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INTRODUCTION

What do operations researchers and systems analysts have to
offer hospitals at a time when mounting criticism is forcing hospital
administratore to seek ways of improving service? For a number of
years these researchers and analysts have studied various aspects of
hospital operations, Now that more and more hospitals are hiring
specialists, what can be learned from the experience of the past twenty
years? This monograph reviews and evaluates the literature and suggests
directions for the future,

Hospitals1 in the United States today find themselves the focus
of many pressures: (1) pressure to control rapidly increasing costs
dramatized by the increase in the average per diem expense from $44
in 1965 to $70 in 1969 (323, 365); (2) pressure to improve quality of
care, resulting in part from court decisions and legislation (277, 372);
(3) pressure to extend the scope of community services by adding or
enlarging programs such as extended care, organized home care, ambulatory
care, and hospital based preventive care (287, 38l); (4) pressure to
utilize manpower more effectively because of perceived shortages and
rising salaries of trained persomnel (241, 242, 364); (5) pressure to
expand and modernize physical plant to meet increased demands resulting

from increase in population, rise in personal income, advances in

1The study is restricted to the short-term, non-federal, general
hospital, ice., what the layman in the United States ordinarily regards
as a community hospital., Teaching hospitals are included; psychiatric
hospitals are not.
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sclence and technology, and expansion of public and private health
insurance (363); (6) pressure to plan the future size and functions of
a hospital in the framework of a regional plan as set forth in federal
legislation for comprehensive health planning (224); and (7) pressure

to redefine the hospital's functions and broaden its responsibility to
improve accessibility to medical care (83, 279, 3%96). It is no wonder
that hospital administrators seek assistance in coping with the problems
caused by these pressures,

Operations researchers and sysiems analysts have conducted many
studies of hospital operations, Several surveys are available of studies
done in the United States and elsewhere (25, 67, 111, 148, 149, 150,

154, 163, 177, 208, 432). In England the Nuffield Provincial Hospitals
Trust has published a number of studies on hospitals and health care
(105, 159, 160, 258, 269, 270, 271, 272, 302),

It might be thought that the findings of such studies would be
widely implemented by hospital administrators, but that apparently is
not the case. Although such studies have been available in the litera=~
ture siuce the early 1950's, hospital administrators for the most part
have not applied the results, An extensive review of what operations
researchers have studied and why these studies have not had more influence
on hospital operations should therefore be of interest to administrators,
researchers, and those who fund research,

This study is limited to a review of the professional journals
and books available to a hospital administrator if in seeking a solution
to a specific problem he were to go to the trouble of reviewing the work

of operations researchers and systems analysts over the past twenty
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years,2 A drawback of this approach is, of course, the probable omission
cf significant work not reported in the published literature, To
partially compensate for tiis the authors taiked with hospital admini-
strators and others knowledgeable in the hospital field to learn about
various experiences in individual hospitals, They also visited several
hospitals to observe at first hand certain operations research and
systems analysis work. However, the number cf hospltals, managewent
consuliing firms, individual consultants, and research projects is so
large that interesting applications and studies have undoubtedly been
overlooked, The authors would welcome information about any studies
omitted,

The view taken by the authors of what operations research and
systems ana1y3183 studies should include obviously affects their
evaluation of such studies in the field of hospital administration.
Hertz's statement, "Operations research continues to defy precise
definition," (195, p. v) illustrates the difficulty in defining operations
research, Beer's statement, '"What then is operational research? There
are roughly as many definitions of the subject as there are OR scientists,"

(51, p. 87) points up that there are quite different definitions of

2Many of the studies discussed in this paper are listed in two standard
references developed for the hospital field =~ Abstracts of Hospital
Management Studies (4) and Hospital Literature Index (210).

3The difference between operations research and systems analysis is
difficult to state precisely. Following Raiffa (319) and Quade (318)

we shall let systems analysis describe decision analyses of very complex
problems which are rather loosely specified [i.e., strategic problems]
and let operations research refer to decision analyses of problems

of a more limited character in which the structure and goals are rather
well defined [i.es, tactical problems]., Because most studies in the
Lhospital field are of narrow scope and limited character, the term
operations research is most often used in this paper.
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operaticns research., These vange from a naircw view of operations research
as simply a continuation of the engineering oviented 'scientific manage~-
ment" movement made popular by Taylor and Gantt in the early 1900's (316)
to a much broader view of operations research as ''the attack of modern
science on complex problems arising in the direction and management of
large systems of men, machines, materials and money in industry, business,
government and defense" (51, p. 92). The authcrs tend toward the broader
definition, and in particular, the viewpoints expressed in the writings of
Churchman (88, 89), Ackoff (6), aud Beer (51), In sum, this approach
places many responsibilities upon the operations researcher. These include
the responsibility (1) to define the problem, not to take it as stated by
the manager, (2) to determine what goals are being pursued by the manager
and the organization, and to make the choice of whether or not to assist
in the pursuit of these goals, (3) to engage in a mutual learning process
with the manager and others within the organization so that all partici-
pants are educated by the study, (4) to build a model of the system in
which the variables and the relationships among them arc specified, and
in which the relationships of the variables to the goals (the objective
function) are clearly stated, (5) to state the criteria by which alter-
natives are to be ranked in order of preference and to state the method by
which measurements are made, (6) to state how the data were generated,
what possible errors there are in the data, and how these errcrs might
affect the outcome of the study, and (7) to include the implementation of
the results of the study as an integral part of the study, rather than
assuming that implementation is someone else's job,.

This partial list may seem to require a lot of the operations

researcher, But in view of the time and money which have been expended



in operations research sfvdies and with every expectation that much
more will be expended in the future, thesz responsibilities de not

appear to be unreasonable.



REVIEW OF GPERATIONS RESEARCH STUDIES

For purposes of this review of the 1iterature4 o operations
research in hospital administration, sctudies are grouped in tue follow-
ing categories:

1, Scheduling in Outpatient Clinics

2, GStaffing Studies, Especially the Assignment of Nursiz

Personnel

w
°

The Interreiated Arcas of Admission and Discharge, Utiliza-
tion of Inpatient Facilities, and Length of Patient £tay
4, Inventory Coutrol and Menu Planning
5, Computer Applications, Total Hospital Information Systems,
and Models of Hospitals
In each of the sections devored to cne of the above categories there i3
first a brief review of the literature, then a discussicn of the

additional effort required of an administrator and his staff if the

4There are many industrial engineering studies of hospitals which vitiiize
only the traditional engineering approaches of work measurement, methods
improvement, and work simplification, Such studies are largely ignoved
in this paper unless the authors of these studies call their work systems
englneering or operations research. Hospital location studies and
studies by economists on hospital costs and on the optimum size of
hospitals are also ignored,

Much work 1s being done in biomedical instrumentation (71) and bio-~
medical engineering (340)., lManufacturers such as General Electric

use labels for their equipment which contain the word "systems,' esgos
patient monitoring systems, pacemaker systems, and X~ray procedures
systame, These developments are of great importance to patient care
*n hosyitals and do create administrative problems. However, they axe
not discussed in this paper.



findings of the studies are to be implemented, and finally an evaluation
of the benefits and costs of implementation.

Because information gained from almost any study could be used
for planning, no separate category of planning studies is included in

this paper.5

Scheduling in Outpatient Clinics

Outpatient clinics have been the delight of queueing theorists
and more recently of computer simulation advocates, For the past 20
years the studies have focused on the relation of patients' waiting
time and physicians' idle time under various appointment systems. In
general these studies have found that patients are usually on time
for their appointments but that doctors are almost always lates, A few
examples will suffice.
The piloneering studies were conducted in England in the late
1940's and early 1950's (26, 27, 410, 411, 412, 413), One finding of
these studies was that physicians made little attempt to be punctual
for the start of their clinics, In contrast, patients were usually on
time,
There is plenty of evidence that doctors, on the whole, are late fox
their clinics, If they could be more punctual a first and important

step would have been taken towards making clinics more civilized as
well as more efficient (413, p. 1108).

5The literature on planning in the health field is vast. The huge sums

of federal funds allocated especially since the passage of the Compre-
hensive Health Planning legislation have created university graduate
programs in comprehensive health planning; have financed local, regional,
and state health planning agencies; and have supported innumerable con=
ferences, workshops, symposiums, and meetings (224). Everyone writes
about his experience in planning and the result is a deluge of printed
material. We have even reached the point of having a bibliography of
bibliographies of health planning literature (58).



A 1965 report by the Nuffield Provincial Hospitals Trust showed
some improvement althbugh waiting in cutpatient clinics remained a problem,
‘This report revealed that only 11 of 60 hospitals surveyed reached the
Ministry of Health's suggested standard that 50 per cent of the patients
should be seen within fifteen minutes, 75 per cent within half an hour,
with not more than 3 per cent waiting an hour, In addition, only one
clinic in five started early or on time, and at cnly one hospital out of
the 60 did all the clinics observed start punctually, The survey con=-
cluded that the two major causes for patient waiting were physician ftardi-
ness and the poor design of appcintment systems (303).

One important point made by the 1965 study was that the difference
in waiting times between one clinic and another was not related to the
work of the clinics, the newness of the clinics, or to differences in
clinical competence of the physicians. The difference was related to
the degree of interest shown by physicians in the managerial affairs of
the clinic, Those clinics jin which physicians recognized the importance
of organizational matters had fewer iong waits and less overcrowding.

In the United States findings were similar. A study of 60 clinics
by the United Hospitel Fund of New York found that only one-fifth of the
clinics started on time (395). The most frequent reason for failure to
start on time, and the main cause for the breakdown of the clinic schedule,
was physician tardiness, Poor appointment procedures also contributed
substantjally to increased walting by patients. Another study of clinics
in eight New York City hospitals found similar conditions (232),

Tn general, the past 20 years have seen study after study with

more variables, more complex queueing modals, and morc use of computers



directed to scheduling patient arrivals (144, 145, 203, 204, 229, 232,
333, 366, 412, 415, 418). It seems cbvious that different appointment
procedures would help, Thus if all patients who are to be seen in a
clinic between 2:00 pom. and 5:00 p.me are told to airive at 1:30 poms
their waiting time is likely to be longer than if their arrivals are
staggered throughout the clinic session, However, physiclan idle time
is likely to be the same in elther casz, Rockhaxt and Hofmann found
that physicians' behavior seemed to reflect Parkinson's Law., When
schedules were light or few patients were waiting they took longer with
each patient, but when the queues were long they worked faster (333).

Resistance to recommended change in appointment procedures has
been reported even though such change would seem to benefit everyone,
Rockhart and Hofmann in their studies of appointment procedures in
various clinics reported that in each case the clinic personnel believed
that the appointment system currently used in their clinic was best
accommodated to that clinic’s particular circumstances (333).

The studies are silent on how to change physiclans so they will
arrive at the clinic on time except when there is a real emergency
which detains them. One study said that they should be requested o
be more prompt for the clinic appointments (405). However, the respomnse
0of the physicians was not given,

Several studies did suggest that it will be difficult to changa
physiclans' habits with regard to clinic starting time (145, 232).
Because outpatient clinics have historically provided free care for
the poor, the aura of charity persists, Habit patterns and attitudes

of physicians as a group developed at a time when they were sometimes
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unwilling volunteers forced to provide outpatient services in order to
maintain position and privileges within che hospital medical staff.,
These habit patterns over time became normal and expected behavior and
now may be difficult to change.

Of course, it is not only physicians who resist change. Stewart
and Sieeman in their investigation of why so few hospitals had reached
the standard set by the Ministry of iHealth for patient walting time
listed many reasons given by hospital personnel for not makirg changes
(375).

How could a hospital administrator use the results of these
studies? 1If the clinics in his hospital now schedule all patients to
arrive before or at the start of the clinic, he could establish alter-
native appointment systems as suggested in the operations rescarch
literature to reduce the waiting time of patients with little or mno
increase in the idle time of physicians. However, if physicians and
other clinic personnel feel that the findings in the literature are not
applicable to their hospital, the administrator would be faced with
conducting a major study in order to convince them. Many clinic sessions
in his hospital would need to be studied to get patterns of arrival and
waiting time of patients, consultation and treatment time, and idle time
of physicians and clinic personnel, The administrator could then try
various patient appointment procedures and sftaffing patterns to see what
changes occur in patient waiting time and idle time of staff. Manual,
or more likely, computer simulation would be required to obtain solutions,

There are several management problems not dealt with in the

operations research literature on scheduling in outpatient clinics,
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One, of course, is the failure to deal with the important problem of
how to get physicians to the clinics on time, But the administrator
also has to deal with such matters as how to finance a study in his
hospital and how much to spend to improve the management of the clinics.
Fetter and Thompson pointed out that it is difficult to determine the
payoff from more efficient clinic operation since physicians and medical
house staff are usually not paid specifically for their work in the
clinics. Patients "pay" with waiting time, but a saving here cannot be
converted into operating income for the hospital (145)., At best such

a saving would enhance the public image of the hospital,

Another management problem that an administrator must consider
is that the cost of care in an outpatient clinic is generally not fully
covered by parte-pay fees from patients or by government reimbursement.
Thus a more efficient scheduling system might result in an increased
patient load but at the same time might cause an even greater deficit
for tbe hospital, On the other hand, if the clinic were operating at
capacity, as many are, more efficient scheduling could postpone capital

expenditures for additional facilities.

Staffing Studies, Especially the Assignment of Nursing Pergonnel

Staffing-to-meet-fluctuating-demand is a well known problem in
operations research, The previous section dealt with some aspects of
this problem in outpatient clinics while this section deals with differani
aspects in inpatient units of hospitals, Because nursing persomel are

the largest single category of hospital employees and their salarles



form the iargest single item of a hospital's operating budget, most
staffing studies focus on nursing activity°6

As might be expected, articles on nurse staffing are part of
the nursing literature, For manv years it was assumed that the only
information needed to make staffing decisions was the average number of
nursing hours vrequired by each type of patient (e.g., medical patient,
surgical patient, obstetrical patient) and the number of patients, As
early as 1940 a study of nursing costs by Pfefferkorn and Rovetta used
this approach (315). In 1950 the American Hospital Association and the
Natjonal League of Nursing Education collaborated in preparing guidelines
for hospital nursing., Their method of calculating the number of nursing
personnel needed consisted of multiplying the average number of nursing
hours required per patient per day by the number of patients (18).
Similarly, George and Kuehn in 1955 multiplied the average daily
requirement for nursing hours by seven times the average daily census
to calculate the number of hours of nursing service required per week
for a ward (166).

In some of the nursing studies in the 1950's researchers ciassi-
fied patients into categories according to their individual needs for
direct nursing care (54, 55, 90), However, information on the number
of minutes of direct nursing care required by each patient in each
category was used in a static way. For purposes of staffing it was

thought sufficient to assume that on the average a given ward would have

6Some studies have dealt with staffing of laundries, pharmacies, dietary
units, and the like (44, 45, 46, 47, 48), However, the approach used

by these investigators is more like that of traditional industrial
engineering than operations research,



L

13

a certaiu number of petients in each category. Once the average mix
of patients was determined for a given ward the staffing requirements
for that ward were assumed to remain constante.

Much of the work done by Flagle and his group at Johns Hopkins
in the late 1950's was directed to the study of staffing for inpatient
care (96, 155, 156). Their formulation of a "direct care index" to
allocate nursing personnel on a daily basis was an important advance.
Their observations over time had shown that there are wide swings in
demard for nursing care within each ward from day to day because of
variations in the distribution of patients in the various '"need"
categories.7 They showed that the variation among categories is such
that even if the total number of patients remains the same, no single
level of staffing is satisfactory all of the time.

The "direct care index" was used every day to estimate the
number of hours of direct nursing care required in each ward to meet
predetermined standards of care. To calculate this index patients were
divided into three categories based upon their needs for nursing care:
total care, partial care, and self care. After many observations the
average time required for direct nursing care for an individual patient
in each category was obtained., Because of the fluctuation in numbers
of persons in each category (even if the total number on the ward remainod
constant) the direct care requirements for each ward were calculated
daily. To calculate the hours of direct nursing care required, the
number of patients in each care category was multiplied by the average

number of minutes of nursing care required and summed., To make daily

7It ghould be noted that Jelinek did not find these variations in the
hospital he studied (227),
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use of the index operational the investipaters proviced the head nurse
with a simple check list by which she could assign patients to one of
the three categories on the basis of observable characteristics of the
patients., Late in the afternoon or in the evening the assignment of
patients was made and the number of patients in each category was multi-
plied by the average time and summed. The total was then used as an
estimate of the amount of direct nursing care required the following day.
Another finding of the Johns Hopkins group was important in
staffing for inpatient care, Extensive analysis of various wards in the
same hospital showed that the work loads were statistically independent,
That is, a heavy work load in one ward was not associated with a heavy
work load in another ward, By considering several wards as one for the
purpose of nurse staffing, fluctuations were reduced to achieve better
utilization of personnel, In one example in which nurses were shifted
from one ward to another to handle heavy work loads, only some 20% of
the total staff needed to be "floaters" (96). Alternatively, the work
load could be smoothed by moving patients as in "progressive patient
care" plans8 or by some combination of shifting nurses and patients.
Wolfe and Young (423, 424) extended the staffing procedures
just discussed by using linear programming to assign different classi-
fications of nursing personnel to different tasks. Their assignment
technique strives to match in some optimum fashion persomnel with different

levels and mixes of skills to jobs which have varying requirements.

8Some hospitals have adopted an arrangement called progressive patieunt

care, Under this plan patients are placed in units according to their

needs for medical and nursing care (408)., In such hospitals the varlia-~
tions in nursing care within units is much less than variations witnin

the units in the study just cited (208). Hence the procecure descrinad
above to allocate nursing staff is not as applicable to nospltals which
have adopted the progressive patient care comncepto
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thare are other aprroaches to the autcmation of nursing care
requirements, Themas developed a Markov model which uiilizes four
recovery states each subdivided into three recovery phases (383),
Jelinek used multivariate vegression analysis tc relate the hours spent
by various classes of nursing personncl in three activities (direct
patient care, indirect care, and nonproductive and miscellaneous) to
such variables as nursing hours avallable and distribution of patients
among nursing care categories {226, 227).

whe Ceneral Electric Company has announced a time=sharing,
computer program to schedule hospital nursing perscnnel, However,
not onough detzils were given in the descriptive brochure to see how
this program relafes to the other studies just described (275).

Temporary shifting of some nursing personnel from one unit 0
another o meet a heavy demand for nursing care has long been a common
practice in hospitals, As Flagle pointed out; the findings of the
operations research studies in effect give official approval to what
was already being dene (148), The work at Johns Hopkins should enable
the administrator to consider his problem in a more rational fashion
and 1if applied should result in more efficient use of nursing personmnel,
In addition, it would help him to evaluate possible alternative approaches
to reducing fluctuations in patient census such as "progressive patilent
care' or controlled staffing and admissionse

However, a hospital administrator wishing to take advantage of
the work at Johns Hopkins on nurse staffing could not adapt the findings
without first doing some studies in his own hospital. Although two

etudies (54, 268) found the ratio of time for direct nursing care 3mong
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the three categories of patients to be approximately the same as the
ratio at Jolms Hopkins; another study did not (55). lHeunce the hospital
administrator would have to take a sample of patients in cach category
in his hospital and get the distribution of the time spent in giving
divect patient care in each category by various classes of nursing
arsonmel during each shift, Unfortunately, the operations research
literature doesn't give the hospital administrator much information on
the cost of doing such a study or of switching to the ''direct care index"
rethod of nurse staffing. WNeither docs the literature tell him what
increase ia efficiency he might expect should he do so. One administrator
who uses this tecimique in his hespital told the authors that he found
it very effective, He continued that one needs to add "a good douse of
practical experience" and "adjust the standards'' as the results of the
studies are applied,

Several administrators have indicated to the authors that most
nurses do not like to be ‘floaters," Three reports in the nursing
literature confirm this statement (276, 311, 382). Temporary assigmments

ake it difficult for nurses to learn to know patients well encugh to
provide good patient care, Moreover, administrators say that patients
place a high value on receiving care from nurses they have come to know,
Thus, the administrator is faced with the complex problem of weighing
nurse satisfaction and patient satisfaction against dollar savings.

Much more work would be required to use the assignment technique
suggested by Wolfe and Young (423, 424), The matrix of costs is the
main problem, The entries in the matrix are numbers which represent the

ccst of having a particular classification of nursing persornel perform

(%3



a particujar task ccmpiex. Each number Is a conposite of a dollar cost
and disutiliiy cost, While the zalculation of the doilar cost is simple
(time required for the task muitiplied by the hourly wage of the employece
group performing the task), the calculation of the disutility cost is
not. The authors define the disutility cost as '"a measure of the loss
or disutility iucurred through personnel assignments not entirely accept~
able to the medical or nursing prcfessions or to the public" (424, p. 302).
The less desirable it is to have a specific category of personnel periorm
a task, the higher its disutiiity cost. No explamation was given of
the specific techmique used to obtain the disutilities, The article
referrad the reader to the doctoral dissertation of cme of the authere.
In any event, measuring utilities is a complex matter (377). Moreover,
the authors did not show how their method compares in efficiency with
the '"direct care index" method, or the informal approach to staffing now
taken in most hospitals,

The usefulness of the regression model (226, 227) may de ques-
tioned, Although Jelinek suggested that the hospital administrator
cculd use the resulis to analyze his present operation, to predict the
outcome of various staffing decisions, and to control or plan, the bene-
fits are not self evident, No examples of actual use in hospitals are
cited, In addition, the many pitfalls of multivariate regression analysis
are not discussed in the article. Finally, the behavioral reasoms which
might explain the results shown in the computer output are omitted,
There is, therefore, little to motivate a hospital administrator to
select this particular model to investigate nurse staffing, Why should
one use this particular set of variables with these mathematical

relationships?
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There is a strong temdency iu operations research studies to se=2
aureing as merely a set of highly visible and weli-defined tasks «-
giving medications, taking temperatures, bathing patients, charting,
and the iike. An industrial engineering approach to analyzing nursing
as if 1t were an automobile assembly line could have serious consequences
for the quality of patient care, A review of the literature reflects
an emphasis on the industrial engineering approach (129, 192, 309),
tempered to some extent by involvement of nurses in setting standards,
Althcugh articles in the nursing literature have stressed the need to
modify the approach which defines nursing as a set of highly visible
tasks (8, 136) there has been little recognition of the nurses' sugges-
tions in the operations research literature.

In addition, it appears that most operations research studies
fail to recognize the larger system in which nursing is imbedded.
Pecause of changes in the larger system there is a great deal of ferment
about what nursing is and what nursing should do. Quite different roles
for nurses have been discussed in the nursing literature for over 20
years (3, 22, 68, 190, 286, 353) and are now developing in many different
settings (70).

The nursing literature (e.g., 1, 2) may help to explain scme of
the findings in the oparations research literaturea9 For example,
operaticns researchers have mentioned morale problems of nursing

personnel (148) and have commented on the finding that increasing the

9There is a large literature on the effect of direct nursing care on
patient recovery (e.g., 1, 2, 125, 283, 304). However, the patient irs
rarely mentioned in the operations research studies except as the thing
that requires the expenditure of hospital rescurces. It seems unfortu-
nate that so few of these studies of hospital activities have included
patients,
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number of registered nurses in a unit resulted in little additional direct
patient care (95, 227). The works of New (292, 293) and Walker (406) offer
possible behavioral reasons for these findings beyond those mentioned in

the operations research literature,

In particular Walker's book contains much information that puts
in a different perspective the activities performed by nurses which the
operations researchers so diligently measure. Walker was interested in
the underlying reasons why nurses perform certain tasks and procedures.
One example she cited was the case where a physician used a standard oper~
ating procedure to apply pressure on the hospital administrator. The
physician demanded that the nurse complete an incident report every time a
cardiac chair was not available when ome of his coronary patients needed
one, His purpose was to flood the administrator with so many of these
reports that the administrator would have to purchase more cardiac chairs,
One wonders if an operations researcher measuring the time the nurse spent

in filling out these forms would have recognized the dynamics of the
situation which caused the overt behavior he was observing and recording,

There is little evidence in the literature to indicate that he would.
Without a knowledge of the causal factors the recommendations of opera-

tions researchers may not be relevant,
The Interrelated Areas of Admission and Discharge5 Utilization of
Inpatient Facilities, and Lergth of Patient Stayll

Several early operations research studies and studies of hospital

care identified the stochastic nature of the demand for hospital beds

and facilities and suggested that the problem of the number of beds or

facilities (e.ge, delivery rooms, operating rooms) required to satisfy

a given demand distribution be based on queueing theory (28, 34, 9%, 156),

10Many studies which have a larger scope than the individual hospital ar=z
excluded, Examples of these studies are those which deal with the differ-
ence between "demand" and "need" (e.g., 344), and those which concern
areawide planning for hospital beds (e.gs, 122)0
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It was also recognized that demand distributions differed among surgical,
medical, and obstetrical units (61, 385).

Presumably the desire to predict occupancy rates or to compare
various rates grows out of the intent to do a better job of planning
for adequate beds and other facilities and to arrange for appropriate
staffing and sufficient supplies -- in short, to consider the impact
upor. the entire ovgenization, However, most authors have coacentrated
or. the demand for beds in a particular umit or the demand for a parci-
cular facility (e.g., delivery rooms, operating rooms), The analys:is
usually concentrates on the number of beds in a ward or on the size of
a facility in relation to the probability of overflow (demand greater
than supply); or it shows the reduction in number of beds or size of
facility which would result from treating several separate units as 1f
they were one (24, 61, 135, 144, 170, 29, 295, 385, 389, 390, 407).

Queueing theorists often take the posture that the data on
whatever they are studying are generated by factors not subject to
control, Many of the above authors seem to have adopted this approach,
However, in dealing with a seemingly random process, omne managerial
strategy is to ask how the process might be partially controlled, and
then to compare the costs and benefits of imposing such controls. Some
studies have followed this approach,

Newell in 1954 (294) and Bailey in 1956 (28) noted that admissions
to hospitals are really of two main kinds: non-acute cases from a
waiting list and emergency cases requiring immediate admission. Hence
there is a problem of allocating beds between the two groups. In
practice hospital administrators deal with the situation by reserving

a certain number of beds for emergencies. But given that a waiting list
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exists, emergency beds are reserved only at the expense of waiting list
patients. As the number of beds set aside for emergencies is increased
the probability of being able to handle all emergencies increases but
the overall per cent of occupancy falls, Newell;s formulation set out
clearly the trade-off involved (294).

Newell used the poisson distribution in a study of emergency
admis-ions. He found that whenever the average demand for emergency
admicsions was between 1 and 30 per day, only 2 beds more than the
average were needed to satisfy the demand 95% of the time (294, 295).
Newell further showed that his results supported the establishment of
a pre~discharge ward in a hospital (295)., In another study of English
hospitals he found that the supply of beds modified the demand for beds.
Because of this finding he concluded that the existing models of queue=-
ing theory cculd not yield useful estimates of bed requirements (296).

Others have mentioned that recognizing and dealing with the
two kinds of admissions, scheduled and emergency, could result in
increased occupancy (385). However, it was not until the middle 1960's
that articles began to appear which developed further the work of
Newell and Bailey., Young's two articles advanced the understanding of
the basic nature of the problem (429, 430), To illustrate his points
Young posed two fundamentally different models: (1) a rate control
model in which the hospital administrator selects some constant number
of patients to be admitted daily as scheduled admissions regardless of
the census on any particular day, and (2) an adaptable control model in
which the hospital administrator sets aside a certain number of beds
for emergency admissions and accepts reservations for the remaining beds.

Call this latter number "B.'" When the daily census falls below B,
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persons are called from a waiting list to raise the census back to B,

The higher the administrator sets B the higher will be the average
occupancy rate, but the average overflow (or the probability of not being
able to meet demand and being forced into overflow procedures) will also
be higher, Given a probability distribution for emergency admissions,
computer simulation may be used to obtain the results of selecting
diffevent numbers for B and to compare the two models, Although Young
was dealing with only a single ward of a hospital his formulation brought
more of the decision making process into the scope of formal analysis,

Bithell used Markov chains to model the same situation that
Young studied and found that the scheduling of patients to bring the
census up to a desired figure provided a considerable reduction in
variance and an improvement in efficiency (56). Kolesar also suggested
that Markov models be used to analyze the scheduling of hospital
admissions (244), And Balintfy developed an interesting Markov model
in which patients were classified by their condition (good, fair,
critical) and could move from one state to another as well as to discharge
(36). Finally, Robinson, Wing, and Davis used computer simulation to
compare alternative methods for scheduling elective patients. Emergency
admissions were excluded from their analysis (332).

Fetter and Thompson used computer simulation to demonstrate the
effect of scheduled elective admissions on the utilization of a maternity
suite (beds, labor rooms, delivery rooms, postpartum rooms). The per
cent of those with elective inductions was set at 0%, 10%, and 20% for
the computer simulation, Admitting times and patient load were also
variables for the simulation runs., One finding was that a policy of 20%

clective admissions scheduled throughout the day compared with a poiicy
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of no elective admissions had an important smoothing effect on the use
of the suite, Under the former policy the same level of service was
maintained with one less bed (144).

Fetter and Thompson also mentioned a computer simulation model
of a surgical pavilion whose input was made up of a scheduled component
and a random component (l44), This model was extended by Kavet and
Thompaon. They used computer simulation to compare the present policy
of handling surgical paticnts in a Boston hospital with a proposed policy
of separating preoperative and postoperative patients. The results
showed that more beds would be required should the hospital adopt the
proposed policys The simulation gave the administrator & better idea
of the costs of the proposed policy against which to weigh the benefits
(235), Esogbue also used computer simulation to study the scheduling
of operating rooms (135). On the basis of waiting times under varying
load conditions he compared four scheduling policies a hospital might
adopt. As the per cent of load changed, the Ypest' scheduling policy
varied, Whitston discussed the use of queueing theory and what he
called "idle time prevention theory" in scheduling surgery (416)« Barnocn
and Wolfe simulated various schedules for operating rooms in an all-
surgical hospital (43).

Rickli and Allen surveyed computerized patient admission,
transfer, and discharge systems currently operational in nine hospitals
(328), Cross, Droar, and Roberts gave much detail (e.ge, forms, punched
cards) about such systems, which are used by the United Birmingham
Hospitals in England (102). These systems may be quite extensive and
may include in their output such reports as daily census by care upits,

bed utilization by physicians and by specialties, prediction of future



24

bed oceupancy, scheduling of routine laboratory tests, special workups
ordered by physicians, aud so forth,

Accurate prediction of the length of patient stay or éate of dis-
charge of patient is =u imporiant factor in improving the scheduling of
elective admissions, Various investigators have used different theoreticzal
distributions to approximate the observed distribution of the iength of
patient stay., Bailey used the negative exponential (28), Balintfy used
the lognormal (34), and Young used the gamma (429). Handyside and Morrie
reporited that none of these distributions fitted their data (182)., Rcbin-
sou, Wing, and Davis used a computer silmulation model to study the effect
of improved knowledge of length of stay upon the occupancy rate (332).

Kolouch in his study of the length of stay of surgical patients
pointed out how much there is yet to learn about the factors which deter-
mine length of stay (245). Acheson and Feldstein studied the length of
stay of normal maternity cases of several doctors practicing in varicus
hOSPitals-ll They found significant variations among doctors and among
hospitals. An analysis of ten social and biological factors relating to
the mother did not account for the observed variations in the length of
stay (5).

The above suggests that an alternative way to get an estimate
of the length of stay or discharge date is to ask the éttending physician
for his prediction., Bithell and Devlin reported that physicians did
fairly well in predicting patients' discharge dates one or two days in
advance (57). Robinson, Davis, and Leifer reported an experiment
involving 46 physicians at one hospital. At the time of admission of

a patient the admitting physician estimated the length of stay. The

11Many studies show how length of stay varies in different sections of a

country or differs between countries even when "standardized' cases are
compared, However, most of this work has not been done by operations
researchers and is excluded here.



25

results were not too accurate, For patients who were hospitalized more
than three days a second estimate was made. The second estimate was
more accurate than the original estimate though uot as good as one might
imagine. However, the prediction of discharge one day in advance was
87,2% accurate (331). Barnoon and Wolfe used physician estimates of
length of stay in their study of an all=surgical hospital, The accuracy
of tha estimates was not reported (43).

Gustafson compared five methods of predicting the discharge dates
of eight hernia patients: The five methods wexe physician estimates,
regression analysis, historical average, direct posterior odds estima-
tion, and Bayes® theorem with three variations. Bayes won (180).

One study reported that initial results from a hospital simula«
tion which used physicians® estimates of length of stay enabled the
hospital to increase its average occupancy rate 5% with no change in the
rejection, rescheduling, or turnaway rates when compared to a schedulirng
system with no predictive information (331). A later simulation study
by some of the same authors showed that the 5% improvement in occupancy
rate occurred only with a perfect forecast of length of patient stey
(332), As studies of physician estimates have shown, a perfect forecast
mechanism is not likely to be found (57, 331). Because of this and
because hospitals often have some predictive information on date of
patient discharge, presumably the increase in average occupancy in a
typical hospital would not be as great as 5%, One article did report
a 4% increase in average occupancy following the installation of a
computerized admission system, However, it appeared from the article
that the manual system could have been improved considerably without the

nse of a computer (426).
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As this brief review of the literature indicates, many persons
have written about various aspects of scheduling hospital admissions. A
steady and relatively high occupancy rate is important in keeping a
hospital financially solvent., A fall in the occupancy rate results in
an increase in average hospital costs per patient day which may create
problems for the administrator when he negotiates with Blue Cross or
other third parties for reimbursement of ccsts,

If a hospital administrator wanted to implement the findings in
the operations research studies described in this section, what would he
have to do? He would have to do much work to get the hospital data
required for the models.12 Data on admissions and discharges for several
years would have to be examined in detail. Changes in such things as hos~
pital size, procedures, diagnostic mix, and services offered would have i«

be considered for their possible effects on the historical data. Changcs

outside the hospital would also have to be considered. New hospitals ox
neighborhood health centers would be two obvious examples, A computer

program would have to be written because the complexity of the problem
requires simulation for solution rather than analytical methods.

A hospital administrator considering the use of physician esti~
mates of length of stay or discharge dates would have to consider his
present relationship with the medical staff, review the other programs he
is pushing which require physician cooperation, and evaluate the desira-
bility of asking the physicians to take on an addirional responsibility,.
Where physicians have multiple staff appointments, if a single hospital
requires such estimates, that hospital may lose patients to other hospitalis

and thus experiencec a reduction in occupancy.

12Of course, such developments as federal requirements for ufilization re~
view under the Medicare legislation may force hospitals to collect data on
all patients by length of stay, by diagnostic category, by surgical pro=
cedures if any, by complications if amny, and so forth. These data could
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Unfortunately the literature does not contain much information to
aid the administrater in deci ing whether it would be worthwhile to
follow up on the suggestions., As indicated above, costs are cbviously
invoived., Because the _iterature does not contain detailed information
on costs the administrator must make his own estimates.

A priori, an increase in the occupancy rate and a reduction in its
flaciuation should mean more efficient hospital operaticns. Ior exampnle,
a 29 iucreasa in occupaacy in a 250-bed hospital could result in over
$100,.000 additional annual income with little increase in cperating costs,
Benefits could also occur in improvement in day~to=day operations and in
long-run planning, If advance forecasts of patient discharge were
available, the schaduling of many support services (€.ge; housekeeping,
dietary) could be improved,

However, in looking at occupancy the hospital administrator may
be more concerned about the pattern of usage of certain special services
of the hospital than the overall usage of beds. The occupancy rate tends
to fall on weekends, during the summer months, and during holiday periods.
In many hospitals operating rooms are little used on weekends and often
underused on weekdays., Laboratory and X-ray services have similar pat-
terns of usage., A hospital administrator might think that more even use
of these facilities and services would do more to smooth the occupancy
rate and reduce length of stay than operations research studies on the
same subject which do not deal with these problems. If he wants
confirmation about variations in hospital admissions and length of
stay which do not seem related to the health needs of patients,

Lew's study provides detailed statistical verification (257},
Davis and Reed show the gains to be obtained if operating

then be used by the hospital administrator should he wish to try some of
the operations research applications suggested in this section.
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room usage could be increased (106). However, neither paper nor the
others cited have anythiug to say on how to bring about this desirable
state of affairs.

Other benefits might result from studies of admission and dis-
charge, length of stay, and utilization, For example, the historical
data on admissions and discharges which the administrator would have to
collect might show & slow increase in average daily census and give somz
indication of the reasons for it, The administrator would then have to
think of alternative ways to meet incrcased demand. One possible eiter=
native is to expand, Here the models discussed in the literature might
assist the administrator, They could help him to answer such questions
as: "If the average number of admissions increased to X per day, how
many beds would I need to guarantee that 99 per cent of the time I
would be able to meet this demand without resorting to overflow pro=
cedures?" (Of course, the models would not help him in actually pre-
dicting future demand, but they would help him in thinking about how
his hogpital might operate if increases were to continue,) In order
to decide if 99 is the "correct” per cent to use, the hospital adminis~-
trator would have to do further work to obtain the costs of under=-
utilization and the costs of overflow for different percentages.

Most of the studies deal with single wards or specific faciiitien
within a hospital. The problems which arise when one has to deal with
the interaction of wards and facilities or with the overall situation
are usually not even mentioned, One case study showed that these
problems are formidable (115)., In addition, the articles often start
with the statement that admissions scheduling or length of stay will be

studied because such knowledge is needed to enable the hospital to
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allocate efficiently its facilities; equipment, and manpower resources.
However, for the most part the studies fail to show how their findings
relate to the allocation of these resources,
Although in some of the studies cited the operations researchers

did collect hospital data for use in numerical examples of their models
or for use in computer simulations, there is little evidence that the
models have ever been used to improve actual operations. However: one
adninistrator reported to the authors that he gained a lot by capturing
the essence of the queueing studies on hospital admissions even though
he did not have the background to understand all the mathematical
details. He wrote:

I could grasp the notions of trying to smooth the peaks of elective

admission reservations, varying ihe length of queue in response to

occupancy o » o o I think I installed in the admitting department

a crude procedure which probably captured 75% of the full value of
such an approach,

Inventory Control and Menu Planning

Some operations research studies do not fit into the categories
previously discussed., Because studies dealing with menu planning and
with various uses of inventory theory seem to make up most of these

other applications, this section will deal with these two only.

Inventory Control
Inventory problems were among the first business problems studied
extensively by operations researchers., Because hospitals carry inven-
tories of many items it is only natural to apply inventory theory.
Boodman explained the concepts of inventory theory, discussed
how they could be applied in hospitals and indicated the information

required (64). Smalley, et al. discussed different inventory policies
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and factors which should be considered in deciding upon inventory policy
(359), Reed and Stanley brought in demand forecasting and lead times to
help determine reorder points and quantities. They divided all items
into three classes based upon per cent of total annual dollar usage..

In their one example some 10% of the items made up over 70% of the total
dollar usage, Different procedures for determining reorder points and
quantities were used for each class of items (322).

A different approach to controlliing inventory was used by Fiagle,
et al. By use of regression analysis they found that linen usage was
related to the census and the number of patients requiring intensive care,
Because this information was available from their prior work on nurse
staffing, they were able to reduce the linen inventory .(156), Kilpatrick
and Freund used both a computer simulation model and an analytical model
to relate the number of tanks of oxygen held in inventory to the proba-
bility of being able to satisfy a demand for a tank at any time (238).

Inventory theory has been used to analyze inventories of whole
blood., Rockwell, Barnum, and Giffen evaluated two policies (constant
replacement cycle and constant size) a hospital might adopt to manage
its whole blood inventory (334).

Two articles gave information about the operation of a blood bank
which serves 28 hospitals with a total of 4,600 beds., Because of the
time limitation on usability of whole blood the computerization of the
data collection and transmission system was judged more important for
the success of the operation than the use of inventory theory (80, 355).

In order to apply inventory theory the hospital administrator
will have to obtain certain information some of which may not be readily

available. Presumably usage rates, by day, week, or month, of individual
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items stocked are available. Forecasts of usage may not be available
and some study may be needed to see if anything more sophisticated than
naive forecasting models is required. Carrying costs, ordering costs,
and costs of shortages have to be determined. Computing the costs of
shortages would require the most thought,

One advantage of studying inventories is that the investigator
is alnost sure of meking some improvement over the present operation,
Typically, inventories can be reduced without adveisely affecting
performance, Also, the inventory control system installed after an
operations research study usually makes available to the administrator
information that he did not have before., What this is worth depends on
how such information is used.

Benefits resulting from a blood inventory control system were
described by Singman, et al, They reported that inventories of blood
were reduced 15% to 20% and the per cent of blood outdated was reduced
(355). None of the articles reported what it had cost to analyze the
present inventory control process or if the proposed new system would
cost more to operate than the present process., Singman, et al, did
report that the computerized system for inventory control represented
a considerable investment,

Inventories carried by hospitals include such items as food,
pharmaceuticals, surgical supplies, medical supplies, cleaning supplies,
and so forth, The inventory of a 300-bed hospital might represent an
investment of $130,000, If a study were to show that the inventory
could be reduced by 20%, there would be a one-shot reduction in inventory
of $26,000, One way a business firm might estimate the value of such

a reduction would be to assume that the money no longer tied up in
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inventory could be invested in the company 's business and would be worth
the average return on the company 's invested capital, Or it could be
seen as a reduction in working capital requirements and thus be valued
at what it would cost the company to borrow money. For a hospital the
cost of borrowing money would probably be a good measure. If we arbi-
trarily set this at 10% for purposes of illustration, the reduction in
annual iaterest charges for a 300~bed hospital is $2,600.

Viewed in the perspective of an annual operating budget for a
300-bed hospital of approximately $7,000,000 and with the consideration
that the new inventory control system might cost more to install and
operate than the former system, the possible savings from the use of

inventory theory are not as large as one might expect.

Menu Planning

Most operations research studies in the hospital dietary departe-
ment have concentrated on menu planning. However, some studies have
been done on the department as a system. Gue provided a brief introduc-
tion to the use of systems analysis in the dietary department (178).
Konnersman viewed the dietary department as a logistics system and flow
charted food processing and the department's information and control
characteristics (246),

Menu planning is an extension of a well known and long studied
operations research problem -- the diet problem or the nutrition problem,
as it is sometimes called, The standard formulation of this problem
mirimizes food costs subject to meeting certain nutritional requirements,
Cbviously some changes have to be made in this formulation if it is to

be used to plan menus for hospitalized patients. Such considerations
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as medical restrictions, choice among entrees, and day-to-day variation
of menus need to be included, Other factors which have to be taken

into account are aesthetic ones such as color, texture, shape, and flavor
(127)., Preparation times and costs are also needed in additionm, of
course, to the raw food costs,

Balintfy has written extensively about menu planning., One of
his articles gives details on how linear programming may be used in
menu planning (35). An example of planning breakfast appetizer items
for a 3l-day period showed a savings of 58 cents per patient for the
month, In a later article Balintfy and Dennis reported that four
hospitals had implemented a menu planning model and all had achieved
cost savings (112),

In one experiment with 16 dietitians Balintfy and Nebel gave each
the problem of planning economical, nonselective (1.e., patients have no
choice among items) menus which would satisfy daily dietary requirements
for seven consecutive days. The dietitians were given a list of 200
items divided into 15 menu categories from which to prepare the seven
daily menus., Each dietitian prepared the menus alone and then prepared
them while interacting with a computer, The computer presented each
dietitian with a minimum cost solution which the dietitian could change
if for any reason it did not appear to be a satisfactory menu. Analysis
of the results showed that the menus prepared by the dietitians alone
cost more but had a higher nutrient level and were preferred by an expert
panel to the menus prepared with computer assistance, It should be noted
that cost minimization had not been stressed in the instructions to the
dietitians, They had been told to select "moderate cost' menus and

apparently were not given cost information on the 200 items 37).



Other work in this area includes the discussion by Gue and Liggett
of the different mathematical programming formulations for selective and
nonselective menu planning (179). Taylor described a system for 79 state
institutions in Pennsylvania, His computer routine, based upon a suggested
food plan of the U,S, Department of Agriculture, takes into consideration
the age and sex characteristics of the population at each institution
and attempts to provide a low cost but nutritional diet (380). Fellers
reported on a study under way at the University of Fiorida where the
computer routine will produce 2l-day selective menus for various diets
(143).

In order to use linear programming for menu planning, the nutrient
content and costs per serving for each item must be known, Dietitians
and food managers probably have this information. Recommended nutrient
requirements would be the standard ones published by the National Researcn
Council, Other factors previously mentioned such as variety and choice
would have to be decided, In cases where patients will be given a choice
among items (selective menus) some forecasts of demand would also be
needed,

The costs associated with changing menu planning from the present
method to one using linear programming are not given in the literature.
The costs to a hospital of doing the preliminary feasibility study are
not mentioned nor are the costs of maintaining the computerized operation.

However, in some studies savings have been reported. Gue and
Liggett reported cost savings of 6 cents per patient day at the University
of Florida teaching hospital (179). Dennis and Balintfy gave results
from four hospitals which showed savings ranging from 7.9 cents to 19,2

cents per patient day (112), To put these figures in perspective we



might assume a 300-bed hospital with 85% occupancy. Savings of 15 cents
per patient day would mean a total annual savings of approximately
$14,000, If savings were 10 cents per patient day the total savings
would be less than $10,000. Although other benefits in terms of better
control of the dietary process may well exist, the cost savings alone are
not impressive., In addition, not all of the cost savings may be due to
the linear programming model., A careful analysis of the dietary process
may well result in substantial improvements even if no computer routine
is ever used., Gue and Liggett thought the small saving of only 6 cents
per patient day in their study reflected the relative efficieuncy of the
traditional method of menu planning at the hospital they studied.,

A discouraging report on computer assisted menu planning was
given at a recent symposium on computer applications in the health field.
The director of the department of nutrition and dietetics at the University
of Missouri Medical Center reported that her project, considered one of
the more successful undertakings in this area, had been five years in
development but was still not operational. Even though management decision
making had been improved it was difficult to specify real returns from
using the computer in the dietary department (421).

Computer Applications, Total Hospital Information Systems,
and Models of Hospitals

Another broad category of operations research and systems analysis
studies in hospital administration deals with computer applications other
than those discussed in earlier sections, total hospital information
systems, and preliminary attempts to build models of hospitals. Even
though most of the articles do not give any details about the systems

analyses, if any, which preceded the computer applications, some
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discussion scems worranted. In reading the Lliterature it is often
difficult to determine whether an article desccibes an operations research
study which has as one of its findings the need for computerization or
whether it simply describes the computerization cf a previously existing
system. Sometimes the use of computers is equated with operations

research., Of course that is not the view in this mor.ograph,

Computer Applications

In the late 1950's and early 1960's automation and computeri-
zation in hospitals were hailed as the solution to the problems of
increasing complexity and mounting costs. Titles of articles that
appeared in various hospital journals at that time would indicate that
the millennium was almost at hand for the harrassed administrator:

Applying Automation to the Hospital Business Office

Automation Offers Savings Opportunities

Automation for Hospital Central Service: A New Concept

Proposed Electronic System for Medication Orders

Automation Cuts Costs, Increases Efficiency

Push-Button Medicine? It's Here

Modern Hopsital Electronics

Patient Data: A Computer-Based System

Hospital Research and Administration with a Digital Computer

In the early 1960's several operations researchers wrote general
articles which suggested that certain hospital functions and activities
could be automated or computerized, To some extent they tried to assess
the impact such changes might have on the hospital's organizational

structure (49, 60, 185, 370). Hospital administrators began writing



articles, usually for hospital journals, telling of projects involving
computers which were planned or under way in their hospitals (74, 164,
250, 320, 3338, 391).

Later in the 1800's surveys cf computer applications began to
appear. Several described and compared various computer applications
undertaken by selected hospitals across the United States (328, 329, 347,
348), Other surveys Gid not identify the specific hospitais where the
projects were undertaken (39, 212, 263, 354). Individual hospitaise
continued to report upon their computer projects (162, 267)., There was
an interesting series of articles based upon the work of the Hospital
Computer Project in the Laboratory of Computer Science at the
Massachusetts General Hospital (39, 40, 41, 175, 201, 202).

Now in the 1970's an increasing number of companies are offering
an increasing variety of computerized applications to an increasing
number of hospitals who wish to try applications which go beyond routine
accounting. The present ferment both in the health care field and in
the computing industry makes it difficult to predict the future. However,
the pressure to do something about the rapid rise in hospital ccsts
(apparently without much analysis of whether or not the cost 1ncreases
are justified) appears to be greater than ever, Since hospital costs
are now the subject of political debate, the growing demand for greacer
efficiency seems sure to bring about changes in hospital operations,
This alone will ensure more attempts to control costs through automation
and more efforts to rationalize hospital activities through operations
research and systems analysis. These developments will undoubtedly

increase the interest in using computers in hospitals.
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A sampling of the literature reveals many computer applications13
in hospitals in addition to those already discussed (e.g., patient
admission, transfer, and discherge systems; blood inventory control
systems), The studies which follow either were not done by operations
researchers or were judged by the authors as not requiring the extended
treatment given other studies in the earlier sections of this moriog¥ aph.
The references cited are obviously not exhaustive of computer appli-
cations or of literature about such applications but are included to
illustrate the previously mentioned ferment which is going on in hospitals
today throughout the United States,

The most comprehensive listing of actual applications in specific
hospitals resulted from an extensive survey undertaken by the National
Center for Health Services Research and Development (397). Lamson,et al.
compiled a list of eleven computer applications together with the namess
of the hospitals in which the applications had been successfully imple-
mented (251), an appendix to Schwartz's article listed many potential
computer applications (347), a Department of Labor study listed numerous
possibilities for the use of computers in hospitals (400), and an articie
by Levy and Cammarn discussed several of the more widely used applications
(255).

Routine accounting functions such as payroll and patient billing

were relatively easy to put on computers, Similar appiications had

13Because of the focus of this paper on hospital administration, many
important studies on the use of computers in medical care and clinical
medicine are omitted, Although these computer applications often affect
hospital administration, the major emphasis of the studies is on other
areas, The studies omitted are those in the following categories:
automated multiphasic screening, computer diagnosis, automated laboratory
testing, automated medical history taking, medical record linkage,
computer interpretation of diagnostic tests, and patient monitoring in
intensive care units,



become conmonplace in large corpcrations soue years before, Now many
organizations (e.g., IBM, Honeywell, NCR, Lockheed, Bank of America)
offer accounting packaves especially designed for hospital business
offices, Ball, Magnier, and Raney gave an intevesting case history of
the computerization of a hospital business office (38).

The automation of medical records is the subject of several
articles (32, 175, 240, 247, 256, 428), Broun pcinted to some of the
problems which exist in this area, These include unigue patient identi-
fication, insuring confidentiality of stored information, and many
technical problems of file comstruction. He suggested that it is very
important to improve internal hospital communications before starting on
the task of automating medical records (72).

The quantitative nature of the butput of the hospital ciinical
laboratory has made it an attractive area of study for those working in
data processing and transmission. The extent of the work done is
demonstrated by the number of articles cited in a recent literature
search by the National Library of Medicime (399). 4inother well worked

area is the hospital pharmacy. One issue of the American Journal of

Hospital Pharmacy discussed various EDP applications (132), Also, a

survey of computer based pharmacy systems is available (173).

Most of the articles on computer applications deal with current
operating problems., The use of data generated from these applications
for planning is not stressed, although the payoff to the administrator
from improved planning may well be as great or greater than that from
current operations., One specific example of a computer application usead
in planning will have to suffice. Thompson and Fetter used computer

simulation to study the economics of a maternity service. When plans

39
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for expanding the maternity unit were developed, the information
generated by this study was very useful in determining the most economic
size for the unit (386).

The following comments on lack of evaluation of computer appli-
cations refer to all such applications, not just those mentioned in
this section,

Singer's recent suvvey found that the justificatione for computers
in hospital support service areas were not well documented nor were
evaluations based on adequate before and after comparisons (354).
Feldman argues that we don't find cost-benefit analyses of the introduc-
tion of computers into hospitals partly because of the difficulty in
measuring benefits but primarily because we don't measure the cost of
doing what 13 done before and after the computer is introduced (138).

A survey of computer applications in medicine in the United States and
England led Shegog to conclude that although speculation about possible
uses of computers for patient care procedures abounded, it was unusual
to find a critical assessment of any particular achievement (348),

One teaching hospital did report that the development costs of a computev-
ized appointment system for its outpatient clinic was $60,000, This
figure does not include the development cost of the overall system soft-
ware which was borne by the vendor of the time-sharing system. The
appointment system operated successfully and pleased both physicians and
staff. However, automation increased the clinic's operating costs,
Computer costs alone for the appointment system added $50,000 per year,
The authors stated: "The financial outlook is not encouraging . o - o«
The aggregate cost of automation is high . « « « It is obvious that

zost is presently prohibitive' (229, pp. 244-5).
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One example of a hospital that did report successful applications
is the Winnipeg General Hospital. Their computer operation which began

in 1962 has been developed with much thought and care (267).

Total Hospital Information Systems

Because most information systems are computer-based the assign-
ment of articles to this category rather than to the preceding computer
applications category is somewhat arbitrary. However, the studies ci&nd
in this section tend to be brcader in scope., Several surveys of the
literature on hospital informetion systems are available (11, 110, 169).

More patients and more procedures per patient have created mounie
ing information and communication problems in hospitals, For example,
Hofmann and Barnett estimated that between 1960 and 1965 at the Massa-
chusetts General Hospital patient admissions rose 12% while X ~-ray
examinations increased 32% and laboratory procedures increased 66% (201),
In a study of three hospitals Jydstrup and Gross found that information
handling costs amounted to approximately 25% of each hospital's total
operating costs (233), The proliferation of paperwork and amount of
resources devoted to information processing in hospitals has forced
attention to ways of coping with those management problems.,

Since "management information systems' has become a popular
although controversial topic in business administration (eogo, 7, 321,
374), it is not surprising to find that operations researchers suggest
that hospital information systems are necessary for the modern management
of hospitals. Most of the discussion which follows refers to the more
ambitious proposals for information systems (on=1line, real-time) which
call for remote video terminals throughout the hospital, immediate access

to computerized patient records, and co forth.
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Less complex communication systems are, of course, available,
Medelco is an example of such a system now in use in hospitals (65, 147).
This system is designed to eliminate nost of the written and some of
the oral communication in transmitting patient information and requisi-
tioning drugs and services throughout the hospital. A communication
network links the admitting office, nursing station, laboratory, X-ray,
pharmacy, business office, housekeeping, dietary, and so forth. Commuinl=~
cations are facilitated by means of prepuncned cards (e.g.,, patient cards,
drug cards, cards with prepunched routine messages). The use of such
cards probably results in fewer errors in data transmission and saves
employees' time. Relatively simple systems such as these may well obtain
much of the benefit of the more sophisticated systems at a fraction of
the cost, The addition of a means for quick data return (eego, reports
of laboratory tests) would make the Medelco system an even more powerful
management aid,

Aerospace companies (e.g., Lockheed) and computer manufacturers
(e.g., IBM) have seen the health field as a potentially profitable area
in which to use their expertise in systems analysis. These companies
view hospitals as information processing systems and tend to recommend
sophisticated technology to replace the manual procedures now used in
handling data (223, 261, 262, 263), Management consulting firms (e.g-,
Community Systems Foundation) appear to rely more on traditional
industrial engineering techniques (76, 341). The proprietary nature of
the development by these companies probably inhibit them from publishing
much about what they have achieved. The most detailed study readily
available is the one by Lockheed on the information needs on nursing

stations (263),
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Lockheed chose to study nursing stations because of their
importance as the focal point for the exchange of virtually all patient
medical information, “hev observed 160 nursing stations in nine hospitalz,
The detail given in their report shiows the great amount of work involved
in analyzing information handling in hospitals. Such a study involves
a major commitment of time, menpower, and money. One well known part
of Lockhead's system is the structuring of medical information so that
the physician may interact with the computer to initiate medical orders
for patients by using a light pen at remote video terminals (237, 351).
Nurses may also use the same procedure to enter data on patients. The
computerized system encompasses the business office, admitting, food‘
service, pharmacy, laboratory, and X-ray.

Because there has not yet been a full-scale demonstration of the
Lockheed system, an assessment of costs and benefits is premature.
Lockheed hopes to achieve a variety of benefits. These include accompli:iz-
ment of physician orders more quickly and rapidly, increased legibility
of orders, reduction in errors in order transcription, reduction in
routine clerical work, improved charting, reduced paperwork, increasad
efficiency of personnel, and better facility utilization. However,
Lockheed has reported difficulties in implementing its compuierized
information system (421).

Lockheed has made other system studies of medical facilities,
However, the nature of the contracts under which these studies were done
limited the studies to surveys of the existing information systems and
to proposals to design new systems (211, 317). Apparently the necessay
financing to undertake the design and implementation studies was not

forthcoming,
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Several other large scale computerized systems are either in
operation in hospitals or are about to be installed, The National Data
Corporation has a system similar to Lockheed's called REACH (Real-time
Electronic Access Communication for Hospitals) which they are installing
in several hospitals (361), Analysts at the new Loyola University Hospital
had the advantage of designing their information system prior to the
opening of the hospital (162), A psychiatric hospital, the Institute of
Living, has reported an operational version of remote, imput-output
terminals (310, 338). The State University of New York-Dovmstate Medical
Center at Brooklyn reported that portions of their '"Totai Hospital
Operating and Medical Information System'' computer program were operating
(350), The Veterans Administration runs a large medical care program
which includes 160 hospitals. An automated management information system
collects data on outpatient and inpatient work loads for use at the
central office in Washington. Data on individual patiencs are also kept
(337). The managers of Biomedical Computer Services have ambitious plane
for their hcspital information system. Among other things they intend
to enlarge the system beyond the hospital by installing terminals in
physicians' offices (248, 249). At the University of Washington Hospitals
a long-range goal is a total information system. They are proceeding on
their five-year plan by considering eight major appijication areas as
separate sub~-systems with a priority for study assigned to each one (168.

The Kaiser Foundation Research Institute has started a pilot
medical data system in one hospital, Their long-term objective is to
develop & multifacility computer-based system that will support the

medical data requirements of one million people in the San Francisco arca,
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one thousand physicians, and a large corps of professional and para-
medical personnel involved in patient care (404),

In the Johns Hopkins Hospital, Hsieh evaluated the effectiveneas
of alternative inpatient medication information systems in terms of
completeness of information, reliability of information, and efficiency
in generating needed informaticn (218). His work is quite interestiag
conceptually although many problems of measurement exist ia his mechod
of evaluation., For example, two measures are needed to deteimine pex-
formance capability. The first is a measure cf the relative imp¢rtance
of a class of information in comparison with other classes of informatiou
provided to a hospital function {(e.g., patient care, clinical research)e.
The second is a measure of the relative importance of the given informa-
tion to a particular hospital fuaction compared with the importance of
the same information to other hospital functions. Another problem avisu:
because evaluation implicitly assumes that a model of the optimal syatem
exlsts, For example, In the medication information system each person
“should be provided selectively with information that is pertinent to
his problem."” But how can one determine what is pertinent to each persor
without knowing what an optimal system would be?

Besides articles such as the foregoing which illustrate specific
applications, there are articles oriented toward conceptual discussicngs
For example, the September, 1968, issue of Inquiry was devoted to '"The
Compucer and Hospital Information Systems," but contained very little
about systems studies in individual hospitals (369), Another example of
conceptual thinking is the model proposed by Dixon of a patient medicai

information system (116),
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In two prescriptive articles Young pictured an ideal informaticn
aund decision making system for hospitals in which the total hospital
organization is viewed as a communication network (431, 432).

Changes must be detected as soon as they occur or as soon as they
can be predicted, and administretive action must be talken, based on
sound quantitative information that permits evaluation of the
departure of the state of the system from that desired., Under thesc
circumstances, effective decision-making must necessarily be a
dynamic, never-ending process that accurately anticipates needs.
appraises the disparity between indicated needs and their fulfiliment,
and selects from among many possible courses of aczlon those which
will optimally satisfy these needs (432, p. 8l).
He also believes cybernetics has particular applicability to healtn
services and believes the computer will become the ''centval cybernetic
processing tool." Unfortunately for this vision of the cybermnetic
hospital, Young reports that "attempts to extend computer-system
capabilities to deal with decision processes have been slow and painful
and have resulted in only marginal successes" (432, p. 84).

Because of the scarcity of published case studies a detailed
evaluation of hospital information systems cannot be made, However,
some information is available, Hofmann and Barmett reported that more
than 100 man-years of effort had gone into the development of a time-
sharing computer system at the Massachusetts General Hospital., Based on
years of experience in computer applications at that hospital they con-
cluded that it was difficult to defend a large-scale hospital information
processing system on the grounds that the cost of patient care would be
reduced (201),

Singer reported that in his survey he had been given figures of

$2 to $7 per patient day as direct operating costs for hospital computer

systems. Developmental costs ranged from $500,000 to over $1,000,000,
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Rut he found 1ittle information to support these asseritions or to identify
any offsetting cost reductions that resulted from automation (354),
Saunders estimated that a comprehensive system cf computer controlled
remote terminals throughout a hospital would likely increase costs by

$3 to $4 per patient dayala Yet he found no adequate evidence that this
increase in cost would be offcet by savings in other areas or by an
increase in productivity of staff (342),

National Data Corporation requires a hospital to sign a five-
year contract for its hospital information system. Depending on the
size of the instaliation the monthly rental runs from $64,000 to $103,000,
For this sum National Data Corporation furnishes the equipment, personnel
to run and maintain it, all programming, and the tie-in to their central
computer (361).

Costs and benefits of computer-based information systems may e
summed up by saying that the costs are real and immediate, the benefits
less evident, The benefits usually mentioned but rarely documented are
salary savings due to reduction of paperwork, freeing of technically
trained persons from cierical tasks, possible reduction in number of
emplovees, more timely information for use in current operations and in
planning, availability of data for research, reduction of errors in
recording and transmitting data, additional revenue created by reduction
in the number of lost charges, quick access to records, and so forth,

However, for aa administrator to take advantage of such an

information system and to get full benefit from it some costs must be

e

14The article in which these cost figures appear was published in 1869,
They appear to be low by current standards (1970-71). Informal figures
given to the authors estimated such costs at $7 to $9 per patient daya

0f course, breakthroughs in computer technology could reduce these :981uS.
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incurved beyond those for the purchase or rental of the equipment aud
software package. Published reporis (38, 267) and the authors' conver-
sations with administrators of hospitals where such systems are instailed
indicate that additional personnel must be added to the payroll even if
a shared computer system is used and the vendor provides the software.

A continuing training program for all employees involved with the infor-
mation system appears necessary. In addition, some employees wouid have
to be retrained (e.g., the nurses who would be expected to spend time
saved from clerical duties on direct patient care).

Lack of evaluation notwithstanding, more and more hocpitals are
using computers. Major pilot projects involving computers need to continuol.
We do not want to commit what Thring called 'the fallacy of premature
econouic assessment' (392) by judging computers in hospital administra-
tion uneconomic before adequate information is available, Filot projecte
may well iead to breakthroughs in cost reduction, software and hardware
development, and even medical practice and education. Flagle has made
some interesting suggestions on what projects might be carried out, how
they could be financed, and where they might be done (151), Only wit:
kinowledge gained from projects such as those suggested by Flagle can the
role of the computer in hospital operations be appraised.

* * * * *

In summary, the literature cited in this section has dealt wit
specific computer applications, computer based information systems, or
general statements about computers, automation, and information systems.
The emphasis has not been on systems analysis. Many of the studies
assumed that it was obvious that use of sophisticated techrology to

jimprove existing communicatione within the hospital would result in
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reduced cosis and better patient care., For a veriety of reasons this
assumption has been Lacd to prove, The tofal hospitzl information system
waile useful as a concept iu wirlch to view various subsystems of the
hospital does mot appear to be obtainable now giver the present state
of knowledge about decision making, patient care, disease diagnosis and
treatment, and hospital operations (342).
A good ending for this section is provided by a quotation from
West Churchman:
Just because certain functions in a hospital are connected by an
information system that is handled in part by a computer does not
mesn that the hospital has taken a systems apprcach to its problems
(88, pp. 104-5),
Models of Hospitals
Operations researchers have made a few attempts to build models
of hospitals which go beyond the analogue models of data flow found in
the studies of hospital information systems. Fetter and Thompson pro-
posed a model of an entire general hospital (146). One purpose of their
study was to understand the influences of the increased number of speciszl
care urits within the hospital (e.g., intensive care unit, coropary care
unit) upon the operation of the entire hospital, Fetter and Thompson
restated their purpose to mske it more operational. They asked whether
the hospital administrator can use patient-flow information for deciding
the number of beds to be allocated to each care zone in a hospital
organized along progressive patient care lines in accordance with the
characteristics of the anticipated patient load?
To answer this question the authors used a two-stage approach
of compuier simulation and linear programming. Paths followed by patisuils

through a hospital, the frequencies and conditional probabilities for
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cach path. a7d the means and standeid deviationz of time spent in the
various care zocnes were the basic data Xor taz sinuvlation,

One cutput of the simulation, the probability of bed utilization
in each care zonme, was an -nputf to a linear programming model which
maximized overall bed utilization cubject to budgetary coastraints on
the investment and cperating ccsts of beds, Weights were used which
reflected the subjective valuation of the relative desirability of bods
in different care zoncs,

The remaining articles will be mentioned mcre briefly becauce
the models presented or concepte proposed are not as well defined or
developed as those of Fetter and Thompson.

Baligh and Laughhunn (33) proposed a linear programming model of
a hogpital that is quite different from that of Fetter and Thompson.
Patients are assigned to one of a set of classes upon admission. Assdgn=
ment is based on the "value" of a patient to the hospital and upon the
patient's requirements for hospital rcsources. Value is defined in tcems
of the importance the hospital places on various ilinesses which bring
patients to hospitals. There is no flow from one care zone to znother
within the hospital, The cutput of a hospital is the "value' of each
class multiplied by the number of patients in that class summed over ail
classes., The objective is to maximize this output subject to constralints
of hospital resources, technology, and a maximum number of patients for
each class. The model is left in notational form; no numerical example
is given., As the authors state, "A cursory examination shows that the
task of data collection and parameter estimation npecessary to make tha
model operational as a planning tool is likely to be difficult" (33,

Pp. 301-2),
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Jeliaek discussed broiefly and in general terms a patient care
system for a community hospital as an input=-ovtput model with corrective
feadback (228},

Howland has writien extensively of his eoncept of a hospital
system model. Influenced by cybernetics and the concept of homeostasis,
he views the hospital as a goal-directed system which provides patient
care by the regulation and comtrol of patient condition defined in terms

of patient states, Patieuts by definition need the help of doctors,

nurses, and hospital resources to regsin their 'balance.' Hence the

nurse-patienc-physician triad, seen as a self-regulating machenicon,
becomes the focus of investigation (213, 214, 215, 216, 217).

Flagle discussed a model of the health services system in which
the hospital is but one element, He recognized the cybernetic nature of
health services but he also emphasized that conscious decisions were
taken in the system (152).

Two economists have developed models of hospitals. Although the
economic component outweighs the health component, the articles are
interesting attempts to modzl a complex organizaticn.

Ro drew upon the economics of consumption to puild a model in
which the consumption of hospital services results from the interaction
of physicians, patients, and the hospital. To make the regression nodel
operational most of the dynamiecs of hospital operations and physician
diagnosis and treatment are eliminated. Because of the difficuity ia
measuring hospital output, three input measures {(number of days hospital~-
ized, weighted number of services received, and amount of the hospital

bill) are used as proxy variables for output {(330).
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Newhouse vses his model of the hospifal as an example in his
work to deveiop a thecry for ucanprofit imstitulionsz, The model is rot
developed very far and no example based on empirical data is given,
Differences of cpinion zaong the board of trusiees, the medical staff,
and the administrator are assumed to have been resolved somehow so that
for purposes of analysis one may speak of a single hospital dzcision
maker., Definitional problems of the queiity and quantity of hogpital
output are discussed {(297),

This brief suxvey shows the preliminary and tentative nature of
hospital models. At the preseat time the applicability cf such work to
hospital administration is extremely limited, The urgent need for advances
in model development in the hospital field will be discussed in the fimnal

gection of this monograph.
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EEASONMS FOR DIFFICULTIES IN
IMPLEMENTING OPRRATIONS RUSEARCH STURIES

In a paper presented at a wmeeting of health profezsioncls and
operations reseacrchers in 1969, Yeung referred to an earlier remark that
coevations research hiad generally failed the health services, Youpg
stated that his first reaction was to protest this statement, but that
upcn rcflection he was herd pressed to name a single instance where the
application of operations research had initiated or led to a msjor derision
in the health services (433)015 This is a damaging admission, coming as
it does sone twenty years after operations research studies were formzlly
undertaken in the health field with the study of outpatieat clinics 2t
hospitais (25, 26, 410, 411, 413),

Why have the results of operatiomns research studies been so littlz
used by hospital administrators? From the viewpoint of the administratcr
the studies have often had various shortcomings.

1. Omission of Some Problems Ueemed Impovtant Ly Adminlstratora

2, Tendency to View Hospitals as Separable Systems

3. Omission of the Medical Staff from Hespital Studies

o o~ 42 ot ctntron

10

1“’Youn{; suggests the following reacons to explain the lack of influemca ol
operations research on major decisions or significant devalopments in (ae
health field: the lack of high quality operations researchers working in
the heaith field, the lack of understanding and acceptance of operatluad
research by the medical profession, the refusal of the medicel profecaion
to admit they have major problems and their refusal to admit that they
cannct solve their own problems, and the relatively poor identification

of problems and objectives in the health field as comparad to irdust.y
ard the military.
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4. Cyerlooking Dysfunctioral Consequerces of Introducing
Computer-Pess1 Technology in the Huspital

5. Cmission of Difficult<te-Cuantify Variables

6, Infiuerce of the Acadenic Setting on University-Based
Operations 2eseairch in Hospitals

7. Lack of Detziled Information in the Stucies of the Costs
and Benefits of Proposed Changes

8, Tailure to Reccgnize Limiiations on the Power of the
Adminis trator

9. Neglect of the Literature on Implementation

Onission of Some Prokhliems
Deemed Tmmortant by Ldminictrators

Implicitly at jeast the literature just surveyed assumes that the
hospital administrator has certain goals, certain motivatioms, and certain
key problems, What is the picture of the hospital administrator which
emerges from these studies? It is that of an individual primarily concerned
with having a high percentage of beds occupied, minimizing the fluctuatiors
of this percentage, efficiently assigning staff (primarily nursing
personnel) to their tacks, minimizing the idle time of physicians,
reducing inventories and food preparation costs, and rapidly collecting
and accurately transmitting data. Certainly the hospital adwinistrator
wants the smooth, efficient operation which the studies imply., Hovever,
the hospital administrator often sees his major problems arising in somz
of the following areas and his important goal as providing leadexrship to
solve these problems:

-- Cost allocation problems brought into prominence by federal
regulations governing Medicare and Medicaid reimbursements and the iicw
thrust of reimbursement plans to give incentives to cut operating co3ts.

FEow will the administrator get funds to be creative, improve care, wount
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new programs, and try out what seems to him to be innovative ideas?

-« Problems in maintaining financisl stability. What are the ways
of ensuring flnancial solvency in the face of rapidly rising costs of
operation? How can the administrator influence third party payers to set
rcasonable reimbursenent rates?

-» Quality of care problems recently highlighted by court decisions
holding hospitals liable for actions by private physicians on their staffs,
How can peer group control be made to work within the hospital's medical
staff?

~- Continuity of care problems, For example, what should the
hospital's discharge planning program be? Should the hospital provide
preventive care? Should it operate an extended care facility, undertake
a home care program, expand vastly its outpatient clinic into the
community? If the hospital does not directly operate such programs, then
what should its relationship be to such facilities and programs?

-= Problems involving the relationship of the hospital with the
surrounding community, especially in ghetto areas., For example, should
the hospital have a training program for "hard core" unemployed? Skould
the hospital have a program to recruit physicians from minority groups
for its staff and should this effort include programs to upgrade mrnority
physicians if they do not now meet qualifications for staff privilegzaa?

-~ Manpower and personnel administration problems brought about
by low pay scales, blocked upward mobility, increase in unionization, and
proliferation in number of different jobs performed. How does one recruit,
train, and retain good employees for the many professional and sub-
professional jobs in hospitals? How should the hospital deal with the

increasing professionalization in medical care? What should be done about



56

the high turnower in the hospital where the empioyees are predominantly
women?

-- Protlems in dealing with the governing board which has legal
control of the hospital and has the power to hire end fire the hospital
administ-ator, How should the administrator educate board members about
the problems of operating a hospital? Board members usually are community
leaders with little jinitial knowledge of hospitals, Should the administra=-
tor encourage community participation in policy making at the bcaxd ievel?

-~ Problems in dealing with medical staff. How can the
administrator work effeciively with private physicizns some of whom may
hold the view that a hospital administrator's main functions are to keep
the building heated and to have facilities and personnel available in
order not to waste the vaiuable time of physicians? Is it desirable to
have full-time, salaried chiefs for each key mediczl departmeat? What
administrative action is required to achieve and maintain high quality
patient care? How can the administrator make physicians more aware of the
impact of their decisions and orders on hospital costs? How caun he get
them to assume more responsibility for keeping ccsts in line?

-~ Problems of planning for the future.16 Is expansion necessar”?

What services should the hospital provide for its community? How will

16Much work has been done to analyze internal hospital operations in order
to provide planners and architects with better information upon whicnh £uo
base their decisions, The first use of operations research in hospical
planning and design probably occurred in England shortly after Worid War
II (29,201). Souder, Clark, Elkind, and Brown present a systems approach
to hospital design which builds on these earlier studies and expands their
scope considerably with the use of computer aided techniques (368). A
further discussion of the use of computers in hospitel design is given by
Souder (367). An issue of Health Services Research was devoted to health
facilities design (188).,
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the administraror reconcile the interests of his hospital and its medical
staff with the requirements of governmental or quasi-governmental health
planning agencics?

-= Problems concecrning relationships with other hospitals in the
community vis-a-vis possibie consolidation of medical services (eege,
maternity units), pooling of service department (e.g., laundry), and even
merger.

-~ Problems arising from the demand that the overall delivery of
health services be made more effective, probably through some kind of
reorganization, Should the hospital administrator attempt to influence
the changes occurring in our health care system? If so, how? Will his
role and responsibilities be reduced if his hospital becomes just one
cog in a much larger organization?

Even if it could be argued that the operations research studies
previously cited would help solve some of the above problems, the connec-
tion between the findings of the studies and solutions to these problems
has not been set out explicitly.

The situation in the hospital field where there are many differences
between the problems studied by the operations researchers and the
problems deemed important by hospital administrators is similar to that
which existed some years ago in the business world. For several reasous
many early operations research studies in business firms dealt with
inventory problems. Reading the early literature might lead one to concliude
that businessmen spent most of their time worrying about the size of their
inventories, In fact, inventory problems were and are usually of minor

concern compared with other problems facing executives,
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Tendency to View
Hospitals as Separable Systems

Many operations researchers have tended to study the hospital as
1f it were made up of many small pieces more or less isolated from each
other. The hosplital administrator, however, is forced to comsider the
interrelatedness of the parts of his organization. This difference in
perspective may be a reason why some operations research studies have not
been impiemented.

Probably the engineering background of many operations researchers
leads them to study little pieces of an organization without first
considering the overall system within which each piece is embedded,
Churchman has contrasted this "housekeeping' approach -- when you see a
mess, clean it up -- with the "whole system' approach -- study the entire
system before you change part of it (85). Those who favor the "housekeep-
ing'" approach assume a system may be separated into parts in such a way
that an improvement in the performance of a part of the system wiill
result in the improvement in the performance of the overall system.17

Several writers have warned about possible adverse consequences of
adopting the "housekeeping" approach. In the early operations research
literature Hitch discussed some of these consequences under the heading of
suboptimization (198). Churchman made an extensive analysis of what the
assumption of separability means in terms of systems design and what may
occur if this assumption is made when in fact the system is not separable

(86). Referring to the complex problems of human life, Dubos thoughi it a

l7A:lam Smith assumed the economy of a nation was a scparable system vhen
he made his famous statement that an "invisible hand" worked to ensure
that individual pursuit of selfish ends promoted the general goecd (200),
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from studies of much simpler ones. He saw that this reductlonist approach
could lead a scientist to become so involved intellectually and emotionally
in the elementary fragments of the system that he would lose interest in
the phenomena or the organisms which had been his first concern (123).
Separability and reductionien may arise in the construction of
computer simulation models. Those who build such models tend to select a
subsystem of the hospital and proceed to write a computer program for it.
Because such programs require considerable work and ingenuity (es80, 332)
there may be a tendency for the investigators to get so involved in the
simulation that they forget the very problems they intended to solve,
Ingbar questioned whether the assumption of separability was
applicable in the field of medical care.
It seems to me we have implicitly assumed that we will be able to
jmprove the health system of this country by improving its segmen:zs,

We postulate a tautology between the whole and its parts that may
be more appropriate to mathematics than to medical care (220, p. 17).

The interdependent nature of hospital activities makes the
"housekeeping" approach inappropriate, Where subsystems are interdepandent
it 1s not necessarily true that what is good for one part of a system is
good for the whole. With the possible exception of a few subsystems such
as the laundry it would appear that comsiderable knowledge of how the partc
of the hospital relate to one another is needed before improvement is
attempted in any of the parts. Even the laundry could not be improvad
without some knowledge of the rest of the system.

In prectice a compromise may be reached between the "whole systen'
approach and the "housekeeping' approach. The researcher locks at the
overall functioning of the organization before selecting a part for furthex

study, He is constantly aware of the relation of the part to the wholes
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As his study of the part proceeds he continually checks what effect changes
in the part might have on the rest of the system. However, there is little
indication in most of the operations research studies that such a procedure
was followed,

One possible result of using the "housekeeping' approach is given
in the often cited case study of Bavelas and Strauss about a toy manufac-
turing company. Here a change in procedures was effected in a part of the
system without regard for the impact the change would have on the whole
system, The result was failure. The change was canceiled and most of the
persons involved quit (50).

Omission of the Medical
Staff from Hospital Studies

The physicians on the staff have been largely ignored ir operations
research studies in hospitals.l8 Although the relationships among the
three main internal power groups, medical staff, governing board, and
hespital administration, influence almost all areas of hospital activity,
one would never know this from the operaticus research studies.

The demand upon the resources under the control of the hospital
administrator is generated largely by physicians who are not employzes of
the hospital. Patients are admitted to hospitals on order of physicians,
the treatment they receive is prescribed by physicians, and their time of
discharge is in most cases controlled by physicians. Therefore, many of
the activities of hospital employees are dictated by doctors' orders.

18
There may be good reasons for omitting the physicians, Perrow repoxis

that working with doctors was the biggest single problem encountered by
medical sociologists (313). No doubt, operatiomns researchers could make
the same statement,
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The physician's goals may differ markedly from those of the
hospital administrator and the conflict in goals creates administrative
problems (103, 230), 1f we assume that a physician wishes to minimize the
amount of his unproductive time and to maintain a large degiee of conve-
nience and freedom from bureaucratic constraints, and if we further assume
that the hospital adapts itself to help physiciaus achieve their goals
(and it appears that most hospitals do adapt), then certain administrative
problems are inevitable, For example, most physicizns find it more
convenient and saving of their time to visit or to operate on their
hospitalized patients in the morning. The resulting concentration of
doctors' orders produces peak loads in demands for hospital services which
are costly for hospitals just as pezk loads are costly for electric
utilities, Were the doctors' orders spread out more evenly over the day
the costs of operating hospitals would be less., In additionm, the behavior
of surgeons (and others) results in reduced work loads for the hospitals
on weekends,

Another example of a difference in goals concerns the occupaacy
rate, The physician would like to have a bed available whenever he wants
to admit a patient. In effect, this natural desire on the part of the
physician means he wants an occupancy rate somewhat lower than that

P

wanted by the administrator, The administrator is trying to mzintain a
steady and relatively high occupancy rate so the hospital's per dlem cosic
will be within the allowable range under the various arrangements fcr
reimbursement by government and insurance carriers. The physician and th=
administrator both act rationmally, but they are pursuing different goais,

The problem of cccupancy rates can also result in additional conflict. In

order to reduce fluctuations in the rate the administrator often tries to
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get the physicians to give one or two days' notice on admissions and one
or two days' notice on discharges, Sucihh a request may be seen by the
physicians as interfering with their practice of medicine.

A third exauple was given by Levy and Cammarn in their discussion
of information processing in medicine, Hospital administrators find that
standard forms are required to use computers effectively and that
physicians often resist the use of such forms, Three reasons for tials
resistance suggested by Levy and Caumara point to other goals consiiared
important by physicians: (1) self-image as an individualist; (2) coacern
for the patient rather than the written record; and (3) in some cases the
knowledge that standardized data input facilitates quality control over
medical practice (255).

Ancther illustration of problems arising from differences in goals
was provided the authors by an administrator who described how little real
control he has over certain subsystems within the hospital. He stated
that the scheduling of the operating suite was done with the convenience
and desires of the anesthesiologists and the surgeons in mind with Iittlc
consideration given to the overall operation of the hospital, He truugi
it would be extremely difficult, if not impossible, to administer the
operating suite to optimize the efficiency of the total hospital. Anotine:
example of a hard to change hospital practice coacerns the escabliigiiud
pattern of reduced weekend use of hospital beds. A Blue Cross official
spoke of the problems involved in increasing the occupancy of a boapital
and thus :the workload on Saturdays and Sundays:

Great difficulties have been experienced in attempting to change

this pattern, since it involves the work hzbits of many thousands_
of hospitai employees and physicians already in short supply (229«
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Certainly it would be difficult for the operations researcher to
handle problems such as those just cited. However, until operations
research studies deal with the very real administrative problems caused
by physicians and others pursuing their own goals the administrator may
think the operations researcher just doesn't understand the situation,

Overlooking Dysfunctional Comsequences of
Introducing Computer-Based Technology in the Hcspital

In their eagerness to use computer-based technology to solve
hospital problems many operations researchers and systems analysts over-
look the potentially dangerous effects that automation might have on the
basic nature of the hospital. DMcDermott pointed out in nis esnalysis of
the effects of advanced technological systems in the military field that
the introduction of a technological system influenced every area it
touched, He argued that a “Gresham's Law of Technology" operates in which
higher levels of technology drive out the lower with the result that the
need to keep the advanced technological system functioning forces the rest
of the organization to adapt to 1t.19 This, in turn, he contended, would
lead to controls designed zo minimize the incidence of personal or cocial
behavior which is erratic or otherwise not easily classified and to reduc:
unresponsiveness to central management (266),

Another person, thoroughly familiar with advanced technological
systems, supports McDermott's conclusions, Boguslaw stated that one

result of computer technology's pervading an organization is:

19Mouzelis makes a similar argument in connection with industrial
engineers, He points out that the effort of industrial engineers to
"yationaiize" the work of individual employees cculd not be confirned to

the workers but would, by the logic of the situation, spread upward and
outward until it covered and controlled the whole organization (284, v, 877,
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» ¢ o an insistence upon a uniformity of perspective, a
standardization of language, and a cousensus of values ihat
is characteristic of highiy authoritariamn social structures,
Noncorforming perspectives, language, and values can be and,
indeed, must be excluded as system elements (63, p. 186),

Patients certainly might exhibit erratic persomal or social
behavior or might have nonconforming perspactives, language. and values
which wouid have to be constrained and controlled, The cold and impersonal
treatwent of patients in hospitals as they are now organized is well
document:edg20 A computerized hospital could make this worse, the gliowing
claims of those who sell the technology notwithstanding.21

Hospital information systems such as those proposed by Lockhieed
(261) and IBM (223) would cause changes throughout the hospital. AlL the
supporting subsystems in the hospital which feed data into the computerized
system would be under pressure to rationalize their systems and impose
management controls to achieve greater efficiency and reliability.
Maintenance of the computer system could become an end in itself and the
consequences might or might not further hospital goals., At the very least
those who propose automated hospital systems cannot ignore the spillover
of the techmology into other subsystems,

A computer system once installed might impose some undesirable
features of its own upon the organization. A good overview of the

experiences hospitals have had in installing computers was made by

Humphrey (219).

2 ;
0Cherkasky states that the one thing that unites all patients, rich and
poor alike, is their complaint about treatment in hospitals (402, p. 461),
Other references confirm Cherkasky's observation (23, 69, 100, 124, 186).

2
1In the field of education, Oettinger's well documented study of the usc

of computer-based instructional devices showed that the clzims made by
the equipment manufacturers for this advanced technology were premarure
to say the least and could not be fulfilled in practice (307).
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Singer argued that a computer system invclves a certain degree of
rigidity and resistance to change -- the more complex the system, the
higher the cost of change, and therefore the more rigid and inflexible the
system (354). He thouglit the impact on a hospital's operations of batch
computer operations such as accounting and business office applications
would be far-reaching and that the potential impact of a total hospital
information system would be even more profound.

Others have written about the inflexibility of large-scale
computer systems (110, 219, 342)., Given the present-day nature of
hospital operations this aspect may be a major obstacle to effective use
of computers. The hospital problems to be solved have jncreased in
complexity as health professionals have taken on new functions and as new
methods of treating patients have been introduced. There seems to be more
rather than iess uncertainty., Professional groups within the hospital
(e.g., nurses, dietitians, medical record librarianms, and even to scme
extent physicians) are engaged in redefining their roles and functioms,
Physicians differ among themselves in matters of diagnosis and treatment,
Situations such as these are inherently difficult for computerizaticn.

As Saunders concluded, '"The computer is so dependent on humans for its
use that it becomes unusable if the humans have not resolved their own
problems" (342, p, 66).

Several writers have made insightful comments on why total
hospital information systems have not flourished, Singer argues that suci
a hospital information system would be difficult to achieve because of the
heterogenity of hospital activities (354)., Hospitals contain a variety

activities which in many ways are only minimally related to each othnr,
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Hence the recognition of the need for and value of a computer is likely
to develop at different rates in different departments,

Saunders believes that only in a small unit such as an individual
ward will one get the common terminology and ways of doing various pro-
cedures that are prerequisites for implementing a medical information
system, That one could have such a system for an entire hospital he calls
"a present fiction" (342).

Brown and Dickson believe that there has been a gross under=
estimation of the dimensions of the task at hand. A lack of communication
between engineers and computer specialists on the one hand and medical
and hospital operating personnel on the other has contributed to the lack
of progress (71). Other writers have commented that these two groups
speak different languages and tend to view the world differently (306,
342, 354), Therefore, computerization is quite apt to lead to conflicts
between these groups.

Brown and Dickson also point out that a computerized hospital
information system would require considerable reworking of present
physician procedures, nursing procedures, record keeping, and information
handling, Even if such a revised system were desirable, they argue that
the theoretical base adequate for the conceptual advances needed to deal
with hospital information systems is lacking. They also state that the
studies which might demonstrate that hospital activities will be assisted
and improved by computerization have not been conducted (71)., Saunders
also points to the lack of studies in this area (342).

Blain lists six errors that have been made in introducing
computerized systems into hospitals. These include incomplete or mis-

leading feasibility studies and the lack of psychological preparation
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among the individuals whose work will be affected by the implementation of
the automated system (59).

Barnett and Greenes give several reasons for the slow progress,
Hospital and medical staffs greatly underestimate the magnitude of the
problem and do insufficient advance plamning. As a result, they fail to
provide enough manpower and money and expect results far quicker than is
possible, Also, the computer industry because of its tendency to over-
state its ability to solve hospital problems is partially responsible for
the misconceptions of the hospital and medical staffs 42).

An extensive survey of the literature on information processing
in medicine by Levy and Cammarn called the difference between the pro-~
claimed potential of various applications and actual data provided to
validate claims a disturbing characteristic of many of the reports. Two
strong deterrents to progress were suggested: over-enthusiasm for
particular methods and failure to project realistically the cost and
complexity of transferring experimental models to the bedside or the clinic
(255),

Because of the long interest and involvement of the Kaiser
Foundation Research Institute in applying automation to health care the
statements of two of their top researchers are important, Collen €2
and Van Brunt (403) gave several reasons for the difficulty in implementing
computerized information systems designed for other than routine adminis-
trative functions: high costs, long-term commitment required before
results will show, level of operational sophistication demanded by physi=-
cians and nurses, scarcity of techanical specialists needed to plan and
install the system, and difficulties in defining and standardizing the

medical care process.
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In the forewesrd to a book on medical computer development in
Scotland, McLachlan raised two points which administrators and researchers
would do well to consider, First, he suggested that rather than determine
which procedures could be computerized with some conceivable benefit, an
administrator would be well advised first to satisfy himself that none
of the new procedures could rearonably be introduced more cheaply without
computer useo22 Secondly, he suggested that before proceeding with a
computerized system the administrator look at how in practice medical
practitioners are going to utilize the complex and intricate elements
which many of the systems entail, Ile thought an intensive sindy was
needed of the way in which doctors and the system itself accumulate and
use information both for medical and administrative purposas (305).

Indeed, the effectiveness of computer-based management information
systems has not been proven in industry:. A leading management consulting
firm surveyed the computer operations of 36 large corporations and con~
cluded that the routine clerical and accounting procedures had been
automated successfully but that the economic payoff and operating
feasibility of the highly touted total management information systems
had not been demonstrated and that such systems were a long way from
practical realization in business (193). Dearden discussed what he
labeled the myths and fallacies of real~time management information
systems, He argued that it is not practicable to operate a real-time
management control system and that such a system would be at best of
marginal value even if it could be implemented (109).

Of course, as Gouldner pointed out some years ago dysfunctional

consequences are not necessarily bad (172)., For example, Hertz warned

22Shegog made the same point (348),
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that the introduction of computers into an organization may upset
tradirional organizational ideas, traditional scurces and repositories
of information, and traditional decivion msking prerogatives (154): But
this may be good == hospitals mey need to be shzken up, In fact, an
astuie hospital administrator may use the introduction of a computer as
a vehicle to bring ebout changes he beliaves desitable, However, he
should recognize that there are lecsons to be learned from reports of
those who have had experience with computers in hospitals and othex
orgaﬁizationso

In retrospect, the attempt by some analysts and hospital
admipistrators to move in one step from what was essentially a paper
and pencil operation to a sophisticated, on-line, real-time computerized
hospital information system may have been a serious mistake, However,
it is worth repeating that computer applications of varying scope and
complexity are in operation in many hospitals and some adminilstrators
report they are pleased with the results, Many of the small=scale
computer applications may be cost-effective and some may improve patient
care, The same may be said of those applications which begin with an
overall view of the system and then proceed step=by=-step to build

effective, large-scale systems,

Omiscion of Difficult=to=Quantify Variables

In general, operations researchers have used models and conceptual
frameworks which have worked well in industrial and military operations
and have applied them to hospitals, Because these models handle price
and quantity variables very well, it is understandable that operations

research studies in hospitals have concentrated on variables which are
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easily quantifiable (e.g., cost per patient day, number of visits to
outpatient clinics, time spent in outpatient clinics, time spent in
keeping records, length of patient stay, number of hospital beds occupied,
and number of nursing hours), and have avoided difficult~to~define and
difficult-to=quantify output variables such as the quality of patient

care with which the hospital administrator is also concernedo.

Not surprisingly, the researchers have tended to see the outputs
of hospitals as much more difficult to measure than the inputs and the
service statistics just listed., The relationship of measures of utiliza-
tion of services, facilities, and personncl to the more important
considerations such as quality of output or accessibility of service is
not spelled out by the researchers.

Quality of care is such an important concept in hospitals that
some attempts should be made to include this variable as well as other
output variables in operations research studies, Persons in the medical
care field such as Donabedian (117, 118, 119), Peterson (314), Sheps (349)
and Goss (171) have written insightful articles on the measurement of
quality of care which could be exploited by operations researchers,

Given the industrial engineering background of many operations
researchers the imaginative use of quality control concepts would seem to
be something they would stress. There are certain hospital operations
in which the use of such concepts within a systems framework is desirable,
Possible applications could be based upon Schimmel's work on the hazards
of hospitalization (345) and the studies on errors in medication (200).
However, the industrial engineers do not seem to emphasize studies such

as these in their investigations of hospital operations (45, 357, 358).
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Tnfluence of the Academic Setting on
University-Based Operations Research in Hospitals

For several reasons the academic secting in which much of the
research on hospitals has been done infiuences the kinds of studies
undertaken and hence influences the implementation of the findings of
these studies°23 The studies reported in the literature appear to have
taken place for the most part in teaching hospitals associated with large
university medical centers. Such teaching hospitals might be considered
"captive audiences" for academic researchers. Certainly the acceptance
of research as an important activity is probably much higher in teaching
hospitals than in community hospitals. This difference alone would
make it more difficult to carry out operations research studies in a
community hospital than in a teaching hospital., In addition, the
salaries of the researchers were probably not paid by the teaching
hospital and the indirect costs of such research are probably easier to
absorb in a teaching hospital budget than in a community hogpital budget.

The intellectual interest of certain problems attracts the
academician., Queueing theory, linear programming, and computer simula-
tion are important topics in operationms research, It is no wonder that
studies in the hospital field have tended to use these techniques.
However, carried to the extreme, this practice leads to studies in which
a technique seeks a problem rather than to studies in which the analysis
of a problem suggests a technique.

Several writers have commented on the effects of the need for
academicians to publiah a great deal in order to advance in their
profession. Dubos expressad it this way:

23
Gue in his survey of the literature on operations research in health and

hospital administration quotes an experienced consultant who said that he
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Scientists shy away from the problems posed by human life
because these are not readily awenable to study by the
orthodox methods of the nmatural sciences, For this reason,
such problems are not likely to yield clear results and rapid
profecsional advancement, The way to scientific success is
often through substituting for important problems that appear
cverwhelmingly ccmplex other far less important problems that
can be solved within a relatively short time (123, p. 216).

In a discussion of studies of hospital costs, Kelman argued that
consideration of professional advancement caused academicians to concen-
trate on the technical aspects of a question to the exclusion of other
more important aspects. He concluded, "Hence, we find major social issues
reduced, in professional journals, to irrelevant technical (albeit
publishable) questions" (236, p, 57).

Perrow was referring to social scientists' studies of hospitals
when he characterized their work as having ''dealt with accessible trivia
rather than significant and recalcitrant prcblems' (313, p. 966). Stringer
suggested that operations researchers have looked upon hospitals as
interesting places in which to test some general theories and have not
tried to solve real, present, local problems (378). Gue in his survey of
operations research in health and hospital administration stated that
academicians wanted probiems that were intellectually interesting and
would yield publishable research, He believed that many problems of
practical significance to the hospital did not satisfy either of these
two requirements (177). This is, of course, unfortunate for the
administrator,

Pubiication policies of professional journals may be another
reason why some operations research studies are not used, Because many of
could count on one hand the number of hospital research studies conducted
at various universities in the United States that had actually been

implemented (177). Dunn and Hindle reach a similar conclusion about the
operations research studies done in English hospitals (126).
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these studies are made by academicians who must publish; the studies are
directed toward publishing criteria and not toward administrative useful=-

ness, For examole, instructicns for authors in Health Services Research

advise the authors that their manuscripts shculd be '"scholarly and preclse
rather than descriptive and operational in concept.' (Italics added.)

An interesting exchange tcok place in Operations Research about

editorial policy on criteria for publication in that journmal (124, 239,

265)e King wrote the editor of Operations Research that the journal

devoted too much emphasis to papers of a formal mathematical nature. He
contended that the articles in the journal avoided the most difficult
parts of a practicing operations rasearcher's task, namely, the "messy
elements of problem formulation, model construction, testing and imple-
mentation,'" Machol replied for the journal by saying that the mix of
articles was "“about right'" and went on to argue that in the best
engineering journals the bulk of the papers were "highly wathematical
and scientific." Eilon entered the contrcversy by stating that Machol
confused "scientific" with "mathematical,"” ''You can be as mathematical
as you like without being at all scientific about it, and conversely you
can be thoroughly scientific without resorting to a single mathematical
equation." Eilon went on to say that most papers in the journal were
"neat abstract expositions with elegant manipuiations that delight the
theorist, yet the models that are described in them are just figments of
the fmagination, with little or no relation to any real problems.' There
the exchange rested, However, there has been little discernible change

in the kind of articles published in Operations Research, No wonder a

hospital administrator might have difficulty in seeing how some of the

operations research articles could be applied to his operations.
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No doubt the academic setting of many recearchers has been a
factor in their lack of intevest in implementation., Traditionally,
scientists conduct their experiments and report thelr Zindings. It is
up to someone else (eig., the entreprenenr or the administrator) to carry
out the often tedious and difficult task of implementing the findings.
Implementation is simply not defived as a scientific task by many
academicians, However, had the operations researchers tried to implement
the findings of their hospital studies they might well have learned about
such things as the internal politics of the hospital. In any event,
withcut studies showing that findings were successfully used in hospitals
the caution of an administrator in using the findings is understandable.

Lack of Detailed Information in the Studles
of the Costs and Benefits of Proposed Changes

A major shortcoming of the 20 years or more of operations research
studies in hospitals is that the hospital administrator cannot go to the
literature and find out "What's in it for me?"” in terms of reduced costs
or increased operating efficiency if he were to go to the effort and
expense of bringing in specialists in operations research,

The lack of specific data on costs and benefits of implementing
and maintaining the new procedures suggested In the operations research
studies 1s a barrier to thelr accepiance. Too often the ''savings"
promigsed by the studies are not a reduction in out-of-pocket costs. For
example, some of the staffing and information system studies mentioned
earlier claim, among other things, to relieve nurses of much clerical
work, It is not suggested that the number of nurses be reduced. Rather,
the studies imply that the nurses will now be able to spend more time in

direct patient care. Such "savings' are typical in iandustrial engineering
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studies, However, it is not at all clear that resources are transferred
perfectly, i.e., that the nursing time that was ''saved" will be transferred
intact to direct care of the patient, Several studies suggest that this
will not be the case (227, 293, 304).,

At one hospital the authors were shown a detailed internal study
of cost savings which could be realized by the in voduction of a comput=-
erized hospital information system, The savings were calculated in the
following way, Foi each activity of each class of employee (e.ge, order
follow=up and billing by pharmacy clerk, preparation of test results by
medical secretary in radiology) the hours per day or week which could be
saved by the proposed system were converted to hours saved per year,
Multiplication by the hourly rate paid for that classification of employee
gave the yearly savings. By summing the yearly savings for all activities
of all classes of employees the total yearly savings attributable to the
proposed cystem was obtained, The somewhat skeptical administrator
remarked that it would take a great deal of management effort and in=
genuity to realize such prospective savings. As these examples show,
savings claimed by staffing and scheduling studies and savings attributed
to the introduction of computerized information systems need to be
scrutinized closely,

Automation in the hospital is an area in which sellers' brochures
extoll the benefits of computerized operaticns but do not give cost
figures, The lack of Information on costs and benefits has been dis=-
cussed in detail in the earlier sections on computer applications and
hospital information systems, One further example will suffice here,

Feldman argued that before investing a considerable sum of money

in computers and other technology one should have some idea of what
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existing activities cost without the techmology and what they would cost
with ite His conclusion points to the lack of kaowledge about how a
hospital operates.

We cannot judge the saving in the time of nurses, pharmacists,

physicians, patients, or clerks, because we have not yet

analyzed the operation of a hospital in terms of what pro=

cesses are really carried on and how much they cost (138, p. 120),

The need for evaluation of operations research studies is as

urgent in the hozpital fileld as it is in the other fields of the public
sector, TFor example, a recent study of nurse staffing said that
recommended changes were currently keing implemented with an anticipated
savings of about $50,000 per year (422), It would be extremely inter-
esting to read a follow=up article on this study after a year or two had
passed, Was $50,000 saved and how were the savings calculated? Without
casting any aspersions on this article, it seems likely that many of the
articles previously cited would not have been publiched in their present
form if the authors had had to implement their studies and report the
results a year or two later,

Failure to Racognize Limitations
on the Power of the Administrator

Operations researchers seem to assume that the hospital adminise
trator has unlimited power to make changes and has many more resources
available to carry out changes than he usually has, Undoubtedly some
operations research studies have not been implemented for this reason.

For example, one administrator told the authors that at his hospital an
advance registration and bed utilization system was used for approximately
one year but that the project failed in part because the physicians would

not accept it,
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The dual lines of authority within a hospital ~= one running
upward through the physicians to the chief of the medical staff and the
other running upward through the nonephysicians to the hospital adminis~
trator =~ cuirtail the oower of the administrator in many areas of hospital
operation. The medical staff chain of command carries out many adminis-
trative duties which affect the operations and performance of the hospital,
Medical staff committees influence administrative decisicns ia such
matters as admissions, discharges, medical records, purchase of equipment,
development of new patient care programs, and the like. Although
sociologists and others have discussed the problems cauced by this
particular organizational structure (137, 234, 313), the influence of
their work is not evident in the opevations research studies. Only
rarely does a study mention the relation of these different hierarchies
to the hospital's performance (410),

In addition to the direct administrative functions exercised by
the medical staff through their orders to hospital employees and through
their peer group committees, members of the medical staff have an
influence on hospitai affairs through their relationships with and often
membership on the goveralng board,

In accredited hospitals there must be a formal channel of
communic ation between the governing board and the medical staff. The
most frequently used mechanisms are membership oa the governing board24
and a joint committee composed of board and medical staff members. The
administrator generally is an ex-officio member of this committee. Top-

level policy recommendations are developed by this committee for final

24Recently the American Medical Association began a nationwide campaign
to get physicians appointed to the boards of directors of hospitals. The
implication is that as board members they could exercise even more direct
control over hospital operations (14).
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action by the governing board. A strong hospital administrator is of
course in a position to provide a key leadership function but he does not
have the authority to deterwine on his own many important policy matters.
In addition, members of the medical staff may have considerable
indirect influence on hospital affairs through their informal relation-
ships with members of the governing board, TFor example, individuals from
each group may belong to the same country clubs ox civic organizations.
Moreover, personal physicians of board members are usually on the hos=
pital's medical staff, As Knowies pointed out in his testimony before
a Senate committee, it is not easy for a member of the governing board
to refuse a physician something when he is in the physician®s examining
room as a private patient (402, p. 694). Such charges are difficult to
document, However, the American Medical Association has asked the
personal physicians of legislators to speak to their legislators (who
are also their patients) about pending health legislation (131, 394).
Finally the high prestige of the established profession of medicine
provides a contrast to the prestige of the newly emerging profession of
hospital administation, Because of the difference in prestige and
influence and because of the organizational structure of the hospital
the administrator is forced to exert leadership through persuasion if he
wishes to influence the medical staff., As one administrator put it to
the authors:
All decisions made directly or indirectly affecting medical staff
ere mede in a political enviromment, Use of administrative
power can only be in the form of political power.
In a showdown, the goverring board finds the hospital administra=-
tor, not the medical staff, expendable. As another hospital administrator

remarked to the authors, "They fire the manager, not the ball team."
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In summary, the position of the administrator in the hospital
structure may deter him from implementing innovations proposed by an
operations researcher who fails to take into account some of the com=

plexities within the hospital organization.

Neglect of the Literature on Iimplementaticn

Churchman has argued that an operations research study not
implemented is in some sense a failure (87)°25 One reason for failure
to implement operations research studies in the hospital field is that
the recommendations of these studies do not seem to ccnsider the compli=-
cated process which characterizes implementation.

A survey of the literature on problems connected with the
implementation of the results of research turned up several interesting
points (376):

«= Rational exhortation doesn't seem to be an effective means of
changing behavior (79, 99). Thus the great emphasis on rationality and
efficiency in the operations research studies to the exclusion of other
considerations limits the possibilities of implementation.

== The implementation of the resulis of research seems to follow
a well defined process over time. Lewin called these sequential stages

of change: unfreezing, restructuring, and refreezing (258)», (These

25Of course, Churchman doesn't mean all operations research should be
implemented, His statement includes the case in which the operations
research study is rightfully rejected because it is a poor studya Other
writers in their discuscion of implementation point to some of the com=
plexities in the relationship between the manager and the operations
researchers. Alderson suggests several reasons why a manager might wish
an operations research study even though he has no intention of imple-
menting the results of the study (10). Also, Arrow (21), Dorfman (120),
and Little (260) point out that benefits may accrue to a manager just
from participating in an operations research study even though he doesn't
adopt the recommendations.
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stages have also been labeled: awareness, interest, evaluatiom, trial,
and adoption,) In addition, different persous ar2 involved in the process
of change at different times., For exampie, rural sociologists have

found that farmers utilize different sources for different types of
information at different stages in the process of adopting an innovation,
A farmer may be uafrczem by the mass media, restructured by his county
agent and the salesman of the innovation, and refrozen by confirmation
from his neighbors (417}. Operations researchers will have to coasider
the ways in which hospital administrators, physicians, and others obtain,
evaluate, and verify information if they are to be successful in
influencing hospital operations.

-= The extent to which the results of research are implemented is
related directly to the degrece to which existing relationships within the
organization are disturbed; the speed oI implementation is dependent upon
the extent to which the administrator's and the physicians' goals will
be furthered through the implementation of the research results, Certain-
ly the implementation of the recommendations of operations research
studies cculd challenge the institutionalized patterns of work and power
in the hospital, Operations researchers seem to evaluate their findings
in terms of their impact on the existing technical system but not in
terms of their impact on the existing social system. Studles in other
organizations show that changes which threaten the existing social
relationships are strongly resisted (280, 335).

~= Recommendations may be ignored because of differences in values
between analysts and clients. Two examples from the poverty field
illustrate that what the professional investigators saw as gocd recom=

mendations were not seen that way by the recipients of the advice and the
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targets of the programs (97, 281}, The result was that the investigators
could not understand why the recipients of their advice did not follow
their suggestions¢26 There may be a similar differerce between the
perceptions of the oparations researcher and the hospital administrator or
physician as to what are good recommendations.

Testimony and articles by leaders in the health field reveal that
a great deal is known about deficiencies in hospitals and the health
care system (L14, 324, 402). Tt has been suggested that what we need to
do is to implement what we already know about correcting some of these
deficiencies, A real contribution could be made in applying the findings
of the social change literature to the health field., Unfortunately,
most operations research texts and journal articles stress techniques and
neglect implementation,

% * * * %

Stringer's assessment of the lack of use of operations research in
the public sector is appropriate also to the hospital field. He ascribed
the tardy development of operations research in the public sector vis-a=
vis industry not to the slow adoption of new ideas by political bodies
but to the slowness of operations research itself in adapting to the
special nature of public problems (378), Indesd, operations research
studies may tell us more about what industrial engineers and physical

scientists are like than what hospitals are like.

6Cooper tends to blame the researchers for the failure of their studies
to be utilized. In referring to recommendations made by economists to
help solve problems of poverty he found the advice given by the economists
"to be so unrclated to the real situations that they approach a kind of
autistic thinking that makes me wonder whether the fellows working on
programs to meet these problems ever stepped cut of their offices."

(979 Pe 522)0
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SUGGESTIONS AND SPECULATIONS

On the tomb of Karl Marx are inscribed the following words: '"The
philosophers have only interpreted the world in various ways. The point
however is to change 1t," Describing the various approaches operations
reseazchers have talen in studying hospitals is far easler than stating
how hospitals should be studied in oxdec to effect beneficial change, In
this section suggestions to deal with some of the issuves raised in this
monograph are discussed under such diverse topics as the use of outside
congsultants, the desirability of model building, the organization of
operations research teams, the relation of the hospital to the health care
delivery system, and the need tc emphasize planning.

Ne doubt many approaches to studying and solving hospital problems
should and will be tried, As the work on the menagement of research and
development has shown, in sitvatione characterized by much uncertainty
the pursuit of several approaches simultanzously may be a good strategy

(290).

Consultants and Qutside Services

Hospitals may be changed in many wavs, One of these is through
the use of consultants and outside services. Of course, biomedical
researchers, architects, equipment manufecturers, third party payers,
graduates of university programs in hospital administration, and changing
expectations of the general public all have a great impact over time.
Long~term trends in the economy and social structure aifect hospitals

through their effect on the supply and demand for health services.



83

Congressional legislation and procedural changes promulgated by federal
agencies may induce more immediate changes in hospital operations. But
hospital administrators have little or no control over these forces,

Hospital administrators fraquently employ consultants to study
their operations and to suggest changes. Administrators have told the
authors they found consultants beneficial in certain ways. For example,
one administrator thought the real benefit of consultants is that they
force the administrative staff and the medical staff to re-examine their
goals and their actions, In his opinion this was more important than
any benefit derived from the consultant's report. Another administrator
said he couldn®t think of a better way to keep hospital management on its
toes fhan through ontside challenges provided by consultants, whether
the substance of the challenge is useful or not.

The use of consultants would seem to be an excellent way for an
administrator to introduce operations research without having to hire
additional staff, From a national point of view also this would appear
to be a good move:; Flagle remarked that a mechanism is lacking to spread
an idea from the hospital where the innovation occurred to other
hospitals (153), Consulting firms would seem to provide a means for
spreading rew ideas,

There are however some possible disadvantages in the use of
consultants, It is often difficult for an administrator to judge
adequately the qualifications of a consulting firm. The cost of studiles
may be too high for an individual hospital, Moreover, if the relation=~
ship between the hospital and the consultant is episodic, undesirable

consequences may result,
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There are other factors which the administrator should consider
in the use of consulting firms which advertise that they will undertake
operations research and systems analysis studies for hospitals (eo.go,
Community Systems Foundation, Battelle=Northwest) and in the use of
recently organized cooperative management engineering programs which
operate on either a regional or statewide level (e.,g8., Hospital
Management Fngineering Program of the Western New York Hospital
Association, Ohio Hospital Management Services). If descriptive brcchures,
statements of purpose, presentations at hospital meetings, and published
papers are accurate indicators of vwhat these and similar organizations
are doing in hospitals, it appears that they rely primarily on the
traditional industrial engineering approach to solve hospital problems,
They seem to use the industrial fiim as their frame of reference and in
effect transfer to hospitals engineering techniques developed for
mapagement use in industry, The administrator needs to be aware that the
variables and measurement techniques which worked satisfactorily in an
industrial setting may or may not work satisfactorily in a situation in
which there is a central concern for human life and in which the tech=~
nology is not well known.

A promising avenue for the development of effective operations
recearch in hospitals would be for a small number of hospitals (5 to 10)
to form a group for the purpcse of sharing the services of operations
researchers. The concept of sharing among hospitals has already been
developed in such areas as purchasing, laundry, and more recently computer
systems (9, 62, 174),

A group of hospitals in a community could explore varicus ways

to share the services of operations researchers, for example, by
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establishing a nonprofit corporation to employ consultants or by signing
an exclusive long=term contract with a group of consultants, Such
sharing would result in several benefits. The individual hogpitals
would create and control the group. There would be relatively few
hospitals in the group and they would be in close geographic proximitya.
This arrangement should facilitate acquislition of detailed knowledge of
specific hospital problems and make for good working relationships be-
tween hospital personnel and consultants., A requirement that each
hospital have one person on its staff to act as a fulletime analyst and
provide liaison with the consultants would be desirable. The financial
cost appears to be within reason. For example, elght hospitals of 200-
300 bads each could afford an annual budget of several hundred thousand
dollars for such a group at a cost of less than $1.00 per patient day
including the in=house staff person, Needless to say the operations
research group should consist of persons with various backgrounds in
addition to engineering. This kind of arrangement contrasts with an
organization such as the Chio Hospital Management Services in which six
industrial engineers service 75 hospitals in Ohio (192).

Of course, the difficulties in setting up an effective operations
research group for a few hospitals should not be overlooked. Some
obvious ones are the recruitment of qualified personnel and the achieve-
ment of the necessary close cooperation among particlpating hospitalse.

It would perhaps be useful if a pilot project could be funded to evaluate
the feasibility and desirability of such a consulting groupo

An outside service to which a hospital administrator may subscribe
is offered by organizations which provide reports and statistical sum-

maries of hospital operations. The Commission.on Administrative
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Services for Hospitals (CASH) (128, 130),27 Hospital Administrative
Services (HAS) (15, 16), and the California Health Data Corporation (CHD)
(253, 254) are well known, The sexvices provided by nonprofit corpora-
tions such as these emphasize cost control, man=hour control, and
productivity indicators, Uniform accounting procedures and records are
the bases of their programs,

To take advantage of these services, the hospital completes
standard forms each month and sends them to the service company. It
should be noted that the validity and reliability of the data submitted
for processing are not known (254). The company takes this input, runs
it through its computzr, and provides the hospital administrator with
monthly reports on many indices of his hospitals performance. Compar=
isons are also provided. HAS furnishes the median performance on the
same indices of a group of '"similar" hospitals while CASH furnishes a
"standard" for each indicator obtained from engineering studies of a
sample of "similar" hospitals. A discrepancy between the hospital's
performance and the group's performance is a signal for the administrator
to ascertain the reasons for the discrepancy.

No doubt it is cf interest to an administrator to have informa-
tion on his performance and that of "similar'" hospitals. However, a
major shortcoming of all the service organizations is that they have no
model of hospital operations to tell them which data are important, how
they are generated, how accurate they should be, what programs they

27CASH offers additional services to its member hospitals. It acts as a

clearing house for ideas which it disseminates in newsletters, puts on
training programs for hespital personnel, and develops operating standards
and controls, If requested, CASH will do studies in individual hospitals,
However, a list of its basic programs shows that traditional industrial
engineering {e.go, work simplification, work measurement, work load
scheduling, forms design and control) is its main approach to solving
hospital management problems,
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represent, and so forth, Without a model all data are potentially of
equal value and one ends up collecting everything. Lacking a model which
sets out the relations between the goals and the policy alternatives,
these companies have concentrated on the measurement of inputs, The
emphasis on inputs limits the usefulness of the monthly reports for
managerial decision making because changes in input are difficult to
relate to achievement of 80318028 One gets the feeling when reading the
reports that something was measured, but what?

Fleming has expressed skepticism that uniform reporting would
contribute importantly to hospital effectiveness., He stated that sige
nificant benefits from uniform reporting were foreclosed by the elusive
issues of quality of care and service and the formidable difficulty of
meaningfully comparing inherently different methods of operation (396).

Nevertheless, statistical reporting services may become compulsory
rather than discretionary, Reports compiled by organizations such as
HAS (205) and CASH (343) have been seized upon by some third party payers
and even by the Federal government as one means of controlling the
rising cost of hospitalization. Trials now in progress in several states
use data from such reports as a basis for incentive relwbursement pay=-
ments to hospitals. For example, in Connecticut target budgets for
hospitals are based largely on these statistical analyses, Hospitals

which operate within the target budget are rewarded with the difference

28However, one administrator who had recently taken over a hospital beset
with financial problems which may have been caused by overstaffing told
the authors he was pleased with a study CASH made in his hospital to

set performance standards, He used the monthly comparison of actual
performance to these standards as a basis for reviewing operating prob-
lems with his department heads., He thought the presentation of data in
this format focused the discussion on specific problems and what to do
about them,
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between costs and the target budget. Those that operate over thelr
budgets are paid only costs for Medlcare patients while thelr reimburse=
ment for care of Comnecticut Blue Cross patients is reduced by two per
cent (191),

One possible result of such reimbursement schemes is that the more
creative hospitals with innovative programs will be penalized because
their operating costs are higher than an engineering "standard" or the
median of "similar" hospitals, Such hospitals could be forced to change
but not necessarily in the right direction. In addition, these schemes
emphasize certain activities and costs within the hospital and omit
others, The classification of categories and the assignment of activities
to them forces a certain view of the hospital which may be questioned.
Thus activities which many would consider desirable such as time spent
by a nurse in reassuring a patient and explaining certain procedures to
him become in the HAS system simply increases in such indices as "Total
Nursing Man-Hours per Bed per Day." Needless to say, "high' scores on
such indices are not rewarded,

Discussion about various reimbursement mechanisms shows that the
matter of reimbursement incentives is complex (183, 197, 274, 308, 352,
425). It is not certain that relatively easy to administer schemes such
as the one described above will achieve their goal of containing costs
with no lessening of quality of care., Moreover, such incentive reimburse=-
ment schemes focus primarily on the hospital and not on alternatives to
the hospital, That is, they do not place enough emphasis on other
elements of the system for delivery of health care. In an interdependent

system savings at one point may impose costs at another,
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The lack of models for nmonprofit organizations in which output
is difficult to measure makes it hard to argue against those who push for
incentive reimbursement schemes tied to reporting services such as HAS,
CASH, and CHD, Here is a challenge for the operations researcher,
Stringer (378) and Newhouse (297) have made a start but much more work is

needad,

Model Building

Models are constructed by operations researchers to attempt to
capture the "essence" of the system being studied. Their values and world
views are reflected in the models, Unfortunately, the operations research
studies in hospitals pay little attention to explicit model building and
contain little discussion about why a particular model was selected.,

A hospital administrator without a quantitative background may
feel himself at a disadvantage in dealing with persons who present solu-
tions filled with mathematical formulas and computer programs. Without a
clear understanding of the model and the assumptions underlying it the
administrator could in actuality allow the real decision making power to
pass to the analystso29

In addition, the failure of operations researchers to speli out
the assumptions and implications of their mcdels may lead to disputes
over their recommendations. As Boguslaw noted:

Differences in system design may, in the last analysis,
involve little more than different allocations of power and

authority throughout the system., Indeed, alternate arguments
about the merits of different system design formats may well

ngalbraith has argued that in large, complex organizations it is no longer
the managers who decide, The decision making power resides in what he
called the "technostructure," i.,e,, the technical, planning, and other
specialized staff (165). A method by which managers night prevent this
loss of control has been called "antithetics' by one writer (20) and
"counterplanning" by another (88).
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involve little beyond implicit raiionalizations for alternate
modes of power distribution (63, p. 188).

Several writers have commented on the need for more emphasis on
the construction of models., Lave criticized the studies on hcspital costs
for not putting enough work into building models which show the relation=-
ships among variables, As she pointed out, without some understanding of
the underlying cost structure =-- the relationship between cost and output
within the hospital =-- the arithmetic calculations are arbitrary (252).
Feldstein argued that although quantitative methods in government manage-=
ment decisions may be extremely fruitful, the absence of an appropriate
framework may result in empty algorithms which hide misleading advice in
a mass of reassuring calculations (139). Ehrenberg was even more biunt
about the need for knowledge of the process being modeied:

The basic question in model-building remains as follows: Take
away the mathematical language and what generalized factual
knowledge of the process in question still remains? If the
answer is none, the mathematical symbol for that is very
simple (133, p. 435).

Unfortunately, the popularity of computer simulaticn may result
in even less attention to model building and to understanding the hospital
and health care systems under study., The lack of cperational models of
the hospital and the apparent ease of storing data for quick retrieval by
the computer combine to create a situation where administrator and
researcher alike want to collect everything. A basic assumption which
seems to underlie the automation of hospital data handling is that
"accuracy, efficiency, and rapidity of information processing play major
roles in determining the quality of patient care." (201, p. 64.) But
questions immediately arise: How accurate? How efficient? How rapid?

What information? Must everything be "on-line, real-time?" Without better
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models of hospital operations to indjcate which data are important and
should be collected and which are not and may be ignored, the present
emphasis on faster computers with greater memories to store ever more
data will probably dominate the thinking.

Cross and Robert came to a similar conclusion based on their
experience in England. They argued that because the means of collection,
storage and retrieval of vast amounts of data had progressed faster than
the practical development of management science the result had been the
application of sophisticated techniques to increasingly large files of
information with little attention to how the information could be usefully
applied to the problems waich confront the managers of the facilities from
which the information was derived (101).

Others have voiced their concern. Beer and Ackoff pointed out that
because computers can handle large numbers of variables simultzaneously
they may be used as a substitute for thought and creativity. They went
on to argue that although a simulation may reproduce history with some
accuracy, it does not by itself establish a correspondence of structure
between the model and reality (52). Hertz has also warned against the
view that computer programming can somehow fill in or supplement sketchy
or incomplete models (194).

Two other points should be mentioned in comaection with model
building.

Apparently many operations research studies were conceived and
carried through without much consideration of the problem of implementation
of the results of the research, The models were constructed without
sufficient thought about whether the persons for whom the study was done

could influence the variables used in the model, As a consequence, the
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findings of such a study often ignore the question of how or where the
persons who commissioned the study might intervene to effect change.

The second point is that hospital data could stand additional
scrutiny. Alper,et al, criticized some data used in operations research
models of the educational process (13). They stated that the data
available represented the flows which resulted after all the conflicts in
the system had been resolved. Further they thought the knowledge of the
demand and supply mechanism behind the flows was very limited. Data in
the health field may be subject to the same criticisms.,

For example, hospital data (e.g., average number of daily admis-
sions, occupancy rate, average length of patient stay, nursing hours per
patient day, number of meals served per day) merely reflect the outcome of
complex processes., By themselves these data give little insight into the
dynamics of the system, In addition, there are errors in recording and
transcribing such data. (See 122, 406,) Higgins presented a detailed and
insightful discussion of reascns an investigator may encounter problems
in using existing medical records (196).

A study in Monroe County, New York, concerning the need for health
services for the elderly illustrates the desirabiliiy of questioning how
data are generated, The traditional method of proiecting needs by taking
the present use pattern and adjusting it for population growth was rejected
in favor of a more sophisticated approach, A survey of over 15,000 elderly
persons living at home or in institutions was made to determine if they
were in the right place given their physical and mental health care needs,
The survey concluded that 40,9% of these persons were not placed in the
appropriate facility (414). Thus in this case the uncritical use of

historical data to plan for health care for the elderly would have been a
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serious mistaks, Cristo made a similar point in a discussion of regicnal
health planning (402, p. 805).

Possible interaction of supply and demand need to be kept in mind
in interpreting hospital dats. In an interesting analysis Brotherston
reviewed studies in Epgland which shcwed that the availability of hospital
beds apparently affected physicians' decisions on the utilization of these
beds (67), An analysis of United States data by Roemer and Shain led
them to the same conclusion (336), A later study by Feldstein confirmed
this finding (140),

Without much more attention to understanding the purposes for
which data are collected (which in turn determine the accuracy required),
the mechanisms by which data are generated, and the accuracy with which
data are recorded, models of hospitals will remain in their present un-

satisfactory state,

Organization of Operations Research Teams

Interdisciplinary research has become an article of faith in
operations research, The usual argument (e.g., 6) goes that complex
problems cannot be solved within the boundaries of a single discipline.
Because no one person can be an expert in all disciplines, the practical
way to proceed is to form an interdisciplinary team in which each member
is an expert in at least one of the needed disciplines. Although a few
persons who have worked in interdisciplinary teams have pointed to
difficulties which they experienced in such groups, their criticisms
apparently have had little effect (12, 81, 264).

It might be profitable for persons working in the health field to

consider a suggestion by William Alonso, an urban planner. His experience
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with interdisciplinary teams in urban and regional planning led him to
suggest that what is needed is the creation of what he named a meta-
discipline rather than an interdisciplinary team (12). The basic distinc-
tion between the meta~discipline approach and the interdisciplinary team
approach is that the former emphasizes bringing persons together because
of their common interest in a particular subject while the latter emphasizes
bringing them together because of the diversity of disciplines they
represent,
Alonso cited the development of regiomal science as an exemple
of the creation of a meta=discipline:
Every year several hundred scholars gather at the Regional
Science Association Conference and present and discuss paperse
The participants may be economists, geographers, planners,
political scientists, sociologists, systems analysts, and
the like, but at these meetings they present and receive
papers which share a defined range of topics, a body of
techniques, and certain standards of validation. These men
share to a large degrece a common technical language, common
competences, and they read much of the same literature. I
suggest that these meetings are not interdisciplinary but
rather meta=disciplinary, since they are gathered not because
of their diversity but because of their commonality (12, ppe 9=10),
In reading the above one is very much aware that the creation of
a meta=discipline devoted to problems of the delivery of health care will
require much time and effort, On this point it is instructive to reczall
Hitch's comment on the effort which preceded the introduction of systems
analysis into the Department of Defense:
In Defense we had several hundred analysts at the RAND
Corporation alone, many others elsewhere, developing
programming and system-analysis techniques for a decade before
Defense attempted any large-scale application (199, pe xxv).
The health field is at least as complex as the military field,

Moreover, as Flagle noted, there is a shortage of trained analysts in the

health field (153), In addition, the fragmentation of the health field
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and the accompanying lack of agreement on values, topics, techniques,
and standards of validation are nctorious,

Several new socleties have been formed to deal with some of the
fragmentation of the health field, the impact of technological change,
and the nced to bring various disciplines closer together, Examples are
the Hospital Management Systems Societly, the Society for Advanced Medical
Systems, and the Biomedical Engineering Societyo Several journals which
deal with parts of the health care system came into existence in the

1260's, Among these are Computers and Biomedical Research, Health

Services Research, Inquiry, and Medical Care. Because cf its troad

scope Health Services Research could evolve into the journal of the new

meta=discipliines

In the cperations research field the Health Applications Section
of the Operations Research Society of America has been formed. Sessions
devoted to reports of original research in the health field are presented
at the scmi=-annual meetings of the Society. The Section sponsored a
Symposium on Health in 1969 which brought together operations researchers,
lawmakers, government officials, and academicians to discuss the efforts
of two Presidential commissions, the National Advisory Commission on
Health Manpower and the National Advisory Commission on Health Facilities
(82), Another operations research oriented group is also active., The
Hospital and Health Services Division of the American Institute of
Industrial Engineers held its first national conference in 1970 (66).

At the present time the membership of these two groups appears
to consist mainly of persons with backgrounds in engineering and the
physical sciencess. Among the disciplines which need far greater

representation are the behavioral sciences and the various health
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professions°30 Gue (177) and Flagle and Young (154) have called for
collaboration with other profesional groups to tackle the difficult
administrative problems in the health care field,

But even with the addition of persons from a variety of disci-
plires the resulting group would still be essentially an elitist,
acaderically oriented group comsidering the problems of the delivery of
health care for all individuals, How will consumexrs, government cfficials,
lawmakers, paramedical personnel, and employees of health facilities be
included in the planning and operation of the programs for effective
delivery of health care?

The inclusion of non=professionals in the decision making process
may nct be easily accomplished as illustrated by recent attempts at
effective community participation in comprehensive health planning groups
(17), on hospital boards (231), and in local Office of Economic Cpportunity
programs (53, 75, 329), Nevertheless, the active involvement of persons
outside academic disciplines is essential to the creation of an effective
meta=disciplines, Certainly there would be many exciting possibilities
1f the health field could be opened to a variety of viewpointse Putting
more money into the same old system hasn't seemed to work too well,

The attitudes of the several professions in the health field
present obstacles to change. To use the most obvious example, no doubt
most physicians would resent anything which could restrict their

professional independence (158).

30 .
Starr, Editor=-in=Chief of Monagement Secience, has said that his review

of papers submitted for publication in that journal has led him to conclude
that operations research sidesteps the behavioral issues and concentrates
on technological product and process decisions 371,
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When testifying before Senator Ribicoff's Subcommittee on Executive
Reorganization Cherkasky was asked what he thought the reaction would be
if Social Security authorities or Blue Cross officials handed down rules
and regulations as to which hospitals would receive reimbursement for
certain types of care, Cherkasky answered:

The hospitals would scream to high heaven and many of the
doctors wiho have vested interests in these programs would
scream, but that doesn't make any difference, You know,
medical care is too serious to entrust to administrators
and doctors (402, p. 14).

Even operations researchers might have to change. For example,
Revans' view of communication in hospitals derives from the behavioral
sciences and is quite different from that of electronic data processors
(325, 325). As Horvath pointed out in his review of Revans.! book, if
Revans' analycis is correct the traditional "bag of tricks' of the
operations researcher will not suffice to solve hospital problems (207).

However, the pressures for change in the health field are so
great that some changes are inevitable, and indeed are occurring. The
questions really are: In what directions? Who will make the decisions?

To paraphrase a remark by Thomas Cowan: The answer to the question
of "What is operations research in hospital administration up to?" is
"It's up for grabs.,” If the industrial engineers and the physical
scientists alone grab it, a promising opportunity will have been lost.,

The Hospital in the
Health Care Delivery Systfem

Operations researchers in their emphasis on efficiency and cost
reduction in hospitals may not have asked the right questions. They have

concentrated on a few areas while ignoring many important problems,
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Thompson believes that hospital studies concern themselves too
much with the essentially limited area of costs. He wants to change the
focus of the studies and to broaden them, Specifically he suggests that
two basic questions must be considered. Is the right patient in the
right bed for the right period of time? Is he receiving the correct kind
of care while he occupies that bed (384)7?

It is not that studies of internal operations of individual hos -
pitals at the level discussed in the first part of this paper should not
be done. With the demand for hospital services almost sure to increase
(362, 363) improvements in internal hospital management processes and
structure will be required if substantially larger numbers of persons are
going to be accommodated without a breakdown in the system, But these
studies need to be carried out with full awareness of the overall objec-
tives of the hospital and with recognition of the larger system within
which the particular hospital activity is embedded. Some of the theoret-
ical problems of designing and modeling these larger hospital systems are
discussed by Teitz (392).

Studies of larger systems have great potential, An individnal
hospital and its community, hospital chains, and health care delivery
systems are examples of larger systems which could be analyzed, Beyond
these lies the intriguing possibility of focusing on health itself rather
than on ways of coping with disease,

At the level of the individual hospital, the governing board,
medical staff, and hospital administrator need to consider the relation of
their hospital to a larger system which includes other hospitals in the
community, ambulatory care programs, extended care facilities, nursing

homes, rehabilitation centers, and the like. It is at this level that
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opportunities for specialization in medical services (e.g., maternity
care, open heart surgery, emergency care) and joint operation of
supporting services (e.g., data processing, laundry) occur, Also at this
level the responsibility of the hospital to its geographical community
becomes a proper subject for study. For example, what kinds of health
care programs should be provided to serve that community? How accessible
is medical care to all segments of the community? What training programs
should be developed for potential employees from the community?

In Arizona, Morris, who started as the administrator of a single
hospital, now heads a nonprofit corporation which operates a chain of
ten hospitals. To cope with this growth he has introduced a corporate
form of management (282, 373), This interesting experiment will be
closely watched to see what effect the use of modern management techniques
in such an organizational structure has on hospital costs, quality and
accessibility of care, and ability to respond to changing demands.

It may well be that in the future the big payoffs in the health
field will not lie in studies designed to make hospitals more efficient in
doing what they are already doing, Various authorities have testified
that the significant savings will come from having an efficient system
for the delivery of health care in which hospitals are only one element
(402), For example, Flagle used his model of patient flow into and through
the health care system to identify and classify problems which could be
thought of as projects ready for development (152)., Task force reports
(e.g., 398) specify the enormous complexity and vast range of issues
involved in health care and stress the urgent need for studies which take
into account the interdependencies among the elements of such a large

system,
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Some authorities look beyond the health care system for ways to
improve health, Ginzberg suggests that funds spent outside the health
field might do more to improve health than more money spent on health
facilities and biomedical research.,

The therapeutic margins, that is, what can be done by
better hospitals, better physicians, and so on, is much
more limited than people realize . « o o There are many
ways of influencing for better the health of the American
public thst have nothing to do with spending money on
biomedical research (401, p. 242).

Cross and Roberts seem to agree with Ginzberg. Drawing upon their
work in England they argue that the major causes of ill health are in-
adequate environment, debilitating personal and social habits, and old
age. Clinical treatment is of marginal importance in dealing with these
cauges (101),

McNerney believes that both the public and the health professions
have defined health and health care in very restricted and distorted terms,
The result has been that the health care system does not support many
measures that might have greater impact on health., DMcNerney concludes,
"if our society's concern were truly with heaith (that is, postponement
of death end preservation of maximum function), we could achieve gains
much more effectively than by pouring more money into the health-care
system'" (273).

Millis lists several important contributors to morbidity and
mortality about which physicians and hospitals can do little. These
include accidents, obesity, smoking, abuse of alcohol and drugs, environ-~

mental pollution, and a life style that ieads to organic and psychosomatic

disease and disability (278).
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Winkelstein and French argue that relatively little that is done
at the preclinical and clinical levels has a real effect on health. Their
thesis is that ecology, definad as the general interaction of man and his
environment, is the primary determinant of the health status of the popula-
tion. Data from epidemiological studies indicate that poverty and air
pollution are key factors in determining the pattern of mortality in the
urban eco-system (420).

No one argues that sick and injured persons should not have ready
access to high quality medical care, as Winkelstein and French are careful
to state., Their point is that we need to study kealth as well as disease.

Roemer and Shain argue that important determinants of hospital
admissions and iength of hospital stay lie in our whole social fabric.
Because such things as poverty and associated poor housing create needs
for prolonged hospitalization the remedy requires action on a wide social
front (336). There would appear to be great opportunities here for
systems analysts interested in the broad field of health to collaborate
with ecologists and epidemiologists as well as to utilize work done by
many persons in such fields as poverty, houeing, and environmental pol-

lution,

Importance of Planning

Most operations research studies discussed in this monograph have
concentrated on hospital operating problems, However, Flagle and Young
have stated that the long-term planning of new health care systems is the
greatest present challenge to operations research (154). There is some
evidence that operations research and systems analysis have something to
offer in planning at the hospital level and also in planning the larger

systems vf Whirh the haepital is an important element,
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There have been some operations research studies useful in planning.
Fetter and Thompson emphasized planning within the hospital (146) and
planning for hospital services at the regional and state levels (387, 388).
Flagle discussed simulation of the flow of patients within health facil-
ities and among health services (152, 153,5). Beer placed the hospital
within the totality of the health system and argued that " , . , we can
learn more about health services by structural systemic study than by
contemplating statistics" (51, p. 482). Smallwood, Somwdik, and Offensend
suggested a methodology for analyzing nealth care systems (359.5). A
planning model for the health care sector was outlined by Feldstein (141).
The prospects for the application of operations research to long-range
mental health planning were analyzed by Hunter and Schnee (219.5).

Horvath discussed the organizational and management problems in the
delivery of medical care which could be studied by the operations
researcher and systems analyst (208.5).

Planning studies within an organization may well have a greater
payoff than studies of current operations, Operating studies often
attempt to improve marginally situations caused by prior poor planning or
lack of planning. Instead of simply coping with such problems it may be
better strategy to intervene so that the problems do not arise. The
experience of one of the authors in the petroleum and petro-chemical
fields proved to him the value of operations research studies in planning.
Studies to assist in decision making about future allocations of resources
helped eliminate problems by indicating far enough in advance where
difficulties might occur so that corrective action could be taken before
serious problems arose, Moreover, planning is not seen as a direct

threat by operating personnel and thus the results of planning studies



103

may be easier to implement, Planning studies also provide a relatively
easy way for members of an organization to become familiar with operations
research and computers, The experience of one of the authors was that the
interest of operativg personnel in computer simulation models developed
for planning purposes provided am entry for the study of operating prob=-
lems,

As more and motre public funds flow into the health field policy
decisions at the regional, state, and federal levels become even more
important, Research on health policy could help provide information upon
which to base these decisions, The arguments given by the proponents of
various schemes for national health insurance indicate how much information
is lacking to support these arguments. Yet crucial decisions are being
made which will have an almost irreversible effect upon health care in
the United States. Certainly the experience of Medicare and Medicaid
should be sufficient to indicate that planning studies are needed,

There appears to be a great need for health policy research,
Certainly it is difficult to formulate national health policy without
knowing the impact which past health policies have had on hospitals, their
employees, medical staff, and patients, and on the other elements in the
health care delivery system. Operations research and systems analysis
should play a part in providing methodology, techniques, and tools to
study health problems. As considerations of quality become as important
as those of quantity and as the concept of easy access to quality health
care as a basic right gains ground, operations researchers and systems
analysts need to reexamine their past activities and decide what part

they should play in the changing health care system.



1.

20

3,

56

6o

70

8,

%

11,

12,

104

BIBLIOGRAPLY

Abdellah, Faye G, 'Overview of Nursing Research 1955-1968, Parts
T, II, III," Nursing Research, 19 (Januvary=February, 1970),
6-17; 19 (March-April, 1970), 151-162; 19 (May=June, 1970),
239252,

, and Eugene Levine, Better Patient Care Through Nursing
Research, New York: Macmillan, 1965,

s et ale Pat;gnt~Centered Approaches to Nursing., New
York: Macmillan, 19606,

Abstracts of Hospital Management Studies. Cooperative Information
Center fcr Hospital Management Studies, quarterly, Ann Arbor:
University of Michigan.

Acheson, EoD. and M.3. Feldstein. “"puration of Stay in Hospital
for Normal Maternity Care," British Medical Journal, 2
(July 11, 1964), 95~99.

Ackoff, Russell L., "The Meaning, Scope, and Methods of Operations
Reseavch," in Russell L. Ackoff (edo) Progress in Operations
Research, Volume 1. New York: Wiley, 1961, 1=34.

"Management Misinformation Systems,' Manapement
Sclence, 14 (Decembar, 1967), 147-1560

Aydelotte, Myrtle K., and Welborn Hudson. "A Socio=Engineering
Problem: The Nursing Professionals,' Nursing Qutiook, 10
(January, 1962), 20-23,

"Advice on Computer Networks: Go Ahead, But Find Out Where To,"
Modern Hospital, 114 (April, 1970), 92-93.

Alderson, Wroe, '"Commentary,' Management Scienze, 12 (Gctober,
1965), 6=9,

Allen, Ruth (Comp.). An Annotated Bibliography of Biomedical
Computer Applications. Washington: National Library of
Medicine, 1969,

Alonso, William, '"Beyond the Inter=Disciplinary Approach to
Planning," Working Paper No. 90, Center for Planning and
Development Research, University of California, Berkeley,
California, November, 1968,



105

13, Alper, P., P.Ho Armitage, and C.S. Smith, '"Educational Models,
Manpower, Planning and Control,'" Operational Research
Quarterly, 18, No. 2 (1967), 93-103.

14, "AMA House Takes Strongest Position Yet on Hospital Governing
Board Membezship," Hospitals, 41 (July 16, 1967), 28=28b,

15, American Hospital Association., "Better Management Through HAS
Monthly Comparative Reports,'" no date.

16. » 'Dopartmental Performance Charts to be Used in
Conjunction with Monthly Reports,' no date.

17. Anderson, Nancy Ne Comprehensive Health Planuning in the States:
A Study and Critical Analysis, Chicago: American Rehabiiitation
Foundation, December, 1968.

18, American Hospital Association and National League of Nursing
Education, Hospital Nursing Service Manual, New York:
National League of Nursing Education, 1950,

19. Anderson, Odin W, "Research in Hospital Use and Expenditure,"
in K.Lo White (ed,) Medical Care Research., New York: Permagon
Press; (1965)9 3"‘90

20. "Antithetics: A New Development in Scientific Control,' Operationmal
Research Quarterly, 12 (June, 1961), 115=116,

21, Arrow, Kenneth J., '"Decision Theory and Operations Research,"
Operations Research, 5 (December, 1957), 765=774,

22, Asplund, Brita, "The Nurse's Role Tomoxrow," International Nursing
Review, 13 (November=December, 1966), 25=33,

23, Auer, Edward T, "The Invisible Patlent," Hospital Progress, 50
(December, 1969), 55=59.

24, "Average Census Determines Flexible Bed Needs," Modern Hospital,
100 (February, 1963}, 8283,

25, Baily, Norman T.J. 'Operational Research in Medicine,"
Operational Research Quarterly, 3 (June, 1952), 24-29.

26, » "A Study of Queues and Appointment Systems in
Hospital Out-Patient Departments, with Special Reference to
Waiting-Times," Journal of the Royal Statistical Society,
Series B, 14 (1952), 185-199,

27. . '"Queueing for Medical Care,' Applied Statistics, 3
(November, 1954), 137-145,



28,

29,

30.

31,

32,

33.

34,

35.

36,

37,

38,

106

____+ "Statistics in Hospital Planning and Design," Applied
Statistics, 5 (November, 1956), 146-157.

» ‘"Operational Recearch in Hospital Planning and
Design," Operational Researcih Quarterly, & (September, 1957),
149-157.

» The Mathematical Approach to Biology and Medicine.
New York: John Wiley & Sons, 1967,

Baily, Richard M. "Philosophy, Faith, Fact, and Fiction in the
Production of Medical Services,' Inquiry, 7 (March, 1979),
37=-53,

Baird, Henry W., and Joseph M. CGarfunkel. '"Electrenic Data
Processing of Medical Records," New England Journal of
Medicine, 272 (June 10, 1965), 1211-1215.

Baligh, Helmy Ho, and Danny J. Laughhunn. "An Economic and
Linear Model of the Hospital," Health Services Research, 4
(Winter, 1969), 293=303,

Balintfy, Joseph L. "A Stochastic Modzl for the Analysis and
Prediction of Admissions and Discharges in Hospitals,'" in C.
West Churchmen and Michel Verhulst (edss) Management Sciences:
Models and Techniques, Vol. 2. New Yorks Pergamon Press,
288=299,

e '"Linear Programming Models for Menu Planning," in
Rarold E, Smalley and John R, Freeman (eds,) Hosgital
Industrial Engineering, New York: Reinhold, 1966, 402-415.,

« '"A Hospital Census Predictor Model," in Harold E.
Smalley and John R. Freeman (eds.) Hespital Industrial
Engincering. New York: Reinmhold, 1966, 312-316.

o and E.C, Nebel, "Experiments with Computer Assisted

Menu Planning," Hospitals, 40 (June 16, 1966), 88-96,

Ball, Marion J., Eugene A. Magnier, and William O, Raney. ''Thinking
of Automating Your Business System? Here‘s What One Hospital
Discovered,'" Financial Management, 24 (October, 1970), 12~15.

Barnett, G, Octo. '"Computers in Patient Care," MNew England
Journal of Medicine, 279 (December 12, 1968), 1321=1327,

, and Paul A, Castleman, 'A Time=-Sharing Computer
System for Patient-Care Activities,'" Computers and Biomedical
Research, 1 (March, 1967), 41-31,




107

41, _ , and Paul B, Hofmann, "Computer Technology and Patient

“Care: Experiences of a Hospital Research Effort," Inquiry,
5 (September, 1908), 51=57,

42, , and Robert A, Greenes, '"Interface Aspects of a
Hospital Information System,' Annals of the New York Academy
of Sciences, 161 (September 30, 1969), 756=768,

43, Barnoon, Shlomo. and Harvey Vclfe. '"Sciaeduling a Multiple
Operating Room System: A Stimulation Approach," Health
Services Recearch, 3 (Winter, 1968}, 272-285,

44, Bartscht, Karl G. "Hospital Staffing Methodologies -= Concepts,
Development, and Uses," Journal of Industvial Engineexing, 18

(December, 1967), 708=717,

45, , and Ervin F, Rothenbuhler. 'Man-Minute Computations
Form the Basis for New Staffing Methodology," Hospitals, 40

46, ’ , and Franklin H. Bayha, "Time Analyzed
for Alternative Food Flow Systems," Hospitals, 40 (March 16,
1966), 88=92,

47 s , and Manuel A, Estrella, 'Range of Required
Skills Detailed in Study of the Pharmacy Functionm,' Hos itals,
40 (March 16, 1966), 94-98,

48, , and Richard M. Grimes., 'Linen Production

Methods Analyzed in the Laundry," Hospitals, 40 (March 16,
1966), 107-110,

49, Baruch, Jordan J. '"Hospital Research and Administration with A
Digital Computer,'" Circulation Research, 11 (September, 1962),
629“6360

50, Bavelas,Alex and George Strauss, 'Group Dynamics and Inter-group
Relations," in Warren G. Bennis, Kenneth D. Benne, and Robert
Chin (eds,) The Planning of Change, New York: Holt, Rinehart
and Winston, 1964, 587-591,

51, Beer, Stafford, Decision and Control. New York: John Wiley &
Sons, 1966,

52, , and Russel L. Ackoff. 'In Conclusion: Some
Beginnings," in Julius S. Aronofsky (ed.) Progress in
Operations Research, Volume 3, New York: Jokn Wiley &
Sons, 1969, 525=549,

53, Bell, Daniel, and Virginia Held., "The Community Revolution,"
The Public Interest, Number 16 (Summer, 1969), 142177,




540

55,

56,

57.

58,

59,

60,

61,

62,

63,

64,

65,

66,

67,

68,

108

Bernstein, Edna, et al. A _Study of Direct Nursing Care Concumed
by Patients with Varving Degrees of Iliness. New York:
Office of Publications and Printing of New Vork University, 1953,

Binhammer, Hannal, et al, A Functional Analvsis of Nursing Service.
San Francisco: Universiiy of California School of Nursing, 1951.

Bithell, John F. "A Class of Discrete-Time Models for the Study
of Hocpital Admicsion Systewms," Operations Reseaxch, 17
(Januaryerioruary, 1963}, 46=69.

, and H, Brendan Devlin, "Prediction of Discharge of
Inpatients," Heaith Services Resecarch, 3 (Fall, 1968), 174~-184,

Blackman, 4llan., A _Bibliography of Bibliographies on Comprehensive
Planning for Heaita and Related Topics, Washingion, DsCo:
Association of Umjversity Programs in Hospital Administration,
July, 1970,

Blain, Gilbert., "The Computer Is Here; Systems Development Is
Needed Now," Canadian Hospitsl, 46 (September, 1969), 40=42.

Biumberg, Mark S, "Hospital Automation: The Needs and the
Prospects," Hospitals, 35 (August 1, 1961), 34=43.

. ™"DPF Concept' Helps Predict Bed Needs," Mocern
Hospital, 97 (December, 1961), 75-82a

» Shared Services for Hospitals. Chicago: American
Hospital Association, 1966,

Boguslaw, Robert, The New Utopians. Englewood Cliffs, NeJo:
Prentice=-Hall, 1963,

Boodman, David M, "Scientific Inventory Control," Hospital
Prograss, 48 (November, 1967), 78+,

Brasel, Joe P, "Automated Communications and Delivery System
Has Increased Efficiency,' Hospital Management, 110 (September,
1970), 36=43,

"Briefings: Systems Research in the Delivery of Health Services,"
Healin Services Research, 5 (Spring, 1970), 60-61.

Brotherson, Joll«Fs "The Use of the Hospital: Review of Research
in the United Kingdom," Parts 1 and 2, Medical Care, 1
(July-September, 1963, October-December, 1963), 142-150,
225-231,

Brown, Esther Iucile, Nursing for the Future, New York: Russell
Sage Foundation, 1948,




69,

70,

71s

72,

736

74,

75,

76,

77,

78,

79,

80,

81,

82,

109

Brown, Esther Tucile, Newer Dimensions of Patient Care. New
York: Russell Sage Foundation, 1964,

» Nursing Reconsidered: A Study of Change, Philadelphia:
J.B. Lippincoct Company, 1970,

Brown, JcH.Us, and James F, Dickson IIT. "Insirumentation and
the Delivery of Health Services,' Science, 165 (October 17,
1969), 334-333,

Brown, P.T.S. "Gomputers in Hospitals," in J. Rose (ed.)
Computers in Medicine, London: Jo & Ao Churchill, 1969,
108~119,

Brown, Ray E., quoted in the Chicago Tribune (August 18, 1959), 10,

Buchanan, John M. "Automated Hospital Tr.formsiion fystems,'
Military Medicine, 131 (December, 1¥6}, 1539=1512,

Burke, Edmund M, '"Citizen Participation Strategies,' Journal of
the American Institute of Planners, 34 (Septembar, 1968),
287-2%4,

Burkhalter, Barton R. "Can Hospitals Achieve the 20 Per Cent
Potential Cain in Employee Productivity?," Moderu Hospital,
111 (September, 1968), 95-99.

Burlage, Robb K; "The Municipal Hospital Affiliation Plan in New
York City," Milbank Memoxrial Fund Quarterly, Part 2, 46
(January, 1968), 171-201,

"Can Your Hospital Information System Meet Your Changing Needs?"
San Francisco: Western Operations, no datec.

Cartwright, Dorwin, 'Achieving Change in People," in Warren G,
Bennis, Kenneth D. Benne, and Robert Chin (eds.) The Planning
of Change, New York: Holt, Rinechart and Winston, 1964, 698-706,

Catassi, C.Ao, and E.L. Peterson, 'The Blood Inventory Control
System == Helping Blood Bank Management Through Computerized
Inventory Contrcl,'" Transfusion, 7 (January-February, 1967),
60"699

Caudill, William, and Bertram H, Roberts. "pitfalls in the
Organization of Interdisciplinary Research," in R.N, Adams and
JoJo Preiss Human Organization Research, Homewood, Illinois:
Dorsey Press, 1960, 11-18,

Chacko, George K, (edn)», The Recognition of Systems in Health
Services. Arlington, Virginia: Operations Research Society
of America, 1969,




83,

84,

85.

86,

87,

88,

89,

90,

91.

922,

93.

9,

95.

96,

97,

110

Cherkasky, Martin, '"New Dimensions for the Hospital in Meeting
Community Needs: The Relationship of Public and Voluntary
Hospitals," Bulletin of the New York Academy of Medicire,
41 (Janvary, 1965), 125-i31.

Christman, Luther P., and Richard Cs Jelinek. '0Old Patterns
Waste Half the Nursing Hours," Modern Hospital, 108 (January,
1967), 78«81,

Churchman, C, Wests '"On the Design of Educational Systems,"
Working Paper No. 86, Ceater for Research in Management Science,
University of California, Berkeley, Ccalifornia, February, 1964,

. "On Whole Systems," Internal Working Paper No. 31,
Social Sciences Project, Space Sciences Laboratory, University
of California, Berkeley, California, May, 1965,

. "On Large Models of Systems," Internal Working Paper
No. 39, Social Sciences Project, Space Sciences Laboratory,
University of California, Berkeley, California, June, 1966,

. The Systems Approach, New York: Delacorte Press, 1968.

— > Russell L. Ackoff, and E, Leonard Arnoff. Introduction
to Operations Research, New vork: John Wiley & Sons, 1957.

Claussen, Esther. 'Categorization of Patients According to Nursing
Care Needs," Military Medicine, 116 (March, 1955), 209=214,

Collen, Morris F. "General Requirements for a Medical Information
System (1IS)." Paper presented at a conference on Medical
Information Systems, Kaiser-Permanente Health Services Research
Center, San Francisco, January 28-30, 1970.

— 5 et al, '"Automated Multiphasic Screening and Diagnosis,"
American Journal of Public Health, 54 (May, 1964), 741-=750.

Commission for Administrative Services in Hospitals. 'CASH News
Letter," various dates.

Commission on Hospital Care, Hospital Care in the United States,
New Yorks The Commonwealth Fund, 1947.

Connor, Robert J, "A Work Sampling Study of yvariations in Nursing
Work Load,' Hospitals, 35 (May 1, 1961), 40+.

, et al, "Effective Use of Nursing Resources: A
Research Report," Hospitals, 35 (May 1, 1961), 3039,

Cooper, William H. "Economics and Noneconomics of Poverty: A
Clinical Economist in Rural Poverty,' American Economic
Review, 58 (May, 1968), 521-527,



111

98, '"Cooperative Multihospital Management Engineering Programs,"
Yealth Services Research, 4 (Sprirg, 1969), 77-78,

99, Copp, HoHo "Toward Generalization in Farm Practice Research,"
Rural Sociology, 23 (June, 1958), 103-11l,

100, Crichton, Michael, Five Patients; Tue Heospital Explained, New
York:; Alfred Ao Knopf, 1970,

101, Cross, K.Wi, and J.L, Roberts, 'Management Control in Medical
Care," The Hospital (Tondon), (February, 1970), 45<47,

102, ) , and J. Droar, "Electronic Processing of
Hospital Records," in G, Mclacihlan and ReA. Shegog f(eds.)
Computexs in the Service of Medicine, Volume I London:

Oxford University Press, 1969, 23-39%

103. Daniels, Robert S, "Physician Productivity and the Hospital: A
Physician®s View," Inquiry, 6 (September, 1969), 70-78,

104, Das, Rhea S, '"Service Gate Information and Prediction of Demand
for Hospital Services," Opsearch, 1 (July, 1964), 141=150,

105, Davies, J.O:F., John Brotherston, Norman Baily, Gordon Forsyth,
and Robert Logan. Towards a Measure of Medical Care:
Operational Research in the Health Services. London: Oxford
University Press, 1962,

106. Davis, J. Gordun, and Ruddell Reed Jr, ''Variability Control Is
the Key to Maximum Operating Room Utilization," Modern
Hospital, 102 (April, 1964), 113-116.

107, Davis, Karen, Review of Martin S, Feldstein, Economic Analysis
for Health Service Efficiency, in American Economic Review, 58
(December, 1968), 1488-1490,

108, Davis, Lou S, et al., 'Computer-Stored Medical Record," Computers
and Biomedinal Research, 1 (May, 1968), 452-469.

109, Dearden, John, 'Myth of Real~Time Management Information,"
Harvard Business Review, 44 (May-June, 1966), 123-132,

110, DeLand, E.Co., and B,D, Waxman, 'Review of Hospital Information
Systems,' (Report No. P~4337). Santa Monica, California:
RAND Corporation, June, 197C.

111. Denison, R.A,, Ray Wild, and M.J.C. Martin., A Bibliography of
Operational Research in Hospitals and the Health Services.
Bradford, England: Management Centre, University of Bradford,
no date. (Available through University Microfilms, Ann Arbor,
Michigan,)



112,

113,

114,

115,

116,

117,

118,

119,

120,

121,

122,

123,

124,

125,

126,

112

Deanis, Lyman €. II and Joseph L, Balintfy, "A Linear Programming
Analysis of Institutional Management Policies.'" Paper presented
at Joint Meeting of the Overations Research Society of America
and the Institute of Menegement Sciences, May, 1968,

Diebold, Johr., "Bad Decisions on Computer Use," Harvard Business
Review, 47 (January=February, 1969), lb-.

"Dimensions and Determinants of Health Policy," Milbank Memorial
Fund Guarterly, 46, Part 2 {(January, 1968j.

Dirksen, Victor, J, "A Framework for Dynamic Decision Making
Within the Hospital System: A Case Study of a Decision to
Inecrease the Availability of Service,'" (Mimeographed, 1970.)

Dixon, R:Ac "A Model of a Hospital's Patient Medical Information
System," Methods of Information in Medicine, 9 (April, 1970),
8897,

Donabedian, Avedis, "Evaluating the Quality of Medical Care,'
Milbank Memorial Fuud Quartexly, Part 2, 44 (July, 1966,
166-206,

- o 'Promoting Quality Through Evaluating the Process of
Patient Care," Medical Care, 6 (tlay=-June, 1958), 181~202,

» Medical Care Appraisal «= Quality and ytilization,
(Volume ITI of A Guide to Medical Care Administration), New
York: American Public Health Association, 1969,

Dorfman, Robert. '"Operations Research,' American Economic Review,
50 (September, 1960), 575-623,

Douville, G€rard, '"La Technique de la Simulation Appliquée au
Bloc Opératoire," Administration et Sanid, 3 (Hiver, 1968),
5=15,

Doyle, Donald Ni '"Accuracy of Selected Items of Blue Cross Claims
Information," Inquiry, 3 (September, 1966), 1627,

Dubos, Ren€: So Human an Animal, New York: Charles Scribner's
Sons, 1969,

Duff, Raymond S;, and August B, Hollingshead, Sickness and
Society, New York: Harper & Row, 1968.

Dumas, Rhetaugh G., and Robert C. Leonard, "The Effect of Nursing
on the Incidence of Postoperative Vomiting," Nursirg Research,
12 (Winter, 1963), 12-15.

Dunn, H.D., and A, Hindle, "Decision Making in the Hospital
Environment.'" Paper read to the 31st Conference of the
Operations Research Society of America, New York, May 31, 1967,



127,

128,

129,

130.

131,

132,

133,

134,

135.

136,

137,

138,

139.

140,

141,

113

Eckstein, Eleanors "Is_the 'Diet Problem' Identical to the ‘Menu
Planning Problem'?" Manegeuwent Science, 16 (May, 1970}, 527=528,

Edgecumbe, Robert H. 'The CASH Approach to Hospital Management
Engineering," Hospitsls, 39 (March 16, 1965), 2-6.

. 'How C,A.S.H, Helps Nurses Improve Care," Modern
Hospital, 106 (May, 1966), 97=99,

"rastimony on Hospital Costs and Incentives,"
Sacramento: California Hospital Association, 1968,

Editors of the Yale lLaw Journal. '"The American Medical
Association: Power, Purpose, and Politics in Organized
Medicine," in W, Richard Scott and Edmund H, Vclkart (eds.)
Medical Cere. New York: John Wiley & Sons, 1966, 163-180,

"EDP and the Hospital Formulary," American Journal of Hospi%tal
Pharmacy, 24 (Januvary, 1967),

Ehrenberg, A,S,C, 'Models of Fact: Examples from Marketing,'
Management Science, 16 {(March, 1970), 435-445.

Eilon, Samuel. "On King's Note," QOperations Research, 16 (March-
April, 1968), 453454,

Ecogbue, Augustine O, "Experiments om Scheduling Disciplines in
Surgery: A Simulated Queueing Approach," Technical Memcrandum
No. 168, Operations Research Department, Case Western Reserve
University, November, 1969,

“Establiching Staffing Patterns Based on Acuity of Patient Needs,"
Final Report of Task Force IV, San Francisco: California
Nurses' Association, 1968.

Etzioni, Amitai, '"Authority Structure and Organizational
Effectiveness," Administrative Science Quarterly, 4 (June, 1959)
45“67 ')

Feldman, Paul, '"Letter to the Editor," Health Services Reseavch,
2 (Summer, 1967), 118-120,

Feldstein, Martin S, "Economic Analysis, Operational Research, and
the National Health Servicec," Oxford Economic Papers, 15
{1963), 19=31,

Y s ‘'Effects of Differences in Hospital Bed Scarcity on
Type of Use," British Medical Journal, 2 (August 29, 1964),
561e=564,

"An Aggregate Planning Model of the Health Care
Sector," Medical Care, 5 (November-December, 1967), 369-381,




114

142, TFeldstein, Paul J., and Jeremiah J, German, '"Predlcting Hospital
Urilization: An Evaluation of Three Approaches,' Inquiry, 2
(June, 1965), 13=36,

143, TFellers, John D, "This System Was Designed for Computers,"
Modern Hospital, 105 {October, 1965), 154-158.

144, Fetier, Robert B,, and John D. Thompson. "The Simulation of
Hospital Systems," Operations Research, 13 (September-October,
1965}, 689=711,

145. , and o ‘''Patients' Waiting Time and Doctors'
Idle Time in the Outpatient Setting," Health Services Resegarch,
1 (Summer, 1966), 66=90,

146, , and _ . "A Decision Model for the Design and
Operation cf a Progressive Paiient Care Hospital,'" Medical
Care, 7 (November=-December, 1969), 450~462.

147, TFilosa, Lawrence, 'New Information System Uses Less Staff,
Provides More Data, More Dollars,' Modern Hospital, 112 (June,
1%69), 87-89,

148, Flagle, Cherles D, '"Operations Research in a Hospital," in
Charles D, Flagle, William H. Huggins, and Robert H. ROy
(eds,) Operations Research and Systems Engineering., Baltimore:
Johns Hopkins Press, 1990,

149, . "Operations Research in the Health Services,"
Operations Research, 10 (September-~October, 1962), 591-603

150, . "Operations Research in Community Services," in David
B. Hertz and Roger T, Eddison (eds.) Progress in Operations
Research, Vol. II. New York: John Wiley & Sons, 1964, 329=344,

151, » "Technological Development in the Health Services,"”
Health Services Research, 4 (Spring, 1969), 6-13.

152, . "Communication and Control in Comprehensive Patient
Care and Health Planning,' Annals of the New York Academy of
Sciences, 161, Art., 2 (September 30, 1369), 714=729,

153, ____ . "Implementation of Findings," in George K. Chacko
(ed.) The Recognition of Systems in Health Services.
Arlington, Virginia:; Ovnerations Research Society of America,
1969, 362,

153.5, . "The Role of Simulation in the Health Services,"
American Journal of Public Health, 60 (December, 1970),
2386-23%4,




154,

155,

156,

157,

158,

159,

160,

161.

162,

163..

164,

165,

166,

167.

115

Flagle, Charles De., and John P, Young. "Application of Operations
Research and Industrial Engineering to Problems of Health
Services, Hospitals, and Fublic Health," Journal of Industrial
Engineering, i7 (November, 1966), 609-61l4,

___, et al, '"Optimal Organizational and Facility for a
Nursing Unit,”" Progzess FReport == December, 1957 to December,
1959, Baltimore: Operations Research Division, Johns Hopkins
Hospital, 1960,

.. et al, '"The Problem of Organization for Hospital
Invitient Care," in C. West Churchman and Michel Verhulst
(eds.) Management Sclences: Models and Techniques, Vol. 2,
New York: Pergamon Press, 1960, 275-287.

, et al. "The Progressive Patient Care Hospital:
Estimating Bed Needs,'" Public Health Service Publication Noo
930-C-2, Washington: Public Health Service, 1963,

Ford, Amasa B., et al, The Doctor's Perspective: Physicians

Vievw Their Datients snd Practice. Cleveland: The Press of
Case Wectern Reserve Uaiversity, 1967,

Forsyth, Gordon, and Robert F,L. Logen. The Demand for Medical
Care. London: Oxford University Press, 1960,

—— and . Gateway or Dividing Line? A Study
of Hospital Out-Patients in the 1960s. London: Oxford
Univeresity Eress, 1968,

Fortune, (May 15, 1269), 184,

Freibrun, Richard B, '"Two Years Invested in Planning New Loyola
Information System," Modern Hospital, 112 (February, 1969),
99-100,

Fries, Brant E, '"The Application of Operations Research to the
Hospital Complex," Technical Report No. 92, Department of
Operations Research, College of Engineering, Cornell University,
October, 1969,

Gabrieli, E.R, "How Medical Records Can Be Adapted for Data
Processing," Modern Hospital, 111 (July, 1968), 101-102,

Galbraith, John Kenneth, The New Industrial State. Bostong:
Houghton Mifflin Company, 1967.

GCeorge, Frances L., and Ruth P. Kuehn., Patterns of Patient
Care, New York: Macmillan, 1955.

Georgopoulos, Basil S., and Aleksander Metejko, "The American
General Hospital as a Complex Social System,'" Health Services
Research, 2 (Spring, 1967), 76-112,




168.

169,

170.

171.

173,

174,

175,

176,

177,

178,

179,

180,

181,

116

Gillette, Philip J., Philip W, Rathbun, and Harxy B, Wolfe.
"Hospital Information Systeme," Parts 1 and 2, Hospitals,
44 (August 16, 1970; September 1, 1970), 76=78; 45-48,

Gocka, Zdward F, "A Survey of Medical Information Systems,"
Paper presented at the 1ith American Meeting of the Institute
of Management Sciences, Los Angeles, California, October 20,
1970,

Goldman, Jay and H.A, Knappenberger, ''How to Determine the
Optimum Number of Operating Rooms,'" Modern Hospital, 1il
(September, 1968), 114+,

Goss, Mary E.W, 'Organizational Goals 2nd Quality of Medical
Care: Evidence from Comparative Xesearch on Hospitals,"
Journal of Health and Sccial Behavior, 11 (December, 1970),
255-268,

Gouidner, Alvin W, '"Mstaphysical Pathos and the Theory of
Bureaucracy," American Politicsl Science Review, 49 (June,
1955), 496-307,

Gouveia, William A, "Computer Applications in the Hospital
Pharmacy," Hospitals, 45 (January 1, 1971), 80=83,

Green, Fred W, "Blueprint for Shared Computer Studies Drawn in
Chicago Project," Bospitals, 43 (September 1, 1969), 64«69,

Greenes, Robert A., et al, "Recording, Retrieval and Review of
Medical Data by Physician=Computer Interaction,'" New England
Journal of Medicine, 282 (February 5, 1970}, 307=315.

Grooms, Henry R., and Tung Au. '"The Simulation of Hospital
Patient Treatment Systems,' Proceedings of the Third Conference
on Applications of Simulation, December 8=10, 1969,

Gue, Ronald L, "Operations Research in Health and Hospital
Administration," Hospital Administration, 10 (Fall, 1965), 6~25,

. "An Introduction to the Systems Approach in the
Dietary Department," Hocpitals, 43 (September 1, 1969), 100~101,

w5 and John C, Liggett. "Mathematical Programming Models
for Hospital Menu Planning," Journal of Industrizl Engineering,
17 (August, 1966), 395-400,

Gustafson, David H. "Length of Stay: Prediction and Explanation,"
Health Services Research, 3 (Spring, 1968), 12-34,

Hammon, Gary L., and Stanley E. Jacobs. ''Shared Computer Systems,
part 1, Part 2," Hospitals, 44 (May 1, 1970, May 16, 1970),
50~53, 72+,



182,

183,

184,

185,

186,

187,

188,

189,

190.

191,

192,

193,

194,

195.

196,

117

Handyside, Alan J., and David Morris. "Simulation of Emergency
Bed Occupancy," Health Services Research, 2 (Fall=Wintexr, 1967),
287=297,

Hardwick, C, Patrick and Barvey Wolfe, "A Multifaceted Approach
to Incentive Reimbursement," Medical Care, 8 (May-june, 1970),
173188,

Harrington, Joseph H, '"Operations Reseavch == A Relatively New
Approach to Managing Man®s Enviroament," New England Journal
of Medicine, 275 (December 15, 1966), 1342-1350,

Harrington, R.W. ''First Hurdle inm ADP: Discovering Its Hospital
Potentials," Hospitals, 38 (January 1, 1964), 39=43.

Hartog, Jan de, 'What Money Cannot Buy," Atlantic, 218 (July,
1966), 111-115,

"HAS Department Performance Charts,'" Chicago: American Hospital
Association, no date,

"Health Facilities Design," Health Services Research, 5 (Fall,
1970),

"uditoriel: The Trouble with Empires,' Health-Pac Bulletin,
(April, 1969),

Henderson, Virginia., The Nature of Nursing, New York: Macmillan,
1966,

Herkimer, Allen G, '"The Comnecticut Experiment," Hospital
Financizl Management, 24 (May, 1970), 6+,

Herring, Carren, '"Ohio Hospitals' Quality Control amd Staff
Utilization Program," Hospital Progress, 51 (July, 1970), 38=44,

Hertz, David B, Unlocking the Computer's Profit Poirntial. New
York: McKinsey & Company, 1968,

"Use of Computers o Implement Operaticns Rescarch
Applications," in Julius S, Aronofsky (ed.) Progxess iun
Operations Research, Volume 3, New York: John Wiley & Soms,
1969, 471-4388,

, and Jacques Meldse, Prcccedings of the Fourth
International Conference on Onerational Research, New York:
John Wiley & Sons, 13066,

Higgins, A.C. "Social Factors Affecting the Quality of Medical
Records," Journal of Medical Educatiom, 43 (October, 1968),
1049~1054.




197,

198,

199,

200,

201,

202,

203,

204,

205,

206,

<07,

208,

118
Hill, lLawrence A. "Financial Incentives: How They Could Reshape
the Health Care System," Hospitals, 43 {(June 16, 1969), 58<62,

Hitch, Charles, "Sub=Optimizaticn in Operations Problems,"
Operations Research, 1 (May, 1953), 87-99,

"Whither Program Budgetiug," in David B. Hertz and
Jacques Meldse (eds.) Proceedings of the Fourth International
Conference on Operational Research, New vork:; Wiley, 1966,

Hoddincott, B.Co, et al, "Drug Reactions and Errors in Administration
of a Medical Ward," Canaciaon Medical Associatlon Jouxrnal, 97
(Ociober 21, 1967), 1001-1006,

Hofmann, Paul B, and G. Octo Barnett, 'Time=Sharing Increases
Benefits of Computer Use," Hospitals, 42 (June 16, 1568), 62-67,

s , and Willfam A, Gouveia., "Computers:
Great Future, Ferilous Present," Modern Hospital, 111
(July, 1968), 98+,

, and John F, Rockart, "Implications of the No=Show
Rate for Scheduling OPD Appointments,' Hospital Progress,
50 (Avgust, 1969), 35-40,

’ —.» and G, Octo Barnett, "planning for an
Automated Clinic Appointment Sysiem," Zospital Topics, 48
(October, 1970), 37-42

Holmes, A. Rutherfoord and Floyd K, McTyier, '"The Maryland
Program 'Does Its Thing'," Hospital Financisl Management,
24 (}Iay’ 1970)3 8"100

Horvath, William J, "British Experience with Operaiions Research
in the Health Services," in K.L. White (ed.), Meiical Care
Research. New York: Pergamon Press, 1965, 55-64.

— e BReview of R.W, Revans, Standards for Morale, in
Behavicral Science, 11 (March, 1966), 131-132,

"Operations Research in Medical and Hospital Practice,"
in Philip M. Morse (ed.) Operatiomns Research for Jublic Systems.
Cambridge: The MIT Press, 1967, 127-157.

208.5. . "Organizztional and Management Problems in the .

Delivery of Medical Care,' Mapagement Science, 14 (February,
1968), 275-279,

209, "Hospital CAP Guide: Cost Allocation Program," Chicago: American

Hospital Association, 1967,



119

210, Hospitael Literzture Index, Chicago: American Hospital
Association, quarterlyo.

211, Hospital Systems Study Group. Analysis of a Clinical Information
Sysien;  Univeisity of Sagkatchewan Hospital. Sunnyvale,
Califoriniaz ILockieed Missiles & Space Company, February, 1967.

212, Howell, J.T, "Systems Opportunities in Modern Medical
Organizations," World Hospitals, 5 (July, 1969), 153=156.

213, Howland, Daniel, "Approaches to the Systems Problem," Nursing
Research, 12 (Summer, 1¢63), 172-174,

214, . "A Hespital System Model,' Nursing Research, 12

e A

(Fall, 1963), 232~236,

215, _____ _« "A Model for Hospital System Planning," in G.
Kreweras and G, Morlat (eds.) Proceadings of the Third
International Conference on Operationel Research. London:
English Universities Press, 1964, 204=211,

216, . 'Approach to Nurse-Monitor Research," American

Journal of Mursing, 66 (March, 1966), 556-558.

217, » and Wanda E., McDowell. ''The Mecasurement of Patient
Care: A Conceptual Framework," Nursing Research, 13 (Winter,
1964}, 4=7,

218, Hsieh, Richard K.C, "Evaluation of Formal Communication Systems

in a Hospital," Health Services Research, 1 (Winter, 1966),
222-234,

219, Humphrev, Mitchell O, 'A Reappraisal of Computer Utilization,"
Hospital Progress, 51 (March, 1970}, 8S-98.

219,5, Hunter, Robert J. and Jermoe E. Schnee. "Long Ranse Planning
in Mental Health," Paper presented at the 1964 Joint
National Meeting of the Operations Research Society of
America and the Institute of Management Sciences, October 7,1964,

220, Ingbar, Mary Lee, 'Organization of Health Services: Challenge
to Operaticns Resaarch,” in George K. Chacko (ed.) IThe
Reccgnition of Systemg in Yeaith Services, Arlington,
Virginia: Operations Research Society of America, 1969, 5=27,

221, “"Innovations in Hospital Management,' Hospitals, 43 (June, 1969),
73=92.

222, Inquiry, "The Computer and Hospital Information Systems,' Special
Issue, 5 (September, 1968).

223. International Business Machines, "HIS-MISP" (Hospital Information
System == Medical Information System Programs). (Mimeographed,
no date,)



224,

225,

226,

227,

228,

229,

230,

231,

232,

233,

234,

235,

236,

237,

120

Jacobs, Arthur R, and Richard B, Froh., "Significance of Public
Law 89=749: Couwprchensive Health Planning," New Enzland
Journal of Medicine, 279 (Decerber 12, 1968}, 1314~1318.

James, F.D. "The Developmeut and Implementatiocn of a Cumputer=
pased Hospital Information System," in G. McLachlan and R.A.
Shegog (eds.) Computars in the Service of Medicine; Volume I,
London: Oxford University Press, 1969, 155=1C7,.

Jelinek, Richard C, "A New Approach to the Analysis of Nursing
Activities," Hospitals, 40 (October 1, 1966), 6§9=91,

__o "A Structural Model for the Patient Care Operction,"
Health Services Research, 2 (FalleWinter, 1967), 226=242.

___s '"An Operationil Analysis of the Patient Care
Function," Inquixy, 6 {(June, 1369), 53-58.

Jessiman, Andrew G. and Kathryn Erat, 'Automated Appointment
Systems to Facilitate Medicale-Care Management,' Medical Care,
8 (May=June, 1970), 234~246,

Johnson, Everett A, "Physician Productivity and the Hospital:
A Hospital Adminiscrator's View," Inauiry, 6 (September, 1969),
59-569,

- o "Giving the Consumer a Voice in the Hospital
Business," Hospital Administration, 15 (Spring, 1970), 1526,

Johnson, Walter L, and Leonard S, Rosenfeld, ''Factors Affecting
Waiting Time in Awmbulatory Care Sexvices," Health Services
Reseaxch, 3 (Winter, 1968), 286=295,

Jydstrup, Ronsld A, and Malvern J. Gross. '"Cost of Information
Handling in a Hospital," Health Services Researsh, 1 (Winter,
1966), 235=«271,

Kast, Fremont E, and James E., Rossnzwelg, '"Hospital Administration
and Systems Concepts,' Hospital Administration, 11 (Fall, 1966),
17 ”33 o

Kavet, Joel and John D. Thompson., 'Computers Can Te’l You What
Will Happen Before It Happens,' Modern Kospital, iC9 (December,
1967), 102-105,

Kelman, Sander, Review of Mary Lee Ingbar and Lester D. Taylor,
Hospiral. Costs in Maseachuserts: An Econometric Study, Inquiry,
6 (December, 1963), 56-58,

Kiely, Joseph M., et al, "A Computer-Based Medical Record,"
Journal of the Americen Medical Association, 205 (August 19,
1968), 571=576,




121

238, Kilpatrick, Kerry E. and louis E. Freund, "A Simulation of Tank
Oxygen Inventory at a Commimnity General Hospital," Health
Services Pesearch, 2 (Fall=Winter, 1967), 298=305.

239, King, William R, '"On the Nature and Form of Operations Reseavch,”
Overations Research, 15 (Movember-December, 1967), 1177-1180,

240. Kirk, J.Fo, A, Munray, and J.M. Neilson, "pAutomation of Hospital
Madical Recowds == Data Processing," Health Bulletin, 28
(January, 1970), 49=52,

241, Kissick, William L, ''Forecasting Health Manpower Needs," Hespitals,
41 (September 16, 1967), 47=51,

242, » “How Imagination and Innovation Can Help Bridge
Manpower Gaps,' Hospitals, 41 (Gctober 1, 1967), 76+,

243, Klarman, Herbert E. "Increase in the Cost of Physician and
Hospital Services," Inamiry. 7 (March, 1670), 22-36,

244, Kolesar, Peter, "A Markovian Model for Hospital Admission
Scheduling," Managemen% Science, 16 (February, 1970), 334=396.

245, Kolouch, Fred T. ‘'Computer Shows How Patient Stays Vary," Modern
Hospital, 105 (November, 1563), 1304,

246, Konmnersmen, Paul M, "The Dietary Depertment as a Logistics
System," Hospitals, 43 (September 1, 1969), 102-169.

247, Korein, Julius, et al. '"Computer Processing of Medical Data by
Variable-Field~Length Format," Journal of the Awerican Medical
Assoclation, 186 (October 12, 1963), 132-138.

248, Krismer, John R, and Jerome F, Cordes, 'Tstal Hospital Computer
Systems Research Report,;" St. Paul, Minaesota: viomedical
Cemputer Services Incorporated, no date.

249, . and _______, "problem-Oriented Record Begins With
Patient," Modern Hospiral, 115 (November, 1970), 81-83,

250, Lair, Blaine M. 'Computerizing Total Hospital Activities == A
Pioneer Report," Computers and Automation (July, 1969), 30-32,

251, Lamson, B.G., et al, "The Tirst Decade of Effoxt: Progress Toward
a Hospital Information System at the UCLA Hospital, Los Angeles,
California," Methods of Information in Medicine, 9 (April, 1970),
73-800

252, Lave, Judith R, "A Review of the Methods Used to Study Hospital
Costs," iaquiry, 3 (May, 1966), 57-8l.

253, Leighton, Eric, '"CHD: California's Computerized Information
System for Hospitals," Hospital Forum, 13 (May, 1970), 6 ff.




254,

256,

257,

259,

260,

261,

262,

263,

264,

265,

266,

267,

122

Leighton, Eric, "MR, =~ The Medilcal Record System of the California
Health Data Corporaztion," Medical Cere (Supplement), 8 (July-~-
August, 1970), 75=57,

Levy, Richard P, and Maxine R, Cammarin. "Tnformation Systems
Applications in Medicine," in Carlos A. Cuadra {ed.) Annual
Review of Tnformation Science and Technology, Volume 3,
Chicago: fEncvclopaedia Britamnica, 1968, 397<428,

. , and Michael J, Smith, '"Computer Handling
of Ambulatory Clinic Records," Journal of the American Medical
Associgtion, 190 (December 21, 1964), 1033-1037.

Lew, Irving, "Day cf the Week and Other Variables Affecting
Hospital Admissions, Discharges, and Length of Stay fox
Patlents ia the Pittsburgh Area," Inquiry, 3 (February, 1966),
3‘390

Lewin, Xurt, TField Theory in Sccial Science, New York: Harper
Terchhook, 1964; first published in 1951,

Lewis, David D, and James F., Donochue. '"Clinic Used Computer to
Return Personal Touch to Patient Care." (Mimeographed, 1968,)

Little, John D.C, 'Models and Managers: The Concept of a Decision
Calculus," Management Science, 16 (April, 1970), 466-485,

Lockheed Missiles & Space Compaumy. 'Hospital Information System,"
brochure, no date.

— o '"Resume of Capebilities and Interests in Medical
Information Systems." (Mimeographed, May, 1968,)

o Analysis of Informetion Neads of Nursing Stations,
Technical Report Mo, LUSC-68268%4, Sunmyvsle, California:
Medical Information Systems, Lockheed Missiles and Space
Company, May, 1969,

Luszki, Margaret Barron, "Team Research in Social Science:
Maior Consequences of a Growlmg Trend," in R.N. Adams and
JoJo Preiss, Human Organization Research. Homewood, Illinois:
Dorsey Press, 1960, 19-27,

Machol, Robert E, "COn King's Note," Operatioas Research, 15
(November~December, 1967), 1180~-1182,

McDermott, John, 'Technology: The Opiate of the Intellectuals,"
New York Review (July 31, 1969), 25-35.

McKone, Goxrdon and Michael Kirkpatrick. "A Quite Explosionl
Winnipeg General’s Computer Story," Canadian Hospitel, 47
(October, 1970), 65-67.




g

268,

269,

270.

271,

272.

273,

274,

275,

276,

277,

278,

279,

280,

281,

282,

283,

123

McLachlan, Gordon (ed.). Problems apd Progress im Madical Careo
London: Oxford University Pzess, 1964.

o« Proplems and Progxess in Mﬁdiqu ] Caxe, Second Series,
London: Oxford University Press, 1966.

__» Problems and Progress in Medica) Care, Third Series,
Lendon:  Oxford Un;veluity Press, 1968,

. Problems and Progress in Medical Care, Fourth Series.
Lendons Oxfoid University Press, 1970,

and R.A. Shegog (eds,). Ccmputers in the Service of
Medicine, Volmwes T and 1I, London: Oxioxd University Press,
1963,

McNerney, Walter J, "Why Does Medical Care Cost fo Much?," New
Englend Journal of Medicine, 282 (Jume 25, 1970), 1458~14650

Martin, Glemn J. '"What Experiments in Prospective Reimbursement
Are Teaching Providers, Agencies, Third Parties," Financial
Management, 24 (November, 1979}, 3-7.

"MEDINET Nursing Staff Allocation," General Electric Company, 1969,
Menzies, Isabel E,P. "A Case-Study in the Fuactioning of Social

Systems as a Defence Against Anxiety,' Human Relatiomns, 13
(May, 1260y, 95-121.

"Michigan Statute Tightens Trustee Control of Care,'" Modern
Hospital, 1i2 (January, 1969), 48=50,

Millis, Jchn S, 'Wisdom? Health? Can Society Guarantee Them?,"
New England Journal of Medicine, 283 (July 30, 1970}, 260-261.

Moore, Thomas, "CCHPA Pushes for Change in Health System and Costs,"
Hospital Progress, 51 (March, 1970), 24-26,

Morison, Elting E. "A Case Study of Inncvatiom," in Warren G.
Bennis, Kenneth D, Benne, and Robert Chin (eds.) Ihe Planning
cf Change, New York: Holt, Rinehart, and Winston, 1964,
592=635

Morris, John D, '"Low-Income Shoppers Cool to Pricing Aid," New
York Times, January 13, 197G,

Morris, Stephen M, 'Why Mergers?," Arlzoua Medicine, 27 (June,
1970), 74-76,

Moss, Fay T. and Burton Meyer. "The Effects of Nursing interaction
Upon Pain Relief In Patients," Nursing Research, 15 (Fall,
1966), 303-206,




284,

285,

286,

287,

288,

289,

290,

291,

292,

293,

2%,

295,

296,

297,

298,

299.

124

Mouzelis, Niccs P, Organization and Bureaucracy. London:
Routledge & Kegan Paul, 1967,

National Center for Health Services Research and Devalopment.
nSelected Refercnces: Automation of the Health Care Fleld,"
Bethesda, Maryland: Netional Center for Health Care Services
Research and Develcpwmenti, October 1, 1968,

National Commission for the Study of Nursing and Nursing Education.
An Abstract for Action, New York: McGraw-liill, 1970.

National Ccmuission on Community Health Services, Health Is a

S T A ST SR

Community Affair, Cambridge: Harvard University Press, 1366,

National Health Service, List of Hospital Studies, London:
Ministry of Health, H.M. (65) 21, April 2, 1963,

Navarro, Vicente, "Systems Analysis in the Health Field," Socio~
Econcmlc Planning Scicnce, 3 (August, 1969), 173-189,

Nelscn, R.R, "Uncertainty, Learaing and the Economics cf Parallel
Research and Developmeni: Efforts," Review of Econonics and
Stagristics, 43 (November, 1961), 351-364.

New, Feter Kongeming. ''The Hospital Researcher Walks a Tightrope,"
Modern Hospital, 93 (August, 1559), 93=95.

, Gladys Nite, and Josephine Callahan. "Too Many Nurses
May Be Worze Than Too Few," Modern Hospital, 93 (October, 1959),
104+,

, et al, Nuxsing Service and Patient Care: A Staffing
Experiment, Kamsas Clty: Community Studies, Inc., 1959,

Newell, D.J, "Provision of Emcrgency Beds in Hospitals," British
Journal of Preventive and Social Medicine, 8 (1954), 77-80,

"Immediate Admissions to Hospital," in G. Kreweras and
Go Morlat (eds.) Proceedings of the Third Internaticnal
Conference on Onerational Research. London: English
Universities Press, 1964, 224-233,

"problems in Estimating the Demand for Hospital Beds,"
Journal of Chronic Disease, 17 (1964), 749-759%,

Newhouse, Joseph P, '"'Toward a Theory of Nonprofit Institutions:
An Economic Model of a Hospital," Americauw Economic Review,
60 (March, 1970), 04=74.,

New York Daily News. February 17, 1970,

New York Times. August 21, 1999, 41,




300,

301,

302,

303,

304,

305,

306.

307,

308,

309,

310,

311,

312,

313.

314,

125

New York Times, July 11, 1969, 40,

Nuffield Provincial Hoepitals Trust, Studies in the Functions and
Design of Hosnitals. London: Oxford University Press, 1955,

. Towzrds a Clearer View: The Organization of Diagmostic
¥-Rav Departiments, London: Oxford University Press, 1962,

o Waiting in Qut-Patient Depariments, London: Oxford
University Press, 1965,

Nurse Utilization Project Staff, An Investipation of the Relation
Between Nuxsing Activity and Patient Welfare. Iowa City,
Towa; State University of Towa, 1960,

Ockenden, J.M. and K.E. Bodenham, Focus on Mefical Computer
Development, Lomdon: Oxford University Press, 1970.

0°Connell, B,P, and A.H. McFarlane, "A Medical Care Information
System: An Approach to the Computerizetion of Ambulatory
Patient Records," Madical Care, 8 (Jawuary=-February, 1970), 82-87.

Octtinger, Anthony G. Run, Computer Run: Tne Mythology of
Educational Innmovation. Cambridge, Massachusetts: Harvard
Univerelty Press, 1969,

Office of Research and 3tatistics, Sccial Security Administration,
U.S, Depariment of Health, Education, and Welfare. Reimbursement
Iocentives for Hospital and Medical Care: Objectives and
Alternatives (Research Report No. 26), Washington: U.S.
Government Printing Office, 1969,

O'Malley, Claire D, "Application of Systems Engineering in Nursing,"
Amariecan Journal of Nursing, 69 (Octcber, 1969), 2155-2160,

"On~Line Computer System is Memory for Patient Care Data,' Modern
Hospital, 113 (July, 1969), 70-72,

Pardee, Geraldine. '"Classifying Patients to Predict Staff
Requirements,”" Americen Journal of Nursing, 68 (March, 1968),
517=520,

"PAS and MAP: A Shared-Computer Medical Record Information
System," Ann Arbor Michigan: Commission on Professional and
Hospital Activities, no date,

Perrow, Charles, '"Hospitzls: Technology, Structure, and Goals,"
in James G. March (ed.) Handbook of Organizations. Chicago:
Rand McNally, 1965, 910-97%,

Peterson, Osler L, ‘'Medical Care: 1Its Social and Organizational
Aspects," New England Journal of Medicirne, 269 (Decermber 5,
1963), 1238=1245,




315,

316,

317,

318,

319.

320,

321,

322,

323,

324,

325,

326,

327,

328,

329,

Pfefferkorn, Blanche and Charles A, Rovetta, Adwinistrative Cost
Analysis for Mursing Service and Nursing Education., Chicago:
American Ho¢p~tal Association and Naticnal League of Nursing
Education, 1940,

Pocock, J.W. "Operations Research and the Management Corsultant,"
Operations Reszarch, 1 (May, 1953), 137=1&4,

Proposal for a Mayo Clinic Medical Information System: Systems
inalysis and Deslign Phase. Suanyvale, California: Lockhead
Missiles & Space Company, August, 1966,

Quade, E.Do (edo}, Analysis fox Military Decisions. Chicago:
Rand McNzlly & Cowpany, 1967,

Raiffa, Howard. Decision Analvsis, Reading, Massachusetts:
Addison-Wesley, 1968.

Rankin, Jokn W. "Four Carolina iHospitals Go On Line With Computer,"
Modern Hospital, 111 (Getober, 1968), 86-89,

Rappaport, Alfred, '"Managecaent Misinformation Systems —= Another
Perspective," Management Science, 14 (December, 1968), 133~136,

Reed, Ruddell, Jr, and Walter E. Stanley, '"Optimizing Control of
Hospital Inventories,' Journal of Industrial Engineering, 16
(January~February, 1965y, 48~51,

Report of HFEW Secretary Finch and Assistant Secretary Egeberg
quoted in New York Times, July 11, 1969, 40.

Report of the National Conference on Medical Costs, June 27-28,
1967. Washington, D.Co: Government Printing Office, 1968,

Revans, R.W, Standards for Morale, London: Oxford University
Press, 1964,

» '"Hospital Attitudes and Communication,'" in J.R.
Lawrence (ed.) CGperational Research znd the Social Sciencese.
london: Tavisteck Publications, 1966, 601-617.

Rice, Robert G. "Analysis of the Hospital as an Economic Organism,"
Modern Hospital, 106 (April, 1966), 87«91,

Rikli, Arthur E, and Scott I. Allen. ''Federal Survey Examines
Computerized Admission Systems," Modern Hospital, 111 (Gctober,
1968), 59-102,

, and Samuvel N. Alexander, "Study Suggests
Value of Shared Computers," Modern Hospital, 106 (May, 1966),
100-108.




127

330, Ro, Kong-Kyun, "Patient Chavacteristics, Hospital Characteristics
and Hospital Use." Paper presented at the 96th Annual Meeting
of the American Public Health Associaticn, Detroit, November,
1968,

331, Robinson, Gordon H., Louis E, Davis, and Richard P. Leifer,
"prediction of Hospital Length of Stay,' Health Services
Research, 1 (Winter, 1966), 287-~300,

. , and Paul Wing, "Computer Simulation of
Hospital Patient Scheduling Systems,' Health Services Research,
3 (Summer, 1968), 130~141.

332,

333, Rockart, John F. and Paul B, Hofmann, 'Physician and Patient
Behavior Under Different Scheduling Systems in a Hospital
Outpatient Department," Medical Care, 7 (November=-December, 1969),
463<470,

334, Rockwell, Thomas H,, Ronald A. Barnum, and Walter C. Giffin.
"Inventory Analysis as Applied to Hospital Whole Blood Supply

and Demand," Journal of Industrial Engineering, 13 (March-April,
1962), 109-114,

335, Roethlisberger, F.J, and William J. Dickson, Management and the
Worker, New York: John Wiley & Sons Science Editions, 1964;
first published in 1939,

336, Roemer, M,I. and Max Shain, Hospital Utilization Under Insurance,
Chicago: American Hospital Association, 1959,

337, Rosen, Daniel, "Medical Care Information System of the Veterans'
Administration," Public Health Reports, 83 (May, 1968), 363-371.

338, Rosenberg, Mervin and Delores Carriker, "Automating Nurses' Notes,"
American Journal of Nursing, 66 (May, 1966), 1021-1023.

339, Rubin, Lillian B, '"Maximum Feasible Participation: The Origins,
Implications, and Present Status," The Annals of the American
Academy of Political and Social Science, 385 (September, 1969),
14"290

340, Rushmer, Robert F, and Lee L., Huntsman, '"Biomedical Engineering,"
Science, 167 (February 26, 1970), 840-844.

341, Ryan, Joseph R, '"What It Takes to Plan for Cost Containment,"
Modern Hospital, 111 (September, 1968), 90-95.

342, Saunders, Michael G. '"The Computer and Total Medical Information
Processing =~ A Present Fictionm," Canadian Hospital, 46
(October, 1969), 64-67,

343, Saurwein, Jr., J.R. ''The CASH Program," Hospital Financial
Management, 24 (May, 1970), 3-5,




344, Schainblatt, AJHe "On the Measurement of Hospital Bed Need,"
(Mimeographed, December, 1962.)

345, Schimmel, E.M. "The Hazards of Hospitalizatiom,' Annals of
Internal Medicine, 60 (Jaruary, 1964), 100-110,

346, Schultze, Chavles L, The Pollrics and Ecomecmics of Public Spanding.
Washington: The Brcokings Imstitution, 1968,

347, Schwartz, Morton D, "Status of Hospital Information Systems,"
Hospital Progress, 51 (June, 1970), 53-60,

348, Shegog, Richard F.A., '"Reviewing Some Applications of Computers to
Medicine," in Gordon McLachlan (ed.) Problems and Progress in
Madical Care, Taird Series, London: Oxford University Press,
1268, 146-170,

349, Sheps, Mindel C. "Approaches to the Quality of Hospital Care,"
Public Healih Reports, 70 (September, 1955}, 877-886,

350, Siegel, Stephen J. '"Developing an Information System for a
Hospital," Public Health Renorts, 83 (May, 1968), 359=362,

351, Siekert, Robert G., Bradner L. Hisey, Paul E. Williams, and Gordon
To Uber, “A Video Terminal =~ Light~Pen Device for Ordering
Medical Tests," Journal of the Americon lMedical Association,
206 (October 7, 1968), 251=356,

352, Sigmond, Robert M. "The Notion of Hospital Incentives,' Hospital
Progress, 50 (January, 1969), 63=68.

353, Simmons, Leo W. and Virginia Henderson, MNursing Research: A
Survey and Assessment, New York: Meredith Publishing
Company, 1964,

354, Singer, J. Peter, "Hospital Computer Systems: Myths and Realities,”
Hospital Financial Management, 24 (June, 1970), 3-7.

355. Singman, David., et al, "Couputerized Blocd Eank Corntrol,"
Journal of the American Medical Association, 194 (November 8,
1965), 113-116,

356, Slee, Virgil N, '"The Professional Activity Study and the Medical
Audit Program," (Mimeographed, September 17, 1268.)

357, Smalley, Harold E, "Hospital Systems Research,’ Hospital
Administration, 11 (Winter, 1966), 42~50,

358, , and John R, Freewan, Hospital Industrial Engineering.
New York: Reinhold, 1966,

359, , et al, "Inventory Policies," Hospital Management, 97
(Maxrch, 1964), 92-97,




3595,

- 360,

361,

362a

363,

364,

365,

366,

367,

368,

369.

370.

371,

372.

373,

129

Smaliwood, Richard D,, Edward J. Sondik, and Fred L, Offensend,
"roward an Integrated Methcdology for the Analysis of Health
Care Systems," Technical Report No, 6252=3, Inforxmation Systems
Labovetory, Ceater for Systems Research, Stanford University,
June, 1970,

Smith, Adam. The Wealth of Nations. New York:; Random House, 1937;
first published in 1776,

Smlth, Lorraine, "The REACH System Is Kewe, and the Doctors Can
Take [t or Leave It," Modern Hospital, 114 (February, 1970),
94,98,

Somers, Anne R. '"Some Basic Determinants of Medical Care and Health
Policy: An Overview of Trends and Issues," Health Services
Research, 1 (Fall, 1966), 193=209,

"Some Demand Factors Affecting Individual Hospital
Planning in the Next 10-20 Years,' Hospital Progress, 49
(March, 1968), 59+,

D

"Meating Health Manpower Requirzements Through Increased
Produciivity," Hospitals, 42 (March 16, 1968), 43~48,

"Hospital Costs and Payment: Suggestious for
Stabilizing the Uneasy Balance,'" Medical Care, 7 (September=-
Ccteber, 1969), 348<360,

Soriano, A, '"Comparison of Two Scheduling Systems,' Operations
Research, i4 (May-June, 1966), 388-397.

Souder, James J. '"Computers Can Bring a New Ratiomality into
Hospital Design," Modern Hospitzl, 110 (March, 1968), 80=86,

_, et al, Planning for Hospitals., Chicago: American
Hospital Association, 1964,

"Special Issue: The Computer and Hospital Information Systems,"
Inquizy, 5 (September, 1968).

Spencer, WoA., Co Vallbona, and L.A., Geddes. '"Requirements and
Applications of Automation in Hospital Functions," Journal of
Chronic Diseases, 17 {(1964), 469-481,

Starr, Martin K. "The Role of Management Science: Application
in a Service-Oriented Society,' Management Science, 14
(June, 1963), 545-546,

State of Illinois, Case No. 28790 in the Supreme Ccurt of Illinois,
Darling v. Charleston Community Memorial Hospital, 1965,

"Stephen M., Morris: The President-Elect of the American Hospital
Association Discusses Some of the Trends that He Sees in the
Delivery of Health Care," Hospitals, 45 (January 1, 1971), 40-45.



374,

375,

376,

377,

378,

379,

38C.

381,

382,

383,

384,

385,

386,

387,

388,

130

Stern, Harry, 'Management Information System -= What It Is and Why,"
Management Science, 17 (October, 1970}, 119123,

Stewart, Rosemary and Janet Sleeman. Continuogusly Undex Review:
Occasional Papers on Social Administration, Nuwber 20. London:
G. Bell & Sons, 1967,

Stimson, David H. "Research and Implementation," Internal Working
Paper Noo, 27, Social Sciences Group, Space Sciences Laboratory,
University of Califecrnia, Bewkeley, Califormia, 1965,

o 'wtility Measurement in Public Health Decision Making,"
Management Science, 16 (October, 1969), 17-30.

Stringer, J. 'Operational Research for "Multi~organizetions®,"
Operational Research Quartexly, 18, No, 2 (1967), 165-120,

"Systems Program for Hospitals,” Richland, Washington: Battelle
Northwest, 1969,

Taylor, Clarice G, '"Utilization of Data Processing in Food
Service," Hosvitals, 39 (March 1, 1965), 81-84,

"The Changing Hospital and the Amsrican Hospital Association,"
Chicago: American Hospital Association, 1965.

Theis, Cherlotte and Helen Harrington, "Three Factors That Affect
Practice: Communications, Assignments, Attitudes,'" American
Journal of Nursing, 68 (July, 1968), 1478~1482,

Thomas, WeHo "A Model for the Prediction of Demand for Nursing
Services," Paper presented at the 27th Nailonai Meeting of the
Operations Reseazrch Society of America, May 6-7, 1565,

Thompson, John D, '"On Reasonable Costs of Hospital Sexvices,"
Milbank Memerial Fund Quarteriy, 46, Part 2 (January, 1963),
33-51.

, and Robert B, Fetter., 'Research Helps Calculate OB
Bed Needs," Moderr Hospital, 102 (January, 1964), 928=101,

and . "The Economics of the Maternity Service,"

A Y

i ——— sty 7 i —r e ——— —
Yale Journal of Biology and Medicine, 36 (August, 1962), 91-103,

s and o "The Application of Simulation to
Hospital Planning," in Proceedings on Simulation in Business

and Public Health, First Annual Conference of American Statistical
Association (New York Chapter Area) and Public Health

Association of New York City, New York, 1986,

s , and Donald C., Riedel. ''CUPISS, A

Multipurpose, Regional, MedZcal Information System Based on
Three Inputs for Each Patient.' (Mimeographed, December, 1969.)



389,

390,

391.

39,

395,

396,

397,

398,

399,

400,

401,

402,

131

Thompson, John D., Oscar Wade Avant, and Ellawyne D, Spiker, ''How
Queueing Theory Works for the Hospital," Modern Hospital, 94
(Maxch, 1960), 75=78,

5 et al, '"Predicting Requirements for Maternity
Facilities," Hospitals, 37 (February 16, 1963), 45+,

Thoms, Edward J, ''Study Will Measure Total Impact of Computers
on Hospital Management,'Hospitals, 39 (May 16, 1965), 65-67,

Thring, Meredith. 'A Workshop for Inventions," New Scientists
(June 12, 1969), 576=577,

Teitz, Michael B,, agsisted by Polly Bart, 'Models cf Patient
Flows in a Hospital System: A Preliminary Analysis,'" Internal
Working Paper, Department of City and Regional Planning,
University of California, Berkeley, Ccalifornia, July, 1968,

TIME Magazine, July 7, 1969, 58,

United Hospital Fund of New York, Training, Research and Special
Studies Divisiocn., Systems Analysis and Design cof Outpaiient
Department Appointmert and information Systems., New Yorks
United Hospital Fund of New York, 1967.

U.S. Department of Health Educaticn and Welfare, Secretory's
Advisory Committee on Hospital Effectiveress: Report,
Washington: Government Printing Offilce, 1968,

. The Use of Computerg in Hospitals., Bethesda, Maryland:
National Center for Health Services Research and Development,

1969.
. Report of the Task Force on Medicaid and Related
Proprams. Washington: U.S. Government Princing Office, 1970.

. Automation or Use of Compuvters in Laboratory Dlagnosis:
Recent Literature, January, 1968 through April, 1970, (LS.
No. 70-30,) Bethesda, Maryland: National Library of Medicine,
1970,

U.S. Department of Labor, Manpower Administration. Techuology and
Manpower in the Hsalth Service Industry, 1965-75. (Manpower
Research Bulletin No, 14,) Washingtons U.S. Government
Printing Office, 1967,

U.S. Senate, Subcommittee on Government Research of the Committee
on Government Operations, Na2tional Commission on Health
Science and Society, 90th Congress, 2nd Session, 1968.

. Subcommittee on Executive Reorganization of the Committee
on Government Operations. Health Care in America, Parts 1 and
2, 90th Congress, 2nd Session, 1963,




403,

404,

405,

406,

407,

408.

409,

410,

411,

412,

413.

414,

415,

416,

417.

132

Van Brunt, Edmund E. ''The Kaiser-Permanente Medical Information
System,'" Paper presented at a conference on Medical Information
Systems, Kelser-Permanente Health Services Research Center,

San Francieco, January 28-30, 1970,

, et al, "Current Status of a Medical Tnformation System,"
Methods of Information in Mediciaz, 9 (July, 1970}, 149-160.

Villegas, Eduardo L, "Outpatient Appointment System Saves Time
for Patients and Doctors," Hospiltals, 41 (April 16, 1967), 52-57.

Walker, Virginia H. Hursirg and Ritualistic Practice., New York:
Macmillan, 1967,

Weckwerth, Vernon E, 'Determining Bed Needs From Occupancy end
Census Figures," Hospitals, 40 (January 1, 19566), 5Z-5%.

Weeks, Lewls E, aud John R, Griffith (eds.). Progressive Patient
Care. Ann Arbor: Buresu of Hospital Administratios,
University cf Michigan, 1964,

Weir, ReDs, G.B. Fowler, and I. Dingwall-Fordyce. "The Prediction
and Simulation of Surgical Admissions," in G. McLachlan and RoA.
Shegog (eds.) Computers in the Service of Medicine, Volume II,
Londong Oxford University Press, 1969, 141-154,

Welch, J.D. "Hospital Applications," snerationsl Research Quarterly,
3 (March, 1952), 8-10.

"Scme Research Into the Organization and Design of
Hospital Out-Patient Departments," Journal of the Royal
Sanitary Institute, 72 (July, 1952), 298-3l1l,

"Appointment Systems in Hospital Outpatient Departments,"
Operational Research Quarterly, 15 (September, 1964), 224=231,

, and N,T.J. Bailey, "Appointment Systems in Hospital
Out-patient Department," Lancet, 1 (May 31, 1952), 1105-1108.

Wenkert, Walter, John G, Hill, and Robert L. Berg. 'Concepis and
Methodology in Plamning Patient Care Services," Medical Care,
7 (July-August, 1969), 327-331.,

White, M.F. Blanco and M.C. Pike., '"Appointment Systems in Out=-
Patients’ Clinics and the Effect of Patients' Unpunctuality,"
Medical Care, 2 (July=-September, 1964), 133-145.

Whitston, C, Wilson, 'An Analysis of the Problems of Scheduling
Surgery, I and II," Hospital Management, 95 (April, 1965,
May, 1965), 58+, 45-49,

Wilkening, EoAe., J. Tully, and H. Presser, '"Communication and
Acceptance of Recommended Farm Practices Among Dairy Farmers of
Northern Victoria," Rural Sociology, 27 (June, 1962), 116~197,




418,

419,

420,

421,

422,

424,

425,

426,

428,

429,

430,

431,

Williams, William J., Richard P, Covert, and James D, Steele.
ngimulation Modeling of a Teaching Hospital Outpatient Clinic,"

Hospitals, 41 (Noveumber 1, 1967), 71=75,

Wilson, Harold H. and Martin R. Schulmeister. 'Medical Systems
Engineering," Inquiry, 5 (September, 1968), 35-41,

Winkelstein, Warren, Jr. and Fern E. French. 'The Role of Ecology
in the Design of a Health Care System," California Medicine,
113 (November, 1970), 7-12.

Wirsig, Claus A, '"Separating Fact from Fiction in Medical Computer
Applications," Hospital Administration in Canada, 12 (May, 1970),
20"220

Wolfe, Harry B., Migdi Iskander, and Tom Raffin, "A Study of
Obsteirical Facilities," in George K. Chacko (ed.) Ihe
Recogrition of Systems in Health Serviceso Ariington,

Virginia: OCperatlons Research Society of America, 1969, 369-392,

Wolfe, Harvey and John P, Young, ''Staffing the Nursing Unit:
Controlled Variable Staffiag," Nursing Research, 14 (Summer,
1965), 236-245,

,and o "Steffing the Nursing Unit: The
Multiple Assignment Technique," Nureing Research, 14 (Fall,
1965), 299-303,

Wolkstein, Irwin., 'Incentive Reimbursement Plans Offer a Variety
of Approaches to Cost Control," Hospitals, 43 (June 16, 1969),
63-67,

Wood, Charles T. and Armand Lamontagne. "Computer Assists Advance
Bed Bookings," Hospitals, 43 (March 1, 1969), 67~69.

Wrignt, Marion J. The Improvement of Patient Care, New Yorks
G.P, Putnam's Soas, 1954,

Yoder, Richard D. "Preparing Medical Record Data for Computer
Processing," Hospitals, 40 (August 16, 1966), 75+,

Young, John P, '"Stabiligzation of Inpatient Bed Occupancy through
Control of Admissions," Hospitals, 39 (October 1, 1965), 41-48,

"Administrative Control of Multiple-Channel Queueing
Systems with Parallel Input Streams,' Operations Research, 14
(January~February, 1960), 145=156.

"Information Nemus Guides Information System,' Modern
Hospital, 106 (February, 1966), 101-105,



134

432, Young, John P, 'A Conceptual Framework for Hospital Administrative
Decision Systems,' Health Services Research, 3 (Summer, 1968),

79-95,

433, » '"No Easy Solutions," in George K. Chacko (ed,) The
Recogriticn cf Systems in Health Services. Arlington, Virginia:
Operations Research Society of America, 1969, 395-398,






