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TECHNOLOGICAL IMPACTS ON HEALTH FACILITIES 

ANALYSIS AND PLANNING

CHAPTER I 

INTRODUCTION 

Objectives

The general objectives of this study were to investigate the 

types of Impacts which technology has made on health facilities and the 

delivery of health care through the systems approach, and to investi­

gate the applicability of management science principles, approaches, 

and techniques in planning and evaluating potential applications of 

technologically advanced systems in the health field.

As used herein the term "systems approach" means an approach 

which involves identifying and describing each stage of a process or 

system and determining the relationships among the stages, including 

the inputs and outputs for each stage. This is accomplished so that 

functioning of the total process relative to its environment can be 

understood. The term "management science" refers to the body of scien­

tifically verifiable knowledge related to management, and to the appli­

cation of scientific techniques and approaches in the study of mana­

gerial decision situations, the execution of the managerial function, 

and the solution of managerial problems. In this study special

1
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emphasis was placed upon modern industrial engineering and operations 

research as representing the field of management science.

The author's interest in this subject stemmed initially from 

involvement in determining equipment planning programs for health fa­

cilities while working with the Health Systems Research Center at Georgia 

Institute of Technology in Atlanta, Georgia. Experience in these pro­

jects revealed a need and significant potential for the application of 

management principles in planning and evaluating new technology based 

systems for use in the health field. It also made clear the many diffi­

culties and complexities involved in bringing these principles, ap­

proaches, and techniques to bear in the planning and evaluating process. 

Furthermore, a review of the literature revealed that planning and 

evaluating the uses of technology in health facilities to date has been 

essentially devoid of the use of management science except for certain 

limited operational aspects of the facilities design. The conventional 

planning approaches involve primarily intuition, judgment, rules of 

thumb, and trials and errors in planning at other locations.

Interest in this general subject was further strengthened by 

working in the central national office of the Health Care Facilities 

Service, U.S. Public Health Service, which administers the Hospital and 

Medical Facilities Construction Program (Hill-Burton Program). Facts 

about the Hill-Burton Program are included in the Appendix. Partici­

pation in this Service was with the Office of Equipment Consultation.

The overall responsibilities of this Office were to provide profession­

al consultation to health institutions, manufacturers, and individuals 

on problems relating to equipment planning in health facilities and to
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develop guides for programming more effective utilization of necessary 

medical services equipment. This experience brought into focus the 

many impacts which technology had on health facilities and revealed the 

need for planning and evaluation of the many factors which affect equip­

ment planning decisions. An objective, analytical analysis of potential 

technological impacts, was recognized as essential to insure the effect­

iveness of future applications of technology in health facilities.

The need for management scientists to devote more attention to 

the application of their discipline in various fields of planning and 

evaluation has also been recognized. It has been pointed out that man­

agement science has not begun to meet the challenge of planning and the 

development of planning models. Its achievements were primarily in the 

areas of policy and control involving short-range and repetitive oper­

ations (90).

Background

The delivery of health care is faced with rising expectations 

and increasing demands; for many people the promises of medical science 

have been unfulfilled and the delivery of health care has been inade­

quate. manpower, facilities, and organization are major considerations 

in evolving more appropriate delivery systems. However, capabilities 

must also be directed toward elaborating and applying the technologies 

called for by the changing patterns of medical care. The issue of tech­

nology and health care has become of mounting importance. Attention 

must be paid to the reasons for technology's successes and failures to 

date and evaluation made of its current application and planning con­

ducted to insure future effective applications to health care delivery.
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Galbraith (36) has defined technology as "the systematic ap­

plication of scientific or other organized knowledge to practical 

tasks." The term is used here to denote both the substance of that 

knowledge and the process of developing and diffusing its influence in 

the social system of health care. It is not only the machine but the 

system of men and machines serving a task or seeking a goal.

There are several reasons why health facilities have become 

involved in the unavoidable demands and costs of technology and the dis­

ruptive effect of automation on human organization. One reason was that 

technology can increase productivity. For example, physicians in the 

field of ambulatory care may double the number of cases seen through the 

application of technology. In addition, the productivity of some other 

health workers may be raised by even higher factors, as in automation 

in the clinical laboratory. In the face of the national commitment to 

extend and improve health care with already scarce resources of skilled 

personnel, the potential contribution of technology should not be over­

looked. Another reason was economy; the possibility technology offers 

for reducing unit costs of many ancillary service operations through 

trade-offs between capital cost and labor cost.

Other motivations may precede economic ones in product devel­

opment. Technology serves as an extension of the senses to accomplish 

what was once beyond man's powers (X-ray, radioisotope diagnosis, the 

electron microscope, lasers). Moreover, mechanizetlon and automation 

can in some instances produce a better product or service, thereby im­

proving the delivery of medical care. Some tasks can be performed
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better through automation than by manual skills alona. Historically, 

another reason for mechanization and automation has been to relieve 

human beings of repetitive tasks. Certainly this notion mas present 

in the efforts to automate paperwork in medical care, permitting physi­

cians and nurses to spend more time in direct patient care.

The first two attributes of technology - lowered costs and ex­

pansion of capacity - although dominant motivations in competitive in­

dustries, have been formally lacking in the health services. In the 

field of health services there appear to be gaps between the promises 

of technology and the fulfillment of those promises.

Health care facilities in the United States represent an im­

pressive resource. In 1970, there were 7,123 hospitals registered by 

the American Hospital Association. These institutions had 1,615,771 

beds and represent capital assets of over $26 billion (2). In addition, 

there were 12,260 skilled nursing homes with 723,000 beds, 4,840 diag­

nostic and treatment centers, 3,234 public health centers, 4,300 medi­

cal group practice clinics, and thousands of physicians' and dentists' 

offices (44).

National health expenditures have been increasing extremely 

rapidly. The health "industry" is now the third largest in the country. 

It employs more than three million people, end in 1972 accounted for 

more than $83 billion, over seven per cent of the gross national product 
(52). This is compared with a proportion of the gross national product 
of six per cent in 1967, five per cent in 1955, and four per cent in 

1930. This fact has encouraged industry to find a new market, applying 

technology to the health care industry.
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Hospital care was the single most expensive component of nation­

al health expenditures in 1972. The U.S. Department of Health, Education, 

and Welfare reported that 39 per cent of health expenditures in 1972 mere 

for hospital inpatient and outpatient care, over $32 billion (85). Fig­

ure 1 shows how the total health care dollar was spent in 1972. Since 

hospital costs have been rising at an annual rate of sixteen per cent, 

hospital administrators and consultants have shown great enthusiasm for 

applying technology in modern management (2).

The large aerospace corporations, big electronic firms, and 

smaller, more specialized companies have produced systems and equipment 

designed to reduce costs and improve service in every medical field from 

diagnosis to eye surgery. In 1967, the value of medical related items 

totaled more than $6 billion at the time of shipment by the manufactur­

ers. Since then the market has been growing at a compound rate of ten 

and fifteen per cent a year (73). Not long ago an X-ray machine mas 

likely to be a hospital's single most complex piece of equipment. But 

today the range of electronic equipment required by a fully equipped 

hospital covers a broad spectrum, from patient monitoring to kidney 

machine and blood analysis— with computers doing the paper work. The 

electronic equipment being offered to hospitals is expensive and is sub­

ject to rapid obsolescence. Another extremely important factor is the 

influence equipment has on the day-to-day operating expense of the hos­

pital. The operating costs of using and maintaining automated equip­

ment, including such expenses as personnel, materials, and back-up equip­

ment, usually more than match the initial capital expense in three years.

The interest in automation and applied technology is clearly
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justifiable; however, it is frequently misguided. Too often the attrac­

tion of individual capabilities clouds the need for organizational and 

systems analysis necessary to make specific equipment operate effec­

tively.

To date, technology in health facilities has not succeeded in 

proving itself as a means of reducing costs, although its advantages for 

improving the quality of medical care and increasing speed in all kinds 

of hospital operations have been shown (69). However, with the 

exception of fiscal and laboratory operation, the major technological 

advances by which personnel, materials, communications, and transporta­

tion tasks have been automated have not yet been utilized in benefit of 

most medical operations. Health facility mechanization and automation 

have not gained a strong position in any organized, rational manner.

It may be that for any single institution, the Installation of 

complex equipment is too expensive. Frequently, personnel budgets indi­

cate that long run costs could be reduced with large capital expendi­

tures. However, it is far easier and more convenient to hire additional 

personnel than to finance a large sum for equipment. In addition, medi­

cal and political structures may obstruct technological application.

This tremendous advance in the complexities and technical 

capacity of equipment in recent years has affected health facility op­

eration in many ways. It has resulted in a rapid rise of the initial 

cost, day-to-day operating cost, maintenance cost and substantial up­

grading of the skill required to operate, maintain, and maximize the 

use of much of the new equipment. As initial investment rises rapidly, 

the productive use of the equipment takes on even more Important
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considerations, for equipment which is under-utilized may be the cause 

of high medical costs and poor service.

Empire building also stimulates needless expenses. Elaborate 

laboratory equipment is too often bought by hospitals that will use the 

equipment very little. A recent U.S. Public Health Service study repor­

ted that 30 per cent of the 777 U.S. hospitals equipped to do closed- 

heart surgery had no such cases in 1969. Of the 548 hospitals that had 

cases, 87 per cent did fewer than one operation per week. Of all hos­

pitals equipped to do open-heart surgery, 77 per cent did not average 

even one operation per week, and 41 per cent averaged under one per 

month. Little of this work was of an emergency nature, and the mortal­

ity rate for both procedures is "far higher. . . than in institutions 

with a full work load" (86).

The following excerpt describes many of the problems involved

in applying technology in the health field:

Tlie Panel on the Impact of New Technologies was asked by the 
National Advisory Commission on Health Manpower to suggest spe­
cific area of technological Innovations that could improve the 
efficiency and effectiveness of health manpower. Early in our 
studies, it became apparent that the problem is as much one of 
bringing existing technology into working support of physicians 
as it is one of developing new technology; it appeared that 
much of the technology that is needed already exists. The 
problem is to learn how to put it to work in that institution 
which we call simply the health care system. . . . llie have 
reached a firm conclusion that the problem of harnessing new 
technology is paced at least as much by non-technical matters 
as it is by the institutions of science and technology (77).

It is apparent that the need exists to evaluate the impact of 

technology in health facilities and to plan future technological ap­

plications in an organized, rational manner.



CHAPTER II 

LITERATURE REVIEW

Health Facility Equipment Planning

A survey of the literature in this field indicates that there 

was no organized effort in the study and improvement of the planning 

of health facilities prior to the mid-1940's (22), Following the 

signing of the Hospital Survey and Construction Act (Hill-Burton) in 

1946, guide materials for planning, designing, and equipping hospitals 

were published. Harald IH. Craning, n.D. (38), Assistant Surgeon General 
and Director, Health Care Facilities Service, U.S. Public Health Serv­

ice, Department of Health, Education, and Welfare stated:

Hill-Burton is the precursor of both health facility construc­
tion and planning programs. Thu original legislation not only 
mado provision for construction grants, but also gave impetus to 
the first National effort directed toward coordinated planning 
of hospitals and other health facilities.

The initial guideline publications dealt primarily with plan­

ning the floor space and layouts for specific elements of the hospital 

(27). Equipment was included in the detailed schematics presented.

Beginning in 1949, suggested equipment and supply lists were 

published, listing the items shown on the layouts for elements of the 

general hospital. Equipment was listed for each room specified for the 

hospital and quantities were suggested for 50, 100, and 200 bed hospi­

tals (46). This format was followed through seventeen revisions of
10
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the equipment publication until it was discontinued in 1968. However, 

these guidelines provided little information concerning the development 

of an equipment planning program.

Another indication of the methods used in equipment planning 

are the steps outlined in these publications for the preparation of 

equipment lists. This methodology was used in Public Health Service as 

well as American Hospital Association literature. Hospital equipment 

planning was defined as "the development of a method to assure the 

availability of equipment to provide adequate medical care to the 

patient" (45).

The steps are summarized as follows:

a) Assignment of Room Numbers

b) Preparation of Room Legend Sheet

c) Fixed Equipment Check

d) Listing Major-Moveable Equipment

e) Listing Minor Equipment

f) Pricing Major-Moveable and Minor Equipment

g) Totaling room costs

h) Recapitulating costs by services

This order for equipment planning and selection would indi­

cate that equipment planning follows architectural program and layout; 

fixed equipment is selected separately from moveable equipment; and 

equipment costs are compared by item only, not systems involving dif­

ferent combinations of items.

Other planning guides were also prepared by the Public Health 

Service. In addition to check lists of fixed equipment items, other
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publications included questions concerning programming and equipping 

hospital departments and planning documents on specific services within 

health institutions (1, 74). Most of these studies and planning guides 

are based upon an accumulation of expert judgment and experience, rather 

than research or analytical investigation.

Numerous articles and books by hospital planners, including 

administrators and architects, regarding special aspects of planning and 

equipping health facilities have been published in recent years (48, 62, 

80, 101, 102), These publications contain facts, descriptions, and dis­

cussion related primarily to functional, operational, and technical con­

siderations in the planning and operation of health facilities. They do 

not represent or describe a methodology for planning or making decisions 

concerning technology in health facilities, nor do they discuss possible 

techniques for planning such as those of management science. In gen­

eral, they provide information from the current body of knowledge rela­

tive to the functional aspects of health facilities which should be 

helpful in making the estimates and decisions required in facilities 

planning and design.

One publication devoted primarily to the process of planning 

hospital facilities is the Manual of Hospital Planning Procedures (3). 

This manual contains a general discussion of planning procedures and 

identifies some of the major steps involved, as well as the primary par­

ticipants in each step, based upon traditional practice in hospital fa­

cilities planning. Equipment planning, described in the same manner as 

previously outlined in Hill-Burton Program publications, is discussed in 

terms of the purchasing agents' responsibilities.
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Since 1967, five special commissions have reviewed the use of

health facilities and have offered recommendations for Improving the

delivery of health care. The National Conference on Medical Costs,

convened at the direction of President Lyndon B. Johnson on June 27-28,

1967, brought together both providers and consumers of health services

to discuss "how the costs of medical services could be lowered without

impairing the quality." In terms of health institutions, the need for

study on increased productivity and better utilization was described:

Productivity is an economic concept and word which has only 
in the past year or two been used in connection with hospitals.
. . . This is not to say that there has been no concern for 
cost, for effectiveness or for efficiency but only that the 
emphasis in service industries has been more on availability 
rather than on productivity. Now, however, because of an in­
creasing demand and need for a wider extension of health 
services, because of an increasing variety and quality of 
health services, because of disproportionate increases in the 
costs of health services, because of disproportionate increases 
in the costs of health services as measured conventionally, 
because of increasing competition for available resources, 
especially manpower, there is not a concern for the produc­
tivity of health services, especially the productivity of hos­
pitals which are a very large and growing portion of health 
service costs (70).

Another conference was convened by the National Academy of En­

gineering, December 5-6, 1967, on Costs of Health Care Facilities. 

Papers presented here described the need for research and study in 

health facilities planning. "This need spans the entire process from 

the determination of facility needs and evaluating technological alter­

natives to meet those needs through contracting and construction" (65). 

A major report emphasizing the planning and financing of health in­

stitutions, was prepared in 1967 by the Advisory Committee on Hospi­

tal Effectiveness to the Secretary of Health, Education, and Welfare,
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Examples of automation in hospitals more discussed mlth tho Idea that 

their application might improve hospital operation and management. The 

Advisory Committee (81) stated that detailed evaluation by the govern­

ing board and management of individual institutions mas necessary be­

fore introducing nem technology.

Another comprehensive report mas issued in December, 1968, by

the National Advisory Commission on Health Facilities established by

President Lyndon B. Johnson. This report further emphasized the need

for planning and the development of systems for the delivery of health

care. The report stated:

The cost of services mithin health care facilities is affected 
significantly by the planning and design of the facilities and 
the systems they employ to deliver health care. . . . Planning 
must consider future developments in medicine and technology 
and the delivery of health care (78),

The National Advisory Commission on Health Rlanpomer, also es­

tablished by President Johnson in 1968, discussed some of these issues. 

One major consideration of the report mas improving hospital efficiency 

and applying nem technologies to the delivery of health care. The Com­

mission stated:

Because labor costs are 60-70 per cent of hospital operating 
expenses, there is great potential for conserving resources by 
upgrading facilities through capital investments. . . .  To 
build facilities that are able to take full advantage of the 
great changes which have occurred in the technology of com­
munications, transportation, and medical care itself mill re­
quire greatly Improved design (67).

These five special commissions reported on the problems of 

organizations, planning, and cost in delivering medical care. They 

recognized the need for research on the development of a planning de­

cision process for applying technology in these institutions.
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Robert m, Slgmond (83), Executor Director, Hospital Planning 

Association of Allegheny County, Pittsburgh, Pennsylvania, has written 

several articles on planning health facilities. He gives two dis­

tinct definitions for the word "plan": "(a) a scheme of arrangement 

such as a floor plan or street layout and (b) a scheme of action such 

as a plan of a trip or a plan for your life,"

The first definition emphasizes the relationship among the 

parts of a whole in a relatively static situation. This type of plan­

ning Is very Important to individual hospitals, especially when the 

hospital has reached the stage of designing a new wing or renovation of 

an existing building.

The second definition Is more dynamic, emphasizing change over 

a period of time. In hospital planning, this second definition is most 

appropriate. The hospital Is a product of rapidly changing forces, 

medical and scientific, as well as demographic, social and economic. 

"Planning Involves three distinct processes: (a) the process of setting 

goals for the future; (b) the process of developing programs for 

achieving these goals; and (c) the process of continuously re-evalua- 

tlng both the goals and the programs of Implementation" (84).

Hospital planning Is often thought to be synonymous with the

design of facilities. In fact, a most common approach to planning at

Individual hospital Is to ask each service chief and each department

head to indicate specific needs of his unit. These are then converted

Into common units of space and dollars, summed up, found to exceed

potential funds, and cut back by a rugged process of compromise.

This restrictive viewpoint can only lead to buildings that are 
Ill-adapted to the future. Programs to achieve goals Involve
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much more than neui buildings. Hospital plans also include pro­
grams to promote proper utilization - efficient utilization by 
the people being served and efficient utilization of the 
facilities by health personnel (84).

The importance of evaluating hospital activities has been em­

phasized in several articles (100). In once such article important fac­

tors in evaluation were explained:

Proposed automation demands a careful review and analysis of 
hospital functions as a basis for determining the areas re­
quiring consideration. Attention to volume and work-unit 
activities is essential to an understanding of need and extent 
of automation required in a given function. Automation has 
the potential to improve the level of patient care, conserve 
operational monies and skilled personnel, and allow us to 
operate our health facilities more efficiently, effectively, 
and economically. On the other hand, automation not properly 
understood or planned for can restrict function and limit 
flexibility. As design follows function, automation must 
follow function (56).

Rlany authors discussed the need for health facilities to look 

beyond their own walls to the needs of the community and the services 

provided by other facilities. Wasteful duplication of advanced tech­

nology was shown to exist in health facilities (75). This occurs when 

several facilities unnecessarily duplicate services for which demand 

doe:; not Justify expenditures for specialized equipment, staff, sup­

plies, and other expenses. There are too many examples of Institu­

tions installing advanced technology for purposes of prestige, when 

other less glamourous services are needed by the community. Hospital 

activities which have been duplicated include technology for mega- 

voltage therapy, open-heart surgery, artificial kidneys, and hyper­

baric or compression chambers. Alternative to this wasteful duplica­

tion are; (a) referred service - when only one member of a group of 

institutions maintains a service and other institutions refer any of
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their patients who are in need of the service, (h) purchased service - 

when an institution pays directly for a service, (c) multiple spon­

sored service - when a group of institutions Jointly control and oper­

ate a service, and (d) regional association service - when an associa­

tion of institutions sponsors a service (10, 12, 20).

Technology in Health Facilities

The previously mentioned books and articles discuss equipment 

planning and the potential of technology from the point of view of the 

health institution. This approach recognizes health needs and attempts 

to plan solutions to meet those needs, including the application of 

technology. On the other hand, there Is literature discussing the 

value of technological applications and the effect of automation and 

medical instrumentation on the operation of health institutions.

One important research study on hospital automation was con­

ducted by mark 5. Blumberg, HI. D* (11), at the Sanford Research Insti­

tute. This work conducted in 1960 was supported by both a U.S. Public 

Health Service grant and a grant from the California Hospital Associa­

tion. The aim was to determine those hospital tasks where new equip­

ment would have the greatest impact by either reducing co^ts or Im­

proving quality of care. Various hospital departments were discussed - 

laboratory, administration, and patient care areas, including the 

operating room, delivery room and nursery. In conducting the research 
studies, several criteria were developed to divide the many activities 

in hospitals into those which most needed study from those which were 

less pressing. One criterion used was whether a particular area or 

activity of the hospital constituted a major labor cost. A second
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related criterion was whether the cost for this activity had been in­

creasing rapidly in recent years. A third, recognizing the Importance 

of facilities other than hospitals, reflected whether the activity re­

lated closely to care of bed patients. The fourth criterion was whether 

the activity was primarily of a medical or related nature. Finally, 

tasks which were important. Judged by the above criteria, ware also ex­

amined to see whether they required human judgment or skill, or if they 

could be done by machine.

The most comprehensive report to date on technology in health 

services was published in the November, 1969, issue of the Proceedings 

of the Institute of Electrical and Electronics Engineers (89). This 

special issue contained 28 articles on current advances in technology 

which are being implemented in the health field. Material was de­

veloped in four problem categories:

a) Expansion of population served. These articles discuss the 
utilization of computer-communication technology to bring 
both routine and emergency medical care to individuals who 
can not be reached by doctors and use of automated multi- 
phasic health testing to generate a profile of a patient's 
physical condition.

b) Medical instrumentation needs. These articles discuss 
these needs recognizing factors of costs, operator train­
ing, equipment maintenance, requirements for reliability 
and dependability, psychological problems in using tech­
nology, equipment industry's uncertain market, and the role 
of the Federal Government.

c) Cost control. Articles related that the role of technology 
involves primarily the most economical realization of chan­
ges effected in hospital organization and planning, and in 
health systems design; emphasis was placed on realization 
of the economics of scale inherent in centralized facili­
ties.

d) Specific health system problems. Articles discuss poten­
tial technological contributions in ambulance systems and
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design, modeling of health problems, nursing homes, and 
hospital information (89).

The concern mas expressed that the full impact of engineer­

ing has not made itself felt on finding solutions to the hospital's 

problems. Included in the reasons for this failure were; (a) innap- 

propriate approaches to the problems, particularly failure to recognize 

that many of the problems are of a discrete, project-oriented type;

(b) the interaction between individual engineers and medical person­

nel has often been ineffective; (c) the hospitals are not economically 

motivated to avail themselves of technological advances; (d) the 

resources brought to bear on these problems have been inadequate (49).

Other books and articles have discussed the application of 

technology in the delivery of health services (16, 95, 99). The role 

that instrumentation has played in the development of more adequate 

methods for health care includes: automation of clinical laboratories,

patient monitoring, hospital information systems, multiphasic testing, 

artificial organs, medical photography, ultrasound techniques, atomic 

ensrgy, and lasers.

much of the literature discusses the opportunities which exist 

in the development of computer technology (57, 58, 87, 94). To date, 

computer efforts in the hospital field have been largely directed 

toward business applications. Now, however, equipment manufacturers 

are developing systems for patient care purposes. The computer has 

had a great impact on hospital operation; hospitals have discovered 

that:
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No other single item of capital goods has changed the basic 
terms of so many human activities in so short a time. . . .
It has forced men to think about what they are doing with 
clarity and precision. A man cannot instruct the computer 
to perform usefully until he has arduously thought through 
what he is up to in the first place, and where he wants to 
go from there (18).

A few biomedical applications of computers used in hospitals 

include patient monitoring, permanent automated patient clinical 

records, automated pharmacy-current hospital records, clinical chem­

istry systems, population multi-phasic health screening, patient inter­

view and pattern recognition.

medical electronics has also received much attention in the 

hospital literature. The main topic of discussion is the balance be­

tween improved care and harm presented by the use of electronic instru­

mentation in the hospital (26, 42, 69, 88). Instruments can improve 

diagnosis by providing physicians with information measuring change, 

predicting change and recording status. Instrument-assisted treatment 

of pathological conditions enables the physician to stimulate, remove, 

repair, or destroy various body parts. Instruments can supplement or 

replace the action of deficient physiologic functions either tempor­

arily or for long periods of time. However, hazards arise from the use 

of these instruments. The hazards include electrical shock and burns, 

radiation dangers, and wrong diagnosis due to improper equipment cali­

bration and maintenance. In addition, special staff training is neces­

sary to insure safe and effective use of instrumentation.

The potential danger of medical devices improperly manufac­

tured, operated, or maintained is shown in the following 1970 data. A 

Food and Drug Administration, U.S. Public Health Service, tally of
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several hundred articles published since 1963 shows a reported 676 

deaths and more than 10,000 injuries from medical devices (33). Of 

this total, over twenty per cent were associated with anesthesia 

machines, radiation equipment, orthopedic devices, dental equipment, 

and other specialized equipment. Or. Seymour Ben-Zvi, Director of 

Scientific and Medical Instrumentation at the Downtown Medical Center 

in Brooklyn, New York, has stated in an interview for Medical World 

News that forty per cent of the medical devices which come into his in­

stitution are defective (59). Other authors have described electrical, 

as well as other hazards of electronic equipment (17, 39, 43).

Dr. Joel J. Nobel (51), Director of Research, Emergency Care 

Research Institute, Philadelphia, Pennsylvania, adds another dimension 

to use of medical devices: "More patients are hurt because of failure

of equipment to perform effectively, like ECG's (electrocardiograms) 

that do not spot myocardial infraction. The device as it operates is 

not hazardous but its results are a hazard to a patient." Dr. Nobel 

was Scientific Director of Health Devices; this journal includes infor­

mation which rated devices for safety, ease of use, and reliability, and 

suggested the best buy. In addition, it presented exact procedures used 

for testing the instruments and organizing a hospital equipment control 

program (29).

In 1966, the Division of Hospital and Medical Facilities, U.S. 

Public Health Service, Department of Health, Education, and Welfare, 

conducted a study on the extent of use of electronic equipment in hospi­

tals (40). From the survey comes the general impression that there are 

at least thirty different patient situations in which treatment through
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some means of electronics seems desirable. Essential, however, was elec­
tronic equipment for use in seven areas of the hospitals including anes­

thesia recovery, cardiac care, medical recovery, respiratory care, 

trauma care, premature infant care, and specialized intensive care.

,Hospitals over 100 beds have much more biomedical equipment 
than hospitals under this size. In terms of one list of 41 common cate­

gories of medical equipment used in hospitals, institutions over 100 

beds had about 75 per cent of the equipment, whereas the smaller hospi­

tals had only one-third to one-half of this equipment. In addition,

"this equipment is sophisticated enough that calibration and maintenance 

must be performed by personnel with some knowledge of electronics" (98).

Additional information on patient use of electronic equipment 

was revealed in another study. It showed 12.3 per cent of patients hav­

ing used electronic equipment during their hospitalization (37). In ad­
dition, 3.8 per cent of the total census were exposed to the use of some 

medical electronic equipment each day. The use of electronic equipment 

such as X-ray, ECG, and radiotherapy, not included in the survey, were

used to a much broader extent.
many individuals have attempted to classify medical devices.

One such classification was developed during a National Conference on 

Medical Devices sponsored by the Association for the Advancement of Medi­

cal Instrumentation and the Department of Health, Education, and Welfare 
in September, 1969. "Classification of devices which involve the pa- 
tient-device relationship appear to be most applicable to cost/benefit 
and benefit/hazard relationships." Some of these classifications are:

l) Proximity of device to body - (a) remote, (b) in contact with
the skin, (c) inside body passages, (d) inside closed body 
cavities, (e) in direct contact with tissues and organs.
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II) Enargy-transfar relationship - (a) extrinsic, from the 
patient to the device, (b) intrinsic, from the device to 
the patient.

Ill) Time in contact with the body.

IV) Type of hazard associated with the device - (a) inherent,
such as X-rays, (b) secondary, preventable (such as possi­
bility of electrocution).

V) Degree of acceptance by professionals - (a) generally re­
garded as safe and effective, (b) wide disagreement.

VI) Importance to patient survival - (a) critical, such as
pacemakers, (b) not critical, such as an artificial limb.

VII) Intended use - (a) research), (b) limited clinical use,
(c) broad distribution and widespread clinical use (4).

With respect to hospital equipment expenses, one study re­

vealed an average of $4,273 book value of equipment capital per bed in 

a survey of ten New York City hospitals. In addition, it was discovered 

that (a) the ratio of purchases to depreciation expense is higher for 

medical and related departments than for business and housekeeping de­

partments, and (b) the medical departments have younger equipment. 

However, "Equipment capital has been given limited attention In social 

policy in the health field. Facilities' standards usually include a 

list of necessary equipment, the concern being with technical adequacy 

as a condition of approval. Equipment allowances as a customary per­

centage of capital budgets are said to be overly modest and, to the ex­

tent that this is so, such a method of financing may work against ade­

quate capital support for staff responsibilities" (64).

The need for estimating the influence of technological changes 

on health facility requirements has been recognized (50). Howath (47) 

has stated that one relatively untouched problem is "the development of 

some simple methods to enable planners to take into effect discoveries
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on future requirements." The relationship between technology and man­

power is extremely important (6, 40) Other factors, such as purchasing 

and capital budgeting for hospitals are also important when consider­

ing the application of technology. Alternatives such as direct pur­

chase, and leasing, have been recognized in addition to the need for 

cost-benefit analysis measuring non-monatary benefits (7, 34, 93,

97).

The concept of economies of scale has also been analyzed (8). 

It has been shown that certain specialized items and systems of equip­

ment require a high volume of usage in order to be economically feasi­

ble. "Although better equipment and personnel make possible a higher 

quality of health service, such equipment and personnel must be uti­

lized to a degree that enables them to operate effectively. Moreover, 

greater investment and payroll result in higher unit costs unless they 

generate proportionately large numbers of procedures." Other factors 

are also important for the "cost per patient day tends to be higher in 

a large hospital than in a smaller institution. Large hospitals offer 

more professional services and more programs of research and education 

than do smaller institutions. They also contain more expensive types 

of apparatus and equipment" (79).

Medicine and engineering have moved into an era of technologi­

cal revolution. Change is essential because the social demand for 

health is beginning to seriously outpace the traditional use of avail­

able economic and manpower resources. However, an important feature of 

many modern developments has been tho disturbing fact of ever increas­

ing operating costs, although the services provided are of a higher
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level. This indicates a failure of the technology and the organization 

used for its implementation, because it means that the nem facilities 

have only been made possible through a significant growth in the organi­

zation needed to provide them. The benefit that medical progress can 

provide will be weakened if the total interaction between the social, 

economic, and technical factors involved are not realized.

Management Science and Planning for Technology 

The investigation is directed toward the potential application 

of management science principles and techniques in the planning-décision 

process for applying technology in health facilities. Although these 

decisions on technology are only part of the process of managerial plan­

ning, they are dependent upon the entire managerial planning process.

Planning is one of the primary functions of management. It has 

been defined as follows; "Planning is an Intellectual process, the con­

scious determination of courses of action, the basing of decisions on 

purpose, facts, and considered estimates" (31), Planning involves the set­

ting of goals and objectives, the identification and development of al­

ternative courses of action, and, at the appropriate time, the selection 

of one of the alternatives. It provides guidance for necessary and de­

sirable change. It is the conscious and purposeful act of attempting to 

link present actions with desired future results.
The increasing need for formal planning has been discussed by 

two leading authors in management and economics, Galbraith (36) and 
Drucker (25). Rapidly advancing technology is one of the primary fac­

tors contributing to the increasing need. With the advancing tech­

nology comes the lengthening time span of many managerial decisions, the
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time between the initiation and the completion of the task resulting 

from a decision, and the time span of continuing effects of a decision. 

In addition, more capital is required for special equipment. With in­

creasing technology, the large amounts of money and time are more in­

flexibly committed to the particular task decided upon.

The large commitments of time and money and the high degree of 

inflexibility bring a higher level of uncertainty and risk into the de­

cision process. The decision maker must look further into the future 

and make systematic efforts to evaluate the pending decision in the 

light of these uncertainties and risks. Therefore, the fundamental 

purpose of planning is to influence decisions and actions.

Planning may be classified as to its purpose - operational or 

strategic. Operational planning has as its purpose the development of 

specific operational methods and approaches for accomplishing a given 

objective. This type of planning assumes a definite goal and future, 

and is directed toward the accomplishment of a definite and specific 

sub-objective. Examples of operational planning include production 

planning, developing a schedule and detail of moving a plant or depart­

ment, and the layout of specific areas in facilities design.

Strategic planning is for the purpose of setting goals and ob­

jectives, anticipating the future and its implications for the organi­

zation, and selecting the general means of accomplishing these goals 

and objectives, under anticipated conditions. This type of planning de­

mands an intimate knowledge and understanding of the organization, the 

industry in which it operates, its resources, its capabilities, and its 

limitations.
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Planning may also be classified as short-range or long-range. 

Short-range planning involves decisions which are to be Implemented in 

the near future and for which the anticipated results are not neces­

sarily long-lasting; the decisions could be altered without major costs 

or serious effects on the organization. Long-range planning involves a 

planning horizon of many years, versus one year for short-range plan­

ning. It has been defined as "the continuous process of making present 
entrepreneurial decisions systematically and with the best possible 

knowledge of their futurity, organizing systematically the efforts 

needed to carry out these decisions, and measuring the results of these 

decisions against the expectations through organized, systematic feed­

back" (25). The major ideas in this definition are the continuous na­

ture of the process, the risk-taking aspect of decisions, and knowledge 

of the futurity of present decisions. It should not be assumed that 

planning eliminates or minimizes uncertainty and risk. Hopefully it 

will lead decision makers to take the right risks through recognition 

of the nature of the risk involved in each alternative.

Although planning presupposes the use of reason, many de­

cisions require a high degree of intuition and judgment because of lack 

of time or resources for thorough study, incomplete information, and 

the inappropriateness of analytical and quantitative methods. Many as­

pects of the process involve matters of human behavior and value judg­

ments (14).

The following list of general steps in planning is representa­

tive of most such outlines in the literature:

a) Setting goals and objectives
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b) making assumptions and establishing premises

c) Developing alternative means for achieving goals and ob­
jectives

d) making "forecasts" (anticipating possible futures) and pro­
jecting results

a) Deciding among alternative means

f) Implementation

g) Evaluation and feedback

In general, the terms "goals" and "objectives" refer to the 

ends which the institution is trying to achieve. Setting objectives is 

the first and one of the most critical elements in planning. Objec­

tives determine the direction of all other efforts. However, very few 

managers have well-defined overall objectives to guide their operations 

(63). It has been said that the real problem is not determining objec­

tives but rather, is in setting them so that management knows what 

variables indicate progress and how to measure them. Without measure­

ment it is dificult to plan and feedback and control are impossible. 

These variables must be selected with care, since what is measured and 

how it is measured tend to determine what is considered to be relevant 

(25).
Assumptions represent what the decision makers believe to be 

true about the institutions internal and external environment. The 

making of good assumptions demands a great deal of knowledge and under­

standing relevant to the particular institution Involved, its industry, 

and its environment.
♦ ’

The next step is the identification and description of alter­

native courses of action for achieving the objectives. This involves
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the specification of programs, resources, and methods. After the de­

termination of alternative means, possible states of the future must 

be anticipated and the results of the various alternative means under 

each anticipated state must be projected. Because of the inaccuracies 

of long-term forecasts, one of the primary functions of planning should 

be to provide the flexibility to meet the requirements of the Inevita­

ble and unpredictable changes.

After the projection of expected results, a decision must be

made among the various alternatives. The decision should be based upon

a comparison of the expected results of the alternatives measured 

against the criteria derived from the Institution's objectives. Usual­

ly this comparison will call for some technical analysis and will offer 

opportunity for the application of declslon-analysls models. The ulti­

mate responsibility for selecting the course of action must rest with 

top management In order for the planning effort to be successful.

Following the decision is the implementation of the course of

action chosen. In this phase It Is decided who is to do what, and when

and how they are to do it. Finally, there Is the evaluation of results. 

Evaluation is a comparison between "results obtained" and "desirable 

results", as against valid criteria; It Is a comparison of objectives 

and results. Measurement Is essential. Evaluation and feedback permit 

managerial control and provide for the continuous updating and revision 

of plans. Planning is a continuous process of change, updating, and 

recycling,

Galbraith (36) defined technology as "the systematic applies-
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tion of scientific or other organized knowledge to practical tasks.

Its most important consequence is in forcing the division and sub­

division of any such task into its component parts. Thus can organized 

knowledge be brought to bear on performance.**

Nearly all of the planning considerations of technology derive 

from this need to divide and subdivide tasks and from the final need to 

combine the finished elements of the task into the finished product as 

a whole. These planning considerations are as follows:

a) An increasing span of time separates the beginning from the 
completion of any task.

b) There is an increase in the capital that is committed to 
production aside from that occasioned by increased output.

c) In terms of the performance of a particular task, increas­
ing technology makes the commitment of time and money more 
inflexible.

d) Technology requires specialized manpower.

e) The inevitable counterpart of specialization is organiza­
tion. This is what brings the work of specialists to a 
coherent result.

f) From the time and capital that must be committed, the in­
flexibility of this commitment and needs of organization 
and the problems of market performance under conditions 
of advanced technology, comes the necessity for planning.

Galbraith (36) adds:

Tasks must be performed so that they are right, not for the 
present but for the time in the future when, companion and 
related work having also been done, the whole Job is comple­
ted. So conditions at the time of completion of the whole 
task must be foreseen as must developments along the way.
And steps must be taken to prevent, offset, or otherwise 
neutralize the effects of adverse developments, and to in­
sure that what is ultimately foreseen eventuates in fact.

Technological progress may be viewed as an ever increasing 

series of episodes. However, there is a tendency to assume that
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progress is the exclusive result of scientific discoveries - techno­

logical breakthroughs. Certainly, such discoveries are important, but 

in many cases the advances simply represent a growing awareness and 

application of available technology.

Ufhen considering the application of technology, one must

understand all of the consequences of its implementation. Or. Eugene

Fubini (35) has defined the order of technology in four stages:

1st Stage) How can I use this new technology or scientific dis­
covery to improve what I am now doing? Improvement of Existing 
Devices.

2nd Stage) Ulhat else can I do with this new technology that I 
have been unable to do before? Creative Utilization of the New 
Technology.

3rd Stage) Ulhat changes do I make (or does society make) to 
match this new technology? Accommodation for the New Tech­
nology.

4th Stage) Ulhat are the social consequences of the changes in 
life which this new development will make? Consequences of 
Using the New Technology.

The role of planning and management is to insure that the in­

stitution is responsive to these four consequences of technology. 

Technology is too often applied when it does not meet even the first 

order of consequences - improvement. Novelty in everything is prized, 

perhaps too much, as an end in itself.

To alleviate problems, all individuals affected should par­

ticipate in the planning of technology implementation. The term "par­

ticipatory technology" describes a process of interaction. It refers 

to the inclusion of people in the social and technical process of de­

veloping, implementing, and regulating a technology, directly and 

through agents under their control. It occurs when the people included
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assert that their interests will be substantially affected by the tech­

nology and when they advance a claim to a legitimate and substantial 

participatory role in its development or redevelopment and implementa­

tion (21).
An interdisciplinary approach in planning the implementation 

technology is essential. This is necessary to understand even the eco­

nomic significance of automation. Utilization of individuals with dif­

ferent skills and experience enables the planning team to analyze all 

important factors. One factor is the consequence of automation on the 

form and amounts of capital and labor required. This may include: po­

tential savings due to the use of capital and labor involved with the 

technology represented in the change of total output; alterations in 

the ratio of labor and capital; time changes in production; and changes 

in the degree of substitutability of labor and capital involved with 

the technology.

The previous economic evaluations of technology indicate the 

importance of changes in productivity. One objective of applying tech­

nology is to improve the productivity of the institution. This in­

volves either producing the same output with fewer inputs or producing 

a greater output with the same inputs. These inputs are combinations 

of resources, including labor, money, equipment, materials, and methods. 

The total interaction of these inputs is essential in completing any 

product or service. This can not succeed, however, unless the impor­

tance of cybernetics is understood.

The central element in cybernetics is the recognition that 

systems include feedback mechanisms and that the existence of appro-
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priate feedback mechanisms is a requirement for the survival of any 

system. This occurs in human, mechanical, economic, social, and other 

systems. Feedback means that "uihen an action takes place, the initia­

tor of the action receives information as to uihat has followed his 

action so that he can be sure that the desired effect is being achiev­

ed" (92). Emphasis must be placed on the performance of a system of 

components, rather than on the components themselves. Figure 2 ex­

presses decision-making in terms of its function in the entire system.

The relationship between technological capability available 

to an organization and effectiveness is important. This is best de­

scribed as shown in Figure 3. Overall performance is dependent upon 

the techniques or tools used. If the tools are too deficient, optimum 

performance will not be achieved. On the other hand, using tools that 

are too powerful, and thus wasteful, will also be inappropriate. For 

example, digging the Panama Canal with spades and wheelbarrows involves 

deficient tools; however, doing gardening with a bulldozer involves the 

use of too powerful equipment. "Middle managers can often make do with 

the tools they are given, but their leaders should not be misled by 

these heroic underlings. Such leaders have condemned their organiza­

tions to suboptimal performance - which usually means at higher costs 

than need be" (13).

In any large scale planning effort there are numerous elements 

which must be considered. Many of these elements will be interdepen­

dent, and many will involve time or precedence relationships. One of 

the primary decisions in developing an approach to planning is which of 

the elements are to be developed simultaneously or in parallel and
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which are to be developed sequentially. Because of the difficulty of 

handling numerous elements at once, there may be a tendency to handle 

most of them sequentially. However, because of the interaction and 

interdependence of many of the elements, parallel development may be 

necessary. Parallel development is usually recommended, even though it 

requires more extensive coordination and control (14).

Another apparent dichotomy in the selection of a planning ap­

proach is the outside-in versus the inside-out approach (30). With the 

outside-in approach an institution would determine its strategy based 

upon forecasts and a study of the market within which it operates. The 

opportunities, challenges, and demands of the market are weighed against 

the strength and resources of the institution. Under this approach, 

primary emphasis is on the market forecast. There is difficulty in 

using the outside-in approach, for long-range market forecasts are no­

toriously inaccurate. Among the many reasons for erroneous forecasts 

are changes in the economy and advances in technology.

With the inside-out approach, the decision objective in plan­

ning is the exploitation of the institution's strength and resources, 

market forecasts and managerial Judgment are used as a check or con­

straint on strategies developed on the basis of strengths and resources.

It is important that the uncertainty inherent in decisions re­

garding the future be specifically recognized in the planning process.

In many cases, decision analysis models and other formal planning models 

are helpful to the planner as methods for dealing with uncertainty.

These usually demonstrate the sensitivity of the decision to the ele­

ments of uncertainty involved.
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Perhaps the most general characteristic of management problems 

is that some kinds of resources are always being used as inputs to pro­

duce some kind of outputs. The resources generally have alternative 

uses. Also a cost must be sustained in using the resource. Similarly, 

the output, or benefit, from using the resources generally has value. 

Efficient management may try to minimize the costs associated with a 

given use of resources. These opportunities invariably generate man­

agement interest in some kind of cost-benefit analysis (61).

When complex planning problems involve the consideration of 

numerous elements and various values for variables, more than verbal 

discussion and internalized mental effort may be required in order to 

structure and visualize the problem in a manner simple enough to lead 

to solutions or decisions (14). Visual and graphical exposition can 

help to identify the important elements, gain insights, and improve 

judgments. In many cases, however, there may be a tendency to avoid 

these techniques since few people have developed the ability to struc­

ture problems in this way.

many other technical and analytical methods are useful in the 

planning-décision process. However, planning is not a science and 

scientific and analytical approaches may play only minor roles. De­

cision analysis models are of value in the planning process, but their 

role is limited by several factors including the number of immeasur- 

ables involved in most planning efforts and the lack of available and 

adequate information. Decision analysis models and other approaches 

included in management science are useful in furnishing partial answers 

and in helping to structure a systematic approach to the decision
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process. This is true because one of the primary methodological ob­

jectives of planning is the maximum use of reason in decision-making 

regarding the future.

The techniques of management science are especially useful in 

the comparison of alternative courses of action in situations involving 

criteria susceptible to quantitative measurement. Certain mathematical 

techniques may be useful for seeking optimal solutions in problem situ­

ations which can be described quantitatively. Also, the theory of 

games may help gain some Insight into an understanding of strategy de­

cisions.

Systems engineering is concerned with the analysis, improve­

ment, and design of man-made systems for producing items or services of 

value to mankind. It has been defined as "a process for establishing 

significant objectives, for allocating resources, for organizing infor­

mation 80 all aspects of a problem may be known as exactly as possible, 
and for providing the coordination between processes, people, and tools 

to achieve stated goals according to a predetermined schedule” (55).

Its emphasis is upon the analysis of component interactions and their 

integration in a manner to achieve the system's purpose effectively and 

efficiently as shown in Figure 2 (see Chapter II, page 34). One state­

ment of the systems engineering approach is as follows (41):

a) Define the problem

b) Select objectives

c) Synthesize systems for accomplishing objectives

d) Analyze systems

s) Select the best alternative
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f) Plan for action.

The parallel and similarity between systems engineering and 

planning are apparent from the above description. The primary differ­

ences seem to stem from the fields of application, the emphasis, and 

the key participants. For example, one of the main differences is the 

heavy emphasis on quantitative and mathematical methods in systems en­

gineering.

One example of a technique from the general field of manage­

ment science which offers significant value in planning is computer 

simulation models. These models can be used to help predict the con­

sequences of assumptions, alternative methods or designs, and changes 

in the values of various parameters. They can be used to investigate 

the sensitivity of outcomes to the uncertainties believed to exist. 

Other types of models that may be of value in planning are mathematical 

models such as those of engineering economy, linear programming, and 

inventory control. One of the primary difficulties with these models 

is the lack of adequate data relative to future operations.

Managers of all institutions must make decisions with long 

range output. An effective planning-décision process will enable the 

manager to have a clearer understanding of likely future impacts on 

present decisions, to anticipate areas requiring future decisions, to 

increase the speed of relevant information flow, and to provide for 

faster and less disruptive implementation of future decisions.

Conclusion

In general, the results of this literature survey indicate the 

need for a general investigation of the applicability of management
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science principles and techniques in planning technological applica­

tions in health facilities. As Charles D. Plagie stated in the Special 

Issue of the IEEE Proceedings on Technology and Health Services: "Man­

agement must have the mechanism to recognize a desirable technological 

alternative to manual methods— essentially an industrial engineering or 

systems analysis capability" (09),



CHAPTER III 

mETHOD or PROCEDURE 

Purpose

The following specific objectives were established as the pri­

mary elements in pursuing the general purpose of the present investiga­

tion:

a) The development of a description and conceptualization
of the process of planning for and evaluating technological 
applications in health care institutions.

b) An investigation of the applicability and practicability of 
management science principles and techniques through an 
analysis of the planning decision process, and the develop­
ment of examples of the application of management science 
techniques. An area of special importance concerns cost- 
effectiveness considerations of proposed technological ap­
plications.

c) The identification of promising and important areas of the 
planning and evaluating process which require further re­
search and development regarding the application of manage­
ment science.

Scope and Limitations

This investigation was aimed at the process of planning techno­

logical applications for health facilities and evaluating their poten­

tial impact on facility manpower, cost, and overall operations.

Technology was analyzed in the form of medical devices or equip­

ment, acquisition of specialized equipment being one of the important 
ways in which hospitals incorporate current technology. Other principal

41
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aspects of technology not discussed were new materials, procedures, and 

plant design.

The health institution of primary emphasis was the hospi­

tal, although reference was made where similarities exist in other 

health facilities such as health centers, or long-term care facilities. 

One of the major premises of this work was that one needs a comprehensive 

understanding of the managerial environment and of the modus operandi of 

the institution in order to evaluate the applicability of management 

science. Further, plans for health facilities must be based upon rela­

tively comprehensive and well-developed managerial long-range and func­

tional program plans.

It was assumed at the outset of this investigation that the na­

ture and requirements of the planning and evaluating process under study 

have much in common with, and are similar in many basic structural ways 

to, other fields of planning and decision making, such as business mana­

gerial planning. In the absence of adequate literature regarding the 

particular process being studied, insights and principles were sought in 

the literature of these other fields of planning and decision making.

This study was directed primarily toward planning decisions and 

problems in which the impact of technology had direct Implications 

for major managerial and operational features of facility design and op­

erating plans. Ths primary consideration was to investigate method­

ologies which evaluate the present and future costs versus the benefits 

and effectiveness of technological applications. Other important fac­

tors in the planning design process such as quality, safety, and accep­

tance were not emphasized.
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method of Procedure

The planning decision process for determining technological 

applications in health care facilities was investigated first hand by 

participating in planning for several health institutions. This ex­

perience revealed much about the nature and characteristics of this 

type of planning process which is relevant to the subjact of this 

study.

Decisions on the allocation of scarce resources between com­

peting services and new medical technologies tend to be made on the 

basis of "novelty", "medical exotics", or the politics of physician- 

hospital relationships, rather than a sound analysis of the benefits to 

the system. Dr. Frederick N. Elliott (28), Assistant Director, Ameri­

can Hospital Association, and General Director, fflt. Sinai Medical Cen­

ter of Chicago stated: "Hospitals have seized upon the potential of

technology without realizing the burden for decision-making that was 

placed in the human area before such utilization was to be made." In­

tuition and experience can be invaluable to the administrator as he 

makes decisions. But they cannot be depended on as the sole guides to 

decisions about the management of complex decisions. Today's complex 

systems and organizations require the well-planned application of quan­

titative methods. Management science involves the systematic applica­

tion of such methods to the decision-making process; it supplements 

intuitive Judgment with quantitative analysis.

Dbservations of these projects were augmented by accounts of 

other planning for similar projects reported in the literature and by 

discussions with professional people working in this field, including
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hospital administrators, manufacturers, and consultants. Another pri­

mary source of information and insight mas corporate and managerial 

planning and decision making literature. Additional information on the 

impact of technology on health facilities mas obtained from the medi­

cal and scientific literature.

Based upon the information obtained from the sources cited 

above, the planning decision process for technological applications in 

health facilities and the managerial environment in which it is per­

formed mere conceptualized and described. This step mas performed in a 

manner which identified the major planning decisions and indicated the 

major characteristics of the planning decision process relevant to the 

potential application of management science.

Using the conceptual description as a base, the potential ap­

plicability of management science principles and techniques are re­

viewed. This review included a discussion of such factors as the na­

ture of the decisions involved and availability of data. Several ex­

amples were constructed to illustrate the potential application of man­

agement science techniques to various decisions involved in the plan­

ning process. Special emphasis was given to the desired outcomes to 

technological applications, evaluation of alternative systems, and cost- 

effectiveness considerations.

Finally, all of the above surveys, descriptions, and analyses 

were used to identify promising and important areas of this planning de­

cision process which require further research and development regarding 

the application of management science.

It will be noted that the investigation reported herein is not
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experimental research and is not a classical application of the scien­
tific method. It is essentially based upon the exploration of a new 
field of application using the methods of survey, observation, descrip­
tion, and intellectual inquiry. This dissertation attempts to establish 

a clarification regarding the application of management science in plan­
ning technological applications for health care institutions through a 

systematic discussion of this subject.
This type of investigation appeared to be the most needed type 

for the general subject area under consideration. With the present 

state of knowledge in this field, there is no appreciable base of avail­
able research of relevant theories. There is a need for enough insight 

and understanding to form hypotheses for the more specialized and scien­

tifically structured forms of research. At this time, priority should 
be on realism rather than on formalism. This view is supported by wri­

ters on similar subjects in the fields of management science and plan­
ning; as well as by individuals working to apply technology in the 

health field (5, 15, 24, 78).

Nature of the Results

As indicated above, the results of this investigation are a 

dsscription and analysis of the planning decision process and its mana­
gerial environment; a review of the applicability and practicability of 

management science principles and techniques including several exam­
ples; and the identification of area for further investigation. These 
results should provide a significant contribution to the knowledge and 

understanding required for improved practice and research by Industrial 
engineers, management scientists, and administrators in this and close­

ly related fields.



CHAPTER IV

OBSERVATIONS ON HEALTH FACILITY TECHNOLOGICAL IMPACTS

None of the 32 million patients who enter United States hos­

pitals annually, regardless of how simple or complex their disease pro­

cess, escape direct contact with medical devices (2). Approximately 

5,000 different types of patient related devices may be found in a hos­

pital's equipment inventory (53). Table 1 lists some of the commonly 
used medical instruments (82).

Technology has a large impact on the delivery of medical care. 

For example, a typical adult patient with a mycardial infraction is ex­

posed to an average of 80 different medical devices during a three week 

hospitalization (72). In addition, diagnostic and clinical equipment 

used in his care may total an additional 300 items. The typical pedi­

atric tonsillectomy case is exposed to almost 200 separate and distinct 

types of devices used for his direct care and an adult undergoing gall 

bladder surgery has direct contact with over 600 medical devices.

Patients' lives are becoming more and more dependent upon elec­

tronic devices. Patients with kidney failures and those whose diseased 

kidneys are removed in anticipation of a kidney transplant are being 

kept alive by dialysis devices. Patients with acute heart failure are 

being saved with defibrillators, respirators, and pacemakers. The

46
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TABLE 1

DIAGNOSTIC AND THERAPEUTIC INSTRUMENTATION

medical Specialty Medical Instrumentation

Cardiovascular System

Respiratory System

Central Nervous System

Neuromuscular System

Eye, Ear, Nose, and 
Throat

Gastrointestinal System

Electrocardiograph, Phonocardiograph, 
Vectorcardiograph, Balllstocardiograph, 
Echocardiograph, Cardiac output recor­
ders, Cardiotachograph, Injection Syn­
chronizers, Cine Radiograph, Plethy- 
mograph. Catheters, Transducers, Flow­
meters, Pacemakers, Defibrillators, 
Prosthetic valves. Artificial heart. 
Blood vessel prostheses. High-speed re­
cording techniques.

Oxygen consumption recorders. Inhaled gas 
analyzers. Respiratory rate gauges. Hy­
perbaric chambers, Resuscitators, Dia- 
phragm-nerva stimulators.

Echoencephalograph, Electroencephalograph, 
Spectral distribution analyzers. Acous­
tic stimulators. Brain and nerve stimu­
lators, Implanted electrode techniques. 
Microelectrodes, Integrators, Nerve im­
pulse recorders. Cauterization and blood 
coagulation equipment. Cryosurgery, 
Stereotactic techniques.

Electromyograph, Nerve muscle stimulators. 
Nerve impulse recorders.

Audiometers, Acoustic stimulators. Hearing 
prostheses. Voice analyzers. Larynx 
(artificial). Tonometers, Electroretino- 
graph. Optometry equipment. Eye movement 
gauges. Nystagmus recorders. Lasers, 
Microminiaturization, Prostheses for the 
blind.

Telemetry to measure temperature, pH, and 
pressure. Endoscope, Thermograph, Sur­
gery (Cryosurgery), Lasers, Suturing in­
struments, Electrocauterization, Ultra­
sonic dental surgery, Surgical instru­
ments in dentistry.
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TABLE 1— Continued

medical Specialty Medical Instrumentation

Physical Therapy Diathermy, Bone and joint prostheses. 
Rehabilitation equipment.

Radiology X-ray apparatus. Radiation detectors. 
Spectrometers, Scintillation counters. 
Image intensifiers, TV systems, Syn­
chronizers, Radiotherapy equipment. 
Particle accelerators. High energy 
isotope therapy. Gamma ray camera, 
Ulhole-body scanners.

Clinical Laboratory Blood and other cell counters, Differ­
Specialties entiators, Blood color analyzers. 

Flame photometer, Liquid-gas phase 
chromatograph. Sample collectors, ffli- 
crochemistry apparatus. Colloidal 
system testing.

Anesthesiology Gas analyzers. Oxygen tents. Equipment, 
Monitoring systems. Oxygen saturation 
photoelectric meters. Breathing ap­
paratus, Pump oxygenators, Dialyzers, 
Servoanesthesia systems.

Psychiatry Behavior monitor systems, Electro­
narcosis equipment. Electro-convulsive 
treatment equipment.

Computers Control system theory. Information and 
communication theory. Adaptive system 
analysis. Operations research, Mathe­
matical models, Analogue computer 
simulation, Data analysis, Automation 
theories.
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impact of these scientific advances has become so great that the public 

has come to expect them to be offered at virtually every hospital.

Technological obsolescence is also a problem for health fa­

cilities. fflany hospitals are "obsolescent" because of swift advances in

medicine and its allied disciplines. The adequacy of any structure is 

evaluated in terms of the functions carried out in it. While the func­

tions of some buildings have remained almost unchanged for centuries, 

those of hospitals have changed radically. These changed demands re­

quire responsive and commensurate changes in the space and equipment of 

the hospital. Unfortunately most hospitals are extremely slow to change. 

This may be because the installation of new technology will also force

changes in organization and patterns of operation.

Hospitals built early in the Twentieth Century were still able 

to carry out their programs satisfactorily as late as 1940. Since then, 

however, the dependence of hospital based medicine on sophisticated 

equipment has increased enormously. This increased dependence on tech­

nology and on specialized facilities involves every department of the 

hospital. For example, developments in radiology have multiplied its

diagnostic usefulness. Radiographic studies are being done with greater

accuracy. New techniques permit the visualization of the physiology of

areas previously considered inaccessible to radiological investigation, 

such as the blood vessels of the brain and the heart. As the value of

X-ray studies has increased* so, too, has the demand. The new proce­

dures often are more time consuming than the older ones, and require 

more personnel. The combination of these more complex procedures and 

equipment with greater volume creates a need for more diagnostic units.
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as wall as more space for many of the units.

These examples typify the numerous considerations which must 

be analyzed in understanding the impact of technology on health facili­

ties. In order to explore the possible consequences of technology, it 

must be thought of as more than hardware. Technology should be "per­

ceived as a system of interrelated innovations, which comprise a co­

herent link pertaining to the systematic manipulation of the environ­

ment" (66),

The four orders of consequence will be used to discuss the 

technological impacts on health facilities. These include: (a) Im­

provement of Existing Devices, (b) Creative Utilization of the New 

Technology, (c) Accommodation for the New Technology, and (d) Conse­

quences of Using the New Technology.

Improvement of Existing Devices

The U.S. market for biomedical electronics in 1970 was estima­

ted at about $1.5 billion, 2 per cent of total national health outlay. 

This market, which was expected to double by 1975, was as follows 

(9):

X-ray tubes and accessories $150 million
Diagnostic equipment 200 million
Patient monitoring equipment 25 million
Therapeutic devices 90 million
Surgical instruments and 830 million
apparatus

medical electronic data 215 million
processing

These figures indicate that new technology is currently being 

incorporated into health facilities at an extremely high rate. However,
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the true value to the institution for this neiu equipment is rarely under­

stood. Too often this newly developed technology is not being used to 
improve the delivery of health care by producing a better service or 

making health care available to more people. Devices are purchased which 

merely substitute equipment and supplies for personnel or other equip­

ment. Unfortunately, hospitals have not been able to reach the potential 

of technology. The estimate that "integrated technology and sound man­

agement can reduce the cost of health services by a 'third' has not been 

achieved" (19),

A new device should be utilized if it enables the medical com­

munity to provide a new service through scientific discovery. However, 

other technological devices should not be incorporated into the delivery 

of health care unless one of the following criteria is met: (a) reduc­

tion in cost per unit of service, (b) increase in productivity resulting 

in greater capacity in providing a service, (c) improvement in the quali­

ty of delivering medical services, (d) substitute for scare manpower, or 

(e) allow service to be available to more people. There are many ex­

amples in which technology has been utilized to improve existing devices 

and health care services.

Computer applications

Through the use of computers, analysis is available to more 

people, and the cost per test is reduced more than in other methods 

(89). The electrocardigram, detailing electrical impulses from a pa­

tient's heart, can be analyzed by computer in thirty seconds, whereas 

manual analysis might require 2 man-hours. Furthermore, CKG analysis 

can be done remote from the patient through the use of telephone trans-
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mission. This enables a specialist to be available for consultation on 

cases miles auiay. In addition, quality la assured through a standard­

ized EKG Interpretation. This fact also assures a lower unit cost uti­

lizing a standard machine format. This example typifies the manner In

which new technology can improve the use of existing devices and enable 

health services to be available to a greater number of Individuals (60).

Laboratory applications

In the clinical laboratory the development and spread of auto­

matic equipment for chemical and other tests of body fluids and tissues 

has proceeded rapidly. So much of the work previously done by manual 

methods Is now handled routinely by mechanical devices and Instruments 

that automation of the laboratory Is widely considered to be well-ad­

vanced. With the volume of tests demanded of clinical laboratories In­

creasing at about 15 per cent per year, the supply of trained medi­

cal technologists has been Inadequate and laboratories have Increasingly 

turned to automation as a means of performing their function (68).

The development of the automatic chemical analyzer represents 

the greatest single contribution thus far toward automation of the lab­

oratory. Most of the work In a typical clinical laboratory consists of 
repeated performance of a small number of routine tests, many of which 

can now be done on a few automated devices. Two analyses (for glucose 

and urea nitrogen) account for approximately 30 per cent of all tests 

In the average lab; ten types of tests can account for 70 to 80 per 

cent of the entire workload (76),

In many small hospitals automatic devices are generally absent, 

but In most medlum-slze or large hospitals It has been estimated that In



53

1970 perhaps 50 per cent of the laboratory luorkoad had been turned 

over to automatic instruments (76).

The early automatic chemical analyzer permitted substantial re­

ductions in time and costs to carry out tests (the cost of a glucose 

test uias reduced from a range of 50 to 75 cents by manual methods, to 

20 to 30 cents on the autoanalyzer). An eight channel autoanalyzer, 

which measures eight different chemical components at once on the same 

specimen, does in an 8-hour day the équivalent of what an average tech­

nician is expected to do in three weeks.

X-ray applications

Important advances are being made in X-ray and fluoroscopic 

equipment. In most hospitals and offices of physicians and dentists. 

X-ray and fluoroscopic equipment represents a substantial investment 

and is constantly in use as a basic tool in the diagnostic process. 

Fundamentally, the same type of X-ray equipment has been used for diag­

nosis by radiologists and other physicians over many years, but develop­

ments now under way are likely to result in adoption of a much broader 

range of advanced equipment.
Recent technical innovations may make standard fluoroscopy 

equipment obsolete. New electronic devices now being installed in hos­

pitals magnify very small radiations and achieve brighter images without 

increasing radiation risk to the patient or fluoroscopist. Some types 

of presently available new equipment routinely record fluoroscopy on 

moving picture film. Such images can be transmitted over wires, and 

make it possible for rural or other remote hospitals to have the advan­

tage of interpretation by expert roentgenologists located in distant
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cities (91).

Other extensions of X-ray techniques Include various adapta­

tions of television, and production of three dimensional images. One 

technique involves the application of television techniques to medical 

thermography, allowing doctors to get an immediate look at heat pat­

terns in the body to speed diagnosis.

These developments will enable technicians to work more quickly 

and surely, and will help physicians to arrive at better diagnoses more 

rapidly.

Instrumentation applications

Existing technology is often merely utilized in new ways, 

thereby improving the delivery of medical care. Recently physicians 

have standardized a technique of measuring the size of ths heart, using 

an instrument that has been present in hospitals for ten drcades. The 

ultrasonoscope, previously used in detection brain damage, is now the 

key instrument in a process known as echocardiography (71).

The ultrasonoscope sends sound impulses toward the walls of the 

heart, which in turn bounce the sounds back. The patterns produced are 

graphically displayed on a flourascent screen for interpretation. The 

depth of the heart wall, the movement patterns of the heart, and the 

amount of blood being pumped can be determined from this data and com­

pared to normal heart measurements. From this information the techni­

cian can give the physicians valuable information needed for diagnosis. 

Echocardiagraphy is less expensive than other techniques such as angro- 

cardiography and features a "non-lnvasive” technique. With an angio- 

cardiograph, technicians have to inject X-ray traceable substances in
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the heart and forearm, a procedure which an extremely skilled technician 

must handle (71),

Creative Utilization of New Technology 

Society is enjoying the benefits from the first order of conse­

quences - the use of new technology to improve what is being done. In 

addition, it is evident that society is utilizing our new technology 

creatively - to provide society with what it has not had before. How­

ever, these dramatic developments, such as artificial organs, computer 

analysis, and specialized intensive care, affect a limited segment of 

the patient population at exceedingly high cost. The impact of new 

technology presently spreads slowly to hospitals. Findings in a recent 

survey in a major New York City hospital, revealed that only 12.3 per 

cent of the patient census at sometime during hospitalization wera ex­

posed to electronic equipment (37). A few creative uses of new tech­

nology in health care include are presented below.

Laser applications

The laser produces bursts of light millions of times brighter 

than sunlight. To date, lasers have been used most successfully in 

medicine to repair small tears and defects in the retina of the eye. 

Other potential applications include the treatment of malignant and non- 

malignant tumors, dentistry, where lasers may be used in the prevention 

and repairing of cavities, microsurgery, destruction of pathological 

tissue without surgery using a flexible fiber handle, bloodless surgery, 

bone fusion, grafting living blood vessels together without interrupting 

blood flow, and cauterization of bleeding organs and vessels (60),



56
Automated equipment applications

Automated cardiac catheterization programs have been operation­

al on a clinical basis for over six years. In general, those programs 

assist In obtaining specific dynamic pressures, Inter-chamber pressure 

gradients, cardiac output by the dye-dllutlon method, and oxygen satura­

tion levels In the various heart compartments. In addition, the rela­

tively complex and time consuming calculations are performed by the sys­

tem processor (82).

The Automated Cardiac Catheterization Programs represent a suc­

cessful application of technology to the delivery of health care. Al­

though use of this technology does not appreciably reduce the patient 

time of the catheterization procedure, the physician can see the calcu­

lated results while the patient Is In a position to be retested. Also, 

the hours of calculations normally required following a procedure have 

been essentially eliminated. The main problem with these systems has 

been In Introducing the technology to uninitiated medical personnel.

Monitoring applications

Telemetric monitoring systems developed for space flight re­

search are now Increasingly used In medical practice. Using miniature 

sensors and transmitters, the devices add a new dimension to electro­

cardiogram and electroencephalogram findings, respiration, blood pres­

sure, and skin response (60).
Telemetric monitoring frees the patient of cumbersome appara­

tus, eliminates the examination room environment and permits responses 

to be observed under the normal conditions of dally life. Button-sized 

ECC sensors can be affixed to the patient's chest and attached to a tape
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recorder carried on his person; the method yields data over a ten hour 
period of work and recreation, stress, and repose. An electrocardio- 

scanner surveys the entire record in ten minutes, prints any portion de­

sired; when correlated with a diary of the patient's activity it pro­

vides data of a type never possible before.

Other electronic aids extend the range of established tech­

niques. A vectorcardiographic mechanism sharply distinguishes the sepa­

rate electric impulses in the heart, permits the accurate measurement of 

individual wave forms. A high-fidelity electronic stethoscope amplifies 

sound several hundred times; it can be tuned up or down as desired and 

is capable of detecting the heartbeat in a month-old fetus.

Fiber optics applications

Medical photography has been advanced by fiber optics, a tech­

nologic field developed in the last decade. The method employs bundles 

of fibers to transmit light, much as wires conduct electricity. Advan­

tages are several: accident hazards of bulbs and wiring are eliminated,

cold light can be conducted to internal cavities when desired, light can 

be transmitted with minimum distortion. Fiber optics have been employed 

for high speed motion pictures of the heart's interior. Using catheters 

physicians are able to film most major chambers and valves. Other re­

searchers have used fiber optics in diagnosis, particularly for gastric 

ulcer and malfunctions of the female reproductive organs (82).

X-ray applications

A medical team recently developed three-dimension motion pic­

ture X-rays. The feat was accomplished by synchronizing a television
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camera and intensified screen with X-ray tubes which are turned on and 

off for one millisecond, 60 times a second. The high speed keeps radia­

tion exposure down to flue milliroentgens a frame, or about one per cent 

of the standard X-ray dosage. The films are used to study the effects 

of vibration and impact; they may prove valuable also for angiography, 

orthopedic procedures, clinical research involving dynamic motions.
Another innovation is the thermograph, which photographs inter­

nal processes in terms of infrared heat emissions. The mechanism con­

sists of a scanning mirror, a thermistor heat detector, and a special 

camera; in the resulting photograph hot areas show up as white, cool 

areas as dark. Thermography began during World War II as a military 

means of "seeing in the dark"; it is now used a diagnostic aid in several 

conditions including cancer (60).

Nuclear applications

Rlore than 4,000 United States physicians now use atomic tech­

niques, and more than 10,000 hospitals, clinics, and medical centers 

maintain facilities for radioisotope procedures. The explosive growth 

is illustrated by the fact that hospital participation has increased 

more than five-fold in the last three to four years; the number of phy­

sicians involved has quadrupled over the same period.

Radioisotopes are used today in some 75 diagnostic tests and 25 

forms of therapy; the figures are more than double those of a few years 

ago. Scientists estimate that medical use will eventually extend to at 

least 300 of the 1,500 isotopes thus far identified (60).

Radioisotopes have contributed to deciphering the genetic code, 

and have proved invaluable aids in innumerable studies of organ func-
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tion, hormone action, metabolism, kidney circulation, cardiac output.

One radioisotope alone (iodine 131) is used more than half a million 

times a year as an "atomic cocktail** to trace and control thyroid func­

tion.

Diagnosis improvement

Well trained physicians utilizing their own physiological sen­

sors have demonstrated ability to identify disease processes and evalu­

ate the severity of illness so effectively that many new diagnostic in­

struments cannot effectively compete. In recent years, certain clinical 

specialties have become equipped with many objective and quantitative 

diagnostic devices. For example, pulmonary function can be tested ac­

curately and reliably in terms of respiratory volumes, flow rates, and 

gas composition. The advent of cardiac surgery, cardiac catheteriza­

tion, and angiocardiography during the last thirty years have provided 

precise and detailed diagnosis of many pure and complex cardiac lesions 

in terms of the site, structure, severity, and functional disturbance 

to a degree undreamed of before that time. Biochemical techniques and 

discoveries regarding metabolic and deficiency diseases are providing 

specific diagnostic criteria and techniques are evaluating therapy. The 

diagnostic process can be improved by presenting to the physician rele­

vant objective data regarding the location, size, movements, and other 
functional signs from internal organs. Measurements of bodily function 

can not become general and routine until their data can be collected by 

techniques which involve no hazard or discomfort (i.e., energy beams of 

safe intensities directed through the skin without mechanical penetra­

tion). The diagnostic process can be improved by presenting to the
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physician additional objective data regarding the location, size, move­

ments, and other functional signs from internal organs. Such data 

should become routinely available through the use of instruments which 

can probe the inside of the body without hazard or discomfort. Valuable 

and objective information about internal organs can be obtained by prob­

ing the body with beams of wave energy. The diagnostic contributions of 

radiography and fluoroscopy are familiar examples. Utilizing other 

forms of wave energy, new families of diagnostic instruments are appear­

ing over the horizon, the most immediate utilizing ultrasound and vari­

ous wave-lengths of light.

Accommodation for the New Technology 

There have been tremendous advances in the complexities and 

technical capacity of equipment in recent years. The accompanying re­

sult, of course, has been a rapid rise in the sophistication of the 

equipment, the initial cost, maintenance costs, and substantial upgrad­

ing of the skill requirements to operate, maintain, and maximize the use 

of much of modern day equipment. As initial investment rises rapidly 
the productive time of the equipment takes on ever more important con­
siderations. Relatively it was of little consequence if the $150 type­

writer had high levels of downtime and its use rate proved to be highly 

inefficient. But the $5,000 per month lease charge for computer hard­

ware takes on vastly different dimensions. In this instance the main­
tenance of maximum programming and use rates, with the minimum downtime 

possible becomes of critical importance. Although many of the more 

sophisticated kinds of equipment are increasingly recognized as essential 

parts of modern hospital programming, the magnitude of the original
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investment and maintenance costs demands an ever more broadened base in 

order to achieve maximum cost benefit ratio's.

There are critical decisions which affect the use of new tech­

nology. Over the past few years there has been a growing national con­

cern that much of this new technology has not been built to sufficient 

standards of safety, reliability, accuracy or utility, and that it is 

not always maintained or operated in a manner that assures its ultimate 

effectiveness and safety. An examination of these problems with regard 

to medical devices was the topic of a recent national conference (32). 

fflany articles have appeared in the literature regarding increased elec­

trical and mechanical hazards due to the greatly expanded use of complex 

devices, instrumentation and procedures in health care applications.

One such article quotes a claim that "about 1,200 hospital patients are 

accidentally electrocuted annually while receiving 'routine diagnostic 

tests' or treatment because of faulty equipment" (96). There are also 

reports of a growing concern over fire hazards due to an ever-increasing 

use of oxygen-enriched atmospheres in the hospital.

Equipment malfunctions

In many documented cases, equipment malfunctions are identified 

as the cause of serious injuries or death to patients. Less fully 

understood and documented are the causes behind malfunctions. That is, 

equipment failures are usually symptomatic of such things as intrinsic 

deficiencies of the equipment, improper maintenance or calibration, mis­
application or incorrect operation. Incorrect operation or maintenance 

may, in turn, be the result of inadequate or incorrect instructions from 

the manufacturer, poor design for proper operation or maintenance, or
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due to negligence on the part of the operator or health-case institu­

tion. At the present time, the equipment user has little alternative 

but to absorb the burden of legal and financial defense for such inci­

dents, with the cost of such protection in turn contributing signifi­

cantly to the spiraling costs of health services. It is impossible to 

measure the human suffering that results from such incidents.

Other equipment malfunctions or failures also occur that af­

fect hospital operations in less serious ways. For example, malfunc­

tions can cause erroneous readings which impair proper care, but do not 

necessarily lead to any injury. The repeated failure of critical de­

vices can cause delays in scheduled hospital operations, excessive 

maintenance or unnecessary redundancy of equipment. Equipment malfunc­

tions and downtime of this type also contribute to the high cost of 

hospital services, but are seldom the subject of any meaningful docu­

mentation upon which to base estimates of the extent and nature of the 

problem.

Any machine that supplements or replaces some function of the 

nurse, doctor, or technician must be reliable - in fact, as nearly as 

possible absolutely reliable in performance. Even the simplest machine 

is subject to deterioration from use and to either mechanical or elec­

tronic failure. As machines become more complex and more deeply in­

volved in patient care, the characteristics of any man-made device make 

it increasingly vital that, above all else, the "fail-safe" feature be­

come an ultimate design requirement. Failure cannot be prevented al­

ways, but safety must be assured when failure happens.

It is an unfortunate fact that equipment in use in hospitals
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now does not in many Instances meat the test of being fail-safe.

For example, one of the most common forms of equipment failure 

occurs in heat therapy devices, and such failures too often result in 

major burn injuries. Thermostats in these devices are constructed to 

many specifications, in most instances those of the manufacturer. If 

the thermostat malfunctions, the resulting burn may include not only 

damage to soft skin tissue and muscles but also permanent disability.

Electrical hazards

Electrical hazards have always been present in hospitals; the 

hospital is a hostile environment containing corrosive and explosive 

materials which subject the equipment to wear and tear not normally 

found in other types of installations. But the chance of electrocution 

has risen rapidly in the past decade. One of the main reasons for this 

is an advance in the state of the art of Intensive care patient monitor­

ing equipment which, in turn, requires the insertion into the body of 

catheters to transmit physiological data. Before the appearance of the 

cardiac catheter, dangerous currents were measured in milliamps. But 

when there is open road to the heart, as few as twenty microamps can be 

lethal (17).
The Instrument makers have come into their share of criticism 

for this situation for their failure to provide equipment with reliable, 

foolproof, and fail-safe grounding equipment. However, the following Is 

accepted:

The blame cannot be placed entirely on the manufacturer or en­
tirely on any one condition. The situation as It exists today Is 
a result of a dombinatlon of factors that Involve the newness and 
subtlety of the hazard, the complacency and apathy of hospitals, 
an almost total lack of standards relating to specific devices
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specific hospital applications, confusion in some codes, and 
the unfortunate fact that connection devices that will work 
on liqht-duty, generally nonharardous items such as electric 
clocks will also work on critical medical instrumentation (54).

Equipment interrelationships

The evolution of coronary and intensive care units and the 

need for complex supporting equipment in operating rooms, newborn nurs­

eries, radiology departments and clinical laboratories generate many 

new problems. Multiple equipment usage increases danger in an exponen­

tial fashion. While a single device may be inherently safe; when used 

in conjunction with a second device, the combination may be injurious or 

lethal. The most common example is that of grounding the patient through 

the lead cable of an electrocardiographic monitoring system. Leakage 

current from a second ungrounded device can be transmitted through the 

patient to ground via the monitoring system. In the intensive care unit, 

surrounding the patient's bed with equipment frequently results in rather 

intricate and subtle electrical relationships. Unless the interrelation­

ships are fully defined, antagonistic effects related to multiple equip­

ment usage will undoubtedly continue to cause deaths or injuries without 

apparent cause. The almost infinite number of multiple equipment bedside 

configurations will disguise the problems as wall as the answers for some 

time.
The problem of patient safety from electrical hazards is becom­

ing of increasing concern to industry, legislators, professional socie­

ties, safety organizations, and hospital administrators.

Some specific problems facing hospital management as a result of 

automation are:
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a) The greater technical complexity introduced into the hospi­
tal environment. Such factors as maintenance of the auto­
mated equipment and the need for precise scheduling of ac­
tivities will become more important as this complexity in­
creases.

b) Integration of processes. An automatic medical data acqui­
sition examination is a case in point. "Material", patients, 
drugs, and information will flow automatically from one pro­
cess to another, possibly leading to reduced flexibility.

c) The recruitment, training, and development of qualified 
technical staff. This staff can range from skilled main­
tenance people to operations research specialists, including 
paramedicals, who must understand and appreciate the systems 
approach necessary in making effective use of automation.

d) The increase in the amount of planning necessary in automa­
tion. This planning must go on at all levels, from long- 
range goal setting by top management to day-to-day scheduling 
in a radiology facility.

Cost-benefit analysis

Cost-benefit ratios for medical devices cannot be quantitated 

in a precise fashion because it is impossible to place a price tag on 

human discomfort and death. The costs of acquiring, maintaining, and 

operating medical devices are often difficult to ascertain. Many hos­

pitals do not know how many electrocardiographs, for example, they own 

or how much has been spent to maintain and repair them.

For many medical devices a conventional life cycle cost analy­

sis may be developed. Critical cost parameters may include: (a) ac­

quisition cost, (b) equipment life span, (c) installation costs, (d), 

training investment, (e) utilization rate, (f) manning costs, (g) mean 

time between failures, (h) mean time to repair, (i) preventive main­

tenance cycle, (j) preventive maintenance downtown, (k) parts cost,

(l) supplies cost, and (m) input power cost.
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Depending on the type of device, critical cost parameters can 

be added or deleted. Significant data emerge from this approach. In 

one hospital with an unusually high number of electrocradiographs, 

machine maintenance costs and utilization by heart station technicians 

were reviewed. Total annual maintenance costs for all electrocardio­

graphs within the heart station equalled the cost of replacing the en­

tire inventory of machines at nine to ten month intervals. Poor train­

ing resulted in frequent breakage. This, in turn, reduced the number of 

machines available and created exorbitant maintenance costs. Because 

the number of machines available to meet demands was inadequate, more 

were purchased. Purchasing more machines created greater economic 

penalties, but did not increase machine availability proportionately. A 

relatively simple training program to teach technicians to use machines 

properly and not abuse them promptly reduced breakage. Maintenance 

costs decreased and the number of available machines increased without 

purchasing new ones (72).

Life cycle cost analysis of hospital radio page systems indica­

ted that the traditionally favored vendor in the United States provides 

a receiver with a twenty-three dollar annual battery cost. A competi­

tive and technically superior system has an annual battery cost of less 

than three dollars per receiver. While the Initial acquisition costs of 

the two competitive systems are comparable, installation and operating 

costs for one system are much higher (72).

It is also important with low cost disposable and expandable 

items to distinguish between unit costs and total unit-mission costs.
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One brand of disposable glove, intravenous administration set or scalp 

vein needle may be considerably cheaper than another, but the more ex­

pensive unit may demonstrate better design characteristics, quality 

control, and ease of use. Fewer will be needed to meet clinical goals. 

The device with the higher unit cost is often less expensive when total 

consumption is considered.

One 350-bed hospital changed vendors for scalp vein sets be­

cause of a reduction of of unit cost from 55 cents to 45 cents. The 

less expensive scalp vein set, however, was significantly harder to 

manipulate. Interns found that multiple attempts at venipuncture were 

required. This not only increased patient discomfort but increased the 

consumption of scalp vein needles by a factor of 2.4. The actual cost 

to the hospital for each successful insertion of a scalp vein needle 

had doubled, exclusive of increased labor costs. Similar experience 

with surgical gloves occurs when lower priced gloves tear more fre­

quently (72).

Consequences of Using the New Technology

The incorporation of new technology in health facilities has 

forced a careful analysis of all factors which are affected by a new 

piece of equipment. This involves; (a) education and experience re­

quirements for employment in a health facility, (b) special maintenance 

requirements to avoid excessive downtime, (c) compatability with exist­

ing equipment affecting container size, equipment Interface, and changes 

in method and procedure of performing services, (d) safety considéra-
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tions preventing equipment from dangerous malfunctions, and (e) moderni­

zation potential to avoid technological obsolescence.

The health service industry is expected to provide expanding 

u/ork opportunities during the next decade. A constantly increasing pro­

portion of jobs in the health field mill require years of initial train­

ing. Technological changes in hospitals and other health facilities mill 

have the effect of reducing or eliminating needs for workers with limit­

ed skills.

Since the general effect of innovations in the health field is 

primarily to raise the quality of health care, they tend on the whole to 

increase the demand for manpower trained in new skills rather than re­

duce the demand for labor. They not only create new kinds of jobs, but 

broaden existing jobs by requiring them to incorporate new skills. The 

computer is an example of an innovation that will have several effects: 

broadening the jobs of laboratory workers, nurses and others; bringing 

a new category of electronic data specialists into hospitals; and even­

tually also effecting substantial laborsavings among clerical and rela­

ted other groups, which may reduce their proportions among the hospital 

labor force.

It is conceivable that new health technologies could spread at 

a pace faster than the trained people needed to man them could be devel­

oped. There are also instances where instrumentation has been developed 

but the spread of its application is awaiting wider development of pro­

fessional skills in its use. An example is the cryosurgical probe.

This device has reached a high state of development but the market po­

tential obviously depends on the number of doctors possessing the
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necessary skills to use it.

Equipment space requirement

The burgeoning of equipment and its space requirements has been 

great. Historically the hospital utas composed of little except large 

wards and support areas for food preparation and storage. However, 

major scientific discoveries have changed the method for delivering 

medical care. Space has been added throughout the hospital to accommo­

date the laboratory, radiology, surgery, obstetrics, and processing 

areas all with their respective equipment. Thus, space needed for non­

patient occupied areas has grown at a much faster rate than the bed 

space. In a recent 8-year period the square footage required per bed 

practically doubled. The number of laboratory tests is increasing by 

almost 10 per cent a year so that within ten years space requirements 

may be much greater than they now are.

An institution such as a hospital, school, or hotel consists of 

a structure, building services, and equipment. But a hospital is more 

complex than a school or hotel because of the much higher ratio of sup­

port space to service space and because of the intricate relationship 

between many components that is necessary to assure efficient patient 

care. Hospital service is expensive in part because medical technology 

begets equipment which requires space both for itself and for people to 

operate it. The following is an excerpt from an article on "Instrumen­

tation in Hospitals":

"When I came here in 1962," said James F. Bray, administrator,
"the hospital had only sixty beds and one piece of electronic 
equipment, a defibrillator worth #750." Today, Doctors Hospi­
tal has 219 beds and 306 pieces of electronic instrumentation 
with a purchase value of #749,439. By 1973, the hospital will
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niiurl 103 additional devices; liy 1976, 414 more.

Doctors Hospital of San Diego has thrived on management by 
instrumentation by following two rulesz new instrumentation 
must either save money, save time, or cut inefficiency; and 
it must not duplicate patient services available elsewhere 
in the community.

Flexibility and the ability to upgrade instrumentation both 
in terms of volume of use and capability are two maxims which 
guide the technology-oriented staff in equipment selection (23).

The high ratio of support requirements to pattënt space is now 

accepted. The support areas can be considered synonymous with techni­

cal areas; they require a great amount of technical equipment and many 

people to operate the equipment. The once popular theory that "one­

time" construction cost could be tolerated if operating costs were sub­

stantially reduced is weakened when medical technology can cause, not 

only the equipment, but the structure itself to become obsolete. 

Adaptability and inter-changeability have become highly desirable objec­

tives.

Centralization of functions

As recently as twenty-five years ago, the nursing unit was 

served by a floor utility room. In it might be found a pressure and a 

boiling instrument "sterilizer"; a solution/blanket warming cabinet, 

and a water sterilizer with a still attached. All items were sterilized 

in this room and in many cases intravenous and surgical fluids were pre­

pared. As hospitals copied successful methods of industry (such as the 

tool crib), certain processes were centralized. But while centraliza­

tion reduced the number of units required for processing, the necessity 

of purchasing additional larger units did not decrease capital outlay. 

Automatic controls and other labor saving devices cost much more than
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the multitude nf manual units they replaced.

Ciinsolidatlon of space did not necessarily reduce space either. 

Larger equipment and personnel work areas, more people and the need for 

transport pathways actually increased space requirements. Labor costs 

were reduced by the releasing of nursing personnel for nursing. On the 

other hand, centralization increased the costs of distribution within 

the hospital. Still, the end result was better processing with equip­

ment being operated by special personnel. Centralized kitchens, stor­

age, and laundries produced similar results.

The non-equipment approach

Disposables are popular today in hospitals. It is recognized 

that equipment can be eliminated through the extensive use of disposa­

bles. However, it is a maxim that as process costs decrease, distribu­

tion costs increase.

As an example, the use of disposable linens and packs in the OR 

may eliminate one or more sterilizers but it will require more carts and 

storage space, and will add to waste retrieval costs.

Equipment obsolescence

medical technology creates more technology. But the develop­

ment or the availability of the equipment always lags behind technology. 

It follows that the space to house the equipment, the personnel and the 

patient that can use the new technology also lags. As equipment is de­

veloped (see Table 2), it is almost always more expensive than what it 

has replaced.

Technical equipment often suffers rapid obsolescence (see
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TABLE 2

EXAMPLES OF TECHNOLOGICAL CHANGE/GROWTH

Equipment Replaces Cost . 
F actorS/ Advantage

Electric Bed Manual Bad 3:1 Convenience

Autoanalyzer Manual Method 6:1 Reduce Op­
erating 
Cost

Cobalt Therapy No Existing 
Method

- New Tech­
nique

Cardiac Monitor Personal Obser­
vation

- Improved
Technique

Portable Storage Fixed Storage 3:1 Flexibility

a/ The ratio of the neui method to the old where cost could be
compared.
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Figure 4). A piece of equipment may be usable for twenty years, but it 

also may become obsolete in as little as five years. There have been 

some instances of equipment being obsolete when the hospital opened its 

doors.
If the equipment is fixed, this conflict is all the more glar­

ing. For example, a central service department was to be rebuilt in a 

new location. Much of the existing equipment was stainless steel case­

work in perfectly good condition but much of it, because of its design, 

would necessarily be destroyed in the removal. The irony is that it 

had been sold as a lifetime product; however, it had been in use for 

only twelve years. Other equipment, such as the sterilizer was also 

obsolete technologically, not structurally. The value of this equipment 

in the current market was approximately 1160,000 and little could be 

salvaged.

Technological obsolescence suggests this definition of func­

tion: it is what someone has provisionally decided that a device may

reasonably be expected to do at the time of purchase. In other words, 

function is transient and may be altered dramatically at any given time. 

When this happens the equipment should be capable of responding. Under 

the worse conditions, the equipment should be capable of being replaced 

with a minimum of disruption; at best, equipment should be designed so 

that it can be modernized.

Fixed versus movable equipment

It appears to be impossible to have the two factors of physical 

structure, durability of equipment and medical technology, in constant 

alignment. The answer appears to be to assure that the space and
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equipment to the extent possible be as dynamic as the technology, equal­

ly capable of change and growth•

The shift from fixed (static) equipment to major movable equip­

ment has slowly been taking place. Figure 5 shows the value of major 

movable equipment Is now close to 15 per cent of construction costs.

In 1953, it was slightly over 10 per cent. In the same period of time, 

the value of fixed equipment has decreased from 10 per cent to 8 per 

cent.

It can be argued that construction costs have Increased at a 

greater rate than equipment costs. However, the equipment in some de­

partments has Increased In number of units as well as In sophistication.

In Figure 6 the costs of fixed and major movable equipment are 

plotted prior to 1947 through 1970 and related to cost per bed. Again 

the gain of major movable equipment over fixed equipment Is dramatically 

apparent. The trends suggest that planners and administrations are 

seeking to avoid static situations with the hope that adaptability and 

interchangeability will retard the technological obsolescence of equip­

ment.

Statistics available from Hlll-Burton records have been uti­

lized to approximate costs of major movable equipment per bed for hos­

pitals. The costs per bed for all major departments were:

1947 1954 1961 1970

$890 $1,840 $2,550 $4,170

Equipment Is necessary for accomplishing specific functions and 

saving labor. But It requires much space both for Itself and for the 

people who will use It* Medical technology creates additional problems
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of obsolescence and requires growth and change.

Scientific planning and procurement are necessary for the ef­

fective and economical use of equipment.



CHAPTER U 

ANALYSIS AND RESULTS

The process of planning within the health Institution will be 

Different from the processes of planning In business and manufacturing 

for reasons of certain peculiarities within the health field. Some of 

the characteristics of the health field which Influence planning are 

the prevalence of small organizational units lacking formal or effec­

tive coordination and direction, the absence of strong economic or 

other pressure to move In this direction, and the resistance of special 

factions to any type of organizational control or direction.

The factors presently generating urgent needs for more effec­

tive planning In the health field Include those which have led to for­

mal planning In other fields, I.e., complex technology and large In­

vestments. More complex technology and larger Investments bring about 

longer-term implications of present decisions and the consequent great­

er uncertainty and inflexibility. Also, the rapidly-changing science 

and technology of health care delivery create higher "opportunity 

costs" for Ill-advised decisions.

Although there Is a great deal of concern for and discussion 

of the need for planning In the health field, most of the relevant 

literature of substance contains primarily discussions of and Informa­

tion on the physical planning and design of specific units of the

79
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hospital. Discussion of other aspects of the health planning process 

is almost non-existent; e.g., the determination of need, organization 

for planning, setting objectives, managerial decisions, designing ef­

ficient and effective systems, methods of analysis and comparison of 

alternatives, and operational planning.

The largest impetus to planning in the health field in recent 

years has been federal legislation. The Hill-Burton Program requires 

hospitals to perform a certain amount of planning before construction 

funds are approved. This legislation has stimulated the States to pay 

more attention to the systematic determination of facility needs. It 

does not cover the entire hospital field, however, and does not provide 

a comprehensive planning process. Legislation regarding the Regional 

medical Programs provides funds and incentives for planning and devel­

oping programs to provide better health care for heart disease, cancer, 

and stroke. This legislation assigns a key role to medical schools as 

resource centers for knowledge, talent, and leadership. Comprehensive 

Health Planning legislation is even stronger in its support of regional 

planning. It is not limited to specific disease categories. It pro­

vides funds to establish and operate state and regional planning offi­

ces. The regional programs are governed by local personnel represent­

ing the health institutions, health professions, and consumers. Their 

basic purpose is to achieve comprehensive and coordinated planning 

toward common goals, and the development of effective and efficient 

systems for delivering health care.

most of these programs are still in their infancy. They do 

not yet provide any significant assistance to the health Institution in
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developing its plans for clinical programs and facilities. They do, 

however, represent factors which require coordination and evaluation.

Types of Planning Involved

For many reasons, clinical facilities have traditionally been 

constructed to last a very long time and planned for very little flexi­

bility. RIany hospital facilities have been used for 30 and 40 years or 

more. While a legitimate question is whether the planned life should 

be so long, there will probably have to be dramatic changes in custom, 

procedures, and the planning and design process before it is signifi­

cantly shortened. At the present, it seems that a planning horizon of 

at least ten years is desirable in planning hospital facilities. With 

the large monetary investment required and the relatively low degree of 

flexibility typically achieved, the development of facility designs for 

ten or more years definitely calls for well-developed, long-range mana­

gerial and program plans.

The long range and strategic plans of the health institution 

should consist of at least the following three elements for each of the 

major functions of the institution, viz., education, research, and 

service:

a) An assessment of the needs of the "community" which the in­
stitution intends to serve.

b) The specification of the role which the institution is to
serve in regard to providing for the needs of the "communi­
ty".

c) The development of the philosophy of the institution with
regard to its role, major objectives, and approach.

One of the most critical aspects of specifying managerial ob­

jectives in the health institution is the inter-relationships of
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education, research, and service, and the relative degrees of emphasis 

to be placed on each.
Specifications for these inter-relationships along with esti­

mates of anticipated resource availability are necessary in order to 

translate general, top-level statements of objectives into more opera­

tional terms. Basic to this process of specifying objectives is the 

question of how to provide for society’s future needs— while at the 

same time providing much needed service to the "community” in the 

present.

The long-range and strategic planning of top management may in­

clude the specification of general means of achieving the stated objec­

tives. In most cases, a consideration of alternative means will be in­

volved in the process of establishing objectives, especially for those 

objectives stated in terms having specific operational and program im­

plications.

The formulation of objectives will involve the anticipation of 

various aspects of the future of the entire health field, and the selec­

tion of the best courses of action to meet the demands of the future and 

to realize the full potential of the institution in making that future 

what it is desired to be. It requires an intimate knowledge of the 

field, and the use of a great deal of intuition and judgmsnt which only 

those experienced in the field can effectively provide.

Another level of institutional planning upon which facility 

plans must be based is the selection and development of programs for ac­

complishing institutional goals and objectives. A program is a unified 

set of sub-objectives, resources, organizational arrangements, and
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procedures. The development of program plans is the first step in 

translating long-range and strategic plans into facility plans.

There uiill necessarily be many program plans, each to be de­

veloped by the organizational unit responsible for the program. Service 

program plans should include descriptions of the types of services, or­

ganizational arrangements, numbers of patients, resource requirements, 

and new models to be developed.

Operational planning involves the development of methods and 

systems for carrying out the planned programs and providing the required 

supporting services. This is largely technical planning. The process 

of operational planning should include such things as the incorporation 

of the best available operating equipment and technology, the develop­

ment of the organization structure, and the design of efficient methods 

of operation. It also should involve the development of plans to cor­

rect or improve present deficiencies in operations. This phase of plan­

ning is very closely related to facilities design.

Throughout the entire planning process at all levels there are 

needs for special and technical project work, including systems analysis 

and design, forecasting, methods study, and economic analysis. Much of 

this project work may be performed by a technical staff. For example, 

architects and engineers working on systems and facilities design are 

performing project planning.

Tne general relationships among these three types of planning 

are illustrated in Figure 7. Obviously this sketch oversimplifies the 

actual relationships; the feedback and recycling which must take place 

in a planning process are not reflected.
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Since there is no technical methodology for setting objec­

tives, this phase of the process will depend upon experience, intui­

tion, and judgment, and may even involve a relatively high political 

content. The political content may be especially high in establishing 

objectives related to the teaching hospital, since these objectives 

must be carved out of a complex and conflicting mixture of considera­

tions involving community needs, educational objectives, accreditation 

requirements, governmental planning and regulation, affiliated institu­

tions, the private practice of medicine, etc. To the extent that this 

process allows autonomy in setting objectives and selecting means, the 

type of planning which has previously been called developmental planning 

exists.

The primary objectives of the health institution involve the 

satisfaction of health care needs of the public through education, re­

search, and service, including the development of demonstration models. 

Public demands provide significant indications of these needs. There­

fore, the institution is responsive to public demands in the development 

of its plans, especially plans for the teaching hospital. While many of 

the more general public demands are expressed through the Federal and 

State governments, there may be other significant demands upon the in­

stitution from the local community.

The process of planning for clinical facilities also involves 

many elements of allocative planning, i.e., the allocation of resources 

among competing uses in those cases where there are quantitative meas­

ures of effectiveness and where the optimality criterion is the primary 

guide. This process is an objective one, and usually involves the
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comparison of alternatives on the basis of technical and economic mea­

sures. It appears that, because of a lack of specificity in objectives 

and a lack of good quantitative measures of effectiveness, allocative 

planning plays a minor role at and above the level of program selection 

and design. As the process moves closer to operational planning and 

design, allocative planning comes more into play. For example, alter­

native supporting service systems and operational facility designs are 

more frequently selected on the basis of their costs and benefits.

Another type of planning required involves the introduction 

and development of new arrangements and programs for the accomplishment 

of dramatically new objectives which may not have received general ac­

ceptance and support within the institution. Such seems to be the 

case, for example, in the development of "comprehensive health care" 

programs under the auspices of the institution. In the case where 

major now facilities are being planned, and where these facilities must 

he specifically designed to accommodate these new programs, a process 

of rapid and radical change may be required. The process of mobilizing 

personnel and resources and guiding change toward the yet unaccepted 

new objectives has been called innovative planning. With the major 

problems facing health institutions today, and with the complexity, re­

sistance to change, lack of coordination, and disunity which presently 

exists within the health field, elements of innovative planning will 

probably be very important in the process of planning for clinical edu­

cation facilities.

Finally, almost all of the various types of plans will be pro­

duced at some point in the process of planning for clinical facilities.
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Policies and objectives will be developed for the institution and for 

each relevant subdivision. Operational plans will be developed for 

each major function, including education, research, patient care, and 

supporting services. Those procedures having implications for facili­

ties design will be designed. And, both captial and operating budgets 

will be prepared. All of these types of plans will be combined into 

what the planning literature calls a "program".

As is true in the planning field, in general, there are few 

established procedures and techniques for planning for clinical facili­

ties. This is clearly indicated by the literature related to this 

field. While it is not expected that a scientific or even a mechanis­

tic methodology will ever be developed for this process, there are many 

opportunities for making it more organized, systematic, rational, and, 

hopefully, more successful.

Although one of the primary objectives of the process should 

be to achieve maximum rationality in planning, the roles of objective 

and scientific methods and approaches are limited by many factors, in­

cluding the following:

a) The value judgment content of the process.

b) Incomplete information.

c) Lack of time and resources for thorough study.

d) Inappropriateness of data on past operations in a process 
which has as its primary purpose establishing new patterns 
for future operations.

e) Inadequacy of present objective and scientific methods and 
approaches involving many of the most important problems 
in such a process.

It is apparent that new directions, approaches, and methods
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are called for in the health and education fields. Planning which in­

volves an extension and gradual improvement of old forms of operation 

may very well not be adequate to meet even the short-range needs. To 

fulfill the role that is needed for planning in these fields, a great 

deal of imagination and creativity will be required.

As indicated in previous paragraphs, planning for clinical fa­

cilities should be a comprehensive process Involving all of the major 

elements and activities of the organization. Because of this, the 

selection of the critical elements for study and redesign, timing, and 

organization are of utmost importance.

Because of the scarcity of acceptable data, the incompleteness 

or knowledge regarding health care needs and the operation of the 

health care system, and the radical changes anticipated, analytical- 

quantitative forecasts and predictions for long-range planning in the 

health care field are probably less accurate and reliable than in busi­

ness and manufacturing. The use of analytical quantitative methods of 

forecasting should he carefully considered and viewed critically.

About the best that can be done in many cases is to attempt to antici­

pate the possible futures so that the right risks are taken, and so 

that the appropriate flexibility to respond to major anticipated de­

velopments can be achieved. A valuable approach in this connection is 

the performance of sensitivity analyses on alternative plans and de­

signs, i.e., test each alternative against the possible future conse­

quences in order to predict results under the various conditions.

"Uncertainty absorption" is another important aspect of this 

planning process. Assumptions and decisions made at various levels of
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the planning organization tend to "absorb" some of the actual uncer­

tainty which exists, so that subsequent levels perform under less ap­

parent uncertainty. This is an important consideration in the organi­

zation and management of the planning process. Some of the uncertain­

ties will involve the patient care process, supporting services, and 

managerial and administrative matters. Each type of uncertainty may 

require a different type of person to make the necessary assumptions 

and Judgments.

Special Considerations in Health Facility Planning 

Many of the previously described changes taking place in the 

health field may affect the design of clinical facilities. One of these 

is the implementation of progressive patient care. Under this concept 

there are usually three levels of care, i.e., intensive, intermediate, 

and self-care. These levels are defined in a manner which indicates de­

creasing nursing and medical care requirements. Likewise, the features 

required in the facilities for each level are somewhat different. These 
differences involve utility and equipment requirements, e.g., equipment 

in intensive care areas require extensive electrical, suction, and oxy­

gen support; layout, e.g., ambulant self-care patients will need recrea­

tional space; support systems, e.g., different items and quantities of 

supplies will be needed in the intensive care unit than in the self-care 

unit; and staffing, e.g., fewer nursing personnel per patient will be 
required in self-care than in intensive care. The varying needs in the 

progressive patient care concept will probably lead to compartmentalized 

facilities, with each compartment designed to meet the needs of a par­

ticular level of care. In some cases separate structures may be Jueti-
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fled for ono or more of the levels of care. For these reasons it is 

linriortnnL that proqram plans indicate expectations retjardlnq numbers 

and typos of patients in the various levels of care.

The trend towards shorter lengths of hospital stay is another 

factor which could have a significant impest on facility requirement. 

Some of the reasons for this trend stem from the rapidly incrsasing 

cost of hospitalization, but others api primarily medical in origin.

For example, in many cases e arly  ambulation is felt to be good for the 

patient, therefore shorter periods of hospitalization are possible. As­

suming that the same relative mix Of types of eases will occur in a 

given hospital and that the le v e l of occupancy will remain the same, 

then with a ehOFtiP hospital stay more clinical supporting services 

(e.g.. X-ray, laboratory; Gurggry, and physical therapy) must be provi­

ded within a given time period. This type of change tends to invalidate 

existing rules-of-thumb and planning ratios for supporting services. 

Investigations will be required to determine better planning informa­

tion. The requirement that the same or increased supporting services 

for a patient be provided in a shorter period of time will also place 

heavier demands upon the communication, logistical, and scheduling sys­

tems of the hospital. New and improved systems may have to be designed.

Health facilities planning must anticipate the use of new and 

improved equipment and managerial support systems. Examples of these 

are computers and "management information systems”, integrated communi­

cation systems, automatic material handling and distribution equipment, 

and sophisticated medical equipment such as auto-analyzers and elec­

tronic patient-monitoring. The architect should know early in his
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design process which of these will be used, since he will have to in­

corporate specially designed areas for certain equipment, provisions 

for utility lines, and increased utility capacity. Decisions on these 

matters will also affect staffing, traffic, and material flow, all of 

which the architect must consider in facilities design. Examples in 

other hospital areas are not difficult to suggest, e.g., convenience 

food systems.

The dramatically increasing costs of health care today are 

causing a general questioning of many aspects of the health system. 

These higher costs may eventually change the pattern of hospitaliza­

tion, i.e., the types and numbers of patients hospitalized, as signifi­

cantly as hospitalizaticn insurance has in the past. Such a shift in 

utilization patterns would have significant effects on facilities re­

quirements. Another effect of rising costs is increasing pressure for 

improved operational efficiency. Some of the possibilities for im­

proved efficiency are found in automatic equipment, electronic data 

processing, and different staffing patterns. Facility design must ac­

commodate these types of changes.

Facility design itself, especially internal layout, is a good 

area for innovations to improve efficiency. Potential returns from 

the substitution of capital for labor seem exceptionally good in view 

of the fact that labor cost usually make up 60-70 per cent of hospital 

operating expenses, and since 1.5-2.5 years of operating costs normally 

equal the construction cost of the facility (2).

The relative locations of various functions and areas within 

the facility is another factor to be considered by the planning team.
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These decisions cannot be left exclusively to the architect since many 

of the relevant criteria are derived from the objectives of the various 

organizational units and from other technical and operational consider­

ations on which the architect may not be the best judge.

Important proximity relationships Involve the patient care 

process. For example, certain types of patients require frequent use 

of X-ray and other supporting services. Close proximity to these serv­

ices reduces inconvenience and travel time. Other types of patients 

need to be close to certain facilities and equipment which might be 

needed urgently; e.g., an obstetrical patient may need to go to the 

operating suite on short notice. Some proximity relationships are de­

rived from the need for certain types of staff to be close to patients, 

e.g., nurses and on-call doctors. The requirements for these types of 

proximity, however, are changing with design innovations and new sys­

tems such as nurse-servers, baths In each bedroom. Improved audio and 

visual communication systems, and material handling systems. These 

changes Increase the capacity to effectively and efficiently bring 

services to the point of use without having the service area In close 

proximity to the user area.

With a field as dynamic and changing as the health field Is 

today, flexibility should be one of the primary criteria In evaluating 

alternative designs. Thsre are several ways to achieve flexibility.

One Is to design the structure so that It can be efficiently modified 

internally to accommodate changing functions. This Is difficult to 

achieve in a hospital because of the nature of the process and of the 

product, the amount of plumbing and other utilities Involved, and other
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special design requirements. The use of standard sized modules and 

rooms which would suit several different functions will give soma 

flexibility, however.

Another way of achieving increased flexibility is to shorten 

the planned economic life of the facility so that complete changes can 

be made more frequently. The successful application of this approach, 

however, even if proven to be economical, would probably require chan­

ges in attitudes and methods of financing hospital facilities and opera­

tions. The agencies providing funds for facilities may not encourage 

designs requiring significantly higher capital funds over the years 

even with the promise or hope of decreased operating costs, especially 

since these same agencies are usually not responsible for providing 

operating funds.

Some other problem areas in health facility planning are as

follows:

a) Confusion of primary goals.

b) Lack of knowledge, quantifiable goals, and operational 
data.

c) Lack of good coordination and a decision making body.

d) Conflict of medical practice and the needs of planning.

e) Lack of good measures of "need".

f) Rapid growth and development.

g) Newness of planning to many personnel in the health field,

With these difficulties, it should be no surprise that examples of good 

planning are hard to find in the literature.
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Hospital Technology and Choice 

In planning for the application of new technology in clinical 

facilities, it is important to distinguish between changes from one 

technique to another already known technique. Technical change without 

scientific progress occurs for two different reasons. Traditional eco­

nomic analysis emphasizes the change that occurs in response to a shift 

in the relative prices of inputs. Because hospital wage rates have 

risen much faster than the prices of their other inputs, hospitals have 

economized on labor by using more disposable items, by automating 

laboratory ariu cliniccl procedures, and, in general, by other forms of 

substituting equipment and supplies for personnel. The effect of this 

substitution has been to prevent costs from rising as fast as they 

otherwise would have. The importance of this factor as a determinant 

of the rate of the hospital cost inflation in the past and as an in­

fluence on future cost increases is a potentially rich but currently 

unexplored subject for research. From 1955 to 1968, hospital wage 

rates rose approximately 92 per cent, and other input prices, as meas­

ured by the wholesale price index, rose 17 per cent. Moreover, in 1955, 

62 per cent of total expenses were for labor input (68). The general 

theory of this type of input substitution is well understood, but be­

cause there is insufficient information to examine this process in hos­

pitals, this type of technical change will not be discussed here.

The second reason for technical change without scientific 

progress is a change in the demand for hospital care. This type of 

technical change generally yields a new product and not just a differ­

ent way of producing the old product. An increase of demand can also
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change technology without changing the product if institutions grow in 
response to the increased demand and a different technology becomes 

less expensive at the larger scale. Although actual changes in product 

and in production technique are often the result of both new scientific 

knowledge and a changing demand, the logical distinction between changes 

with and without new scientific knowledge is important for understanding 

the process of change and its effects on cost. This discussion of tech­

nical change can be clarified by using a diagram to represent the two 

components in the analysis: (a) the relation between cost per patient

day and the benefits of hospital care as perceived by patients and (2) 
the preference of patients that determine their choice between more ex­

pensive hospital care and other forms of consumption.
Figure 8 represents the benefit-cost possibility curve, the re­

lation that prevails at a given time, with the particular current state 
of scientific knowledge, between average cost per patient day and the 
benefit of hospital care as perceived by patients. This relationship 

represents the different possibilities that are in principle open to 

each hospital with its given diagnostic mix of admissions and with fixed 

input prices. The shape of the curve indicates that as the cost increa­

ses, so do the benefits. In addition, at increasingly higher levels of 

cost, the rate of increase for the benefits of hospital care decreases.

Cost per patient day can be varied by changing the technology 

of care through different staffing patterns, equipment, and supplies. 

Each point on the curve therefore represents a particular technological 

configuration. The term "benefit" should be considered quite broadly to 

include not only the expected degree of success of the medical care but 

also the patient's comfort while in the hospital and the reduction in
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uncertainty that is provided by more expensive diagnostic procedures. 

There is no natural physical unit in which the benefits can be measured. 
It is useful; therefore, to consider a dollar measure: the maximum

amount that an average individual would be willing to pay for the expec­
ted medical gains, comfort, and reduced uncertainty. The shape of the 

benefit-cost curve implies that an increase in cost per patient day 

raises the level of benefits, but less than proportionately.
It is difficult to determine the point on the benefit-cost curve 

where a hospital will choose to operate. In a community in which a 

single hospital serves the entire population, the chosen technology will 

reflect the preference of the patients, the medical staff, and the hospi­
tal administration in an indeterminate way. However, when patients can 

choose among several different hospitals, it is likely that their prefer­
ences will dominate in determining the technology. Although a patient 

rarely has many hospitals among which to choose, the patients of any 

given hospital will come from different locations and, therefore, have 

different hospitals among which to choose. The hospital is therefore in 

competition with a larger number of institutions than any single pa­

tient's range of choice. This spatial characteristic of the market weak­

ens the potential oligopoly power of hospitals. However, because anti­
trust regulations do not apply to voluntary end public hospitals, there 

may be more collusion that would prevail in a profit-seeking industry 

with the same market structure. This analysis will assume that patients' 
preferences to determine the benefit-cost point that prsvails. Ths as­
sumption that patients' preferences prevail is not crucial to the anal­

ysis. If the preferences of the physicians or hospital administration 

were assumed to prevail instead, the benefits could be redefined in terms
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of their preference instead of the patients'.

"Indifference curve analysis," a diagrammatic method widely 

used in the economic theory of consumer behavior, can be adapted to 

represent preferences in the current context. Figure 9 shows three in­
difference lines, labeled Iq, X̂ , and Ig. Indifference line Î  repre­

sents one set of benefit-cost combinations, among which the "representa­

tive" patient is indifferent; he has no preference between the relative­

ly low-cost hospital care (point A) and a higher cost hospital care if 

the benefits are sufficiently higher (such as point 8). 8y construc­

tion, at every point on Î  the patient values the benefits at $20 more 

than the price he would have to pay. (To say that the patient "values" 

the benefits at $20 more than their price is equivalent to saying that 

he would be willing to pay up to $20 more than that price for those 

benefits.)
Points on indifference curve Ig represent benefit-cost combi­

nations that are preferred to those on indifference curve I^; point C is
more costly than point A but offers much greater benefits. At every

point on Ig, the patient values the benefits at $40 more than their

price. Similarly, points on Ig are less desirable than those of Î  and
Ig; more specifically, these are points at which the charge represents 
the maximum amount that the patient would be willing to pay for the cor­
responding benefits. Although only three indifference lines are drawn 

for illustration, every possible benefit-cost point lies on some differ­

ence line.
Figure 10 combines Figures 8 and 9. Since the only technical­

ly feasible benefit-cost combinations lie on or below the benefit-cost 

possibility curve, it is clear that point E is the benefit-cost
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combination that the patient prefers. All of the other points on and 

below the benefit-cost curve lie on lower (i.e., less preferred) in 

difference lines, and points on higher Indifference lines such as I2 
cannot be attained. The technology marked by point E, with the cost 

per patient day approximately $40, would therefore occur if patients' 

preferences prevailed. At any cost per patient day up to approximately 

$90, the benefits indicated by the benefit-cost possibility curve ex­

ceed the cost. The hospital which is a local monopoly could therefore 

adopt a more expensive technology than the one most preferred by pa­

tients and still be able to sell its services.

An important part of evaluation of technology is the compari­

son of alternatives in terms of the consequences of its implementation. 

In making such comparisons there are two principal conceptual approa­

ches:

a) Fixed effectiveness approach. For a specified level of ef­
fectiveness to be attained in the accomplishment of some 
given objective, the analysis attempts to determine that 
alternative which is likely to achieve the specified level 
of effectiveness at the lowest economic cost.

b) Fixed budget approach. For a specified cost level to be 
used in the attainment of some given objective, the analy­
sis attempts to determine that alternative which is likely 
to produce the highest effectiveness (61).

Either of these approaches may be used, depending upon the context of

the problem at hand.

Technical change without scientific progress

At any time there are substantial differences among hospitals 

in staffing patterns, the use of equipment, and the sophistication of 

diagnosis and treatment. Expensive new techniques are introduced by a
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few hospitals and spread gradually over time to an Increasing number of 

institutions. This spreading of high-cost techniques does not, of 

course, represent new scientific knowledge. The primary reasons for 

such technical changes are rising income and increased insurance cover­

age. The spread of intensive care units— from 10 per cent of hospitals 

in 1960 to 42 per cent in 1968— is an important recent example (2).

The American Hospital Association Annual Survey of Facilities presents 

other examples of this aspect of technology change.

With a higher income, the patient will generally be willing to 

pay more for any given set of hospital care benefits (i.e., expected

medical success, comfort, and reduced uncertainty). In terms of the

diagram, higher income raises the benefit possibility curve. Figure 11

shows how such a shift of the benefit-cost possibility curve, from BC1

to BC2, can Increase the cost per patient day of the preferred benefit- 

cost combination from E to F. In the current context this relationship 

is implied if, as income increases, patients raise the valuation of the 

less costly care. Since this is more likely than the converse, a rising 

income will generally lead to a more expensive technique.

Technical change with scientific progress

No cause of rising hospital cost is more frequently cited than 

the lack of or low rate of technical progress. Such a statement is very 

misleading. With the aid of the diagram it is easy to see that gains in 
scientific knowledge (including managerial innovations) that have the 

potential of lowering the cost of care may actually have the opposite 

effect.

With the level of income and the extent of insurance both



103

Benefits
(I)

BC1

Costs

BC2

(I)

Figure 11--Hlgher Income and the Benefit Cost Curve,



104

constant, scientific progress can be represented by an upward shift in 

the benefit-cost possibility curve (see Figure 12). At every level of 

cost pur patient day, the new scientific developments permit a higher 

level of benefits to be produced. That is, every level of cost per pa­

tient day corresponds to a new "product" or technology, for which pa­

tients would be willing to pay more. Before the technical change, the 

hospital was producing at point E, where the benefit level is 81 and the 

cost per patient day is Cl. The new scientific knowledge represented by 

BC2 permits the 81 benefit level to be produced at a substantially lower 

cost, C2. This decrease in the cost of producing the original benefit 

level would be an appropriate measure of the productivity gain entailed 

in the new scientific knowledge. An alternative measure of productivity 

gain is the increase in benefits that would be possible at the old cost 

per patient day, i.e., the increase from 81 to 82. These measures will 

not generally agree with each other or with other more complicated mea­

sures involving changes in both costs and benefits that might be used. 

Such is always the nature of the index number problem involved in com­

paring two curves. The important point, however, is that, by any appro­

priate measure, the change is scientific knowledge can be said to imply 

a productivity gain. However, the gain in productivity does not imply 

that the cost per patient day with the new technique will actually be 

lower than the cost per patient day with the original technique. In 

Figure 12 the new preferred service occurs at a point (F) where the 

technology implies a higher cost per patient day and, of course, sub­

stantially higher benefits. Although patients could have continued to 

obtain the same benefits of health care as before, but at a lower price.
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ths new opportunity for much greater benefits with a relatively small 

increase in cost led them to prefer F. The new level of benefits might 

also be used as a basis for measuring the productivity gain, fflore spe­

cifically, the productivity gain could be defined as the percentage 

difference between the cost of producing 83 after the technical change 

(i.e., C3) and the cost with the old technology (not shown). Moreover, 

with the old knowledge, such a benfit level might not be achievable at 

any cost.

The determinants of scientific progress are too complex to per­

mit simple generalization about the economic forces that influence 

whether technical progress increases or lowers cost. It seems likely, 

however, that research effort is biased away from attempts to reduce 

the cost of providing the current or somewhat lower level of benefits 

and toward attempts to raise the benefits associated with higher levels 

of cost. This likelihood reflects both the standards of academic medi­

cine and the ethics of "the best possible care for my patient."

This analysis reveals: (a) the rise in cost per patient day

is not evidence that there has been no technical progress or produc­

tivity gain; (b) changing demand can alter technology without any sci­

entific progress; (c) technical progress can increase, as well as lower 

costs; and (d) the current approach to medical research may be biased 

toward producing information that causes technical progress to increase 

cost.

Hospital Services and Technology Demand

Concern with the adequacy of resources for meeting expanding 

commitments for care has directed attention to the way in which hospital
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and health capital is and could be formed. The belief has been current 

that capital accumulation depends on availability of capital funds, and 

that this availability, in turn, depends on government decisions and 

philanthropy. These assertions leave unexplained the basic reasons why 

voluntary hospitals seek additional funds.

It can be shown that increased complexity of services requires 

increasingly capital-intensive use of resources. In addition, there 

may be a scale effect, with larger hospitals requiring relatively more 

capital.

In the course of their operations, hospitals are obliged to 

choose among alternative uses of resources, and they do In fact select 

some option from the array presented. The selection Itself Implies a 

preference and can reasonably be interpreted as implying comparison and 

evaluation of outcomes of the various alternatives.

One must assume that changes in the conditions which provide 

the basis for evaluating the outcome of various alternatives do influ­

ence the target goals of hospitals in seeking out funds, and thus the 

amounts eventually received and spent, that is, hospital Initiative and 

demand take on an autonomous role In the capital allocation process. 

Factors which are believed to be influential In evaluating alternative 

allocations include the hospltal-doctor relationship. Admitting privi­

leges of doctors stem from private arrangements with hospitals. Doctors 

are therefore disposed to go where they will have the greatest possible 

array of services and facilities to support their private practices.

The hospital thus acquires a motive for taking Into account the capital 

it will require both for the patient load It anticipates and for satis-



108
faction of the requirements of the physicians admitting the patients. 

The basis is laid for an investment policy, a planned response to new 

technology and to the expansion of services and the treatment of more 

patients. The hospital must respond because the doctor can withdraw 

his affiliation if he becomes dissatisfied with the hospital's serv­

ices. Implicit in this reasoning is the fact that doctors at levels of 

skill and range of specialization that the hospital would like to re­

tain or attract are relatively scarce.

The tendency of hospitals to duplicate facilities flows from 

their competition for doctors. The result is that unmet needs coesist 

with excess capacity, and the community loses services. The present 

relationship, in which doctors, although neither owners nor employees, 

have a voice in management decisions, may pass into history as a tran­

sitional form of hospital organization as more doctors assume full-time 

posts at hospitals. However, given the relative scarcity of doctors, 

the incentive for hospitals to try to provide doctors with technically 

optimal facilities will remain.

The relationship between such variables and actual investment 

data was tested on data for years of operation (1945-1965) of forty 

voluntary hospitals in New York City. These data were made available 

by the United Hospital Fund. Annual reports were examined, and time 

series were developed for investment in plant and equipment, extensive 

and intensive aspects of services provided, and extent of teaching com­

mitment and activity.

The principal findings were as follows: when annual aggre-

grates for the forty hospitals were treated as variables, 68 per cent
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of the variance in annual real Investment mas explained by three fac­

tors - yearly changes in an output indax, yearly changes in the ratio 

of semiprivate days to admissions, and an allowance for a distributed 

lag in carrying out desired investment projects. In a cross-section of 

means for each variable, the lag disappeared, and somewhat different 

variables stood out as predictors. Of the variance in mean annual real 

investment per hospital, 56 per cent mas explained by mean annual dif­

ferences in admissions and in the extent of teaching commitment. In­

vestment data on an annual basis are presented in Table 3, along with 

measures of the extensive and intensive changes in services provided 

(64). The rate of Investment per year in current prices is defined as 

the annual change in adjusted book value of plant and equipment, as re­

ported by the hospital to the United Hospital Fund.
Seven variables mere selected to account for investment in the 

period. These were the increment between periods (t-2) and (t-1) in 

the following areas: (a) admissions (this was taken as a measure of

extensive demand for hospital services); (b) operations per admission; 

(c) X-rays per admission; (d) laboratory tests per admission. These 

ratios were taken as measures of intensive demand for hospital service. 

Also studied were (e) semiprivate days per admission, a measure of the 

hospital's shift away from ward care to care of solvent insured pa­

tients; (f) interns and residents per bed, a measure of teaching activi­

ty, a major service product of metropolitan hospitals; (g) ratio of 

special to general professional staff, a general measure of the rela­

tive intensity of services. Special professional staff includes those 

in such departments as X-ray, laboratory, and operating room. General



TABLE 3

TOTAL GROSS INVESTMENT, ADMISSIONS, AND SELECTED FUNCTIONAL 
RATIOS FOR FORTY HOSPITALS, 1945-1965

Year Gross In­
vestment

Admis­
sions

Operations/
Admissions

X-Ray Films/ 
Admissions

Functional
Laboratory
Examinations/
Admissions

Ratios
Semi-private Professional 
Patient Days/ Care:Special 
Admissions Staff/

General Staff

1945 # 273,379 .533 2,525 8,516 3,706 .220
1946 1,261,379 303,252 .568 2,981 9,292 3,449 .226
1947 2,367,903 323,492 .550 3,253 9,827 3,388 .229
1948 4,425,011 324,434 .549 3,545 10,743 3,587 .232
1949 7,762,421 325,927 .550 3,821 11,652 3,578 .242
1950 10,282,013 334,154 .547 4,103 11,660 3,740 .246
1951 15,375,865 341,394 .543 4,008 11,647 3,774 .247
1952 10,410,972 344,960 .525 4,247 12,010 3,927 .246
1953 14,279,434 354,161 .526 4,434 12,506 4,175 .254
1954 11,929,146 364,058 .508 4,674 12,703 4,656 .254
1955 21,926,987 371,280 .509 4,996 13,726 4,553 .253
1956 8,788,423 383,909 .512 5,274 14,553 4,763 .259
1957 14,519,396 391,845 .503 5,258 15,769 4,805 .248
1958 20,641,059 398,515 .49J 5,540 17,436 4,806 .255
1959 17,675,633 408,745 .503 5,608 18,751 4,927 .262
1960 15,404,627 410,872 .499 6,152 19,043 5,087 .266
1961 26,480,726 415,042 .496 6,422 19,755 5,252 .276
1962 28,889,981 421,653 .515 6,763 22,148 5,264 .278
1963 36,625,322 428,318 .522 7,199 23,805 5,314 .284
1964 38,333,310 438,990 .521 7,737 24,904 5,386 .281
1965 32,954,581 448,497 .518 8,457 27,393 5,491 .309
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professional staff includes interns, residents, and nurses on inpatient 

service, pharmacists, social workers, etc. A final predictor variable, 

investment in period (t-1), was included to take care of the lag aris­

ing from the fact that an investment plan, a desired adjustment, takes 

sevoral years to complete.

The 21-year trends in the values of the variables show a note­

worthy increase in the various aspects of hospital service. Admissions 

rose from 276,000 to 448,000. X-rays per admission went from 2.5 to 

8.5, and laboratory tests per admission more than tripled, going from 

8.5 to 27.4. The number of interns and residents per bed rose from 

0.06 to 0.14 and the ratio of special to general professional staff 

rose from 0.22 to 0.31. Semi-private days per admission went up 50 per 

cent (from 3.7 to 5.5) in the period.

The trend of investment in the tima period studied was upward. 

At current prices, investment by the forty study hospitals rose from 

11,261,000 in 1946 to $32,955,000 in 1965.

The eight predictor variables were used in an early trial of 

the first version of the relationship with yearly aggregate data. Over 

half the variance was explained. However, intercorrelations between 

three pairs of variables were found and the large number of variables 

imposed a high threshold for statistical significance. Accordingly a 

revised version of this equation was created. An average output equi­

valent was developed, combining the influence of admissions and the 

ratios of operations. X-ray films, and laboratory tests to admissions. 

An output equivalent was calculated for each ratio variable in each 

year, using the value of the ratio in 1945 as a base. For example, in
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I'Mb fchoro uiorij 2.5 X-ray films pur admission (1D3), Fur uach aiiccouri- 

ing year an output equivalent uiaa calculated for this variable by di­

viding actual total X-ray films by 2.5. For each year admissions and 

the output equivalent calculated for the three service ratios were 

summed and divided by four. The year-to-year changes in the resulting 

variable were substituted in the regression equation. The effect of 

using this variable is to give more weight to an absolute increase in 

services when the base year intensity (ratio to admissions) is low. The 

output equivalent is an admittedly rough attempt to amalgamate the im­

pact of growth of various services, and so to reduce the number of pre­

dictor variables. These results show that over two-thirds of the vari­

ance in investment is predictable by the combined effect of changes in 

output, changeover to semiprivate care, and a distributed time lag.

The result of this analysis reveals that the use of technology 

is increasing in hospitals and that much of the increase is related to 

the growth in ancillary services. This large investment necessitates 

careful evaluation of uses and complete analysis of alternatives to de­

termine the most appropriate uses of the resources available. The limi­

ted resources of manpower, capital, and equipment force an intensive 

review of each proposed application of technology to insure that the 

resources are being used efficiently and as achieving the desired re­

sults. The application of management science and operations research 

permits objective analysis of investment alternatives. Specific methods, 

such as decision-theory, have direct application to the analysis of in­

vestment decisions. The following discussion of the applications of
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management science Is directed towards the administrator or board mem­

ber who must make the decisions on equipment selection and plans for 

the effective use of technology.

The Application of Management Science

Decision making is a major portion of management activity. 

Managers are rated on their ability to make and implement correct de­

cisions because the success of a firm is dependent upon the cumulative 

results of many previous decisions. In years past most business de­

cisions were made without considering the effects of uncertainty, and 

were made in a qualitative manner in which a major ingredient was the 

experience of the decision maker, supplemented by subjective considera­

tions known as intuition or hunch. Today, while many problems still 

cannot be approached from any other angle, there is a growing body of 

technique that guides rational decisions on quantitative problems. 

Problems involving costs, time, rates of return, proportion defective, 

and other quantified variables are amenable to rational analysis, even 

though precise values for these items are unknown and perhaps cannot be 

known. Even variables that are hot inherently quantified may be treat­

ed with these techniques by rating the various items against an arbi­

trary scale of preference termed a utility scale.

Intuition and experience can be invaluable to the administra­

tor as he makes decisions. But they cannot be depended on as the sole 

guides to decisions about the cor^rol of complex activities. Today's 

complex systems and organizations require the well-planned application 

of quantitative methods. Operations research involves the systematic
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application of such methods to the decision-making process; it supple­

ments intuitive judgment with quantitative analysis.

Theoretically, there are no managerial and administrative 

organizations to which the approaches and techniques of management 

science do~not apply. There are, however, certain characteristics of 

organizations and their decision-making processes which affect the ex­

tent to which management science applications are practicable. This 

discussion will draw upon the descriptive framework established in 

previous chapters in order to discuss some of the primary considerations 

regarding the present and potential application of management science 

in planning for clinical implementation of new technology in facilities, 

and to provide some example applications.

The intangible factors only limit the potential application of 

management science; they do not eliminate it. The impact which manage­

ment science may have on any particular process will depend to a large 

degree upon the management scientists* understanding of the process, 

their preceptive ability in selecting the problem areas to study, in 

timing, in the method of their involvement, and in their willingness 

and ability to make personal and professional adjustments to meet the 

needs of the planning process. It will also depend upon the under­

standing and appreciation by the general managers and planners of the 

techniques of management science, and upon their willingness and abil­

ity to adjust the process as necessary to provide the opportunities, 

time, and resources required by the management scientists in order to 

make significant contributions.
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There are many ways In which management science can contribute 

to the planning process, at least in theoretical concept. This dis­

cussion concerns potential applications directed to decision making for 

the implementation of new technology.

Decision Theory

Decision theory is the theory of quantitatively and rationally 

selecting the best alternative from among several on the basis of their 

degrees of objective achievement. Some objectives have natural meas­

ures, hut many do not. Decision theory attempts to provide methods for 

obtaining quantitative measures of the degree of achievement for those 

objectives and alternatives not possessing natural measures. In many 

respects quantitative measures provide more information than other types 

of measures, and, more importantly, in the present case, quantitative 

measures are necessary for most management science techniques.

Utility theory may be helpful in providing indications of value 

for factors with no natural measure, and for converting some "natural 

measures" into a scale which better measures the power to satisfy human 

wants. An example of the meaning and the use of utility measures is as 

follows: if a physician owns a certain number of instruments, then he

derives satisfaction, or utility, from owning them. If he has only one 

instrument, the purchase of another will give him a large increase in 

utility, but if he has fifteen, the next one will give him only a small 

increase.

Where the attainment of objectives is measured on a continuous 

scale rather than a two-point (0, 1) scale, utility may be better
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reflected by the assignment of weights to the various factors contribu­

ting to the objective. For example, a manufacturer might be trying to 

select a box to package his product from among several types which are 

different as to their strength, weight, and cost. To make a selection 

the decision maker must make trade-offs among these characteristics.

In effect, he must weight each factor according to its contribution to 

value relative to the other factors. The weightings may be subjective.

Various methods might be used to compute or assign the subjec­

tive weightings. One method is to measure the critical factors of a

group of alternatives and then get the decision maker to furnish his

judgment of the overall value of each alternative. It might then be 

assumed that the sum of the products of the factor measures and their 

respective subjective weightings will be equal to the overall value of 

a particular alternative. For example, the equation for the value of 

one of the alternatives might be as follows:

“*1̂ 11 * V ^ 2  * ^3^13 * ••• V i j  * Error = Vj 

where = weighting, R^j = factor measures, and Uj = overall value. 

With a sufficient number of such evaluations multiple regression pro­

cedures could be used to solve for the subjective weightings for each

factor. Another method is for one decision maker, or a group of de­

cision makers to make direct assignments of weights to contributing 

factors.
As an illustration of the potential application of these types 

of techniques in the facilities planning process, consider the case in 

which a large number of items of equipment must be evaluated and se­

lected for use in a building. Decision theory applied by computer
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techniques might be used to reduce the burden on the decision maker in 

the following way. Suppose there are five factors to be considered in 

evaluating each item of equipment, i.e.:

a) cost/use
b) reliability
c) patient safety and comfort

d) employee safety
e) employee satisfaction

It might be assumed that the decision maker's evaluation of each item of 

equipment can be expressed as some mathematical function of these five 

factors, e.g.,
+ UI2F2 ♦ WgFg + UÎ F̂  + UfgFg + E s V,

where F = factor 1, Ul̂ s relative weight of factor 1, and V = the eval­
uation of the item under consideration. If measures are available or 
can be developed for each of the factors, the relative weights can be 
determined by one of the methods mentioned above. If such an equation 

were developed on the basis of a large sample of a decision maker's eval­

uations and proven to be a satisfactory predictor of his evaluations, 

then, with the appropriate factor measures, the remaining items of equip­
ment could be evaluated by a computer through the use of the equation. 
This selection methodology might reduce the time required of the planners 
and lead to greater consistency in the decision making process. It should 

also enable the evaluation of a larger number of alternative items.

There are other potential benefits of this type of approach in 

addition to that of preventing the decision maker from having to make

essentially the same decision over and over, Where a large number of

complex and interacting variables must be considered in making a
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particular decision, this approach should make the decision process 

easier and better by breaking one complex decision doum into smaller, 

easier-to-handle decisions. It should also permit increased use of 

management by exception since the equations could be applied by compu­

ter and lower level personnel. Higher levels of personnel would then 

have to consider only those decisions which don't fit the pattern of 

the decision model represented by the equations. Another use of this 

approach might be to develop objective functions for use in quantita­

tive models.

Table 4 Illustrates a factor analysis chart. This example 

concerns renovation of a radiology department. Eleven factors are con­

sidered relevant and each of these is given a weight or importance in 

relation of the other factors. Each alternative is then listed and 

rated as to its success in satisfying each of the factors. Table 5 

lists other factors which must also be considered, such as cost and 

output.

In some cases it may be extremely difficult for the decielon 

maker to assign ranks and to use them meaningfully. For example, three 

alternative programs— A, B, and C— may have to be evaluated in three 

dimensions, i.e., patient care, education, and research. A may be pre­

ferred to B in terms of patient care, but B may be preferred to A in 

terms of education and research. C may be preferred to B in terms of 

education, whereas B is preferred to C in terms of patient care and re­

search, etc. For the decision maker to rank these alternatives in 

order of preference, he must subjectively determine tradeoffs among 

the objectives.
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TABLE 4
FACTOR ANALYSIS CHART, 
RADIOLOGY DEPARTMENT

F actor/Consideration IWt.
Ratings

Existing
Major

Renovation

and Weighted Ratings 
Existing
Minimum Maximum 
Renovation Renovation

Adaptability and 
Versatility

6 U/0 0/6 1/12

Flexibility of 
Layout

5 U/0 0/5 1/10

Patient and Personnel 
Flow Effectiveness

8 u/o 0/8 E/24

Information Flow 
Effectiveness

4 0/4 1/8 E/12

Relationship of Space to 
Organization Structure

3 0/3 0/3 0/3

Effectiveness of Sup­
porting Services 
Integration

1 0/1 1/2 1/2

Storage Effectiveness 2 0/2 0/2 1/4
Environmental Factors 

(Human Factors)
8 u/o 0/8 1/16

Ease of Supervision and 
Control

7 u/0 0/7 1/20

Quality of Service 10 1/20 1/20 1/20
Maintenance and Safety 9 0/9 1/18 1/18

Totals 39 87 135

Ratings: A = almost perfect (4)
E = especially good (3) 
I = important results 

obtained (2)

0 = OK, ordinary results (1) 
U = unimportant results (0)
X = impossible

Key: Total s lilt, x Ratings s 6 x E s 18
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TABLE 5
COST EFFECTIVENESS EVALUATION, 

RADIOLOGY DEPARTMENT

Alternative A Alternative B
Selected 

Alternative C

Operating Costs:
Personnel t 250,200 1 236,200 $ 221,700
Benefits 30,876 28,376 27,216
Meetings and Travel 2,400 2,400 2,400
Consultant Services 540 540 540
Supplies 40,000 40,000 40,000
Other - —

Total t 323,916 1 307,516 $ 291,456

Work Load: Examinations 70,000 70,000 70,000

Unit Cost: $4.63 $4.39 $4.16

Investment Cost:
Equipment 1 1,084,000 $ 1,084,000 $ 1,084,000
Space 183,000 443,000 530,000
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Even where rankinge and priorities are possible, their value 

to analysis is limited. For example, the relative difference in value 

between rank 1 and rank 2 is not necessarily the same as the difference 

between 2 and 3. Also, there is no "absolute zero" point in such mea­

sures. Most of the ordinary arithmetic manipulations of these numbers 

have no meaning. Since ranks and priorities do not provide information 

regarding marginal returns, they do not provide an adequate basis for 

determining analytically an optimal allocation of resources among al­

ternatives. For example, if education is given priority 1, how does 

one know whether to put all resources Into education or to stop putting 

resources into education at some point and begin allocating them to 

patient care and research?

most important decision problems involve major elements of un­

certainty, and a systems analysis of such problems must provide for ex­

plicit treatment of uncertainty. This may be done in numerous ways.

For purposes of discussion, two main types of uncertainty may 

be distinguished;

a) Uncertainty about the state of the world in the future, 
major factors here are technological uncertainty and un­
certainty about the role of other institutions.

b) Statistical uncertainty. This type of uncertainty stems 
from chance elements in the real world having a more or 
less objective or calcuable probability of occurrence.
It would exist even if there were no uncertainties of 
the first type.

Uncertainties of the first type are typically present, and 

they are most difficult to take into account in a systems analysis. 

Techniques which are often used are sensitivity analysis, contingency 

analysis, and a fortiori analysis.
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Sensitivity Analysis may be understood by supposing that in a 

given analysis there are a few key parameters about which the analyst 

is very uncertain. Instead of using mean values for these parameters, 

the analyst may successively use several values (say, high, medium, and 

low) in an attempt to see how sensitive the results (the ranking of the 

alternatives being considered) are to variations in the uncertain para­

meters.

If a certain alternative is superior in all of these sensiti­

vity investigations, it is referred to as a dominant solution. Domi­

nance is a characteristic that the analyst is always seeking, but its 

existence is rare in types of problems of concern in this book.

Contingency Analysis investigates how the ranking of the al­

ternatives under consideration holds up when a relevant change in cri­

teria for evaluating the alternatives is postulated, or a major change 

in the general environment is assumed.

A Fortiori Analysis may be understood as follows: suppose

that in a particular planning decision problem the generally accepted 

Judgment favors alternative A. However, the analyst feels that A could 

turn out to be a poor choice and that alternative B might be preferred, 

particularly if certain assumptions about uncertainty are postulated.

In performing an analysis of A versus B, the analyst may choose de­

liberately to resolve the major uncertainties in favor of B and see how 

A compares under these adverse conditions. If A still looks good, the 

analyst has a very strong case to support its selection.

While these three techniques may be useful in a direct ana­

lytical sense, they may also contribute indirectly. For example,
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through sensitivity and contingency analyses the analyst may gain a 

good understanding of the really critical uncertainties in a given 

problem nrea. On the baeia of this knowledge he might then be able to 

come up with a newly designed alternative that will provide a reason­

ably good hedge against a range of the more significant uncertainties. 

This is often difficult to do; but when it can be accomplished, it 

offers one of the best ways to compensate for uncertainty.

Risk and uncertainty are other conditions dealt with in de­

cision theory. A planner will usually have to consider different 

possible states of nature when selecting a strategy. If he knows the 

probability of occurrence of the possible states of nature, then it is 

said that he is making a decision under risk. If he does not know the 

probabilities, then it is said that he is making a decision under un­

certainty. Consider the following matrix of strategies (Ŝ , Sg), 

states of nature (N̂ , Ng, Ng), probabilities of states of nature (P̂ , 

Pg, Pg), and value outcomes (X̂ j):

Pi P2 P3

Nl N2 N3

Si X i i Xi2 Xi3 EUi

S2 X21 ^22 ^23 EUg

In decision making under risk, the Pj are known, and the ex­

pected value of each strategy can be computed as follows:

EVj = (P^) (X^^) ♦ (Pg) (X^g) ♦ (Pg) (X^g)



124

If the Xĵ j represent the actual values of the outcomes to the decision 

maker, then the rational choice mould be that strategy with the maximum 

expected value. The maximum expected value would not necessarily be 

the best choice when X^j do not represent an absolute measure of 

"value" or utility, e.g., when X is measured in monetary units, while 

the utility of money to the decision maker is some non-linear function 

of dollar value.

To illustrate the possible application of expected value in 

planning, consider a hypothetical problem in which the hospital is try-̂r 

ing to decide whether to add a cobalt therapy unit to its therapeutic 

capabilities which would be beneficial in treating special types of 

medical cases. It is possible that a new institution will locate near 
this hospital and provide this same clinical service, which could be 

used by the physicians and patients utilizing the hospital's services. 

The hospital must make a decision regarding the addition of its cobalt 

therapy unit now; the other institution's decision may not be made un­

til two or three years later. Hospital management has decided to eval­

uate their alternatives in terms of the values of outcomes ten years 

from now, and have estimated these values in numerical terms. Also, 

they have been able to estimate the probability that the new institu­

tion will provide this service. This decision problem can be expressed 

as follows:

Pi P2 .25 .75

Nl N2 Nl Ng

Si X ii X12 EVl 10 2 EVl

S2 X21 X22 EV2 Sg 0 8 EUg
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where

N<| = condition of new institution not providing service
N2 = condition of new institution providing service

= probability of Nf = 0.25
P2 = probability of N2 = 0.75
5̂  = strategy of adding cobalt therapy unit
S2 = strategy of not adding cobalt therapy unit

= value of outcome from strategy under condition Nj 
EU£ = expected value of strategy

Therefore, with expected value as the decision criterion, the cobalt 

therapy unit would not be added.

The decision is made under the condition of uncertainty if no

information is available regarding the probabilities of the various

states of nature. Under this condition there is no one best criterion 

for decision, although several might be suggested. One possible cri­

terion, which reflects a pessimistic view, selects the strategy with 

the best of the worst possible outcomes. This is called the "maximin" 

criterion. For example, in the decision problem described above, the 

worst that can happen if is selected is an outcome with a value of 

2, and the worst with S2 is an outcome of 0; therefore, would be 

selected.

The "maximax" criterion suggests the selection of the strategy 

with the highest possible return; it is the criterion of optimism.

This criterion, also, would lead to the selection of 5̂  in the problem 

above.

Under the "regret" criterion the decision maker attempts to 

minimize the possible regret, i.e., the difference between the value of 

the strategy chosen and the best strategy for a particular state of 

nature. To apply this criterion to the problem described above the
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pnyoff matrix Is converted to a regret matrix, as follows:

1̂1 Ng

Si 0 6

S2 10 0

A "mlnlmax" criterion Is applied to the regret matrix by selecting the 

strategy with the lowest of the maximum possible regrets. In this 

case, the maximum possible regret is 6 for and 10 for Sg. There­

fore, would again be selected.

The final criterion to be described is the "Laplace" criter­

ion. Under uncertainty, this criterion assumes the probabilities for 

the states of nature to be equal. (There are many philosophical argu­

ments against this criterion which will not be discussed here.) The 

expected value of each strategy is then computed using equal proba­

bilities, and the strategy with the highest expected value is selected. 

In the above problem, EV̂  = 6 and EVg = 4; therefore, is again 

chosen.

It should be pointed out that the various criteria under un­

certainty do not usually lead to the same decision, as happened to be 

the case above.

Another aid in decision-making is the use of "decision trees". 

The decision tree can clarify for management the choices, risks, objec­

tives, gains, and information needs involved in an investment problem.

Previously, the decision problem concerning adding a cobalt 

therapy unit was described in a payoff table form. However, particu­

larly for complex investment decisions, representation of the informa­

tion pertinent to the problem in a decision tree is useful to show the
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routes by which the various possible outcomes are achieved.

Figure 13 illustrates a decision tree for the cobalt therapy 

unit problem. This tree is a different way of displaying the same in­

formation shown in the payoff table. The tree is made up of a series

of nodes and branches. At the first node on the left, hospital manage­

ment has the choice of adding the unit or not adding it. Each branch 

represents an alternative course of action or decision. At the end of 

each branch or alternative course is another node representing a chance 

event. Each subsequent alternative course to the right represents an 

alternative outcome of this chance event. Associated with each com­

plete alternative course through the tree is a payoff, shown at the end

of the terminal branch of the course. A decision tree of any size will 

always combine (a) action choices with (b) different possible events or 

results of action which are partially affected by chance or other un­

controllable circumstances.

The requirements in making a decision tree for management in­

clude: (a) identify the points of decision and alternatives available

at each point; (b) identify the points of uncertainty and the type or 

range of alternative outcomes at each point; (c) estimate the values 

needed to make the analysis, especially the probabilities of different 

events or results of action and the costs and gains of various events 

and action; (d) analyze the alternative values to choose a course.

The previous decision problem is brought into better perspec­

tive when demand considerations for the service and more alternatives 

are used to evaluate a course of action for the hospital. The demand 

for the cobalt therapy unit may be high or low and a small or large
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Add Cobalt 
Therapy Unit

Other 
Hospital Pro­

vides Service

Other 
Hoepital 
Doesn't Pro­
vide Service

Present
Decision

Other 
Hoepital Pro­

vides Service

Services expanded; houi- 
ever, they are duplica­
ted; may have loo demand 
for each unit.

Services expanded; need 
evaluation of increase 
or decrease in service 
based on demand.

Shelve
Project

Service shared with other 
hospital; re-evaluate 
adding unit based on 
demand and quality.

, , Decieion
□  "Point

O Chance 
=Event

Other 
Hospital 
Doesn't Provide 
Service

No change in situation; 
re-evaluate based on 
perceived need.

Figure 13— Decision Tree.
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unit may actually be added. In addition, there are costs and benefits 

involved in each course of action. The problem is further complicated 

by the fact that the addition of a small unit may create a demand for 

the larger unit at a later time. The expanded decision tree is shown 

in Figure 14.

Cost-Benefit Analysis 
Cost analysis is essentially a field of Management Science, 

and as such assists in evaluating the implications of alternative 

courses of action.
Cost-Benefit Analysis is concerned with the selection of re­

sources. Decisions involving large expenditures may have to be made 

long before the systems using such items become "operational" and be­
fore the characteristics of these systems are very clear. In deciding 
among alternatives, in such situations, management is invariably faced 

with limited resources. The choice of the preferred alternative will 

involve the evaluation of important performance and cost tradeoffs. It 

is this class of problems that Cost-Benefit Analysis treats.
Cost-Benefit Analysis problems may call for the use of any of 

a number of familiar Management Science techniques, such as those of 
mathematical programming, reliability analysis, present worth analysis, 
simulation, etc. In addition, the techniques of cost analysis and the 
analysis of uncertainty are needed in most, if not all, problems.

The term "cost" is used in the definition in its broad sense: 
although dollars are the units most generally used in this type of 

analysis, any economic resource might, for a given problem, be the lim­

iting factor, e.g., personnel. A useful concept in this regard is that 

an economic cost is a benefit lost. Each such analysis involves as one
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Chance Event
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Other Hospital Provides Service 
Other Hospital Doesn't

Figure 14— Expanded Decision Tree.
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stage a comparison of alternative courses of action in terms of their 

costs and their benefits in attaining some specific objective. Usually 

it consists of an attempt to minimize dollar cost subject to some re­

quirement or, conversely, to maximize some physical measure of output 

subject to a budget constraint.

Cost analysis is essentially a sequential process: identifi­

cation, measurement, and then evaluation of alternatives. Yet, the 

three steps are often accomplished almost simultaneously, especially 

when we use dollars to facilitate the cost analysis process.

The following are four possible procedures to measure costs:

a) Estimate the resources required for the proposed new capa­
bility: the manpower of various types, the real estate, 
the production facilities and the transportation services.

b) Identify some of the alternative usas of these resources.
For example, determine what alternative capabilities could 
be produced with the same resources.

c) Estimate the value of the alternatives. For example, esti­
mate the effectiveness of the alternative capabilities that 
could be produced with the resources. In other words, we 
could attempt to evaluate the benefits foregone.

d) Ufe could estimate the dollar expenditures that will be en­
tailed by the procurement and implementation of the pro­
posed capability including original cost, operational cost, 
maintenance cost, "downtime" cost, modernization costs, and 
salvage cost (life cycle cost).

The life cycle identification is important for several reas­

ons. One is that it help insure that the total resource impact of a 

proposal will be identified. Oftentimes decision-makers may become 

preoccupied with investment costs, to the relative neglect of the fact 

that a stream of operating cost over a period of years is an inevitable 

consequence of their decision. Life cycle costing helps to avoid such 

a pitfall. Again, we are brought back to the fundamental point of
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attempting to identify the full economic cost of a proposed future 

course of action.

In summary, estimate (a) the resources required, (b) the al­

ternative uses of these resources, (c) the value of these alternatives, 

and (d) the dollars spent.

Following are the five elements in a cost-benefit analysis:

a) The objective (or objectives). Cost-benefit analysis is under­
taken primarily to help choose a policy or course of action.
One of the first and most important tasks of the analyst is to 
attempt to discover what objectives the decision-maker is, or 
should be, trying to attain through this policy, and how to 
measure the extent to which they are, in fact, attained. This 
done, strategies, forces, or equipment are examined, compared, 
and chosen on the basis of how well and how cheaply they can 
accomplish these objectives.

b) The alternatives. The alternatives are the means by which it 
is hoped the objectives can be attained. They need not be 
obvious substitutes for one another or perform the same spe­
cific function.

c) The costs. The choice of a particular alternative for accom­
plishing the objectives implies that certain specific re­
sources can no longer be used for other purposes. These are 
the costs. In analyses for a future time period, most costs 
can be measured in money, but their true measure is in terms 
of the opportunities that they preclude.

d) A model. A model is a simplified representation of the real 
world which abstracts the features of the situation relevant 
to the question being studied. The means of representation 
may vary from a set of mathematical equations or a computer 
program to a purely verbal description of the situation, in 
which judgment alone is used to predict the consequences of 
various choices. In cost-benefit analysis the role of the 
model is to predict the costs that each alternative would in­
cur and the extent to which each alternative would assist in 
attaining the objectives.

e) A criterion. A criterion is a rule or standard by which to 
rank the alternatives in order of desirability and choose the 
most promising. It provides a means for weighing cost against 
benefits.

TTie analyses in Chapter IV concerning hospital technology and
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choice is an example of an application of cost-benefit analysis.

The problem facing hospital management is to develop and ap­

ply concepts and techniques for assessing the economic cost of proposed 

alternative future actions under conditions of uncertainty.

Such alternative actions usually take the form of some combi­

nation of the following;

a) Proposed new capabilities for the future - for example, new 
medical services.

b) Proposed modifications of existing or presently programmed 
capabilities.

c) Proposed deletions from the presently planned services.

d) Proposed combinations of (a) through (c).

Quantitative Models

It has been said that man does not really understand a thing 

until he can measure it and assign numbers to it. While this may be 

true, it is also true that life forces activities to proceed whether or 

not there is real understanding. Planning for clinical facilities in­

volves many areas which are not very well understood. There are, how­

ever, several kinds of decisions which must be made in this process for 

which quantitative methods are appropriate. Even though most of the 

quantitative methods will provide the context of other nonquantitative 

factors, they can be useful in the decision process and can provide in­

sights which might not otherwise be obtained.

A few hypothetical examples of potential applications of quan­

titative management science models in the process of planning for 

clinical facilities are provided in this section.

Suppose that in planning for a new hospital one of the
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critical daciüiiins is the mix of minimal care, intermediate care, and 

intensive care beds on each nursing unit. The decision maker wishes 

to select that mix which will minimize the loss to the hospital (the 

collection rate is less that cost on all categories of patients), 

within the constraint of nurse staffing requirements. The loss to the 

hospital per patient day has been estimated as |20 for intensive care, 
$15 for intermediate care, and $10 for minimal care. Because of con­

siderations of general operating economy, it has been decided that 

there will be at least 30 beds per nursing unit. Also, there must be 

at least five intensive care, ten intermediate care, and seven minimal 

care beds. Because of nurse staffing limitations there must be no more 

than 60 hours of direct nursing care required per day on the nursing 

unit, where intensive care patients require four hours per day, inter­

mediate two, and minimal one. This problem may be stated mathematically 

as follows:

minimize 20X^ + ISXg + lOXg

ST X̂  + Xg + Xg - 30 - for general operating economy

4X-J + 2Xg + Xj - 80 - nursing constraint

X̂  - 5

X2 - 10 other constraints

X 3 - 7

Where X̂  = the number of intensive care beds

X2 = the number of intermediate care beds

X3 s the number of minimal care beds
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The optimal solution is five intensive care beds, ten inter­

mediate, and fifteen minimal. This results in a daily loss of 5($20)

♦ 10(115) + 15(110) = $400.

General Considerations Regarding the Application 
of Management Science

The above sections show a few of the types of planning prob­

lems to which the quantitative analytical methods of management science 

might be applied. While there are many other types of problems involved 

in this planning process to which quantitative/analytical methods might 

be applied, it should be obvious that there are significant problems for 

which these methods are not appropriate or are not available. Also, 

there are many practical limitations which restrict the use of quanti­

tative/analytical methods even where their theoretical structure might 

otherwise be suitable.

First, many numerical measures and estimates are required for 

the use of quantitative methods. In many planning problems these mea­

sures and estimates are either not available or are obtainable only at 

considerable expense. This is especially true in the health field since 

good managerial and operational information are often lacking; in most 

cases even basic cost accounting information is not available.

Another limitation on the usefulness of available management 

science techniques in planning situations is the relatively small number 

of variables which can be handled in any one model. Usually planning 

problems involve a large number of interacting variables which must be 

considered simultaneously. Many of the interrelationships among vari­

ables which would need to be included in a comprehensive quantitative
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model probably will not be known. Also, some of the interrelationships 

will depend upon the decisions of the managers whom the quantitative 

model is supposed to benefit, presenting a problem of circulai search. 

In such situations the decision makers will have to understand the ana­

lytical methodology and take an active part in it.

Rlost planning problems involve significant intangible vari­

ables, i.e., variables for which there are no quantitative or objective 

measures. Where intangible factors are predominant, quantitative 

methods may be of little use. For example, the determination of an 

optimal solution relative to two variables of a ten variable problem, 

the others of which cannot be quantitatively or objectively measured 

and analyzed, may add little if any valuable information to the de­

cision regarding a long-range or strategic planning problem.

There are also many factors which affect the decision maker's 

perceived probability of successful application and consequently the 

expected value to be derived from application attempts. These are im­

portant considerations since the costs of applying most quantitative 

methods are relatively high. Some of these factors will be discussed 

briefly.

In most cases quantitative techniques identify an optimal 

strategy, with the implied assumption that tactics for carrying out 

that strategy will be available. The decision maker must consider the 

potential of quantitative methods.

Lack of certainty adds another dimension to the problem of the 

decision maker. Since quantitative techniques usually cannot select an 

optimal decision for all possible occurrences, the decision maker must
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select an appropriate decision criterion to apply to the situation.

His approach to the problems of uncertainty and risk may affect the 

potential and the selection of quantitative methods.

A decision maker's willingness to accept the results of ana­

lytical solutions may also depend upon the degree of reversibility of 

the solution. Other forms of validation of the solution may be re­

quired if the decision is extremely difficult or expensive to reverse.

The expectnd degree of permanence of the solution relative to 

changes in states of nature may affect whether and how the decision 

maker implements the solution. This factor involves consideration of 

uncertainty and flexibility, which may not be fully reflected in the 

analytical model.

In spite of the difficulties there are many aspects of plan­

ning for clinical facilities to which management science techniques can 

be helpful. Some of these have been indicated above. The real ques­

tion from a practical point of view is how management science resources 

can be integrated into the planning process and brought to bear on the 

right problems at the right times. The considerations involved in this 

question are actually the subject of this paper, although it should be 

apparent by now that no clear and definite answers exist.



CHAPTER VI

SUmmARY AND CONCLUSIONS

The purposes of this study were to investigate the types of 

impacts which technology has made on health facilities and the deliv­

ery of health care through the systems approach, and to investigate the 

applicability of management science principles, approaches, and tech­

niques in planning and evaluating potential applications of techno­

logically advanced systems in the health field. Sources of Information 

for this investigation included actual experience in planning equipment 

for health institutions, accounts of other planning efforts for similar 

projects reported in the literature and by discussions with professional 

people working in this field, and a review of corporate and managerial 

planning literature. The nature of this research was essentially ex­

ploratory and descriptive, and it was intended to establish a clarifi­

cation of the concept of planning for the application of technology in 

health facilities. Conclusions and recommendations relative to each of 

the three primary objectives stated in Chapter III are contained in the 

following sections.

The Planning Process 

The first objective of this research was the development of a 

description and conceptualization of the process of planning for and

138
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evaluating technological applications in health care institutions. The 

process was described in terms of the types of planning involved, the 

nature of the process, steps required, approaches and methods, and cer­

tain other considerations in health facilities equipment planning. In 

addition, the process was further conceptualized by the development of 

flow diagrams of planning activity and by the development of illustra­

tive decision problems to which management science techniques might be 

applied. Therefore, it is concluded that the first objective has been 

satisfactorily accomplished.

The concepts and findings from other fields of planning were 

found to be applicable and useful in describing and understanding the 

planning decision process for health care technological applications.

In order to understand the planning decision process, it was necessary 

to describe the impacts of technology on health facilities. This was 

analyzed by describing the four stages of technology. These included:

a) improvement of existing devices, b) creative utilization of new 

technology, c) accommodation for the new technology, and d) consequences 

of using the new technology. The planning decisions involving tech­

nology and choice were then described and conceptualized, illustrating 

the complex problems involved in the planning decision process and the 

need for applied research in technological applications in health 

facilities.

Applicability and Practicability 
of Management Science

The second objective was an investigation of the applicability 

and practicability of management science principles and techniques
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through an analysis of the planning decision process, and the develop­

ment of examples of the application of management science techniques. 

Based upon the description and conceptualization, it is concluded that 

the principles and techniques of management science are theoretically 

applicable to many areas of the process of planning for technological 

application in health facilities. Several illustrations were provided 

in Chapter M in support of this conclusion. There are several criti­

cal variables which affect the practicability of the use of management 

science in this process at this time. These include a general lack of 

understanding of the planning process by most management scientists 

and a lack of understanding of management science by the managers of 

the process. Complex considerations Include: timing requirements,

characteristics of the planning framework, politics, intangibles, the 

difficulty of selecting appropriate projects, data, uncertainty, and a 

critical need for other more basic improvements in the planning process, 

such as improved managerial planning.

It is concluded that the most promising forms of management 

science contribution to this planning process are the following:

a) The use of qualitative (both descriptive and normative) 
study and modeling of the process to provide a better 
understanding of the process, to provide a systematic ap­
proach to the planning process, to provide a general design 
methodology, and to provide a framework for other forms of 
management science contribution.

b) The use of quantitative analytical models in certain aspects 
of facilities planning such as the selection of capacities 
for certain functional units which must serve stochastic de­
mand, and the economic evaluation of alternative facilities 
and operational systems.

c) The use of computer simulation in the evaluation of facility 
designs and operational systems and in predicting the conse­
quences of alternative policy decisions.
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d) The use of cost-benefit analysis in evaluating alternative 
uses of scarce resources.

a) The use of decision theory through the application of pay­
off tables, decision trees, and evaluation under risk and 
uncertainty.

Suggested Areas for Further Research 

The third objective of this research luas the identification of 

promising and important areas of the planning process which require 

further research and development regarding the application of manage­

ment science. It is apparent that many management science techniques 

are applicable in theoretical concept to the process of planning clini­

cal facilities. This study has revealed the need for applied research 

in this area. The most urgently needed forms of research involve the 

application of management science methods and techniques to new problem 

areas, the study of data requirements and data availability, the de­

velopment of new models, and further study of the planning process it­

self and the implications of its characteristics for the application of 

management science approaches and techniques, the area in which the 

present research has made a contribution. These forms of needed re­

search are described below:

a) The development of systems models of patient-care processes. 
These models would reflect and describe the various compo­
nents of the processes and their interrelationships. They 
could be used to provide a systematic framework for analy­
sis and for planning. They could also benefit the manage­
ment of the planning process by facilitating communications 
and decision making.

b) The development of computer simulation models. These migHt 
be similar to the models Indicated in Number 1 above, but 
would be constructed to represent the dynamic operational 
characteristics of the systems. They would probably be 
more precise in an operational sense. These simulation^
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models could be used to test alternative plans and design 
and to identify sensitive variables in the planning pro­
cess. They could also be used to predict the results of 
alternative decisions.

c) The development of micro-economic models. These models 
would be relative to this type of institution similar to 
those of the "Theory-of-the-Firm." Such models would be 
helpful as guides for decision making throughout the plan­
ning process by revealing the economic implications of 
decisions.

d) Further research on the planning process itself. This re­
search would focus on the nature and characteristics of 
this particular planning process and ways of improving it. 
Several types of research are needed in this category.
For example, additional research is needed in the actual 
application of management science techniques and approaches. 
Data and information requirements for planning should be 
identified and studied. Studies should be made to determine 
the characteristics of organization arrangements required 
for this type of planning process. Alternative activity 
networks and schedules for this planning process should be 
developed and studied. Decision flow diagrams should be 
developed as guides to the planning and design process. 
Finally, there should be further descriptive analysis of the 
various phases of the planning process, e.g., the architec­
tural design phase.

b) Planning for flexibility. Research should be performed on 
ways of achieving flexibility in the planning process as 
well as in the resultant facilities. For example, methods 
should be developed for evaluating alternative facility 
plans in tarms of their flexibility. In addition to the 
development of evaluation models, research might be per­
formed for the development of decision models and specific 
design characteristics which emphasize flexibility.

f) Evaluating alternative technological systems. The develop­
ment and the application of methodologies for evaluating 
alternative operational systems. The evaluation should be 
in terms of economic and other measurable criteria as well 
as intangible factors. Simulation will probably be one of 
the most useful techniques in these methodologies. Examples 
of operational systems to which methodologies should be 
applied include material handling, information, supply, and 
support systems.

g) Forecasting and anticipating the future. Since long-range 
facilities planning must be performed within the context of 
forecasts and anticipations regarding the future; the
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development of improved methods for doing this is most 
important. Various types of methods are needed, includ­
ing quantitative techniques, technological forecasting, 
"expert" and group Judgment approaches, and methods for 
the evaluation of planning assumptions.

h) Application of neui approaches. The further development 
and application of an improved approach for planning tech­
nological applications in health facilities* The method­
ology should include the development of performance speci­
fications, the identification and measurement of critical 
design variables, and the use of cost-benefit analysis 
throughout the process.

General Conclusions 

The planning of health facilities technological applications 

has been found to be a fertile field for further work, both research 

and actual applications. This field, however, is not like other fields 

of more traditional interest to the industrial and systems engineering 

researcher and academician wherein sufficient insights, understanding, 

and motivation are obtained through courses, text examples, personal 

contacts, journals, and consulting experience. Research of the present 

type, descriptive and conceptual in orientation, was needed in order to 

provide a background for the more scientific, tightly structured, in- 

depth forms of research. It is hoped that the present investigation 

will serve as a foundation for such further work.

The author feels that the special challenges of this planning 

decision process to management science will be met, both buuaiise of the 

importance of the problems involved and because of the potential for 

management science to contribute increased rationalism to the process.
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Hill-Burton Program Description

In many ways the passage of the Hill-Burton program in 1946 sig­

nificantly affected the field of hospital planning and design. In order 

to qualify for financial support for construction of new facilities or 

modernization of old facilities under this program a detailed plan of the 

function of the facility must be developed. In addition, the plan of the 

structure must meet certain standards regarding such items as floor space 

allocations, types of services, necessary equipment, and mechanical/elec­

trical considerations. "These standards constitute minimum requirements 

for construction and equipment and shall apply to all projects for which 

Federal assistance is requested under the Act. They are considered 

necessary to ensure properly planned and well constructed medical facili­

ties which can be efficiently maintained and operated to furnish ade­

quate services."

From July 1, 1947 through December 31, 1970, a total of 10,584 

projects had been approved under the Hill-Burton Program. Through this 

program more than 3,800 communities throughout the country have built 

hospitals and nursing homes, providing more than 460,000 beds, nearly 

1,300 public health centers, 1,050 outpatient facilities, and over 500 

rehabilitation facilities. For each dollar of the $3.6 billion of Fed­

eral money distributed through the Hill-Burton matching-grant formula, 

over two additional dollars have been raised by communities from pri­

vate and public sources. Total expenditures during the 25 years since 

the enactment of the program have reached $12,3 billion. Hospital ex­

penditures have totaled almost 84 per cent or $10.3 billion; this
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accounts for a large portion of the $26.6 billion total assets, land, 

buildings, and equipment of hospitals reported by the American Hospital 

Association in 1971.


