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ABSTRACT

Health care has undergone a number of radical changes during the past five years. These
include increased competition, fixed-rate reimbursement systems, declining hospital occu-
pancy rates, and growth in health maintenance organizations and preferred provider organ-
izations. Given these changes in the manner in which health care is provided, contracted,
and paid for, it is appropriate to review the past research on capacity management and
to determine its relevance to the changing industry. This paper provides a review, classifica-
tion, and analysis of the literature on this topic. In addition, future research needs are
discussed and specific problem areas not dealt with in the previous literature are targeted.
Subject Areas: Health Care Administration and Service Operations Management.

INTRODUCTION

Health care managers are confronted with a number of crucial decisions regard-
ing the management of operations. Rising health care costs result in pressure on
health care providers to reduce costs through more effective resource management
across the entire health care system. In addition, trends toward growth and integra-
tion in health care organizations have rendered invalid much of the earlier research
performed during a time when health care essentially was characterized as a cot-
tage industry. Given these changes in the health care environment, it seems appro-
priate to assess previous research on health care capacity planning and manage-
ment and to determine its relevance to this changing industry. In addition, it is
necessary to consider those features of the new environment which should be ad-
dressed in future research.

Throughout the 1960s and early 1970s, national health policy fostered the ex-
pansion of the health care system in an effort to improve the availability of quality
health care. During this time the federally sponsored Medicare and Medicaid pro-
grams were established, and employer-paid health benefits became the norm. The
burden of health care costs was shifted to third parties who reimbursed health care
providers under a cost-based system. Health care expenditures rapidly increased from
5 percent of the gross national product in 1965 to a current (1986) level of nearly
11 percent. The significant rise in health care costs also has been attributed to such
factors as increased technological costs, an aging population with health problems,
defensive medicine, excess capacity, and an increased number of well-trained spe-
cialists demanding higher wages. As a result of escalating health care costs, the
government has enforced cost containment by implementing new fixed-price payment
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reimbursement methods that reward more efficient utilization of resources.
Employers have attempted to limit health care spending through the use of increased .
insurance deductibles, health maintenance organizations (HMOs), and preferred
provider organizations (PPOs).

Along with cost-containment pressures, health care managers also must con-
tend with an extremely competitive marketplace. New types of health care organiza-
tions including freestanding surgical clinics, emergency facilities, and birthing centers
compete directly with hospitals to provide ambulatory care services. Hospitals are
joining investor-owned and nonprofit multi-institutional health care systems. Fur-
thermore, because of the growing supply of physicians and other health care pro-
viders, there is increased competition for the patient market share as evidenced by
extensive advertising and marketing activities.

While previous papers have reviewed the literature written on specific topics
such as blood banks [85], admission scheduling [75], and surgical-suite manage-
ment [71], these are somewhat dated and do not offer a comprehensive review of
the literature across all facets of the capacity management problem in health care.
This paper provides a review, classification, and analysis of the literature and sug-
gests future research needs regarding capacity management in health care services.

CAPACITY MANAGEMENT IN HEALTH CARE

The management of capacity in health care involves decisions concerning the
acquisition and allocation of three types of resources: work force, equipment, and
facilities. Long-range capacity decisions involve the acquisition of facilities and
major equipment. These decisions place physical constraints on both the quantity
of services that can be delivered and the flexibility of the delivery system to signif-
icantly change its service mix in response to shifts in demand. Health care facilities
can provide either inpatient or ambulatory care where inpatient facilities provide
a greater and more complex mix of services than ambulatory care facilities. Thus the
selection of a health care facility involves decisions on size and location as well as on
the general mix of services to be offered. Other resource-acquisition decisions—
those concerning work force, overtime, and subcontracting—are classified as
medium-range decisions spanning a horizon of six to twelve months. Over this
horizon, the appropriate resource input mix should be determined so that customer
service goals are attained and budgetary limits are not exceeded. In the nearer
horizon, after resources are acquired and demand can be more accurately forecasted,
the scheduling process allocates available capacity to specific tasks and/or patients.

Table I integrates this framework of capacity decisions with the topics that
have emerged in the literature. Past research has decomposed the capacity manage-
ment problem into separate decision areas regarding acquisition and allocation deci-
sions for facilities and work-force resources. The literature has examined these
capacity issues in both inpatient and ambulatory care facilities. Subsequent sec-
tions will offer a review of articles in each of the categories in Table 1.

FACILITY ACQUISITION DECISIONS

Decisions involving the acquisition of physical capacity typically have addressed
the issues of how much capacity is needed and where these additional resources
should be located. In health care systems, facility size and location issues are par-
ticularly complex because of the interaction between the demand for services and
the demographic characteristics of the population surrounding the facility. Health
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Table 1: Capacity decision themes in the literature.

Facility Resources Work-Force Resources
Acquisition decisions Facility location and aggregate capacity Hospital staffing
size
Size of inpatient care units Ambulatory care staffing

Size of ambulatory care facilities

Allocation decisions Inpatient admissions scheduling Assign workers to days and
shifts
Surgical facility scheduling Assign workers to units
Ambulatory care scheduling Assign workers to tasks

care decision makers were motivated during the 1970s to use a variety of opera-
tions research techniques to analyze regional size and location planning problems
as a result of government policies requiring the justification of capital improvements.
As will be shown, the majority of research on facility location and size has con-
cerned regional planning systems containing both ambulatory and inpatient health
care facilities. Other facility acquisition models have studied the size of inpatient
facilities, often referred to as the ‘‘bed-allocation’’ problem. We describe the bed-
allocation literature in this section since this capacity problem has long-term impli-
cations for the size of an inpatient facility as well as for the types of services
delivered. Research on the size of an ambulatory clinic also is included in this sec-
tion, but is very limited in scope. Table 2 summarizes a representative sample of
research on the topic of facility acquisition decisions.

Facility Location and Aggregate Capacity Size Decisions

Service location was first studied by Toregas, Swain, and ReVelle [110], where
alternate locations were evaluated using total travel time as a measure of effective-
ness. In a later study, Abernathy and Hershey [3] determined the locations of a
specified number of primary health centers with the objective of maximizing utiliza-
tion measured as a function of distance, socioeconomic factors, and personal pref-
erences. Shuman, Hardwick, and Huber [96] integrated location and size decisions
in locating HMO ambulatory clinics in a metropolitan area with the objective of
maximizing the number of members who subscribed to the HMO. This research
featured economies of scale by requiring each clinic to operate above a minimum
capacity subject to a limit on the amount of capital expenditures.

Other authors proposed extensions for regional location and size decisions with
regard to the level of care offered in each facility. Level of care is defined as the
range of technology and subservices available. Parker and Srinivasan [83] deter-
mined the types and locations of facilities to be added to a regional health system
based on a methodology that required consumers to rank attributes affecting their
choice of health care facilities including a nurse practitioner’s office, physician’s
office, or primary care center. Dokmeci [22] examined a hierarchical health care
system where demand at one level determined the capacity requirements for higher
levels of care. In that model, the number and location of facilities at each care
level were selected based on the objective of minimizing patient travel costs and
investment and operating costs (which differed according to type of facility).

The reallocation of capacity within an existing group of regional health care
facilities is another acquisition decision. Ruth [89] studied the situation where beds
in each hospital in a region were classified according to three care levels. The model
minimized the costs of acquiring additional capacity and upgrading beds to a higher
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care level while satisfying all demand for inpatient services. Geller and Yochmowitz
[35] investigated the use of various bed closing rules in the reduction of maternity
beds in a region. McClain [72] provided for additional flexibility in a model that
derived regional obstetric bed requirements by permitting gynecological patients
to be admitted to the obstetric unit.

Many of the approaches for facility size and location decisions use analytical
techniques dominated by the assumption that the distance to be traveled acts as
a barrier for individuals requiring health services. Numerous empirical studies, par-
ticularly those published outside the operations management literature [18] [27]
[34] [73] [92] [103], have established the significance of distance and time factors
on a hospital’s utilization in both rural and metropolitan areas. Other factors such
as service mix, size, price per day, amount of labor inputs, physician affiliation,
community visibility, and patients’ socioeconomic groups have been found to af-
fect a hospital’s market share [18] [27] [119]. Thus, while travel and distance attri-
butes have been considered in facility acquisition decisions, there has been little
integration with other factors having an impact on the demand for health care ser-
vices and the development of location and size decision models.

Although regional planning models have considered facility costs in determining
the size and location of various regional medical facilities, the concept of economies
of scale has not been featured explicitly in most capacity research. Early empirical
studies [9] [30] [31] [47] [66] of hospital costs showed conflicting evidence on the
existence of economies of scale. A recent study by Banker, Conrad, and Strauss
[6] demonstrated that economies of scale were not apparent until patients were sep-
arated according to age. Similar conclusions were reported by Hornbrook and
Monheit [50], who suggested that complex medical services should be delivered
through regionalization of services or some multi-institutional arrangement to
benefit from economies of scale. While some authors [22] [83] {89] capture dif-
ferences in the level of care offered at each facility, most size or location models
do not directly consider the question of which services will be delivered at each
facility, a question crucial to the economies-of-scale issue. Although a larger number
of services increases market share [27], a large service mix at each location leads
to increased investment and operating costs. A study of the Kaiser program [69]
found that this large, multihospital HMO concentrated specific types of patient
services in a small number of widely dispersed hospitals in order to reduce costly
excess capacity. Recent studies [18] [73] indicated that a patient’s willingness to
travel a longer distance for medical care depends on the specific type of services
sought.

Rather than using an integrated approach for facility size, location, and ser-
vice mix decisions, researchers have decomposed the problem into the determina-
tion of the size of each service within a single facility. In particular, researchers
have examined the size of medical units in both ambulatory care and inpatient
hospital facilities. In the following sections, the size of service units in hospitals
and outpatient clinics will be reviewed.

Size of Inpatient Care Units

The literature on the size of inpatient care units assumes a patient requires
a single medical or nursing unit throughout the entire stay. Patient medical care
units are grouped according to patients’ diagnoses, nursing skill requirements, and
available equipment. In most size models, researchers considered the interrelationship
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between the size of a facility and the use of policies for dealing with inadequate
capacity. Patient movement between different medical units may occur when the
appropriate treatment services are not available at the time of admission. In this
case, a patient is assigned to an inappropriate care unit and, when circumstances
permit, the patient is moved to the correct treatment area. Other responses to ex-
cess demand for services include the denial of admission to nonemergency patients
(and their placement on an ‘‘on-call waiting list), the relocation or discharge of
other patients to accommodate the needs of a newly arrived patient, or forfeiture
of revenues through the transfer of a patient to another hospital.

Queuing theory has been used to model the behavior of hospital occupancy
with respect to arrival rates and length of stay in order to determine the appropriate
bed complement. Young [122], Shonick {93], and Shonick and Jackson [94] ex-
amined the improvement in utilization resulting from policies that maintained a
fixed number of beds for emergency patients while nonemergency patients were
placed on a waiting list when only emergency-designated beds were available. Parker
[84] simultaneously sized two medical units based on the flexibility resulting from
the sharing of bed capacity when one unit was fully occupied. Esogbue and Singh
[29] offered an approach that explicitly considered the costs due to over- and under-
utilization of bed resources. A total cost function consisting of shortage and overage
costs for each patient type (i.e., emergency and nonemergency) was used with a
queuing model to derive the optimal unit size for each classification of illness. The
costs of maintaining an empty bed were balanced against the costs of refusing ad-
mission to a patient—costs which might include lost sales, lost goodwill, and pen-
alties for not meeting demand. Kao and Tung [58] derived the size of each patient
care unit in a hospital where the number of hospital beds already had been deter-
mined. Beds were assigned to each service using a queuing model with forecasted
average annual demand. A marginal analysis technique then was used to allocate
the remaining capacity to specific services in an attempt to minimize the overflows
occurring because of month-to-month variations in demand rate.

One of the major limitations of queuing theory approaches is the assumption
of a Poisson arrival rate. In an early study, Young [122] tested the use of his queuing
model against the results of a simulation model where scheduled admissions arrived
at approximately the same time of day. It was found that significantly different
results were obtained by the two techniques primarily because of the queuing theory
assumption that arrivals were equally likely throughout the day. Swartzman [106]
measured the hourly variation in daily arrival patterns and found that unscheduled
arrivals could be represented by Poisson processes with time-varying arrival rates
for different periods of the day. However, as discussed in [44] the assumption of
a Poisson arrival rate for nonemergency patients substantially overstated the required
number of beds since admissions could be controlled through the use of a scheduling
system. Hancock, Magerlein, Storer, and Martin [43] studied the interrelationships
between admissions scheduling, hospital occupancy, and facility size with a simula-
tion model that assumed Poisson emergency arrival rates.

Simulation models also were used to evaluate the effects of several different
size policies on the number of patients placed in higher or lower quality inpatient
care units. Goldman, Knappenberger, and Eller [38] investigated the performance
of different policies for allocating beds to medical care units. The simulation model
assumed that nonemergency patients waited for admission when a medical unit
waspfullysutilizedrandsthat emergency patients were admitted to an inappropriate
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unit during periods of inadequate capacity. Goldman et al. also investigated beds-
to-rooms policies to determine the effect of allocating beds to private rooms, semi-
private rooms, four-bed wards, and a combination of each. Thompson and Fetter
[109] examined size issues related to the number of single- and double-patient rooms
and found little difference in overall utilization levels between hospitals with all
single-person rooms and ones with singie-bed and multiple-bed rooms.

Researchers also have examined the balancing of capacity in situations where
patients move from one medical care unit to another as their physical condition
changes. For instance, patients requiring services associated with coronary care treat-
ment may move between intensive care, coronary care, surgical care, and other nursing
units. As patients progress through the hospital, they may need to be transferred
to a unit already at full capacity. Analytical models have investigated the relation-
ship between capacity levels and progressive patient care movement by representing
the stochastic flow of patients through the use of Markov chains [79] [80] [101]
and semi-Markov process models {117] [108] [54] [55]. The major limitation of these
analytical approaches for sizing progressive patient care facilities is that the models
assume infinite capacity in all medical services. However, the semi-Markov models
of Kao [56] and Hershey, Weiss, and Cohen [49] include a capacity limit on the
number of available beds in the most critical medical unit. Simulation studies [33]
[17] [88] also have been performed to examine the impact of progressive patient
care movement on size decisions.

Capacity decisions regarding the size of a specific medical service can affect
the utilization of other units in an inpatient facility. Schmitz and Kwak [90] con-
structed a simulation model to determine the increase in operating room and
recovery room capacities resulting from an additional complement of hospital beds.
Thomas and Stokes [107] developed cost functions for each support service (such
as laundry, laboratory, and dietary) in order to derive the size of each service based
on the number of hospital beds. Thus, interactions between units of the facility
also have been studied.

Size of Ambulatory Care Facilities

The size of an ambulatory care facility typically is measured by the number
of examination rooms. Sumner and Hsieh [104] determined the capacity of an ortho-
pedic outpatient clinic by simulating the effects of different numbers of examina-
tion rooms on the clinic’s performance on several conflicting objectives. Using the
date generated from a simulation model, regression equations were developed to
predict the room requirements based on management goals regarding total clinic
hours, idle examination room time, average patient waiting time, and average physi-
cian idle time. In other ambulatory care work, Gitlow [37] selected the number
of procedure and counseling rooms that maximized profits for an abortion clinic.
Other authors [91] [113] examined the interaction between work-force staffing and
floor-space requirements in an ambulatory care facility.

FACILITY ALLOCATION DECISIONS

The previous discussion on facility acquisition decisions demonstrates the
strong relationship between the size of health care facilities and the policies regard-
ing scheduling of facility resources. However, the research presented in this section
examines the areas of hospital admission and surgical scheduling under the assump-
tion that the size of eachrmedical service has already been determined. We call
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these scheduling topics facility allocation decisions since the literature assumes that
the resources which typically constrain admission and surgical procedures are beds
and operating rooms. Milsum, Turban, and Vertinsky [75] reviewed research on
inpatient admission scheduling up to 1973; surgical-suite scheduling research up
to 1980 was reviewed by Magerlein and Martin [71]. Our subsequent discussion
of inpatient facilities will complement these two reviews. Ambulatory care services
are reviewed as a separate topic area in this section. Table 3 lists major research
efforts on facility allocation problems.

Inpatient Admission Scheduling

The complexity of the admission scheduling problem arises from the high
degree of physical patient contact inherent in the delivery of health care services.
A high contact environment [14] creates more uncertainty in daily operations due
to variability in arrival times and customer requirements. Admission scheduling
models attempt to maximize bed occupancy levels subject to three sources of var-
iability: emergency admissions, patient length of stay, and patient service-mix
requirements.

While hospitals desire high bed occupancy, slack capacity must be maintained
for emergency admissions. As discussed earlier, a buffer for the uncertain arrival
of emergency patients might have been included in the size of an individual medical
unit. In other situations, admissions models accommodate emergency-bed requests
in the implementation of the scheduling system. Models of this type vary in their
assumptions and methodologies. Kolesar {62] used a Markov decision model to
allow the number of elective admissions to vary each day according to the occupancy
level and an estimate of the number of future emergency patients. Unlike Kolesar,
Barber [7] did not assume that an infinite queue of nonemergency patients was
available and instead captured the stochastic nature of elective admission requests.
Swain, Kilpatrick, and Marsh [105] scheduled elective admissions with a model
that predicted occupancy levels while allowing for modification of the length-of-
stay and unscheduled-arrival-rate distributions. Hancock, Warner, Heda, and Fuchs
[45] used a simulation technique to evaluate an allowance policy that reserved a
fixed number of beds for emergency patients. A rotational schedule of emergency
admissions was proposed by Handyside and Morris [46] where hospitals or dif-
ferent medical units admitted emergency patients only on specified days in a cycle.

Length-of-stay (LOS) estimates for all patient types are needed in order to
schedule admission dates for elective patients. A patient’s LOS varies according
to severity of illness and the admitting physician’s treatment preference. Authors
have estimated LOS using empirical data [46] [62] [88] and with the gamma [10],
Pascal [10], geometric [105], and normal [7] probability distributions. Efforts in
this area are justified by the findings of Robinson, Wing, and Davis [88] that com-
pared the performance of several scheduling approaches under various levels of
LOS accuracy using a simulation model. Robinson et al. found that better LOS
estimates offered significant advantages over more complex scheduling models with
poorer LOS data accuracy.

Patient service mix constitutes another source of variability in the process of
scheduling patient admissions. A patient requires a bed and the use of other
resources such as nursing care, surgical rooms, and support services; the demand
for these resources is dependent on patient service mix. The models described above
all focus on maximizing the utilization of bed resources, which can lead to extreme
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variations in the utilization of other resources. Offensend [82] was the first author
to develop a hospital admission system based on nursing work-load requirements.
In his research, a simulation model was used to compare occupancy-related ad-
mission policies with systems that considered the relationship between admissions
and nursing requirements. Offensend found that work-load variance was reduced
when patients were scheduled by a work-load-based model. In a similar study,
Shukla [95] presented a scheduling system based on nursing work load and con-
cluded that patient service mix had to be considered in the scheduling process in
order to minimize changes in nursing staff assignment patterns.

Surgical-Suite Scheduling

Hospital resources also can be more effectively managed by considering the
interaction between schedules admitting elective patients and those allocating
surgical-suite facilities. One set of admission scheduling models [7] [20] [88] used
a daily quota on the number of surgical patients admitted per day without explicitly
considering available operating room capacity. Magerlein and Martin’s [71] review
of surgical-suite scheduling discussed procedures for scheduling patients in advance
of their surgical dates and techniques for the assignment of patients to operating
rooms at specific times of day. The literature on advance scheduling differentiates
between methods which use a first-come, first-served decision rule and those based
on the practice of blocked booking to reserve operating room (OR) time for indi-
vidual surgeons or surgical specialties [65] {76] [77] [123]. Procedures for assigning
patients to specific ORS at particular times are discussed by Barnoon and Wolfe
[8], Charnetski [13], Esogbue [28], Goldman, Knappenberger, and Moore [39], and
Kwak, Kuzdrall, and Schmitz [64]. Other work in the area of surgical-suite prob-
lems suggests using requirements planning systems for the management of surgical
inventories [102].

Ambulatory Care Scheduling

While hospitals must contend with the uncertain arrivals of emergency patients,
a similar problem exists in outpatient clinics where patients arrive without appoint-
ments. Outpatient clinics provide health care managers with a unique set of environ-
mental conditions that must be considered in scheduling appointments including
high no-show rates, early and late arrivals of patients, confusion and crowding in
waiting areas with limited space, late arrivals of physicians, and inadequate equip-
ment for the treatment of patients. Fetter and Thompson [32] studied the com-
plexities of an outpatient clinic using a simulation model to investigate the perfor-
mance of different levels of load factors (the percent of available appointments
filled), the time between appointments, and office hours on physician and patient
waiting times. In a simulation model of a university health service outpatient clinic,
Rising, Baron, and Averill [87] evaluated a system which scheduled more appoint-
ments during periods of low walk-in demand in order to balance the daily demand
for services. Using an empirical approach, Johnson and Rosenfeld [53] studied fac-
tors affecting waiting times in eight ambulatory care facilities and found signifi-
cant differences in appointment systems and corresponding patient waiting times.

WORK-FORCE ACQUISITION DECISIONS

Work-force capacity is a function of the number of personnel hours available
per unit of time and the composition of the work force in terms of the mix of
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employee skills. Most health care organizations determine the number of full- and
part-time employees of various skill levels through the annual budgeting process.
A summary of the literature on determining the work-force size in health care organ-
izations is presented in Table 4. As shown, work-force acquisition decisions must
consider such factors as (1) the stochastic nature of demand, (2) the difficulties
in measuring the productivity of health care providers, (3) the flexibility facilitated
by the substitution of different employee types, (4) the use of part-time employees
for lowering operating costs and improving schedule flexibility, and (5) the use of
overtime and temporary employees to provide additional work-force capacity.

Hospital Staffing

The majority of work-force size literature has addressed hospital nursing staffs.
This emphasis is understandable; the nursing work force constitutes the single largest
operating cost in most hospitals. In its simplest form, the inpatient work-force size
problem is to determine the number of full-time equivalent nurses necessary to meet
projected nursing hour requirements without allowing for substitution of tasks be-
tween nursing skill levels. Lowerre [68] provided an easy-to-use, general purpose
staffing algorithm to derive the number of full-time equivalent employees needed
to meet staff coverage standards when regular rest policies (such as two days off
per week) and holiday and sick days are accounted for. Trivedi [111] described a
goal programming model that derived staffing levels for both full- and part-time
employees. The model also accounted for substitution between nursing skill levels,
rest policies, and days off. The amount of substitution between registered nurses
(RNs), licensed practical nurses (LPNs), and nurse’s aides (NAs) in Trivedi’s model
was limited to a specific percentage of total demand where staffing coefficients
specified the extent to which one nursing skill level could substitute for another.

Many authors have considered the use of ‘‘float nurses’’ to reduce the size
of the full-time work force. Wolfe and Young [120] first suggested the concept of
“‘controlled variable staffing’’ where nursing units were staffed at minimum levels
and additional workers were temporarily assigned to units experiencing periods of
high demand. Kao and Tung [59] described a linear programming model that derived
the size of a float-nurse pool subject to the size of the permanent staff, the amount
of overtime hours, and the requirements for temporary agency employees. Hershey,
Abernathy, and Baloff [48] used a simulation model to illustrate that a variable
staffing policy could reduce the size of the work force when nurses were placed
in high demand units as needed instead of being permanently assigned to a single
medical service.

Several authors have described more comprehensive approaches to the nurse
staffing problem. A somewhat dated but detailed discussion of planning, schedul-
ing, and controlling the nursing work force is presented in Abernathy, Baloff, and
Hershey [1]. Based on this work, the authors later developed an integrated model
for staffing and scheduling nursing units using stochastic programming with chance
constraints for demand uncertainty and service level objectives [2]. The model
evaluated fixed and variable staffing policies by deriving the size of each nursing
unit, the number of employees in the float pool, and any personnel actions such
as transfers, hires, and discharges. Perhaps the most complete investigation of nurse
staffing is the recent work of Kao and Queyranne [57]. In this study, the authors
used eight mathematical models to investigate the impact of demand uncertainty,
theraggregationrof wwork=force skill types into one equivalent skill level, and the
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effects of time-varying demand on the work-force budgeting problem. Using data
from a public hospital in Arizona, the findings supported the use of nursing staff
models incorporating the stochastic nature of demand and aggregating nursing re-
quirements across skill levels.

The staffing of inpatient support services has been investigated by a limited
number of authors. Gupta, Zoreda, and Kramer [42] used queuing theory to deter-
mine the size of a messenger unit whose function was to transport patients and
other objects in response to requests from all units in a hospital. Connell, Adam,
and Moore [19] applied aggregate planning methodologies to a hospital food ser-
vice to obtain production rates and overtime levels.

Ambulatory Care Staffing

The presence of alternative delivery patterns complicates the process of set-
ting work-force sizes in ambulatory-care facilities. These alternative patterns are
delineated by differences in the mix of health care personnel, the tasks allocated
to each personnel class, and the technologies employed in delivering health care
services. While different types of physician extenders (PEs) such as nurse practi-
tioners and physician assistants are found in medical group practices, surgical
centers, and emergency clinics, there are few commonly accepted standards regard-
ing work-force composition and size decisions with respect to these resources. The
literature on ambulatory care facilities has considered three types of substitution
of tasks among health care providers. These include (1) vertical and (2) horizontal
interchangeability between personnel types and (3) the substitutability of labor and
technology in the delivery of health care services.

Vertical substitution is the dominant delivery alternative in the literature on
work-force size. Several methodologies have been used to determine the optimal
work-force size of each personnel group, given the opportunity to increase a physi-
cian’s productivity by allowing PEs to perform a limited set of tasks previously
assigned only to physicians. The work of Shuman, Young, and Naddor [97] deter-
mined the annual number of physicians and assistants required for a region of ambu-
latory care clinics using a linear programming model with constraints specifying
the types of services assistants can perform and the maximum number of assistants
each physician can supervise. Willemain and Moore [118] also presented a linear
programming model to evaluate capacity in patient visits per day for a physician
with a specified number of PEs. Schneider and Kilpatrick [91] developed two mixed
integer programming models to investigate the formation of health care teams con-
sisting of a combination of physicians, PEs, and/or nurses. The first model allowed
liberal use of PEs and determined the work-force mix for an HMO that minimized
the operating cost of providing comprehensive health services for a defined popula-
tion. An alternate model was formulated to determine the size and composition
of the supporting personnel that maximized the population that could be served
by an existing staff of physicians. Both models also included the possibility of sub-
contracting for medical services not provided by the HMO. In a later study, Carlson,
Hershey, and Kropp [11] used the first Schneider and Kilpatrick model with a recur-
sive optimization-simulation approach to determine the work-force composition
and size in the context of the stochastic nature of patient arrivals, task times, and
patient needs for service. Smith, Over, Hansen, Golladay, and Davenport [98]
studied the economics of a variety of health care teams where the effects of volume
and patient mix on the average cost of delivering a specific service were considered
in an integer programming model.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com



904 Decision Sciences [Vol. 19

Horizontal substitution refers to a situation in which equally skilled practi-
tioners can each perform a subset of the others’ tasks. In his model of ambulatory
health service, Ittig [52] illustrated the use of horizontal substitution between pri-
mary care specialists in pediatrics, internal medicine, and obstetrics/gynecology
where each of these practitioners could treat a fraction of the others’ patients. Using
a linear programming model, Ittig also demonstrated vertical substitution with
family practice physicians who could treat patients of all other primary care spec-
ialists. The linear programming model maximized the services available to a patient
population such as those found in an HMO, subject to financial and physician
availability constraints.

A generally accepted principle is that when technology is substituted for per-
sonnel a higher level of technology will increase the productivity of personnel and
thereby decrease the size of the work force. Shuman et al. [97] determined the com-
position of the work force in a regional planning system in conjunction with various
technology options. They assumed a monotonically increasing relationship between
higher levels of technology and the number of patient visits delivered by an ambu-
latory care provider. Using a broader definition of technology, Ittig [52] evaluated
the substitution effect of ambulatory care for more costly hospitalization services.
He used a linear function to describe the relationship between hospital bed-days
saved through the use of ambulatory care physician visits. Experimentation with
this model in an HMO organization indicated that increased flexibility in terms
of substitution of ambulatory services for hospital care could change the composi-
tion of the work force to provide more comprehensive ambulatory services.

Other methodologies for determining the work-force size in ambulatory care
facilities do not consider substitution between personnel types. Keller and Laughman
[61] used a queuing-theory approach to determine the number of physicians needed
for the morning and afternoon shifts at a clinic. Rather than using actual cost param-
eters, they obtained the optimal number of physicians by specifying the ratio of
the cost of physician idle time to the cost of patient waiting time. Vargas, Hotten-
stein, and Aggarwal [113] developed utility functions using a common unit of out-
put measurement to express an HMO’s multiple performance attributes, such as
average patient waiting time and staff idleness. A search algorithm was used to
maximize total system utility and determine the mix and quantity of labor and
nonlabor inputs subject to budget, technology, and facility capital constraints.

WORK-FORCE ALLOCATION DECISIONS

As in the work-force acquisition literature, the vast majority of research on
work-force scheduling deals with inpatient nursing resources. This is demonstrated
in Table 5, which summarizes past research on work-force allocation decisions. The
nurse scheduling problem in the most general form is to allocate a budgeted number
of nurses to a specific medical unit based on the forecasted occupancy level which
then is used to determine the type of nursing skills required for patients typically
admitted to the unit. Kaplan [60] described a feedback control procedure that com-
pared the scheduled number of nursing hours with the actual number to deter-
mine whether the judgments of the administrator making scheduling decisions suc-
ceeded in using nursing personnel efficiently. In a very complete formulation of
the hospital-wide scheduling problem, Warner and Prawda [116] allowed limited
substitution of tasks between nursing skill levels in a mixed integer quadratic pro-
gramming model that maximized the quality of care by minimizing nursing care
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shortage costs. One of the unique features of this model was the inclusion of a
shortage cost for a particular skill class in a specific ward when the schedule could
not accommodate the nursing-hour requirements across the planning horizon. A
nonlinear cost function for nursing shortages was used to reflect that hospitals may
tolerate small shortages, but the cost of large shortages increases exponentially with
the magnitude of the shortage. Trivedi and Warner [112] offered a methodology
for allocation float nurses to medical units at the start of each shift based on pre-
dicted severity of need. The head nurse’s judgments were used to develop regres-
sion equations for predicting the severity of need for various nursing skill levels
from control variables, such as the number and classification of patients and the
size of the medical unit’s current nursing staff. The severity-of-need predictions
were used in conjunction with a branch-and-bound procedure to evaluate the set
of possible float nurse allocations that minimized the total severity index of the
hospital and maintained staffing equity between medical units.

In response to the desire for the equitable allocation of high-quality schedules
among employees, many nurse scheduling models incorporated the individual pref-
erences of each nurse for a particular shift assignment and for days off. Warner
{115] implemented an integer programming model that minimized the sum of penalty
costs—including the individual’s preferences for certain schedules—and penalties
for deviations from the desired staffing coverage. Miller, Pierskalla, and Rath [74]
also used mathematical programming, but they considered hospital staffing policies
and employee scheduling constraints as two classes of constraints. Feasible nurse
schedules were included in a set of binding constraints while desired hospital staf-
fing policies were treated as nonbinding constraints whose violation incurred a penal-
ty cost in the objective function. A goal programming approach was offered by
Arthur and Ravindran [5] as a methodology for incorporating both individual pref-
erences and hospital objectives.

Several work-force allocation models were concerned with the assignment of
specific daily work tasks to employees of different skill classes. Wolfe and Young
[121] also used their linear programming model to assign nurses of six personnel
classes to sixteen different tasks. Mixed integer programming models were used
for task assignment in long-term care organizations [{12] [67] and mental health
facilities [70]. Q-sort techniques (see [81]) were used by Liebman, Young, and
Bellmore [67] and Lyons and Young [70] to quantify subjective judgments about
the appropriateness of various personnel assignments and to evaluate them based
on the effective utilization of personnel. Cavaiola and Young [12] presented a multi-
ple regression-based technique for classifying long-term care patients according to
their required nursing care activities.

FUTURE RESEARCH DIRECTIONS

The remaining sections of this paper are devoted to a discussion of those topics
in health care capacity management that we believe offer the highest potential return
given the changes currently taking place in the industry. Despite the extensive topic
coverage in the existing literature, changes in the health care environment have signif-
icantly reduced the usefulness of the past research for several reasons. First, re-
searchers have shown the most interest in problems that exist in inpatient facilities,
but the present trend is toward increased use of ambulatory care facilities as a sub-
stitute for hospitalization. Second, capacity management has been studied under the
assumption that health care managers primarily were concerned with the objectives
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of (1) minimizing operating and investment costs, (2) maximizing facility and work-
force utilization, (3) minimizing the distance traveled by the patient, (4) minimizing
patient waiting time, and (5) minimizing the number of patients receiving inappro-
priate care. As will be shown below, managers and researchers now must consider
an expanded range of objectives. Third, demand typically has been represented as
a function of the demographic characteristics of the population in the geographic
region served by the health care facility. However, a health organization’s market
share is constrained not only by distance or travel boundaries but by factors such
as membership in an integrated health care system and the competitor’s location
and service mix. Finally, there is little integration in the literature between work
force and facilities resources, which are interconnected and interdependent com-
ponents of a health care delivery system.

A major challenge for researchers is to incorporate organizational goals in
capacity decisions in order to evaluate alternative strategic plans and their impact
on performance. This requires the development of measures of customer service,
resource flexibility, cost, and market share, and the quantification of their inter-
relationships with capacity decisions. One of the most significant changes in the
health care industry is the increasing number of patients who purchase health care
services through a single health plan rather than through piecemeal fee-for-service
purchases. To remain competitive in this environment, health care organizations
must engage in strategic planning to determine the organization’s allocation of
resources and desired marketplace position. Therefore, during the strategic plan-
ning process, health care providers must decide what services they will provide for
specific markets. This requires that providers shift from a process orientation towards
product-line management, thus creating an emphasis on the profitability of the
service mix.

Future work in capacity management also must consider the increased interest
of the health care community in quality-of-care issues. Consumers and some health
care providers are concerned that quality of care will significantly decrease as a
result of new payment mechanisms that provide a financial incentive to decrease
the amount of care provided. This concern is based on the assumption that more
medical services lead to higher quality care and that under financial constraints
health care providers will use less costly, and possibly lower quality, services and/or
limit the quantity of care. Donabedian, Wheeler, and Wyszewianski {23] offered a
model that describes the relationship between cost and quality. According to
Donabedian et al., as costs increase so do health benefits until the point is reached
at which additional expenditures do not lead to an increase in health status. Beyond
this quality-neutral region, extra medical services become harmful to the health
of the patient. Empirical studies have shown that high quality medical services can
be delivered at a lower cost in specific care settings. Various researchers have reported
that specialized care units such as cardiac surgery improve quality and significantly
lower costs when they are able to increase their volume of patients [26]. Extensive
research also indicates that quality can be maintained when performing services
at a lower cost using less expensive providers such as physicians’ assistants, nurse
practitioners, and midwives as substitutes for more expensive physician care [15]
[41]. Furthermore, it has been found that nonphysician health care providers are
rated higher on quality measures of the interpersonal relationship between the health
care provider and the patient [86]. In research attempting to measure the relation-
ships between cost, quantity, and quality of health care, researchers have used unique
definitions of the quality of the care provided, primarily because there is no univer-
sally-accepted.definition of health care quality. Thus, the research on capacity
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management will need to draw on the continually developing definitions and
measures of quality of care as they are developed and refined.

While there are opportunities for capacity management research in a variety
of disciplines, it is our objective in the following sections to concentrate on research
agendas for the operations management community. Our intent is not to present
an exhaustive set of research questions; rather, the purpose of this discussion is
to motivate future research on this topic. The research areas developed in this paper
are based on capacity decisions that have been identified by health care managers
as important managerial problems for the next decade.

Vertical Integration

Vertical integration is an attempt to control the sources of demand and/or
to enhance control of the inputs through ownership of supply and distribution chan-
nels. A recent trend is the use of forward integration by health care organizations
to reduce the uncertainty of demand volume. Hospitals are expanding into the field
of ambulatory care to provide a source of inpatients and to increase the utilization
of existing facilities and work-force resources. Health care organizations also are
developing insurance and HMO plans that guarantee a patient population for a
given period (usually one year). It has been projected that vertical integration in
the next decade will lead to a situation where health care services will be controlled
by 20 to 40 companies called the ‘‘SuperMeds’’ [25].

The desired result of vertical integration is a balanced health care organiza-
tion that matches demand with most appropriate source of care within the verti-
cally integrated system. Past research has been limited to the work of Dokmeci
[22] and Parker and Srinivasan [83] who examined problems related to the design
of these systems but did not fully capture the trade-offs inherent in vertical inte-
gration. The primary focus of research in this area should be to determine the system
configuration that will assure patients of high-quality, cost-effective health care
services. Research questions to be addressed include the following:

1. What degree of vertical integration is most appropriate for a health care
organization’s operations strategy and competitive position? In particular,
how many distinct levels of care or different types of facilities are needed,
and how many facilities of each type should be offered?

2. Should the vertically integrated system be formed by contractual affilia-
tions with other health care organizations or through direct ownership?

3. What services should be delivered at each level in the system? Specifically,
how much duplication of services at different levels of care should be of-
fered to satisfy consumer preferences, utilize resources effectively, and
guarantee a high-quality service?

4. How much capacity should be available at each care level? (The progressive
patient care literature provides a basis for research on balancing capacity
between different levels of care in a fully integrated delivery system.)

5. What is the relationship between system configuration and future market
share?

6. What are the advantages and disadvantages of sharing resources between
different levels of care in terms of both acquisition and allocation deci-
sions? For example, is the cost of cross-training a nurse practitioner in
both inpatient and outpatient services offset by the benefits of increased
staffing flexibility.and greater opportunities for professional growth?
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7. Should we study capacity decisions in these systems with an integrated
model or should we use a disaggregation approach similar to the materials
requirements planning framework?

8. Isa centralized approach to the management of capacity resources a more
effective strategy than decentralization?

Multihospital Systems

The response of many independent hospitals to an increase in competition has
been the formation of multi-institutional hospital systems [40]. Several factors—
including increasing capital requirements, new technology, and constrained capital
markets—have forced independent hospitals to join systems to improve their ability
to compete for financial resources [124]. Multihospital systems also present the
potential for significant operational savings and downsizing opportunities through
the regionalization of services [69]. Past research on regional facility acquisition
decisions indicates the need for an integrative model for facility size, location, and
service mix across a multiple-site system. Such a model should incorporate the
following factors:

1. Economies of scale within specific service types.

2. Facilitywide economies of scale.

3. The potential for improved quality when services are delivered at a limited

number of facilities, thus increasing patient volume at each delivery site.

4. The impact of facility decisions on market share potential.

Multihospital systems must account for increased opportunities to share com-
mon facility and work-force resources. Research issues to be investigated include
the following:

1. How does the optimal size of an inpatient care unit change when a hospital
is part of a system and has the ability both to transfer patients to a nearby
affiliated hospital and to receive patients from other hospitals?

2. What are the advantages and disadvantages of centralized admission
scheduling for a multihospital system? To what extent will a centralized
admission scheduling approach minimize fluctuations in daily occupancy
and resource requirements at each hospital?

3. Should work-force scheduling models schedule workers across facilities,
thus allowing the possibility of assigning an employee to more than one
facility? Can individual preferences for specific facilities be incorporated
into allocation models?

4. What are the benefits and costs of a centrally managed pool of work-
force resources that float across affiliated hospitals?

5. How does the optimal float-pool size change when models are expanded
to include interhospital transfers and the associated costs of cross-training,
productivity losses, wage differentials, and scheduling and labor control
systems?

6. Should the interhospital float pool be limited to specific categories of
work-force resources?

7. How can Trivedi and Warner’s [112] model be used for allocating a cen-
tralized float pool in a multihospital system?

Hospital Downsizing

Downsizing has been identified as a key strategic alternative for survival in
the turbulent hospital industry [16] {108] [114]. The process of downsizing involves
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reducing the number of hospital beds and related components in the delivery system.
However, there is a concern that many health care providers are overlooking the
importance of reducing capacity in order to minimize cost. According to Egdahl,
““Most of these cost-management approaches will fail in their long-term goal of
overall communitywide (cost) containment because they do not decrease the capacity
of the health care system, especially the number of hospital beds’’ [24, p. 126].
Research on capacity reduction in inpatient services must simultaneously con-
sider facility and work-force resources. This requires that demand be represented
in terms of products rather than only in terms of requirements for a bed and
associated nursing services within a specific medical unit. A product-line approach
defining demand as a package of services consumed by a patient is necessary for
obtaining a well-balanced inpatient delivery system. Other factors that should be
included in inpatient capacity sizing models are
1. Revenue and delivery costs for each product
2. Marginal cost of eliminating or reallocating a capacity resource
3. Decreased aggregate demand uncertainty as HMOs and other insurance
plans limit the patient’s and physician’s choice of hospitals
4. An increase in the proportion of demand represented by emergency pa-
tients as ambulatory care is substituted for hospitalization
5. Reduction in the variability of patient length of stay as new reimburse-
ment methods limit the variation in physician practice patterns
6. Restrictions on sizing and product mix decisions imposed by a hospital’s
competitive strategy; for example, a hospital may choose to deliver a full
line of services at the lowest cost possible or it may limit the number of
services offered based on the distinctive competence that gave the hospital
its strong market position.

Subcontracting Services

The subcontracting of health care services is a recent innovation that involves
contractual agreements between health care provider organizations and HMOs,
PPOs, and other insurance plans. For example, an HMO and a hospital might enter
into a contractual affiliation which specifies the amount and types of reimburse-
ment to be provided when HMO subscribers use inpatient services [63]. In general,
the motivation for this type of affiliation is (1) to lower costs for the purchaser
in exchange for a referral system for the supplier, (2) to offer a more comprehen-
sive range of services to HMO subscribers, and (3) to gain a marketing advantage
through affiliation with a well-established provider. Although the nature of sub-
contracting relationships has been described in the literature {78], the effects of
subcontracting on capacity management have not been investigated.

Research questions that need to be addressed from the perspective of the pur-
chaser include the following:

1. How much capacity should be purchased from supplier organizations and
for what levels of care, given the characteristics of the membership
population?

2. Should contractual agreements be made for aggregate capacity, such as
patient days, or for specific types of services, such as intensive care pa-
tient days?

3. What are the advantages of guaranteeing a minimum demand level to the
supplier? How much of a price discount should the purchaser require if
itvisstorassumersome of the risk concerning actual demand rates?
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4. What factors should be considered in the selection of a supplier? In par-
ticular, how will the quality of services be measured? Should quality levels
be guaranteed in the contract?

5. Should the purchaser use single or multiple sources of services? What
are the costs and benefits of offering patients and physicians flexibility
in their choice of providers?

There also is a need for research that considers the supplier’s side of subcon-

tracting relationships:

1. What are the benefits of these agreements to the supplier?

2. How much capacity should be allocated to each purchaser group? Should
capacity be reserved for fee-for-service patients?

3. How large a price discount should be given to guarantee a minimum level
of demand? Should the price discount also consider the potential for in-
creased market share?

4. How much risk, if any, should the supplier assume if the contracted de-
mand level is not realized? That is, should the supplier demand a higher
price if it accepts some of the risk for actual patient volume?

5. If contractual agreements lead to increased future market share, how will
this impact current and future facilities and work-force acquisitions?

6. If a supplier provides services to multiple purchasers, how would priorities
be established and maintained between patients in each group? For ex-
ample, would the supplier distinguish between customers from different
organizations in the admissions and surgical scheduling processes?

Freestanding Ambulatory Care Clinics

There has been tremendous growth in freestanding ambulatory care facilities,
such as urgent care clinics and surgicenters, that offer a limited range of services
at a low cost and at a convenient location for the patient. These facilities are open
for more hours than the typical physician’s office; as a result, many consumers
are using freestanding clinics for both urgent and primary care needs. Prepaid health
organizations are developing agreements with freestanding facilities in order to of-
fer after-hours services to their members and thus eliminate unnecessary visits to
hospital emergency rooms. While past research has examined acquisition decisions
for ambulatory care facilities, these studies have focused on minimizing the distance
traveled, minimizing the costs of delivering health care services, and holding physi-
cian and patient waiting times to reasonable limits. Since freestanding centers are
in competition with hospital-based emergency rooms and physician’s offices, future
research efforts should concentrate on location and size decisions in a competitive
marketplace with a profit-based objective function. Retail location models [36] [51]
incorporate the impact of a variety of factors on demand and, as a result, offer
an insight for studying freestanding ambulatory clinics. The following features
should be considered in future research:

1. Thelocation, size, and service mix of both competitor’s facilities and affil-

iated clinics

2. The interaction between floor-space requirements and work-force acquisi-
tion decisions as described in [91] and [113]

Patient travel time and distance

4. Comparison of the cost of support services—such as radiology,
laboratories, and pharmacies—offered within a facility to the cost of sub-
contractingssupport services at another site

w
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5. Distance to the nearest inpatient care facility for cases that cannot be
handled in a freestanding clinic

6. The role of freestanding clinics in generating demand for other facilities
in a vertically integrated health care delivery system.

HMOs

HMOs have become a dominant alternative to traditional fee-for-service
medicine. The acceptance of HMOs is part of a trend toward capitation to encourage
efficiency by limiting payments to a fixed fee per person per year regardless of the
quantity of the services delivered. This financial structure requires the HMO to
assume the roles of both a comprehensive health care provider and a risk manage-
ment organization [100]. As a result, HMOs need flexible delivery systems to ac-
commodate the total health needs of subscribers at the lowest possible cost. While
the planning models of Ittig [52] and Schneider and Kilpatrick [91] capture the
ability to substitute between types of health care providers, neither model features
the full range of delivery alternatives that can be provided by multiple site organiza-
tions. Flexibility in HMO delivery systems can be gained by moving specialized
health care providers between clinics and by hiring a more general-purpose work
force that can substitute for other personnel. Research on multiple location systems
should investigate the effects of the following factors on work force composition
and size decisions:

1. The sharing of personnel between clinics to allow providers to deliver ser-

vices on a regular basis at more than one location

2. The substitution of technology for labor by taking advantage of the econo-

mies of scale available when demand is concentrated at a limited number
of facilities

3. Theincrease in quality of service that occurs when only a limited number

of clinics deliver a specialized service, thus increasing volume of patients
treated by specialized health care providers

4. Varying the degree of labor substitution between clinics according to the

preferences of the subscribers served at a specific clinic.
The growth in both the number and the size of HMOs also has generated a
need for research on the design of HMO delivery systems. Research should develop
an integrated model for determining the number of clinics, the location and size
of each clinic, and the services offered at each location. As a multiple-site health
care organization, an HMO faces the same size and location issues as those previous-
ly cited in the multihospital systems section. However, as a result of capitation-
based payments, the following factors also are relevant in the design of HMO
delivery systems:
1. Forecasted resource usage for different demographic cohorts within the
HMO population

2. The relationship between pricing structure in the form of copayment and
deductible levels and the demand for services; for example, how much
will charging a fixed price per visit limit a subscriber’s demand for services?

3. The financial impact of providing capacity inadequate relative to demand:

in the short term, restricting the availability of services will increase waiting
times causing some individuals to purchase services outside the HMO;
the long-run implications of this capacity strategy may include lost future
market share, additional health problems as a result of the lack of timely
care,.and_the substitution of inappropriate care
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4. A marketing policy which addresses whether a customer must limit visits
to a single clinic location within the HMO system

5. Variation in resource utilization patterns across providers in the HMO.

Since the majority of HMO subscribers can change their membership in health
plans during an annual open-enrollment period, it is imperative that HMO capacity
acquisition research feature the relationship between current capacity decisions and
their effects on future market share and competitive behavior. Both work-force and
facility-acquisition models must be expanded to a multiple-period planning horizon
in order to incorporate potential changes in the demand for services and the corre-
sponding demographic characteristics of the changing membership population.
Another perspective of HMO acquisition research is to emulate the work of
Schneider and Kilpatrick [91] and formulate acquisition models that maximize the
number of HMO subscribers served by an existing staff of health care providers.
This type of approach would allow for determining the market segment that can
be best served by an HMO’s current resources.

Diagnosis Related Groups (DRGs)

Medicare’s 1983 decision to use a fixed-price, prospective payment reimburse-
ment system (PPS) for hospital care based on diagnosis-related groups has pro-
vided additional impetus for the movement from process to product-line manage-
ment. DRGs define medically meaningful groups that are predictive of hospital
resource consumption (see [4] for a thorough description of DRGs). According
to Crawford and Fottler, *“DRGs have the potential for changing the manner in
which hospitals are managed and the way in which hospital services are planned
and administered. Although PPS/DRG is currently confined to those hospital pa-
tients who are reimbursed by Medicare, it is likely that this program, or a similar
one, will be expanded to all third-party insurance systems in the future’’ [21, p. 74].
In light of this shift to predetermined, fixed-price reimbursement for hospital ser-
vices, in this section we discuss the impact of capitated payment systems on inpatient
facility and work-force allocation decisions.

Although admissions and nurse scheduling are well-established research topics,
there are numerous opportunities for research on scheduling in a product-line envi-
ronment. As discussed above, most admission scheduling models in the literature
maximize bed occupancy levels without considering the effect of an admission on
the utilization levels of other resources. Similarly, existing nurse scheduling models
use forecasted bed occupancy and historical service-mix factors to determine nurs-
ing skill requirements. In contrast, a product-line-based scheduling procedure is
needed to treat demand for hospital services in terms of all of the resource require-
ments associated with a given product with the objective of balancing the utilization
of work-force and facilities resources. Future research efforts also should consider
differences in physician practice patterns and variations between patient resource
requirements within specific products. Such an integrative scheduling approach
would implicitly consider quality standards by appropriately matching available
capacity with patient requirements.

The use of a product-line concept of scheduling implies that dependent demand
approaches such as materials requirements planning (MRP) may be appropriate
in health care settings. For a hospital, the resources necessary for treatment of a
patient diagnosed as belonging to a specific DRG or product could be determined
from prescribed medical procedures so that all patients would utilize approximately
the'same quantities'and'types of resources during their stays. While it may appear
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that dependent demand procedures would be directly applicable in this environment,
there are several factors that need to be considered in the development of product-
line scheduling procedures. First, the representation of a product in the form of
a bill of material does not accurately describe the dependent demand relationship
in a health care environment. The bill of material used in MRP systems is an arbo-
rescent network in that no part or activity in the bill has more than one part or
predecessor; most health care products can be more appropriately described by a
project network. For instance, a number of simultaneously occurring testing and
preparatory activities precede surgery and other concurrent activities succeed the
surgical procedure. Second, a product-based scheduling procedure should explicitly
consider the availability of all resources in determining admissions and work-force
schedules.

One possible method for the application of dependent demand procedures in
hospitals may be a modification of Smith-Daniels and Aquilano’s [99] CPM-MRP
model. This technique enables the modeling of a product with a project network
structure, determines a schedule of activities for each patient based on existing
resource limitations, and allows for the minimization of fluctuations across facility
and work-force resources. Furthermore, CPM-MRP can deal with the complex-
ities of simultaneously scheduling surgical suites and other hospital resources.

CONCLUSION

In summary, this paper reviews the literature dealing with capacity manage-
ment decisions in health care and develops several research agendas based on the
results of past research efforts and the structural changes occurring in the health
care industry. In the past, research efforts often failed during the implementation
phase because they were unable to balance the conflicting objectives of physicians,
nurses, hospital administrators, boards of directors, and other health care profes-
sionals. However, with the growth of large health care organizations such as the
SuperMeds, it has been suggested by numerous authors that decisions pertaining
to capacity resources now will be more well-defined because of the ease in establish-
ing the objectives of these health care organizations. The future challenge will not
be to balance diverse objectives; rather, it will be to plan and integrate capacity
units. As a result, the next decade offers numerous research opportunities as health
care providers position themselves in a highly competitive marketplace. [Received:
August 20, 1986. Accepted: October 19, 1987.]
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