RESOURCE_ALLOCATTONS AND OTHER MANAGERTAL USES OF A GENERAL STMULATION MODEL FOR OUTPATIENT CLINICS

. ABSTRACT

This paper demonstrates certain managerial uses of
a general simulation model for multifacility out-
patient clinics. A major experiment involving the
allocation of scarce funds is described; this ex-
periment involved either adding more staff or com-
verting a clinic to an appointments system. Cost/
benefit ratios were determined for each possible
decision in the experiment. A variety of other
model uses is also presented, and future directions
for outpatient clinic modeling research are sugges-
ted.

INTRODUCTION

The enactment of the Health Maintenance Organiza-
tion Act of 1973 and the Health Services Research,
Health Statistics, and Medical Libraries Act of
1974 are just two of many indications of strong and
growing interests among various sectors of the
Federal govermment that support exists for the
correction of the maldistribution of the availlabil-
ity of primary health care in the United States.
This strong legislative and executive support,
along with indications from the general medical
community, strongly suggest that the Health Main-
tenance Organization (HMO) will be a growing means
of delivery of such primary care in the future.
Clearly, the most efficient design for such systems
will be the outpatient clinic. An in-depth survey
of the health care and management science litera-
ture indicated a lack of general model for such
systems. (This general model includes the necessary
analytical methodologies for such parameter esti-
mation, system design or redesign, and system
analyses.)

The model reported in this paper was developed,
validated, tested, and investigated as a first
major step in the development of a general model
for multifacility outpatient clinics that would “e
usable for managers of various such clinies. The
specific purpose of this research was threefold:

1. To develop a model that would represent the
general characteristics of most multifacility
outpatient clinies;

2. To test and validate this model by applying it

- to a real-life outpatient clinic; and

3. To use this model to demonstrate potential
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manageriai uses for administrators of out-
patient cliniecs.

Recent investigators such as Bailey [2], Fetter and
Thompson [6]; Rising, Baron, and Averill [9]; and
Rockart and Hofmann [10] reported studies involving
the outpatient clinic setting. These studies in-
volved single facilities, or groups of single
facilities within a single clinic. No other inves-
tigators reported a multiple facility model. Thus
the research reported here should serve as a start-
ing point for the development of a truly general
multifacility clinic model.

THE SIMULATION MODEL

The general simulation model for multifacility out~
patient clinics, used in the development of this
paper, is described in full detail elsewhere by
Stafford [15], and is only briefly described here.
This model consisted of two major elements: (1)

a calling population, which demanded medical care;
and (2) the clinic, which consisted of a set of
facilities, each of which could provide a partic-
ular type of health care services. These two
elements were linked by a (multiple linear regres-
sion) demand function which was developed to pre-
dict the population's demand for health care
services, based on the various characteristics of
the population, and on certain characteristics of
the clinic itself. This function provides esti-~
mates of the mean daily demand for services; the
pattern of arrivals for these services (negative
exponential within hours of the day, with different
mean arrival rates from hour to hour) was estab-
lished through many days of direct observation of
the clinic modeled for this study. It should be
noted here that the general model allows any
mathematical or empirical arrival process, and
that the one mentioned above was established for a
particular clinic.

The clinic itself was modeled from, the viewpoint of
the facilities rather than from that of individual
patients. Each facility could comsist of one or
more servers (medical staff personnel) who would
provide certain medical services at the particular
facility. The patients were viewed as entities
that arrived at a facility from the calling popu-
lation or from other facilities within the clinic;
that were served by one of the facility's staff
members; and that then were sent on to another
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facility within the clinic, or back to the calling
population as a treated patient. The model allows
any number of servers at a particular facility, any
number of facilities within a clinic, a wide vari-
ety of service time distributions for each of the
facility's servers, and either a single queuefor a
facility, or a single queue for each server of a
particular facility. All system parameters are
specified with data cards at program execution
time.

Patient arrivals to the clinic are generated stoch-
astically with a mean arrival rate established by
the population demand equation, and with an arrival
distribution determined by statistical analysis of
the particular clinic being examined with this
model. A particular patient's route through the
clinic is determined stochastically, based on his-
toric patient load data at the various facilities.
Multiple linear regression and input-output analy-
sis were used to estimate the patient flow prob-
abilities that, in turn, were used to generate
these patient paths. Details of this estimation
procedure are detailed elsewhere by Stafford and
Wyman [20].

The SIMSCRIPT II.5 Simulation Language was choosen
for writing the computer program version of this
simulation model. The excellent list processing
capabilities of this language allowed easy repre-
sentation of the complex queuing systems inherent
to most outpatient clinics. This language also
has built-in process generators for most common
statistical distrubutions that would be found in
empirical studies of queuing systems. The event
notice feature of this language allowed the actual
program to be written in rather general routines
and events, which would become operational for
specific clinic configurations through data inmput
decks. Thus a single program was written that

would represent a variety of clinics with virtually '

no reprogramming. Then too, for complex simulation
models, SIMSCRIPT II.5 proved to be highly effi-
cient at program execution time. (One day of
simulated activity, for a clinic serving over 600

_patients a day, was less than one second on an

IBM 370/168 computer.)

Data from the Ritenour Health Center, the Pennsyl-
vania State University, were used to test and
validate the model. These data included five years
of daily patient loads for each facility of the
Center's outpatient clinic; hundreds of observa-
tions of patient arrivals, delays, and services at
the various facilities; and student enrollment
figures and demographics at this university for
this same five-year period. These data were used
to extensively examine the technical validity of
the model, and to estimate system parameters for a
multifactor investigation of-the controllable
variable-system performance measures interactioms
of this clinic. Full details of this technical
validation procedure are detailed elsewhere by
Stafford [18], as are the details of the parameter
estimation techmiques- [15].

To date, a variety of experiments have been con-
ducted with the general simulation model described
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above; this paper details one of the administrator-
oriented experiments that demonstrates some of the
analytical powers available with the simualtion
model. Other experiments have been detailed by
Stafford [15], and by Aggarwal and Stafford [1],
and are only briefly discussed below.

AN EXPERIMENT WITH THE MODEL

At the time of the initial research investigations
that eventually led to the general simulation model,
there was strong feelings among the students at the
Pennsylvania State University, and also among the
administrators and medical staff personmel of the
Ritenour Clinic, that clinic patients were experi-
encing unnecessarily long delays waiting for ser-~
vice, especially at certain key facilities such as
General Physicians and the Pharmacy. Further, the
clinic admindistration felt that demand fluctuated
so much within an operating day, that they would
have to maintain unéconomically large medical staffs
to meet peak demands on the timely basis, and that
this staff would experience large amounts of idle-
ness during non-peak hours of operation. These
complaints and feelings suggestéd the following
simulation experiment to analyze various alterna-
tives available to clinic administrators.

First, the clinic administrators could selectively
add staff at facilities which were experiencing in-
ordinate patient delays. These clinics were identi-
fied as the key facilities, above. Second, more
receptionists could be added to speed the patient's
input to the critical facilities in the clinic,

thus giving the patients a.feeling of starting
service sooner. Third, the administrators could
modify the patient's atrrival patterns by installing
some sort of an appointments system. In this way,
demand could be spread over the working hours, thus
eliminating some of the peak-time delays, and re-
ducing the need to immediately add more medical
staff personnel. (At that time, there seemed to be
no funds available for such staff increases, as
inflation was eating yearly clinic budget increases,
and the University was in a general holding pattern _
vis a vis staff increases, due to pressures from the
State Legislature.)

Experimental Setting

The outpatient clinic of thé Ritenmour Helath Center,
The Pennsylvania State University, was also used in
the experiment described in this section of the
paper. This clinic provides primary health care
services for practically all of the 30,000 students
who are enrolled at the main campus during each of
the three regular terms; and most of these services
are also provided during the Summer Term, when
enrollments are less than half of this 30,000 figure.
University employees can receive emergency treatment
for job-related injuries and illnesses at this .
clinie, but the number of such calls are negligible
compared to the number of student visits. Addition-
al services avialable at this clinic include a
health education program; an emergency room where
students may receive treatment during the hours in
which the clinic is closed; and a 50 bed hospital,
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which is used to provide care for students who are
too 11l to care for themselves.

The 14 main facilities of this clinic are listed in
Table 1. The Reception clerks retrieve the pat-
ient's medical records from the clinic's files and
dispatch these recoxrds to the facility to which
the patient goes next. The Triage nurses inter-
view a patient to determine his relevant medical
symptoms. Based on these symptoms, the nurses
choose the appropriate facility to which the pa-
tient must go for care. Injection nurses adminis-
ter injections to allergy patients on a continuing
basis, immunize students who plan to study in
foreign countries, and administer injections pre-
scribed by the clinic's physicians. Treatment
nurses dress and redress injuries as directed by
the clinic physicians. The Cold Clinic nurse
provides primary diagnostic services to patients
whose reported symptoms indicate that they have
common colds; here more severe cases are forwarded
to the general physicians for further diagnostics
and for regimen specification. These general
physicians provide primary diagnostic services and
regimen specification; in addition, they may refer
the patients to local or distant medical special~
ists if the patient's illness or injury is beyond
the scope of the Penn State outpatient clinic's
primary health care responsibilities. The gyne-
cologists provide any of the primary gynecological
services available from a modern gynecologist in
private practice. The dentist provides only
emergency care for those students unable to obtain
care from a local, private dentist. The physical
therapist provides a wide variety of treatments as
prescribed by either a clinic physician or by the
patient's private physician. The Mental Health
staff provides emergency or continuing help on a

TABLE 1

Facilities qf Ritenour Outpatient Clinic

Facility wps® as? sc®

1 Reception 2 M $ 2.82

2 Triage 1 ] 4,25

3 Injection 1 ] 4.25

4 Treatment 1 S 4,25

5 Cold Cliniec 1 S 4,25

‘6 General Phys. 6 M 13.85

7 Gynecology 2 M 13.85

8 Dentist 1 S 10.71

9 Phys. Therapy 1 S 8.06

10 Mental Health 2 M 14.43
11 ZX-ray 1 S 4.25
12 Laboratory 3 s 4.25
13 Pharmacy 1 M 7.23
14 Team Physicians 2 S 13.85

®Number of primary servers at time of study.

bQueue structure: M = one queue per server;
S = one queue per facility

®Staff costs expressed in dollars per manhour
of idleness. b

confidential basis to any student requesting such
help. More serious cases are referred to private
practitioners or inpatient clinics near the pa-
tient's permanent home. Basic diagnostic X-rays
are made at the X-ray facility, and basic diagnos-
tic laboratory tests are performed at the Labora-
tory facility. Most common drugs, except Class I
and Class I countrolled substances, are available
on prescription from the Pharmacy facility. The
team physicians provide medical care for the mem-
bers of the varsity sport teams of the University;
occasionally, they will also treat patients from
the general student body who have sports-related
injuries.

The clinic is open weekdays 8-5, and on Saturdays
8:00 A.M. to noon, during the weeks when classes
are in session at the University. The clinic is
also operated on most of the days between academic
terms. The clinic is closed for holidays and for
2 weeks during Christmas season. Most patients
come to the clinic as walk-ins. Starting 1972, an
informal appointitent system was established for
Physical Therapy facility.

In the past, gynecologists were grouped with gen~-
eral practitioners, but their increased demand
resulted in the establishment of a separate
gynecology facility during 1972. Early morning, a
queue is formed and some of the patients at the
head of the queue can get appointments for the day,
others are expected to come to the queue early next
moxrning. But starting in 1973, .appointments were
being made for several days in advance.

Incoming patients report to reception facility,
and they are screened by a Triage nurse. Patlents
coming to physicians could report to a physician
directly. Students coming to mental health are
directly sent in because their records are confi-
dential and are maintained separately from basic
health records of the general student body. This
way, there are three input channels to the clinic.
These input channels and the subsequent flowpaths
through the other facilities of the clinic are
shown in Figure 1.

A four-factor experimental design was established
for this experiment. Three of the factors were
the staff sizes at the three "eritical" facilities:
(1) Reception; (2) General Physicians; and (3)
Pharmacy. The levels of each of these factors were
the numbers of staff tp be employed at each of the
critical facilities, including the then current
numbers. The fourth factor was the type of arrival
pattern established for the entire clinic. The
base level was the existing patterns, described
above. A second level was a poorly controlled
appointments system, and the third level was a
tightly controlled appointments system. Each of
the appointments systems would schedule arrivals to
the clinic's input channel facilities, but these
arriving patients would then proceéd through the
clinic as they would without an appointment system;
that is, an arriving patient would not go to the
X-ray facility, for example, by appointment, but
would instead be sent by an attending physician
directly from the General Physician facility.

The levels of each of the four experimental factors

are identified in Table 2. Levels Al, Bl, and Cl
represent the numbers of staff personnel assigned
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FIGURE 1

PATIENT FLOWPATHS IN THE RITENOUR OUTIPATIENT CLINIC
(Numbers in the circles correspond to the facility
identification numbers given in Table 1)

‘Qutpatient
Clinic

Calling
Population

to the Reception, General Physician, 'and Pharmacy
Facilities, respectively, at the time this study
.was conducted. The levels of the fourth factor,
Arrival Process, need to be discussed in greater
detail. As stated above, the observeéed arrival
process to the Ritenour Clinic was cyclic exponen-
tialj; that is, within each hour of an operating day,
the Interarrival times of successive patients were
distributed as a negative exponential random vari-
able, but the mean interarrival time changed (cy-
cled) over the various operating hours of each day.
This arrival process served as the base level for
the fourth factor. The rationales for levels D2 and
D3 stem from previous studies on appointments sys=
tems [4, 11, 12] which show ‘that unpunctuality and
excessive walkins can transform a supposedly deter-
ministic input (an appointments system) into a
random series of interarrival times, which are
exponentially distributed. Hence, an "unsuccessful"
or improperly énforced appointments system is here
approximated by a negative exponential interarrival
time process, while a reasonably well enforced
appointhments system is approximated by an Erlang-
distributed précess with parameter k = 4. This
later approximation represents an arrival process in
which one half of the varilance, that would be asso-
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ciated with a purely exponential process, is re-
moved, relative to a perfect appointments system.

TABLE 2

Experimental Factors and Levels

' Factor Level

A - Reception Staff Al - 2 Receptionists

A2 - 3 Receptionists

B - General M.D.'s Bl - 6 M.D.'s
, B2 - 7 M.D.'s
B3 - 8 M.D.'s

C - Pharmacy Staff Cl ~ 1 Pharmacist
C2 -~ 2 Pharmacists

D - Arrival Process D1 - Cyclic Expomential
D2 ~ Stationary Exponential

D3 - Stationgry Erlang (k=4)

The various levels of these four factors, when
combined for the multifactor experiment, form a

2x 3% 2x3 =36 cell full factorial design. Re-
peated measures analysis of variance was selected as
the analytical tool for this experiment in order to
fully exploit this experimental design [21, p. 298].
Identical random number streams were used for the
simulation of each cell configuration of the experi-
ment. In this manner, the experiment acted as if
exactly the same sequence, for each cell of the
design. The patient routings and treatment times
were also duplicated for each cell, through this use
of identical random number streams. Only the treat-
ments (staff levels and arrival process) werevaried.
Therefore, the systematic variande attributable to
constant differences between subjects was removed by
using the repeated measures analysis of variance.

The unit of analysis for this experiment was a
single day of clinic operation, since the clinic
"emptied" at the end of each working day. Using
the concepts of statistical power [21, p. 657], and
the results of a pilot test of the simulation model,
it was determined that a cell size of 25 replica-
tions (days of clinic operation) yielded a Type II
risk smaller than 8 = 0.10 for a = 0.05, so N = 25
was used for each cell of this experiment. Thus

for the repeated measures analysis of variance, a
"subject" became a batch of one day's patients
being passed through the clinic. The basiC*assump-‘
tion 0f the repeated measures techmique, that back=
ground differences between any pair of subjects
remain constant over all trials, may be tested
rigorously by assessing whether the varidnce-
covariance matrix of observations exhibits equal
variances along the major diagonal and equal co-
variances off the diagonal. A chi-square test may
be applied to test this condition [21, p. 371]. For
this experiment, y2 = 17.47 for 76 degrees of free-
dom, thus supporting the assumptioms underlying this
technique.



Discussion of Results

Two system performance measures (dependent vari-
ables) were monitored for this experiment: (1)
patient's mean time in the system; (2) patient's
mean time waiting for services. Because the first
is theoretically a constant plus the value of the
second, and because the results were essentially
identical for both measures, only the second one
will be discussed here.

The analysis of variance summary table for patient
mean waiting time is given in Table 3. Since none
of the 11 interaction effects approached statisti-~
cal significance, they are combined in this table
instead of being presented individually. It is
clear from the results reported in Table 3 that
the most sensitive experimental.factor was Phar—
macist (C), with Arrival Process (D), General
Physicians (B), and Receptionists (A) in descending
order of importance. Analysis of the individual
cell means suggested that an additional pharmacist
could reduce the average waiting time by as much
as the implementation of a successful appointments
system. ‘The stronger F ratio for the added phar-
macist suggests that the variance of the pharmacy
improvement could be less than the effect of an
appointment system. Clearly, the appointment
system effect is more potent than additional gen-
eral physicians or receptionists.

TABLE 3

ANOVA Summary for Patient Waiting Time

Source af F

|Receptionists 1 2.34  p < 0.135
General MD's 2 30.54 p < 0.001
Pharmacists 1 251.39 p < 0.001
Arrival Pattern 2 83.11 p < 0.001
(A1l Interactioms)  (25)

Error 864

Total 895

The reader is reminded of the assumptions that the
manipulation of the arrival pattern represents the
essential benefit that would accompany an appoint~
ments system, and that appointments were not
explicitly built into the simulation model. With
this in mind, the simulation evidence suggests that
additional pharmacy capacity should be given prior-
ity over am appointments system, but that an ap-
polntments system is superior to additional general
physicians or receptionists for sheer reduction of
patient waiting time. The results also suggest
that the benefit of an appointments system, even
when poorly accepted (Factor D2), exceeds the
benefit of an additional receptionist, and about
equals the benefit of an additional general physi-
¢lan.

Cost Benefit Analysis

Of course reduced waiting times must be offset by
possible increases in staff idleness, and weighted
by the question of cost relative to the benefit
obtained. The former consideration is explored

later in this paper, while the latter is discussed
in this section.

By assuming various cost factors it was possible to
estimate a table of cost/benefit ratios. The bene-
fit was defined as reduction in waiting time per
patient, for each experimental cell, as compared to
the current system (all factors at level "1").
Physician salaries were assumed to average $17,000
(the actual average at the time of the simulation
runs), with receptionists and pharmacists costing
$4,800 and $12,000 per year, respectively. The
University's estimates of overhead at 65 percent of
salary cost was used. In their study of a similar
university outpatient clinic at the University of
Massachusetts, Baron and Rising [3] calculated a
cost of $0.72 per appointment established. Assuming
that this figure reasonably reflects the cost of
establishing an appointment at the Ritenour Clinic,
a yearly cost of $60,000 was assumed for an overall
appointments system.

The ratios of cost per unit (minute) of benefit
obtained are presented in Table 4. Using this ta-
ble, clinic administrators can combine the factors
of staff changes and appointments systems to identi-
fy promising combinations of decisions. Non-quanti-
tative factors, such as university budget policy,
market availability of staff, and supporting govern-
ment funds for health center innovations, may then
be taken into account. As can be seen in Table 4,
the cost/benefit ratio is greatest for an unsuccess-—
ful appointments system with no added staff (zow 1).
A successful appointments system with no staff
changes dominates some, but not all, of the staff
changes without appointments system additions. In
the entire matrix, the minimum cost/benefit value

is associated with the addition of a single pharma-
cist. A clinic administrator .can visualize the
relative preferences of numerous alternatives in
this fashion.

It should be noted that this study was conducted
without funding, and without the Ritenour's
administrator's commitment to implement any recom-
mendations derived from the study. Nonetheless,
based at least in part on the evidence presented

in Table 4, this administrator did decide to add
another pharmacist to his staff, and followup
observation and statistical analyses confirmed that
mean patient waiting time did significantly decrease
within the Ritenour clinic.

OTHER USES OF THE MODEL

The general simulation model for outpatient clinics,
briefly described above, has been used for a number
of other experiments reldted to clinic administra-
tor decision making. Two of these are reported in
this section, while the others, having not yet been
reported in the literature, are presented later in
this paper as future uses of the model and its
related analytical techniques.

Examination of Major Clinic Design Factors

To demonstrate the general model's usefulness to a
clinic administrator in the design or redesign of
his clinie, and also to examine the validity of the
model from another viewpoint, the model descirbed
above was used to examine the nature and inter-—
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TABLE 4
Cost/Benefit Analysis
Cost/Benefit Ratios
Low Success High Success
Added Staff . Benefit Cost No Appoint- Appointment Appointment

Recép'n. MD's Pharm. (cyclic) (cyelic) ment System System System

a

0 0 0 ———— 14,051 6036

1 0 0 0.84 $ 7,920 $ 9,428 12,851 6490

0 1 0 3.54 28,049 7,934 11,383 7106

1 1 0 4.55 35.969 7,905 11,425 7430

0 2 0 4.83 56,099 11,614 13,008 8822

1 2 o] 5.71 64,019 11,221 12,979 9132

0 0 1 8.37 19,799 - 2,367 6,951 4861

1 0 1 9.24 27,719 3,000 7,020 5188

0 1 1 12.74 47,849 3,755 7,035 5643

1 1 1 13.62 55,769 4,096 7,159 5938

0 2 1 14.18 75,899 5,354 8,157 6800

1 2 1 15.05 83,819 5,569 8,267 7060

45 zero indicates the base level of staff personnel; nonzero numbers indicate numbers of staff personnel

added to the clinic.

relationships of three of the major design factors
of an outpatient clinic. The three factors exam-
ined in this study were: (1) size of the calling
population serviced by the clinic; (2) number of
input channels for the clinic; and (3) level of
staffing at the individual facilitiles within the
clinic. The first factor is, of course, generally
beyond the control of the administrator, although
he must design his clinic to meet this demand for
services. The second factor could help reduce
congestion at a limited number of input facilities
by adding more facilities; or better control over
admissions to the clinic could be maintained .
through the reduction in the number -of input chan-
nels allowed. (This last possibility was the basis
for including the number of input channels in this
experiment.) The third factor is defined to be the
ratio of the existing service capacity of each
facility to the capacity required for the total
actual processing times of the existing demand on
that same facility. For example, let the mean
service time at a facility be 10 minutes, and let
the average patient demand be 60 patients per 8-
hour arrival period. If the number of primary
staff in the facility is 2, then level of staffing
(denoted L8) for that facility can be calculated

to be: LS = 2(480)/10(60) = 1.60. A LS value of
1.00 means that the staff members are theoretically
never idle, a condition that is never obtained in
real-life clinics. A clinic administrator can
increase level of staffing at a facility (or at all
facilities within the clinic), but at an increased
cost of staff idleness. Again, cost/benefit anal~
yses would assist the administrator in selecting
an “optimal" staffing pattern for his clinic.

The parameter values established for the Ritenour
clinic were also used in this study; five levels .of
potential calling population size, ranging from.
5,000 to 50,000 were chosen. Two configurations of
input channels, three as currently exist, and a
single channel (the Reception Facility), were
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chosen; and four levels of staffing, ranging from
1.2 to 2.0, were also chosen. Each cell of this
5% 4 x 3 = 60-cell experiment was replicated for
25 days of clinic operation, and the results were
combined into average statistics for each facility
of the clinic, and for the clinic as a whole. This
60-cell, 25-day experiment was replicated three
times, using different locations of the random num-
ber generator streams for each replication. The
important measures of system performance monitered
for this experiment-were as follows:

1. Daily number of patients serviced by a facility
(LOAD) ;

2, Average time a patient spends at a facility
waiting for service (MTIQ);

3. Average time a patients spends at a facility
both waiting for, and receiving the services
(MTIS);

4. Average number of patients waiting in the queues
before a facility (MNIQ);

5. Average number of patients waiting in the queues
or receiving services from that facility (MNISO;
and

6. Man-hours of staff idleness at each facility.

Each of these measures were analyzed using full-

factorial analysis of variance with repeated mea-

sures. Full details of the experiment, and its

results, are reported elsewhere by Stafford [15].

A summary of the results of this experiment are

présented in Table 5. These results indicate that

number of input channels to Ritenour's outpatient
clinic will have little effect other than to
increase the number of patients passing through the

Reception Facility, and to add a little congestion

to that facility and to the next facility immediate-

ly downstream in the patient f£lowpaths. On the
other hand, the other major factors strongly affect-
ed many of the performance measures, and there was
also a strong interaction effect between these two
factors. This latter finding suggested that a non-
linear, rather than a linear, relationship existed



TABLE 5

Summary of Analysis of Variance Results for the Clinic Design Factor Study
Source of ‘ Facility
Variation 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
12 LOAD
MTIQ
MNIQ MNIQ
MNIS
IDLE
2 Significant for all performance measures
3 MTIQ MTIQ MTIQ MIIQ MTIQ MTIQ MTIQ MTIQ MTIQ
MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ
MTIS MTIS MTIS MTIS MTIS MTIS MTIS MTIS MTIS
MNIS MNIS MNIS MNIS MNIS MNIS MNIS MNIS MNIS MNIS MNIS
IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE
12 LOAD
MTIQ
MNIQ
MTIS
MNIS
IDLE
13 wm——e———eem———Not significant for any of the performance measures
23 LOAD LOAD LOAD LOAD LOAD LOAD
MTIQ MTIQ MTIQ MTIQ MTIQ MTIQ MTIQ MTIQ MTIQ
MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ MNIQ
MTIS MTIS MTIS MTIS MTIS MTIS MTIS MTIS MTIS
MNIS MNIS MNIS MNIS MNIS MNIS MNIS MNIS MNIS MNIS MNIS
IDLE IDLE IDLE IDLE IDLE 1IDLE IDLE IDLE IDLE
123 MITQ
° MNIQ MNIQ
MTIS
8Factor TIdentification: 1 = # input channels; 2 = size of calling population; 3 = level of staffing.

between these two factors, for the operation of the physical plant and equipment required, will at
clinic. This nonlinear relationship also was in- least partially be offset by increases in system
dicated by the microeconomic analyses reported else- performance measures such as staff utilization,
where [1, 15]. patient delays, and general congestion. Variants
of cost/benefit analyses for assisting in analyzing
Aggregation of Clinic Facilities these tradeoffs are reported elsewhere [1, I5].
Another major study, conducted simultaneously with The 3-replication, 60-cell, 3-factor experiment
the experiment described in the preceding para- reported above was replicated for a configuration
graphs, involved the analyses of the impact of of Ritenour clinic that included three aggregated
aggregating two or more facilities within a clinic into one facility; the General Physicians and
into a single facility. An administrator might Gynecology Facilities were aggregated into a second
consider aggregating two facilities to reduce the facility; and the Laboratory and X-ray Facilities
number of staff persomnel required to man his clin- were aggregated into a third facility. The details
ic. Two or more facilities may be considered for of how exact patient paths-were maintained for these
aggregation if they each satisfy the following two two large experiments are discussed by Stafford [15].
conditions: (1) the same type of primary staff The results of the aggregated and nonaggregated
personnel is assigned to each of the facilities: versions of the clinic simulation were combined to
and (2) this staff type is able to perform (or is- form a dependent sample paired statistic, which is
willing to learn to perform) all the major health- testable with the student-t testing procedures [14,
service duties assigned to each of these facilities p. 93]. The results of the analyses for the six
being considered for aggregation. The cost savings, performance measures stated above, for each of the
realized through reductions in staff size and in nonaggregated facilities, are given in Table 6.

Winter Simulation Conference 367



RESOURCE ALLOCATIONS . . . Continued
Detailed explanations of the results of this study
are reported by Stafford [15].

FUTURE USES OF THE MODEL

To date, the model described above, and its related
tools of amalysis, have been applied to only a
single multifacility outpatient clinic. Clearly,
these modeling and analytical techniques should be
applied to one or more other outpatient clinic sys-
tems before the model can be said to be truly gen-—
eral, even for a limited variety of clinics. None-
theless, there are several other uses of this model
which cannot wait for these other major studies,
and which are important in their own right. Some
of these are described in the following paragraphs.

Allocation of Staff to Facilities

The results of the cost/benefit analysis described
earlier in this paper suggest that the overall
performance measure, mean patient delay in the
clinic, is a linear function of the staff levels

of the varieus facilities. At least, the inter-—
action effects of the experiment were statistically
not significant. If this result could be general-

ized to all facilities of the clinic, then an opti-
mal algorithm for allocating staff to the various
facilities, given constraints such as limited bud-
get, minimum staffing requirements, and so on, could
be derived with dynamic programming. Further, this
staffing problem would decompose into smaller prob-
lems if each facility were to be manned by just one
type of primary medical staff personnel. Even if
the minimizing function were not linear within a
facility (a strong likelihood exists that this is
true), dynamic programming will work as long as the
effects of the individual facilities remain depen-
dent. Such a dynamic programming algorithm would
enable the clinic administrator to allocate, and
reallocate staff personnel as budgets, labor costs,
or other factors change. An initial study of this
problem is currently being conducted by Stafford
and Gowens [19]. ’

Demand for Services

In the general description of the simulation model
at the beginning of this paper, it was mentioned

that demand for services, for the whole clinic, was
estimated using multiple regression analysis. This
analysis could be expanded to incliude demand esti-

TABLE 6

Test Statistics® for Examining the Effects of Facility Aggregation on Various Performance Measures of

The Nonaggregated Facilities

. Facility
Performande Entire - : -
Measure Clinic 1 2 8 9 10 13
Number of
Patients 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M.TIQc 3.315 d 0.0 0.0 0.0 -1.312 0.0 5.323
(.001) (.20) (.00L)
MNIQe -1.064 2.579 1.802 3.743 1.942 2.953 4,954
(.30) (.01) . (.10) (.001) (.10) (.005) (.001)
MTISf 3.315 ag.0 0.0 0.0 -1.363 0.0 5.293
(.001) (.20) (.001)
MIs® ~0.843 2.813 2.555 2.696 2.276 2.975 4,586
(.39 (.005) (.025) (.01) (.025) (.005) (.001)
Idle Timeh -10.693 0.0 0.0 0.0 0.0 0.0 0.0
(.001)
aDependent paired differences, following a Student-t distribution with 119 degrees of freedom (source: [15;
p. 931).
b

Mean number of patients using a facility per day.

(z]

Average time a patient waits for service to begin.

[29

4

fAverage'time a patient spends at a facility, including his service time.

gAverage number of patients at a facility, including those being served.

Probability of a Type I error if the hypothesis is rejected.

Average number of patients waiting for service at a facility.
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hAverage.daily staff idle time at a facility, minutes.
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mations for each of the facilities of the clinic.
Such analyses, especially if demand were found to
be dependent on time-related factors, would allow
a clinic administrator to prepare to meet the
future demands based on his or other estimates of
future characteristics of the calling population.
Stafford [17] is currently developing these
analyses. )

Estimation of Operating Costs

In addition to the identification of staff person-—
nel costs, as suggested by the analyses described
above, a clinic administrator could use this model
to determine a reliable estimates of the total
operating costs for his clinic. The missing ele-
ments to the total operating cost equation include
the non-labor direct and indirect costs such as
housekeeping, medical supplies, utilities, and
equipment repairs. Evaluation of the various
historical cost elements of a clinic should reveal
approximate cost functions based on a cost per
patient served. This could be broken down to
facility costs, or kept at the aggregated clinic
costs. In either case, proper analyses should
establish per-patient cost estimates for the
administrator. Then, using either the simulation
model itself, or perhaps another type of model
(see Stafford [15] for suggestions), the adminis-
trator could predict his total system operating
costs based on forecasted demands for services,

A pilor study regarding such cost estimates is
currently being conducted by Stafford [16].

SUMMARY

It was shown in this paper that a general simula-
tion model for multifacility outpatient clinics
had a variety of uses with regard to clinic design
and administration. Further, several future uses
of the model were identified and briefly discussed.
In addition to these, it seems reasonable to
expect that the model will fulfill many of the
uses of simulation models as identified in the
literature [5, 7, 8, 13]. Not the least valuable
use of this model will be its pedigogical use in
the classroom and in the training sessions for
future clinic administrators. The logic of the
simulation program for the model will prove useful
in developing job shop types of simulation models
for any number of applications.

BIBLIOGRAPHY
1. Aggarwal, S. C., and Stafford, E. F., "A Sim-

ulation Study to Identify Important Design
Parameters of a Typical Outpatient Health Sys-

tem and to Analyze Measures of Its Performance,"

Proceedings, Summer Simulation Conference,
Washington, D. C., July 12, 1976, pp. 544-553

2. Bailey, N. T. J., "A Study of Queues and Ap-
pointment Systems in Hospital Outpatient
Departments,” Journal of the Royal Statistical
Society, Series B, VoI, 14, 1952, pp. 185-189.

3. Baron, R., and Rising, E. J., "Clinic Appoint--
ment Systems with CRT Terminals," ORSA, AIIE,
TIMS Joint Conference, Atlantic City, N. J.,
November 8, 1972.

10.

11,

12.

13.

14,

15.

16.

17.

18.

Blanco-White, M. J., and Pike, M. C., "Appoint-
ment Systems in Outpatients' Clinics and the
Effects of Patient Unpunctuality,” Medical Care,
Vol. 2, 1964, pp. 133-150.

Emshoff, J. R., and Sisson, R. L., Design and
Use of Computer Simulation Models, MacMillan,
New York, 1970.

Fetter, R. B., and Thompson, J. C., "Patient's
Waiting Time and Doctor's Idle Time in the
Outpatient Setting," Health Services Research,
Vol. 1, Summer 1966, pp. 66~90.

Maisel, H., and Gnugnoli, G., Simulation of
Discrete Stochastic Systems, Science Research
Associlates, Chicago, 1972.

Meier, R. C., Newell, W. T., and Pazer, H. L.,
Simulation in Business and Economics, Prentice-
Hall, Englewood Cliffs, N. J., 1969,

Rising, E. J., Baron, R., and Averill, B., "A
Systems Analysis of a University-Health-Service
Outpatient Clinic," Operations Research, Vol.
21, No. 5, September 1973, pp. 1030-1047.

Rockart, T. H., and Hofmann, P. B., "Physician
and Patient Behavior under Different Scheduling
Systems in a Hospital Outpatient Department,"
Medical Care, Vol. 7, No. 6, November 1969,

PP. 464-470.

Rossiter, 0. E., and Reynolds, J. A., "Auto-
matic Monitoring of the Time Waited in Out-
patient Department,"” Medical Care, Vol. 1,

1968, pp. 218-225. '

Ryan, R. R., "A Comparitive Statistical Analy-~
sis of Selected Outpatient Clinics," AD-407966,
Office of Technical Services, Department of
Commerce, Washington, D. C., 1963.

Schellenberger, R. E., "Criteria for Assessing
Model Validity for Managerial Purposes," Deci-
sion Sciences, Vol. 5, No. 4, October 1974,
pPp. 644~653,

Snedecor, G. W., and Cochran, W. G., Statistical
Methods, 6th edition, Iowa State University
Press, Ames, Iowa, 1967.

Stafford, E. F., "A General Simulation Model for
Multifacility Outpatient Clinics," unpublished
doctoral dissertation in Business Administra-
tion, The Pennsylvania State University, 1976.

Stafford, E. F., "Predicting Costs of Service
at a 'No-Cost' Multifacility Outpatient Clinic,"
Department of Management, University of Okla- .
homa. forthcoming working paper.

Stafford, E. F., Predicting Demand for Service
at a 'No-Cost' Multifacility Outpatient Clinic,"
Department of Management, University of Okla-
homa. forthcoming working paper.

Stafford, E. F., "Technical Validation of a
Simulation Model," ORSA/TIMS National Meetings,
Miami, Florida, November 4, 1976 (Abstracted in
ORSA/TIMS Bulletin, No. 2, 1976). -

Winter Simulation Conference 369



RESQURCE ALLOCATIONS . . . Continued

19. Stafford, E. F., and Gowens, J. W., "Sched-
uling Health Care Delivery System Personnel
with Dynamic Programming," Department of
Management, University of Oklahoma, forth-
coming paper.

20. Stafford, E. F., and Wyman, F. P., "An Iter-
ative Procedure for Estimating and Validating
Technical Coefficients," Proceedings, National
AIDS Meetings, San Francisco, California,
November 11, 1976.

21. Winer, B. J., Statistical Principles of
Experimental Design, McGraw-Hill, New York,
1962.

370 December 5-7, 1977



