F7 - Fitzmaurice - not tested

F8 - Fuchs and Kramer - not tested

H1 - Hawkins - not tested

H2 - Heéarn and Bishop -~ simulation of 100 days compared to frequency

 distributions observed in the real situations no significant

difference between simulated and observed mean values or frequency
distributions, Output and input profiles agreed within 14 days
in 81% of patients. 4

H3 - Held - not tested

HA - Hixson - results of confidence levels of coefficients appear to
confirm underlying hypothesis

H5 - Hopkins - astimated with 1950 data, tested with 1268 data, over- .
estimacad bed usa by 30% . :

TABLE 13: EMPIRICAL VERIFICATION STUDIES PERFORMED OM THE MODELS




98

J1 = Jelinek - not tested e
K1 = Kennedy - estimated with July 1965-December 1966 data, tested
with 1969 data -
L1 - Laberge-Nadeau and Feuvrier - tested by comparison of simulation
-~ results to actual hospital operations - dates'unknown '
L2 - Larmore - not tested
L3 - Latham = not tested
L4 - Lazarus - not tested :
Ml - Maki - estimated with 1950 data, tested with 1960 data -
naive model forecast with erwor of 2.3%, quadratic madel farecast
error was .02%
- M2 - Moss ~ "results have been tested using empirical data from local
health service units and have been found to provide good repli-
cation of the haalth activity". _

Ni - Mavarro et al - not tested
01 - Ortiz and Parker - not tested .
s; = Reinhardt - not tested '

RTI - estimated with 1960-1972 data, tested with 1960-1970 data.

(see chapter 4.0 of tiis report) o

R3 - Rosenthal - not tested

51 - Scheffler - not tested

$2 = Shaw - not tested

33 - Shuman = not tested

S4 - Shuman - not tested

S5 - Singer - estimated with June 9«September 20, 1958 data, tested
with September and October, 1959 data

56 - Sloan and Yett - Model 1 estimated with 1948-1965 data,. tested
with 19481965 data, also estimated with 1936-42 and 194261
data; tested with 1936-61 data. "A" applicant model--estimated .
and tested with 1950-65 data _ '

$7 = Sloan = all coefficients are significant at the 1%. leve),

S8 - Sloan and Blair - not tested ) .

T1 =~ Thomas - not tested . : :

Ul - Uyeno - “actual and simulated waiting times in a pediatrician's
office were compareds very good correspondence was found between
the model and this data", o -

W1 - Wolfe « all but 6 of 124 hypotheses tested were accepted at the

. 405 significance level, .

Y1 - Yett-HRRC - estimated with 1967, 1969, and 1970 data, tested with
1960-1970 data. (See chapter 4.0 of the report)

21 - Zepach ~ not tested

TABLE 13: EMPIRICAL VERIFICATION STUDIES PERFORMED :.OM THE MODELS.
(Continued)
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and interpret model outputs, In addition, he may initially have to
fodify the model's coding to achieve compatibility with his computing.
system and, subsequently, he may wish to improve or enrich the model's
logic re1ativ§ to his particular analysis requirements. These matters
of user responsibility and capability relate to the criterion of model
utility termed operational feastbility.
fhe operational feasibility of a model varies from user to user.
For a particular user, it is determined by comparing the model's
operational requirements to the user's computational capabilities and
time constraints., The operational requirements of each model in the |
inventory, as provided in the available documeﬁtation. are outlined ip
volume II of this report.l Each prosbeqtive user must make his own
feasibility detenﬂination_in the 1ight of his particular analysis
capabilities. |
A guide to measuring a mouel's operational feasibility is to

consider the reason for the model's cr;ation. Many models ére‘developed
in conjunction with one<time: studies to assist in the identification of
historical trends and relationships. They are used 16 the ana1yses to
test and, in some cases, to suggest hypotheses. Since these models are

not intended for repeated future use, they normally require updated data
| bases and re-estimation of parameters as well as restructuring (and
recoding) to render them more computationally efficient. .Mode1s that

are developed express1y to serve repeaiedly as tools {for gna1ysis,

“the characteristics of model operational requirements provided in
volume Il are relatively limited due to the lack of requisite in-
formation in available model documentation,
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forecasting, or planning) are less 1ikely to require major overhauls,
but even these can rarely be transferred from year to 'year or from

user to user without some modification and updating.

3.3 Summary

Table.14 sunmarizes the characteristics of each model in the in-
ventory (volume II) in terms of its empirical va11d1£y. its geﬁeraIity,
and it applicability. Model codus are designated in tables 3 and 4
~of sectfon 3.2,1. Information given in the columns headed "Tested/Un-
tested" and'“GeneraI/Specific“ is taken directly from tables 12 and ;3:
In thesé columns a *T" indicates the corresponding model has béén'teﬁtéd
in some manner by the developer(s), a "U" indicates the model has not
been tested, a "6" indicates the madel is generally applicable (within
the bounds of the subject matter treated), and an "S" indicates the
modél is applicable only within a very specific environment (e.g.,

Johns Hopkins Hospital or tﬁe State of California).

| A fetter "X" is shown {n a model's row directly under each analysis
topic_to indicate the modelis potential applicability to that topic.
This applicability information is summarized from tables 3-11. Anafysis
topics are indicated along the top of the table in a coded format which
corresponds to the outline provided in section 3.2.1.

0f the 56 models examined only eight models treat subject matter
not related to any of the analysis topics. Three of these models (AS,

A6, 1) relate sociuesonomic and health characteristics. to death rates

A
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or describe mortality rates to determine 1ife expectancy. While

these models are related to the health care syétem, (they may provide
input to population models or models describing health consumer

behavior), they are not directly relevant to the specific anglysis
areas presented in chapter 2.0. Another model (B2) is intended for
use in short-range hospifal planning to determine the optimum mix of
| patients, given resource 1imits. Similar to this model are the i1lus-
trative aﬁplication of a modeling language.to health manpowar modaling
(F6) and the hospital planning model (L4) which determines the optimal
allocation of beds among the various departﬁents of a hospital. While
these three models consider manpower resources fixed, they could con-
- ceivably be used to investigate the effects of different amounts of
fixed resources on optimal outputs, thus leading to 1denﬁ1ficatioh‘of
better resource mixes. The remaining two models in this group include
a model of the activities'and events concerned with the care of hospital
patients which might be used to describe the effects of changes in
‘kaspital operations on manpower utilization (H2) and a model wﬁ%ch
forecasts absenteeism and length of service of hospital auxitiary
personnel (S2).

An examination of the relative concentration of models under each
analysis topic reveals that the number of models concerned wi th
characterizing the demand for health manpower (c1assed under roman
nuneral 1) is much greater than tha numbar concerned with analysis of
health manpower supply (classed under roman numeral 1), This imbalance

of medel emphasis supports the observation mada in section 3,1 «= that
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the majority of models treat processes which influence the demands for
health -manpower. This maldistribution of effort is further compounded
by the.fact that most of the models which treat factors governing man~
power-utilization (analysis topics 11C1 and 11C2) describe health
service deliveﬁy and could easily be considered demand models.

There-are at least two reasons which couldicontribute to-this

-appakent‘maldistribution of health manpower modeling efforts. First,

model .builders may have concentrated on areas where data is more
accessible, the processes better defined, and the resulfs more directly
applicable to decision-making activities. Health care delivery organiza-
tions are more amenable to process descriptions in terms of measurable

input and output parameters (e.g., number and type of services provided,

time required to providewservioes;‘manpower-required. etc.) than the

Tess structured processes which govern labor force participation, edug.
cational éhoice. selection of work location, migration and immigration
of health personnel, and health professions education. Second, there
may be a greater-requirement for understanding'the processesttiwbigovern
the demand for health care and health manpower services. The increases
in the supply.of physicians, nurses, and allied health personnel far
exceeded the rate of population growth during :the past decade.! The
price of medical care is escalating at unprecedented rates, indicating
that much of the 1mba1ahce in supp1y.and demand is attributable to in-

creasing demands, i.e., an implication of a more urgent need for an

1 ' :
0l interim Reporl, The Supply of Nealth Drofeseionale, Report o, 73-44
BHME/OMI/MRR [undated].
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understanding of the processes influencing demand. However, this im-
balance is also attributable to the maldistribution of manpower across
the hea1th:d15c1p11nes and across geographic regions. Thus, models
of supply as well as demand are required. |

Further modeling activity is particularly needed to describe the
impact of various policy actions on supply and demand, For example,"
few models can be used to examine the impact of proposed federal and
state programs which tend to 1nf1uen¢e demand (e.g;, programs designed
to reduce health care costs or increase the accessibility of health
services) a§ well as those which attempt to modulate the supplies of
heaIth'manpower services to meet rising demand. More importantly, very
few models contain components which reflect the inipact of current programs’
on health manpower processes. The programs which are treated are those
influencing demand (i.e., Hi11-Burton, Medicare, and Medicaid). Sincg
more approaches are employed by féheraI and state agencies to influence
manpower supplies than demand,l_it would seem }easonab1e to expect models
which treat supply to be more applicable to current government analysis
probIéms. That is, decisions concerning the discontinuance or modification
of these programs could be assisted by the analysis ?rovided.by models
which'predicé the status of the health system as a function of program
parameters. In any case, 1t is clear that for health manpower medels
to becomé more useful as analytic tools for health manpower planners,
they must incorporate more of the decision alternatives and policy actions

contemplated by these program develcpers.

iSee the 1ists of policy actions in section 3.2.1,
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4.0 THE HRRC AND RTI HEALTH MANPOWER MODELS

This cnapter describes and evaluates the healtn_manpower models
developed by the Human Resources Research Center (HRRC) and the Research
Triangle Institute (RT1). The chapter is organized into five sections.
The first and third sections describe the development history and the
structure of the HRRC and RTI models, respectively, in terms of major
subcomponents, interactions, and feedback,and the general form of the -
model equat%ons. Each of these descriptions is, in turn, folloyed/by
VRI's evaluation of the models in sections 4.2 and 4.4, The last/section
discusses the applicability of the models to various analysis problems.

The evaluation presented in this chapter para11e1s the model use-
fulness criteria presented in the previous chapter with the exception
that the evaluation presented here is in much greater depth, and the
order in which these utility criteria are discussed is reorganized, That
is, the model‘s validity is discussed first followed by an evaluation{df'
the modél'snpperational characteristics and then the applicability of ;
the model. The assessment of.model validity concentratesﬂon the con-
ceptual structure of the model, analytic specification, and emp1rica1 ,
estimation and verification techniques used in model development. The
conceptual structure of the model is examined in terms of its realism
(i.e., the degree to which the model includes or describes health manpower
processes as they appear to occur in the rea1 world) and its physical
peasonableness (1.e., the reascnableness 'ad consistency of mddel
assumptions and constraints) The presence or absence of model factors,
variables and relationships which reflect how well the model describes

health manpower processes are also delineated., Parameters and sectors
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of the model which are treated as exogenous rather than endogenous are
discussed in terms of the relative utility of the model 1n describing
~ health manpower processes.

The assessnent of model validity also includes an evaluation of
tne anglytic relationships and empirioal estimation techniques employed.
in modg] development and the methods used to.veyify model results.
In.this evaluation, the theoretical structure and internal logic of the
mpdel'is,examined for consistency and accuracy. Hypotheses and constraints.
underlying the model specifications are examined for their consistency
and reasonableness. An evaluation of the empirieal estimation techniques
such as the degree of confidence in the estimated relationships or the

~ use of inappropriate or inaccyrate daga is also discussed.

Finally,the validity evaluation is concluded with'the degree to
which tne model's. predictions have been favorably tested against outputs
'of the.actual process. This examination includes identification of
the types of verification tests employed by the mode) developers (e.9.,
tests of model performance against a priori assumptions or comgarisions
of modgl output with actual data) and an. analysis of the internal
consistency and experimental validity of these tests.

Using the documentation and other information obtained from the
mode] developers, the resources requived to operate the model (1.e.,
operationg] feasibility) are then delineated, In this discusgion,
the computer hardware and software requirements. data processino'time
required, requisite input data.and technical skills needed.to uge or:
exercise the simulation are described. The remainder of the evaluation

concentrates on the application of these model to analysis problems. .




4,1 Preliminary Operational HRRC Microsimulation Model

This section describes the general structure and specific components
of the HRRC preliminary operational model. Since this model was developed
within'thé framework of a more comprehensive study to'deve1op a conceptuaIl
microananyic health manpower model, this description will first concen-
trate on the evolution of the conceptualized model structure to the _
operational model. This brief history of model development is presented
here tb provide the reader with sufficient background and perspactive
to understand the role of the operational model within the overall con=
ceptualization scheme, Individuals interested in fdrther details concérning  '
the conceptualizational versions of this model are referred to Proceedings
and Report of Conference on a Health Munpawez’simuZatﬁon Model, Vqume'I,
December 1970. Following this development history, the major subcomponents
of the operational model are briefly discussed with specific emphasis on
the interactions among these compbnents; The final subsection describes
the dtf&ibutes of each of the model components, including the general
form of the model equations. Since this discussion ‘is not intended to
he a gomprehensive report oé the mbdel's development and structure, persons
wishing more information are referred to Yett, et al, The Preliminary
Gperational HRRC Microsimulation Model, Human Resources Research Center,

University of Southern California, Los Angeles.

4,1.1 Development Background

The basic goal of the HRRC'project from which the current operé-
tional model evolved was to abtain a more useful methodology than was

currently available for projecting the demand for and supply of health |

129
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manpower and fof heaiih manpower policy analysis. To accomplish this
aim, the HRRC group- proposed a conceptual structure'of a large-scale
model to investigate the behavior of individuals and responses of
1nst1tu§10ns to events affeciing the heaith care system. with specific
emphasis pn.énalyzing'and torecasting the demand for and supply of health
manpower, This-;onceptua]ization, referred to as Mark I, served

asthe basis for a second conceptual structure called the Mark II and - .
for Mark IIA, the preliminary operational model.

Mark I consists of three modules corrasponding to the thrae major -
markets == health services, health manpower, and health profe;sions
education. Within these modules are five populations, three of individuals
(potential consumers of health services, health manpowér, and potential
students) and two of fnstitutions (health service institutions and
health eduéation institutions). Due to practical and theoretical con-
straints, Mark I was not developed but was used as a foundation for the
development of a second, less complex model structure -- the Mark II.

The Ma¥ II was intended to be fhe best conceptual representation of 4

a model which could be ma@e'dperational within 2-3 years using available
s{mulation techniques and'existing data. A simplified version of the
Mark II, the Mark IIA was developed to provide a preliminary operational
version of the Mark II. Three major simplifications made in Mark IIA
are: (1)'d1agnosis‘(hea1th condition) is excluded from the deter-
mination of health service utilization rates, (2) the expected.va1ues
of random variables are used in place of using the full frequency'dis~ .
tributions with random drawingg from these distributions (Monte Carlo .
techniques), and (3) the entire health education sector of the Mark

IIA is treated exogenously (determined outside the model).
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4.1.2 General Structure of Mark ITA
The Mark IIA model is a deterministic model which employs regression

analysis in the estimation of equation coefficients and elasticities.

It consists of five separate, interacting submbdels,:two of which

generate populations and three of which determine demand for and supply

of health services. The two population submodels -- one for consimers

and éne for‘physicians -~ generate populations of individuals who

démand health services and supply physician services, respectively. Demand
for and supply of various health café and manpower services is determined
in the physician services, hospital services, and nonphysician manpower

models.

Interactions Among Submodels

Each of the five submodels generates input for and/or receives,
output from the other submodels. The two pqpulatipn submodels differ
from the other submodels in that they produce input to other submodels
but receive no feedbéck’information. Figure 4 shows the linkages and
feedback -1oops among the submodeis. The two population submodels
generate the numbers and attributes of consumers (by age, sex.and income)
andephysicians (by age, type of practice, specialty and'domestic-foreign
trained). The outputs of these models are fed into the hospital ser-
v&cesfand éhysician services submodels, where the demand for and supply
of physician services is determined. The hospital and physician services
submodels are 1inked through the supply of outpatient visits end in-
hospital physician visits, That 15; the physician services submodel

estimates the number of outpatiant visits by hospital-based physiciéhs.-

ERIC - il




ne

vihich is used by the hospitel services submode) as'the demand for these
services. Simiiarly, the hospital services submodel estimates the
fumbe i of inpatient days provided, which it feeds into the physician
services submode! where it is used to estimate the suppiy of physician
visits to hospitals.

In the nonphysician manpower model, the demand for aides generated
W the physician services and hospital services sectors is combined
gith the supply of aides (determined exogenously) to determine wages
for each occupation, These wages are then fed back to the physician
services and hospital services submodels to estimate the demand for
aides in the subsequent simulation peried,

4.1.3 Descriptis,i of the Submodels Hithin. he"Structure

This section describes each of the five submodtis in terms of

inputs outputs, exogenvys and endogenous variables -and general
model equations. |

Population of Consumere

The population of consumers submode] generates a population ‘of
individuals to 1980 w'o demand medical services. For-eaeh year, the
. population data are stored in 344 age/sex/race cells, determined by 86

age cohorts and 4 sex/race cohorts. Birth rates, death rates, and net
immigration are determined exngenously, subject to the following assumptions:
(1) birth rates level off n 1970 and remain stable 1970-1980; (2) the
uhite/non-wnite ratio of birth ratas remains censtantithrough 1980; (2)
mortality-rates are stable 1968-1930; and 4) the level of net immigration
will remain th2 same 197241980,

e
*.‘.
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FIGURE 4: SCHEMATIC OF INTERACTIONS OF THE SUBMODELS OF THE MARK TIA
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Female and male birth rates are determined as a function of the

race dnd-age of mother. The number of births each year s then obtained
by multiplying these birth rates by the number of females in each age/
rac? cohort. Deaths are determined by the prodyctaof the number of
1nd1~i$uaﬂs'in eéch age cohort and the specific mortality rate for

that cohort. Total 1mmigration_for.a givén year is apportioned among

the puphlation cells according to the relative cell size. The population
foﬁ_each year (in each age/sex/race cohort) is determined by subtracting
thé number of deaths that year from the previous year's population and
'addiqg‘that year's number_pf births and immigrants. The income distribution
for this population as of 1969 is determined using HIS fémily 1ncome!
.data to partition the number of individuals in each age/sex/race cohort
into three family income classes. This distribution is adjusted each
.yéér using éomparable data on family 1ﬁcome by race obtained from ihe

Current Popu1ation Suryey.

-

?bpulation of Physictane Submodel

The population of physicians submodel generates and forecasts.
yearly domestic and foregin trained populations of physicians. These
pdpulations are characterized by the physiciaﬁ's age, type of pracfice
(activity) and specialty. The joint distribution of 1970 US trained
physicians by age, activity, and specialty is suhmed over activity to
get the age/specialty distribution. The intermediate series of three
unpub}}shed estimates by DMI was used to project US graduateé. Each
yeav'survivors ar? advanced to the next age level, using mortality

- rates specific to physicians. Physicians in each age/spectalty cell
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are then distributed across activities according to percentages observed
in 1967 AMA distributions. Inactive physicians for each agé group are
distributed across specialties in proportion to the numnber of active
physiciahs within each specialty/age group. .

The ‘net increment to the stock of foreign medical graduates (FMG)
is projected and distributed across specialties and act:vities according
to percentages obtained from the distribution of the existing stock of
FMGsﬂin 1970. The net flow of FMGs is determined exogenously. The
stocks of foreign and US trained physicians are then added by specialty
and activity to obtain the total population of physicians,

s

Physiaion Services Submodel

The ph&sician services submodel separately estimates the demand
for the supply of physician visits, The submodel &1so estimates
physician demand for nonphysician manpower and brings together supply

of and demand for visits in the market to determine the price of

physician visits.,

The demand for outpatient physician services in year t, stratified
by age (i), sex (3), race (k), income (£) and site (m) is determined
using equation 1 below. Eleven sites (m) are used in the model -~
seven specié1t1es (plus one "other" category) in office-based activity,
two hospital-based activitiés, and one "other" activity category.

The equation is - 2

m
B (t) ¢ 1(t)_]

Riguam®) = M4z [ B € (1

1

R
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number of visits demanded per person in year t,
r = number of visits demanded per person in base year,
P(t) = price in year t, | |
C(t) = coinsurance rate in year t,
p = price in base year,
¢ = coinsurance rate in base year,
g = »price elasticity of visits demanded, and
t = year simulated.
The rates of utilization in the base year (r) are the observed mean number
of visits per person by age/sex/race/inggme/site in 1969 (obtained from HIS

data). The rates of utilization by site (specialty and practice location) are
adjusted to agree with those reported by.physicians, That is, to

reconcile differences in the utilization of different: specialties as
‘reported by patients with that.reported by the specialists, them~
selves, doctor visit rates (r) are adjusted to-match the reported

-supply of these visits in the base year. -Base-year price per'visit

by site (pm) is obtained from 1967 KIS data. The simulation base year
is set to be 1969.

The number of visits demanded pe: person in year t, R(t), is
detarmined by caleulating the pric: in year t, P(t), and the coinsurance
rate, C(t), in year t. The value of R(t) is adjusted over time
to account for observed trends (e.g., the decrease in the totél number
of GP's since 1960). Coinsurance rates by income are pradetermined for year
t and the price in year t is determined using a yearlyiprice adjustment

procedure which compensates for an imbalance between supply and demand
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as discussed below. Regression equations relating cost of a doctor visit
(P+C) to the quantity of visits demanded were estimated to obtain the |
demand elasticities, B, for a given site. The elasticities are held constant
throughout the simulation period. The total démand for physician visits,
Vd{t). is obtained by multiplying the number of consumers in each
category (obtained from the consumer population submodel) times the
adjusted value of the number of visits demanded by each category, R(t).
fhe aggregate supply of physician services, Vs(t). is the number
of physiqians at each site times the productivity of the average
physician at that site summed over all sites. .Estimates of
. thé number of physiciéns in each specialty are obtained from the
population of physiciagg submodel. Physician produétivity. represented
by the number of visits supplied per year,is determined together with
the phvsicians' demand for three types of aides through a system |
of four simultaneous 1inear equations. The first equation in this set
relates total office visits supplied to physician hours Qorked {hours
per week), and the hourly. product wages (wages divided by price of visit)
for each of three types of aides (nurses, technicians, and secretaries).'
In the remaining three equations, the number of each type of aide
erployed is a function of hourly product wages and total visits produced.
The simultaneous equation sets for four physician specialties were
obtained from previous work by Intriligator and Kehrer (demand for aides)
and Kimbell and Lorant (physican production functions). The remaining
specialty equations wera developed by observing the differences across

specialties (in AMA data), and weighting the remaining specialty class .
equations accordingly.

BEST COPY, AVAILABLE

127
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The demand fur and supply of physician services computed above are
then used to determine physician fees iprice) through fee adjustment pro-

cedures., "It is assumed ﬁhat the physician services market is typically
in a state of disequilibrium (after the'base year) and that the prices

for services adjust in the direction. of equilibrium as shown in eguation 2
‘below: '

Plta) = qp(t) + vivd (1) - Vi (8)] 2]

where P (t+1) price of a visit ih the simulation period t+1,

oy =1 = fractional rate at which prices will grow during
perfods of equilibrium (estimated from deta),

Y = the arbitrary adjustment factor which determines
speed of adjustment during periods'qf'disequilibrium.

Vg(t) = total quantiuy of visits demanded for site m (the
adjusted demand per person in equation 1, times the

. number of people in each category), and
V3(t) = total quantity of visits supplied at site m. (the supply

of visits times the number of physicians in each

spaciality).
Fee adjustment equations are estimated for seven types of specialists
in office practice described in the demand for visits equation
(equatiou 1). Exogenous trends in fees determine supply and demand
bahavior for physician office visits in other specialties. Due to the
aforeuentioned adjustments in the quantities supplied and demanded, the
difference between these quantities (Vd - V%) 1s zero in the base year.
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Hospital Services Submodel

The hoSpital services submodel forecasts the demand for 1npat1ent_

hospital services, the derived demand for nonphysician manpower, and

the price of hospital services. The demand for short-term hospital

care is deiefoped using the same methodology that was used to develop

the demand for physicﬁan'services. The quantity of services demanded’

is represented by the hospital admiséions. ADM(t), times the average

length of stay, ALS(t). The equations for admissions and length of

stay (equations 3 and 4 be]oh) are stratified by age (i), sex (j),

vace (k), condition (%), surgical treatme:t (s), and hospital type (m).

.

ADM (t)
1jKesm

ALS (t)
ijkasm

where

ADM(t)

ALS(t) =

it

P(t)
c(t) =

adm

al s

1

K]

r 18 -
;o (t) C.(t)
adm, o osm mpm G d [3]

| T B4s
P (tz C; (t) -

Pm €

a]sijkzsm'

number of hospital admissions demanded in year t,
average length of stay in year t,

price in year t,

coinsurance rate in year t,

numﬁer of admissions 1in baée year,

Tength of stay in base yeaf, |
price elasticities of admissions and length of stay,
price in base year,

coinsurance rate in basa year,

year simulated,
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~As in the demand for physician services, the number of admissioﬁs in the
base year, ADM (1969), equals the rate for'that year, adm, and an analogous
condition exists for the length of stay equation. Like the estimates of
_humber of . physician visits. the demand equations are adjusted to reconcile
differences between patient-reported adnissions and length of stuy and
the values for these variables xeporﬁeg by. the Jhospitals,
The three major differences between equations 3 and4 which

describe the demand for hospital services and equation 1 which describes

the demand for physician visits are: (1) consumer income and site are
replaced by health condition, surgiqql_trgatment. and hospital type; | '
-(2) the price elasticity for length of stay is not dependent upon type of 2
'hospital'(the analogy to site in. aguation 1) but dpon age, Sex, and
health condition.‘and'(a) thq:prigé.e]asticity for;admissions is a con~
stant adopfed from work by Martin Feldsfejn and is independent of any .
consumer or hospital parameters.: The.elasticities for length of stay
are estimated from regression e&uations in a manner analogous to the
derivation of the-elasticities for equation 1.

~ Unlike the physician services submodel, the Jospital, services sub-,
model does not estimate the supply of services, .The latter submodel |
assumes that supply of hospital services equals demand for these
sarvices and estimates the price oflhospital services as a function of
the average cost per patient day, occupsncy rate; ahd;thpatienf visits
per inpatient day (see equation 5). That is, price is not a function
of imbalance between supply and demand, but a.functign,of increa§es in
hozp{tal utilization rapresented as a nark up over avérage costs and
increases in hospital labor and.non-labor costs per patient. The price

of hospital services is determined as follows:
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P(t) = K +a,.00C + ap.AC(t) * ag.0MV(t) (5]
where  P(t) = price of inpatient care in year t

2y = empirically determined coefficients. ,

K = constant ' ’

0CC = hospital occupancy rate determined exogenously,

‘AC(t) = average cost per inpatient day (the sum of labor

‘and non-1abor costs), and

%

oPY(t) numnber of outpatient visits per hospital inpatient
day and is determined in the physician services
* submodel. | )

Labor costs are détermined by the wages paid each personnel
category times the number employed 1n‘each category (RNs, LPNs, allied.
health, and other). Non-labor costs are computed as a linear combination
of océupancy rate, number of hospital personnel in each category per
hospita]abed.'average total wages, hospital assets per bed, number of ‘
surgeries per patient day.'number of births per admission, and number of
- outpatient visits per inpatient day.

Values for the variables in the non-labor cost equation are set
exogenously or obtained from the other submodels with the exception: of
the number of hospital personnel employed in 2ach nonphysician manpower
catego}y (the number of physicians selecting hospital careers are
identified in the physicians' population submodel). The numbers of
nurses (LPMs and RNs), allied health professivnals, and nonhedica1
parsonnel demanded by the hospital are estimated as a function of the |

numbers of outpatient visits, newborn patients, surgical operations,




wages (determinedin the nonphysician manpower submodel) and-a time
trend variable. This demand is fad into the nonphysician submodel as |
discussed below. - Finally, the hospital capacity (total number of beds)
for:-the next simulation period is adjusted from the current level as a

function of the current number of patient days consumed.

Nonphysictan Manpower Submodel

The nonphysician manpower sgbmodel predicts the supplies of
regtstered nurses (RNs), licensed practical nurses (LPNs),and allied
health manpower which are-combined with the demands for these,persOnﬁel
(obtained fr;m the hospital and physictan services submodels) to estimate
future wages. éivén the distribution of ‘nurses by age, the stock of
nurses in future yeérs is generated by adding in forecasts of the annua]
numbef of new graduates and net nurse immigration, and then subtracting
attrition due to deaths. Six equations, one for each of six aggregate.
age groups, provide participation rates as a function of nurse wages
and other variables. Multiplying the stack of nurses by the corresponding
participation rate yields the supply of nurses.

The supply of LPNs and allied health manpower and other perspnnel
is estimated by subtracting the number employed by institutions not
included in the model (e.g., public health hospitals) from estimated
total employment figures for historical periods and from projections of
expected supply for future per%ods. The supplies of RNs, LPNQ, and allied
heattb professionals are then used in the wage adjustﬁent equations to .

determine future wages as shown -in eauation 6 below:
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WAGE (£ + 1) = o, JMAGE,(t) + b . [N(t) - N§(t)] [6]
where wAGEi(t+1) = wage paid to ith type of manpower in year (t+1), |
N?(t) =, aggregate quantity of type i personnel demanded
by physicians' offices and hospitals in year t,
Nj(t) = -aggregate quantity of type i personnel suppliéd

, ‘in year t,-
CH -1 = fractional rate at which wages will grow if equi~
librium is reached, and
b = adjustment factor whicﬁ governs the speed of Wage
' adJustment during periods of disequilibrium. |
The wages of non-medical personnel (1.e4 secretaries. clerks, etc.) are

treated as exogenous to the system,

- 4.2 Evaluation of the HRRC Preliminary Operational Model

The preliminary HRRC model represents the initial attempt to
formalize a large scale model conceptualization (the HRRC Mark 11)
into an opera*‘onal cnalytic structure in a one-year development time
peridd. This preliminary operational model (the HRRC Mark 1IA) is in-
tended to deal primarily with the first of two key policy objectives
ultimately to be addressed by the HRRC microsimulation model. These
two objectives are: (1) tﬁe prediction of future manpower demands undar
alternative assumptions regarding federal government oolicy, and (2) the

response of the demand for and supply of heaioh professions education to
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alternative policy weasures.‘llThus, the Mark IIA does not treat the

factors which influence the health professions education processes other

than to extrapolate the future numbers of health manpower graduates.

Since these latter- factors are clearly intended to be addressea n sub-
sequent modeling activities, the evaluation presented here will not con-
centrate on the model deficiencies or attributes in this area. Rather.
this section will focus on the capabilities and shortcomings of the model
in its ability to predict future manpower demands, i.e., the first of the
above policy objectives.

. It should be further recognized that an evaluation of a model termed
as preliminary by the developers must: itself be somewhat preliminary.
.That~is. it is clear “rom VRI's review of.model decumentation and our
discussions with the HRRC staff that the purpose of constructing. an
operational version of ‘their conceptual model structure was to demonstrate
the feasibiii}y of building such a model and identify preblem areas re-
quiring further research efforts. Althoiigh the following model evaluation
identifies omissions in the model specification and deficiencies in parameter
estimation, the rezader shoulh'be aware that such inadequacies are primarily
the result of the data evailabiiity and‘resource constraint trade-offs |
‘which accompany any model development. These trade-off decisions are

most prevalent and particularly evident in the initial phases of the con-
struction ofsa large-scale model, such as the HRRC microsimulation model.
The HRRC model development team appears to be cognizant of most of these

problems and view the Mark IIA as an incemplete version of the conceptual

Final report. Contract #NIH71-4065, The Preli:iinary Operational HERC
Miorogimulation Model, 1973, page 1.
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Mark Il structure. They propose to use the Mark IIA to provide a basic .
framework which could be elaborated in subsequent research efforts to
resqule the Mark.ll. As such, this evaluation could be used as a
guideline for these efforts.

The HRRC preliminary operational model represents an attempt to
specify the microeconomic processes governing health manpower demands
in terms of parameters whose values could be estimated from available
data. In order to acéompiish such an ambitious undertaking most of tﬁe
development efforts were concentrated on characterizing the demands for
physicians and nurses in two health service markets -- the physician'
services market and hospitaf services market. Constrained by the
1im1tedlava11ab111ty of requisite data and the objective'of constructing
an operational model within a one-year time frame, the degree of detail
and complexity of model specificaiions was sacrificed to produce a more
manageable Bperational formulation. As a consedquence, many of the
parameters useful in policy. analysis are not treated as model outputs
" but used as predeterméne& inputs to the model,.and a number ot factors
which influence the behavior of modeled processes are omitted. Even
with these 1imitations the HPRC preliminary operational model proQides
a more detailed structuring of the microeconomic behavior of health

manpower processes than that found in the other models examined in this

study.




The remainder of this section is organized into three subsections.
The.-first of these subsections examines the conceptual and empirical
structure of each of the HRRC submodels described in" section 4.1. This
evatuation will concentrate on the compietcness of specification relation-
ships'and thé characteristics of the estimated parameters within*these
relationships. The results of HRAC model verification studdes ‘and'the
operational prerequisites (time, resources, technical skills) for
modei executioﬁ are the fopics_of the second and third subsections,
respectively. The applicability of the preliminary operational model to
Various analysis topics is discussed in conjunction with the appiicability
of the RTI model to simi]ar.top1CS'1n seciion 4.5. | ‘

4.2.1  Model Conceptual and Empirical Structure .

This part of the model evaluation is presented on 5 submodel-by-
submodel basis. -Each of the submodels discussed is déscribed in more
detail in section 4.1.

Congumer Population Submodel

The consumer population submodel is a relatively simplistic model
which is used to predict the number of individuals in each of 1032 age,
sex, race, and income cohorts, Although the model generates the-type :
of data similar to that available from the Bureau of Census tables: it

has two distinct advantages over such tabulations. First, as is noted
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by the developers, the submodel provides a method to generate a birth

rate which is specific to the mother's age and race, as well as the sex

of the child, Second and more 1mportént, the existence of this model
permits an exaﬁination of the effects of population parameters (e.g.,
birth and death rates) on the utilization of health manpower services.

The principal shortcomings of this submodel reside in the model'é in-
ability to provide a more robust and hence potentially more qseful
character%zation of the population. In particular, family size, health
condition, location of residence, and education level are four attributes
of the population which can significantly influence the utilizatibn

of health services.l By omitting family size the model ignores

effects of this factor on health service utiliiation. particularly hospital
lengtﬁ of stay. The absence of health condition from this populati&n
characterization limits it$ usefulness in predicting the demand for
services, particularly in the hospital services submodel? which character=

izes length of stay and admissions by the health condition of the patient.

1. .

In our discussion with the HRRC staff, the educational characterization

of the population was omitted from the consumer population model primarily
because of the difficulties in describing education attainment tirough
time as well as the inappropriateness of educational characterization
without familial relationship. For example, the educational influence on
a child's utilization of health services is dependent upon the educational
Tevel of his parents and not on his own. Location of residence was also
omitted because of similar difficulties in characterizing population
migration through time using micro data,

fthough patient condition data is utilized in the hospital service
sutmodei, it is our understanding that the con:uiner population submodel
joes not genarate this information. The introduction of condition is to
be accomplishad in subsequent development phases.

4.y




The urban versus rural specification (i.e., location of residence) of a

population tan also significantly alter the estimated rate at which
physician and hospital services are utilized. Finally; the educatrional
‘attainment of'individuals will influence their consumption of health
services bbth in terms of the amount and type utilized.

| ‘The only parameters which aré estimated in this thodel arei imale-and
-female birth rates by age and race of mother, and mortality rates for
each-age/race cohort. The mortality and birth rates'are derived from
‘census data and are assumed to remain. stable from 1970 to 1980, These
assumptions, as well as the assumbtidh*thaﬁ the current net immigration
“wil) remain constant (with'immigrants distributed among cohorts in
‘proportion to relative cohort strength), appear to be reasonabIe; However,
gince the mortality-and birth rates in.the mode}.are insensitive to
factors such as income, geographicvlocation;“heélth condition, etc., .
the ability of the model to estim;te the number of individuals in a
~apecific cohort with a high degree of accuracy is suspect.

The Physician Population Submodel

The physician population submodel is analogous to the consumer
popilation submodel in that the: number of domestic and foreign-trained
physicians in each agé/specialty/activity cohort are estimated as'a
function of mortality rates, medical sthool graduates, and immigration
of foreign medical graduates, Like the consumér population model, this

modal provides a relatively mechanistic methodology for updating the




number of individuals in the physician population, The assignment of

new graduates (foreign or domestic) to specific specialty/activity
classes s devoid of any behavioral component. 'That,is. the determinants
of the se1eifioﬁ process used by physicians to choose a specialty are

not 1nc1uded.1n the model, "

The developers recognize this inherent limitation in the model and
plan to introduce speqja1ty choice in Fhis model if appropriate data
become available. However, even in the absence of such behavioral
information, the physician population submodel could probably be im-

. proved if it were to reflect current trends in the relative distribution
of physicians across the spec1;1t1es. thereby providing more realistic
projactions of this distribution in future years.

As acknowledged by thé,developers. errors in the exogenous estimate
of FMGs could create errors in the stock of physicians by aS much as 20%;
Such errors would especfa]]y affe&t the model's estimates of the supply
of hospitél services since a large portion of hospital residencies and
internships is filled by FMGs. Model development in this area is
severely hampered by unavai]abi]ify of data and variations in the flow
of FMGs (which 1s highly dependent on policies of professional organie-
zations and governmental actions). In view of these difficulties, the

model predictions are probably as accurate as can be expected.
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The Phyeician Servicas Submodel

The: physician services submodel estimates the demand for and supply

of physician visits, computes the price of tnese visits, and determines
- physician demand for nonphysician manpower. In-the following»panagraphs
. we:wild .examine these components and th.ir conteibution to the.model,

The demand for physician visits (equation 1 in section 4.1.3) 1s
a;ﬁunction of the number of individuals in each cohort, the annual
rata at which these individuals in each cohort see physicians, and the

. relative change in the cost of each visit. In order to describe the
degree to which.changing prices affect the number of visits demanded,

- the model‘incorpprates.thé price elasticity for specific speciaity/
activity cembinations (see aguation 1 in the previous section).

. Desirable additions to the specification of this equation might
well inclﬁde the incorporation of.cross elasticities of -demand for
physician office visits and substitutes for these visits (e.g.. hos~
pital outpatient ¢linics), coinsurance rates which differ for population
attributes (e.g., income and vace), and price elasticities which.are a
function of age and income in addition to the current specialty dif-
ferentiation.

By omitting cross elasticities in the demand equations the model
essentially assumes that there are no substitutes for physician office
and hospital visits or that any substitution effects are insignificant.
Since it s reasonable to expect that hospital outpasient wisits (1,04,

graryziny room and clinic visits) provide substituies for physician
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office visits and even that the cross elasticities between outpatient
and inpatient care are relatively high,! exclusion of these factors
from the model demand equation is 1ikely to degrade its predictive
capability., This capability is also 1ikely to be reduced because the
influence of health insurance on utilization is reflected in fhe phyéician
and hospital services submodels only by an age specific coinsurance
rate. Since certain income/race cohorts are more 1ikely to be insured
than others,? tha model does not portray the propensity of the higher-
insured classes to utilize more health services. By not describing the
effects of the changing insurance structure across income/race cohorts,
the usefulness of the_mdde1 in ané1yz1ng alternate provisions of proposed
health insurance programs is clearly reduced.
Another factor which is not incorporated into the model which might

alter the price sensitjvity (elasticity) of demand for certain cohorts
is the estimation of a different price elasticity for each inqome

. group, Clearly, the gréater an individual's income the less sensitive
he is to minor variations in the cost of services, Higher price elasti-
cities for lower income groups would rasult in a greater variation ih
number of visits demanded by lower income cohorts with changing prices,

In the current model specification, elasticity estimates are only a function

'Davis, Karen and Russell, Louise, "The Substitution of Hospital Outpatient
Care for Inpatient Care," Tha Reviev of Feoncwire and Statiatics, Vol.
i1V, No. 2, May 1972, pp. 109-120,

“Cee Building e tattorul Health Cava Syatem, Committee for Economic
Development, April 1973, . .
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of physicidn spacidity/activity combinations; which in essence averages
out ‘the efifects of income on elasticity) .

Thee'two. parameters in equation 1 which are estimated from available .
datd ‘are~the. average rates of utilization of physician services and ‘the -
pricé4élast1cify of this demand for services, Estimatas-of average:
utilization rates from 1969 HIS dé*a.and the average prices for visits
ffom.1967 HIS data are used to provide model base-year (1969) utilization
rates énd prices, respectively, This 1ntegration of data from alternate
years-to describe system behavior in-a single year'-- although a necessity

_resulting from data limitation -~ is clearly an undesirable compromise: . |
Regression estim;tes of the effécts of income, sex, age, and visit cost
on number o?'v1§it5“aemanded arevused to provide.the price elasticity of
the demand for visits (B 1n equation 1), Most of the estimated price -
elasticities are near zera (only two of the nine estimates deviate from
sero by more than .10), resulting in only minimal impact on demand.by price.
Thusj for all practical purposes, as the. model is cu‘rrently' esﬁma,ted. the
number of physician visits demanded could be considered to be a function
of the size of the population in each cohort and the. cohort-specific. .
“util{zation rates. ‘
The*devalépers note that errors in measurement of the cost of a
physician visit tend to bias the elasticity estimates toward-zero (i.e.,
the model estimates of price elasticity tend to be more inelastic than
in actuality). This acknowledgement, accompanied by the agmment in the

et final report that “the price data are probably the weakest variablas

1 however, that the data support this mode1 qssumpt{on
f§e§"§?1§e?§s23?§9é arhicle’“The Madical Economy, " Sazgnbzfzc dmerioan,

pp. 151-159, Vol 229, Mo. 3, September 1973).
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of those used to estimate the physician deﬁand sector,¥ contributes to a
lack of confidence in the model estimates of the price elasticity of
demand for doctors' office visits. The tenuous nature of these estimates
is further i]lustraied by the confidence measures associated with the
regression equations used to compute the elasticity. For example, Tess
than.fifteen percent of the yarience in the.demand for visits is accounted
for by the four independent variables in any of the regression equations.
In addition, the estimated coefficients for the income variable are
negative in seven of the nine regression equations, contrary to the
expected sign.}

The supply of physician visits is determined by the product of the
numbers of physicians'in each office-based-speciélty times the average
productivity of the physicians in each specialty. The numbers of
physi;ians are obtained from the.physiqian population submodel. The
physiéian productivity is determined by inéegrating the results of
previous studies on'physician production functions and demand for aides.
The use.of the physician population submodel to generate the total .numbers
of physicians in each speéialty is relatively stfaightforward and will
not be treated here. Rather, we will concentrate on the methodology used
to integrate the results of other studies into the model and its impact

on model validify.

1As discussed in the final HRRC report, one would expect income to be
positively associated with doctor visits, i,e., increased vigits
resulting fram increased inzome. Again, howevar, the data presented
by ”3 Feldstain contradicts this expactation (see Footnote on orevious
page)..




As ‘the ‘davelapess acknowledge,since neither of the studies adopted
. for hseéin;the Mark 1IA model was intended to provide input to this modei,
the synthasis of these results into the Mark IIA is awkward in several
aspects., Ihey.also note that the current version of ‘the supply of:physictan
vvisitsashould be treated as strictly.brelthnany. These two discladimers
sot:the stage for the construction of the supply side of the physician
senvices submodel, which is an attempt to gain improved insight into
| physician producti?ity through the use of recently released prop}ietary
AMA.data. The advantage gained by using the AMA data is, however, some-
what lost in the requisite manipulation:and restructuring of the results
of nthese previous studies to make them:compatiblé with the Mark IIA
specification.

The two sﬁudies utilized are a study by Kimball ard Lorant,! which
develope& physician production function.estimates for each of four
physician specialties, and the study by Intriligator and Kehrer,? which
'developed a set of equat1ons to describe the demand for three types of
aides (nurses. technicians, and hpcretdr1as) in physicians' offices. The
Kimbell-Lorant specification of physician production functions relates
the number of visits produced by iour types of specialties to the.prqduct

of the number of hours worked, number of aides employed, and the total

Klmbell. L. J., and Loranc, J. H., "Production Functions for Physician

Services," presented at the Froncietric society Meetings, Toronto, Canada,
29 Dacember 1972,

*inteitigator, M, 0., and ¥ehs wr, B “ASimaleaneous Eauations Modal of
tncillary Personnal Employed in ¢ aye cicians' 0ffices," presented at the
Econometric Society Meeting-. Tovonto, Canada, 29 Dacember 1972.
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number of rooms (a proxy for capital). Of thest variables, the
number of physician hours worked is the principal determinant of physician

production. As such, this factor should probably be determined within
_the mode! (gndoéenously) as a function of physician income and age, rather
than set exogenously as currently done in the Mark IIA. As physicians
charge higher prices and as physicians age, they appear to choose more
leisure time (i.e., decrease the number of hours worked)? Thus, ‘in

order to accurately describe the future supply of physician sérvices. -
the number of physician hours worked should be determined as a function

of the price of services and age.

" aur conversations with the HRRC staff, they noted that they had
examipe& tha effect of fees on hours and found it to be relatively minor.
However, since the effects of prices on the demand for visits (which are
also~0ery minor) are included in the Mark I1A estimates for demand and

'since,prices are also incorporated in the aide product wage terms (dis-
cussed be1o¢5 in the estimate of visits produced, the Mark IIA would pro-
vide a more complete and coqsistent representation of physician productivity

. if physician hours were determined endogenously as a function of prices.

In additidn; since the physician population submodel describes the number
of physicians in each age bracket, it appears that inclusion of age‘jn

the productivity estimates would be a feasible as well as a profitable
extension of this submodel.

lses ‘Feldstein, Martin S., "The Rising Price of Physicians' Sevvices,"
“he Review of Eeonomies and Statistics, Vol. LIT, No. 2, May 1970
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The $&cond portfon of the physician productivity estimates, i.e.,
tha employient of three types of aides as a function of aide wages, utilizes
results from the Intriligator-Kehrer study. This study relates number
of nirsés; technicians, and secretaries employed by physicians in each
specialty to the hourly product wages! for ®ach aide class, the capital
stock 4bailable for each 'type of aide, the delegatfon of tasks; and the
thtal patient visits produced. This work s combined with the Kimbell-
Lorant study to enable the Mark IIA to prédict changes in physician

. priéductivity with changes in phys{cidﬁ hours worked and aide wages.

To integrate these studies into the Mark 1A model the Fesults of these
stliidiés were restructured as follows. First, all input variables except

for physician hours worked and aide product whges were'fixed_at their mean
valie. Second, the Kimball-Lorant prodiction furictiohs were respecified

to ‘provide the level of aide disaggregation (nurses, technicians, and
secretaries) employed in the Intriligatdr-Kéhrer ‘and Mark 1IA structures,
Finally, the Kimbell-Lorant nonlinear prsduction functions weré linearized2 |
to ‘treate 1inear pafaméters'interchandéabFé'wﬁﬁh'fhose in the lntrilagatqr-
Kehrer model.

1noney vage's divided by the price of an fnitfal office visit,

U§1ng a Taylor series expansion about the miean values of each of the
d&nandant var1able"
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By setting the capital and task delegation components at their con-
stant mean values the Mark 1IA essentially ignores the effects of these
variables on 5hysician productivity and the demand for aides, The assump-
tion that variations in office capital have insignificant impact on the
number of patients seen by a physician can be accepted with minimal rami-
fications; however, to fix task delegation'(which is a major output of the
four relationships used in the Intriligator-Kehrer study) may have more
significant impact. That is, it is somewhat questionable whether the
Mark 1IA model pro&uces an accurate prediction of the number of aides
demanded by ignoring the effects of this latter variable,

The disaggregation of total aides employed (in the Kimbells Lorant
| model) 1nto numbers of nurses, technicians, and secretaries is in effect
an arbicvrary part1tioning of the total contribution of aides to physician
productivity across three types of aides. As a consequence, the model's
estimates of the contribution of any individual type of aide (i.e.,
nurses or technicians or secretaries) to the physician production
function lack any empirical foundqtion. The Kimbell-Lorant estimates
of the alasticity between totai physician visits supplies and the total
number of aides employed are valid for some unknown distribution of
nurses, secretaries, and technicians. The decomposition of these elastici-
ties into elasticities for three typas of aides (using "extraﬁeous“
estimates of wages and employment) will not necessarily reflect the‘
specific (but unknown) mix of aides that generated the elasticities
4534 by Kimball-and Lorant, _

As noted by the developers of the Mark IIA, the lMinearization of the

Wimbell«Lorant production function provides a valid approximation




to the.marginal prodyctivity influences near the mean aide employmant
levels; hovever, substahtial increases in aide/physician ratios cannot
be examined by the Mark iIA since the linear approximation would over-
state the coutribution of aides to productivity. This 1imitation would
particu]arl& ;educe the usefulness of the mo&gl to estimate the imnect
of policies directed toward increased utilization of allied health
'pensonne1 in.such environments as health maintenance organizations,

Since the integration of'the above studies provides an estimate of
physician productivity for four specialties (general practice, pediatrics,
internal medicine, .and obstetrics/gyneco]ogy) and the Mark [IA requires
estimates for eight specialty classes, the.remaining specialty produc-
tivity equations are based on the pediatric productivity, Pediatric:
elasticities were selected since they appeared to be more plausible.
Although this translation was necessary tp obtain the requisite productivity
relationships it is unlikely that the productivity of the other specialties
(particularly the surgical specialties), in terms of the number of aides
employed and hours viorked, resembles pediatrician productivity.

One of the more noticable problems with the introduction of the Ine
triligator-Kehrer results into the Mark IIA is that the independent variables
selected‘explain less than 30% of the variation in the dependent variables
(i.e., numbers of aides employed) and further, the estimated coefficient
for nurse wages has the wrong- sign in one equation. That is, the number
of nurses employed by obstetricians will increase as their praduct wage
fnarazeas «- a claar contradiction of the expacted reXatfqosh{p in prige

theory., An examination of the Kimbell-Lorant regression equations reveals

1A1though certain modal componenis describe fourteen specialties, it is
VRI'S understanding that only eight are employed in model projections.




that the variables selected for these equations appear to be good
predictors of physician productivity. That is, the input variables
selected predict greater than 70% of the variance in physician visits

supplied (with the capital measure included).
The imbalaﬁce between the total annual demand for physician vfsits
(the annual number of visits by specialty'utilized per person in each co-
hort times the number of people in each cohort) and the total aniwal supply of
physician visits (the annual number of visits supplied by each specialist -
times the number of physicians in each specialty) is used by the Mark IIA
to establish next year's price per visit. Due to discrepancies between
the number of visits reported by physicians (supply) and the number reported

by patients (demand),the resultant differénces in total quantity supplied |

" and total quantity demanded are implausible in the base year. There-

fore the annual number of visits utilized per patient is re-estimated to
be that reported by physicians. In effect this re-estimation then ignores
the patient data entirely except for the determination of pr%ce elasticity.
Although it is reasonable to expect the physicians to know and report
accurately their specialty and number of visits provided,'the éssumption
that they are totally correct and the patients are erroneous could create
unjustified bias in model results. That is, the relative accuracy of thase
two estimates would depend not only on the polling procedure utilized but
also on sample size, response rate, and other sampling parameters which
determine the relative confidence in and inferences made from survey data.
In che development of this preliminary version of the model the seTectfon
ot physician data over patient reports was clearly a Jjudicious axpediter;
however, in any subsequent efforts a more appropriate technique to recon-

cile these differences should be sought.
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The calculation of the physician fee (price) adjustment is hased
on an arbitrary determination of the relative effects of this imbalance
on price and on an estimated inflationary factor (which is divorced from
any imbalance in supply and demand and from future changes in the rest of
the economy). As the fee,a¢justment.équation is currently specified,
the future price of physician vis%ts would infiate at the same rate as
observed during the 1960-197C period plus or minus an arbitrary supply/
dzrand imbalance factor. Thus, the model assumes that the rate of in-
flation of“physician‘fees relative to the inflation of the rest of the
economy will continue as in the 1960-1970 period. A more appropriate
technique might be to discount future fees back to the 1969 (model base

year) value since consumer income and utilization behavior is fixed at
the 1969 levels.

Hogpital Services Submodel

The hospital services submodel estimates the demand for hospital
services, the supply of hospital services, and the demand for hospiﬁal
‘manpower derived from the services supplied} An evaluation of the modal's
mechanisms for estimating each of these quéntities is nrovided in the
following paragraphs. ,

The reiationships determining the demand for hospital services paral-
Tel the demand for physician services except that two equations -« those
for.hospital admissions and average length of stay -~ instead of ona are
utad to compute this demand in terms of annual hospitel bed days (annual

adnissions times average length of stay). Although both of these.equations
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are derived in a manner siﬁilar to that used to specify and estimate
the demand for physician visits, .the characterization of patients
utilizing these services differs, Specifically, the demand for hospital
services‘is-allpwed'to vary with patient age, sex, race, health condition,
and surgical treatment, This deﬁand is assumed to be constant across
different income groups'~- clearly a contradiction to the expgcted inter=
~action between the caﬁsumers' ability to pay and the cost of sérviceé
(particularly in the case of elective services). The devalopers of the
Mark IIA acknowledge this discrepancy'when they describe the H;S income
data as a poor proxy for permanent income. Permanent income (i.e., long-
_term income in which income losses due to hospital episodes have been averaged -
out over a period of years) is the desired income measure in the specifi;
cation of both the admissions and length of stay equations., In addition
to influencing an individua!'s propensity to consume hospital services
(i.e., the rate of utilization), variations in income will also affect the
price élasticity of this demand. The price elasticity would b+ different
for two individuals in divergent income classes. The effects of variations
in income with health insurance coverage (i.e., cofnsurance rate) would
also be a useful extension to the hospital services submodel for the
same reasons_noted above in the physician services submodel. Thus,
future research should concentrate on introducing an income differentia-
tion in consumption rate, coinsurance rate, and price elasiicity factors
which describe the demand for huspital beds.
| 'wo othee variables walsn would dmprsve the charactarization of dimind

for hosnital servicés includa urkan-rural and marital status or family size,
BEST COPY AVAILABLE
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Perscns in urban communities are 1ikely to differ from'their rural counter=~
parts in average admission rates as well as in lengths of stay. Employ-
“mant charécteristics in rupal areas may require an individual to feturn

to work sooner than his urban counterpart and shorten his length of stay

in 2 hospital. Sfm11arly.-persons with access to dependent or home care
would be more 1ikely to'seek home recevery than single or ungttached
individuals. By including these factors the Mark IIA would provide a

tiare robust description of the demand for haspital services and be
sensitive to variations in these parameters over time.

Another desirable addition to the specifications of the demand
gquations in the hospital serviceS‘suhmodél is the incorporation of the
relative impacts of alternative health care modalities or substitutes .
on this demand. A significant determimant of the demand for'hospita1.
care is the degrea to which Tong-term care such as nursing home or
psychiatric care can be substitutéd for hospital care, as well as tha
armount of substitution of inpatient and outpatient care, discussed previously.
The substitutability of various forms of inpatient and outpuatient care
becomes particularly significant in the analysis of the impact of hLealt:
programs for the aced (e;g..,Medicare) on the relative demands for different
tyous of care. Ths Mark IIA estimates the subply of long-tera care (an!
harce the derived demand fowlperéonnelzin these facilities); towever, ti
rodal does not reflect the changing demands for this type oi carn result'n
fiem substitutior sffects and rhanges-in the denographis ccwposition of ha
coosucer populaticn, Tha davelooers vecognize these amoduel imitaiions
aaloadpress a desice to incorpe:;tu beitavioral contant fnto i Qe -

fication of the dwvand for diffecunt forms of long-term cars,
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Like the demand for physician services, the key parameters estimated
in the demand for hospital services are the price elasticities of the
demand. Since the specification of the demand for hospital caré is com=-
posed of two equations (those for admissions and length of stay), estimates
of the price e1a§ticities of admissions and length of stay are required.

A single,vq1ue for the price elasticity of hospital admissions was adopted
from work by Martin Feldstein due to difficulties in obtaining an estimate
of this quantify for the Mark IIA.! Since this estimate was ohtained
totally apart from the deveIOpment of the HRRC model and is independent
from any patient attribute, it may severe1y hamper the ability of the
model to predict accurately the changes in the future number of admissions
with changes in hospita1 costs.

The estimates of length-of-stay price elasticities vary with age,
sex, and health condition (diagnosis). Due to limitations in tha size
of the data base, the number of age groups specified in the Iength_of stay
equatfons had to be ,educed from nine to five. In this reduction certain
age groupings were created which are incompatible with the groupings
used to describe the demand for physician services -- clearly creating
problems vhen the denand-sectors of the physician servicqs and hospital

services are integrated. With this reduced patient characterization
| scheme, 51 estimates of the price elasticity of length of stay were
produced. The estimation procedure utilized (namaly, muitiple regression
analysis) was analogous to that employed in the physician servicas
d3e9ad seckor and resulted in etaesticicy astisates with simiter

P s

LSne page 221 of the HRRC Final Papoct
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cénfidencp measures, The independent variables selected explain less
than 20% of the variancé in length of stay in 47 of the 51 estimation
equatipns,<bgtﬁeen‘20% and 30% in tﬁrcg equations, and 85% ‘in one
equation. In 40 of. the 51 equations, the estimateq income coefficients
are negative; i;e:. increasing 1pcome-is reflected as a decrease in the
length of stay -- contrary to a prion. expgetations.

Tha supply of patient days is deteemined in the hodel by the demand
for any given year which is, in turn, modulated by fncreasing hospifal
costs. The specification of hospital costs in terms of increases in
lahor and non-labor costs and changes in -the number of outpatient visits
masks relationships and/or omits factors which. should be included in
suhsequent analyses. First, as noted by the developers, "The determinants }
of hospital charges should includg addittana].mariahaés.to adjust the
parameters'for.the market structure which the hospital faces (e.g., the
facility's beds as a percent of t&£a1 hospital beds in the country)."!
Second, the price markup equation does not. account for the effects af
diffarent patient combositions on hospital costs. For examplg, if one
hospital has more Medicare patiehts than another, fhe hospital with
more private, paid patients would generally haye greater cost narkups.
Third, the amount. a hospital can markup on a pkivdte vatient is in part
a function of the price elasticity of the demand for.inpatient care.
Although these expansions are beyond the scape of the initial rodel davelyp-

ment, additional research into these areas could improve model spacifi-

catinn,

T _
Tie 1RC Final Report, page 251.
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Other model specifications concerned with the supply of hospital
services include equations for pfedicting the requirements for four
types of hospital personnel (RNs, LPNs, allied health, and nonmedical
manpower), ‘the )abo} and non=1abor hospital costs, and the hospital
bed capacity for four general types of hospitals. Improvements to
these specifications might include the incorporation.of hospital
size in the non-labor cost equation and refinement of the hospital
canacity equétion to include policy variables (e.g., Hi11-8urton)! and
to preclude the oscillations in total number of ﬁospital beds. Since
non-labor costs will probably differ between large and small hospitals
as a result of various econemies of scale, hospital size should be in-
cluded in the non-labor cost equation., As currently specified, the
number of hospital beds in any year isa function of the number of
patient days in the previous year, If the number of patient days
decreases, then the number of available beds decreases in the following
year == an unlfkely occurrence in reality..

" Most of the regression equations estimated in the supply sector of
the hospigai services submodel appear to provide.reasonably reliable
predictions of the desired outputs. In over half of the equations the
input variables account for greater than 70% of the variation in the
outputs, with only a few equations havirg R2 values of lass than 0.5
(50 of the variation). |

As in the cése of tha physician services submodel the number of

pat et days danandad according Lo ronzuasr stevays differs from that

‘As noted by HRAC on page 254 of the Final Report.
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reported by hospitals. To reconcile these differences the provider

figyres are again assumed to be the most accurate and used to establish

=3

length.of stay and.admission rates' to determine the bed days de~
mandgd. and supplied. More appropriate adjuétment techniques should
be sought here as in the physician serviges submodel,

Nonphysietian Manpower Submodel

The nonphysician manpowsr subnigdel predicts the supply of registerse
" qurses and the wages for RiNs, LPNs, a]lded health, and nonmadical per-
sonnel in each simulated year. Thg demands for nonphysician manpower
are input from the hospital services.gnd physician services submodels -
and combined with principally expgenous. estimates of nonphysician man-
power supply to'&etermine future wages. Since the nonphysician manpawer
submode] feeds wages back into the physician and hospital services sub~
models to determine physician productivity and the demand for hospital
manpower, respectively, a large portion of any future rescameh .efferts
should concentrate on tha enrichment of this submodel. The determination
of the supplies of nonphysician manpower should be refined and should
consider behavioral components. For example, thé Jabor forca participation
of nurses should be a function of nyrse.marital status, family size, in-
come (or husband's income), atc., in addition‘to wage. Furtharrore,
sinilar attributes should be employed in the determination v/ labor forc.
participation of other nonphysician manpower. The SupQAxfof LPNs,

a1lied health, and other meéf:a} personnel in various cohorts should b

developed by the model over time rather than the current utilization
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of historical tables or time trend estimates. With a more robust

. representation of these supplies of nonphysician manpower, greater
numbers of policy variables could be explored and a more sensitive

-determination of the imbalance between manpower supplies and demand
provided.

Submodei Feadbaok and Interaction

" One of the major critfcisms of the Mark 1IA is the differentiation
in the level of detail and degree'of sophisticgtion offeréd by one model
sector versus another, For examplé: the population submodel produces |
a more detailed age distribution than is used by the rest of the model,
yet does not include health condition as one of the population-attrigutes,f-
a requisite input to the hospital services submodel, Simitlarly, the phy--
sicfan population submbde1 generates the population of physicians in 14
specialtiés and four activities, whereas the demand for physician visits .
is determined }or eight specialties and two activities and fhe supply of
these visits is essentially only estimatgd.for four specialty categories,‘

Furthermore, the specificétion of equations and estimation of the
parametefs within these equations are, in part, the direct result of
| Mark IIA deve1opment activities and, in part, the adaptation of efforts
external to this development, For examplz, portions of the physician
services and nonphysician iranpower submodé1s adbptland in sevaral
cases modify the results of pravious studias to provide descriptions of

tha supply of physician visits and' nursing services, raspectively.

o g -l beas

Lrna model devalaps the supply of visi4s for all 14 specialtias by
extrapolating tha physician productivity estimates, o
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Although the incorpdration of tin-as 1usults into the model does not
netessarily invalidate model @ 'i, it Jdoes weaken the model's ability
to treat equally.the various stratifications of each output. parameter.
These extraneous studies do not examin~ the exact parameters of interest
to the madel nor do they necessaru]y utilize the same data base for their
‘development. In order to use ti:se studles, the HRRC model must employ

& numbier. of questionable procedures to extrapolate and interpolate their

4a2ta bases and_resu1ts.

The disparities in model detail and variations in model sophistication

are, in part, caused by the pré]iminahy nature of the Mark IIA. The
greater leveis of detail in the consumer and physician submodels which
increase the coﬁplexity of model interaction do in fact increase the
flexibility'of the model for subsequent enrichment. The adaptation of
previous work is clearly the resqlt of the combined data and resource
constraints which accompany any model development of the.magnitude under-
taken by the HRRC group. Although these adaptations clearly weaken the
-mbdel they provide the linkagea necessary to make the model operational

unt1l further modeling activity and/or data collection can be under-

taken,

4,2.2 Model Validation

As noted by the developers, very limited model verification exreriments
wera performed to assess the validity of the Mark I1A. Specifically, the
i3del was used to describe the values for slch parametéps as the derand
tor and supply of physician visits, employmant of physictan: aides, numsor

T hospital bed days consumed, demands for hosp*tal menpoviery ete,, for
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the 1960 to 1970 period. Two major problems which hamper the assessment

of model validity from those experiments are: (1) the model was developed

using data from the latter part of the 1960-1970 period and was then
partially tailored! to correspond to the entire period and (2) the model
outputs provide Qetaiied descriptions for which analogous historical
data do not exist. The first of these two problems is clearly the more
significant in that the model would be expected.to provide an accurate
simulation of the period used in its development (i.e., 1967 to 1970
time frame) and provide inaccurate estimates of the health system prior
to that period due_tg the introduction of Medicare and Medicaid. The
lack of apbropriate comparative data is primarily a problem caused by
changes in personnel classifications (e.g., the AMA's changing defini-
tions of physicians épgciaities) and general limitations in data availa-
bility.

The only similarity matchings of model descriptions with historical
data made by HRRC were: (1) the comparison of the outputs from the con-
sumer population submodel with 1960 and 1970 census data, (2) the com-
parison of the 1960 to 1970 physician fees from the physician services -
submodel with the corresponding figures of the Bureau of Labor Statistics
Consumer Price Index, (3) the matching of simulated 1960 hospital
utilization and1960, 1956, and 1968 hospital manpower and costs from
the hospital services submodel with corresponding estimates made by the
American Hosp1tal Association and US Public Health Service, and (4) a

eonnarison of the 1960 through 1970 participation rates for BNs from the

i tie physician seevices sutmsdal, the dumand for shysiciszn visits was
spacifically adjustad to covvact for changas in snecialty distributions
observed during tha 950 to 1970 paried.

BEST COPY AVAILABLE
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‘nonphysician manpower submodel with rates estimated in another research
study., While most of these model outputs compared favorably with the
historical estimates, several disparities were eviden;. First, the peb-
cent difference between the model predictions 6f certain age/race/sex
cohorts and the data provided by the US Census reached values of up to 25%.
The developers suggést that many of these discrepancies are atiributable
to census misreporting and inconsjstencies which clearly exist; however,
it is brobably unreasonable to'expect that a popu1at{on genzration modal
which assumes constant birth and death rates would provide highly accurate
predictions of the number of individuals in each age/sex/race cchort.
Second, the hospital services submodel generally ovérestimates the
number of bed days consumed, number of RNs employed, and total hospital
costs as compared to historical estimates. This over-prediction is
principally ‘the result of the model using higher admission rate figures
than those utilized in the historical estimates. That is, the increased
admission rate is transmitted down the series of equations increasing
both the number of hospital employees and subsequently hospital costs.
As po1n;ed out in the HRRC final report, this sensitivity of the model
to the specification of utilization rates could result in inadequate
treatment of hospital costs and manpower demand (either thfough over,
or under specification). Although, as the developers'suggest, this probe
Tem might be solved by using'more aggregative categories of hospitals
(i.e., fewer bed capacity distirctions), the abitity of the model to pre-
.12t these durands for hospital manvowar with uti]izat{dn‘rut¢s-which

differ from those in the future is somewhat suspect.
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 Third, the model prediction of the 1966 participation rates of nurses

compared favorably with the values estimated elsewhere except in the

youngest and oldest age brackets where the model differs from other

estimates by 40 and 50%, respectively. This is not unexpected since

the wage factor (whose performance "ﬁppeaés to be relatively poor in

the historical simulation"!) has its greatest impact on the participation

?f nurses in these two.age groups. The poor performance of the wages

for nurses and other nonphysician manpower is a particularly significant

observation, since a misrepresentation of nufse wages is transmitted

to the physician services and hospital services submodel§~whereAft affects

the demand for nonphysician manpower as well as the supply of physician

visits and the cost of hospital service. The poor performance of non-

physician wages could be improved with better specification of the

demand equations for nonphysician.manpower in both the physician services

and hospital services submodels, as the developgrs‘suggest. |
0f the above comparisons fhe best overall correspondence was fbund

in the cdmparison of physician fees to historical data (i;e., percent |

differences of one to three percent). This high degreg of correspondence

provides 1ittle if any insight into model validity since the fee adjust=

ment equation contains two factors -- which, in effect, force model out-

puts to track with historical experience during the period seiected

for comparison.2 Other areas where the developers note the physician

1
Page 290 of the HRRC Final Report.

2
Physician fees are taken as a function of an inflation rate factor to
explain fee chan%es in market equilibrium and an adjustment factor which
translates the difference between total visits demanded and total visits
supplied into fee changes. The coefficient of the first factor is
l astimated from 1960 to 1970 BLS data and the disequilibrium in supply and
FRIC ~ demand is reconciled over the’same 19601970 period. :
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éervices submodel performed well were in the historical predictions of
the aggregate numbers of patient visits and employment of health man-
power in physician offices. However, the effectiveness of these per-
formances is not presented in any comparative or quantitative mannef.

In conclusion, we would like to reitefate the statement on page 275'
of the HRRC Final Report concerning the validwty of the model -= "i has
not been subjected to the extensive program of verification and refine-
ment which must be performed before we can be fully satisfied with its

performance."

4.2.3 Operational Requirements

The four major resources required to operate and use the HRRC
preliminary operational model are: (1) the requisite data to provide
model input, (2) the computer facilities to run model programs,

(3) the techniéal personnel necessary to modify HRRC programs and
interpret model results, and (4) the time to performJthese tasks,
Each of the four resource requirements are individually d1scussed in

the following paragraphs.

Requigite Datc

The Mark IIA is anloperationa1 model which requi}es only minimal
data input if it is exercised within the general framework of the scenario
(environment) provided by the developers. The primary data inputs are
those required to characterize the con sumer, health manpower, and in-

stitutional populations and the collection of factors which govern the

i TN
160
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behavior of the individual submodels within the model, The spacific 1ists

of input data required by the mode] are-provided in the appendix to the
HRRC report., From these lists it can be seen that the actual magnitude

of data required is dependent upon the degree to which the consumer man- ‘
power and institutional populations are stratified (a user option). Since
specific values for these data have been determined by HRRC in previous
runs, data collection and estimation efforts are reduced to a minimum if

the HRRC stratifications and values for these data are adopted by the .user,

Computer Requirements

The HRRC Final Report provides a brief description of the computer
processing characteristics of the model. The following paragraph sum-.

marizes the salieﬁt points of this description,

The computer programs for the model are coded in FORTRAN IV and
designed to run on the IBM 370/155 computer at the USC Computing Center.
Thé current computer size requirements are about 300 K of core stor-
age, The model consists of threg computer programs -- population
of consuriers, physizian supply, and main ;imulat%on -« gach of which
executes independantiy from the others. Both the program to generate
thz popuiation of consumers'and the program to generate the supply of
physician manpower are executed prior to the main simulation providing
snme of the 15tter‘s required inputs., The main simu]ation consists of
several subroutines which Tink the physician sérvices submodel, the
hospital services submodel, and the nonghysician manpouer submodel in
tha pecursiva salution seguance anseribed arove, Currencly, 411 of the

rumhers ganeratad for output surmary tablas must remain in core until

-
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the program completes the solution for all years. The execution time for
a ten-year simulation run is estiméted by the HRRC staff to take less
than two tb four minutes on computers with speeds cdmparéble to that of .
the IBM 370/158,

Since the model {s programmed in FORTRAN, the most common of the
scientific computer languages, and run on IBM equipment, the most pre~
valent tjpe of medium to large-scale computers, the conversion and
midification required by most users should ba relatively minor.. Users
with non-IBM equipment which has FORTRAN compilers should expect only
minor retailoring of computer programs. It is VRI's experience that such
modifications generally require a reasonable knowledge of the model and

programming logic and are best performed with the assistance of the

original developers.

Requigite Technical Skille

Two types of personnel are required to exercise and use the Mark. LIA.
First, compﬁter programming personnel are required to make the modifications
to the model coding necessary for the HRRC programé'to run on the usgr's
machine. Second, analysis parsonnel with an understanding of econometrics,
computer modeling and health wanpower (not necessarily'all in a
single individual) are required to select Judiciously the values of
1éput parameters and interpret the mode?! results, The skill level of che
first type of barsonnel is clearly daperdent upon user computer facilities
(r5 noted aheve) and the dagese o which the user wishes to alter ihe cusrant |
mo-dal attributes,  Analyst perscinel shou1d_have suffiqienﬁ craininq and

ex;erieﬁce to recognize the innerent limitutiuns of tha model applicahility
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and to be able te extrapolate and evaluate model outputs in terms of real-
world problems. For example, model predictions of the demand for physician
~services are for the most part dependent. upon the demographic composition
of the consumer population. Forecast. wi:ich demonstrate a significant and
dispropprtionaté increase in the demand for one type of specialty care
versus another would, therefore, be suspected to have been generated by

a population composition whi¢h is unrealistic. If the composition is
found: to be reasonable, then the analyst should have the experience to
identify and examine the other less 1ike1y model'parameters which could
contribute to.such anomalies in demand (e.g., the time trend adjustment

in the distributjon of physicians across specialtie§ and the arbitrary
constant which translates supply/demand imbalances into yearly fee adjuste
ments) in order to explain the model predictions and dete}mine'their

reasonableness.

Pime

| Time constraints are probably the most uncompromising of all the
aforementioned resource constraints. The time allotted to perform the
requisite aha1ysis is often insufficient 26 complete a comprehensive
analysis of the probiem. Responses to requests for information under
these circumstances must use readily available data and analytic tools.
Although the HRRC model requires only minimal time to oparate, the time
recuired initially to develop the capabilities for application and

intarpretation is significantly longer. Depending on the level of

X
&
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understanding and degree of involvement “desived, the Mark I1IA mode)

, could-pnébably be used by manpawer planners in a-threa to four=month

time frame. Clearly, such an estimate is also dependent on the skill

Tevels and numbers of.personnel involved,

4.3 The RIT Simulation of Hospital Utitination and Health Manpower
Requivements )

This section describes the background and structure of the RTI

computer simulation hospital manpowar model, -a model to be ysed in the
estimation of health manpower requirements. In this presentation a
brief history of the development of the mode} firom the earliest popula-.
tion simulation to the present manpower-model is followed by descriptions
of each of the three component models. “tMere possible, these descrip-
tions employ the language used by the deveiopers in their final report.
Persons wishing more detailed information than is provided here are -
referred to Research Triangle Institute,. simuzatzon of Hospital Utiliza-
tion and Health Manpouver Requirements, Vollmes I & I1¥, Technicals neport
#1,prepared for the Bureau of health Manpower Education, National
Institutes of Health, December 1972.

4,3.1 : Development Backqround of the RTI Model

The evolution of the present version of the' RTI model began in 1963
wich a'microsimulation modet developed jointly By RTI and the Dupartment
of Biostatistics at the University of North Carolina. Thiswork was

inttiated in respinse to the irterast of ths Natfunal Centar foo baat:h
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Statistics in studying metholologies used in collecting information on

hospital discharges, length of stay, etc. In addition to projecting
admissions and length of stay on an individual basis, the early model |
simulated the 1ﬁtervieﬁ process of the National Health Survey in order to.
study the effects of the methodology employed on the ;tatistics that
were published on discharges and length of stay. As a resuit of this
work and oiher RTI modeling activities, additional support'was provided
to RTI in 1966 to develop a demographic population model, POPSIM. The
results of theseltwo'studies were then combined and augmented with a
manpower requirements study tb develop the current model of hospital

| utilization and heq]tﬁ manpower requirements. The éarly'version of
POPSIM was modified in the present study to include the demographic
characteristics of race, family income, and residence in a metropolitan
or non~metropolitan area as well as age and sex. Similarly, the
hospital utilization model, HOSPEP, was expanded (from an ‘age/sex
chracterization of utilizat1on) to include race, family income, residence
in a metropolitan or non-metropolitan area, hospital ihsurance status,
diagnosis, surgery status, and hospital bedsizé classification for each |
generated hospital episode, POPSIM and HOSPEP wera then combined to
form a model for projecting utilization of short term general hospitals
to provide essential inputs to the model dgsigned to project hospital |

manpower requirements. HOMAN.

167
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4.3.2 General Structure of the RTI Modéi*‘

The RTI simu1ation model consists of three serially related com-
ponent mode1s -« POPSIN, a stochastic demoqraphic mode stimu1ating popu~
1ation generation and projection through time. HOSPEP; "a ‘stochastic model for
simu1at1ng utilization of short-term general hospitals. and HOMAN, an
aggregated deterministic model which converts hospital utilv:ation data
for a specific time period into the manpawer required to provide par-

icular hospital services to satisfy the simulated demand. POPSIM,is
composed of two papts. one to'creafe op geoerato a oamp1e population
from some base population, and the other to project ohe population for-
“ward year by year. HOSPEP generates a hospital episodes history in
terms of hospita1 admissfon and discharge dates, together with hospital
diagnosis, whether surgery was performed or not, and the bedsize of
hospital for each episode. POPSIM combines with HOSPEP to project the:
| ut1lmzatwon of short-term general hospitals by the us civilian non-
institutional population. Fina1ly. the output of . the utilization model is

input to the hospital manpower model, HOMAN, and manpower requirements in
each hospital service are projected

4.3.3_ Description of Major Components Within the Model

Each of the above component models is described in the following
paragraphs.
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- POPSIM

The demographic simulatfon model (POPSIM) consists of two distinct
parts or phases. The first, which is used to create an initial popu~ .-
lation,'produce§ a random sample of individuals (stratified by age, -
race, residence, sex, and marital status) from‘a'hypothetical population
distribution. The initial population is a random sample.éf individuals .
selected from a population register.‘without.regdrd fd ramd11a1 reladion-
ships, @.g., a married female may be selected for the initidl'population,"
while her husband and children may not be chosen. Individuals in the
computer'population (initial sample plus births) are referred to ds _
primary individuals, and marriage partners and children as secondary. |
individuals. $ince secondary individuals dre not members of the compu~:
ter bopulation. information concerning them must. be carrigd by the prihary
individual. |

In the simulation of vital events histories (second phase of POPSIM).
all events which take place are considered as events to primary individﬂals.
Al tabulations produced are counts of primary 1ndividuals. or of eventd"
which happened to primary individuals. Secondary individuals enter the
model only in the sense that they influence the vital event risks to whfch
primary individusls are subject.

POPSIN creates each initial sample population in the computer by
means of a series of subroutines which use random sampling from pro-
baBility distribution functions (for the most part) to assign a cone
sistent det of characteristics to each individual, A qunt probability

5 GY
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density function 75 fitted by the ¢omputer for each age/sex/marital status

group, The distribution function and 1ts inverse are then computed for each
of these grqupé. The age assignment routine then sets up the records for
the ind#Vidualé tn'eacﬁ age/sex/mérital séatus group and aésigns their ages
by stratified random sampling of the associated inverse probabilify
funétion. |

The following characteristics are assigned to each individual by
sampling ‘the appropriate conditional distribution for the specific .age,
sex, and marital status of the individual:

number of 1iving children,
- number oflmarriages (0, 1, 2+),
date of current marital status,
number of children,
date of birth of spouse, and
- date of Tasf birth. _

As noted above, the RTI simulation model was éxpanded to treat certain
variables of interest in hospital utilization. Three of these variables -
race, residence, and incbme we \ere iacorporated.into_the POPSIM model.

In order to-distinguish racial.groups.-two segments or subpopulations can

be processed simu1taheously,'and either separate or combined tables may

be printed at the user's option. Separdte parameters for births, deaths,
and marriages are required for each race. An individual in the simulation

15 stochastically assigned an initial mefropolitan (SMSA .gounty) or
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nonmetropolitan (non-SMSA county) residence consistent with the 1960
age/race/sex population, Finally, each individual in the population
under 18 years of age and never married is assigned a family income
according to.his race and residence. Each individual in the population ‘
over 18 years of age or 1nd1yidua1§ ever.harried is assigned a family income
according to his race, residence, type of household ("husband and wife,"
"femalé,head," "unrelated female," or "unrelated male").and age.ofithe
nead of household. _ .
After creating the initial population of desired size and |

characteristics, a second program uses Monte Carlo sampling procedures
to generate a vital events history for each individual. This program
advances the popUlation forward through time in a series of time intervals
or steps. At the end of each step, it brovides the use the option of up-
dating the probabilities of the various events. The user must specify the
total length of the simulation period and the time interval for each step.
The'events generated by POPSIM include marriages,'births, divorces, deaths,
and changes in income and restdence. The probabilities of each event depend
on the current characteristics and prior history of the individual.

An event-sequenced simulation procedure is used in which an individual
is processed only when an event occurs to him. In thjs‘procedure, the
time interval (the date) of the next vital event for each individual 1in
the initial population is generated. Since the event to occur next
is not known, POPSIM generates the time interval (or waiting time)'separate1y
for each’of the competing events that can happen_to‘the-individual,

under the assumption that nothing else does happen to him, The event

bl
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with the shorte$t'-generated time interval becomes the next event for
that individual, Only this next event and its time of occurrence are
carried in the récord for each individual.

After the point in t for the next event is'generated, it.is
checked to see if it falls within theﬂfﬁterQal-cho§en for that -simula-
tion step, If it is, time 1s~ad9anced to that point and the event pro-
cessed, If not, the individual is stored and not processed again ‘until
the beéinning of the naxt simulation interval., \When tha event has besn
processed, a new next event is gengrated for the updated individual.

" This is continued until finally an ‘event ‘s obtained which is beyond-the
time allotted in the simulation or the individual dies.

The processing required after the next ‘event has been determinad
depends on the nature of the event.  For example, if the event is death,
the individual is marked as being dead and the event recorded in his
history of vital events.. If the event happens to be marriage, soma further
processing 1s.required. First, a decfoon must be made with respect tn
the marital status (single, widowed, or divorced) of the partner prior
to this event, Once this has been done, the age of the marriagé partner
is obtained from the appropriate (first marriage or remarriage) bivariate
distribution.of ages of bridss and grooms. I the event is a birth, the

population of pfimqny individué?s‘ig augmanted with tha nawborn infanc,

HOSPEP

The hospital utilization model (HOSPEP) uses as input the event

histories aqenerated for each individual by POPSiM. The basic assurnbion




of the model is that the distribution of hospital admissions over a
period of time t is Poisson with intensity A; i.e.,

. 6
Pr[an]=Q%-z-n-AeM (6l

where N is the number of admissions in the period t, and 1/A is the
mean time between admissions. ‘Furthermore, for any age-sex claés_thé
intensity A is assumed to be a random variable with a Gamma distribution
with parameters o and B, 1.8.,

A

o1

PriA <A] = tar & X dx,

{7l
0

where A is the intensity. The parameters o and 8 were estimated for each
particdiar agessex class by using. the fact that the unconditional dfstri-
bution of hospital admissions over a time period of lehgth t is negative

binomial. The procedure followed was to select ten samples of A and to
| assign to each individual ih a particular age-sex class one of the sampled
1nt§nsit1es for that class. This procedure in effect creates a Poisson
admission process for each individual.

g:The above description refers primarily to the first versioﬁ of

HOSPEP, Several modifications were made for the.hea1th manpawer study.
These are described in terms of the six basic HOSPEP model stages (see
figure 5), as follows., First, the model determines whethef or not an

individual has hospital insurance! by sampling his conditional probability

1'he model assumes two insurance states: {nsured and not insuved.
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Assign hbspitéi insurance or not to the individual

depending on his (1) race, (2) age (3) family income

I

Generate the number o;ﬁﬂays until the individual is

1 admitted to the hospital which depends on his (1) race,

(2) age, (3) sex, (4) family income, (5) hospital

insurance status

Assign a diagnosis for the generated admission which
deperds on his (1) age 2? sex -

/

Assign surgery or nonsurgery to the individual which
depends on his (1) age, (2) haspital insurance
status, (3) diagnosis, (4) residence

i) e

Assign size of hospital (bedsize) tu the individual
which depends on his (1) diagnosis (2) surgery or

nonsurgery :

Cenerate the number of days until the.individual is
discharged from the hospital which depends on his
(1).age, (2) family income, (3) hosptial insurance
status, (4) diagnosis, (5) surgery or nonsurgery,
(6) size of hospital

FIGURE 5:  HOSPITAL UTILIZATION MODEL!

lexcerpted from Research Triangle Institute, Simulution of fimmpital
Uit 1ination and Henlth Manpeuer Requivemente, Volume 1, Technical
Pancet #1, Prepared for the Bureau of Haalth Manpower Education,
national Institutes of Health, Dacembar 1972, p. 47, - :




distribution of havisg'insurance given his race, age, and family income.
Second, the parameters of the unconditional admission distribution (o
and B8) are dgpendent upon race, age, sex, income, an& hospital insur-
ance. Once the individual is in the hospital; the model assumes that
his diagnosfs is determined by the conditional probability distribution |
of diagnosis which depends on his age and sex. To determine if surgery
occurred, a distribution dependent upon age, hospital insurance, diag-'
nosis, and residence is sampled. The size of the hospital entered is
determined by sampling a distributidn dependent upon diagnosis and
surgery. Finally, an individual in the hospital is assigned a duration
of stay by assuming that the distribution of the number of days spent in
the hospital is distributed as a log-normal variate, 'The log=normal
distribution of léngth of stay is a function of the individual's age,
income, hospit;] insurance status, diagnosis, surgery or nonsurgery,

~ and hospital bedsize. |

HOMAN

The RT1 hospital manpower model, HOMAN, is the third in the sequence
of RTI health manpower utilization models. The model was developed to
fbrecaét hospital manpower requirements»and as such utilizes tne outputé
of POPSIM and HOSPEP although it can be used independently of the former

“two simulations. The hospital services for vhich the HOMAN was'specifi-'

cally developed are laboratory, radiology, pharmacy, physical therapy, and

rursing.
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The assumption.wunderiying the HOMAN model is that manpower require-

ments over a period of time can be estimated by the equation:

Hpg(t) =-'2[Z Dys(t) Rishﬁ”] Pn(Weplshy » L8]
s i

where,}

M(t) = estinated manpower requirement in year t,

0(t) = demand for hospital ser#ices in year t,

R(t) = care requirements or.number of work units per unit demand
in year t,

P(t) = personnel performance or-man-hours required to perform a
unit of work in year t,

K = personnel -~ man-hour ratio for converting manahourQ into
requirements for specific.types of manpower, and

U = personnel utilization factor for delegation ofrparsonnel:
to a specific manpower categorys |

and the subsciipts are defined as follows:

J = index for specific manpower category,
$ = 1index for hospital size,
i = index for diagnhosis, and

h = index for hospital service.

Two medasures of demand for hospital services, ois(t)’ are obtained from

the 1'OSPEP modal: nutuber of admissions and numbder of patiunt days by

'nits for the following variables are different across hospital services.,

A'rts
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diagnosis (18 classes) and hospital size (eight sizes). MNumber of

admissions is used in estimating laboratnvy and radiology personnél.
Number of patient days is used in estimatiny pharmacy,physical.therapy,
and_nursing_peréonnel. The remaining seven parameters in equation 8 are
obtained through regression estimates of the pafameter as a function of
time or estimates of the parametersf mean value. The care parameters,
R(t), are estimated as linear or log-linear functions of time using.data
frpm the American Hospital Association (AHA), Hospital Administrative
Service representing approximately 2,000 hospitals for the time period -
July 1968 to September 1971, Since this data was not a function of
diagnoéis, diagnostic specific data was obtained from two hospitals!
assumihg that they typify the care requirements distribution across
diagnoses for all short-term general hospitals. .The specific units of
the care requirements parameters are: .

(1) Laboratory -- tests/adm%ssion,_

(2) Radiology -- procedures/admission,

(3) Pharmacy -- dispersements/patient day,

(4) Physical Therapy -- treatments/patient day,

(5) Nursing -- days/patient day.

The performance parameter, P(tl, 1ike the care requirements

. parameter, is estimated to be'a linear function of time. This linear

relationship is estimated using the same data source noted above (i.e.:
A4A) and is ﬂifferentiated by hospital size and service., The personnel-

man-hour ratio and the personnel utilization parameters are both time

lData from Charlotte Memorial Hospital was used to provide diagnostic specific
care requireients for all types of personnel except nurses. Nursing care
requirements as a function of diagnostic category were obtained from "A .
Special Study of Nursing Manpower," Vol. 1, US Public Health Service, HEW.
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invariant. DQta for the personnel-man-hour ratio vias obtained from fhe
Surveys of Manpower Resources in Hospitals concluded during the week of
17 April 1966. To use these data RTI assumed that full-time émployees
work 40 hours .per week. The personnel uti]izétion parameter is a ratio -
which specifies the personnel mix forgach hospital service. This ratio
is determined By dividing the number of personnel for a given skill
gategofy within a particular‘manpower service class (e.g., the nymber of
madical technicians in 2 laboratory servicg) by the total nuiber of
personnel in each service class. Data for these ratios was obtained
from the same source;utilized to ealcdlate the personnel-man-hour ratio.
In summary, it should be noted that estimation of the HOMAN model
paraheters discussed'above are those which.are currently resident tb
the model. As.RTi suggésts. fhé’restrictions placed on these
parameters by these estimation procedures -do not neéessari1y constrain

a more robust collection of estimates.

4.4 Evaluation of the RTI Model

The RTI Simulation of Hospital Utilization and Health Manpower

~ Requirements concentrates on a single major subcomponent of the hzalth
manpower ‘system -- the demands for health care in short-term general
hospitals and the consequent demands for health manpower. For thz most
part, the RTI effurcs have been directed tovards the develiopment of a
methed to simulate the vital avent histories of a largs populacion ¢f
intividuals, and th2 davelogment of a modei.of the hospitie! spisvdes

vhich confront this population. The results of efforts focuseq in the

)
-

)
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.third segmeni of fhis model -~ the translation of hzalth service demands
into manpower requirements -~ are much more limited in contept.

In our evaluation of the RTI model we examined the conceptual design
of the model structure, the mathematical combosition with its
attendentsassumptions, the techniques and results of parameter astimation
and the reasonableness of model preductions and their validation. The
results of this examination were, in general, very favorable, finding
little fault with the overall.structure or any of its component parts,
The problémé which were isolated are those associated with the narrowness
of model focus (e.g., Tack of any feedback mechanisms or_other constraints
gn demand) and those which are the result of data constraints or pragmatic
limitations in model complexity (e.g. the desirability of a characterization.
of the population éducafion). Although these shortcomings are fouﬁd in
each of the three éomponent models, they are most significant in the hospital
episodes. (HOSPEP) and hospitai manpower (HOMAN) models. Finally, the
reader should be aware that most of the model structure was presented in
the 1970 Conference on A Health Manpower Simulation Model and was
initially critiqued at that time. Sincgumuch of that review is not re-

iterated here, the reader is referred to the Proceedings of that conference!

YConference on a Health Manpover Simulation Mode1, Proueedzngs and Report, .
Volume {1, Lucy M. Kramer (ed.), USDHEW, December 1970,

N,
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The following subsections present a summary of the resuits of our
" evaluation. The material presented in each suhsection parallels that

provided in section 4.2 in our evaluation of the HRRC model.

4.4.1 Model Conceptual and Empirical, Structure

In this section We examine the structure of the RTI health
manpowar sfmulat?on model. In addition, the under]yiﬁg assumptions,
completeneﬁs or robustness and the mathematical characteristics of the
structure are discussed. Included in the discussion are reasonableness
of the model and the problems assocjated with providing input parameter
(gstimation procedures) to the simulation. Since the RTI health manpower
model consists of three distinct components, they will be discussed
" separately below. |

POPSIM
POPSIM is essentially a large but.efficient Monte Carlo simulation,
The creation of the initial population is carried'out.by first.sambling
to determine age, sex, and m;rita] status. Remaining pafameters are
assigned by sémpling distributions.conditjoned on these first three
parameters. It should be noted. that stratified sampling techniques
are used particularly in the Gase of .age. The prinary assumption underlying

this procedure is of course that appropriate
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probability distributions for the various parameters can be obtained

and that they are approppiate discription of_the process. The robust-
ness of the structure is cTearly demonstrated by the fact that the POPSIM
vérsion used in the health manpower study was modified to include addi-
tional characteristics including race and'résidgnce and mobility. More=
over, .the use of input probability distributions provides the user with
an extremely flexible tool for examining different'populatiqns. o

Two modifications to this popufétion generation module which could

improve the characteriéation of the cu1tura1~demograbh1c influences

in the demand for hospital services and health manpower are the exten-
sions of the number of pdpulaiion attribdtes to include education

level and the alternation of income classes to create more than one in-
come level above $10,000. As noted in section 4.2, patterns -of health
care consumptfon vary with the educatioral level of the population.
Persons who attain highew educational levels consume differing amounts
as well as differing types of health services. In addition, a large |
proportion of the population.have incomes 1in excess of $10,060. At the
Aéurrent rate of income inflation this proportion is dramatically
increasing each year. Thus, ihe'assignment of family income in future
years (with new data) will result in a disproportionate number of persons
in the ﬁighér.income bracket, which jn turn will not provide éufficient
differentiation in health services utilization by persons with varying
income levels in the highest bracket., Two methods of providing the .
necessary differentiation are to %ncrease ihe number of higher income
classes or to discount all income (including the income which factors

govern health care utilization rates) back to some present year.

1k
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The second phase of POPSIM is the generation of an event history -
for each individual in the population created in the first phasé. In
general, the apparent operative assumption made in this phase is that’
‘the time until the next event and the type of the event can be determined
by sampling a set of non-time homogenequs 1ndepéndenﬁ geometric proba~
bjlity distributions. -Further, sampling is Markovian in the sense that
the current state and not the trajectory completely specify the next set
of disteibutions. For examplé. the probabilities.of an évént occurring
to two individuals in the same state (i.e., age, sex, marital status,
family size) are the same and are not dependent on how each individual
reached that state. An argument might be advanced that these distributions
are not 1ndependent and moreover are nat Marko&ian. ‘However, the inherent
simplicity of the current procedure 1s_appealihg and it is doubtful that
introducing dependence or time higtoriés woulid produce sigﬁifiéant
differeﬁcqs in output. Also, some bivariate distributions are used,
'fOr example, those &ealing with ages of brides and grooms and other ex-
ceptions exist. |

A very simple Markov model is used for residence and mobility and
a set of log-normal distributions is qsed to determine Tanily incomet
The probensity to move is dependent on an individual's age, race, sex,
and presént residance; however, the probability that an ‘individual will |
chaﬁée type of residance location (i.e., urban to vural ok'vice versa),
given he moves, i¢ arbitrarily established due to lack or data., As
nocad by the developars, two assumptions which 1imit the modelfs

treatment of mobility are: the assumption that movenant probabilities

Lo
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are constant over time, and the assumption that all foreian immigrants

reside initially in metropolitan counties.!

Iﬁ summary, POPSIM is a complex Monte Carlo simulation which creates
first a population and then for each individual 1n'tﬁe population creates
an event histdry. The mathematical procedures used in FOPSIM are most

| certainly correct. The problem with POPSIM (indeed with any large Monte
Carlo simu1ation.of this type) is the collection or estimation of appro- |
priate data and the difficulty in analyzing and 1ntegra£1ng simulation
output. A great amount of data does exist in popu1atioh demograbhy.
However, in some cases, such as the residence mobility model, sufficient
data is lacking and -rbitrary estimates ﬁdst be used. Nevertheless,
it is our opinion that the Markov chain model of residence mobility,
although simple in structure, is not inadequate. Furthermore, the
structure appears to be sufficiently robust to permit the addition of
any parameters deemed desirable in the future, conditiona1 on the avail~

ability of appropriate data.

HOSPEP

It is clear from the Structure of HOSPEP (and of the discussion of
~estimation of parameters included in the report) that HOSPEP is a model

of data rather than a model of a process., This should not be interpreted

11t is interesting to note that log-normal distributions are used for
income assignmant., Another approach which would permit grater analytical -
tractability would be to use a Gamma distribution, thus possibly providing

a complete Markov structure to the overall modal. ‘The resultant increased

mathematical tractability of the model would, howaver, probably reduce the
modal's realism, '

1443
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as criticism since the utilization of hospitals is a complex and difficult
probess to comprehend, let alone model. Thus, for exémpie. the size of
the hospital is aésigned after diagnosis and surgery havé been sampled.
The reverse process would seem, initially at least, td be more logical.
The major préblem with the HOSPEP model is that it assumes that
hospital résources and facilities are limitless, and therefore all,
dsmands can be answared. This assumption contradicts the c1assic'assump-7
tions made in economic theory; i.e., that the amount of éervfces demanded
is a function of the market price determined by the interaction of supply
and demand. Simply because the boundless supply assumption cbntradict;
economic theory does not itself invalidate ﬁodel results. Indeed, recent
studies indicate that there may exist a surplus of certain hospi tal
resources (pdrtieularly in the number of available hospital beds)1 which
might support such an assumption, However, all other things eéﬂal. one
would expect that variations in the availability and hence accassibility
of hospital resources would tend to affect the utilization-behavior of
the hospital service consumer., Thus, the estimates of hospital episodes
in HOSPEP dre probably biased upwards, if one assumes that the current

estimates of utilization-bzhavior are accurate,

1S0e Buflding a Hationsl Health Cave Sysiszm, 3 statement by the Reszarch
and Policy Committee of the Committee for Econamic Developtiant, April 1973,

4%
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Since HOSPEP js a model of short-term general hospital utilization,
it essentially assumes that the proportion of the pbpulation seeking .
hospital services as opposed to alternate forms of health care is relatively
stable 6ver.t1me. With the emergence of new types of health care
delivery mechanisms (é.g., ambulatory health care'clinics, health maintenance
organizations, etc.), and the increasing impact of government programs |
on soéial behavior (e.g., Medicare, National Health Insurancé), such an
assumption 1s.unwarranted. G}eater numbers of new organizations, as
well as increases in the number of the older forms of care delivery
(e.g., nursing homes), create a competitién for the care of patients who
previously were solely treated by hospitals. The introduction of
National Health Insurance may significantly alter the dégree to which
alternate forms of health care delivéry are utilized and the manner in
which these serVices are utilized (e.g., length of stay). Although
- certain HOSPEP admission parameters, which determine the amdunt of
service utilized, can be altered from one simulation period to the next,
the methodology used to make these adjustments over the period of the'
prediction would clearly require additional research.

Another basic shortcoming of the HOSPEP model is that hospital
episodes of an individual are'independent of that individual's medical
history; i.e., the fact that an admission occurred a month.ago does not
effact the probability of an admission tomorrow., This is reflected in the
selaction of a Poisson process, é memoryless process, to dascribe the
probability of admission to a hospital, A{though correcting this would

imprave the accuracy with which the model represents an individual's

165
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hospital ‘episodes, and hence the reliability of nodel estimates,. such an
extension would be extremely difficult to implement for even the simplist of
medical histories (e.g., the number of previous adm1ssions).1

A great deal of effort has been expended on the estimation of
paraméter values, dependencies émong random vartabies and functional
relattonships. Each admission event was generated by sampling a
P01s$oﬁ distribution for which the intensity had been determined by
samling a Gamma distribution. As presently programmed, th2 o paramater
of this Gamma distribution is assumed to be one although data coisistently indi-
cated values less than one. This assumption'was necessary at the time of
péogramming due to the absence of computer routines for sampling Gamma
distributions with a less than one. In our conversations with the
develdpers they indicated that such a routfne is now-available; however,
a programming change would bhe necessary to implement this featurg in the
model.. The length of period spent in the hospital was obtezined by
sampMng an appropriate log-normal distribution, the two paraméters of
which depend upon age<sex class. Note that it is at this point that

a non-Markovian random variable is introduced, thus reducing the possibility

of analytic simpliffcation.

1Since the model is intended to describe the average episod2 history of a
population rather than represent the actual hospitalization hiscory of
an individual, and since the model distributions were selected and the
parameters were estimated with this purpose in mind, i* can be arguad
that such feedback interactions are gbsorbtd and reasonably well repve-
sonted by the current model structure.

4 ks
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HOMA

Conceptually the Hospita] manpower model is simple, but discussions
with RT1 persohnel revealed a serious lack of data in this area. Hence
a structure was se]ected.which could utilize POPSIM and HOSPEP output
and simultaneously be estimated with available data. The three major
assumptions which underiie the HOMAN structure are:

(1) Hospital parsonnel requirements are 1inesarly relatud to

utilization of hospital services,

(2) Personnel resources are limitless, i.e., there is always an

adequate supply to meet these requirements, and

(3) The time trends exhibited in two of the parameters -= care:

requirements and performance -~ which relate hospital utiliza-
tion to manpower requirements, are linear or log linear in
nature, -
The first and second of the above assumptions are the most problematic,
conceptually, The first assumption implies that a doub]ing_of hosbital
utilization would result in a doubiing in the reduirements ror hospita’
manpower -« an uniikely occurcence. Tha §econd assumption dmplies that
if such a doubling occurred, then the supply of manpower would meet this
requirement, Clearly, the HOMAN model is not intendad foe usa in such
d dramativally changing hospital services envivonmant, but the imp??cations

that for evary nevcent increase in utilization thare will be an equal

pereant fincraasd N manpouer holds for rinoy changes as wail. 1t chou'e
BEST COPY AVAILABLE
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be recognized, however, that the time trend changes in the care requirements
and performance parameters will moderate the effects of variations in
utilization on manpower demands, provided the historical trends continye

in the future, That is, the estimated time trends of these factors are
developed to account for the historical changes in hospital operations

and personnel productivity which have accompanied the changes in hospifall
utilization. The reliability of the HOMAN model predictions therefore are
dependent upon two conditions: (1) that the estimated time trends ‘in these'
.Factors ar2 accuratz and continue in 1'h. futura, i.,e., no deaiatic innovaticns
occur, and (2) that the change in hospital utilizat1on increases accordingly.

The absence of effects of supply constraints on manpower requirements

could result in inaccurate model estimates of future requirements,

other factors being equal. The HOSPEP model predicts that if a bed in

a hospital is needed, it is available. Similarly, the HOMAN model will
predict that for evary occupied bed, tha hospital wi]llhave the requisite
persoenel manpower to serve tne patiént in that bed. Cleariy, as hos=-

pital occupancy rates vary, the number of perscnnel per patient will vary.
When the demand exceeds supply, the mod2l will assume that this imbalance
does not exist and creats a non-existent bed and the associated personnal

to serve it. As supply exceeds demand (a more probable occurrence in the
case of hospital beds'), the model will predict that the 1qrger_facility
does not exist and that the parsonnel requirements will be reduted
accordingly. Furthermore, the HOMAM modal ignoras any gconsnian of scule,

which result from variations in hospital size or changas in technology.

YSea nage 33 of Budiding o dutional Hoaith Core Gyotem, a scuiapant by
ghe1§e;b;§eh and Policy Corm1tcen of the Committee for Economis Davalopmaat,
pvi1 1973,
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It should be noted that these model shortcomings are recognized by the
devalopers, who suggest that furfher research efforts should be undertaken
to correct them, _ |

Another éource of difficulty is the use of parameters such as care
requirements (number of Qork units per unit demand) and performance
(number of man hours per work unit). Care parameters were made either
linear or log linear functions of time due to lack of data. Hence the
assumptions of 1inearity or 109 linearity remain unconfirmed until further
data becomes available. ‘51mi1ar1y. it was assumed that the unit of work
required was an average, e.g., average number of dai]& testé per patient
for a‘specific_diagnosis. This assumpfion is a]éo open to qdestfon,
particularly for pétients who differ in terms of lengths of stay or in
terms of diagnoses which produce criticallepisodes such as surgery.
Furthermore, Since the estimated values of th1s parameter for d1fferent
diagnoses were extrapolatzons from data available in a single hospital,
the variations in care requirements under different diagnostic conditions
reflect the operations of that hosbital, which may differ significantly
from those founa across the nation.

The performance parameters have, as have the care requirements
parameters, been made linear functions of time with limited justification.
The linear functions for both of these parameters were estimated over
“the 1968 to 1971 time period -~ a period of escalating hospital costs
and fodi fications in the hospital labor force composition. Although
the RTI model developers clearly must rely on the most recent data
available, model users should be aware that any future departures from
this period of dynamic change will decrease the accuracy of model

predictions.
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It is important to note that physicians have been excluded from the
health manpower foreéasting model and that the manpower rééuirements
identified are for short-temm general hospital fapatient workloads only.

In addition, it should be noted that the model is essentially deterministic,
with possib?é stochastic features introduced by POPSIM and HOSPEP output
used as estimates of demand. The model in its present structure is most
certainly robust, that is, parameters can be varied at will by the user,
but it is not clear that it is complete or robust in a physical sense in

that major changes in hospital manbower utilization or hospital technology
would tend to invalidate the structure,

In discussing the mathematical validity of HOMAn; it is important
to recognize that neither time nor resources were available %o carny:
out process modeling or data coilection. As noted above, for example, in
the critical a;éa of a diagnostic-specific éare requirement parameter,
data was évailable from only one hospital, and at that represented
only a six-week period. InAother areas, data was available from the

'American'Hospital Association, Hospital Administrative Service, repre-
senting data gathered from approximately_2.000'hospita1s over a three-
year period; while the personnel-man-hour and personnel-utilization
parameters were estimated using data from a one-week time peried in
1966, The applicability of these latter estimates to future projections
is sonewhat questionable. Thus, the user of the HOMAN rodel 14 faced
with the probiem of verifying existing data or collecting uaita rova

approgriate to the tire pariod in quastion,
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In summary, HOMAN is a simple deterministic model for forecasting
health manpower requirements. Again, it might.be suggested that HOMAN
is a model of data rather than a.process. and thus may not bé a suitable
analysis tpo1 if major innovations or other alterations are introduced

. .
into the mechanisms which govern health care delivery in short-temm’

general hospitals,
- ' .

4.4,2_Model Vatication

Predictions from each of the three component'models of the RTI
Simulations of Hospital Utilisation and Health Manpower Requirements were
- tested against historical data from the 1960 to 1970 period. The problem
with validation of the HRRC model, i.e., the comparison of modél predic-
tions against data collected during the same time pekiod as the data
employed in moqel dgveIopment. also exists for the RTI model verification.
Clearly, one would 1ike to compare model predictions which extend well
beyond the data period from which it was constructed, o

RTI compared the POPSIM model outputs with Bureau of Census
projections. The results of tﬁe POPSIN tests reveal that the model.
predictions of total population compared very favorably with census
data and estimates both over the historical énd future tiﬁe periods.

The POPSIM estimates were‘Iow in every case by approximately one to four .
percent, much of which is attributable to the fact that POP§IM did not
allow for annual net immigration. Comparing the POPSIM prediétion for

partiéular age/sex/race cohorts to 1960 and 1970 census data, the model
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again performed well, with model projections differing from the census
by 1ess than 10%. Furfhermore, multiple runs of the POPSIM model resuilted
in highly comparable outputs, indicating the vériance of model output
is minimal and replication of model runs unnecessary.
The HOSPEP mode) estimates for years 1962, 1965, and 1968 (using
POPSIM outpud) were combared to availabfe data. To conduct these tests,
the four HOSPEP parmaeters were trended over tiﬁe. These four parameters.
are: - |
(1) The hospital adnissions parameter, 8,
(2) The conditional probability of diagnosis,
(3) The conditional probability of surgery, and
(4) The conditional probability of hospital size.
In gddition. two other time alterations in parameters were made to
improve HOSPEP estimates. First, the probability of hospital insurance
for pergons over 65 years of age was set equal to 0,98 after the advent
of Medicare in 1966. Second, two estimates of the mean of the Tog-normal
distribution of length of stay were used, one from 1960 data to project
the 1960-1965 period and the ther from 1968 data for the 19661982 pefiod,
The following briefly 1ists the HOSPEP tests performed and the results of
these tests: | |
(1) Pfedictions of the percent of persons with hospitél coverage by
age comparad with 196263 and 1968 HIS data -- results o com-
parison favorable with differences less than 104,

ig) Predictions of the discharge and admission rates perll,oco
individuals by age compéred with 196062 HDS data aad 1935 and
1968 NCHS data -« least comparabie results in cligr age groups
with up to 16% differances.
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(3) Predictions of.number'of discharges by age, surgery, and size of

| hospi tal 6ompared with 1962-63.HIS data and 1965 and 1968 HDS
data ~~ results of comparisons favorable in most areas with few
predictions diffe}ing ffqm data by more than 10%,

(4) . Predictions of hospital discharges by diagnosis compared'w{th
1965 and 1958 HDS data -- results vary widely across diagnoses
with differences nearing 25% in some diagnostic'categories.

(5) Predictions of average 1ength of stay by ageacombared with
1965 and 1968 HDS data -~ largest differences. (14% to 17%) in
1958—60,bompar1sons for youngest and oldest age groups.

(6) Predictions of hospital days of care by age and diagnosis come
pared with 1968 MCHS data -~ results of comparisons in age
brackets very favorable with 1% to 3% differences, comparisons
across diagnostic categories variable with some differences

.greater than 35%.

As can be seen from the abdve list, in general’, HOSPEP predictions com-
.pared favorably with historical data. The model appears to be least
accurate in its estimation of variations in hospital utilization caused
by different diagnostic conditions, thus 1mplyﬁng further vefinement of
diagnostic definitions and probabilities is required before the model:
can adequately treat tnis relationshiyp,

An examination of HOSPEP prbjections of hosp1tal'days of care under

two health insurance conditions -- compl ate éoVerage and current coverage

BEST COPY AVAILABLE
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level ~- revealed that the model is relatively insensitive to the effects
of hospifal insurance on demand. In fact, in the mode?} pfediction the
total bed days utilized was greater for the current coverage condition
than for complete caverage ==~ an unlikely occurrence.

Tests of HOMAN predictions were hampered by the relative absence of
manpower data on short-term general hospitals. This assessment was further
constrained By the fact that HOMAN predicts the requirements for ihpatients
only. Under these éonstraints'RTI obtained estimatas of hﬁspital marpover
from various sources fof HOMAN comparisons. Prediction§ made fdr each of
12 types of manpower2 were compared to available estimates for the
years 1962, 1965, 1966, and 1968. Due to data limitations, compariéons for
most manpower éypes were only made using 1966 figures. HOMAN predictions
for that year were below other est1mates in all manpower categories.
Percent differences between the HOMAN estimates and'the other estimates
were approximately 20% for most manpower categories. Due to the'prablems
yjth availahle data and Since the comparisons were made against estimates
which include both 1npatient‘and outpatient manpower reauirements, the
rasults df these tests cannot be assessed.

Four series of HOMAN projections of US short stay hospital manpower
requireﬁents were computed for the period 1972-1932, Each of these series
was based on four combinations of assumptions for the care requiremants

and performance parameters (i.e., both parameters fixed, the care

YTha actual sourcas are unspaci®izd 1a the RTL firal veport. In our ciis
-versations with them they poted that these estimates werae obtained frox a
wide variety of daca sourcés.

2| aboratory technoiogists, technicians and aides; radiology technologists

and aides; pharmacists and pharmacy aides; physiua1 therapists and PT aidas;
Ris, LPNs and nursing aidaes,

., K1
“4 ---ui :‘5 ‘v;‘.
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parameter fixed with the performance time variant and vice versa, and
both parameters time variant). These projections demonstrated the rela-
‘tive sensitivity of manpower requirements to the time trends of these
parameters.' In certain manpower categories the percent differenee‘in
the 1982 projection were in excess of 50%. Since the model assumptions
of linear time trends in parameters are essentially unconfirmed, the

results of these tests tend to raise questions about the accuracy of
HOMAN predictions,

4.4.3 Operational Requirements

The four classes of operational requirements -- data, computer
facilities, personnel skills and time -- discussed in supsection'4.2.3

apply to tﬁe RTI model as well. Each of these operational requirement
categories is discussed below. |

Requieite Data

Like the HRRC model, the amount of data required to run the RTI model
depends on the user's willingness to use data resident in the current
system. 1If the user desires to deviate from this particular scenario, the
data requirements become enormous. For example, the HOMAN model while con=
ceptually simple, becomes reasonably complex when the diﬁensions of the
various parameters are examinad, This model estimates the requirements for

four types of manpower services each containing two to three personnel
categories in terms of 18 yifferent diagnoses and eigﬁt hospi tat




size categories which HOMAN obtains from HOSPEP. HOSPEP requires two-way
frequeéncy distributions for such variables as diagnosis, age, family

income, insurante status, surgery status, hospital size, and length of
stay in order to generate multidimensional contingency tables. Clearly,
any user wanting to reestimate these multi-variate probabilities must have
» reasonably large aﬁd detailed data baée. Other input data required by
HOSPEP is the complete characterization of the population currently
nrovidaa by POPSIM. POPSIM requives two typas of input data -~ that
required to generate the initial population and that necessary to project
the population through time. The program to generate the initial popu~
lation requires substantial data ihput. This requirement includes such
data as proportion of individuals in each sex/marital status group, pro-
portion in each age/sex/marital status class, parameters to assign age of
husband given age of wife, etc. The event history program requires such
data as the monthly birth probabilities for femaies in eacﬁ agé/marital
status/parity group, monthly divorce probabilitiss since date of marriage,
etc. The input data necessa}y for the 3TI mode1 gréw rapidly, and in
several cases geometrically, as the user requirements deviate' from the

- data resident in current model specification.

Computer Requirermcnte

Sinca two of the subcomporient RTI models are stochastic Monte Carlo
simulations, thay reguirz: greater computar resources both in magnitude
and Sfma than the debvministic modals sush a3 the HOMAN ov tha H22f

mou2l.  In comparison to tha POPSIM and KOSPEP modals, tharefora, the
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~ computer facilities required to run the HOMAN model are negligible. {If.
HOSPEP is run without reestimation of data (i.e., contingency tables).
RTI has experienced typicaI run times of one to two minutes on an IBM
system 360/model 75 with input consumer populations_tota]ing about
20,000 persons. 1f reestimation of HbSPEP parameters in the form of con~-
‘tingency tables is considered, computer run time may veach 30 minutes

" on computers witn speeds comparable to the IBM 360/75. To ggnernté a
paopulation of 20,000 consumers ROPSIM requires approximately 10 minutes
of CPU time on an IBM 360/model 50 and to determine the event history
for one-fourth of this population (6,000 individuals) through ten years
in two-year increments vequires approximately 30 minutes of CPU time on
an 1BM 360/mocze1 50, -

Furthermore, POPSIM and HOSPEP both have relatively large computer
sforage requirements because of the size of the population and the number of
attributes as well as condftional probabilities necessary to project the
population through time and determine hosnitaI episodes. Because of the
magnitude of these storage requirements, the RTI model requires computer
facilities with fairly Iarge capacity, on-1ine storage devices, It should
ba noted, however, that RTI states that the POPSIM program can’be run on
systems with 100K bytes of CPU storage and two tape drives, but such
minimal configurations are not recommended,! Programs are coded in
FORTRAN for IRM system 360 computers with the exception of the HOSPEP
estimation of multi-way contingency tables, which is coded in PL-1 for

1page 81 of the Uger's anuau For FR2GIM by B V. Shah prepared for the
Hational Center for Health Statis tics, June 1972,
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"system 369 computers. Thus, the model is compatible with the hardware
and'software of IBM system 360 computers héving FORTRAN compilers (PL-1

compiler is necessary if reestimation of contingency tables considered),

Requisite Teohnieal Skille

The major types of personnel skills required are'cdmputer programmers
and systems analysts. Qf these two types of pérsonnél, computer pro-
graming personnel resources are the most necessary. Due to the magni-
tude and complexity of the RTI computer programs, minor changes required
to transfer programs to the user's computer facilities could require sig-
nificant amounts of programming resources, Systems analyst personnel
are primarily required to oversee this transfer and to design minor
modifications in the model logic. Any major modifications in the model
structure would require dedicated analyst's.time for Tonger perdods. VRI
estimates that the RTI models couid be operational on reasonably compatible

hardware with two man-months of programmer/analyst effort.
Time

Similar to the HRRC, most of the conéumption of time would be
attributed to the transfer of the model programs to user facilities -
and to requirements associated with the model famitiarization. However
due to the stochastic nature of the model programs, the computer time
required by the model to project futura manpower requiremunts may bécqme
significant. Under conditions where decisions must be made within a

relatively short pariod (e.g..;é4 hours), the desired multiple large

scale RTI model runs to test the various facets of a particular problem

would easily exceed these time constraints.




189

4.5 Analyees Using the HRRC and RIT Models

ln thg foregoing sections of this chapter we have described and

evaluated the HRRC and RTI models. 1In our evaluation of these models we
have oncentrated on the components which we feel could be improved
ihrough modification and/or'expansion of éxisting structure. lA1though
this evaluation is focused on these specific model shortcomings, it
should be recognized fhat the RTI and HRRC models are two of the more
comprehensive and detailed model structures within the current state of
the health mahpdwer modeling art. As such their;potent1a1 usefulness
to health manpower analysis activities should be examined by agénéies
performing such'ana1yéisg particularly the organizations for whom these
models were deéigned. To perform this examihation these organizations
need to become actively involved in applying these models to their current
problems’, for it 1s_on1& through such "hands on" actiéities that the .
analysis deficienéies of the model are identified.

~ One could continually describe additional attributes which might
improve the predictions of these models; however, the most appropriaté
way to isolate those attributes which are essential tolthe planning anu
programing activities of these brganizations is to apply tha model to
actual problems. Indeed, without such exercises it is quastionable
whether any of the above modifications or extensions should be investi-
gated since many of these alterations may prove to be unwarrantéd witﬁ

respect to a particular problem environment.

149
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In this applied examination of the HRRC and RTI submodels it should
be recognized that even though both models provide a mechanism for
estimating future health manpower demands or requinaﬁents, they approach
this project1oﬁ problemjfrom alﬁernate perspebtives and hence are
applicable to somewhat different ana]ysis questions. The HRRC model
describes the behavior of health consumers and health manpower in the
physician services, hospital services and nonphysician manpoyer'maﬁkets.
Thus, the model focuses on'the analysis of the impact of fluctuations
of parameteré fn these markets (e.g. prices, wages, health service demanas,
supply constraints) on the demands for future health manpowgr. The RTI
model is essentially designed to provfde a projectipn‘tool (similar to
those develobed for census projections) tolestfmate the future requirement
for health manpower under aTternate assumptions. Analyses using the
RTI model focus on the consequences of changes in health care requiraments,
'manpower productiviéy and personnel utilization: (combined with future
estimates of the demographic composition of the population and the associated
utilization of hospital servihes)gon requirements for nonphysician health
manpovier, It should be further noted that the HRRC model primarily cone
centrates on the demands for physician services and nursing personnel
with.only 1imited treatment of allied health personnel; whereas the RTI
mod21 focuses on allied hsalth and nursing personnel requiremeﬁts. .

There are essentially two types of analyses which could be explorad
using phe HRRC preliminary oparational model. First, the impact of'

échieving certain program or policy goals on health manpowar damands and

- (30
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health care prices could be investigated. By altering the values of input
parameters to correspond to the achievement of a particular program
objective (e.g. a 10% annual increase in the number of medical school.,
graduates, a.bompletely insured population with a preset coinsurance
rate, a redistribution of physicians across the medical specialties),
the model would provide estimates of what could be the consequences to

. the health system could be if these programs are successfui. The second
tyre of ané%yses addressed by the Mark 11A is the estimation of future
variaﬁions in the demand.and supply for inpatient care,'outpatient

care and nonphysician ménpower.which result from estimated changes
in-population compositions or from chﬁnges in health service prices

and pgrsonhel wages. -

The HRRC final report describes several potential amalysis experimedts.

most of which fall into one or the other of the above analysis cgtegories.
These experiments include; alternative assumptions regarding birth

rates; the distribution of iécome among consumers; physid1an viork
patterns; specialty choice patterns; number of foreign and domestic
medical schoel graddates; variations in the éupply of RNsy and the effects
of National Health Insurance plans., The results of,exercising the mode)
undar one or several of these analysis conditions would provide substantial
insight .into the relative strengths and weeknesszs of the modzl as an
snalytic tool. In addition, a single run of the model using current

astimations of model parameters to pradict fubu-e damands for manpowse




vould enable useks to assess the model's predictive capabilities.! These

model predictions could be examined for reasunableness and the model estimates

of the demands for nurses in hospital services.could,bg compared against
similaﬁ_(but.not'identica1) estimates made using the RTI model.

As noted above fhe brimary analysis role for the RTI model is to
estimate futuré demands for short temm general hosoital (STGH) personnel
under alternate assumptions.f As such, th%s model provides-maﬁpowep
requi}ement targets for organizations concernad with modulating manpower
supplies. The model algo provides insight into the potential variations
in these requirements which result from global changes in the health care
delivery environment (e.g.,a completely insured population or changes in
the age composition of the population). A Jimited set of ana]ysis experi-
ments have been performed? by examining the consequences of maintaining
current trends in hospital operating characteristics (e.q., number of lab-
oratory tests performed per admisgion) and in manpower productivity (e.g.,
number of man hours’per test) or fixing these characteristics at their
current level. The results of these experiments indicate the relative
sensitivity of the model and perhaps the relative sensitivity of.STGH
manpover requirements to these operating characteristics. Another set
of experiments which might provide more useful insight into the creation
of manpower planning tarqets or the evaluation of cyrrent targets would

be to develop expected values for unper and lower 1imits of model input

1
In our conversations with the HRRC staff they noted that they plan to
parform such model simulations 4o examing the estimated values and .
paraneters of the model, 1t is our understanding that such mod2! runs
have not yet bean mada.

9 .
Ten Year Projections of U.S. Manpower Requiremants for Short Term Genoril
2ospitals in Five Personnel Categories « Final Report for Contract
# NIH-71-4068.
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parameters énd observe the anticipited maximum and minimum requirements
for STGH personng1 , then design and conduct experiments in which the
boundary conditions are modified by relaxing certain input 1imiting
conditions. The outputs of these model runs could then be used to
provide alternative manpower requirements with varying dggrees of confi-
dence. Thus, the purpose of such analyses would be to assist decision
makers in development of more reasonéb1e goals for manpower supply -
nrograms.,

Analysis experiments could move one step farthér up the RTI
model hierarchy (i.e. to the HOSPEP and POPSIM models) and examine the
consequences of departures {n hospital utilization resulting from changes
in current nopulation attributes (e.g. variations in birth rates, income
parameters, residence and mobility, etc.) or changes in the relationships
between various consumer attributes and hospital utilizatien. Experiments
in these areas are much more complicated to implement since they imply
a reestimation of model parameters. Problems with data availability and
computational requirements in this reestimation process could possibly
be avoided by selecting reasonable hypothetical parameter valués, such
as birth rates, increases in insurance coverage, etc, However, for many input
parameters, and particularly conditional probabilities, this selaction
procedure would be difficult to perform in a judicious manndr. The puipose
of medifying thase input parameters could either be to reflect the conse=~
quences of a particular program goal (e.g.,as specified in a rational health |

insurance program) or to adivst hospital viildzaticn charactaristics which




might be anticipated in the futuie,such as increased utilization of out~
patient faoilities or health maintenance organizations.

Finally, a-word of caution: we anticpate that the results of the
above analysis experiments will fall short of expectations and predict
implausible events under certain conditions. Such an occurrence does
not however imply that these exercises were of little use or that the
model should be disposed of in favor of more standard techniques (e.g.,
manpower to population ratios). Rsther;the nod¢1s snould ba examined _
for specific deficiencies which led to these results -~ candidate short-
comings for such an investigation have primarily been the topics of
material presented in previous evaluative sections. Not oniy will such
an 1nvestigation provide information necessary te modify or reestimate
model components, but it nill also provide insight into the health manpower
processes which deternnne the state of this complex interrelated system.

| Furthermore, without this active participation in such model application,
it is unlikeiy that model users will develop the requisite understanding and
know]edge necessary to identify desirable attributes of subsequent
modeling efforts, and as' a consequence,these efforts will construct

models which are relatively unresponsive to user needs.
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5.0 SUMMARY CONCLUSIONS AND RECOMMENDATIONS

In chapter-3.0 we examined the ability of 56 health manpower models
to address general analysis problems confronting regional, state, and
national health manpower planners. Chapter 4.0 presented the results of
VRI's detailed evaluation of two of these models. This chapter describes
'the summary conclusions and recommendations resulting from these ané]ysis
activities.

5.1 Summary Conclusions '

The following 1ist presents the 14 major conclusions which summarize
the salient results of'the foregoing analysis. These conclusions are
presented in order of their appearance 1q the text, rather than in order
of relative importance. Detailed rationales for these conclusions and
discussions of other less signifidhnt insights are given in the text of
chapters 3;0 and 4.0.

(1) The models examined treat a broad spectrum of health manpower analysis
topics which overlap in certain subject areas and are mutually exclu=
sive in others, For tha most part, tha collection is comprised of
models which are the resulis of independent research activities and
have structures that would be difficult to integrate to provide
an overall representation of the health manpower system,

(2)  Health manpower models generally caﬁ ha classified as :lascriptions
of thraa intappelated Bealth maapewar sursly srocessss (aducational

choicu, haalth professions education, and aanpover resources) and/or

&
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(3)

(4)

(5)

(8)
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of three interrelated health manpower demand processes (incidence

~ of 111ness, consumer servici behavior, and health care delivery).

Many of these models manipulate parameters describing tﬁe three
economic markets (health education, health service, and health
manpower) which govern the 1ntera§t10ns among thésé processes.
Most of the modeling activity is concerned Qith analysis of the

_demands for health manpower or the sevvices they perform rather

than with the supply and distribution of the manpower. Of the
models examined in this study, the manpower demand and service
delfveny mode]s'outnumbered the models concerned with,variatioﬁé‘in
the stock of health manpower and the distributional problems of
health manpower supply by mowe than two to one.

Demand models generally attempt to relate the demands for health
manbower services to economic factors énd the cuIturalldemographic
composition of the .consumer population. Models of service delivery .
proéfde mechanisms to examine the efficient utilization of personnel
and other health care resourceé. |

Few models address the analysis problem of determining the impact

of specific programs and pelicies on health manpower Supply and
demand. 1In particular, the models are not structured to anaiyze the
numerous programs directed toward modulating the supplies of health
nanpower.,

Of the few models which treat the various aspects of program
assessment, nearly all provide mechanisms for ekamining the impact
of - a successful program on global heaith care objectives. That is,
model inputs reflect attainiment of a desired program result, and
modal outputs provide measures of health system performance. The

LS




(7)

{8)

(9)

(10)
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associated analysis problem ~~ examination of the probabi}ity of
program success -~ genera1iy cannot be -addressed with the models.
Most of the models were developed for application to a particular
type of-prbb1em and are potentially useful to users with similar
problems. However, most of these models must be provided with
appropriate data bases or reestimated before they can be used
effective1y. Many of these models were developed and tested with '
data specific to a particular health manpowar environmant or were
constructed with theoretic structures which require data.

Health manpower models are usually descriptive fathér than pre-
scriptive in nature. That is, most models employ regression
analysis or Mdnte Carlo simulation techniques to describe health
manpower processes. Models which prescribe or recommend an optimal
course nf action are much fewer 1h number and are principally cone
cerned with the efficient ut%]ization of health personnel.

Less than one~third of the models examined‘have tested their pre-
dictions against actual' health system behavior. This may be due

- to the fact that most of tha models were apparently daveloped for

one-time use as research vehicles to try to explain how sectors of
the ‘health system operate, rather than as repeti%ive tools for
planning,

The HRRC pratiminary operational model (Mark IIA) is an fncomp1ehe
version of the conceptual (Mark II) HRRC model. As a conmsequence,
tﬁe Mark 1A doas not bieat many of the parametars usaful dn poligy
analysis and omits & aumnar of facturs wnich influence the behavior

of simulated rrocassas. An assoniated criticism of the Mark IIA
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model s the wide differentiation 1n the level of detail and degree

of sophistication offered by one model sector versus another.

(11) The Mark ITA model does represent one of the more detailed
operational models of the microeconomic behavior of health
manpower processes. |

(12) The RTI model is & tool to estimate future, short-term general hospital
manpower requirements under the assumption that unlimited supplies -
of resour tes are available, current conditions or obaerved trends
in the prevision and consumption of ho;pitai services remain con-
stant, and the ratio of hospital services provided to manpower
requirements is. some trended constant over time. Accordingly,
the validity of RTI model outputs (predictions) is highly dependent
upon the degree of change experienced in the utilization of hospital
services andihbspitai personnel management and operating
characteristics,

(13) The RTI model provides .eliable estimates of hospital episodes in

the aggregate and may be useful as a manpower planning device.

5.2 Recommerdations

The three principle VRI recommendations resulting from this study
are:
(1) Future health manpower modeling efforts should place greater emphasis
on addressing the impacts of governmental programs 5nd policy actions

on the h2alth manpower syster, That i5, greater esphasis should
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be placed on the development of mndels for use as planning and

programming tools (vis & vis research or exp]anatory studies).

(2) A greater.proportion of future model efforts for planning purposes
should, concentrate on describing the effects of programs aimed at
increasing the supplies of health manpower Services and the effective

| distribution of these services.

(3) Major health manpower planning agencies should attempt to employ
health manpower models as operational tools. These modals should
be exercised on a continual basis by health planning analysts.
Continual use will generate an inventory of information that can be
used to address decision problems in a responsive manner. This
hands-én-experience will provide insights into the deficiencies of
existing models and 1nd1¢ate where future model development efforts
should be devoted. Allocation of modeling support without such

experience will result in modeling efforts that are unresponsive to

user needs,

. . LU9
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