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ABSTRACT

The health facilities planning problem has been studied in

" the past by architects, medical cohsultants, and hospital adminis-

trators.The results of these studies have primarily becn the develop-

ment of suggested planning ratios (for example, square feet per

" bed, examining rooms per physician) and qualitative information

related to the determination of space requirements. These ratios

have limited predictive merit because they are usually based upon

average square feet allocated to departments of a number of existing
- hospitals. In addition, the ratios have no direct relationship to -
the facility requirements of an individual hospital. For example,

~ the simple applicaiion of the ratios does not take into account
variations among hospitals in factors such as demand, methods of
processing demand, or numbers of personnel,

The intent of this study is to illustréoe that another method-
ology, which utilizes the systems approach, computer simulation,
regression aoalysis, and optimization techniques, can add a oaloable
_ dimension to the long-range health facilities planning process. The
- specific objective of this investigation is to develop a methodology
for predicting the number of examining rooms needed in an outpatient
. clinio. The general methodology presented herein consists of the
development of a computer simulation-model of an outpatient clinic,
a sensitivity analysis of the model to changes in component values,

the development of regression equations which relate outpatient
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clinic performance to the number of examining rooms, and the formu-

- lation of a mathematical expression which predicts the required

number of examining rooms as a function of the‘measures of effective-
ness of the clinic,

With minor modification, the methodology preseﬁted herein
can be used to predict the required number of examining rooms in
most outpatient clinies. The methodology is especially suited forlm
long-range facilities planning.problems, but portions of it may be
used for short-range planning. The general approach of this study
can be used to predict the required values of other components

(e.g., the number of physicians, the number of medical students,

. and the appointment schedule) of an outpatient clinic.



CHAPTER I
INTROBUCTION

Health and medical care have received increased attention in
the United States in recent years. Although the quality of medical
care has been émphasized through the ages, only recently has the

delivery of health services been a topic of concern to health

professionals. Evidence of the increased national attention to

health matters may be shown by the fact that the ratio of health

-expenditures to the Gross National Product (GNP) rose from 3.6 per

cent in 1929 to 5.9 per cent in 1963.l It has been estimated that

"~ the total expenditure for health in 1965 was $38.4 billion and the

dollar expenditure for health increased 44 per cent from 1961 to

1965.2 These costs may not appear alarming to the casual reader,

: “but to the health economist they indicate tha; the health expenditure

" may soon reach 10 per cent of the GNP. _

Hospital care accounts for most of the expenditure for health,

Even when fees for medical services rendered in hospitals were not 7

~ - included in the data, hospital expenditures in 1964 constituted 40

1
Klarman, Herbert E., The Economics of Health, Columb1a University
Press, New York 1965, p. 9.

2Somers, Herman M. and Anne R, Somers, "A Program for Researéﬂ in
Health Economics," Public Health Serv1ce Publ:cat1on No. 947-7,
January 1967 R 11. ‘




per cent of the total health expenditure. From 1946 to 1964 hospital
expenses rose from $1.96 billion to $12.03 billion an increase of
513 per cent.® During this same period, hospital charges (excluding
fees for medical services ) increased 234 per cent while the cost of“. 
living index increased only 59 per cent. The number of employees
in hospitals also increased rapidly from 1950 to 1964, The average

number of personnel per patient increased frbm 1.8 to 2.4, respectively;4'

Traditionally the major source of hospital capital funds was

philanthropy. However, since ﬁew Federal laws have been enacted, the
Federal Government has increased its hospital expenditures and now

has become the major source of hospital capital funds, The Ilill=

Burton hospital construction program, the Health Professions Education
Assistance Act, and the NIH research facilities program have largely
" been responsible for the Federal expenditures for health facilities
construction, In 1965 the Federal Government financed 35 per cent |
of all health facilities construction eXpenditures.5 |

Realizing that duplication and fragmentation of hospital

facilities in a region could result from the large amount of Federal

. money being supplied, two Public llealth Acts have been enacted

' Tecently to insure effective planning of hospital facilities, The

first of these, "Comprehensive Health Planning and Public Health

| 3Smalley, Harold E. and John R, Freeman, Hospital Industrial.
Engineerin , Reinhold Publishing Corporation, New York, 1966, p.2.

4 Somers, op. c¢it., p. 14,
SIbid., p. 12 R



_ Services Amendments of 1966," Public Law 89:749,% provided $7.5
million for the period from.Jnly 1, 1966 to June 30, 1968 to
establish a "Comprehensive lHealth Plaﬁning Agency " in eéch state.
In addition, the Act allocates $12.5 million for comprehensive

l'regional, metropolitan area, or local area health planning and $4
million for training studies, and demonstrations of effective

" comprehensive heélth planning. The second act, Public Law 90-174,7

"Partnership for Health Amendments of 1967;" provided capital funds

for replacement, modernization, and expansion of health care facilities. -

 '_ Also, the Act extended Public Law 89-749 until 1970 and provided more

- funds for its enactment.
Federal grants for hospital construction have largely been

responsible for the 17 per cent growth in the number of hospitals

'from the 1946 level of 6,125 to the 1967 level of 7,160. Construction

| costs, in terms of 1957-1959 dollars, have risen from $315 million

in 1946 to $1.63 billion in 1965.8 Although most of this increase

can be attributed to the increased rate of new hospital construction

~ and more expensive fixed medical equipment, some of this cost has been

a result of‘duplicatioﬁ in hospital facilities and inefficient use

of hospital space.9

6"Comprehenswe Health Planning and Public Health Services Amendments
of 1966," Public Law 89-749, 89th Congress, .3008, November 3, 1966,
11 pp.

7"Partnership for Health Amendments of 1967," Public Law 90-174,
90th Congress, H.R. 6418, December 5, 1967, 10 pp.

8Hea1th Education, and Welfare Trends, U S. Government Printing Office,
1965 edition, p. 35.

9Somers, op. cit., p. 18,
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One of the areas of most recent interest in hospital planning

is the relationship between hospital construction costs and annual

operating expenses. Since the average ratio of capital construction -

costs to annual operating expenses is approximately 2 to 1, the

| tendency in the past to reduce hospital construction costs may very

well have resulted in high operating expenses and, consequently, high. 
long-range costs. Although very few projects have been initiated

to determine the relationship between capital costs and operating
costs, ; very exhaustive study10 on this subject is currently 5cing

undertaken by the Federal Health Programs Service of the U.S. Public

llealth Service., In this project systems and industrial engineering

techniques are being utilized to plan efficient operating methods

prior to recommending the modernization of existing facilities or -
the provision of new space for each of the 10 USPHS Hospitals.

In most architectural and hospital journals, hospital
construction costs have been compared over time and among institutions

on a '"per bed basis.” This measure of cost is becoming less and less

meaningful because of the increasing proportion of hospital space

devoted tc non-bed purposés (for example, outpatient services,

"education, and research), In most of thé‘fecently constructed’

teaching hospitals, inpatient space occupies less than one-third of

the total space,

"Systems and Industrial Engineering Studies and Services in the
Planning and Programming of PHS General Hospital Facilities,"
Contract NOQ. PH 110-68-39, Edgar N. Duncan, Project Director,
Associate Director, Federal llealth Programs Service, Health Services
and Mental Health Administration, U.S. Public Health Service, 79 pp.




In the past Hospital outpatient services were provided to
people who could not afford the services of a physician.lir As the.
population began to increase more rapidly than the supply of physiciaﬁs,
the outpatient departments of hospitals presented an alternative to |
obtaining ﬁedical care from general préctitioners. In 1920 the
Rockefeller Foundation pfomoted the concept of proprietéry outpatient
¢linics by awarding the Har?ard Medical School a §$.6 million grant |
to establish a proprietary outpatient clinic which would charge patients
- for services rendered.l? Since the majority of the patients seen in

" the Harvard outpatieht clinics were indigent, the clinic could not
produce sufficient revenue, and tﬁe charges for clinic services were
eliminated shortly thereafter. The proprietary clinic concept was
abandoned until 1933 when the Blue Cross Association developed the
'concept of prepaid health insurance. The prepaid health insurance
concept was readily accepted by the population, and the demand for
hospital services increased rapidly, From 1955 to 1967 the number

‘of outpatient visits in hospitals rose from 73,5 million to 148,2

“million, respectlvely.13 This growth of 102 per cent was substantlally .

greater than the 39 per cent increase in inpatient admissions for the -

same period. These figures substantiate the contention that providing

1"Reminiscences and Prospectives in Amhulatory Services,' an article
in "The Expanding Role of Ambulatory Services in liospitals and llealth
Departments,' The New York Academy of Medicine, January 1965, Vel, 41,
No. 1, p. 135,

121pid., p. 134.

_ISSoﬁrces' "Guide IsSUe," Hospitals, Augustfl 1955, Vol. 29, No, 15, -
Part 2; "Guide Issue," Hospitals, August 1, 1968 Vol 42, No, 15,
Part 2,




outpatient services is becoming an increasingly important function

of hospitals.

Objeétives

The specific objective of this investigation is to develop a
methodology for predicting the number of outpatient examining rooms
needed in an outpatienf clinic, The overall purpose of this'study
~is to provide a quantitative basis for determining long-range space
requirements for an outpatient clinic. The general methodology
presehted herein consists of the development of a computer simulation
model of the clinic, a sensitivity analysis of the model to changes
~ in component values, the development of regression equations which
predict outpatient clinic performance as a function of the number of
lexamining rooms, and the formulation of a mathematical expreésion
- which predicts the required numbef of examining rooms as a function :

- of the measures of effectiveness of the clinic.

Nature of the Problem

The health facilities planning problem is one of the most
complex problems facing planners, The task of the planner is to

provide adequate and attractive space for the operation of hospital

functions. Since hospital construction is expensive and time consuming,

newly constructed hospital space is expected to provide adequafe
accommodations for several years in the futuré. Thérefore, it is
necessary for the planner to identify future hospital functions and
‘to predict their space requirements, *To'make these long-range |

predictions hospital planners must operate under conditions of



assumed cer_tainty, risk; or unc.e.rtainty. Most predictions must be
made under conditions of uncertainty due to the difficulties and
inaccuracies in anticipating changes in demand for and the methods
of delivery of hospital services,

- A diagram depicting the long-range health facilities planning
process is showﬁ in Figurg'l;, The focus of attention in this thesis
is on the first two steps (tﬁe functional program and the architectural
program) which appear on the leftiportioﬁ of Figure 1. The functional
program has only recently been elevafed to a major and comprehensive phase 
of the planning process, TheTfuncéionallprogfah déﬁcribes the |
objectives and the research, teaching and sgrvice'functions of the
hospital, This program concludes with a preliminary list of needed
types of space for cach major department. For example, 40 examining
rooms and 20 residents' offices might be included as types of space
Tequired in an outpatient department, The architectural program
describes site preparation reéquirements, proposed hospi;al_budget,
.construction cost estimates, and the space requirements for each
~ functional area of the hospital,

Traditionally, space requirements for hospifals have often

been detérmined.by multiplying ratiés of square feet per bed by the

planned number of beds., This method of determining spacé requirements

is still used by maﬁy hospital planners, especially in those

departments where a functional program is difficult to develop.

Although this "multiplicative'" method of determining space reQuirements
is simple to apply and requires little planning time, the ratios may'

have no direct relationship to individual hospital operations, The
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Figure 1, Health Facilities Planning Process



use of these ratios tends to standarize départmental space requirements
among hospitals and the ratios are not sensitive to variations in such |
factors as demand, methods of processing demand, or numbers of
personnel, fn addition, these ratios have limited predictive merit
since they are usually based upon the average square feet allocated
to the various departments of a number of existing hospitals.

The specific objective of this thesis is to develop a
methodology for predicting the number of examining rooms needed in
an outpatient clinic. In long-range planning, the prediction of
examining room requirements has not previously been considered as a
systems problem. Expert judgment and historic ratios (for example, -
physicians-per examining room, examining rooms per bed) have often
been.used. In this thesis the prediction of examining room require-
ments was conceptualized as a systems problem, Examining rooms were

viewed as one of the resources consumed by pa;ients as they travelled
through an outpatient clinic "system." it séémed reasonanle that 4a
high number of examining TOOmS wouid.Be advantagenns (for example,

low patient waiting time and short clinic duration); while a low number
of examining rooms would also be advantageous (for example, low

construction costs and high room utilization). In this framework the

methodology is intended to predict the number of examining rooms which

would result in optimal outpatient clinic performance,

Scope and Limitations

The present study was concerned with only a portion of the
functional and architectural programs for an outpatient clinic, Other

components of the functional and architectural programs {for example, .
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the number of offices for residents, interns and nurses, restrooms,

and conference rooms) werc not investigated. Also, no attempt was

made to calculate the space requirement for examining rooms.

A specific outpatient clinic, the Orthopedic Clinic at Eugene

Talmadge Memorial Hospital (ETMil} in Augusta, Georgia, was chosen to

illustrate the methodology presented herein., The operation of the

ETMH Orthopedic Clinic is representative of other outpatient clinics

at ETMH, as well as other teaching hospitals, Therefore, by incorpora-

ting the appropriate source 43?35 the methodology can be applied to

the planning of most types of outpatient clinics for teaching hospitals,
Since most voluntary hospitals do not utilize medical students

in the examination of outpatients,_the computer simulation programs

developed in thi$ study would have to‘be modified to describe the

flow of patients through the voluntafy hospital ocutpatient clinics.

In general, the methodology described in this study should be helpful

" in the planning of space requirements for any hospital department., It

~

should be most beneficial to those departments which process large

workloads and expect future changes in the departmental planning

variables.

In Chépter IT a literature survey of hospital and outpatient '

clinic planning is presented. Concepts of the systems approach and

- simulation which led to the development of the methodology are

described in Chapter III."Chapter IV includes a description of a
graphical model of an outpatient clini¢, the development of a computer
simulation program of the model, and a sensitivity analysis of the

model to changes in values of system components. In Chapter V
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simulation is utilized to provide data for developing regression
equations. and an expression which predicts the number of examining

rooms needed in an outpatient clinic.



12

CHAPTER Il
LITERATURE SURVEY

ﬁntil the close of World War II little interest developed
in hospital planning. Prior to that time, the planning and design

1 Since

of a hospital was a relatively ﬁnorganized undertaking.
communication among hospitals was limited in the post war era, news
of a bad hospital design seldom was transmitted; and if it was, the
complaints were likely regarded as operational prohlems. Apparently,
no methodologies for the planning process or guides for determining
space requirements in hospitals were published.

Interest in better delivery of health care probably developed
as a result of the medical care rendered by the Armed Forces Medical
Corps in World War II, When military veterans sought medical care
in the civilian health care system, they were disturbed by the
inaccessability of good medical care and:demanded government intervention,
As a result of the demand for better health servicés, the National
HOSpitai Program of the U. S. Phbiic Héalth Service was established
in 1946. One component of the Nationai Hospital Program, the
Division of Hospital Facilitiés, was responsible for‘instituting

improvements in hospital design. The Division financed studies in.

1Cunningham, Robert M., Jr., "Design and Construction of General
Hospitals,'" The Modern Hospital, March 1947, p. 3.
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hospital planning, and results of the sﬁudies appeared in the literature:
in 1946 and 1947.2 In these studies hospital planning criteria were
developed to assist hospital planners inidetermining space require-
ments for hospitals. Also,-q_spgéific squarejfeet per bed value was
recommended for each hospitalrdépartment. ‘These values were based

upon expert judgment, and no attempt was made to quantitatively relate

demand (or workload) to space reqﬁirements. It should be noted that

these values tended to standardize the square feet per department

among hospitals with the same number of beds. For example, two

hospitals with the same number of beds and a difference of 50,000

annual laboratory tests would be allocated the same number of square

feet in the laboratory. The constant square feet per bed figure also

did not reflect the relationship between the method of processing

demand and space requirements in each department. For example, if a

hospital has a laboratory with automated equipment, it will probably

have different space requirements from a-hospital without automated

equipment. However, since the workload and the method of processing

demand in each department among institutions was probably similar in

many hospitals in 1946, the. square feet per bed value probably was a-

good approximation to actual space requirements. These studies were

especially helpful to architects who were inexperienced in hospital

‘planning and design, and the overall effect was an improvement of the

‘planning process and hospitaf design.

With the advent of digital computers and systems analysis

2vThe Functional Basis of Hospital Planning," The Modern Hospital,
March 1947, p. 6. : '
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techniques in the 1950'5, further interest developed in researching

the complex problems involved in hospital planning. In 1959 a study
was initiated by Souder3 which attempted to apply the "systems approach" |
to hospital planning. The objectives of the study were the deve;op-
ment of a methodology for planning hospital facilities and the dgvelop-
ment of-criteria for locating hospital departments relative to each
other, Souder collected data on traffic patterns of hospital personnel
and material in two general hospitals. He also developed a computer
program which enabled an architect to sketch hospital floor plans by
using a light pen and a cathodeunay tube., Alternative hospitai designs
. were evaluated by calculating travel time for alternative methods of
-processing demand in hospital departments, Based upon data collected
from the two hospitsls, he made some g.eneralizations about hospital
interdepartmental traffic, Until Souder reported his findings, little
work had appeared in the literature concerning interdepartmental
traffic in terms of planning variables such as demand and methods of
"processing demand.

In 1963 Souder? reported an extension of his earlier work on
interdepartmental traffic. Detailed information was gathered on the
size of departments from three general hospitals in‘an attempt to
 develop criteria for determining departmental space requirements in

hospitals, This study included a list of hospital departments and a

3Souder, James J., et al., Planning for Hospitals: A Systems
Approach Using Computer-Aided Techniques, American Hospital Association,
Chicago, 1964, 167 pp.

4Souder, James J., "Estimating Space:Needs and Costs in General
llospital Construction,™ American Hospital Association, Chicago,
1963, 32 pp. ' ' ‘
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~ recommended square feet per béd value for each department. Since
Souder's results weré diréctly felated to the_éxisting three study.
hospitals, use of the criteria for predicting space requirements
should be questioned. Once again, no attempt was made to relate
demand or the method of processing demand to space requirements,
Nevertheless, SOudgr's work was the first major revision of the
criteria publishéd by the Division of Hospital Facilities in 1946,

One of the most comprehensive documents concerning the hos-
pital planning process was wfitten by Wheeler® in 1964, VWheeler
identified the major steps in the planning process and described the
programming and design phdﬁes'of hospital facilities planning. Plan-
 ning criteria and mefhodologies were developedvfor each‘major hospital
department. He s;ated that the funttionaliprogram for the outpatient
.department involves estimating the future demand of clinics and pre-
paring a weekly schedﬁle for all clinics. Wheeler recommended that
- the utilizatioﬁ of examining rooms, the use of consulting-examining
rooms, and the increasing growth of outpatient clinics be considered :
when determining the number of outpatient examining rooms to be built,
For most departments Nheeler.related workload and demand to space
requirements. This book was one qf the‘first to document a methodglogy
of the complete planning process,

A report® published in 1964 by the U. S. Public Health Service

5Whee1er, E. Todd, Hospital Design and Funétion, McGraw-Hill Book Co..'
New York, 1964, 296 pp. ' , .

6"Medical Education Facilities: Planning Considerations and
Architectural Guide," U, S, Public Health Service Publication
No. 1180-A-16, 1964, pp. 113-122.
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listed recommended space requiréments'for medical education facilities.-
Spacc requirements for hogpitéi dépaftmcnts werc developed for hypo-
thetical 500 and 700 bed tcachiﬁg hoSpitals. The recommended space
Tequirements were the result of a‘survéy of several medical schools,
Although the report acknowledged the ékistence_of relationships among
space requirements, demand, and method of processing demand, the
recommendations were assessments of historical data and experience,
- not quantitative calculations,
A manual’ of the hospital planning process was published in
- 1966 by the American llospital Association. This document described
the functions of each member of the hospital planning committee.
Checklists of recommended types of space were developed for each hos-
'pital department, but formulas for determining space requirements
were not proposed. In general, this manual 1ack5-p1anning ¢riteria
and quantitative methodologies for determining space requirements;
One of the most exhaustive studigs concerning outpatient
rdepartment planning appeared in the literature in 1967.8 Relation-
~ships among space requirements, demand, and method of processing
demand were identified. For example, it was stated that if separate
dressing rooms were provided, tﬁe required number of examining rooms
would be reduced.9 Also, the number of examining rooms needed for an

outpatient department was calculated by estimating the expected number

7"Manual of Hospital Planning Procedures," American Hospital
Association, Chicago, 1966, 72 pp.

S"HOSpitai Planning Note 6: Organization and Design of Outpatient
Departments,'" Her Majesty's Stationery Office, Edinburg, 1967, 85 pp.

9bid., p. 3
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of new and return patients in each clinic, the average patient examining

time per clinic specialty, doctor waiting time, the effect of trends

in population on the outpatient department, and the number of hours

the outpatient department would operate each day. Although the authors

stated that gross estimates of the planning factors would suffice, no

attempt was made to explain the possible effects of the gross estimates

on the operation of the future -outpatient department, This study

identified the effect of time on the estimates when it was stated, MAs

the services given to paticnts and organization of these services
develop with time, the number of pétiénts making a rcasonable load
may change."lo

In a health facilities planning study!l completed in 1968 at
the University of Iowa, 'systems analysis' was used to determine space
requirements in a proposed outpatient clinic, Workloads, utilization
rates, clinic schedules, and patient flow were used to ascertain space
requirements. This study described a unique aftempt to involve people
representing many professions in hospital planning. A few planning
factors were ideﬁtified in the study, but the relative impoftance of
each planning factor was not determined,

Perhaps the curfent state of the art of hospital planning can
best be described by a paper presented in January 1968 by ﬁerman

Smith,1? Although Smith identified the need for a more scientific

10Ibid,, p. 20.

11Clasen, Glen E., et al., "Perspective for Planning the University
of Iowa Hospitals and Cliniecs," 1968, 424 pp.

1ZSmith, Herman, "Theory of Hospital Functional Planning,” Proceedings :
of the llospital Trustees and Administrators Institute on llospital

Planning, Atlanta, 1968, pp. 79-114,
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approach to planning, his proposed methodology of "functional plan-
ning" is not described. The examples cited by Smith in explaining

"functional planning" appear to be based primarily upon expefience

- and Subjective factors. For example, Smith makes the following two

~ statements:

1. For the new 300 bed hospital where outpatient service will

have to be developed on an educational basis, 10 square
feet per bed for a combined emergency and outpatient depart-
ment or 3,000 square feet should be sufficient.l3 '

2. If no sundries are to be sold in the pharmacy, three square
feet per bed or 900 square feet should be provided for
the pharmacy.

Studies regarding short-run planning for outpatient depart-
ments have appeared in the literature in Tecent years. Many of the

15, 16, 17

studies were primarily concerned. with reducing patient

waiting time. Although empirical evidence from existing ocutpatient
departments was used in these studies, a quantitative basis for the
suggested improvements was not presented.

An interesting apprbach to reducing patient waiting time was

presented by Dreibelbis!8d in 1968. A private medical pfactice was

131bid., p. 93.

41414, , p. 97.

15llinds, Richard J,, "Appointment Survey Pinpoints Causes of Clinic 5
Delays, ‘* Hospital Topics, Vol. 40, December 1962, pp. 42-45

16Durbin, Richard L., "Developing an CQutpatient Department,"
Hospital Topics, Vol. 4, November 1965, pp. 67-70.

7Frakes, Roy A., "Study of Outpatient Department Results In More

Efficient Room Usage," Hosgltals, Vol. 40, No. 22, Nov. 16, 1966,
PP. 79-81.

18Drelbelbls, Robert E., "How Long Do You Keep Patlents Waiting?",
Medical Economics, June 24, 1968, pp. 61-66.
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" described in which the average patient waitifg time was five minutes,

He credited this short waiting time to well-trained personnel and a
well-designed appointment system. Apparently the design for patient
flow was based upon experimentaﬁion_and the experience of the author.
Although the rélatively low avefage patient waiting ;ime is a cred-.
itable result, the advisability of his particuiﬁr-method of processing

patients (examining one patient before-completiﬁg another examination)

- has been questionéd by many physicians, and in one case19 it was

specifically not recommended. Dreibelbis was apparently the first

physician to assign appointments to patients based on their specific

expected examination time,

A comprehensive guide to the analysis of outpatient department

operations was-publiShed by the United Hospital Fun in 1967,

This report describes components of outpétient departments and iden-
tifies'significant'problem areas. The authors stressed the importance
of a well-designed appointment system. Also, they reéommended that
long-range values of éomponents be considered when planning for short; _
run improvements,

Many of the recent attempts to iﬁprove the operation of out-
patient clinies have involved the application of operations research

techniques. One of the earliest of these studies was reported by

19"Hospital Planning Note 6," Op. Cit., p. 45.

20ngystems Analysis and Design of Outpatient Department Appointment
and Information Systems,” Un1ted Hosp1ta1 Fund of New York, New York,

1967, 95 PP."
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Gabrielson®' in 1959, This study involved a thorough analysis of the

operation of an outpatient department at the Johns llopkins liospital,

After a proposed system of operation was developed, detailed descrip-
tions of the existing -and proposed systems were completed, Manual
Monte Carlo simulations of edch system werc conducted to determine if

the proposed system would result in improved outpatient clinic per-

formance., A mathematical model was developed which indicated that

parallel patient flow would result in lower average patient waiting

than serial patient flow if patients arrived in random fashion, %2

This study made no attempt to relate short-run operational improve-

ments to long-range facilities planning, lowever, the study illustrates

the advantages of using simulation in system analysis,

Goldman and Bassin23

completed a study in 1963 which described
information flow, patient flow, and resource requirements in an out-
patient department. A simplified model of the outpatient department
’was developed, and a manual_simulatioﬁ of the model was performed to
determine staffing reqﬁifements. This model of thé clinic was de-
.veloped in an attempt to schedule the use of~examining rooms for spe-

~ cific medical departments.

In 1964 three brief studies of appointment systems were re-

ported in Operational Research Quarterly. In the first of these,

2lgabrielson, Ira W,, et al,, "Analysis of Congéstion in an Outpatient -
Clinic," The Johns liopkins Hospital, Baltimore, Md,, 1959, 48 pp.

221pid., p. 45.

23Goldman, Jay and Phillip Bassin, "Outpatient Depaftment Study,"
The Jewish llospital of St. Louis, St. Louis, Augudt;1963, 24 pp.
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Jackson24

attempted to desigj an improve& patient appointment system
with reduced patient waiting time, For one month he collected examina-
tion times of a physician in private medical practice., A graphical

model of the medical practice was developed, The effect of alterna;

tive appointment schedules on patient waiting times was then predicted

by computer simulation., Jackson stated that the actual clinic opera=-

- tion could be approximated by a negative exponential service time

distribution and interarrival distribution. Based upon the results
of the computer simulation, the author concluded "... if the ratio
between average consulting time and the patient interarrival time is
. between .85 and .95, neither the patie-nt nor the physician will
~ experience long Qaiting times,"25 Jackson should be credited with
relating a theoretical model to an.éctual clinic operation and.documen-
ting the use of computer simulation in the design of an appointment
 system,

In the second study, WelcﬁZG analyzed data preViously'coliected
in a 1952 study conducted By the Department of Health in Scotland.
. He showed that very few patients arrived late for appointments, but

physicians were late for appointments most of the time. An analysis

of the data also suggested thét physician lateness accounted for only

24jackson, R, P., "Design of an Appointment System," Operational
Research Quarteg_y, Sept. 1964, Vol, 15, pp. 219-224,

251bid., p. 222.

26welch J. D., "Appointment Systems in Hospital Outpatient Depart- .
ments,' Operational Research Quarterly, Sept. 1964, Vol. 15, '
pp. 224-232,
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20 per cent of the patient waiting time. The remaining portion of
patient waiting time was found to be caused by the difference in
arrival rate and service rate. Welch made several recommendations

to improve the operation of outpatient departments, but he did not

recommend criteria for determining space requirements. lle made one

of the first attempts to quantify the effects of patient appointment
interval, patient punctuality, and physician punctuality on the per- |
formance of an outpatient department, Welch was also one of the first'i : |
to document the relationship between an appointment system and space
requifemcnts when he stated that the size of the waiting room could

4

be reduced with a pood appointment system.

In the third study, Fry27 described the implementétion of an

appointment system for a physician in general practice, The study

focused on operational details of a private medical practice. lowever,

~ the author emphasized the importance of a good appointment system in

reducing patient waiting time, and he was one of the first to suggest
using scheduled gaps in an appointment system to allow for walk-in
patients.

Fetter and ThompsonZ8 published the results of a research

projéct concerning the outpatient department in 1966. The authors

identified seven components which have an effect on the performance

27¢ry, John, “Appointments in General- Practice" Operational Research
Quarterly, Sept. 1964, Vol. 15, pp. 233-237.

28Fetter, Robert B. and John D, Thompson, "Patients' Waiting Time
and Doctors' Idle Time in the Outpatient Setting,' Health Services
Research, Vol, 1, No. 1, Summer 1966, pp. 66-90,
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of an outpatient clinic, A cbmputer program for simulating an out-
patient clinic was developed so that the effect of man} of the variables
could be tested. The program geﬁerated a schedule of appointments in
which the load factor (the per cent of scheduled appoinfhents filled
by appointive patients), appointment interval, and office hours had

been predetermined. Four experiments were conducted using the com-

puter program, and the results of the experiments were analyzed. In

the first experiment it was found that patient waiting time increased

and physician waiting time decreased when the patient load factor
was increased, The purpose of the second experiment was to determine
the effect of patient punctuality on patient waiting time, Patient

waiting time was significantly reduced when the patients were assumed

to arrive on time, The effect of physician arrival time on patient

waiting time and physician waiting time was investigated in the third

experiment., Patient waiting time was found to be more sensitive to

. physician arrival time than was physician waiting time. In the fourth

experiment the effects of appointment interval, physician punctuality

and load factor on physician productivity were investigated in a series
of simulations. The Fetter and Thompson stﬁdy was very comprehensive
and illustrated the use of computerrsimulation in determining the
effects of many facfors on the operation of an outpatient clinie.
Howgver, no attempt was made to use computer simulation for long-range
facilities planning. | |
29

A study repbrteduby3Williams in 1967 was similar in scope to

29Williams, William J,, et al., "Simulation Modeling of a Teaching

Hospital Outpatient Clinic," Hospitals, Vol, 41, No. 21, Nov. 1,1967,
rP. 71-75, 128, _ _
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the Fetter and Thompson study. The Williams' study focused on both

short-run and long-range objectives., A flow diagram of outpatient
flow was constructed, and a manual simulation of the outpatient depart-
ment was performed by using physician examining'times and flow diagram..
The simulation was verified by comparing the simulated results with
data on the existing system, The authors used the simulation to design -
an improved appointment system and to predict personnel requirements. = ‘
This study appears to be the first in which simulation was used both |
for short-run and long-range planning.
Lane and Freeman30, in an unpublished papef, reported the use
of computer simulation in the planning of a private medical practice
in 1967. The objective of this investigation was to assist two
physicians in determining their éxamining room requirements for a pro-
posed building. A special purpose simulation language, GPSS III, was
used to develop a computer simulation program of the clinic. The
authors simulated 20 days of medical practice and 5 varying numbers
of rooms for each day to provide quantitative information for determin-
- ing the desired number of examining rooms.‘ The criteria for choosing
a specific number of examining rooms included the expected completion
time for physicians (clinic duration), the average patient waiting
time, and the percentage of time the rooms were occupied. The results

of the computer simulations were presented in tabular form so that

the physicians could easily view the results of alternative numbers

30Lane, Walter W, and John R. Freeman, (Unpubllshed Paper), Unlverszty
of Florlda June 1967 12 pp. .
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of examining rooms.

The results of the literature survey show a general lack of a
quantitative basis for predicting space requirements in long-range
facilities planniﬁg, and, specifically, in outpatient department plan-
"ning. Although a few authors have discussed changing trends in the
health fiéld, no attempt to incorporate significant long-range plan-

- ning factors into a quantitative facilities planning methodology has
been reported. The study described in the following chapters attempts
to provide quantitative information regarding the effects of selected
long-range planning factors on outpatient department planning. The
results of this investigation should add a valuable dimension to the

process of planning a hospital outpatient department,
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CHAPTER III
DEVELOPMENT OF THE METHODOLOGY

The ohjective of this investigation was to develop a methodology
for predicting the number of outpatient examining r00m§ needed in an
outpatient clinic. The prediction of examining room rquirements was
considered to be a long-range planning problem. Usually long-range
planning is concerned with the way system components may interact with
each other and with their enviromment to shape the future, rather than
with just predictions based on statistical analyses of past data,

While the number of examining rooms is the ultimate prediction sought,

the nature of the long-range facilities planning problem seems to

require that the planning methodology include an investigation of the.

interacting effects of .changes in other systems components as well.

Thus, the methodology presented herein focuses on predicting the effects

of changes in component values on outpatient.clinic performance instead

of emphasizing statistical analyses of past data, Examining rooms

were viewed as one of the resources consumed by patients as they

travelled through an outpatient clinic "system". Using the systems

framework of the problem, it seemed reasonable that the required

number of examining rooms could be determined by evaluating the effects

-of different numbers of examining rooms on the outpatient clinic

performance.

In this chapter the concepts which influenced the development

of the methodology will be presented as the general methodology is
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described, A detailed explanatioﬁ of the methodology is contained in

Chapters IV and V. The methodology used in this study was intended

to reflect the systems approach, using computer simulation and regres-

sion analysis as the primary techniques.

Systems Approach

The term "syotem" is used in many contexts. Webster's has de-
fined the term "system'" as a "combination of parts in a whole or an - |
orderly arrangement according to some common law,"l With thio defini-
tion of '"system", it is easily\oﬁderstandoble why the term is used so
frequently. Philosophically, the term "system'' can be used to describe
anything since each object or collection of objeotS'are part of the
(whole) universe. When the te?m "SyStem" is used to describe any use-
ful endeavor, it usually means "a relatively lafge ﬁumber of components
related in a relatively complex manner for the accomplishment of some
function or objective."2 Thus, a radio, a chemical process, and a
department store may all be considered systems,

The 'systems approach" is.a concept thch has been utilized to
design, implement, or improve systems. Ha113 has defined the "systems

approach' as encompassing the following steps:

lycbster's New School and Office Dictionary, The World Publishing Co.,
New York, 1962, p. 895.

2 .
Mathews, James B., '"Systems Planning For Hospitals: An Objective
Approach,”" Unpublished Paper, presented to Tri-State Hospital Council,
Chicago, Illinois, April 1968, p. 2.

3Hall, Arthur D., A Methodology For Systems Engineering, D. Van Nostrand
Co., Inc., Princeton, New Jersey, 1962, p. 90. :
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. Defining the problem.

Selecting the objectives,
Synthesizing systems,

Analyzing the systems,

. Selecting the best alternative,
. Planning for action. :

[ R R
L]

In the present study, particular attention has been devoFed to step
3--synthesizing systems, In this step, it is necessary to identify

a manageable number of significant components. Then a model of the
system, either graphical or mathematical, is constructed to¢ relate
these components in a logical manner, It should be‘noted that
judgement and experiénéé are commoniy used to identify the significant-
components which are included in the model. Aiso, since significant

components of a system can be evaluated only in terms of the eventual

use of a model or the objectives .of the endeavor, it is necessary to

consider the objectives when constructing a model of the system.
The first two steps of the methodology presented herein were

derived directly from step 3 of the systems approach., The other stéps

in the methodology were based upon steps 4 and 5 of the systems approach--

analy11ng the systems, and selecting the best alternative. In the

following section the general methodology will be described,.

Methodologx

The general methodology used in the present study evolved from
.the systens approach.' First, a graphical model of a future outpatient
clinic was developed. Second, system components éf the model were
identified. Third, a sensitivity analysis which employed computer
simulation was utilized to provide information for predicting single

values of the components. Fourth, the outpatient clinic performance
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was simulated for alternative numbers of examining rooms. Fifth,
regression analysis was utilized to develop a nathématical expression .
which predicts the required number of examining rooms as a function
of the measures of effectiveness of thé clinic,

Due to the long-range plannlng focus of this study, it was
especially difficult to choose single values of the components--step
3 of the general methodology.‘ It Was'real1zed that many of the values
of components would be established in the future Bf policies and de-
cisions of appropriate hospital personnel, for example, the number of
physicians, the number of students, the number of outpatients, the
appointment schedule, and the number of examining rooms. Other com--
ponent characteristics,termed component values interchangeably in this
thesis, such as the patient arrival distribution, the physician
examining time distribution, and the student examining time diktribu-_
tien, would probably depend upon environmental factorsdand not upon

overt decisions of hospital personnel., Whether or not the component
values could be controlled in the future by honpital personnel, it was
virtually impossible to identify each future event which would influence
the values of components, and to predict the nature of its effect at |
the initial state. Moreover, even if a detailed functional program
'were developed for some planning horizon by statistical analyses of
past data, no guarantee existed that the program would be implemented

as plannéd. For example, if it were predic¢ted that four physicians

would examine patients in an outpatient clinic, the actual number of

physicians mignt deviate from the predicted number because of difficulties

in receiving budget approval.
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Due to the aforementioned probiems involved in predicting single
values of components, a sensitivity analysis approach was employed
in this study. This approach emphasizes-analyses of the effects of
a range of future compoﬁents values on outpatient clinic performance,
By analyzing the sensitivity of clinic performance to variations in
~ the values of components, the planner can better determine how to al-
locate his time and resources in aftempting to predict, improve, or
choose the future component values., He can_also obtain a better under;
standing of the effects of uncertainty on his estimates and can assess
the degree of precision and accuracy required. For example, as applied
ih this study, the planner's time could be devoted to predicting.single
values of the components which exhibited the larger.effects. If the
measures of effectiveness of outpatient clinic performance increase
or decrease monotonically'over the range of values for each component,
thé maximum overall change in response is equal to the difference be-
tween the response values at the endpoints of the range. Since the
four measures of effectiveness (clinic duration, examining room utili-
zation, average patient waiting time, and average physician waiting
time) used in the present study were assumed to be monotonic fun;tions
of each of the components, "boundary values" (the‘endpoints of the
range) were used in place of the complete range for each component.
For example, since a demand ranging from 20 to 50 patients was expected
for each future cliﬁic session, two levels, 20 and 50 patients, were
used as boundary values. |
Methodologies of two previous studies were.helpful in develop-

ing an experimental design to compare the effects of the components
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(and boundary values) on the outpatient clinic performance. In 1967,

Colley4 reported a study which, like the present study, focused on

the effects of changes in system components in a long-range planning

problem, Colley investigated the effectiveness of alternative medical - .

support systems in the immediate post-war period. The experimental
design utilized in the study consisted of five factors at two levels
each (boundary values). A computer program was written to simulate

each of the 32 (25) possible outcomes in a complete block factorial

experiment. The effect of each alternative support system was computed

by averaging the siﬁulation results for each of the two levels of a

factor and then subtracting. The resulting differences were then

arranged in descending order to indicate the relative importance of

each support system, An indication of possible two-factor interactions

was calculated by totaling appropriate combinations of high and low
levels and then plotting the results. Two-factor interaction was
identified by inspection of the plotted results, It is interesting

to note that each block in the experimental design was only replicated
once, and no statistical tests were used to ascertain the significance
of the alternative support systems. The authors contended that they
desired to rank the significance of the support systems, and statisti-

cal tests would not provide the desired result,

4Colley, John L., et. al., "A Simulation Model of a Saturated Medical
System," Journal of Industrial Engineering, Proceedings 18, 1967,
pp. 138-155.
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Goldman and Knappenbergers, in a paper presented at the 19th

Annual Institute Conference of AIIE in 1968, investigated alternative

 values of components in a facilities planning problem, In their study

a computer simulation_program was used to evaluafe the effects of
three scheduling policies, two expediting pelicies, and three sizes
of operating room suites on the performehce of an operating room,

The number of dayslwaited by patients for elective surgery, operating
room utilization, and the emount of overtime of surgical staff required
were chosen as the three measures of effectiveness in the study., A

model of an operating room was developed, and a computer program of

the model was written in FORTRAN IV, An 18 block (3 X 3 X 2) complete

factorial experiment with two replications was designed to test the

effects of scheduling policies, expediting policies, and sizes of

-operating room suites, A computer program was developed for each block

in the experiment, and 36 computer simulations were conducted. An
analysis of variance for each of the three meesures of effectiveness
was conducted for the complete factorial experiment,

_ Both of the above studies employed complete block factorial
designs to predict the effect of changes in systems., In the present
methodology, since no a priori information was available regarding--

the higher order interactions, a 640 complete block factorial experie

ment was designed to compare the effects of components on the out-

patient clinic performance. Since measures of effectiveness (clinic

5Goldman, Jay and H, Allan Knappenberger, "Simulation of Operating
Room Scheduling," Journal of Industrial Engineering, Proceedings 19,
1968, (preprint), 12 pp. . .
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duration, examining foom utilization, average patient waiting time,
and average physician waiting time) were chosen to represent outpatient
clinic performance, four separate 640 block experimental designs had |
to be developed. In order to conduct these four experiments, a pro=-
cedure which predicted the responses for each of the combinations of
boﬁndary values was needed, Due to its capability to ;imulate future
systems and process large experimental designs, computer simulation
was chosen,

Through the development of a computer simulation model of a
realistic system, one can gain valuable insight inte the nature of
the variables of a system and their complex interactions. By manipu- .
lating the computer simulation:'model, it is possible to describe the
effects of changes in selected variables on the behavior of the system.
In the methodology presented herein, a computer simulation program
of the outpatient clinic was developed., Then simulation runs.were
conducted for each of the 640 blocks in the factorial experiment. The‘
simulation results were evaluated by analysis of variance (ANOVA) and
an analysis of mean differences in the measures of effectiveness for
the boundary values.

" The purpose of using an ANOVA in the present study was to de-
termine if the components or their interactions, as répresented by
their boundary values, were sfatistically’inflhencing= the outpatient |
‘clinic performance., If a component did not affect the performance,

any value of the component within the range of the boundary values

could be chosen as the predicted single value without consuming addi-

tional planning time., If a component did affect performance, the single
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value would have to be chosen with care.

The purpose of using the analysis of mean differences, the
second method of analysis employed in this study, was to rank the
components which statistically influenced the outpatient clinic per-
formance. The magnitudes of responses in each measure of effective-

" ness fo: each component were combined into an overall ranking of the
relativé importance of the components., This ranking enables planniné :

time to be allocated to predicting single values of the components
in accordance with their relative importance.
After planning time was devoted to predicting single values of

the components, the computer simulation program developed previously

was modified to accept alternate numhers of examining rooms and single

values of the other six systems components. Regression equations for.

each measure of effectiveness were developed from the simulation
results, By assigning weights to each measure of effectiveness and
combining equations,'a-single-expression was developed which prediéts
the outpatient cliniﬁ performance as a function of the number.of examin-
ing rooms. By setting the first derivative of this equation equal to
zero and solving for the number of examining rooms, a mathematical
expression was obtained which predicts the numbef of examining rooms

which will maximize the clinic performance as a function of the

measures of effectiveness of the clinic.

Data Collection

The data used in the experiment were collected at Eugene

Talmadge Memorial Hospital ih Augusta, Georgia. The Eugene Talmadge
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Memorial Hospital (ETMH}, clinical teaching unit of the Medical College
of Georgia (MCG), is a 400 bed referral hospital which provided services
for 9,000 inpatient admissions and 50,000 outpatient visits in 1967,
Gencral inpatient services and extensive outpatient services are of-
fered to residents of the State of Georgia who have been referred to
ETMH by state health agencies or private practitionefs. The data

used in the methodology were collected in studies related to the
Systems Planning Project, a cooperative facilities planning effort of
the Georgia Institute of Technology and the Medical College of Georgia.
The Systems Planning Project (SPP)}, part of the overall systems engi-
neering effort of the Program in fHospital and Medical Systems, was
concerned with developing functional and architectural programs for

a proposed 1000 hed hospital at the MCG. The interest of the author

in health facilities planning and outpatient department planning was’
stimulated by his employment on the SPP,

The Orthopédic outpatient clinic at ETMH was used to illustrate
the methodology of this study. The Division of Orthopedic Surgery,
including the Orthopedic outpatient clinic, is an organizational unit
of the Department of Surgery at the MedicaIVCollege,of Georgia. 1In
1967 the Orthopedic Surgery Division provided se;vices for 3,000 out-
patients. Tﬁé Orthoﬁedic élinic is representative of most of the out-
‘patient cliniés at ETMH.

A detailed explanatién'bf ghé methodology and data collection
is presented in the foliowing two chapters, For ease of presentation,
the methodology haé-been divided into two phases. The first phase of

the methodology is presented in Chapter IV, while the second phase of
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the methodology is presented in Chapter V. The following summary

'3

_of the methodology, which appears in list form, may he used as a

puide to Chapters IV and V,

4.

9.

10,

11.

12.

13.

First Phase of the Mecthodology (Chapter IV)

Develop a graphical model of an outpatient clinic.

Identify system components of the model,

Select several system components and their boundary values for
investigation.
Develop an experimental design to test the sensitivity of the

selected components,

Develop .a computer simulation program for the sensitivity analysis.

Process the simulation program on a computer,

Identify the statistically significant system components,
Analyze the mean differences in the measures of effectiveness

for the boundary values of the system components.

Second Phase of the Methodology  (Chapter V)

Predict single values of the system components.

Modify the original computer‘simulatiop program to accept alter-:'
native numbers of examining rooms.

Process the simulation program on a computer.

Develop regression equations for each of the four measures of

effectiveness,

Construct a single mathematical expression to predict the required

number of examining rooms,
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CHAPTER 1V -

FIRST PHASE OF THE METHODOLOGY

The first phase of the methodology consisted of fhe develop-
ment of a graphical model of an outpatient'clinic, identification of
system components, selection of boundary values of system components,
'development of an experiﬁental design to test the sensitivity of the
components, development of a computer simulation program, and analy-
sis of the sensitivity of the clinic performance to changes in com-

ponent values.

Development of a Graphical Model

A stﬁdy of the outpatient services at ETMH conducted by
Holland! and this author provided the general framework and a graphi-
-cal model of the ETMH outpatient flow. This model is shown in Figure
2. New patients enter the hospital and proceed to the admissions
office, credit office, and the outpatient admitting office. After
having height, weight, and tempefature recorded, the patient receivesa
a physical examination, If further diagnostic tests are réquired,
the patient is either sent directly to the proper area or given a

return appointment. The patient flow through the admissions office,

lnolland, Max G., "The Patient Input System at Eugene Talmadge
Memorial liospital,' (Unpublished Report), Program in Hospital and
Medical Systems, Atlanta, Georgia, February, 1968, 95 pp.
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Figure 2, ETMH Outpatient Flow
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credit office, and outlying areas as described in Figure Z was not
considered in the present study. In additiod) Figure 2 was modified
to describe the existing Orthopedic outpatient flow. Figure 3 illus-

trates the existing Orthopedic outpatient flow used in the present

study. It should be noted that this outpatient flow was typical of

most existing outpatient clinics at ETMH, According to the method-

ology of this study, a model of the future outpatient clinic must be

conceived. For the sake of simplicity, the future outpatient flow

was assumed to be identical to the existing outpatient flow, There-

fore, Figure 3 also depicts the future Orthopedic outpatient flow,

Identification of System Components

Once a graphical model] was constructed, the next step of the
methodology was to identify sysfem components, The identification of
system components‘is needed prior to the manipulation of anf model.

A "system component"”, in the terminology of this study, is a.factor
which affeéts the output variables of a model of a system. One feature
of this study was the attempt to identify a comprehensive list of
system components, The following system components of the drthopedic
outpatieht clinic model were identified:

1. Outpatient clinic demand ktotéllnumber'éf patients),

2. Patiént appointment schedule,

.‘ 3. Patient arrival distribution
4, ~ Number of admitting clefks.“
5. Service time distribution of admitting clerks.

6. Capacity (number of patients) of the workup room.

7. Number of nurses.
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8. Servicg time distribution of nurses,
' 9, Numbher of é;amining TOOons,
'10; Number of medical students.
11.  Service time distriﬁutioﬁ'of students.
12, Number of physicians,
13, Physician arrival timé.
14, Physician examining time (service time distribution of
physicians).
15. Number of appointment clerks.

16, Service time distribution of appointment clerks.

Selection of Components

The third step in the methodology was tﬁe selection of com-
ponents for the sensitivityrénalysis. Arliterature survey was con=
ducted to provide partial information for identifying'the more impor=
tant system components. In 1952, Welch and Bailey2 stated that
patient unpunctuality, physician arrival time, physician examining
time, patient appointment interval, patient no-show rate, and the

duration of physicians' rest time influenced the relationship between

Al

hysicians' waiting time and patients' waiting time, Fetter and
P ing p ng

Thompson3 reported that seven components - appointment interval,

2We1ch, J. S. and N. T. J, Bailey, "Appointment Systems in Hospital
Outpatient Departments," Lancet, Vol. 1, 1952, p. 1107.

_3Fetter, Robert B. and John D. Thompson, "Patients' Waiting Time and
Doctors' Idle Time in the Outpatient Setting," Health Services Research,
Vol. 1, No. 1, Summer 1966, pp. 77. ' :
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physician examining time, patient arrival distribution, number of no=-
shows, number of walk=ins, physician arrival time, and interruptions -
influence the patient waiting timé and physician waiting.time relation=
ships,

An article by Williams? suggests that thé nﬁpointment interval;
the number of physicians, the outpatient demand for each half-day
session, and the number of clinic meeting days influence patient
waiting time, physician waiting time, and the required number of examin=-

ing rooms. Lane and Freeman®

identified the effect of nurse workup
time, physician examining time, room clearing time, and physician
waiting time on the required'humber of examining rooms. The measures
of effectiveness used in the study were clinic duration, examining
Toom utilization, and patient waiting time,

A report published by the United Hospital Fund of New York®
stated that outpatient demand, changes in‘patient population, physician

arrival time, and amount of space affect outpatient clinic performance.-

In a methodology for determining outpatient department space require-

7

ments, Wheeler’ reported that outpatient demand, physician examining

time, and the ratio of consulting rooms to examination rooms influence

4Wiliiams, William J., et al., "Simuiation Modeling of a Teaching
Hospital Outpatient Clinic," Hospitals, Vol, 41, No, 21, Nov. 1,
1967, p. 128. ' _ :

5Lane, Walter W. and John R, Freeman, (Unpubllshed Paper), University
of Flor1da June 1967, p. 2.

6"Systems Analysis and Designiof Outpatient Department Appointment
and Information Systems," United Hospital Fund of New York, New York,
1967, p. 5 ' -

TWheeler, E. Todd, Hospital Design and Function, McGraw-Hill Book
Company, New York, 1964, pp. 229-236.
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outpatient department space requirements.

According to the methodology of the pfésent study (see Chapter
ITT), the components which were expected to have the larger effects
on the Orthopedic outpatient clinic performance were chosen for the
sensitivity analysis, The selected system compoﬁents were!

1, Outpatient clinic demand.

2, Patient arrival distribution,

3. Physician'examining time distribution.

4, Number of physicians,

5. Number of medical students,

6. Physician arrival time.

7. Number of exgmining rooms,
The review of the above references and observations of‘the author
provided the measures of effectiveness used'in this study. "The measures
‘of effectiveness selected were as follows: |

1. Clinic duration.

2, Examining rooms utilization,

3. Average patient waiting time.

4, Average physician waiting time,

Boundary Values of Selected Components

The fourth step in the methodology was the selection of data
for the sensitivity analysis., For each of the seven components, bound-

ary values were used in lieu of the complete range of possible values

for 1972 (see Chapter III), Table 1 shows the boundary values for each

component, The basis for choosing the specific_values shown in Table 1 =
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Table 1, Boundary Values for Selected Components

Component

Boundary Values

Demand

Patient arrival distribution

Physician examining time - -

Number of physicians
Number of students
Physician arrival time

Number of examining rooms

(1)
(2)

(1)
(2)
(3)
(4)
(5)

(1)
(2)
(3)
(4)

(1)
(2)

20 Patients per day
50 Patients per day

All patients at start of clinic (t=0)
Exponential interarrival (mean=1 min)
Exponential interarrival (mean=5 min)
Constant interarrival (1 min)
Constant interarrival (5 min)

Uniform distribution U[21,29 ;mean=25
Uniform distribution U[30,40];mean=35
Exponential distribution (mean=25)

Exponential distribution (mean=35)
Three
Six

Three

Six

Zero min. after scheduled . time (t=15)
75 min, after scheduled time (t=90)

Eight
Fourteen
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are presented in this section.

- The boundary values for the first component, the outpatient
clinic demand, were éalculated by dividing the weekly demand by.the,'
number of clinic sessions per week. The Chief of the Orthopédic
Division estimated thét a weekly demand of 100 patients would exist
in 1972, He also preferred that two clinic sessions per week be
utilized to serve this demand, Geherally, physicians preferred a
minimum number of clinic sessions to be held each week. However, the
assignment of equal numbers of patients to clinic sessions on each
day of the weck has been shown to minimize examining room requirements,s-
Therefore, the possibility of processing an equal number of patients
for five days per week was also considered. The values chosen to re-
present demand were 20 and 50 patients per clinic session. These
values represent five and two clinic sessions pef week, respectively,

Boundary values for the ﬁatient arrivalldistfibution, the sec-‘
ond component, were determined by identifying the appointment schedules
and arrival distributions that could be in e#istence in 1972, Five
levels of boundary values (three classifications of patient arrival
- distributions, and two different means of interarrival times) were
‘chosen for investigation. The first boundary value (or level) chosen
corresponded to the existing '"block" appointment schedulelwhich is
prevalent in many hospitals today. In this appointment schedule, all

patients are scheduled to arrive at the start of a clinic session,

8Sumner, Andrew T., "An Analysis of June, 1968, Examining Room Require--
. ments at Eugene Talmadge Memorial Hospital," (Unpublished Report),
Program in Hospital and Medical Systems, Augusta, Georgia, April, 1968,

59 pp. ‘ :
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The minimization of physiciahs"waiting time, and the reduction in
patient and personnel schedﬁling pfoblems, are probably responsible
for the popularity of the "block" appointment schedule,

A study by Jackson? which was cited in Chapter Il reported
_fhat the patient interarrival distribution could be approximated by
a ncgative exponential distribution. Therefore, exponentiél inter-
arrival distributions were considered in the second and third levels -
of the patient arrival distribution. In the second level, a mean
interarrival time of one minute was used, This mean represents the
case in which the patients are scheduled to arrive at 1 minute inter-
vals, Jackson recommended that the mean interarrival time should be
approximately equal to the mean throughput time of physicians, The
mean throughput time of five minutes for the present study was cal-
culated by dividing the mean physician ekamining time (30 minutes)
by the maximum number of physicians (6) in the clinic. Accordingly,

'a mean interarrival time of five minutes was chosen for the third
level of the patient arrival distribution.

Constant interarrival times were chosen for the fourth and
fifth levels of the patient arrival distribution. In using this dis-
tribution, it was assumed that patients érriﬁed exactly at the appointed
time. Mean interarrival times of one and five minutes, identical to
‘the exponential interarrival case, were utilized for the constant

. interarrival case.

Uniform and exponential distributions at two mean values each -

gJackson, R, P.,'"Design of an Appointment System," OEerational

Research Quarterly, September 1964, Vol. 15, p. 222.
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were chosen as boundary values for physician examining time, the third
component, In fhe first two levels ﬁniform distributions with means
of 25 (range:21-29) and 35 (range:30-40) minutes were used. The
existing mean of the physician examining time for Orthopedic patients
was approximately 35 minutes. The.mean of 25 ﬁinutes represented the
author's estimate of the minimum mean that would be attainable in 1972,
The uniform distribution was chosen for its simplicity and its ease

‘of use in generating a stochastic process in the simulation program,

In the third and fourth levels, exponential distributions were used

- for physician examining time. The same mean examinihg times, 25 and

35 minutes, were used so that the effects 6f the uniform and exponentiél
'examining‘time disfributions could be compared. As mentioned in

" Chapter 1I, Jackson has also shown that physician examining time can.
be approximated by a negative exponental distribution.

The Chief of the Orthopedic Division estimated that four
physicians would.be assigned to the outpatient c¢linic in 1972, In
order to provide data (extremé values) for the sensitivity analysis,
three and six physicians were chosen as the boundary values for the
number of physicians, the fourth component. |

The future number of medical students assigned to the Ortho- -
pedic outpatient was expected to increase from the existing three
medical students. The Chief of the Orthopedic Division estimated
that five students would exaﬁine outpatients in 1972, The lower bound-
ary value chosen for the number of students, the fifth component, was
three.n The higher boundary value, six, represented the author's |

estimate of the maximum number of students that could be in the



48

Orthopedic clinic in is72,

The boundary values chosen for the physician arrival time, the
sixth compﬁnent, were zero and 75 minutes after the scheduled arrival
of physicians in the c¢linic, The nurse supervisor of the Orthopedic
clinic provided this range of arrival times, The lower boundary value
of zero minutes late actually represented the arrival of a physician
15 minutes after the starting time of the clinic. Since preliminary
processing of patients consumed approximately 15 minutes, physicians
were scheduled to arrivé at least 15 minutes after the start of the
clinic.

The selection of boundary values for the last component, the
number of examining rooms, was dependent on various combinations of
values of the previously mentioned six components. The lowe; toundary
value of eight rooms was ;alculated by multiplying the expected number
of physicians in 1972, four, by the traditional ratio of two examining
.rooms-per physician. The higher boundary value for examining rooms.
was based upon the multiplica}ion of the higher boundary value for
physicians (six) by two (the traditional.ratio). However, since the
,ETMHl Hospital Administrator preferred as many examining rooms as.
economically feasible, a higher boundary value of fourteen examining

rooms was chosen for investigation.

Experimental Design

‘The next step in the methodology was the development of an

experimental design to test the sensitivity of the selected components,

A complete block factorial experiment was used to represent various

combinations of boundary values for the sensitivity analysis, Since
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no prior assumptions wére made concerning thé components or interactions,
the total number of blocks in the experiment equalled 640 (2 X 5 X 4
X2X2X2X 2).10 Even though only one replication of each block
was performed, these 640 blocks represented over 2 years of simulated
experience of the clinic operation., It should also be noted that a
demand of at least 20 patientS-was represented in each block of the
experimental design. For this number of patients variations in the
measures of effectiveness due to random error was expected to be min-
imal. In order to insure that the proper boundary values were utilized.
in each block, it was necessary to develop a coding matrix. The coding
matrix,-shown partially in Table 2, was based on a heuristic method

of identifying each of the 640 permutations of boundary values., In
Table 2, an "x'" represents the inclusion of a boundary value in a
block. By utilizing the coding matrix, it was also possible to relate
properly block levels and the associated computer run discﬁsséd in the:

following section.

Development of a Computer Simulation Program

Due to its capability to simulate future systems and process

large experimental designs, computer simulation was chosen to predict

the clinic performance for each of the 640 permutations of boundary

values. Since many simulation languages existed, it was necessary to

select one language for use, The GPSS/36p special purpose simulation

languagé was chosen for the following reasons:

-10Refer to Table 1 for specific blocks and levels,
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Components and Experimental Design Block Number
Boundary Values 1234567891011 121314 15 16 17
1, Demand : : ‘ .
20 pat/day XXXXXXXXXX X X X X X X X
50 pat/day
2, Pat. Arrival Distr.

5.

6.

block XXXXXXXXXX X X X X X X X
exponential u=
exponential u=
constant us=
constant u=

Phy. Examining Time

uniform U[21,29] XXXXXXXX :

uniform U[30,40] S XX X X X X X X
exponential u=25 o ‘ : S
exponential u=35

No. of Physicians _ _
3 physicians X XXX XX X Xx x
6 physicians XX XX X X x X

No, of Med. Students

3 students XX X X X X X X - x

6 students X X X X X X X X

Phy. Arrival Time
zero min, late x X X p 4 x X X X x
75 min. late X X X X X X . X

No. of Exam, Rooms

. 8 examining rooms X X X X XXX XXX X X X X X X X

14 examining rooms
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1. GPSS$/360 requires little programming time.
2. GPSS/360 has an extensive error-chécking technique.
3. GPSS5/360 is designed for discrete-flow systems like
outpatient clinics.
4, GPSS/360 could be processed at the MCG Computer Center.
A Teview of the general characteristics of GPSS/360 is included in
Appendix A..

- Since GPSS5/360 is a discrete-flow simulation language, it was
relatively simple to develdp a general computer program of the clinie,
Figure 4 graphicaily depicts the relationship between the graphical
model of the Orthopedic outpatient clinic and the GPSS/360 Program.
In the left and center columns of Figure 4, the Orthopedic outpatient
flow (previously exhibited in Figure 3) is depicted. In the right
column the GPSS/360 blocks required to simulate the outpatient flow
are shown, Patients were entered into the GPSS/360 siﬁulation model
by using a GENERATE block. Entry into a waiting line was represented
by using a QUEUE block, and a departure from a ﬁaiting line was re-
presented by a DEPART block, Service times were programmed by using
ADVANCE blocks. Facilities (fesources which hold one transaction at
| a time) were depicted by SEIZE and RELEASE blocks. Similarly, ENTER
and LEAVE blocks were used with storages (resources used by more than
one transaction at a time). The removal of transaction from the model
was accomplished by using a TERMINATE block, Appendix B shows the

simulation program used for blocks 609-621 of the coding matrix.

Analysis of Results

Operation of the simulation program on an IBM 360 Model .
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40 65K computer constméd approximately 20 seéconds for 20 patients
and 40 seconds for 50 patiehts. Since the Medical College of Georgia

Computer Center made time available in 40 minute batches, each job

contained simulation programs for 64 blocks of the coding matrix.
By dupiicating and modifying programs, several 64-block jobs were
processed conéurrcntl?. | |

An Analysis of Vafiance (ANOVA) and an ahalysis of mean
differences in the measures of effectiveness of the boundary values
were used to evaluate the simulation resulﬁs. The purpose of ANOVA

is to supply criteria for determining whether a component is influencing

‘results.}! The purpose of using ANOVA in the present study was to
determine if the components or their interactions, as représented |
by their boundary values, were statistically influencing
clinic performance. In order to apply ANOVA to this study it was
necessary to make the following assumptions:

1., The effects of factors (components) were additive.

2. The residual errors were independent of the sources of

variation {(components and interactions). |
3. The residﬁal erfors had a common variance, and were

randomly and normally distributed.

Since each block in the experiment was simulated only one time, the

highest order interaction was used as residual error in the F tests,

11Wilson, E. Bright, An Introduction to Scientific Research, McGraw-
Hill Book Company, Inc., 1966, p. 203. :

12Duncan, Acheson J,, Qualé;y Control and Industrial Statistics,
Richard D. Irwin, Inc., Homewood, 1llinois, 1963, p. 534,
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This method has been described by Rickmers and Todd13, Hicksl4, and

Duncanl®, The results of the ANOVA and F ratios for each measure
of effectiveness appear in Appendix C. The sourcés of variation
were tested at confidence levels of .05 and .01, |

All the components except the patient arrival distribution
were found to be statistically significant at the .0l confidence
level for eacﬁ measure of effectiveness. The patient arrival dis-
tribution was found to have a statistically significant effect on
examining. room utijlization and average patient waiting time, but not
on clinic duration and average physician waiting time., A summary of
the significance of the components and their interactions for each
measure of effectiveness is shown in Table 3. On the left column the
sources of variation are identified. The confidence level at which
a source of variation was found to be statistically significant appears
under the proper measure of effectiveness.

If weights are assigned to each measure of effectiveness, a
decision-maker can ascertain which components have a significant éffect

on the outpatient clinic performance., For ease of presentation, it

was assumed that a source of variation was significant if it were

13Richmers, Albert D, and Hollis N. Todd, Statistics: An Introduction,
McGraw-Hill Book Company, Ine., 1967, pp. 325-327.

14Ilicks, Charles R., Fundamental Concepts in the Design of Experiments,
Holt, Rinehart and Winston, Inc,, New York, 1965, p. 91.

15Duncan, Acheson J. , Quality Control and Industr1a1 Statistics,
Richard D. Irwin, Inc., Homewood, Illinois, 1963, pp. 510-577.
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Table 3, Statistical Significance of Components
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significant for at least one measure of effectiveness. In the right
column of Table 3, a Significant factor_islindicated by a "yes" re-
sponse. "No'' responses indicate no significance for any measure of
effectiveness. All the systems components and many of their inter-
actions were found to be statistically significant.

An analysis of mean differences of boundary values-was also
utilized to evaluate the simulation results. The purpose of applying
this technique in the present study was to rank the components which
statistically influenceﬁ the outpatient clinic performance. Figures
5,6,7, and 8 graphically depict the changes in each measure of effec-
tiveness for the boundary value means. Outpatient clinic demand |
appeared to be the most important component influencing clinic duration .

(see Figure 5). Demand also had the largest effect on examining room

utilization (Figure 6). llowever, the number of examining rooms also

had a large effect., Although the difference in boundary valhes for_'
demand produced the largest affect on patient waiting time (Figure 7},
the patient arrival distribution also appeared to be an important |
factor. The number of physicians was the most important component
influencing the physician wéiting time (Figure 8). The nuﬁbér of

students and demand also produced a large change in the physician

waiting time.

The mean for each‘hOundary value and a'ranking'of the mean
differences for each componénf are exhibited in Table 4. The mean
differences in the measures of effectiveness for each component appear
6n the same line and fo the right of the Eomponent name, For example,.'

the mean difference in clinic duration for demand, 287.5 minutes,
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Figure 5. Clinic'Duration
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Figure 6, Examining Room Utilization
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- Figure 7. Average Patient Waiting Time
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Exam.,

400.8

90,3

Components and Clinic Avg. Avg, Overall
Boundary Values Duration Room Patient Physician Ranking
(min.) Utili- Waiting Waiting
zation Time Time
(%) (min,) (min.,)
Demand 287.5 (1) 14,0 (1) 111.9 {1) 61.0 (2) 1
20 pat/day - 273.6 - 71,4 70.6 72.9
50 pat/day 560.6 85.4 182.5 133.,9
No. of Physicians 72.4 (3) 2.1 (6) 42,2 (3) 98.2 (2) 2
3 physicians 453.0 79, 147.7 . 54,3
6 physicians 380.6 77.3 105,5 152.5
Phy, Exam, Time 95.5 (2) - 5.9 (4) 20,1 (5) 50.4 (4) 3
uniform U:21,29: 372.5 80,6 114.4 100.8
uniform 1J:30,40: 436.2 81,2 141.6 76.6
exponential u-25  390.6 76.3 - 112,5 127.0
exponential u-35  468.0 75.3 137.9 . 109.3
No. of Students 59.8 (4) 1.1 (7) 32,1 (4) 58.2 (3) 4
3 students 446.7 78,9 . . 142,6 132.5
6 students - 386.9 77.8 110.5 74.3
Pat, Arrival Dist, 7.0 (7) 6.8 (3) 89,7 (2) 4.4 (7) s
block 416.7 80.6 162,5 = 102,3
exponential u-1 417.3 81.1 154.7 101.9
exponential u=5 419.3. 75.2 89.8 104.0
constant u-1l 418.6 80,7 148.1 102.6
constant u-5 412,3 74.3 77.8 106.3
Phy. Arrival Time 36.5 (5) 2.7 (5) 27.4 (6) 35.1 (5) 6
zero min, late 398,6 77.0 . 112.9 121.0
75 min, late 435.1 79.7 140,3 B5.9
No. of Exam,. Rooms 32.8 (6) 11.3 (2) 19.4 (7) 26.3 (6) 7
8 exam, rooms - 432.8 - 84,0 - 136.3 116,6 :
14 exam, rooms 72,7 116.9
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appears in the first row and second column of Table 4. In Table 4

the numbers in parentheses represent the réﬁking of the mean differ-

ences for each measure of effectiveness. It was assumed for simplicity
that the ranking of components for each measure of effectiveness
could be added to result in an overall ranking of the components. The

overall ranking of the system componeﬁts is shown in the right column '

of Table 4,
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CHAPTER V
SECOND PHASE OF THE METHODOLOGY

In the second phase of the methodology computer simulation

was used again, but for a different purpose.  The simulation program

previously developed was modified to accept ﬁingle values of the

components and nine alternative numbers of examining rooms. Regres-

sive equations for each of the four measures of effectiveness were

then developed from the results of this second simulation experiment,

Finally, these four regression equations were combined into a single

expressien which predicts the number of examining rooms required in

an outpatient cliniec.

Prediction of Single Values of Components

The next step in the methodology was the prediction of single

values of the system components, Planning time was devoted to pre-

dicting single values of the components in accordance with their rela-

tive importance as ‘determined in the previous chapter., These values

and nine alternative numbers of examining rooms were used as input
to a simulation.program.

For the first component, demand, further investigation revealed
that 120 patients per week would prebably be examined in three clinic
sessions, or 40 patients per clinic session, Since the nurse super-
visor of the Orthopedic clinic observed that 10 per cent of the sched-

uled patients did not arrive on the day of their appointment, a
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no-show rate of 10 per cent was used in the simulation program,

‘Hollandl reported that 96 per cent of the pafients who were examined
'had appointments. Therefore, due to this low percentage, no walk-in
patients were accounted for in the simulation program. Based upon
the 10 per cent no-show rate and the 40 patients per clinic¢ session, -
a demandrof 45 patients per clinic session was scheduled in the
simulation program.

The Hospital Administrator desired a modified block appoint-
ment schedule for the Orthopedic outpatient clinic. Therefore, a
particular appointment schedule in which blocks of nine patients were
~ scheduled at 9:00, 10:00 a.m., 11:00 a.m., 1:00 p.m., and 2:00 p.m.
was used in the simulation pfogram. Realizing that the punctual
arrival (precisely at the aﬁpointment timej of patients considered
in the previous chapter was an enrealistic assumption, the five sched-
uled blocks of patients were modified by an arrival distribution.

This frequency distribution, shown in Table 5, was developed from
Holland's? reported distribution of patient punctuality.

A mean of 30 minutes for the physician examining time, approx~
imately equal to the mean which was observed by Holland3, was used as
input to the simulation program. A negative exponential distribution,
which has been reported by Jackson (see Chapter II), was used to

modify the mean examining time,

lyolland, op. cit., p. 14,
21bid., pp. 61-62.

31bid., p. 89.
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Table 5; Patient Arrival Distribution

Time Relative Cumulative
Interval Frequency frequency
(min.) ‘ Distribution Distribution
60-50 IUEERE- 7 S .34
50-40 .09 : .43
40-30 \ 07 «50
Before ' ‘
30"20 .06 ._ o56
20-10 .04 o .60
10-0 02 .62
Appt. time I
0-10 -04 '66
_10-20 S .
20-30 . .04 . .81
After ' .
30-40 . - .04 ' : .85
40-50 | .03 .88

s0-60 - .12 . 1.00
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The values used for the number of phySiéians and number of
medical students, four and five, respectively, were exactly the same

as estimated in the previous chapter. It was further assumed that

physicians would arrive 25 minutes after their scheduled arrival,

Analysis of Results

The simulation program developéd in the previous chapter was
modified to accept the values of the components. In order to provide
information for detérmining'thé required number of examining rooms
for the Orthopedic clinic, the simulation program was manipulated at
levels pf 4, 5, 6, 7, 8, 9,_10,-11, and 12 examining rooms. Since
the no-show function for demand could possibly result in a variable
demand for each clinic session, each level of examining rooms was
.replicated five times to accomodate the random fluctations in the
measures of effectiveness, The modified simulation program appears
in Appendix D, |

The results of the computer simulation are shown in Table 6,
The five replications of each level have been averaged to féﬁilitate
the presentation of results. Table 6 shows that clinic duration
rapidly decreased as the number of examining rooms increased. On the
other hand, the idle time of examining rooms increased remarkably
with the increase in examining rooms. After an initial decrease, the
averége patient waiting time leveled off at 8 examining rooms, The ‘
average physician waiting time decreaséd as the number of examining E

rooms increased,
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" Regression Equatioiis

Least square regression analysis was used to fit one linear
and five non-linear functions to the simulated data. The six functions
that were applied to the data are exhibited in Tablé 7. For each
measure of effectiveness, the one function which exhibited the highest.
correlation coefficient was selected as its regression equation. The
regression equations chosen for each measure of effectiveness are
also shown in Table 7,

A graph of these equations is shown in figure 9. As can bel

- viewed in Figure 9, clinic duration, average patient waiting time,

and average physician waiting time will decrease as the number of
examining rooms 1is increased. .However, examining room idle time in-
creases markedly as the number of examining rooms increase. Although
these equations provide valuable information for relating each measure
of effectiveness with the number of examining rooms, examining room
requirements can not easily be determined by analyzing the equations
individually. For example, if minimization of average physician waiting
time is chosen as the only decision criterion, an infinite number of
examining rooms would be required since a mathematical minimum does |
not exist for the regression equation represented by Y,.

The decision process for determining examining room require-

_ments seems to indicate that tradeoffs would be made among the four

measures of effectiveness. .Sinée the unit of measurement of the four
dependent variables is identical, the tradeoffs can be expressed in
identical units, or weights, which represent the "worth" of the measures

of effectiveness. If weights are assigned to each measure of
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Table 7. Regression Equatiohs

"Functions Tested . . Number

-
"

A+Bx.".7.II..I...-.......VO'.(1)
Y=AeBX....._..\..‘................(2)

Y=AxB L] L] . L L L] '_. - ... ... - a - L - . L L L - (3)

Y=A+(B/x)...'..........'......(4)
Y=1/(A+Bx)..!..'II....'I.!I.I'O(S)
Y X/(A+BX) o o oo a s s osnnoennoseoes(6)
Where: X = Independent Variable
Y = Dependent Variable
A,B = Constants
Measures of Effectiveness - Regression Equations Correlation
- 3 Coefficients
Clinic Duration " Best fit to equation (4)
Y] = 323.9 + 1587,9/X .86
Examining Room Idle Time " Best fit'to equation (3)
Y, = 3.04(x%7) | .04
Average Patient Waiting Time Best fit to cquation (4)
Y3 = = 76.4 + 907.2/X .93

Average Physician Waiting Time Best fit to equation (4)

Y4 = - 76,0 + 1603.0/X .90
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effectiveness, the four regression equati%ﬁ% can be combined into

a single equation. Accordingly, a, b, ¢, and d were used in this
study to represent the weights assigned to clinic duration, examin=-
ing room idle time, average patient waiting time, and average

physician wéiting time, respectively. These weights could realisti-
cally represent dollars per minufe or some other measure of worth, R

The weighted sum of the four equations results in a single equation,

called Z, which appears as follows:

Z = aYl + sz + cYg + dY4
= 323.9a - 76.4c - 76.0d + b(3.04) x2.7
+ (1/X) (1587.9a + 907.2¢ + 1603.0d)
where:

a, b, ¢, d>0

The number of examining rooms which would result in a minimum

value of Z was determined by setting the first derivative of Z equal

to zero and solving for X. The resulting equation appears as followsié

X = ( (193.0a + 110.2¢ + 195.3d) (1/b) )-?7

The required number of examining rooms can be determined from

the above equation by selecting appropriate values for a, b, ¢, and d..

4'I‘he necessary and sufficient conditions for minimization are
satisfied for the following reasons:
1. The above equation indicates that there is only one value of
X which has zero slope for any a, b, ¢, d>0.

2..The second derivative, d2z/dx, shows that the point of zero slope
is positive (therefore a minimum) for any a, b, c, d> 0, Visualize,

d2z/dx = 14.0bx*7 + (2/x3) (1587.9a + 907.2¢ + 1603.0d)
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For example, if a, b, ¢, and d are assumed to be equal, the required
number of examining fodims is si#._ It was not the intent of this
study to ascertain the proper weigﬁts of the four measures of effec-
tiveness, but rather to.develop a methodology which can be used to
predict the required number of examining rooms as a function of the

measures of effectiveness,
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CHAPTER VI

RESULTS AND CONCLUSIONS

Summar

The specific objective of thi§ study was to develop a method-
ology for predicting the number of outpatient examining rooms needed
in an outpatient clinic within the context of long-range facilities
'planniné. Examining rooms were viewed as one of the resources con-
sumed by patients as they travelled through an outpatient clinic
- "system",., Using the systems framework of the problem, it seemed
reasonable that the required number of examining rooms could be de~
termined by evaluating the effects of different numbers of examining
rooms on the outpatient clinic performance,

The general methodology of the study evolved from the systems
approach. The first two steps of the methodology, the development
of a graphical médel of the outpatient clinic and the identification
of system components, were direct applications of the systems approach,
However, due to the long-range planning focus of this study, it was
especially difficult to predict single values of the system components--'
step 3 of the general methodology. At the initial state, it was
virtually impossible to identify each future event which could affect
‘the values of the components or to predict the nature of its effect.
Consequently, in this study the posﬁible future values of each compo-
nent were conceptualized as a range.

The sensitivity of c¢linic¢ performance to variations in the
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component values was then investigated so that planning time could

‘be devoted to predicting single values of the components whi;h ex-
hibited the larger effects, In this.sensitivity analysis approach,
~ the third step of the methodology, boundary values were used in lieu
of the complete range for each component, Next, a 640 complete
block factorial experiment was designed to coﬁpare the effects of
components on the outpatient clinic performance. .A computer simu-
1a£ion program was developed, and simulation runs were canducted
. for each of the 640 blocks in the experimental design. The simu-
lation results were evaluated by analysis of variance and an analy-
sis of mean différences in the measures of effectiveness. The magni-
tudes of change in each measure of effectiveness for each component
were combined into an overall ranking of the relative importance of
the components. Planning time was then devoted to predicting single
1va1ues of the.cohponents in accordance with their relative importance.
Once single values of each component were chosen, the fourth
step of the general methodology, the development and manipulation of
a computer simulation program, was accomplished., The computer simu-
lation program préviodsiy developéd was modified‘té accept single
“values of the components, and simulation rﬁns were conducted for
alternative numbers of examining rooms, Régréksion equations for each
measﬁre of effectiveness were developed from the simulation results.
A single equation was developed by assigning weights to each measure
of effectiveness and combining the individual regression equations.
ﬁy setting the first derivative of thiS‘expfession equal to zero and

solving for the number of examining rooms, a mathematical expression
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was obtained which predicts the number of examining rooms which will
maximize the clinic performance as a function of the weights assigned
to the measures of effectiveness, This was the fifth and final step

of the general methodology,

Cénclusions
The inteﬁt of this thesis is to illustrate that a mcthod-
ology, which uses the systems approach, can add a valuable dimension
to the long-range health facilities planning process., A methodology
has been developed herein which should ultimately provide a more

quantitative basis for the health facilities planning process.

One weakness in the traditional planning process, which uées
ratios for determining space requirements, is its failure to relate
individual hospital operations to space requirements, The methodol-

-ogy of this study, as described in Chapter IV, enables values of
planning factors (for example, demand, number of physicians, number
of students) to be used in determining space requirements._ Siﬁce
the ratios used in the traditional planning process have been based
.on square feet of existing hospitals, the traditional planning process
is limited in predictive capability--a second weakness. The computer
simulation program, regression equations,'and optimization techniques
- used in the methodblégy of this study are not dependent on existing
conditions, and they cén be used to predict space requirements for
any future values of components chosen by the planner,

Tﬁe sensitivity analysis épproach employed.in the methodology

also contributes to a more realistic approach to this type of problem,

It can be used to determine optimum combinations of component values
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(e.g., the optimum combination of physiciang, medical students, and
nurses in an outpatient clinic). The sensitivity analysis also can
be used to select a single value of a component., For example, a
desired value for physician arrival time can bé selected from several
alternative values, Another poSsible usé of the sensitivity analysis
is to obtain a better understanding of the effects of uncertainty
on estimates and to assess the degree of precision and accuracy
required, For example, as described in the methodology preésented
herein, the sensitivity analysis can be used to identify the components
which exhibited the larger effects on clinic duration so that planning |
time can be devoted to predicting single values of these components.
One reoccurring problem in health facilities planning is the
lack of an objective criterion to judge alternative systems designs.
The methodology presented herein contributes to the ;olution of this
problem in two ways. First, rathef than attempting to select a single
measure of effectiveness, four measures of effectiveness were chosen,
Second, the expression which predicts examining rcom requirements in
this study was expressed as a function of weigh;s assigned to each
measure of effectiveness. Therefore, the planner can determine

examining room requirements for individual hospitals by substituting

appropriate weights for each measure of effectiveness.

Recommendations

Based upon experienced gained in this investigation, it is
felt that one of the most important problems facing hospital planners
is the development of a comprehensive, especially quantitative, plan-

ning methodology. The systems approach, computer simulation, regres-

sion analysis, and other industrial engineering and operations
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rescarch techniques (e.g., engineering eCéhdmy, simulation, statis-

tical decision theory, plant layout, materials handling, and work

measurement) can be beneficial in the development of such a method-

- ology.

Several areas for further research were identified during

the course of this study, It is recommended that further investie-

_gation be directed toward these problem areas, A partial list of

these areas follows:

1.

4.

5.
6.

7.

Investigate the functional relationship between pétient
appointment schedules and patient arrival distriﬁutions.
Identify the effects of managerial controls on the
patient arrival distribution and patient no-show rate.
Investigate the effects of several planning horizons on
the planning process..

Develop a methodology to predict the future demand and ,
methods of proéessing the demand for each hospital
department, \

Develop a methodology for assigﬁing examining rooms to
all hospital medical departments.

Develop a simulation model for the planning of all
outpatient clinics in a hospital,

Investigate the effect of more precise and up-to-date

estimates of components used on the outpatient clinic

clinic space requirements.

.
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APPENDIX A

Description of GPSS/360

The General Purpose Simulation System/360 (GPSS/360) is a
special purpose simulation language developed by IBM, GPSS/360 is
an expanded and refined version of the original General Purpose ’
Systems Simulator (GPSS) devéloped by Gordon! in 1961, GPSS II,
GPSS III, and GPS5/360, refined versions of the original GPSS, were
‘designed for application on specific IBM computers, Only slight
differences exist among GPSS II, GPSS III, and GPSS/360; however,
the present discussion is limited to a description of GPSS/360.

GPSS is a flowchart-oriented language which utiiizes “"blocks"
to describe a graphical model of a system. The block types can
be categorized into three components which éan be ﬁsed to describe‘
‘any discrete flow system. Tﬁe three components are:

1. Dynamic component
2. Resource component
3. Logical component

The dynamic component of a system includes those items which
are acted upon or ﬁrocessed th:ough the system, These items, called
“transactions” in GPSS/360 terminology, are created and destroyed
as required during the simulation runs, Examples of transactions

are automobiles, ships, and outpatients, Characteristics of

1Gdrdon, Geoffrey, "A General Purpose System Simulator", IBM Systems
Journal, Sept. 1962, pp. 1-20. o .
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transactions may be spécified by using "pafa%etér" assignments, For -
example, parameters may represent the tcmperaﬁure of a hospital patient,
the color of a.toy train, or the freight tonnage of a ship., |
‘The resource component of a system is composed of the resources
of a system that_are used by transactions. Resources may include
such items as chairs, personnel, electricity, machinery and booths,
A "facility" in GPSS/360 terminology is a resource that can only be
used by one transaction at a time, An example of a facility is a
gasoline pump in a filling station.l A resource that can be utilized
by more than one transaction simultaneohsly is defined as a ''storage"
in GPS5/360 terminology. A waiting room in a hospital is an example
of a storage, |
Decisions thch alter the flow of transactions through a
system may be designated as the logical components of a system, Al-
though most decisions in simuiation models are related to the status

(empty or full) of a resource, some decisions may be based on charac-

teristics of transactions or other elements within a system. For

example, if a long waiting line develops at one particular cash reg-
~ister in a grocery store, new arrivals would probably attempt'to enter
a shorter line.

When a computer simulation program of a graphical model is

developed, a more explicit description of the characteristics of a
system can be made, The system components can be described by the
following five categories:
1. Dynamic component - Thé ¢reation ﬁnd termination of trans-
actions inéluding the assignment of parameters and priority.

2. Resource component - The utilization of resources by
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transactiens;
3. Logical cbmponént - The decisions which alter the flow
of transactions,
4, Computational component - Arithmetic variables, Boolean
variables, and functions, .
5, Statistical component - The storage ofrsimulation
statistics for future use,

The components of a graphiéal modei are represented in GPSS/360
bf 54 one-word subroutines which are called "blocks." Thé identify-
ing name Qf each block corresponds to a general description of the
flow of transactions through the model, Moreover,_aigraphical model
of a system can be easily converted to a GPSS/360 computer program
through the use of blocks, A list ofrthe 54 blocks as related to
the components of a graphical model is shown in Table 1. It should
be noted that the GPSS5/360 blocks may be used to represent more than
one of the components of a simulation model. The blocks can be trans-
lated into a form acceptable to an IBM 360 computer through the use
of Block Definition Cards. The information on a Block Definition Card
consists of a location field (columns 1 - 6}, an operation field
{columns 8 - 18), and the operand field (columns 19 = 72). The loca-
tion field, operation field, and the operand field of a Block Defini-
tion Card are shown in Figure 1., An identifying number for each block.
can appear in the location field of the Block Definition Cards., How-
ever, since the GPSS/360 Assembly Program automatically numbers the
cards sequentially, the programmer usually leaves the location fields
blank, Since it is sometimes necessary for a programmer.to refer to

a specific block in the program, relative addressing of block locations
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Table 1.. GPSS/360 Blocks

System Characteristics o  Block Types -
1. Dynamic _ ADVANCE, ASSIGN, GENERATE, INDEX,
' " SPLIT, TERMINATE, START, CLEAR,
RESET
2, Resource ‘ ENTER, LEAVE, RELEASE, RETURN,

SEIZE, STORAGE

3. Logical . . ALTER, ASSEMBLE, EXAMINE, GATE,
- GATHER, JOIN, LINK, LOGIC, LOOP,

MATCH, PREEMPT, REMOVE, SCAN,
PRIORITY, TEST, TRANSFER, UNLINK,

BUFFER
4, Computational VARIABLE, BVARIABLE, FUNCTION, HELP

5, Statistical _ " COUNT, DEPART, MARK, PRINT, QUELE,
: SAVEVALUE, SELECT, TABULATE, WRITE,
TABLE, QTABLE, MSAVEVALUE, INITIAL,

UNTRACE, TRACE

6. Others CHANGE, EXECUTE
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is permitted, In GPSS/360 relative addressing, a syﬁbol composed of
three to five alphaﬁéric characters, the %ﬁfét three of which must
be letters, is used to identify specific Block Definition Cards,

The identifying name of the block is entered in the operation
field, The function of each different type of block is explained in

detail in the GPSS/360 User's Manual.,? The identifying names of con-

trol cards are also entered in the operation field. The information
which is entered in the operand field is directly related to the
identifying name location in the operation field, Generally, the

~values of the block parameters are entered in the operand field. The

GPS55/360 User's Manual contains a list of operands for each type of

block.

The GPSS5/360 Assembly Program performs clerical operations and
edits the Block Definition Cards to ensure that all required informa- -
tion for each block has been included. The Assembly Program Input
Formaﬁ accepts variables separated by commas in the operand field. An
absence of a variable is representéd by a comma, When a blank character
is encountered in a figld, no: further characters in the field are ed-
ited by the Assembly Program. Therefore, comments concerning specific
blocks can be entered after the first blank character in the operand
field, Comments can also be entered by placing an asterisk in column
1 of the Block Definition Card and entering the desired comments in |
any of the remaining columns. The comments appear in the computer

output of a simulation model, but they are not interpreted in the

2General Purpose Simulation System/360 User's Manual, IBM Manual
H 20-0326-0, 1967, 244 pp. ,
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operation of the program,

In addition to the Block Definitidh éérds, pfogram control cards
and system control cards are required in the operation of a GPSS/36O |
simulation program. A brief descriptionAof the ten model control cards
follows:

1, SIMULATE: Must be present for a simuiation run to be

executed, Otherwise, the job will cease after the
assembly phase,

2, START: Indicates that all prograﬁ input cards have

‘been received. Oftentimes, the START card is used to
control the number of trgnsactions entering a model.

3. CLEAR: Causes all transéctions and statistics to be

cleared from storage.

4, RESET: Clears most of the accumulated statistics, but

allows transactions to remain in ;he model,

5. JOB: Used between different simulation models to execute .

the models as part of one project.

6. END: Specifies the end of a simulation progranm,

7. JOBTAPE: Enters external transactions into a simulation
quel.

8. REWIND: Rewinds the jobtape to the loading point,

9, LIST/UNLISf: Permits the printing and de;etiOn, respectively,
of blocks in the printout, _

10. READ/SAVE: Allows statistics to be accumulated on the

READ/SAVE tape and listed ht a later date,
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The development of GPSS/360 System Control Cards, which are unique

for each computer installation, is described in the GPS5/360 Operator's

Manuald,
GPSS/360 can be used on any IBM 360 computer that has at
least 64K words of storage, However, the capacity of specific types

of blocks increases as the core size of the computer increases?,

Table 2 shows the relationship of core size and blocks. .

3General Purpose Simulation System/360 0S Operator's Manual, IBM
Manual H 20-0311-1, 1967, 37 pp.

46PS5/360 User's Manual; p. 19,



~ Table 2,

Descrintion

Transactions

Blocks

Facilities

Storages

Queues

Logic Switches
Tables

Function

Variable

Savevalue (full word)
Savevalue (half word)
User Chains

Groups

Boolean Variable

Matrix Savevalues (full)

Matrix Savevalues (half)

Basic Core Allocation

System Capability of GPSS/360

87

Per Item (Bytes) 64K 128K 256K & up
16* 200 600 1200
12 120 500 1000
28 - 35 150 300
40 35 150 300
32 70 150 300

6 200 400 - 1000
48 15 30 100
32 20 50 200
43 20 | 50 200

4 100 400 1000

2 50 200 500
24 20 40 100

4 5 10 25
32 5 10 25
24 5 10 25
24 s 10 25

* Add 20 bytes of GPSS/360 common for every active transaction plus
additional bytes for parameters.
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APPENDIX B

) Qutpatient Clinic Simulation Program
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APPENDIX C

ANOVA For Clinic Duration
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ANOVA For Examining Room Utilization
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ANOVA For Average Patient Waiting Time
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ANOVA For Average Physician Waiting Time
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APPENDIX D

Simulation Program for Examining Room Requirements
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