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Abstract

This paper focuses on the development of 2 simulation modeli of a
University Health Sexwvice Outpait:lent Clinic the implementation of which has resulted
in significant improvesents to system performance. The details of thege
improvements are published elasewhere; they amouted to savings in
excess of fifty thousand dollars the f£irst year the model was used,
improved physicisn morale, and acceptance on the part of the Health Sexvice
staff of the simulaticn model as a tool for decision-making.

The Health Service provides complete outpatient medical care and
limited inpatient care for about 19,060 people. The resulting cutpatient
load of over 400 persons a day requires the services of 12 full-time
phyeicians. The simulation model for which appointwent and walk-in patients

are generated separately, was developed over a two-yesar period and tekes the

general form of a smlciple stage, parallel queueing systewm with a varisble

nuwber of servers. Validetion problems are discussed, and data is presented.
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Introductiea

The litersture in the field of heslth
adwinistration reflects the ifncreasing import-
ance of =nd burgeoning unetional intecest in the
delivery of health care through outpatient
facilicies. This paper reporis on the details
of a simulation model that was used as a
portion of ar overall systems snalysis made
of the delivery of outpatient care &t the Univ-
ersity of Massachusette Health Service. The
manner in which this systems analysis was car-

ried out end the results it achieved were

described in the Journal of the American College

Health Association in a three article geries

in the June 1972 issue (i, 2, 3). These
improvements were achieved through the reduct-
ion of physician idle time. In 2 concurrent
study made by a team of soclologists who did

a before and after set of interviews with'the
physicians, it was concluded that physician
morale increased because of the work dome.

The increase in throughput that was pos-
sible, together with the incressed time spent
with patients, and the fewer physician hours
actually scheduled for patient cemtact, meant
that the systems analysis was resporgible for
providing the students with services that
would have required approximately 2.2 addition-
al physic%ans operating under the old system.
This meant a saving in excess of $50,000 in
the first year in physicians' salaries gione,
and if one alaso includes the support services

that these two physicians would have required,

this figure for savings would increases substant-
ially.

The complete systems analysis used a sim-
vlation model to examine the effect of various
strategles for scheduling the appoincmenta.of
patients and for examining the effect of differ-
ent working schedules for the physicians. Runs
were compared om the basis of patient waiting
time and physician idle tiwe, the two wost
gensitive measures of effectiveness. Based on
these criteria, the medical staff reviewed the
results and decided on a scheduling pattern for
themselves and their patients for the following
academic year.

The key te the success of the enterprise
was twofold: first, the entire system was
anslyzed by a team including socioclogists,
physicisns and administrators as well as
engineers; and eacond, the analysts vere cast
in the roie of supplying staff support to both
the clinic administrators and the nedical staff.
The clinic administrators formulated alternative
scheduling patterns based on the quascions that
the medical staff raised, then the gimulation
anailyste ran the model to replicate this
situstion. The resulits of the various sim-
ulation rung were examined by the medical staff
and the clinic wanagement under the csuidance
of the sivulation analyste. The resulting
decision r;presented the needs of the wedical

staff and the preferences of the clinic

administration, and 1t tock advantage of the

techuological expertise of the simulation




analysts. The details of hew the model was dev-
eloped, the manner in which data wers taken and
the kinds of results that were obtained from
the model are presented in the remeinder of this
article, but it sust be remesmbered that this
simmlation model was only one facet of the

enterprise.

Description of Facilities

In the fall of 1970, the University of
Massachusetts Health Service delivered primary
health care to approximately 19,000 students
on a compulsory prepaid basis. There were,
in addition to the cutpatient depariment that
{s of interest here, approximately 70 inmpatient
beds, a laboratory and x-ray facilities, an
emergency room, & pharmacy. and a mental
health clinic that is separately housed. The
University Health Service also operates a
health education program and an environmental
health and eafety” pProgram.

The cutpatient depertment usually treat:
between 400 and 500 patients per day. Abcut&
haif of: these patients see & physiciax; on either
an appointment or a walk-ia basis. The remain-
ing patients vieit clinice guch as the nurse-
practitioner clinic, where four nurses dellvez
primaxy care undexr the direct supexvision of
a physician, or special pu:p&e clinics oper-
ated by murses for things such as immunizations,
Tlf_ tests, allergles, waris obesity, ete.
During the fall semester of 1970, the Health

Service had twelve full-time physicisns on
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its medical staff. Becauwse of duties velsting
to administration, the inpatient arga, the nurse-
practitioner clinic, “eo~call” periods duxing

the evenings and weekends, and other tagks,

cnly 260 physician hours per week werxe mede
cwailable in the outpatient department during
regulsr clinic houra. The rotsting schedule
meant that no more than seven physicians could
be available at one time.

The on‘petient departeent of the Health
Service at the Un;lversity of Mzssachusetts has
meny problems in common with other cutpatient
medical care delivery aysteme. The rapid
growth -xperienced over the past several years
has resulted in conditions coswon o most
overcrowdad hesl:h care facilities. The allev-
{ation of the following conditions wes identi-
fied ss zhe immediate target of the study:

1. There was a loag waiting time for

patients.

2. The professional staff felt overwvcrked
and harassed.

3. There was much confusion and crowding
in the waiting rooms st predictable
timee (on Monday, Tuesday, aad Friday
afteronoon) .

4, The physicians were still geeing pat-
jents as long &3 &n hour past closing
tima.

5. During the day, physicians were sowe~
vinég idie hecause patients did not
always keep appointments ;ctneduled

geveral weeks in advance.




6. The current building was (and in) over-
crowded as it wae designed for a
student body of 10,000 and is cuxcently
serving a student body of over 19,000

studente.

Procedura

Analysis of the targets of the work reveal-
ed that the basic problem was congestion :ln.a
complex queueing system. The procedure develop~
ed to solve this problem was based on the assump-
tion that improved mansgement of dewand, through
an expanded appointment systén, better resource
panagement, sand more efficleat physician
scheduling, would make the system function
more effectively.

The first step was co estimate the "demand"
on the system. Specifically, the demand was
defingd 3s the number of physician visits per
week that would occur during the regular clinic
hours in the 1970 academic year. The estimated
demand was divided into two components which
were .ermed "controllable" and "uncontrollable".
The contollasble componentof demand was defined
es those patients who made {or could be
induced to make) an adv.ance appointment for

their physician care. The uncontrollable

. component of demand, or “walk-in" patients, was

defined as those patients who azrived without
notice. Thie latter category would include
both "emergencies" and those patieants whose
need for medical care possibly could be post-—

poned, but was not.

It was then necessary to estimete the
nunber of. pati'ents who could be induced. to make
an appointment for their physician visits by
estimating the size of the controllable compon-
ent of the demand. It would then be possible
to distribute the various appointment periods
throughout the week in such a way that they
would "complement"” the walk-in demand. by
achedu;ing more Appcintment periods during the
periods of low walk-in demand, the appointment
patients would “gmooth" the load of physicians
and facilities. Naturally, this distribution
of appointments would have to take into account
the pattern of arrilving welk-in patients,
which was known to be different on the various
days of the week and which also changed hour
by hour during the day.

The attempt to swmooth the demand for physi-
clans® services durinmg regular clinic hours
proceeded in two steps. The first step was
to attempt to smooth the demand by day of the
week. It was to be judged successful if there
were a uniform number of patients arrivimg each
day of the week. The second step wae to smooth
the demsnd across the hours of the day. The
criteria of success of this step were the mea-
aures of effectiveness of the whole design pro-
cedure, the patient waiting time and physician
utilization.

These two steps were performed separately.
The first step, smoothing the demand over the

days of the week, was performed by straight-

forward analysis of historical trends to produce




estimates for the future.

The second step of
smoothing the demand cver the hours of the day
required a sophisticated Monte Carle simulation
model.

Alhtough this procedure has intuitive
appeal it must still be recognized as a plece- ‘
meal attack that omits comsiderastiom of all
anc:lllsx:y services (except as their effective-
ness may be enharced by & “smoothed" demand).
Considering the present state of the art, this
piecemeal approach is the best that can be |

managed for this type of problem.

Development of the Simulation Model

The present model, schematized in Figure 1
sinulates the operation of both the Physicilan
and Nurae Practitioner Clinic.

The model was developed to date in five
distinct stages. The first stage was the
iimited escope model named "pAgys® that simulated
a single stage parallel queue (for a variable
number of chaanels) to describe the Physician
Clinic. Thie model had two levels of patient
priority. The second model was an extension
to a three level priority system for pstients
with the capability of experimenting with
dif ferent priority rules and scheduling
tactics. The third wodal was bullt to tepre-
gent the Nurse Practitioner Clinic as a two
stage, two priority, paraliel queue system
with a variable number of channels. The fourth
model combined the second and third models iato

one where patients were allowed to cross ovexr

from the Nurse Clinic to the Physiclian Clinic.
The fifth and pzresent model is an extensicn of
the fourth. In this wmodel, the servers are
allowed to switch functions st predeterained
times to limit their patient lcad to any predet—
ermined cless (or classes) of patifents. The
program 1is streamlined with the use of modular
subroutines to enshle éaae of wodification.

The léngtsage uged for modeling was a local
version of GASP I (4). Since at the outset
of the project the University of Massachusetts
Research Computer Library contained no debugged
and documented simulation language, GASP [l was
chosen for two veasons: (1) the auchor's famil-
jarity with Fortran and his understanding of
GASP principles; and (2) esgse of implemention
for the available CBC 3600 and simple modificat-
ion and expension in the future.

Since then, several additions and wodific-
ations have been made to the GASP II simulation
package to satisfy our needs, and this extended
version has been found very useful for other
projects.

The GASP II {(discrete, next event) siml-
ation language containa twe groups of Fortran
subroutines. One group takes care of the filing
and ratrieving of simulation events while the
other group serwes the statistical functions
of the simuiation, i.e., sempling of distribut-
ions, collecting of statistice, etc.

The model builder hag only to construct

Fortran subroutines using GASP II conventions

to model the system, and the execution of the
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simulation is thea taken over by the GASF II

executive package.

Data

Becauge the system wes conceptualized as
a complex queueing system, inforwation was
neaded on the arrival peiterns of patients
‘and the way they spent their time iu the system.
This latter iufox’aaﬁon was broken down into
waiting time, the routing of patieats through
the svstem, and the amount of time reguired
to sexrve their needs at each of the places in
the system where they received service.

‘The date used to determine arrival patteins
were taken from the eacountex form that all
patients £il1l out prior to any service they
teceive from the Student Health Sexvice. After
it is filled out by the arviving etudent, it
iz stamped with the date and time and placed
with the medical record.

Data on the time physicians spent consult-
ing with patiemts and the time patients spent
in the laboratery, x-ray, etc. were taken
during three separate weeks. Clerks were
stationed near the eatrance t'o physicim" exam~
ining rocas and other facilities and were fura-
ished with date-time stemping clocks. Special
record sheets provided for the pwrpose were
stanped as each patient entered and left each
service. These xocords were aldo time stamped
and collected when the patient left the build-
ing. The informacion stemped on thesz forms

gave an accuiste account of the services the

patient used and of the time necesgsry to
provide the service in question es weil as all
waiting time involved. During two data-taking
periods, the number of these special recoxds

collectad agreed with the medical ancounter

" forms within sbout 7 per cent; algo, less than

5 per cent of the spec.{al forma provided to

collect service time and vouting date wave
unuasbie because of & misaing =xrival ov depart-

ure stomp.

T Similation Ining

A word ie in oxder concerning the Interprat-—
ation of the results obteined from the gimulation
model. It quickly became clear that Monday,
the dey with the lavgseat number of walk-in bat-
ients, awnd Thursday, the day with the largest
number of appointment patients, were the days
that were most aensitive to any achedul'ing
tactica., Therefore, the bulk of the simulation
studies woye limited to situations found on
¥onday and Thuraday.

The gross patient arrivals over tie day
{for ome Monday and one Thuraday) are showa in
Pigure 2. Figure 2 illustrates that the patient
arrivals over the entire day are distributed
in 2 negative exponentisl form. From this it
was assumad that this form of dirmtribution
could be used throughout the day to gemerate
walk-in arrivals even though the wean value
of the distribution was changed hour by hour
to correspond to the observed values.

The arzival rates for each hour of each

dey were svailsble from the arrival date-time
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.stamp made on all medical encounter forms. This

arrival pactern is illustrated in Figure 3
which shows the agverage nusber of all patients
entering the Health Service to receive care

for each hour of the day for Mondays and Thure-

days during the fall cexesters of 1969 and 1970. .

The similarity of: the pattern between Mouday
and Thuraday data demongtrates that there was
1ittle bianing effect of cless hours, which tend
to be scheduled at the same hours ocn Monday,
Wednesday, and Fridsy, or at the same hour or
Tuesday and Thursday. | Although the 1970 data
were pot available when the analysis vas
petformed, it is presented hexe to show that
stability of the pattern.

The arrival pettern from 1969 was used to
gensrate the walk-in patients for the Monte
Carlo simmiation model. Operationally, the
arrival pattern was incorporated into the
simulation model. as inter—arrivel times, aud
the parameters of ghia di.atrib;xtion ware changed
duxing each hour of gimuleted time. By this
process, we were reasonably aasured that the
arrival pattern of the walk-in patients would
replicate the pattern of walk—~in patieata which
would actually oceur.

The consultaticn times (servicé times)
that physicians spent with patients wexe
measured in three separate categories. Those
categoriea were for sppointment patients,

walk-in patients, and the time required

for “second service".
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These distributions are shown by the ‘histo-v
grams in Pigure 4A, 4B, and 4C.® The sample mean
and sample atandard deviation foi‘ appointment
service timas were found to be 12.74 minutes
and 9.56 minutes ;md for walk-in service times '
were found to be 9.61 minutes and 7.48 minutes
respectively. The values actually used in the
tionte Carlo simulation were generated from 2 log-
normal form and resulted in a dietribution

whose mean 2nd standard devisation were 12,35
minutes s;nd 9.05 minutes for appointment patients
and 9.57 and 8.22 minutes for walk-in patients.
These values correspond very closely to the
values of 12.6 and 9.8 minutes fespectively
which were reported for two Air Force Awbulatory
care facilities, aud which were uaed by Petter
and Thompson :I.n'a portion of their study (5).
The Nuffield study of ambulatery care facilities
in England also reports similar figures (6);

the average consultation time for new patieats
vigiting physicians whose specizitizs rougﬁly
correspond to & practice of Internal Medicine

is 11.8 winutes.

The emination‘ of ten days of data show-
ed that approximately fifteen per cent of the
patients who see physicians are sent elsewhere
in the clinic (e.g., laboratory, x-ray, etc.)
and return to see the same physician again on

the sawe day. A log-noxmal distribution with

" a mesn and variance of 15.54 and 11.09 respect-

ively was found to be an sgppropriate madel for

# Service times in the medical practice are
generally best described by either a Gammz ox
Lognormal distribution. Since generation of

variates frog the Gamme d%stributicn s time
conguming, the Lognormal form was us here.
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the elapsed period of time. These patieuts re-
turning to see the physician were observed to
interrupt the flow of new patients. 4 return
visit to a phriician seen earlier in the same
day was termed ‘'second service"; the sample
mean and standarxd deviation were 6.49 minutes
and 5.45 minutes. The values used in the
Monte Carlo simulation were generated from a
lcg-normal form and resulted in a distribution
whose mesn and standard deviation were 6.41
minutes and 4.91 minutes. No published data
vere found for comparison purposes.

In the actual operation of the cliale, the
physicians see patients in a sequence governed
by three priority. consideratious. First
priority is given to emergency patients eanter-
ing the system and patients who are returning
from a visit to the laboratory, x-ray, etc. to
gee the same physician they have already seen
aarlier on the same day. Second priority is
given to patients who have made an sdvance
appointwent with a specific physician. Last
priority is given to walk-in patients whe are
then seen on a first~come, tirst-sevved basis.
9he: walk-in patients are seen by any physician
as soon as be becomes free of higher priority
work. Most physicians usz two exsmining rooms;
a patient is being seen in one room while the
next patient to see the physician is being
prepared in the other. when & physician
finishes with one patient, the priority system
{s used to seilect a patient for the examining

room just vacated. This priority system is
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administered by a nurse who controls the flow

of patients thfough release of medical zecords
to individual physiclans in the proper order.

Within the Monte Carlo simulatien wodel,
the priori.y rules are replicsted by the use
of two "files" for esch physician and one
“f4le" common to all physicians. There 1s a
"priority file" and an "gppointment patient
gi1e"s for each phyaician, and the 'walk-in
patient file" is held in common. Bach time
a physician completes a gervice to a patient,
the files are aearéhed to locete a patient
to fill the examining rocm just used, while
the physician sees the patient aiready waiting
in the second examining room. The files are
gsearched in the following order: priority file,
appointment file, and walk-in file.

During the operation of the simulation,
juformation was collected on wvaiting time for
eppointment patients, walk-in patients, and all
patient who undergo "second service'". Im
addition, the simulation collected information
on physician utilization and the amount of time
beyond the end of regular clinic hours that
was required to serviece all the patients who
have arrived during regular clini: hours. These
results were displayed in histograms with the
mean value, standard deviation, maximum and
uinimunm values.

The effects of two decieions vere examined
on the basis of the results obrained from the
siuulation. The first decision was the hours

during the day it was best to schedule the



physicians, and the second decision imvolved
vhich of the hours scheduled were to be get
aside for appointment patients. The selection
of the best schedule of physician hours and the
best time for appointment periods procesded ia
three stepa.

First, an intuitively attractive set of
ﬁgpointxéant periode was selected that approx-
imately complemeneted the known hourly arrivals
of walk-in patients. In the second step, this
appointment pattern was held constant and the
susher of physicizus was changed across vazious
hours of the day within daily resource con-
straints (52 physician-hours, and a maximum
of seven phyaicisns &t cne time). The third
step was to hold constent the best physician
schedule found in step two, and them to go back
aud rearrange the appointwent slots in an
attempt to improve the solution. The aaccnd
end third steps wers repeated in an attesmpt to
aecure additional improvements, bur none was
obtained.

In general, the be::_t physicians® schedule
found was that seven yg;nicim should work
during the last six hours of the normal eight
hour day. In actual practice, this pattern has
winor deviations occasioned by the need to
stagger the schedules of the physicians to
accomeodate lunch houre, coffea breaks, and a
ﬁeriod for "rounds" in the inpstient avea. The
clinic was kept cpen nize hours per day to

accommodate the daily eight hour working

schedules of tho physicians.

n

Table 1 presente the arrengsment of appoint-~
ment periods by hour of the day and by day
of the week thet produced the best uimlationb
rasults when used with the sbove physician
scheduzles.

The waiting times of sppointment patients
are relatively ineensitive Zo how the appoint-
ment slots are arranged throughout the day
because of the priority these patiemts are
given. The waiting time of walk-~in patients is
highly sensitive to the arvangement of appoint-
ment slots through the day and thserefom the
welting time of walk-in patients was thzs wmost
useful criterion to use to mske the decisions.
It was alsc found that the number of minutes
the ciinic ruuas overtime is sensitive to the
pattexa of srrivals.

In generzl, it was found that provided a
queue 1is b_uilt up carly in the day by either
scheduiing fewer physician at the begzinning
of cliric hours or by scheduling s group of
early appointments, the physiciaas' idle time
is relatively insensitive to the way the
appointment peviods are arranged throughout the
day. Proof of this finding was first reported

by Welch and Bailey (7) in 1952,

Coaparisons between Predictions and Parformance

A veek or two efter the best simulation
results werc implementzd, minor adjustments of
some physicians' schedules and appointment
patterns were made. After a two month period

of operetica, data were then *iken on ¢ervice



TABLE 1

Hourly Schedule of Appointment Periods
Available During The Week

Hourly
Hours Mon Tues Ved Thursy Fri Totals
8~9 9 7 7 9 7 . 39
9-10 - 21 21 21 21 21 165
10-11 13 14 14 15 14 70
11-12 7 7 12 13 12 51
12-1 0 0 0 Q 0 0
1-2 10 15 15 17 13 70
2-3 12 12 17 18 18 77
3-4 17 17 13 17 17 87
4=5 7 7 7 6 7 34
Daily
Total 96 100 112 116 109 533
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times,; patient routing,

[§

and patient waiting times. The routine manage-

ment informetion sys-t.em !;ased on the encounter
form operated constantly, and it yielded arrival
data by hour of the day separateiy for each
day.

The real test of the gccuracy of the
methodology lay in the comparison of
predicted and actual outcond measures. Hwevei,
gince the predictione wera based on service
time data from the previous year, a follow-up
stady was made to determine if these data were
stsble from year to year. In this case, examin-
ation of service time distributions 2nd patieant
reuting providud thisz assurance; the follow-up
data verified the base data. Furtheruore,
the evaluation of the control o.f' patient
arrivals over the days of the week has been
given earlier and rests on the data presented
for "smoothed" daily arrivals for the days of
the week shown in Figure 5 snd on the stability
of the pattern of hourly arrivals between 1989
and 1970 showa earlier in Figure 3. Since this
evidence was judgsd satisfactory, the way was
clearsd to examine the campafison of ptedicted
and actual values of waiting time as a measure
of success of the overall methcdology.

The two main measures of the mod:l's
validity were the patient waiting times and
the amount of time necessary for the clinic
to remain open to serve the remaining patients

after closing time. Indtially, the model pro-

. vided results which wera much better tham those
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of the real system. Inr checking our input data
and essumptiona, we diacovered tvc discrepgncies:

(1) the guz total ‘of tagks measured did

not add up to thes length of “the work-
day; and

(2) we discoverad the system acting some-
what differently when the dats tzkers
were visible as compared to a norsal
day. ‘
The first discrepancy was attributed to the fact
that as in all labor-intensive work, allowances
have to be made for fr=tigue and factors beyond
operator contrel and the second was attributed
ro the classical "Hawthorne" effect which zeans
that data collected with the subject’s knowledge
tends te show better performance than is the
case under normal circumstances.

The allowance made to correct the above
was to simulate equally lengthened coffee and
lucch breaks ‘for the staff. This allowance
produced siu;.xlated recsults where walting time
ie compared for five sets of values. The sets
of simulation results shown ave: firet. the
case where all physicians arrive at the clinic
on time and leave and return promptly from
coffee breaks and lunch. In thic case, there
ig no time "lost" from treating patients. The °
second case is where all physicians lost
twenty minutes per day from scheduled clianic
duties (an aggregate los3 of 140 physician
minutes per day); the thixd case is similar to

the second case except the physicians lose

40 minutes per day each from scheduled cliric
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duties (an agg;egste loss of 280 minutes pex
day). The fourth aad fifth sets of résﬁlts
further increase the lozs of physician time

to 60 and 80 minutes per physicisn, which
aggregated to 420 and 560 minutes respectively.

In Figure 6, the data from Table 2 have
been ploted for Mpnday and Thursday. This
figure shows how the waiting time for appoint-
ment patients, walk-in patlents and second
service changes with the amount of physician
"ijost" time wheu the patieant load oa the clinic
remains constant. The data for Mondsy show
that walic-in waiting time is lavger than
appointment walting time, and both these values
increase for increased values of "lost" time.
The Thursday data, the day with the greatest
pumber of appointments, show the same general
trends except taat walk-in waiting time is
less than appointment walting time for low
wvalues of "lost" physician time. This
pﬁenomenon sppears when the system is net
congested and is the effect of physicians
using two examining roons. Use of two exam-
ing rooms makes an appointment patient's
priority one of "gecond" in line for a part-
jcular physician while a walk-in is taken by
any physician as scon as he is free.

Figure 6 shows that the parameters of
the distributions of waiting times preduced
by the model arxe a function of the physician
time that is "lost" to the clin:‘lc. The
simulated results shown for "no lost time"

are an ldealized situation that can be used
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to set lower bounds on waiting times., The

sizulaced values produced for the vgrious
amounts of waiting time provide estimates of
wvhat is likely to_‘happen to weiting time
under these various conditions of "lost"
time. It should be pointed out that a

ncorridor consultation" between two phyeiciams,

_or an emergeacy phore call would result in

"jost” time to the clinic and therefore would
have the same effect on the results obtained
from the model as would tardiness and extended
coffee breaks.

The entire distribution of simulated
values whose mean values agreed best with
the actual mean values are shown on the
same graph in Figure 7 A, B, and C. Exam
jnation of this figure reveals that the
simulation model preduces distributions of
waiting times very close to the actual
values. Of particular interest is the fact
that all three sets of predicted and actual
distributions conform closely across their
entire range of values.

The agreement l;et:ween the form of the
predicted and actual values shown in Figure 7,
A, B, and C leads to the conclusion that the
model behaves in much the samne manner as the
real world. Eiforts are continuing to

refine the model to obtain even better pre-

" dictions and to give deeper insights into

the operation of the real syatem.

It is felt that the next step is to

examine the "state sensitivity" of arrival rates




TABLE 2

Simulated Waiting Times for Patiantg Foz
Various Amounts of "Lost" Physiclan Time

Amount of Host Time l!er Dayy Per Physician
ol 201 41 s01 80
Walk-In Patients L2on. 138 181 28% 341 .80
Thurs 12 123 22 30 51
Mon -
Appointment Patients L33 271 201 254 29, -
Thura 12] 1| 21] 26} 32
Second Sexvice Patierts ¥on 10) 10y 13} 17 20
Thurs 10 10} 15§ 164 19
Aggregate Lost Time (Min./Day) Oy 140§ 289§ 420 § 550
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and service times. It has been observed that
when the system is congested some of the
arriving patients terd to look around the wailt-
ing room and then depart without entering the
gystem. It has also been observed that in

the last hour of the dsy, or whem the physicians
gerceive the waiting roor is crowded, they

tend to reduce the length of their service
time. Both of these cases illustrate

that the current "state” of the asystem appears
to have an effect on system parameters. It
will be of interest to determine gimple and
_.atraightfoward‘ techniques to measure these
effects, apply them in the model, and then
determine their effect on the predictive

capability of the model.

Results -

The data generai:ed by the simulation model
were thoroughly analyzed, and it was decided
to implement the system changes that were
gtudied. After the changes wexe accepted
and considered routine by the operating staff,
data was collected on the actual operation of
the system. It was found that the number éf
patients that were seen by physicians increased
by 13.4 per ceant with a coxrespouding decrease
of 5.1 per cent in the nuber of physician
houre that were allocated to tne walk-in an
appointment clinics. In addition, intervievs
with the physicians confirmed that with the
new operating policies, less overtime was

required to finish treating those patients

who remained in the system after clinic hours
were closed. Data was ﬁot available to dccument
the physicians' comments due to "student dis-
orders" that were common during the end of the
school vear.

Ancther effect of the changes that were

implemented wvas aun increase of 5.0 per ceut in

the overall average time that patients spent
with physicians. This incresse was due to the
increase in thé nusber of patients that were

seen by appointment. For both 1969 and 1970,

"the mean congultation time was 12.7 ainutes

qnd 9.6 minutes respecti&ely for appointment
ana walk-in patients. The increase ia through-
put of 13.4 per cent and the average Increase
in service tiwe of 5 per cent were based on a
ataff level of twelve full-time physicians;
and this makes these increased of substantial
value.

1€ these incresses had had to be provided
under the old system, it would require approx-
imately 2.2 additional physicians. The fact
is that the increased service vwas provided
by the same scaff and actuslly used by the
student population which increases in size
each year. At an average wage of spproximately
$25,000 for each physician in 1?70, thi8 results
in & sgving in excess of $50,000 the first year
in physicians' salaries alome. Substantially
more savinge can be attributed to this analysis
if the salaries of support personnel and
equipment charges, hiring costs, fringe

benefits, etc. are included.



The waiting time for both walk-in and

appointment patients changed from 1969-70 to

1970-71, but the changes occurred in such a way

that the overall average waiting time remained
the same. The mean waiting time for walk-in
patients decreased from approximately 38

winutes to 28 minutes, and the mean waiting
time for appointment patients increased from

approximately 12 minutes to 26 minutes.

Taking into account the increase in the pro-

portion of appointment patients in 1970-71, the

weighted average is appro:imately 27 minutes,
which is the same as the weighted average for
1969-70.

In a concurrent study performed by two
sociclogists, in which the physicians were
interviewed both before and after the changes
described toolt place, it was concluded that

the physicians' morale improved.

Concluding Remarks

It is widely accepted that simulation
modeling is as much an art as it is a science.
The builder of a model must combine all the
basic modeling elements in such a way that
the finished product performs as much like a
real world system as possible. In practice,
this seldom happens in a direct and straight-
furward way. Ordinarily, a crude model i3
constructed which then goes through a seriles
of refinements until the resulting model

resembles certain aspects of the real vorld

closely enough to be useful for dacision
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making. Then the model is frequently used to

play the ‘'what if" game. The analyst uses the
model to investigate what would happen if certain
parameters in the real world were deliberately
changed or happened to change. For example:
How would the svstem vespcnd if the demand
noubled? Wha® wcald happen if 2 bhysician
were sick? And so on.

As wore and more queséions are investigated
with the simulation model, adaptations to the
basic model have to be made. The analyst finds
himself in the position of nmot having a single
simulotiun model but rather has au entire
family of models, many of which may have been
patched together in a hurry to be used only -
once and discarded; others are used over and
over. When an analyst finds that one of
these adaptations is used several times and more
usage is forseen, it may become desirable to
spend some time reprogramming the model to add
new features and use the opportunity to imprrve
the elejance of the programming.

We havc conceptualized this sort of model
development on a diagram in Figure 8. As ome
proceeds horizontally on this diagram, one
sees the basic changes that are incorporated
into the model to make it resemble reality more
closely or comprehend a larger portion of the
system. As one moves in the vertical direction
on this diagram one may see growth or adaptations
of 8 basic model type, each adaptation being
identified with a specific question being

asked. It is the authors' e.perience that a
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basic model type can be expanded in the vertical

direction through added on features until it
becomes so cumbersome that it is difficult to
use efficiently. This may be reflected in
such things as unnecessarily elaborate data
raquirements, exfreme running times, and
exceeding the capabilities of the availaple
computer configurations. In cases like this,
it becomes necessary to invest some time in a
programming reorganization to achieve more
efficient execution. 1In this case, a new
version of the program would be written which
is repreéented in Figure 8 by a step horizon-
tally.

In practice, when a new question i5 to be
investigated, there is always a conflict
between the deisre to accommodate this question
with a quick modification or to make a basic
change in the model. The quick addition of a
new feature to thu current version of a pro-
gram secures the answer to one more new
question. A basic change in the model allwws
this new feature to be included in the model
in a way that improves the efficlency as well
as the flexibility of the program. It is
unnecessary to say that the quick modification
route is the one we have ususlly taken.

The pcint to be made from this examination
of the philosophy of modeling described in
Figure 8 deals with the problem of model
validation. This diagram shows that the

model of any real world situation has many

versions, and it 1is neither economic nor is it
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possible to validate all the versions by compar-
ing model output to real world data.

Suppose, for example, as in our present
case, a comparison of one version of our medal
with real world data produces results as
shown in Figures 7, A, B, and C. What then
1s the status of the validation of various
adaptations of that model? Our view agrees
wich Waylor {8) that the validation of simul-
ation models is mostly a matter of confidence
and faith - not just a matter of mathematics.
We believe that mathematics plays its part;
it is necessary to compare some basic form
of the model with the real world in a careful
and systematic way using whatever mathematical
tnols may be appropriate and available. Once
this is dcre, we feel it is not very fruitful
to continue to go over this ground each time
the model is adapted to a new problem. Once
a model has been validated with real world
data, we feel that the intuition of the real
world system managers is adequate validation
for adaptations.

We feel that the results of this study
indicate the methodology presented for demand
smoothiug and the scheduling of physicians
and their appointment patients is successful
in this application. The gains in efficiency
that we documented were substantial, and they
were all in the right direction. We believe
additional work will produce further gailns.

This success, we believe, was due in large

part to the predictive capability of the




simulation model. The model was “tailecr made"
to £i1t this facility.

A generalization emerges from this work
when it is convidered together with a study of
the literature and observation of other out-
patient facilities. It is that the methodology
degcribed here could be used to good effect
on cther outpatient facilities. The main
cbstacie to the widespread use of this approsch
is the cost and effort necessary to construct
realistic simulation models. We believe that
since all the published models of outpatient
clinics follow the same general form, that
iz, queueing models solved by Monte Carlo
simulation, it would be possible to develop
a generalized model that is sufficiently
flexible to overeome this obstacle. We

are working on this task.
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