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This paper describes the model-construction of a simula-
tion study. The purpose of this study was to praduce a general
method for determining a suitable appointment system for the
clinics in the outpatient department of a hospital. The original
model contained 11 variables. Investigation of the influence
of each variable on patients’ waiting-time and doctors’ idle-
time showed that a considerable reduction in the number of
variables could be achieved. Only 5 variables were finally left
in the simulation.

The use of the results of this study in a real-life clinic
situation is discussed elsewhere.

1. Introduction

The appointment system of an outpatient depart-
ment has been the subject of study many times, usu-
ally through the means of simulation techniques. First
of all, Bailey {1,2] investigated a clinic assuming strict
punctuality of patients. Blanco White and Pike [3]
examined the effect of patients’ unpunctuality. Fetter
and Thompson [4] investigated the effect of a number
of variables on waiting and idle-time. Soriano [5] fol-
lowed an analytical approach assuming a steadv-state
distribution of the waiting-time. These studies, how-
ever, have not led to a generally applicable method of
determining a suitable appointment system. The dif-
ficulty often lies in the large number of variables. In
this paper it is shown how the number of variables can
be reduced in such a way that the output is restricted
to a one-page table or a few graphs with waiting and
idle-time results. These results can easily be used in
most clinics to deésign a suitable appointment system.

Support for the research reported in this paper was given
by the Duich Ministry of Health (Project R 646).
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2. Problem formulation

The investigated problem can be stated as follows:
which appoiatment system is suitable for a given
clinic and giv :n standards on permissible waiting and
idle-time?

An appointment system is characterized by.

(1) the number of patients given an identical
appointment-time at the beginning of the clinic session
{beginblock: n,),

(2) the number of pztients given an identical
appointment-time during the clinic session {block-
size: n),

(3) the interval between two successive appoint-
ment-times (appointment-interval: ).

Most appointment systems can be described by
these three variables. The range of common appoint-
ment systems may vary from an individual system
(all patients have different appointments) to an ex-
treme block system (all patients are scheduled at the
start of the clinic).

A clinic can be characterized by:

(1) the mean and standard deviition of the con-
sultation-time (the time the doctor spends on a patient),

(2) the mean and standard deviation of patients’
punctuality (the difference between his apprintment-
time and the time of arrival),

(3) the mean time the clinic session starts (the dif-
ference between the scheduled and the real start of
the clinic session),

(4) the fiaction of no-show (the number of patients
that do not show up, divided by the number of
appointments),

{5) the fraction of walk-ins (the number of patients
that come without liavirg wn appointment, divided by
the number of appointments},

(6) the priority rule (the order in which the patients
are seen),

{7) the number of appointments raade for the clinic
session.

Most clinics have a utiization factor of at least 1,
the utilization factor being determined by the ratic
between the average consnltation-time and the avesage
interarrival-time. In this paper we shall agsume 3 utiliza-
tion factor of 1, unless stated otherwise. The service-
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mechanissn of 4 ¢lnic session is complicate !, but nor-
mally patients are seen in appointment order; when a
patient does not £ 10w up, the next waiting patient is in
swrn. This mecharism is also assumed in this paper.
Furiher restrictions are that this paper investigates a
stnghe server systen and that preliminary visits to facil-
jtis like %-ray an« laboratory are not taken into
aooomt.

The performarce of an appointment system is
seasured in paticuts’ mean waiting-time (the mean
fme batween his wrrival at the clinic and his first
weing seep by the doctor) and doctors’ idle-time (the
tota) sum of tne tmes during the clinic session when
the doctor is not consulting because there are no
patients waiting t» be seen). The performance of the
system, however, i better represented by subtracting
the patipnt’s own eatliness from the patient’s mean
swtingdime, The system is not responsible if the
patient shows up before his appointment-time.

3. Reduction of the number of variables

The varlabil .- in a given clinic situation can make
¥ necessary to insare the doctor against too much
ifle-time. For example, a surgeon’s clinic is more sub-
Iegt to variability and therefore less organizable than
the climic of 3 medical consultant. In 3 real clinic this
ingurance against the risk of running idle is reached
i one or more of the following ways:

{1} patients’ earliness,

{2y block-booking (using a larzer blocksize than
Y,

{47 initial block-booking (using a larger beginblock
than the normal blocksiz ),

{4} doctor’s lateness,

{5} utilization factor >1.
¥ should be noted that the first variable is at the

the doctor’s discretion. All these different methiods
have the same purpose, that iz, letting patients come
on: average earlier than the expected moment of treat-
ment. This underlying variabie will be referred to as
system earliness. All methods described can be trans-
lated into this one variabie. For example, in a clinic
with a size of 35 patients and a mean consultation-
time of 5 minutes, the following appointment sys-
tems will <reate a system earliness of 5 minutes:

(1) patisnts’ earliness of 5 minutes (ng=n =1,
a=3),

(2) block-booking (rg = n = 3,a = 15),

(3) initial block-booking (ng —~2,n=1,a=35),

(4) doctor’s lateness of 5 mipr.es(ng=n=1,a=5),

(5) utilization factor >1 (ng =n=1,a=4.72).

In the last case tie eighteenth patient should arrive

5 minutes before his expected moment of treatment,
which creates a utilization factor of 1.06. In Table 1 it
is shown that waiting and idle-time for all these
appointment systems are about the same, only the
waiting-time for the last case is somewhat higher. This
means that instead of these five variables one can use
one vaiiable, namely system earliness. Partial results
of this type can also be found in [3].

In the same way it is possible to combine the vari-
ables standard deviation of consultation-time, fraction
of nc-show and fraction of walk-ins. When a patient
does not show up, this can be interpreted approxi-
mately as a patient with consultation-time 0; an extra
patient without appointment can be considered as an
appointment needing an extra consultation. We shall
demonstrate that this interpretation is adequate for
the case of no-show, by calculating a revised mean and
standard deviation for the consultation-time.

Let the mesn consultation-time be m, minutes, the
standard deviation s, and the fraction of no-show p.

The revised mean now becomes

getlents’ discretion, whereas the other variables are at me=(1 —pym.+ (p)o=(1 —p)m, 3
Tuble §
Comgarison of different methods in obtaining a system eatliness of 5 minutes for the examyple given (average results of 100 clinic
wigshons )
Mean waitingttime with 1die-time with standard error
standard error
gaﬂﬂg;m* gartiness 10.57 min. ¢ 0.50 12.26 min. = .89
ok bookieg 10.15 min. 2 0.45 12.12 min. = 0.90
il bock-beoking 10.4% min. £ 0.50 12.29 min. £ 0.88
docios's lntensss 10.61 min. + 0.50 11.65 min. + 0.85

wiifiration Tacter >} 11.88 min. £ (.55

11.90 min. £ 0.78
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and the revised variance

s2 = (1~ p) [ (c - m*Ac) de + p(0 — m})?
=(1=p) (e~ m)+ (m - m)P ey de + pm?
= (1 =) f(c = meYfle) de + 201 = p)ome — m))
X f(e~ m)ficy de+ (1~ p)ome ~ mi’

< fleyde+ pr?

=(1--p)st+ 0+ (1~ p)p*ml + p(1 — py*mi
=(1 - p)sé + p(1 — p)m} @

where f{c) stands for distribution of the consultation-
time.

In Table 2 two clinics are compared. Clinic 1 is
characterized by a mean consultation-time of § min-
utes, a coefficient of variation of the consultation-
time (the standard deviation divided by the mean) of
0.50 and 20% no-show (which is compensated for by
making the appointment-interval 20% shorter i.e.

4 minutes). Clinic 2 is therefore characterized by a
mean consultation-time of 4 minutes (eq. (1)) and a
coefficient of variation of 0.75 (using egs. (1) and
{2)). Comparison of the results shows that both clinics
give about the same waiting and idle-time.

The effect of walk-ins can be found in a similar way
by interpreting the fraction of walk-ins (p) as the
probability that patients need a revised consultation-
time equal to the sum of two consultaticn-times. In
this case the following expressions can ve derived for
the revised mean and variance of the consultation-

Table 2

Comparison of two clinics (average results of 100 clinic sessions)

time:
me=(1+pme,
s2=(4p)st +p(1 = pymi .

This means that the effect of no-show anit walkans
can be found by means of their influence ¢ rean
consultation-time and coefficient of variation.

Tisrough this reduction of var »bles the design of
the simulation experiment coull be restricted to the
following variables:

(1) the mean consultatinn-time,

(2) the coefficient of variation of the consultation-
time,

(3) the mean system earliness,

{4) ihe standard deviation of patients’ punctuality.
and

(5) the number of appoiistments.

4. Results

The relationship between the five variables mention-
ed in the foregoing section and the expected mean
waiting-time and idle-tinie was investigated by means
of a computer simulation model. In Table 3 and Fig. 1
sone results are shown for a clinic-size of 20 patients.
The mean consultation-time is taken as unit of time
which makes the results independent of the maan
consultation-time. Since the effect of the standard
deviation of patients’ punctuality appeared to be not
so strong, this variable was incorporated by means of
a correction-factor. The results in Table 3 and Fig. |
are given for a standard deviation of patients’ punctual-
ity of 3 times the mean consultation-time,

Correction factors for the difference hetween the

clinic 1 clinic 2
mean consultation-time 5 min. 4 min,
coefficient of variatior 0.50 0.75
number of appointments 50 50
beginblock = blocksize 1 1
fraction of no-show 0.20 -
appointment-interval 4 min. 4 min.
number of patients treated 40 50

mean-waiting-time and standard error
idie-time and standard error

12.27 min. £ 0.67
18.77 min = 1.34

12.01 min. + 0.69
18.76 min. £ 1.23




Filbee 3 .
Suvemasty of waiting ar:1 idle-time results (in units of mean consultation-time) for different system earliness (SE) and coefficient
of vastution (CV), with 2 clinic-size of 20 patients (average results of 25 sessions)
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Fig. L. The waiting and idle-time results for a clinic of 20 patients and different coefficients of variation (average results of
25 wmwany. The figures along the curve refer to the system eatliness. Waiting-time, idle-time and system earliness are expressed
e unidts, e mean consultation-time taken as one unit of time.
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Table 4

Correction factors for the difference between the simulated
standard deviation of patients’ punctuality of 3 units and the
true standard deviation (average results of 25 clinic sessions)

number of appointments correction-factor {units)

waiting-time idle-time
10 03" 0.4
30 0.2 0.3
50 0.1 0.3

* A correction-factor of 0.3 for the waiting-time means that,
in case of a real standard deviation of 3 + x, the waiting-time
should be increased by 0.3 x.

simulated standard deviation of patients’ punctuality
of 3 units and the reai standard deviation are given in
Table 4.

These results can be used in the design of a suitable
appointment system. First the investigated clinic
should be defined by specifying the va-iables men-
tioned in the first section, expressing the scale-depen-
dent variables in units of the mean consultation-time.
As far as necessary, variables are combined in the way
described in the foregoing section. Next, with use of
the simulated results, waiting and idle-time for the

investigated clinic can be determined and a suitable
appointment system can be found which meets given
standards on permissible waiting and idle-time Finglly,
a correction is possible for the difference between the
simulated standard deviation of patients’ punctuality
and the true standard deviation. The use of the resulis
of this study in a real-life clinic is discussed in more
detail in [6].
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