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Preface ~.

| VThié thesis~is~mywatfémptftd&anglyzé'thqugbblem
of dentist idle times: created by an inflexible appoint-
ment scheduling system &nd to structure an &ppointaent
soheduling system which is both flexible and provides a
mofe efficient use of avéilablp-réégg?céé. Due. to tha
limited amount of timé avai;able.iprfdafa.eollection‘anq
eralysis, - this research was cpnfiﬁed;toethe:régtofat;ve,
appointme3t~schedgling section ‘of ‘the Wright-Péttéisqﬁ~Ai§»

Force Base Dental Clinic. A number of assumptions were

necessary which. may not satisfy all readers «f this thesis; .~

however, the rosulting simulation models. can easily be
altered to test»the.effeétswdf'&ifférentléssumpfggnéw1
Duriné the past several months,‘my,frgquent—OOntact
with the various staff members of the hospitel clinics
has. confirmed my feelings of respect and admirat;ongfor
the dedicated personnel of our filitary hospitals. I
wish to apologize to those médically knowledgeable
individuals, who find reason ito read this study, for iy
limiteéd understanding of ‘the nedical profession which
iﬁ several circumstances may result in my flagrant use
of medical terminology. Wrxiting a thesis that is easily
comprehensible to both thé'phy$iéian with little
formal analysis background and ithe gnalygt witn‘lrtfle

medical background, presents a problem of finding a

suitable bgslance betweén the two fiélds. This report

il
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; ‘ tends toward my personal preferenoe ag: & systems analys%”
-77'4;*}’ 1 am grateful for.the aesastance andﬁguldance pro- 3%

vided by*haaor RonaLd Ao Quayle, thesis. adv1sor, and M )
T s Dé:qjd‘““Ir.,.Belden, thesis readers I __ - . .

e e -

Bm aléo indebtea Lo ¥, Robert ¥, Bachert. for his fne
‘ aluable -ggsistance in writing and debugging the
*31mu1ation progtams.' -;alqo wish to thanK ¢olonel John
;J Tar31tano and his gntire. Dental Clinlc UU&ff, with=
out whgse agsistance thgﬁgollect;ng.of data wguld not:
‘:iave been péséiblew iieuﬁegant206lohé¥»i.‘M.lSnider '
wés éSpeciaiiy hélﬁfﬁi'iﬁ nenitoring the data collections
Pinal.y, I em indebted to iy wife for typing this
thésis and for her encouragement and understanding

through the months of preparing this research,

William K. Glendénning
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Abstract

The dentists working in the restoravive section of -
the Dentai-Clinic at the.ﬂrightﬁgatterson§AFB ifedical
Center were frequently incurring large amounts .of idle
time. The Dental Jlinic utilized an Individual appoint=

ment system with patients scheduled for either a 45

minute or a 90 minute appointment. The inflexibility

of this type appointment scheduling syStem contributed

to the amount of dentist idle time incurred, Two different

-simulation models. (which utilized patient arrival timg;

restorative 'service time and the dentists' estimate of

the service time required for each patient) were developed
to -enable experiméntation with severar different type
appointment sysfems; Appointment system D, which provides
available appointment lergths of 30, 45, 60, 75 and 90
minutes, is recommendeéd for all follow-up apvointments.
This is an—individua} appointment system which will allow
each patient to be serviced by the same dentist until all
required work has been completed. Appointrment system Y,
which schedules a specific number of 30, 45 and 60

ninate eppointments during €ach clinic Sessionf is
recommended for patients scheduléd,for their first appoint-
ment, This is a ilixed Block~Individual appointment systen

in which each patient's first appointment length is based

on the examining dentists' estimate of the service time

required for the .atients Iirst cpprointment., The patients

viii
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g.fe not scheduled with & specific ,q;n’@ist and are serviced {3
| on~aﬁzéariiest(arrivai tim§ basi§. Initiatiﬁg these two
*systgié requires scéheduling patients for follow-up
appé‘ntmenté‘during different clinic sessions than those
scheduled for their initial appointment. Initiation of
these twé appointment systenms will result in gpproxi-

mately a 25% increase in the number of patients scheduled
with an associated average: patiens wgiting\ﬁime and

average dentist idle time of lgss than 17 minutes,

ix
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I, INTRODUCTION

“
In general, the hospital industry has been rather
slow in utilizing domputers. In 1965 there were more

than seven thousand,hosﬁiials in the United States and

' it was estimated that only about 250. of these were

utilizing computers (Ref 7:312)., Since 1965 this number
has increased rapidly, with approximately one thousand
computers in use by 1970,

The United States Air Force is currently in the
process of combininé_the ‘capabilities of computer science
with medical center operations in the hope of developing
a more timely and integvated medical service., The Medical
Center at Wright-Patteréon Air Force Base (WPAFB) .is one
of the first military hospitals to utilize these capabile
ities. In the past year a computer terminal has been in-
stalled in the hospital laboratory and computer prograns
have been developed to initiate some autometion into the

hospital laboratory procedures, Programs are also being

-, @eveloped for the other clinics throughout the hospital,

spgbiﬁic studies have been accomplished in the pharmacy,

£o0é gervices and the blood bank donor center,

‘One of the first steps toward the development of &
hospital information system for the liedical Center was

a plilot pfoject to schédule outpatient appointments,

Since that time a specific study has been accomplished

concerfiing the scheduling of patients at the Obstetrics-
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Gynecoidgy clinic (Ref 4). At the present fime there is o
a time series study being conductes concerning thé central
appointment scheduling system for all outpatients, Due

$o the interest and emphasis placed on analyzing the pre-
8ent outpatient appointment,sghedu;ing systems, this
fgéet.of the hospital complex was éhosan as the subjéct
?ér this thesis, Specifically, this thesis is concerned
with the outpatient\appgintment scheduling system for

the Dental Clinic.

B
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Definitions - o -
. o L
The following terms;,severaltoﬁfwhiCh were taken

from:Tlements of Queueing Theory (Reﬁ’ii) and Qutpatient

Scheduling, A Simulation Approach (Ref 4), are defined

-

fo; theﬂiurpose~of this thesis,

Arrival Pattern - The statistical distribution of patient

arrival times, The arrival rate is the average

number-.of arrivals per unit time and the -interarrival

time is the time between two arrivals (Ref 4:3).

Block Appointment System - System whereby grgups. of

patients are scheduled at different times through-
out the clinic period, This systeh may vary fronm
having 2ll patients scneduled at the beginning o%
the ¢linic to having grours of patients scheduled
at various time intervals throughout the Clinic

period (Ref 4:3).

Broken Appointment - 4 scheduled sppointment for which

the patient does not arrive,

Nental Clinic -~ Refers to the Dentzal Clinic located at

the WIAFB l.edical Center,

Tentist Idle Time -~ For a blocX appointument system, this

is the sum of time between the dentist's first
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appointment time and his last appointment %ime in

which there are no patients available to be seen,

For an individual appoiniment system, this is the A\
sum of time between the. dentist's first appointment

time and the end of the clinic session in which his

—

next scheduled patient is not available fo be séefi,

/
Emergency Patient - A dental patient requiring»immé&iate

"gtiention.

Fstimated Minus Actual Service Pattern - The statistical

distribution of the difference between the dentist's

2 I
o - > kg ‘ - =~ *
estimated service tiie and the actual sepv-ce tinme

“required to complete each patient,

Bstimated iiinus Actual Service Time - The difference

between the estimated service time and the actual

service tinme for each patient,

Estinated Service Pattern - The statistical .distribution
of the dentist's estinate of the time required to

service a patient,

Estimated Service Time -~ The dentist's estimaté of the

time reguired to service a patient,

Individual Avpointment System - System whereby each
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patient is &liven & separate ﬂppointment time. with.
a-specific dentist, The length of each appointment

may vary ‘from clinic to clinic and ie usuallv

- :assoeiatedawith—theaawerage-service‘time“requixegr

for each patient,

Mixed Block - Individual Appointment System = System

whereby each patient is given & separate appointment
" time; but .not.with e'specifie~dentist: 2he,length
6f,e£5h~appointmept may vary -and is ﬁéudlly
associated with the average service time required

for each patient. -

Outgatient - "A person given general or emergency diag-
nostic}’therapeutic, or preventive health services
provided through a hospital facility and who, at
the time, is not registered in the hospital,"

(Ref 4:5) .

Patient Waiting Time ~ Period of time between a patient's

arrival time at the clinic and the t*me he is

called to the dentist's office,

Queue = A waiting line, To have a queue, one must have
arrivals at a service facility where they often

wait (Ref 11l:VII),

. 5y R ]
- — - ce e e e vt o e < o L ek e
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Queue D§sgiglinewaiThe manner in which the ﬂext:patient
- to be served is ‘selected.

-

Restorative Dentistry --Dentistry concerned primarily

“with tooth preservation. Also includes preventive

dentistry counseling. 3/)

" Service Pattern - Thé statistical distributioni of -the

.tima.required to. service a-patient, The sarvice
rate is the average number of patients wnich the

olinic is capable of serving per unit time (Ref 4:6).

Service Time - The time from the patient initially
being called to the dentist's office until he
departs the dentist's office,

Simulation = A method of studying systems, "It is the
process of conducting experiments on a model of a
system in lieu of either (1) direct experimentation
with the system itself, or (2) direct analytical
solution of some problem associated with the

system," (Ref 8:1)

Walk-in Patient = A patient arriving at a clinic with-

out having a scheduled appointment (Ref 4:6).

WPAFB -~ Wright-Patterson Alr Force Base,

6
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“AStatement of the‘Prcblem

= e S T

eE T The4restorat;ve sectlon of the WPARB Dental Cl_nlc

\presently exyerlences varylng -amounts. of dentist 1dle
;~t1me throughout the°dayu After completlng each patlent,
the dentlct cannot start work agaln until- hls next
“-scheduled patient arrlves. Although the: amount of tlme |
l'the dentlsc is required to wait varlas from patient 00 V
patient, . contributing factor appears to be the in=
—,flexlblllty of the -appointment scheduling system being
useds This can result in large amounts of dentx t idle
timewund a resultant inefficient use of avallable,réér
- S0Urcés.. Thi%fiéfthe problem which Will bé'invea?igated
in this thesis. ‘ | s
" Objective
The objective of this research ig;to dgevelop and
analyze alternative methods of gppointment scheduling f%é
the restorative section of the WPAFB Dental Clinic, \Thgé

technique of computer simulation is utilized in simulating

‘alternative appointment systems for a six hour clinic 5
session., The simulated results are analyzed with the

objective of finding a2 suitable balance betweén the number

of patients scheduled and the amount of average dentist

idle time and arsrage patient waiting time incurred during

each clinic session,

Scope of Research

The i.edical Center at WPAFB has a cariety of

T -




rof

Lt Gl
' “'. v"“ b

AR
20T

I

/

rd

5o 4,_«5;,-, RN T Vs T g e
RANPARY \

v\w s e e — ,u—«_,t»-p - — v ——

)

- ] specialized clinics, .each with varying characteristics
/’ and potentially difféerent. personnel ‘beifig serveds The
problem of designing an efficient outpatient appointment.

scheduling system varies from clinic t0. clinic. Therefore,

E‘: _ R [ :‘ Tl > 1
gif; P o dueﬂxoktheziime-conetraint and to allow & more thorough rj) A
%%ﬁ«" ) analysis of the variables which affect, appointment

scheduling systems, this research is limited to the
Dentel:Clinicsat the. WPAFB. iledical Center. The results
of this study may not apply to all oiner cliaics; but
should be gpplicsple to all ‘similar clinics,~especislly
thosé Withkin -the military wnedical system:
The DentelcClinic itself is divided into a variety
“ of:différent;specialties) The -cleaning and restorative
seciionswuse ensindividual appointment scheduling
system whkich is-controlled at a central desk. All other
sections also use the individual appointment scheduling
system, but meintain their own appointﬁent books and Qo
their own. scheduling., Thus, this research is further
limited to the restorative appointment schéduling system

within the Dental Clinic.

mewmx w

' E Method of Research

" ’ ~ The problem of patient appointment scheduling at
| a clinic can: be -analyzed in terms of the following

queueing process:
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Queue <~ Prtients occupying the cllnic waitlng room
and awaiting dental service.

3

‘Service dlscjpllne - manner in which the next
patient to be serviced is selectéd,

~Service mechanism ~ Dentist performing restorative
work, .

System input - The dental patient arrlvins with a
scheduled appointment or desiring an immediate

anp01ntment. —

'2- In order to accomplish the .objective of developing
and enalyzing alternative methods -of appointment
scheduling, a search of the current literature concerning
'queueing'thegry:wasnaccomplispedn .Alihoggh,thgg gggygﬁf:
did not result in a specific queuweing model which was
applicable to the present conditions existing at the
Pental Clinic, it did provide a better understanding of
the many different methods and problems associated with
tne @halysis~of a queuwe, Wirect experimentation with the
present appointment scheduling system at the Dental
Clinic did& not seem feasible due to the risk of com-
pounding ény problems which might 2lready exist. Thus,
various scheduling methods ere simulated under the
‘¢onditions that currently exist at the Dentsl Clinic.
Patient arrival patterns and dentist service patterns
are developed from information collected at the Dentel

Cllnlc during an eight week period from 9 August 197l

through 30 Septeinber 1971, A distribution for the

* dentists" estimate of the time required to complete each
P

patient. is also developed from the data gollected during
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. \,\' .
this period., An additional distribution is developed
for the difference between the dentists' estimated
service time and the actual service time required for
each patient. _

Two different computer simﬁiatidﬁ programs are
used for  this study. The first program utilizgs patient
rgrrival time and actual service time to simulate a
Dental Clinic session of six hours duravion, The numter
of éentists available is fixed at four; however, a sensi-
tivity analysis is accomplished which considered
scheduling patients when the number of dentists avail-
gble is either three or five, The number of patients to
be scheduled is fixed at twenty-eight (seven per dentist);
however, a sensitivity enalysis is also accomplished on
this factor with varying numbers of patients being con-
sidered. Veious methods of scheduling patients are
then introduced and results of the simulated clinic
sessions using each method of 'scheduling are tabulated
and analyzed.

The second computer simulation program wtilized
batient arrival time, estimeted service time and
estimated minus actual service time to simulate =
Dental Clinic session of six hours duration. This
program sifulates one dentist scheduling petient
appointment #imes according do his estimate of tha
service time rennired to complete -each patient, Various

lengths of time available for each appointment are then

o e
&
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. introduced and the resulis’of‘thq simulated clinic sessions

..~~~ ‘are tabulated and analyzed, )

4 ~ A discussion of the characteristics of appointment
‘agheduling systems is presented in Chapter II. Also
included is a Brief sumpary of some past studies con-

- cerning scheduling systems.\ /

The WPAFB Dental Clinic procedures and thé scheduling
System being used:during this study are describved in
Chapter III. The method of collecting information used
in this research and a detailed analysis of this infore
metion is also pregented. A brief summary of these
statistics is provided at the end of the chaﬁter.

In Chapter IV the computer simulation medels used
in this fesearch are explained with respect 10 the
variables used, basic assumptions, time-~flow mechanism,
output format and other specific characteristics of each
program,

The alternative appointment scheduling systems
simlated during this study are presented in Chapter V.
Each saﬁedulingqsystem is followed by en analysis of the
similated results for that system, Chaptér VI is a

summary of the findings of this study and also includes

recommendations based on these findings,

1l
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II., ANALYZING APPOINTMENT SYSTEMS

Tﬁé'problem of designing an appropriate appointment.
scheduling system is centered around the idea of reducing
the waiting time for thé patients while still allowing,
for the fullest use of the physicians' time, Past studies
clearly indicate that one tcannot hope to:-reduce either
the patient waiting time or the dentist idle time with=
out sacrificing one for the other (Ref 2:198), However,

these studies do indicate that u:desirable balance between -

patient waiting time and dentist idle time can be achieved

with an adequately designed appointment :scheduling system,

Appointment systems can be classified into thiree
general types: (l)iPure Block Appointment Systems, (2)
Individual Appointment Systems;:and (3) Mixed Block-
Individuel Appointment Systems (Ref 14:389),

A Pure Block Appointment System assigns a common
appointment time at the beginning of the clinic session
for .all the patients scheduled to be .seen on any given
day. This system would minimize the dentists' idle time
put would result in extremely long patient waiting tiues,
A direct result of this system is the regulsar occurance
of congestion in waiting rooms, |

An Individual Appointment System assigns each patient

an appointnent time with a specific dentist. From the

rpatient's point of view, this system is highly desirable,
It tends to minimize the walting time of the patient,

which in turn helps to reduce congestion in the waiting

12 . :
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rooms. The disadvanteze of this eystém'is that the
2 th ,

ARY iy . e o . .
amount of dentist ifie time can become vVery large due to
broken appointménts, varying léngths of Zervice ‘time
required for each patie.t and vatients arriving lute for

A

their scheduled appointments, o
i %

A Mixed Block-Fhdividual Appointment System n~"

3

tegrates aspects of both the individual and the blcek
éppointmént systems. This sysiem sg;hedulé,sxgnfipi?biale
group of patients %o arrive at the bteginning of ‘the clinié
session with others scheduled to arrive at intervals
throughout the session., The: patients -are not sckéduﬁe&
with a specific dentist and are servicéd on an earliest
arrival time or earliest appointment time basis, The
optimum scheduvling syster for ﬁost clinical situations

falls somewhere within this lixed Block-~Individual

Appointment Systen,

Past Studies of Scheduling Systems

Probably the first scientist o analyze the problen
of scheduling vatients analytically was D, V. Lindley
(Ref 6)., His study considered the problem of a single
server with custorers arriving singly, where ;ﬁe intervals
between arrivals and service time were distributed
according to general distributions, This study was main-
ly concefned with the waiting times of the custorers and

the development or the walting tine distribution or any

——— L iz ) W

B

"
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customer., ‘ - ,
A study of the problem of scheduling patients was
accomplished by N, T, J. Bailey (Ref 2), He swudied tho
effect of changing the size of ﬁﬁé;iﬁifié;ﬂgpbup:in the\
case of a Nixed Blogk%Indiv;dual Appointment System. A
Monte-Carlo simulation téchnigue was:- used' %o obtain the
average patient waiting time and the average doctor idle
time as a function of the siZe of the initial group of
patients\scheduled. As wWas expected, the results indicated
that thévpatientﬂwaiting time is an-increasing function 6f
+the size of the initial gréﬁp)'ﬁhilé”fﬁé doctor idle
 time is-a decreasing function of the size of the initial
group. Bailey,glso concluded that the averaje Géiting
,}iimes are rather'sensiti§e t0 small changes in the appoint-
ment interval.
A, Soriano made a comperison of two eppointment -

scheduling systems (Ref 14)., He coiparéd the Individual

appointment System with a new system referred to as the
’"Two-at—a-Time Appcintment System." This latter systen
merely schedules two patients at each appointment time,
thié~doubling the length of the appbinfment iﬁterval.
The comparison was accomplished in terms of the waiting
time distribution for the two systems,
Cther studies have been acooﬁplished in the areca of
avpointizent scheduling, out they all seem to point to-
" ward the sare two previously mentioned factors: (1) &n

efficient system requires a balance between patient

14 '
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waiting iie, physicien idle time and the Auiber of

—~ patients scheduled and (2) this balance can-be achieved

with an adequately designed'dppoigtmént-ééhedﬁling

systen,
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I1I, DESCRIPTiON‘Qg ?RESENT DENTAL CLINIC OPERATIONS

The Dental Clinic is located within the USAF Medical

‘Cepter, WPAFB, Ohio. The yprimary mission of the clinic

18 to préﬁiée dental care for all active duty military

peréonnél stationed at WPAFB., They also provide x-ray

ser?igg for dependents, a children's preventive dentistry

service and déq%él care for retired military personnel

on an availabﬁiity basis., All active duty military

‘personnel stationed at WPAFB are required: to have.an

annual dental examination. If épggif;g dental care is
found to be required as & result of this examination it
is dccomplished on subsequent appointments.

mﬁhgdﬁéﬁtéi”CIiniv itself has several specialized

séotions; such as oral hygiene, restorative dentistry,

periodontics, etc. During the data collection period
the clinic staff was made up of the following numbers °

of personnel:

22 Staff Dentists
6 Interns
4 Resicdent Dentists

5 Dental Hygienists
1 Civilian Dental Hygienist
25 Dental Technicians

5 Dental Laboratory Technicians
1 ‘Civilian Laboratory Technician
"1-3  Red Cross Volunteers

16
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wgppointment Scheduling anduciinic Routine

— Each section in the Dental Clinic uses an individusl

appointment system., The appointment scheduling for oral
. hygiene and restorativae dentistry is controlled at a
’ central desk. All other sections keep their own appoint-
ment books.and do their own scheduling of appointments.
~This research is limited to an analysis of the agpoint-
ment scheduling system for restorative dentistry,
. Scheduled appointments for restoratlons are acqﬁired
either as a result of a dental examination or 28 a
foliow-up appoinimént; A patient flow pbafihfdr the

ennuel dental examination is depicted in Fig. 1. If

restorative work is required, the patient is given a
45 minute appointment., Occasionally, a double appoint-
F ) ment‘(go minutes) is given when extensive work will be -
required to complete the first eppointiment, A restora-
L i tive patient flow chart is depicted in Fig, 2. If further
r\ﬁ - restorative work is required followi.ig the patient's

I initial appointment, the patient receives another 45 or
90 minute appointment as specified by the dentist com—
ﬁleting'the initial aypointzment, o other choice for

length of appointment is considered under the cresent

Fnlints- 3 s kg XEEn
N

systen, Clearly, if the tixme required to complete a
patient is less than the scheduled appointment length

45 or 90 rinutes), it mey vesult in large auounis of
/ ’ J (2

dentist idle time throughout tne day. This msy also de

’ T -u
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]
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Patient ente?s clinic
_Checks- in at desk‘

b
Waiting

‘Patient called to

‘examining dentist's office
" Dentist completes
ten ninute examination

HPatiént‘takes
—=pecord. to-desk k

:eg;“f . — e T

If required, patient St
receives restorative
and/or cleaning appt.

Patient exits e
clinic

} 4

! Fig. 1. Annual Dental Examination Flow Chart

: compounded by the fact that even though the dentist com-
pletes a patient early, he: must .await the arrival of his
next scheduled: patient. Patients arriving prior to their

scheduled appointment time will normally be celled as

Lk L ilacidls

soon as the dentist completes his present patient.
Occaéiona;ly the clinic desk attendants may become very
] busy end fail o inform the dentist of an early patient
; arrival. This éould result in additional dentist idle
" time even though the patient is available,

During this study the restorative section -of the

18
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Patient enters -clinic
.checks-in at -édesk

v

- - Waiting

N

|

Patient called to

dentist's office

N

Dentist completes y
work -

T e

Patient takes
record to desk

— i

If required, patient
receives restorative
and/or cleaning appt,

i

Patient exits
Clinic

Fig. 2. Restorative Flow Chart

Dental Clinic was staffed with eight staff dentists; two
interns, and eight dental technicians, This number mey

vary from time to time as a result of newly assigned

‘personnel, personnel being transferred, leaves, sickness,

etc, Tour dentists, one intern.and four dental techni-
cians work from 0700 to 1300 hours each day. The remainder
of the staff works from 1300 to 1900  hours each day. This
provides each dentist with eight 45 minute time blocks

with patients scheduled on an individual basis, The
restorative section is divided into two separate work

shifts due to the lack of facilities to accommodate more

19
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" than seven restorative dentists at one time.

e The indiviﬁual appointment system is used by the

- Dentdl Clinic for several reasons. This systgg;sllgws
each patient to be scheeuledeith the same dentist until
211 required work has been completed. This is desirable
from a dentist's point of.view since it provides each
dentist with the opportunity to monitor his.previously
eompleted work., Since each patient's reaction to dental
treatment is slightly different, most of the dentists at
the Dental Clinic consider that subsequent appointments

B iam owmm nrm o o e e o o -

R °=--.-_- —T ——

with the same patient are advsntageous for a variety of

reasons; such as the dentist is better able to antici- B

pate the patient's reaction to treatment and the patient

is familiar with the dentist's method of treatment. I%

is also assumed by the Dental Clinic staff that a patient
- would prefer to be treated by the same dentist rather

H
/1 than to see a different dentist -on each appointment.

P

TN
'._” Data Collectioh and Analysis

s

During an eight week period from 9 August 1971
through 30 September 1971, information concerning patient
arrival time, patient waiting time, restorative service
time, dentists' estimate of time required to complete
each patient, and other characteristics of the Dental
Clinic was collected at the vental Clinic through the

use of two questionnaires (3See Appendix A), The first

20
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questionnaire was completed during each patient's ten .

minute required annual examination., The second question-

" naire wes completed during the patient's scheduled re-

storative appointment. Tﬁére~wg§ approximately a three
to four week wait between these two activities, which
contributed to the large amownt of time requirgd to
complete the data collection.

' Patient errival times depend oq a large number of
independent random variables and were assumed to be

normally distributed with respect to the scheduled
¥

~appointment. times.. .Raxientymaan“arniyal»xime.£or-4§‘

minute appointmentis was 10.2 minutes before appointment
time with a standard deviation of 8,7 minuéés. Patient
mean arrival time for 90 minute appointments was 11.8
minutes before.appointment vime with a. standard devia-
tion of 1ll.1l minutes, The conmbined arrival pattern is
depicted in Fig, 3. A Chi Square goodness of fit test
(Ref-1:109) confirmed the aésumption of a normally dis-
tributed arrival pattern for each of these cases, The
test for the combined arrival pattern is included in
Appendix B, The mean and standard deviation for the
combined sample were 10,4 minutes and 9.0 minutes
respectively.

The dentist service time was assumed'to have & gaima

distribution based on irevious studies condu.cted by the

"Kuffield rrovincial Hospitals Irust, the University of

Bristol and Eailey (Ref 2:187). This assumption was

21




v
v

GSA/SK/T72~5

R
N
¢ =

—

L

%

50 T - ‘ o - e’

AQ;;

Number  } . F { _§? ¥ -
Of 30 T , i ~
Patients N J B . o

20¢

"~ 10 . 1
/..f_' - _— l“ . 3 1 -} i -”_l___L . g J
-12 ° " =4 4 12 20 286 36 44 *
-8 0 8 16 24~ 32 40

- ot

Miniites Before A 'p ointment Time

Note - Bach: tire represents lower limit of class 1nterval.

Fig. 3. Pablent Arrival Pattern

verified by;use of a computer program to conduct a
Kolmogorov-Smirnov (K~-5) goodneéss of fit test (Ref 12:47)
on the combined service times for 45 minute and 90 mimute
appointments, A reference for the computer program and
results from the test are p;esented in Agppendix C, The
combined dentist service time distribution is depicted
in Fig. 4.

The dentists' estimated ser&ice time was also assumed
to have a gamma distrioution, The results frcm a Xoluwo-

gorov-Snirnov goodness of fit test are also contained in

Apvendix C, Although the nypothesis was not sccepted at

the .01 level of siznificence, ithe results were considered

to be satisfactory to justify the use of this assumption

22 . .
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.5039'
10 ¢
o Number /.\
- of 304
Patients
26,::' . -
- 104
o 15 30 45 60 75 90 105 *
705 2205 3705 5205 6705 8205 97v5
‘ ninutes -
T - - g

Note - BEach time represents lower limit of class interval.f

'Fig; 4, Actual Réétapative Serviqe’rime .
To Complete Buch Patient )»

50 T 1 Y
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Number
~of 30 &+
Patients

20 4

10 +

0 15 30 45 60 75 90 *
7.5 22.5 37.5 52,5 67.5 82.5 ¢S7.5
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.x.

Tilote - Eocn time represents lower limit of class intervel,

Fig. 5. Dentists' Zstimate of Restorative lervice
Time o Complete Lach ratient
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' “D .
in the simulation model. The dentists' estimated service
time ¢istribution is depicted in Fig, 5. With a mean of
40,8 minutes, the large number of estimates at the 30

. minute and 45 minute levels (shown in Fig, 5) could cause

a large difference: between. the actual distribution and
the gamma distribution at these points, The regults)frqm
the c6hputer progran for the K-S test verified this fact
since the only difference statistics which exceeded e
meximum allowsble K-S statistic were those associated

w;th«éstimates at: the 30 minute and 45 minute ;evels. A

- possible reason for this may have been a tendency on the

part of the dentists to round their estimates towards ths.
30 ninute and 45 minute levels. Although the results
from the gamma distribution are used, the actual distribu-
tion of the dentists' estimated sefvice times is also
introduced into the similation model and used to better
understand the differences produced. An analysis of the
data from the simmlations indicated. that the gamma dis-
tribution gave the most realistic results.

Data was also collected concerning the exemining
dentists! estimate of the time required for each patient's
first restorative aﬁpointment. This required additional
work on the pert of the examining dentist in that he was
required to indicete the specific work to be accomplished

and to estimate how long it would take another denti % to

'complete the work. These estimates: were compared with

the actual service time regquired for each patient and with

24
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the estimates made by the dentist actually completing
e the. work. Examining dentists' estimates were acquired
in 58 out of a total of 178 observations. In those ceses
" where the work accomplished was the same as had been in-
dicated by the exemining dentist (30 out of the 58 obser=-
vations), the average estimate of the.service time required
to complete each patient was the same for both the exam-

ining dentist and the dentist actually eccomplishing

the work (mean = 35.1 minutes). This compared quite
, favorably with the average service time required for each
S patient (37,2 tinutes), Although ia epproximately fifty

per cent of the cases the work actually accomplished was

nof the same &s had been indicated by the examining

g dentist, the examining dentists' average estimate for
the 58 observations (mean = 37.4 minutes) compared guite
i favorebly with the actual service time (mean = 38.1
ninutes) for these patients, A K-S goodness of Iit test
r verified each of these to have a gamma distribution ard

the test results are included in Appendix C.

o3

The dentists actuslly accomplishing the restorations

It =

did not always accomplish the work indicated by the exz

ining dentist. Therefore, in order to allow coupleve flex-

T R a ekt g

for follow-up aipointments only, Ihe exarwining deniissts!'

estimates will be utilized in scheduling initial

¥ 25

et M

~ oo

e e wes e

T S Uy




N T s

i S
N

501 ,
40y
Number ‘
of  30¢
Patients
2 0 ] . -
197 _
=30 =20 =10 0 10 20 30 40 *
-25 <«15 =5 5 15 25 35
Minutes
*
Note -~ Each time represents lower limit of class interval.
Fig., 6, Difference Between Dentists' Estimate

of Restorative Jervice Time and Actuél

Qestorative Service Time For fach retient
ratients into a mixed block-individual type system, Thris
would require scheduling patients for their initial aspoint-
ment during different clinic sessions then those scheduled

for follow-up appointments and will be .discussed furtner

An Chapcer V.

The final distributions considered were the difference
between the dentisis' estimated service time and the
actual service time I'or esch jpatient, The aistribution
for the dentists' actuslly accowrgclisning the restorsiions

is depicted in Fig, 6., It wes assuzed to be nornally

7
.
&

distrivuted and itni

1)

N1 - ¥y, = Eal -~ Y] - - S
y assunption vz conlirmed by & Jhi

Square goodness of it test, The test is included in
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Appendix. D, lThe mean and standard deviation was ~1,3
minutes and 10.1 minutes respectively. The distribution
for the difference between the examining dentists!
estimated service time and the actual service time: for
each patient was also normally distributed with 2 nean
of -,8 minutes and a standard deviation of 14.5 minutes,
Thus, the dentists underestimate slightly the éervi¢e

time required for each patient.

Summary of Dentel Clinic Statistics

A briéf summary of the data collected at the Dental
Clinic is presented in Teble I. The choice of gépointment
length fcr each patient is restricted to either 45
minutes or 90 minutes, As can be seen from Table I, the
neen patient servicde time is less than the scheduled
appointnent length., During 2 six hour . cliniec, this
difference could result in large amounts of dentist idle
time, It can also be seen from Teble 1 that the mean
service time and the mean estimated service time (made by
the dentist actually accomplishing the work) are fairly
close, 'hile in most cases this is ﬁrue (76;: ofi the
estimates were within ten minutes), it should bve pointed
out tuet some estimates were off by as much es thirty
rinutes or more (see Pig. 6). Since this factor can
ceause lurgse varistions in tae simulution results, it will

be concidered in the zntlyasis of the simulation resulis,

27
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Table I
O\

Dental Clinic Statistics *

o Length of Appointment

Distrivution - -
45 ~ GO Combined 45
Minutes Ayinutes & 90 iinutes
Patient Mean lO.Zminb‘ lieen 11,8min, | lean 10.4min,
Arrival X ‘

Time S.D, §.7min. :S.D. 1l,.1lmin, | S.D. 9.0min,
: =153. n=25 =178
Patient | Mean 14,2min. |lean 12,5min,| léan 14.0min,

Waiting ;

Time. }-S.D., 10.lmin,}S.D,. 8.0min.} S.D. 9.8min.
n=153 n=25 n=178

Actuel Mean 37.2min. |kesn 71.8min.| Mean 42.lmin,

Service , '

Time S.D., 10.lmin. { S.D. 19.3min,| S.D., 17.8min,
n=153 n=25 ‘ n=178

g:ﬁ:éﬁ:éd Meen 35.lmin, | Mean 75.8min, }-iean 40.8min,

Service  |s.D, 1l.min. S.D. 13.7min, | $.D. 18.2min,
n=153 n=25 n=178

\xanining

I'entist Mean 37.4min,

Estimated =

Service S.D. 12,8min,

Time ‘n=58

gg:gg%e‘ | lean 328.,lmin,

Time For . .

Exemining S.D. ~1203m1n,

Dentist

Estimates | n=58

* Resulté from data colltcted at Dental Clinic from 9

August 1671 to 30 September 1971,

Kach statistic

‘%8 based on the number of observastions denoted by n,

28
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As -can be seen from Table I, the gveraée patient
e ‘waiting time is approximately 14 minutes, Since the
‘t;paiients' mean arrival time is ten minutes prior to
their scheduled appointment time, this indicates that
v : “on the éVerage'each patient is called four minutes after

nis scheduled appointment‘tiggm.Thés waiting time is

# -considered quite small in comparison with tﬁe waiting
%ime of othegﬁ@linics at tthWPAFB @egical Center.,

This factor i;‘cénsidered in anaiyziné the simlation
results and it is not expected to increase without
sithier an iticrease in the number of patients being

served or a decrease in the dentists' idle time,

i) -
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IV, THE SIMULAT;ON MODELS

-~ N '
T™wo different computer simulation progg;}§ were -

L
used in this study and will be referred to o /simhlation

T model A and simulation model B, Each was written in

¢ FORTRAN IV (rather than in a simulapignulanguage) in

"~ order to facilitaté understanding by any individual |
with a basic computer progréﬁming background, BSEh
computer programs were written for use on the IBM -

360740/G conpiter and may require some conversions if

a different computer is used. The computer simulation

3

7§§bgramsfweré deveioped and debugged. -over ‘a peri6d~;fff¥3

approximately four weeks, Although there are many

YTTERTTEY oy

possible alternative appointment scheduling systems

‘which could be tested by the simulation models, -the

R4

T e S TTTTIe s e

actual number of systems tested was limited by the time
evailable for simulation. Should it become necessary

to simulate additional -systems, both simulation program

YT

packeges can be obtained from Mr. Robert Bachert, VWFAFB

K

¢

e
¢

- (ANRL/HES), ext. 54343. e
The following is a brief explanation of “the simu=~

. _ lation models.,

B T iied

i Simulation Model A

; . Simulation model A simulates a Dental Clinic session
~of six houdrs duration, It simulates one dentist scheduling

patient appoininment tiwes wccording to his ¢stirute of

30
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the time required to complete each pé%ient. A computer
flow diagram and complete program are included in
Appendix E, Since an individual appointment sysfém
schedules each patient w;th a spééifib dentist, this

" simlation is of @ single-server type queuéing system.

Alternative available appointment lengths were introduced

&49 e 4nt0- the computer simulation model and the results were
; *&uww.  u;L’};

3 ) 5 ':_' -—i - h —- B

é'f{ ;;‘ﬁ_w;«:_Baq;d;«&s’éﬁm*ﬁ%’iéﬁé ’

ﬁf‘”‘ Most simletion problems involve assumptions about

certain aspects of the problem., The following sssumptions

‘were required in the devq;cément of simulation model A:
Y (1) The waiting room has sufficient space for an
unlimited buildup of the queue.

(2)° The patient arrival distribution is not affected
; | by the queue length, i.e., patieﬁts don't turn away when
the queue leﬁé?ﬁris,longs
f (3) Patients will be selected from the queue on an
: earliest appointment time basis,
F’ ' (4) Dentists will not intentionally overestiiate
; ' the service time required for each patient in order to

l C insure more than sufficient time to complete each patient,

TR

(5) Service time does not vary between dentists,
Although this factor probably does not hold, the small
‘aumber of pativnts seen (from 5 to 10 per clinic session)

will allow some variance without adversely affecting

SOl LS it

31
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e (6) The IBM 360 pseudbiaﬁdqgnnﬁﬁber‘generator

generates perfectly randon humbers,

v
e
- e = .

. . . —Starting Conditions:

!

bE the.results of the similation,

?g' ' fhe .simulation model starts at time = O minutes and

k- o The dentist is considered to be available and begins

— L

gservice at time = 65 minutes. This provides five min-

utes at the beginning of each clinic session to prepare

35 T  for the first petient or for the possibility of & late

dentist arrival.

4

Time=Flow Mechaﬁi§m

| The computer program must be written in such a way

| that it moves the model through'siﬁﬁlé%ed time, causing

i events to occur in the proper order end with a proper

;; time interval between successive events., The method used

~ in this simulation is a form of the veriable increment
method (Ref 8:158)., Total time evailable for sqhéauling
pétient appointments is 360 minutes, Zach patient's

3 ’ appointment length is subtracted from the time available,

31 The simuleted day ends when there is no more time &vail-

able to schedule more patients or when the remaining

P o R

time is less than the smallest available appointrent

'length.

= the first appointment is..scheduled for -time = 65-mihu%é§j'4
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Process Generators

The process generators are the mechanisms by which

the variables involved in a simulated system are repre-

=

sented., The variables used in this model were estimated
service times, patient arrival times and estimated minus
actual service times.

Estimated séfvice times. The method of“generating

fandom estimated service times:utilized the uniform dis-
tridvution of numbers«bep$§§g O and 1. A computer sube

routinencomputes the cumulative distributions of 100

- peints--between 5--minutes..and. 95 minutes. of g .gamma.- . __ . .

probability density function with shape parameter = 5,0143
and scale parameter = 8.1374., The cumulative distribution
and associated times are presented in Table II, A randonm
number was generated and the eppropriate estimatedpservice
time wgs-determined from the associated cumulative‘dis-
tributisn interval, The distribution wa.s limitedéfo
values vetween five minutes and ninety-five minutes since
there were no observed estimates less thaen five minutes

or greater than ninety-five minutes, "The actual distri-
bution of estimated service times wa;;also introduced into
the simulation model and the results from each of these
distributions were compared and gnalyzed. The actual )
distribution and associated times are presented in Table

III. The dentists' estimates were to the nearest five

‘'minutes., The large intervals at the 30 minute and 45

minute levels are an indication of the large number of

33 '
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Table 11
Estimated Service Time (Gamma) Distribution
Service Service ) Service
- Time: Cun, Time Cum, Time ‘Cum.
(min, ) dist. (min.) dist, (min.) dist.
- 5.00 .0004 35,91 4486 65.91 « 9049
5.9  .0009 36.82  .4699  66.82 9109
6.82 0017 = 37,13 «4909 . 67.73 « 9165
8.64 .0046 39.55 5319 69.55 .9268
3 9.55  .0069 40.45  .5519  170.45  .9316
10.45 .0100 41,36 5714 71.36. «9360
$ ~11,36 .0138 42.27 L5905  T2.27  .9402
S 14.09 0311 45.00  .6447  175.00  .9513
] 15.00 .0390 45,91 6618 T5.91L  -.-.9546
, 15.91 «0479 46,82 . 6783 76.82 « 9577
4 16.82 .0580 47.73 6942 77.73 . 9605
g 17.73 .0692 48.64 <7097 78.64 «9632 .
] 18,64 .0815 49.55 «7245 “79.55 . 9658
19055 00949 50045 07388\ 80\0 45 D) 9681
20.45 .1093 51,36 «1525 81,36 « 9703
. 21,36 . ,1247 52,27, <1657 82.27 9724
- 22.27  .1410 53,18  .7784  83.18  .9743
2 23.18' "01583 54009 w7’905 84009 09761
25:,00: 1951 7 55.91 .8132 85.91 . 9794
25,91 «2145. 56.82 .8238 86.82 . 9809
: 2682 .2345 57.73  .8339  87.73  .9822
2773 .2549 56.64  .8435  88.64  .9835
4 30.45 3185 61.36 .8696 91.36 +9869
31,36 « 3402 62.27 8774 92.27 . 9878
32.27 3620 63.18 .8849 93,18 . 9887
33018 0383.7. o 64009 08919 94009 09895
34,09 .4055 65,00 .8986 94.99 «9903
E 35.00 4271
E
E’ .
34
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Table III ' -
~ Estimated Service Time (Actual) Distribution
Service | Service ‘Service
Time Cum, Time Cum., Time Cunm,
{min,)  aist, (min.)  dist, (min,)  dist,
10 .0112 40 6467 70 . 9040
15 «0337 45 8152 15 «9217
20 . 11180 50 .8486 80 29383
25 <1573 55 8593 35 © 29619
30 3876 60 8711 90 . - «9943
.35 14724 65 8875 95 .9999

estimates at these times. Also, these estimates may be
viased toward a forty-five minvte and ninety minwte
appointment scheduling system since théy were made while
this: type of scheduling system was in effect, From a
comparison of Tables II and III (especially at the thirty
ninute and forty-five minute levels), a random number
would be expected to generate smaller values from Table
III then from Table II, These factors were considered in
analyzing the simulation results,

Patient arrival times. Each patient's arrival time

was determined by subtracting a normally distributed
variate with an expected value of 10,4 minutes and a
stendard deviation of 9,0 minutes from the patient's

scheduled appointment time., The IBi 360 subroutine GAUSS

was used to generate this variate, The normal distribution - -~

was truncated at - 20 minutes and + 45 minutes, which

assured that nmore than 9%% of the possible arrival times

35
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(from theoretical distribution) were being included in
the éimulation model., These limits compare favorably with
the data collected at the Dental CIini; since there were
no patient arrivals earlier then 45 minutes before
appointment time or later than 20 minutes after appoint-
ment time.

Service times. The service time required for each

ratient was determiﬂed by suﬁtracting 8 normally dise-
tributed variate with an expected value of - 1.3 minutes

and a standard deviation of 10.l minutes from the

estimated service: time—for-that patient; As before; the

variate was\geégrated through theé use of the subroutine

:/;

'GAUSS,

OQutout Format

The computer output format for the results of 'each

éimulated schedule is depicted in Pig., 7. PFive alternative

appointment scheduling systems were simulated and are

designated by the appointment system. The specific availe

able appointment lengths for each simulated run are de-
signated by the "schedule", The-following sbbreviations
were used in the output format and ere explained in

Appendik B

NP ~ Number of patients,

DIT ~ Dentist idle tinme,

DBT ~ Dentist busy tire,

PiWT = Patient waiting time,
DAVAL -~ Dentist availability time,

6 :
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APPOINTEENT SYSTEM X (SCAEDULE)
NP DIT DBT BT DAVAL
XX XXXoX XXX o X XXX X XXX .X
(Lists results from ‘
forty simulated days) ;
v . . N v
— . XX XXX.X XXXX  XXXX XXX X _
? —
5 MEANS xx.x XXX.X XXX X XXX X
i I - MEAN PATIENT ARRIVAL TLiE = xx.x
- A : [ N

: K ’Fig. T. Output Format For Simulation’Model A

5

® Each alternative éppointment scheduling system was simulated
: for both 20 and 40 clinic sessions. Although the results
from the forty runs were used, a comparison of the average
L results for the different sized ?uﬁé showed little difference
in the avefage figures, The average number of patients
scheduled was within one tenth, the average patient waiting

time within one minute and the average dentist idle time

_within three minutes, The total for each of the above

" variables are ligzted rtor éach of the simulated days.
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Following the last day the average figures for tﬂe forﬁy
runis are printed out,

Also includgdfin the output is the mean patient
arrival time,for the forty simulated clinic sessions.,
This was used/as an aid in validating the simulation
model and compared quite favorably with the expected
value of the patiént arrival time distributionl As was
étated by Hize and Cox (Ref 8:164), "A computer simulation
model is considered valid if it proéuces results that
are very close to the results that would be produced by
the. real-world. system. the compiiter model is. .supposed to
represent." Further validation was accomplished by
dhecking the results for each simulated day to assure
that the model 4id not4§chedule more or fewer patients
thén the time ceriod would allow, i.,e., if the simulated
schedule was for 45 rminute and S0 minute appoinizents the
number of patients scheduled snhould not be fewer than
four or more than ¢ight for any given dey. This minimum
or meximum rurber of patients scheduled was not exceeded
for any of the simuleted days. These validation results
éssured that simuletion model A was accesizble for the

purpose of this thesis.,

Simulztion i.odel 3B

Simulution mocel B wus originally written and used

" in a study of the agpointment scheduling system for the

OB-GYN Clinic at the WrAFB iedical Center (ief 4). &

complete computer flow diagrem end progruam can be found

38 :
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in Appendix C of Qutpatient Scheduling, A Similation

Approach (Ref 4). Two- changes in the computer simulation
program were necessary to allow for its use in this study.
The first change was fouallow no walk-in patients during

the simulated period. This was‘necessary since the

" _Dental Clinic treats walk-in patients on an availability

basis only. The second change was concerned with the

2
sessions; In the original model a random number of

doctors (from one to six) was generated every thirty

minutess The: program was::changed 8o that -a fixed nunmber

of dentists (from one to ten) wculd be available through-
out thé entire simulated clinic session., Both changes
required only minor corrections to the original program.
Simuletion model B was also modified so that patients
scheduled for their initial eppointment received an
appointment length based on the examining dentists
estimate of the service time required %o complete- each
patieﬁf. A copy of this modified program is included in
Appendix F.

Simalation model B utilizes the patient arrival times
and service times developed in Chaptér III to simulate
the conditions existing at the Dentﬁ; Clinic during this
study. By fixing the number of dentists at one and

varying both the number of patients ¢nd the time interval

"between appointments, the simulated results can be coi~

pared with the actual results (developed in Chapter III)

39 :
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‘nﬁmber of dentists available during the: simuleted clinic =
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from“the'appdinfment scﬁedﬁifﬁg system~Béiﬁg;ﬁsedeuring
this study. The. model also has the capability of sin=
ulating a Mixed Block-Indlvzdual appointment scheduling
system. The number of dentists can4be fixed at greater
than: one and again the number of patlents and the t;me

interval -between arpointments .can be varied. With this

system the patients are not scheduled with a specific

_ dentist and are seen on an earliest arrival time basis,

The Dental Clinic could utilize this type appointment

scheduling system by scheduling pa tlents for their initial

:appoin$men$gonudiﬂﬁenent“daya.than.ihgseugghggg;gg for

follow=-up ‘appointments. This -should not cause ‘any par-
ticular scheduling problems and actually would be desir-
able if all follow-up  appointments were to be scheduled

&,‘
according to the dentist's estimate of the serwvice time

,_ required to comnlete eacn patient, An Individual appoinve-

ment systen would be used Tor :all follow-up appointments
and either an Individual or 2 liixed Bloak-~-Individual
appointment system could be used for all patients on their

initial appointment,

Basic Assurintione

The following list of aessumptions was required in
tie development. of simuletion model B, Several of these
assumntions (in quotation ma rks) are the same as were re-
qulred in the original model (Ref 4:33) and others coincide

with the assumptions used in simalation model A.

:?%g}
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(1) "The waiting room has sufficient space for an

~—" -unlimited buildup of the queue."

.....

(2) "A;fiVal distribution is not affected by the
queue length, i.e., patients don't turn away when the
queue length is long."

(3) . Service time does not vary between dentists,
As was discussed in model A, & small variance will not
aéversely affect the simulation resu}ts because of the
smali number of patients seen by each dentist during a
clinic session. o

(-4) mheﬁ-the;numberlgfudenjis;g being. simulatsd is
greater than one, patienté will not refuse to “see a_
particular dentist in order to wait for another, 0

(5) "Patients will be selected from the queue on
an earliest arrivel time basis,." \

(6) "The IRl 360 pseudorandom ﬂumbg¥ generator

generates perfectly random muvubers,"

Startine Conditions and Time Increment

As with model A, simulation model B starts at time
= 0 minutes end the first appointrments are scheduled for
time = 60 minutes., All~dentféts'are considered to be
available and begin cervice at time = 65 minutes. This
provides five minustes at the beginning of each clinie

'gession to: prepare for the first patient or for the

.possibility.qf a late dentist arrival. In regard %o the

sclieduling systems simulated in Chapter V, time = 60

41
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minutee eimulates 0700 hours,

~ ‘a form of the variable incremer+!hethod is again
wsed for tpetadvancement of simulation time. Simuleticn
modei B:advancee from one:evenﬁ to the next on the &aeis
of the earliest event time. As soon es a ‘dentist ﬁompletes _
ohélpei?ent,~the next patient to beﬁ§5ryiced ie_ﬁhe one i

with the earliest arrival time, (.

Process Generators -

The variebles used in simulafion model B were patient
'"larrival times, éxamining dentists' estimated service -
times; ‘actual restorative service times and examiring
dentists' estimated minus actual service times. Fatient
arrival times were generated in the samefmanner as was
utilized in simulation model A,

Examinipg déntistsilestimated service times, The

method . of generating 'random examining dentie:}‘ estimated
‘service times utilized‘the uniform distribution of
numbers between 0 and 1, A computer subroutine computes
the cumulative distributions of 100 points between 15

mﬁnutes and S0 minutes of a gamma probability density

function with shape parameter = 8.4772 and scale parameter
= 4,4135, The cumulative distribution and associated
times are presented in Table IV, The distribution was
limited to values betw.en fifteen minutes and ninetv
'm‘ﬂutes since there were no estima‘ses less than fifteen

minutes or greater than ninety minutes,

42 '
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- . Table 1V Q&b\ o
g Examining Dentists!®
- Estimated Service Time (Gamma) Distribution
Eétimated Estmmatgd Estimated
Service Service Sérvice
> Time Cum, Time Cunm, Time Cum,
(min.,) dist,  (min,) dist, (min.)  dist.
15 00 0143 40,75 «+6431 65.75 . 9726
— 1575 <0188 41,51 .6635 66,51 9751
16 51 J024l 42{27 06831 67627 09773
;7027 00305 43‘03 »0702l 68(02 19794
. 18,03 0350 43.78 1202 68.78 “9813
: 19.54 .0564 45.30 71544 70.30 .9846
o~ 20,30 0674 46,06 7703 71,06 .9860
T T 1,067 0 L0796 “ﬁﬁiBI' T OJ185¢ 0 7x.82 JO874
. 21,81 0932  47.57 . 7999 T72.57 .9886
22 57 «1079 ' 48,33 8135 73,33 .9897
23.33 1239 49,09 .8265 74,09 «9906
24,09 - 1410 49,84 .8387 74,84 .9916
24.84 1593 50,60 +8503 '75.60 .9924
25,60 - L1787 51.36 8612 76,36~ .9931.
25,36 «1990 52.12 8714 T7.12 .9938
. . 27.22 . 2202 52,87 .8810 77.87 . 9844
h 28 63 ___.2650 54,39 .8985 79.39 « 9955
29,39 ,2883 55.15 < ,9064 80,15 «9959
30,15 «3121 . 55,90 9137 8C-. 90 +9963
' 30090 03363 56666 09206 81.66 09967
31,66 « 3603 57.42 « 9270 82.42 «9970
32,42 .3855 58.18 . 9329 83.18 <9973
33.18 «4103 58.93 <9384 83.93 «9976
33493 4350 59,69 <9435 84.69 «9979
34069 i4596 60.45 39483 85045 .9981
35.45 4841 61.21 « 9526 86,21 <9983
- 36,21 5082 61.96 « 9567 86,96 .9985
36,96 <5319 62.73 . 9604 T2 9986
37.72 .5553 @3 48 9636 88.48 .9968
38 48 64024 09670 89'24 J9989
39.24 . .L 04 64.99 « 9699 89.99 «9990
39,99 .6221
43
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Service times. The methbd:bf(generating raundom

service times utilized the uniform distribution of numbers
between O and 1. This is the same method used to generate
estimated service times in simulation model A. A computer
subroutine computes the cumulative distributions of 100
points between 10 minutes and 100 minutes of a gamma
probabllity density function with shape parameter = 5.5836
and scale parameter = 7.5381, The cumulative distribution
and associated times are presented in Tgble V. A randon
nunber was geﬁerétqdﬁto determine the appropriate service
time. The distribution was limited to vélues between 10
minutes and 100 minutes since there were no obsegved

sgrvice times less than 10 minutes or .greater than 100

‘minutes,

The service time for each patient (whose eppointment

length was based on the exemining dentists' estimate) was
A

determined by sudbtracting a normzlly distributed variate

,Wwith an expected value of -.8 minutées and a standard

deviation of 14,5 minutes from the examining dentists'

estimated service time for that patient,
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Table V
Service Time (Gamme) Distribution
Service Service Service ]
© Time Cum. Time Cun. Time Cuum,
- (min.)  dist, (min,) dist, (min;) dist,
10.00 .0048 -40.91 «5299 70 9l 9312
10,91 .0070 41,82 .5503{~ 71,82 9358
- X273 - L0137 43,64 5898 " Qﬁ;§47v +944 3.
13.64 0182 44,54 .6088 74.54 .9481
14.54 0237 45.45 «6273 75.45 «9517
195.45 0301 46,36  .6453 76,36 9551 _
16.36 0376 47.27 .6628 T7.27 .9582
17.27 0461 48,18 6797 78.18 « 9612
18.18 .0558 49.09 «6960 79.09 «89640
2091 0914 51.82 «T415 81,82 .9712
21.82 1054 52.73 +7556 82,73 «9733
22,73 .1204 53.64 7690 83.64 9752
23.64 1364 54,54 7819 84.54 9771
24, 54. .1533 5545 1942 - 85,45 .9788
26 36 .1897 57.27 8173 87.217 .9818
27.27 «2089 56.18 .8280 88.18 . 9832
28,18 .2288 59,09 .8382 89.09 . 9844
29.09 «2493 60,00 .8479 g0.00 . 9856
30 g1 2915 61.82 .8659 91.82 9877
31,82 3131 62.173 8742 92.73 . 9887
32.73 «3350 63.64 8821 93,64 «9895
33.64 «3570 \64 54 .8895 ~ 94,54 «9903
34 45 401X 66, 36 .9032 96,36 «9918:
37. 27 4449 68.18 9154 98,18 «9930
38.18 4666 69 09 . 9210 99.09 .9936

>
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e The computer output format for the results of each
simulation run is depicted in Fig, 8. Each alternative
appointment system was simulated .over 25 clinic sessions,

- . ;'('
APFOINTMENT SYSTEM'X (RUN Y)

. AVERAGE PATIENT WAITING TIME = xx\xx
- L 1 AVERAGE LENGTH OF IDLE TIME = XX.XX
N . " AVERAGE' DENZIST IDLE-TINE = -XX XX
N MEAN EARLY AT* OF PATIENT = XX.XX
- MEAN SERVICE TIME o . _.= XXeXX
2 T —F— -~ - TLENGTH OF CLINICAL SESSION ~— & XX+xX
] E NUL:BER OF WAILK-IN PATIENTS = XX
: NUIZBER OF DENTISTS AVAILABLE = XX.XX
) )
% .
3 \ 4 INDIVIDUAL: WAITING TIMES
1 UPPER O0BS., PERCENT CUWNULATIV=
o ‘ LIMIT FREQ. OF TOTAL PSRCENTAGE
b T 5,
L 10.
1 150

20,
3 . 25,
1 30,
E ; 35, "

40"0
s 45,

. 50,

4 - 55
- - K] " . 600
1 ‘ OVER 60,
i ‘ - *AT = Arrival Time
!-a
E o Pig, 8, Output Format For Simulation i:.odel, B.
Fi’
E
|
é y
E N
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The run number designatés the particular clinie session-
being simlated. A cémbined output ig‘pgbggc;dﬂat.the~
~end\of thé 25 runs with~each~gppointment system. The
combined output pré§énts(averagé figures from the pre-

" vious 25 runs and thérindividual waiting tiﬁes=af;'cum;“
ulatifé figures combining thé results of the iqdividual
‘ runs. Entries for patient arrival %ime and service
tihe are recorded as zeros in the cogbined output. The
_ oumuiate& output for each of the simulated appointment

systems (1=27) utilized by simulation model ‘B are contain-

_—

L A_a&_».“!— [

qup output contains the mean vaelue for both the
péfgént arrival times and the service times, These were -
used as an aid iqﬁv@%?dating the simulation gédel and
-conpared quite,favorébly with the expected values of
the patient arrival time distribution and the service
fime aistribution. Also, each output was checked to
assure that 1o welk-in patients were considered and
thet the number of dentists available during each of the
25 simulated‘clinic sessions was the same 28 -'had been
,épecified for thet particular appointment system, The
final test of validat;gn was Eye ‘simulation of the
:app01ntment system being used a:;ing this study. This
system is epproximated by appointment system 5 in
Chapter V, The simulation results revealed an average
'patient waiting time -of 13.7 minutes for the 25 simulated

runs, This compared quite favorably with the 14 minute
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average patient waiting time developed in Chapter III.

_ *Thiaigjstég was expected to produce large amounts of

—

-

dentist idle time and the simulated results indicate
~ an average dentist idle time of 56 ‘minutes for the 25
simlated runs. The abové~va11§ation results assured

that the simalation model was acceptable for the purpose

. of this thesis. - ~
A N »
l:/
% =
48
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V. ALTERNATIVE APPOINTWENT SCHEDULING SYSTEMS "

An "ideal" appointment scheduling system would be
one in which each patient's arrival time coincided exact-
iy with the completion time of the previous patient;

Due to the varying lengths of service time required for
eaqh\patieﬁt aqg the unpunctuality of patient arrivals,
this "ideal" sfétﬁp is impossible to attain, Assuming a

RIS ’dentisxucan;sgrYigg:gn;yma spﬁciﬂiga-numbgg gﬁ'patientgu

2 s R [ORRag —

within a given amount of time, the search for an efficient

appointment scheéuling system is centered around the ob=

7t77:ﬁ§§%¥i§éskéf Sohedﬁiing"thé‘maximum‘nnhbgr'éfipatiénts .
while attempting to minimize both dentist i&le time and
patient waiting time., It should be recognized that these
are conflicting objectives and that a balance between each
must be sought.'

&

Individual Appointment System , A

Scheduling patients for théir initial appointment
@uring 8 particular qlinic{ges;ion poées theiproblem of
how many patients to schedule and at what time intervals.,
With en individual appointient scheduling system, each
dentist ﬁorks individually with é specified number of
patients, This type of system can be simulated using
simulation model B and fixing the number of dentists at
one. There are an-iﬁfinite~number of alternative
appcintuent systems vinich could be tested by the simula-

tion ﬁodel. The choice of appointment systems: to be

49 :
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tggted was based on knowledge of the charecteristiés=ef

“”  the Dental Ciinie, practical%fy of administering the

appointment system and personal judgment.

The following abbreviations are used as an aid in

-“pfeeenting some of the simulation results in conjunction

with the -various appointment systems being simulated.

EWT - Patient waiting time. The number of minutes
a patient would be required to wait before being called
for his gppointment:. The number presented with each

simulated appointment system is the average patient

r%l'*waiting time for the 25 simulated clinic sessions.,

DIT « Dentist idle time. The nnmber of minutes
during ; clinic session in which a dentist must await the
arrival of his next-patient. The number presented withn\
each simulateakgppointment system is the average dentist

idle time for the 25 simulated clinic sessions,

Clinic Length = The total number of minutes from

the start of‘afelinic=session until the last patient is
complete@t The number presented with each simulated
appointment system is the*average_elinic length for the
25. simmlated sessions;

“Although tnere are 360 minutes available during a
six hour clinic session, the simulated clinic lengths
~xvaried frem thirty to forty minutes from one simulated
seesion to the next, There are thréc main reasons why

a particular clinic session might exceed 360 minutes,

50 f ~
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One. reason would be«eeheduling morewpetiente than can be:

L)

%p- -w/’/'.eegviced during a-8ix hour g%;nié( iﬁneh‘g7syetem~W6ﬁid
? usually result in aniincreaee in PWT‘énd{a decrease in @
i DIT, A eecond reason~would ‘be a combination 0f late

E' . patient arrival times and: greater than average service
ig time required for each patient. This could cause the

F ’

time to build up durzng the el:nic session and very likely

gy
10 &

e exceed 360 minutes. The third reason pertains o the .
eoheduled appointment tlme‘for the lgst patient or l{?

patients. Whenev ne or more patients is scheduled

—7for an appointment within one héur from the end,pf the-

/elinic séssion, several of the 25 slmulated clinic

S

e e

(7
seegions will exceed 360 minutes in Yength. This results

O

. from the simulation model accepting patient arrivals as
late as twenty minutes after scheduled appointment times
and generated service times as long as 100 minutes, Thus,
an average clinic length of epproximately 360 minutes or

less would be deeipable in order to assure that all

il 1 H A A e

eeheduled patients can be completed during the clinic
‘'session.

The number of patients to be scheduled for one

T R T T

dentist during a six hour clinic is néarly deterministic,
% I With a-mean service time of 42 minutes and a standard
< deviation of approximately 18 minutes, the average service

f time for each patient may vary by several minutes, £Zven

'so@ thé maximum number of patients which can be expected

\tp be eerviced during a six hour clinic should not exceed
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nine, Table VI outlines the first eight appointment
| systems that were simulated., The number of patients
scheduled varied from nine to sii end various appoint-
ment intervals were used. Presented below Table VI are
' the average results from the 25 simulated runs for each\
‘appointment system.

Appointment system one scheduled nine patients at
40 minute intervals and was cleerly: ;nsatisfactory. As
was expected the average clinic length far excceeded “the
360 minutes available. Appointment system two scheduled
eight patients at 45 mimute intervals and resulted in an
average clinic length of 372 mimutes, Although the
'Dentaluciinic would rather not schedule eight patients
with a -dentist during a six hour c¢linic, a check of the
Dental Clinic records for the months of October and
November f;971) indicated that some dentiets had been\&
scheduled with eight patients, Most of the dentists in
the restorative section of the Dental Clinic consider
eight patients to be more than can be efficiently served
during a six hour clinic. The figures appear to sub-
stantiate this claim since an average clinic Jlength of
{ K2 minutes was required to service the eight patients
edmulated for;appointment system two, Appointment
system three 2lso scheduled eight patients but decresased

the '‘appointuent interval to 40 minutes, Tne simulated

" results indicated an average clinic length of 356 minutes,

however the average patient waiting time increased to

52 ,
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: Table. VI
= (1 Dentist)
Alternative Appointment Systems (1-8)
Number of Patients Scheduled
Appointment System
 Time 1 2 3 4 |1 5 6 | 7| .8
o100 | L | X f 1) 1)1 1| 1ol
0740 1 1 s
0745 1 1] 1 1
0750 1l
0820 1] 1
0830 1 on 1 1
0840 | 1
0900 ) L} -} L o . o . .
0915 1 1 1 1 1
0930 | 1 o
0940 1 1
1000 1 1 1 1
1020 1 1 1
1045 1 1 1 1
1100 1 1
1110 1
1130 | . - 1 1 1 1
1140 1 1
1200 a
1215 1 R IR R T B |
1220 1 , ‘ '
9 8 8 (I 7 6 6
‘ hiinutes
pit | 28,5{ 21.1{ 31.1f 18,5| 13.7| 12.3| T7.3| 7.4
DIT | X4.6{ 24.5| 7.7| 19.7| 55.8| 41.2|205 | 97
el 397 |72 [356 328 (364 349 |356 347
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Appointment system five is approximately the system being

GSA/SI/7255

§”31 minutés, This is mo“e than twioe the amount of waitzng

time expemﬁenoed by patients during the: data collection
period.sf

Appointmen+ syétems four and five each .schedule
sevén patients at 45 minute intervals, with one patient
eoheduléd for = 90 minute appoimtment. The total service
time of 308 mlnutes requlred to complete -all patients is
the :8ame for both of these systems and can be obtained
by subtraetiﬁg the DIT from the clinic length, Appoint-

ment. system four clearly provides the groatest assurance

6f -completing all seven patients: within Ehe: six hour -clinic -

eeseiop. This-eystem~80hedulee the last patient for a
90 minute appointment and the simulated results. indicate
en average ¢linic lerigth of 328 minutes, -Although the
petient waiting time i$ slightly higher with this sye;em,
the*éverege DIT and average clini¢ length are much less

than,thoée associatéed with appdintment sﬁstem five.

used during this study. When seven patiénts were R

scheduled, the appointme”t 1nterval ‘was 45 minutes ‘with.
one patient séheduled for a. 90 mmnute aup01ntment. The’

simulated results indicate &n average PIT of approxlmately

; —lb;e-minuteS»ana an average DIT ox 56 minxtes, The avera:e:

elinge length of 364, minutes resulted fro schedullng the L

N

\

//

1ast pat*ent 45 mlnutes from the .end of the .clini ic gess sion, .

Appoimtment syst al S0 scheduled,seven vatients bmtm

inereased the. apnoaﬁtment inter vel to. fifty minutee beii
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tween eaeh'fatieht. The &verage results for this system
sde:eﬂdeereaSe in each of the areas being, considefed
and indicates 2 definite improvement over appointment

) SJstem five.

Appointmeht systems seven and eight. each schedule
six patients at 45 minute intervsals, witk. two patients
rece1v1ng 4 90 minute appointment, The average results
‘from the 25 zimulated runs indicate'’ no problem in come
pleting six patients dmrlng a six hour clinic session,
In comparison with the first six systems, the PWT for
fthese systems -decreased while. the: DI Ancreased -sub=
stantially. .The results from the first e1ght~31mulateé
_ systems“appess‘to indicate that seven patients per
déntist can easily be serviced during a six hour clinic
session, Eight patients scheduled at forty minute
'ihtéhvais can algo be seen,’however 5ﬁ average vatient
~waiting time of approximately 31 minutes would be ex-

‘pectsd. While this may be true for an individual appoint=
Liséﬁt»SQheduling system «(in which each patient is 'scheduled
‘fBr his initial appointment), it may not hold for a
ydoﬁtiétely different type of scheduling system. This-/

topic will be discussed in the next section,

© - lixéd Block-Individuel Apvointment System”

catients scheduled for their initial appointment

"would not neces “Arlly have to- be scheduled on an individucnl

1
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basis with a specific dentist, [uring thosc clinic

sezsions: in which each éatient is scheduled for his
initial appointment, a Mixed'ﬁloqgg;pdividual appg;ntment
system could be used. This type appointment schéduliﬁ% 6&7

rsystém.can be simulated using simulatiog“goael B, Al-

though each patient has an appointment time, he does

not have a specific appointment length., Patients are

then serviced,.on an earliest errival time basis, The

number of denvists available will be fixed at three,’

gour, or five. The numBér of patientéiénd the appoint-

- N /‘/r“f— ’ 7.@%'.

" ment intervals will be varied and th%7éimuiation‘resuits

analyzed.. _

Table VII outlines appointqéﬁt sysé;ms nihe through
thirteer.. Each of these systemstchedulas 32 ﬁatients
with four dentists, The average rasults from the 25
simulated r:ps for each of the appointment systems are
presented below Table VII. The efiiciency of the kiixed
Block-Individual system over the Individual system is::
brought out by a comparison of the results for appoint-
ment systems nine and two. zach of these systems schedule
one patient per dentist at 45 minute intervels. The

average results from system nine ‘show a decrease in both

the patient weiting time and the dentist idle time of

.approximately 9 minutes cozpered with the results for the

individual system. although the averaze clinic length

"is slightly longer (4 minutes) for eppointment system

nine, it 8hould be pcimwed out that this represents the

—n

N
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° ) Pable- (35 T
C - (4 Dintists)
- Alternative Appointment Systems (9-13)
. S ~ Numoer of Patients Sche_,uled o
, L Appointmen System
Mmé |, 9 4 10 11 [ 12 13
0700 1| -~ 4~ T & ry 4 6
)ﬁ}"o@ Vi . - .
T 9] 40&14‘ ) 4 -
Toms | 4 e 5 5
0800 5
0820 4
> 0830 4 N 4 4
.. 0900 | 4 § 6
© o 0915 4 5 5
0940 . 4 ,
1000 4 4 & 5
‘“ 1020 4
- 1045 4 5 4
1130 4 5 4
1140 4
1200... 2 4
1215 | _4_ —— _— _ —
' 32 32 32 32 32
C
o linutes
PWT 12.5 24,1 | 25.1 22,0 22.6
DIT 15,2 2.9 3.2 41 | ca
Clinie | . ;
Length | 370 363 364 365 366
57
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cbmpletion time for the last patient and dbeé not represent
the time required for each dentist to complete his last
patient (whlch is characteristic of the Individual system),
The results for eppointment system nine indicate an
— average clinic length of 376 minutes which is slightly
longer then desirable. The average results for appoint-
ménf systems ten through th%fteen 1nd;cate the lastéy
patient would be completed in slightly umore than 360:
) minﬁ$es, however, the average patient waiting time would
be between 22 and 25 minutes, Although this is h\ot‘\an
" exce331ve amiount of patient waiting time, it is higher
tﬁgﬁ the 14 minutes being encountered by each patlent
during the data collection perlod. Thus, appointment
system fourteen through nineteen schedule four dentists
with either 30 ratients or 28 patients, These systems
are outlined in Table VIII along with the average results
indicated. The average results inﬁicate that each of
these systems would Dbe acceptable in regard to the aveggge
clinic length,-since each is approximately 360 minutes
or less, Appointment systems fourteen and fifteen each
échedule 30 patients with system Tourteen cleaély showing
the "best" balance between patient'yait;ng time -and L
dentist icle time, This system séhedules four patienta
every 45 minutes, with the last two scheduled one hour
from the erj oé the clinic sccsion,
Appointment systems sixteen through nineteen each

~.schedule 28 patients with four dentists and the results

58
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, Table VIII
P (4 Dentists) -
l N Alternative Appointment Systeus (14-19)
Number of Patients Scheduled
) Appointment System | "
v Time | 14 15 ¢ 16 | a7 18 19
o0 |4 | 4 T /i —
s ——__o740-4 | "4 | | =—o=f I3
0745 4 & | 3.
== z-0750 \: ’ : - & N
o 0820 4 - 4
0830 | 4 4 1 4
. . .. 0840 | . 4 L L 4 -
5 0900 \ 4 | 3
0915 1 4 < ' 4 4 93
0930 ] 4
0940 |- T4 ~ 4
£ 1000 4 {0 4 | 4
1020 4 4 3
g 1045 .| 4 |> ‘I 4 3
EZ 1100 | 4 4
g O 1110 | 4
1130 4 4 4
E 1140 . 2 3
(“ 1200 | 2 4 |
E 1215 - . ~ | [P - S I
: ' 30 30 28 | 28 | 28 28.
k" \ ) liinutes
T PWT | 12.6| =22.4| 12.9| 7.5| 6.6 | 12,0
: DIT | 15.7| 3.2 | 13.4| 34.9 | 42.2 | 16.5
F " Clinic | 44 T ‘ 1
:; Tength.| 362 348 332} 353 | 363 | 335
F' '
i_
(. 59
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present several possible tnade-offé. Appoinfment syetems

sixteen and nineteen provide the "best" balance between

PWT and DIT, however, the averagefclinic length for each
. of these systems indicate that the last patient would be

completed approxlmately 25 minutes ‘before the end of the
elinie session. Should it be & specific obaective of =

—

the Déﬁtai;Clinic, these two systems w0uIH”provide sach e
dentiet with approximately 25 minutes or more at the end

L
———

of each clinic session to see emergency patients or walk-

infpatients. With a specifie¢ objective of decreasing NS

PWT, appointment system seventeen schedules four patients

every fifty minutes and the average results indicate a H

PHT of 7.5 minutes with an associated DIT of 35 mimutes. /
A comparison of the averesge results for system sixteen

with those of system four and for system seventeen with 7y
those of system six will again point out the efficiency

ofxfhe Mixed Bleek-IndiVidual<appointment scheduling
systenlover the Individual system., Each of these com=

parative systems schedulés the same number of patients

per dentist at the same time intervals, with ‘both the
everage‘PWT end DIT being approximately six minutes less

with the Mixed Block-Individual system,

The number of dentists available at the Dental Clinic

may very from time to time due to newly assigned personnel,

leaves, sickness, etc. fThe above type &ppoiniment

.scheduling system was also simulated for both five dentists

60
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Table 1IX

(5 Dentists).

Alternative Appoiniment Systems (20-23)

Timé

Number of Patients Scheduled <

Aﬁpointment System

21

22

oo,

o e ";;:07’?4‘.0:'—: #

0745
0750

e T 05,2,__.0-‘:-‘:

e ,Q&.{Qﬁ = -

5

5 .k

S

5

0830 | T 5me 5
R 5.
0900 5
0915 | . 5 5
0930 | S 5
0940 | 5 I
1000 | 5 5
1020 ¢ 5 i 5
1045 5 5 {{
1100 5
1110 5
1130 5 5
1140 5
1200 5 5
1215 . o . .
' 40 40 35 35
_ lkinutes -/

PiT

13.3

22,6

10,0

DIT

15.5

4.5

15,0

-, Clinic
Length

371

385

331

6l
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Table X
(3 Dentists)

‘Alternative Appo:lntmem’; Systems (24-27)

T ”mNumber wcif Patients Scheduled
Appoin’bment Systgm IR o
o Mme | 24 | -25-"] 26 27
——0700<—— 3 3 3 3
0740 . 3
0745 3 3
0750 | 3
0820 N 3
0830 3 3
. - 0840 - - SR . 3
0900 3
0915 3 3
0930 | | 3
0940 | K
7 1000 3 D) 3
1020 3 3.
1045 "3 3
1100 3 .
1110 = « 3
1130 3 3
1140 3 :
1200 3 3
1215 o~ - . .
: 24 - 24, 21 21
Minutes \
D 17.9 25,4 13.6 | \a.8
DIT | - 13.0 2.7 16.4 37.9
S| 316 366 327 347
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‘and three dentists. ‘These. systems éférqutliééd—ih
M,»f;lmdilés IX and X, The results again indicate that eight
patients per'dentist can be seen by scheduling -one Tyo o
SRR --patient; per-dentist_every forty minutes, however, an
“ average PYT of 22 to 25 minutés would be expected end |
the average clinic length would slightly exceed 360--
‘\ N minites. -Scheduling seven,patienté‘pér\gpntié%iWill
~sﬁbstantially reduce the patient waiﬁiﬁﬁﬂ%ime‘with the
result that«theiigst patient would be completed approxi-
matély‘20 minutes-ﬁefore the .end ofzthe clinic seséion»
o

- Scheduling Initisl Appointments By Examining Dentists’
Lstimate ' ‘ ‘ o~

‘Bach of the previous Systems sc¢heéduled patients

- .

_with an appointment time, but not with a specific
LY

SR S el ks o e |
!
A
t
|
J

R

appointment length., Since the results from Chapter III

e}

indicate that the exaﬁininﬁ dentists' may be able to
estimate the -approximate amount of time re@gired for each
' . patients initial appointment, simulation model B wes
] utilized to sirulate scheduling each<patiept§,initial
: appointment 1ength5based~on the examrining dentists!

estimate, Table XI outlines the alternative appointment

systems to be sirmlated, The &vailable appointment

R AR

lengths dnd the associated per cent of patients to be.
scheduled for thege appointment lengths are presented

‘with each system., FIor examplé, scheduling twenty-four

375 R SR I S W AT

63 o .
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Vo Table XI T
: Alternative Appointment: Systems (w X, Y Z)

. i N oy - ..

il gz %3;w¢;< bk Gilak i
/ <, ot

ﬂ'ﬁmﬂmmmw;w’:’wﬂ? ﬁg
- ! =

~Available . Per- Cent R
kKppointment of Total
Appointaent Lengths Patients
System © (min,)--  Scheduled
- S
‘.\j“ . 4. § 40 - . ) o% )
o .50 , 15% T
o %
¥ X ] < e j
50. . V15% -
,(60>“. ’ i r
z 30 - - - 46%-
Y 45 ¢ 40% P
60 ug v
- 20 16%
Z 40 7 6C%:
0. 245

patients with appoiniment system Y would result in eleven
30 miqute appointments, nine 45 minute appointiments and
four 60 minute appointments. These numbers are acquired
by multiplying the associated per cent by the total
number of patients to be scheauled. )
The percen@ages used for eaep of these appointment
sﬁstems are based on the cumulative distributicn for the
examining dentists' estimgtes‘(see Table IV). A five

minute increment was added‘to‘ea¢h»ofvéié'available

‘appointment lengths and the percentage associated with

this number we.» “vaken from the cumulative distribution.

N\
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‘Thus, the~pergeﬁtsges for appointment system X indicate
A '“’fthst\46% of the exemining dentists' estimates were eqﬁal
i B te/gr less than 35 minutes, 30% were between 35 and 45 “

"minutes, 15% were between 4§>and 55 minutes and 9% wers.
. greater than 55fminutes. The five Qinute increment used
B ﬁ;tﬁ)eaep appointment systen was ‘based on the Judgnent
"of the dentist in cparge of the restorative section of
tﬁefDentalvélinic as to what Would be the nost realistic

and -on personal knowledge of the characteristics of the

"

Dental Clinic., Since less theh six per cent of the -

:'examining‘dentists' estimates ‘eéXceeded 60 minutes, this
was utilized as the 1ar5sst appo;ntment length with each
‘of the alternative systems. Although many other alter-

/é?ﬁative'éppbiﬁtmsht'systemé-ceuld*havs been simulated; the

fesults from these four should provide adequate infor-
“‘mhtieh‘to judge the most efficient type system.
‘' Eech of these systems was simulated with from three
to six dentists and the number of patlents to be scheduled

, was varled from six to ten per dentist., The average re-

W sults from the 25 simulate@ runs for euch of .the simulated
sehedules ere presented in Tables XII through XV and
repfesent the results for three to six dentists, respectively.

_* As was expected, the average clinic lenith inereased as

the number of patients per dentist was increased, <Scheduling

the total number of patients based on eight per dentist

¥
L e, -

'resulted in an aversze clinic length of less than 360

minutes with each of the alternative systems sizulated.

65
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2 Table XII
(3 Dentists)

Results From Scheduling Initial Appointmants
By anmining Dentists' Estimate ‘

Average Average
, Number of Patient Dentist. Average
Appt. Patients waiting Idle Clinic .
Systeg‘ _Scheduled - Time Time . Length
o W 18 15,7 8.8 243
X 18 13.4 12,1 246
Y 18 11.8 . 15,8 246
Z 18 12.4 16;2\\ 253
W 21 © 18,0 10,2 288
X 2Lk - B . S 13,6« 293. .
Y 21 12,2 18.3 299
2 21 1137;A ’ }539 304
W o4 22.6 1.5 334
¢ ’ Y 24 15.7 17.2 351
1 VA 24 N ’ 15.2 19.4 34§
W 271 21.3 9.7 3N
. X 27 16.2 16.4 - 376
F Y 7 14,0 19,3 386
F W 30 25.4 7.8 408
- X 20 18.9 14.2 . 409
g Y 30 : 17:0:7 X 17 . 5 420
£ Z 30 17.3 25,5 — — 430
A
g R ‘-,:5
i
-
F

- — e, 65 .
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‘Table XIII
(4 Dentists)

7

‘Resdlts From Scheduling Initial Appointments
By Examining Dentists' Estimate

Average Average
Number of Patient Dentist Average
. _ _Appt._  Patients Waiting Idle Clinic
System .. Scheduled Time Time Length
W - 24 18.1 5.0 245
X 24 15.7 1,3 247
Y 24 12.8 10.9 250
Z .24 10.7 14,1 261
W 28 19.9 4.0 291
X 28 ) 15.7 6.2 293
Y 28 13,7 9.4 299
' 28 13.1 15.3 307
N\
RN 32 19.7 5.4 335
X 32 16.2 9.1 338
Y 32 12.5 16.8 343
Z 32 1l.4 21.0 354
W 36 19,3 9.1 357
X 36 18.4 1.0 368
Y 36 14.3 19.3 380
7. 36 11.7 22,1 395
W 40 21.6 9.1 412
X 40 17.2 9.7 414
Y 40 12,9 21,6 . 420
.z 40 10.5. 31.3 432

3N
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: j ’ "?abie’XIV >
& " (5.Dentists) ‘
* ' Résults From Scheauling Initial Appointments
. . = By Examining Deﬁ@;gts’ Estimate
wr T , * Average Average
: . Number of - Patient Dentist Average
" Appt. “Patients Waiting Idle Clinic
System Scheduled Tine ) " Time Length
W 307 19.0 3.3 255
X 30 16.5 5.2 261
ST 300 - T 1S N 262
w35 19,7 4.6 285
X 35 14'06 901 2884
3 - Z. 35 ) . 1200 1400 "\-\} 299
3 W 40 22,8 4.5 333
; X 40 Q\ 18.0 7.1 334
l Y 40 14,8 12.7 338
7 40 119 17.7 353
45 235 3.9 368
X 45 19.1 6.4 374
Y 45 14.1 12.5 378
W 50 19.5 6.0 403
X 50 15.3 10.9 - 404
Y 50 11,1 16.5 413
. A 50 S.3 23.9 426
3
68
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‘Teble XV e

(6 Dentists) : SN
Results From Scaedaling Initial App01ntments
By uzamlnlng Dentists? Eotlmate
- Average ‘Avérage
Number of Patient .Dentist Average
Appt. Patients Waiting Idle --Clinic
System 'Schedulgg Tinme A Tipe Lengt?
W 36 . 18.8 2,5 249
X 36 16.2 4.1 249
Y 36 - 12,8 6.5 252
Z 36 , I;.l) 10.6- 265
W 42 19,7 2,1 282
X 42 17.3 3.7 284
Y 42 13.9 6.3 . 237
2 42 - 12,2 9.8 297
W 48 20.7 1.3 333 B
B Y 48 12.6 8.5 343
/ 48 10.1 13.2 346
W 54 24.1 2,7 371
X 54 18.6 54 372
Y 54 14.7 11.2 377
A 54 12.7 13.8 39
W 60 20.3 . 4.8 402
* - X 60 15.1 9.1 403
N Y 60 13.2 17.3 421
v, Z 60 - 9.4 20.4 424
™ s
|
a8
1
E
3
. ’




.- 36 total patlents) did scheduling nine patients per

GSA/SM/72-5 S e e

' B T
& . o

In onIy one case (Table XII1, Appointment. Sjstem V and

dentist resul?;in a clinic length-of less than 36Q(
- minutes, ' Thaus, based on an average clinic length of .
360 minutes or less, the meximum number of patients to ~

be scheduléd with each of‘these~systems during a six Y,
Oy &\

hour clinZc should be between 8 and 9 per dentist,
\

Cg;::f\ As an aid in analyzing the efflclency of each of

D

the four alternative systems (N,X,Y end 2), Fig. 9

N

i}resentS“the“possible=tr;§§-0ﬂ£s=%etweén*averagevc&ini@

Ulength'and the number é?;gétients scheduled per dentist
for gggg dentists, For a given ﬂumbqr of patients,

fappoiﬁtment s&étem W would be expectéﬁ to result in the
shortsst clinic.length with systems'X, Y and 2 eath
slizhtly longer. Fig. ? indicates én average “clinic
length of approxiﬁétely‘§é~§xjnutes would result from
scheduiing 8.1 patients per dentisf with system 2, 8.4
pa?ients per dentist with system Y, 8.7 patients ver

dentist with“system X and approximately 9 patients per

)

‘dentist with systen. W, Fig. 10 presents the -possible /,

7 5 . . .
. trade-~ffs between average clinic lenzth and thevnumber

of patienfé scheduled per dentist for five dentists,

. E \The aversse patient waiting time versus the number
@; of,patieﬁ;s scneduled per dentist is depiected in Fig, 11
: ;
‘C for four deniistsy Syste: « has the 1argost amount of -
- | average PWT &nd this was ‘consistent with each of the t
7|
-
|
7 70
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4204— (4 Dentists)
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[
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~
AR

v, 3604—

Average

Clinic

. Length
(min.,)

330

300

o 6 T 8

e
] S llumber of Pa*<ents
Scheduled Per Tenitist

- oo

—

Fig. 9, Trade-offs Between Clinic Length jwuiber of
Fatients Scieduled (Appt: Systew W,1,Y,2)
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Time
(min, )
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different schedules simulated.  The results indicate

system Z has the least amount of FWT and this was usually

-the case with each of the different schedules similated.

Although there was a slight variahce, systems Y and 2
resulted in an average patient waiting time of less then

15 minutes-while systems X and ¥ resulted in waiting
Sae

times -gresater than 15 minutes,
Fig. 12 depicts average dentist,idle time versus the

number of patients scheduled per de{éist for four dentists,

. The results indicate system W has the least amount of

aveiage DIT with systems X, Y and 2 resulting in in=-
creasingly larger suounts. This trend was quite consis-
tent witli each of the different schedules simulated.
Trade-offs between average PWT and average DIT with eight
ratients per dentist are presented in Fig, 13, EKach
point represents the system and numbér of dentists,
Systems X and Y show the "best" balance between PWT and
DIT, with system X having the least amount of dentist

idle time and system Y having the least amount of patient

-~ wailting tine,

Cﬁoosipg the most efficient system requires suue
jectivé Judgment concerning the desired bzlance between
PiT, DiT, and averagé clinic length, Therpraqpicality
of sdministering the alternative systeids must. also te

considered. Aupointment systems Y and Z2 may require less

, Judgnient on the part of’ the sxamining dentists since only

traree alternasive gppointument lengths need ve considered

.
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Fig, 12, Tradé-offs Between Dontist Idle Dins/iunic
of Patients 3cheduled (Appt. Systems W,{,Y,%)
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‘forseach patient. Once theJdésired'system=and total

number of patientS'to be scheduled ‘has been -chousen, the -

‘7<gumher of each:dszerent.appointment length can be

- Appéndix Fy

::éetermined.. QhesepaPpoinﬁﬁenf lengths are th§hf§§réﬁ§§§i
at random thrdﬁghout the clihic sessidn (based‘onvtﬁe,
1number39£ dentists: available) .go. that all the shortest:
,df longest appointments do .not occur duriggvéne iart of

-the clinic session. Although there are idny different

ways of“afranging the appointment lengths throughbii+ the

-3'~clinio session, the simulation program utiliaed tne ‘same
*mgthoqiwixh each simulated run., A copy of thefmodlfled

ﬂpiggfémfandftwo sample schedules are presented in

!

=0ﬁce‘th§¢gppointment schedule has been determined

4§by@gppbintmén% system, total number of patients to bz

r ~sé?éduled and number of dentists availablel, it is used

scheduled for his initial eppointment, This would ehgngé

“\nly ‘when: the number of available dentists changed. The

‘ Séntal C’lnic has been provided with schedules ranging

from fifteen patients scheduled with three dentisis to.

‘gixty patients scheduled with six dentists, Thgsé

provide schedules for clinic lengths renging from

- schiedules arproki"awely~one:td two weeks in sdvance,
;matehlng patients with specific a,poiniment léngths

ghould noit cause any uandnistretive sereaulin prodglenms,

17

—-—

- approximetely four to seven hours. Since the Dental Clinig
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Td*assure that each of these systems would be administra-

tively feasible, the simulatlen model scheduled patients

"Aon % daily basis., One days schedulo was completeu be-

' 4T{;ffig?3:o;p schieguling patients for the nex¢ day, even though

this m;ght oecasionally*resﬁlt in & patient receiving an

‘ ’.appointment length greater than or smaller .than the

o ®)

?examinlng\dentlsts' estimdte,

'The results from scheduling patients initial appoint-
men%sﬁsased on the - exam;nlng dentists' estimate of‘the
time required to complete each patients first ep_pg_i_r_z_mem
indicate this typée apppintment scheduling system to be
more efficient than either the Inaividual appointment
system or the Mixed Block-Ind1v1duaW system. Zight
patients can be seen in less than 360 mlnutes anqu_

veriety of - trade-offs bejweenrpgmientfwaltlng tine and

déntist idle time are available,

ty

Scheduling Follow-up Appointments By Dentists' Zstimate

An Individual appointment;scheduling systeéﬂwould be
necessary‘in order to schédule\each ratient with the
same dentist until all required work had been completed,
The system in use by the Dental Clinic during this’study
allowed ezch dentist io schedule follow=-up appointmenis
for 45_minute3~or'90'minuteSa The Dental Clinic appoint-

N
nent records for the month of November (1971) indicate

i RV PR s " Do R A e AR oo b s,
gore then 1200 rstiente wore scneuuled for restorative

appointments with an average of 6.3 patients scheduled
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required for each follow-up/appozntment. Thus, simlation

per dentist, during each six hour~cl;nip.*in;though the

number of patientscscheduled with each dentist varied

from four to eight, “ore than half were scheduled with 7
either six or seven patients. The,results‘for appoint-~

ment systems five,rseven and eiglit pointed out. the !
possibility of incurring large afmounts of dentist idle .

time with this type appointment systen,

The results from Chapter 111 indicate the dentists!

. may be able to estimate the appraximate amount of time

model A was ntilized to simulate one dentist scheduling

Aipbogntnent lengths aecop&ing t0 his estimete of the time

reqnired to complete each patient. Tne five zalternative
agpgtntment systems to be simnlated are outlined in
Tanle'XVI. The available appointment lengths renged from
20 minutes to 100 minutes and the interval between aveil-
able appointment léngths varied from 10 minutes to 45
minutes, The selection of these systems was based on
knowledge of %the characteristics of the Dental Cliniec,
practicality of administering the system and personal
jndgpent, Although. many othexr alternative fAppointment
sysfans could have been simulated, the results from tiese
five systems should provide adequate information to judge
the most efficient type system,

| The following decision rules were utilized by the
simulation model in assigning appointiment lengths;for the

five alternative appointment systems, A ten minute

79
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}
‘ Table XVI ) .
Alterpgtive Appointment Systems (ér;ﬁrougp“E)
 Appt. Availeble Appointment Lengths
System (in minutes)
A ' 45. 90
c 20, 40, €0, 80, 100,
n : )
D | 30 45, 60 75, 90
B 30 405 50; 60, 705 80; 90

increment was utilized withfappointmept systeme A and B,

The closest available appointment lehgfh to each estimated

service time was assigned prov1ded the estimate did not
exceed that available appomntment length by more than

ten minutes, Otherwise, the first available appcintment
length largzer than the estimated value was assigzned. A

* five minute ihcrement was utilized vith appointment
systems C, D and E, For example, an estimated service
time of 46 minutes would result in a 45 minute appointment
with systems A and D, a 60 minute eppointment with

systems B and C, and a 50 minute appointment with system
E. Any estimate greater than the largest availatle
appointment length received the largest available appoint-

ment lengthi., These decision rules were based on the

judgment of the dertist in churge of the restorctive
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section of the Dental Clinic as to what would be the
most,realistic and‘onﬁpérsonal knowledge of the charac-
teristics of. the Dental Cllnlc.</ - ~

The average results from the*for*y slmulatea rune

// -~
for each 9f“these systems are o:esentea 1n Table %gII.

,These results were obtained using the estlmatea service :
dtlmesyfrom the gamma distribution, Complete results
c .+ (utilizing the gamma distribution) for each of the
l vsimuiatéd systems are contained in Appendix H., ZEach

systeg was’ also simuggfed utilizing the estimated

S e e . e e - e oo _ Lo

AR

by PN Table XVII

N s ¥
Results Fronm ochedullng Follow=-up Appointments

Based :On Dentists' Estimate (Gamma Dlstrlbutlon)

Average Average Average Avereage
. Appt. Number Fatient Dentist Clinic
- . of Waiting Idle Length
~ System Patients Time * Time
- Scheduled '(min.) (min,) (min,)
A 608 [ 903 (//3 4807 340.1
B s 8;0 1500 2305 35705
¢ 8.3 15.2 21,0 358.7
‘ D 8.3 16.1 . 16.3 355.5
E‘ ~

843 19.8 11,2' 363.0

* ‘Jaiting tines ere based on ,a*lent's arrival tlme
not on patient's anp01ntucnt vine, The mezn
arrival time was aoproxlmately 10 minutes ovefore
the scheduled appointment time,

61
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service times from the actual distribution and the

average results are presented in Tavle XVIII, As was
expected, the lurge nunber of estinstes at the 30

minuse and 45 minute levels resulted in a greater number

of patients being scheduled, [he large number of estimates
at these loveis would not be expécted with . each of the
different systems veing simulated, thus the results from
Table XVII were uced in analyzing the alternative

gppointment systens,

Table XVIII

Results From 3Scheduling rollow-up Appointments.
Sezed On Dentists' Letimate (actual Distritusion)

AVernie Averuse average AVOrasie
Apvt. liuniver ratientg ventist clinic
of walting Idle “ength
Systen fetients Time ¥ Time
Scheduled  (min.) (min,) (:in.)
A 7:3 ll.l 4005 35404
B 8.5 20,0 16.9 366.9
C 9.0 22.5 9.8 3725
= 8.9 23.7 8.4 369.5
o guiting tiscs are buved on paticnt's arriv.l tise
rot on Lit'JJL 8 appoiniuent tine e Lo
oretvel vise wso aperoxinntely 20 minutec talore
tho mcha!u] yd uppolntiony Lino,

Best AV vaiad 2
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The results from Pable XVIE indicateﬁan é&eréﬁe clinic
length of less than 360 minutes for systems A4 through D
and an évéragp clinic length of 363 minutes with system
E.ﬁ These -clinic lengths were Obtained by adding thés idle
time end the service tize associated with _each of the 3

2\,

systems.. Thus, completing all scheduled patients during

/\

the clinic session would.n{ﬁ/appear to be a,pro?}em with
any of these,appointmenflsystems. - .

'The possible trade-offs between average patient
waiting time, average dentist idle time and:averagg¢numbér
of patients scheduled (TOr appointment systéms A fﬁfﬁﬁgﬁ
E) are presented in Fig. 14. Althéugh appointment system
A has the smallest-amount of patient weiting time, it is 7
by far the least efficient in regard to the number of
ﬁétients scheduled and the average dentist idle time.

The 48 mlnu e average dentlst idle time is nore than
\

~twice that of any of ChQ'Oun r systiens and would clesrly

be less efficient than the other systems.. Although

anp01ntment system X % nes the least amount of dentist idle

r
’ e

time, it incurs tne lurrest ‘amount of patient waiting
time (four %o five rlnqua nore than systews B, J &nd D)
and also slightly exceeds the 360 minute length. This
system provides availadle appoinimnant lenivhs zt ten
minute intervels and would probably be the most 4ifficult
téigéginistef. For these reasons, appointuent s;g&cﬁ z
would be considercd less efficienﬁ'than systen b, € oxr D.

Appointument sysvwem € is slighuly better than systoem b

83
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‘since it séheddles more patients and'indurs léss dentist
idle time while having approxiqately fhe same amount of
- average,;etient‘waiting time. Choosing between systems
C and D requires»subjective»judgmentmconcerning the da~
sired trade~off between patient waiting uime arié: uentlst
idle*time. System D incurs. five minutes/iess idle tlme
o during each cllnlc session whlle requiring .each netient

e e st

- t0 wait approximately one minute longer.

" As a further aid in chovslng,between systems B, C

and D the variation in the results of the 40 simulated

~ . runsg was anglyzed.,. :Thisnnefers_so how $he~average i

figuresuwepewaﬁmaineayfise.qxwere“tﬁeiresultskdfﬁéri‘fﬁﬁs‘ T

fairly consistent or did tiie average for each run

0 ' :
fluctuate high and low seldom approaching the cumulated
aversge., Tabls XIX presents the rangé of the individual

ran averages for waiting time, idle time and clinic

length for systems B, C and D,

Table XIX

Waiting Time/Idle Time/Clinic Length Ranges
‘ (Appt. Systems B, Cy D)

" Appt, Weiting Time Idle Time Clznlc uenbth

System  Range (win.) Range (min.) Range (mln.)
B 2 10 40 O to 81 321 o 398
¢ " 1%035 O to 69, 305 o 415

D 540 34 O %0 69 302 to 399
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Althoughué&sté@sﬁ\is“morefétgblégigwregéfd-%ouéyeiagé

ciinic length, it shows léss stability in regard to. ..

waiting time end idle time. Appointmént system D has & -
8lightly morg»stgbixity than system C, however, the

difference does not appesar to: be Overwhelmingly signifs

icant. Thus, bcth:§y§t9m8~0‘gh;‘b»wogld'gppeér to fa,

the least sensitive t0. the randomxygfiablegathat,in;v

fluence: the Déntal Clinic operations,

‘In choosing between the.élternativetéppdihtmeﬁt

systems, the practicality of administering the different
: ,

Biciosely resemble'the.System‘ﬁ;ing,usedaby»the Dental
Clinic during this study end should not presént any
particular scheduling problems:;ﬂAﬁpointmént sysfems C
through E provide aveéilable appointment lengths. &t in-
tervals of 20, 15 and 10 minutes respectively a@@ nay
cause some administrative scheduling problems, Although’
‘en analysis of these "possible" probléhs will not be
attempted in this study,nthey should be considered in
choosing the most efficient system, Thus, the choice
bétweenzappointmgnt system C and appointment system D
would requffe subjective judgment concgrning_the trade-
offs between patient waiting time and dentist idle time
aﬁd\tﬁe practicality of administering the particuler

systen.
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T \:t\, :Vi. GONcLus;ous AND- RbGJMy“NDAmxone
> - cx ey -~
"E;S | Based Sn the ;esearch accomp {ﬁnéd during this )
) studya the fbllow1n5 conclu81onb;u;re Teached - concerning‘
o fhe outpatient appointment sched lzng system for the.
p s restongtiveﬁsectlpnfof the Dent va: n:wxat:thepV?AFB
fifs o i?“5Meaﬁcé&fCenfer5_ o Aa;‘ ? ;, L

, ‘ (1) The appointment sch,n ling system used by the
ﬁi‘ “ - Dental Clinic during this stuqy results in short patlent

4 Wagxing timeS*Lmean 14 mlnitlé) and large amounto of
:~ 11_, , déntist idle tlme (45 minutea or more) which 1s

i 'gharacteristlc of an Individual app01ntment nchedullngf

-

- . system, - "y
(2) The average estimated service times for both
the examinina dentists and the déntiéts actually
accomnllshlnv the resgtorations were quite close to the
actual average servise time for each patientu. ‘nere*ore;

. thejdentists' estinate of the servxce time reguired for

(gcab‘);r each patient's next appomntment should. be used &s an aid

7 - ;p assigning the apprOpnlate aonnlntment length for each

: \ L patient, | M
t‘V‘ . - \ (3)7 The use of a lkixed Block-Individual eppoint-

nent syétem is more efficient than an Individual appoint-
ment.systeﬁ' ince it results in a decrease in bdoin the
patient walulng time and dentist idle time for the:

.same number of patients scheduled.
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SpgofficuReébmmgpdations 1y )

~

w— T

Based on the results from the alternative appoint-

ment systoms simulated during this study, the practicality

éf*administéring the different sopointment systems and
personai judgment -concerning the characteristics of the
Dental Ciinig; the following actions are recommendeg;'

A future date should be chosen (suth as the first-week

of the neéxt month) beyond which patients ha?e;ndt yet

been scheduled for appointments. /Patients schedﬁied for
their first appointment should then be scheduled during,
different clinic sessions than those scheduled for
féllgw;&p appointméhté; It is recommended thet three
days a week (lionday, Wednesdey and Friday) te ﬁtilizea
for folliw-up &ppointments and ‘the other two deys bél
utilized for scheduling*gnitial aépointments. nis is
bagéd og résults from the data collection peridé wnich
iﬁdicated‘apprgximately 45% 02 the patients were scheduled
for their first appointment. i

' Appointment system D should be .tilized in schéduling
patients for their follow=up eppoinvments, This system
provides the dentists with the following choice of
appointment lengths (30, 45, 60, 75 and 90 minutes) for
each patient's follow-up apvuintizent. The ‘appointment
\pooks would be biocked in 15 minute increments and each
pat.ent's scheduled aypointment length would de based on

the dentists' eciiaite. Iach yatiosny would be scheduled

68
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dentist until all required work has been completed. This

--1.5 increase in the number -of patienﬁs Scheduled péf:

*dentist compared with the present system (appt. system

~would average scheduling 41 patlents durlng a six hour

“alinic session compared 0 34 patients -gcheduled with

SN A sl
GSA/SM/T2-5

on an Individuéi basis with & specific denﬁist,‘Which
will allow each patlent to be scheduled w1th the same

. system;would regult,in an average‘patientvwai$ing,tiie ,ssﬁqg

and .average dentist idle time of apprbximate;ydlﬁi wx‘;!

minwtes during each clinic seé8sion. It also shows & .

A). Thus, witd five dentists aveilable this system '7; A

the present system. This is an increase of 22%.
Scheduling patients for thelr inltzal appo;nfment - §
should be based~on the~exam1n1ng~dentlst3'estimate of i

the time required for each patients first appointiment

and eppointment system Y is recommended. This system 1

requires the examining dentist to estimate each patients

initial appointment length at either 30, 45 or .60

minutés, It is recommended that 32 patients be scheduled
when four dentists are available and 40 patients when 7
five dentists are available, The spéecific daily

schedules to be used in each of these ceses are included

at the end of Appendix F. sach patient-is scheduled

A e e 2 o

with a svecific appointment tiwe and appointment length.
The patients.are not scheduled with a specific dentist
and are serviced on én earliest arrival tiwe basis, TIhe

average patient waiting time would be less thun fifteen
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minutes and the average dentist tdle time less than

The number of patlants recommenaed to be ‘Scheduled
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~ With system Y during ed”ﬁﬂc*lnic"80931qnw(elght peram—Af’ —~*‘*”J*

;,,clinin :session and provides additlonal flexibllity to -

fdentlst) will result in ‘an average cllnlc length of

aelightly Jess than 345 minutes. Although the similation

results 1ndlcate that one or twn additionial patlents

Tooulkd be: ‘seén durlng 8, 360 minute ‘¢clinic, the recommeﬁded

*number~of pa$ientswpr6vides«gréater‘assurancé theat all

the dentists: actually accgnplishing the restoraalons.

0 The dentist. idle time incurred will also provmde a few

additional minutes between -each patlent. The appoint-
nent length éﬁould be used as o ~u1de however, the ‘
dentlsts are not restricted to that amount of *im s and
should accomplish -that work whlch they consider
appropriate, The results from Chepter V 1ndicateuthe
two  recommended systems (D -and ¥) will increase the
avsrage number of patients scheduled per dentist by at
ieast 1,7 (compared with the 6,3 patients per dentist
presently -being scheduled).

8. 25% increase in the number of petients scheduled or

fore than 300 :additionel- pavients scheduled: .each month..

As with any new system, caution should be used in
judging the recommended appointment systems after only

a few days operation, One to two montne will probably
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be“required to allow both patients and staff to .adjust
to the new systems.~ If the results from ‘the new appoint=

ment systems are unsafisfac$ory o adaltional 1mprove-

7,@gn§s-are-desireﬁ, «mfollow-un study should be accomp-

lisﬁed. The: new systems mag‘needfonly a Slloht adaust-

ment, the simulation models may reexire a change to
’\

_ reevaluate the appointmentAsystems or new 1nput iata may

{:be required in order tO‘evaluate addixiogal appointment

s

-y

systems.
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Current Trends in Dentistry - -

Although this thesis was concerned with schedulfﬁg
= i NN

dentali-patients into a system where each dentist services

only one patient ét a time, the current trends in dentistry

are in other directions. Results from a recent study of
dentistry in the United States ( ef 18) indicate a large
imbalance between “the populatlon's dental needs and the
number of available dentists. In 1970 it was estimated
that the ratio of people qualified to perform dental care
was one to every 1900. people who need it. This situation
is not expected to improve in the next few years and has
resulted in revisions to the traditional contepts of -
dentistry so that the dentist can provide'mofe services
in the same amount of time. /

This:need for increased productivity .on the vart
of x;e dentist has brought about the following general

trends in dentistry (Ref 18:3-162):

91
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1, "To tireat the patient from.a seated réther\ihan QEEQ\’ %5
i ,,-3 standing -position," > %%
- 2, éToapgactiéé fourtgggdudentistry in)thevt;gét~ 35
‘ | Hent of the supine patfentyt - ~§ ;
'?. 3. "To redesign equipment to méet&the'neéds of - i %%
) - four-handed -dentistry." _ . %;
{a "To incrgase‘ppoductivity through effective ij
. $
utilization of euxiliary personnel," '§ i
_ %>5m "To design effectivéfmultiple.OQeré%ories;ffﬁt i;i
77 ‘6. "To improve dental radiography." ) E‘
E ~ : N i
7. "To improve o;eréﬁo?j iligmination." ' ff
8, "To imprgve dentel sterilization," ;j
9. "In the military to provide comprehensive dental
care t0 service personnel and their dependents," )i
, 10, "To establish preventive dental -care facilities," Zi?
. N
The practice of four-handed centistry represents an ;
advancement in the utilization of aukiliary versonnel, ;
The duties of qualified assistants are expended to in- ‘ E 4
clude certain routine treatment procedures usually per- % ?
formed by the dentist, such as rubber -daw application, f
. »exposure‘of X=ray film, suture removal, the placexent of \ i
i

restorative naterisls, etec, Lxperiménts have been con~

ducted using two, three, or four sssisients per deniist, | 5j§>f
. AR - - PR
serving in various roles at frow one 1o four chairs, %%
"3tudies by thé havy and the iublic Health Jervice g%
14

indicate that the most efficient toul congists oI one B i@
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s o o a'

;";,_dxﬂtf st,. three ass;stants, @nd one roving agsistant

.tserving‘three OperathS&"? (Ref 18 3-167)
Although the mil tary:retlo oi dentists to patlents

—-— .

[ - -

is more favorable than %ne civ111an ratio, a constant - z

1 :'

turnqver of personnel makes it pOSulble tb provide only

& small portion of the treatment’needed. "Avsurvey taken‘i’

by tﬁe Air Force'in 1962 showed that 36. percent “f the
officers and: 50 percent .of the énlisted personnel

questioned said that the prov131on of dependents* dentul

care'would‘affect their decision as to extendirg their

oY ) ‘
. periods:.of sertlce‘ 4Re£118$3-x7595 Dentai‘care“fdr

U
military dependents is presently authorized only in -

emergency. cases or for dependents overseas or in rencte
areas. Although several of the current trends in
dentlstry are apparent at the WEFAFB Dental Clinic, the

‘\,..--

qlan;c.dges net hage the available equipment or the !,
required number oquualified*assistaﬁts to allow each
dentist to service more then one patient at a time, Since
dental care for all military derendents may become a
réquirenent in thé next few years, a future study is

recormended concerning the requirements for spyece, equip-
H

\*mﬂnt, nunber of dent;ems and asjsistants, eisf, mneeded to

a¥low each dent1 t,y@ service nora- thai one patient at
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6,

\ DENTAL CLINIC
T USAP MEDICAL CENTZR (1
Wright-Patterson AFB, Ohio

=

—-—

Examining dentist's estimate of time required for

1st appointment

(Nearest 5 1dn,) ~{Tooth Numher)
iy . I )

Name : T
(Last) =TT (First)

SSAN-- . - - : .
‘Today's Date

(iionth) A' {bay)
W

Appointment Date .
(lionth) (Day)

Scheduled length of appointment

: _ 45 dinutes

CS

1 Hour. 30 iinutes

Other (Specify)

N

il

97




GSA/SH/T2=5
D PATIENT INFOREATION z
1, Name .
(Last) (First). o
2 . SSAN . g :/)‘- ) % c
3. Today's Date. . N o i
N (liont) (Day) P 1
4. Time of arrival at clinic: , T :
_ . Qv w o (Wearest liinute) o ;z
5. Schedulod appointment time A = . |
6, This is my ‘ ~ {1st, 2nd, etec.) appointment in )
the series of appointments required after my dental v
A check, - . ) 5
T~ ‘ _ . :
" 7. Scheduled length of-appointment _____ 45 linutes -
S - . Other (Specify)
8, Wame of Dentist __ g
9, Time called to Dentist's office ,
: (Hlearest Linute)
10, Time departed Dentist's office g : .
- @earest minute)
11, Puture sppoiutment required Yes .
b . ) — o . <

DENTISY 11@0&1..;&:1’:0{:\;,

1, BEstimeted time required for this appointment

o~

- i (Neérest 5 ning ) (Tdofh Lumover)-

) 2. Vas a dentel assistant cveileble for this eppointment?
7 . ' . Yes “Pull finme Half Time i
- io __ Other

e ot

3, Destimeted time required for next-mppointment

(Nearest 5 ainf) - “ =(Tooth  i.unber)

fad
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CHI SQUARE GOODRESS OF FIT TLST -
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(ARRIVAL PATTERR)

99

\\“
W\
"3\ Al "
.
I
\T\
N

7

'
o
e AV VI NSO Y
' ¢

&

rn A e ml! et 2 i ot 3 e o o,

|
e il

\

Y|



- GSA/SI/T2-5

0 ‘ )
Chi. Square. Test
3 - . Observe?f )' go?malf nyected ) (fdbfé)Z’
Classes? Freq's )] Prob, | Freq's (f R - asmm
N a's (o ea's (fo) | ——p—
“I Liess than -12| I - J0068°7T 1 ! &n .
! -12 to.-~ 4 4 0491 } S 2450 4
=4 %0 + 4 34 P o1841 ::33 i 503
+ 4 to-+12 6T  +3626 65 J06 1
. =T +12 to +20 44 .2723 48 033
- 420 to +28 | 20 1 +1039 - 19
428 %o +36 .} . #0195 3 1.63 ‘
over +36 " 40017 0 T
- R . :~.178 T35 |
~A‘Coﬁpu$gd~0hi Square- velue = 4v55
e 'Sihce*@w55~i3*iess“thén“5%99? the ‘Chi Squere value with
5=2-1 or 2 degrees of freedom at tﬁe 005 level of
significance, the arrival pattern is assumed to be
- — . normally-dfstributed with meén = 10,4 and standard
deviation = 9,0 N I
O :
-
~

appointment time,

I3

U
-

* Positive values represent minute%?ﬁrrived before

-Negativefvéluea~repraéent rinutes

e .-—v‘.{-‘-’
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The computer program used to conduct a Kolmogorov-‘

JSmirnov goodness of f£it test (Ref 12: 47) on the data

ALY

-obtained from the Dental Clinic was written‘by %illiam
Z.B. Askren -and Thaddeus L. Regulinski. A copy-of the

program can be found in Mathematical liodeling of Humen

:Pé}fbrmanée Errors for Reliability Analysis of {“ems,

AMRL-TR-68-93, dated January 1969,

i - e N

Firiel Results of K-S Test (Gamme DiStribution)
 Dentist Service Times: ’

Shape parameter =

= 5,5836
Scale paraméter = 75381 _
‘Mean: = -42:09 D
Variance = 317.279
:Mode =- 34,55

Largest difference is 0,1178
Maximum K-S statistic allowable is 0,1222
K-S T2ST  **¥¥PASSED¥*¥

Dentist Estimated Service Timd

Shape parameter = 5,0143
Scale parameter = -8,1374
Mean = 40.80

Variance = 332,034

Largest difference is 0,1699
Maximum K-S statistic allowable is 00,1222
K=S TEST  *¥*FALLoD¥*¥¥
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Examining DentiefZEstimated bervice Time °

60“4772 o

Shape parameter R
4 4135 : ‘;»:;’

Scale parameter

i
T ——

ﬂ{WAbﬂWﬂ‘

= Mean 3741 DI
VVariance 165.125 e T - =
Kode . 33007 T Bmema §
» Largest difference {s 04 2039 - B R

-Haximum X-8 statistic allowable is.0, 214G~’~—'.'7i S

~K=S TEbT ***PASSED*** NS Ll e 2

[}
Actual Serviqg»?}me For Examining Dentlst nstimates o

cTTmem T .~ Shape paremetér =  9,5657 < S
- -~ Scalé parametér = 3,9834 B
. Mean = 38,10 R
Variance = 152,779 | i
Mode = 34,12 H g

Largest difference is 0,1127
Maximum K-S statistic aliowable is 0>2l40

At
ST J_ ey

K=S THST  *¥¥PASSED**+ :
) - :

/4 j
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I Chi Square Test§ RSy

Observed | Normal | xpected | (£,-£6)2

Classes* wFre s (fo) ) Prob, | Freq's (fe .
e (o) v (te)| ——

Less than -30;' 1 0023 } 0
© =30 to =25 | 1 Jeoors | 1 { ‘
=25 0. =20 | 2 ] 0226 | % 457
, =20 to <15 |7 2 | 0563 | 9
=15 $0<10 ¢ - 15 21064 19 1 .84
T =10 tO"i'g:‘“~ 29 1 «1645 - 29« F .00

Oto+ 5 | 41 1 .1807 32 2453

T+ 5 to 410 26 1362 25 . <04
" 410 to 415 | 10 -WOTTT 1. 147 0 1.14
+15 to +20 | 1 .0358 |

| +20 to +25: .0132 |
~+25 t0.430 «0047.

over f30 , - .0010

\\\
EgnDsz4¢s

O M=
§i

40 - ¢1923 = 34 ‘ 1,06

~§‘ i 10

Computed Chi Square value = 10,28

Since 10,28 is lesy than 11507, the Chi Square value with

8-2-1 or 5 -degrees of freedom at the .05 level of siznif-
icanée, the differénce in estimated and actual service
time is assumed to Ve normally distributed with mean =

~1,3--and :standard deviation = 10,1

e ’
*¥ Positive values represent minutos overestinated of

service. time required., Negative values represent

ninutes underestimated,
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SRR

Kecate sk
AN

DIT

1y

Aﬁv
DAVAL

1/

DBT

S

ESTA

ESTB

GEE
J

K

NEA

NEAM

NEASTD

NP
-

NSETS

PAT
PATH

PATSTD

PiT

- oListing

of Erogren Verisbles

Cesw/su/ees L :

Actual appointment length. Service time to

;comple -8 each patient.

'Accumuxatea patient arrival times.

e

Dentist availability time, The total of DBT
gnd DIT plus 65 minutes initial availability

“time..

' Dentist busy time. Total of all AAL's for

each day.
Dentist jdle time.

. Shape of estimated service time gamna, distri-

bution.

Scale of estimated service time gamma distri-

“butioms

Dentist estimated time (gamma distrivution).

- Number of different length of appointments

available for each NSi?,

« Number of the specific NSET being simulated.

- Dentist estimated minus actual service time

(normel -distribution).

-~ Mean of normally distributed estimated minus

actual service time,

. Standard deviation of normally distributed

estimated minus actual service time,

/
Number :of pétieﬁts; Accumulates total number
of patients scheduled- each day.

‘Number of appointment scheduling systéms to be

simulated..
Patient arrival timé.,

ilean of normally distributed patient arrival

. times.

Standard deviation of normally .distributed
patient arrival times.,

Patient waiting time. Accumulates total
patient waiting time for each day.
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GSA/SN/T2=5 T

. SAL = Scheduled appointment length.

y p
SAT = Scheduled appointment time.

. .- N
PRAMEIE By frae s e - a8

SCH(L) =~ %ist o§ appointment lengths for each NSET,

-

N\

A - Total time available for scheduling appoint-

P

g
o ments.. 3 ;
Y
- H
d
3
/;
i
4

Explanation“of Program Subroutines

P

-.,A!:.\e*m_é

: ‘ -
GANCD -~ Computes a discrete cumulative distribution
%0 approximate & specified gamme distribution.
This discrete distribution is used to
approximate random drawings from the gamma

estimated service tims distribution,

o 2

GAUSS ~ Performs a random draw from a normal dis-

’ tribution with a specified mean and standard
deviation., This is an IBM 360 internal sub-
routine and was used for arawings Irom the
normally distributed patient arrival times
and the normally distriouted estimated minus
actual service times,.

o BT S A bt

~RANDU - This is an IBM 360 internal subroutine to
X .generate ranijom numbers.
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GSA/SM/T2-5 _ SR

@\ T ‘ “}:‘/L ’

Read: NSETS,PATH, Pamsmn[
"ESTA, ESTB, NEAH, NEASTS

)

Call GAMCD

‘h-r

DO 1000, K=1,NSE1S )

ead J Ap ointment Lengths
, SCH? L-le ,

DO 900 xx-i;4o )

Generate Estimated
Service Time - GEE |
Compare GEE and SCH(L) |
To Select SAL ,

b

TA=TA~SAL

TA=TA+SAL

109

ﬁ,

L RN SN N )
+ .
L, ., e

N
.
R
[ —
- _""‘/‘:/\
Les
(3%
PN
S S
N
|
i
)
1 &
s =
o
)
i o
.
o
5
. ..
- st

[T

R SN

i Mo e BA . Ber e

v ‘M~M.K/£mh . A TSI s

| NP




A
© | DIT=DIT~TEMP
~ » | DAVAL=DAVAL~TENP

Arrival Time

~

[TEmP=DAvALFaT

Yo

. =0
> | <

Generate Patient| -

L

 SAT=SAT+SAL

2

" Generate NEA

s

AAL=GEE-NEA

T

DBT=DBT+AAL

LG

DAVAL=7AVAL+A55'7

‘;
- W
s 4]
-
-
’ -
2
’
/¥ i
e

I

NP=NP+1

"
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_Compute Mean Values .

° = -
SN,
IS o

~ Wri'ge M_e;e;n Valués .
1
. . »
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05A/SM/72-5 " > * .

C DENTIST SChEDULE SI&ULATION
C_AAL=ACTUAL APPOINTWENT LENGTH
¢ DBT=DENTIST BUSY TIIE.
¢ DIT=DENTIST IDLE TIME
C GEE=DENTIST ESTIZATED TIME (GALiA DISTR.)
C NEA=DENTIST ESTILATE MINUS ACTUAL TILiS (NORMAL DISTR.)
- ¢ NP £NUMBER OF PATIENTS
. C-PWP=PATIENT WAITING TIilE o :
C SAL=SCHEIULED APPT. LLNGTH B T
¢ TA =TOTAL TIME VAILAELE - ,
¢ SAT=SCHEIULED APPT, TIME: o
C PAT—PATIENT ARRIVAL ATiE ‘ '

¢ DAVAL = DENTIST. AVAILIBILITY TILE -

gEMENSION SCH(:20),NS(4), G(200) ¢D(200)
AT NEAL(, NEASTD, NLA NPM .

‘c~ .
T READ(B 1) NSETS PAIM,PATSTD Eara, ESTB, NEAM, NEASTD
1 FORMAT{I5,6F10.0) § T
CALL GARCD(G,CD, ESTA,£STB,100,5.0, 9,.0)

LAY

z D0 1000 K=1,NSETS .

~

el el TX=3895% - e

¢ J = NUMBER OF APPT. LENGTHS AVAILABLE
READ$5 1% 3, SING )
READ(5,2)(8CH(L),L=1,) -
2 FORMAT{LIOF5.0) 5
"WRfTE(6;49“k”(SCd(L),L-l J)
4 FORMAT(1H1,10X, 16HAPPOINTAERT SYSTEM, I2,5%,14
(,2085.0,28),////)
WRITE(6,5} ~
5 FORMAT(1EO,7X, 25NP, X, 3HDIT, TX, 3HDBT, 7X, 3HPWT, .
5, SEDAVALY//) Lo\
SAVV=0.,
NPM=0,
“DIMTd=0,
DBTi=0,
R PWTM:OQ '

DO 900 KX=1, 40 .-
SAT=60,
TA=360,
DAVAL=65.
DBT=0. -
PWT'—'—O .
NP=0 i A
DIT=0.
C GENZRATE BSTIEATED SERVICE TIME - GE2
50 CALL RANLU(IX,IY,V)
IX=IY
IF(V.G7.CD(1)) GO TO 60
GER=G(1)
GO TO 90
60 IF(V.LT.CD(100)) GO %0 70
M GEL-G(lOO)

A

O
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el
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I i DAVAL—DAVAL-TLMP

 GSA/SH/72<5

60 10 90

' 70 D0 80 1=2,100
~ " IP(.NOT, (V/uE :CD(L=1)..AND. V., LT CD(L))) GO 10 80 - o—e

e T

GEE= G(L)
. G0 TO 90
80 CONTINUE
" C SELECT SAL FROM AVAILABLE SCHEDULE TIWES
90 SCH1=SCH(1) + SINC
IF(GEE.GT,SCH1) GO TO 100

SAL:SCn(l)
GO:.T0 130
IOQ'IF(GDE L1,SCH(J)) GO TO. 110
7~ SAL= SCd(J) o
“*G0-T0" 130 -

-110 D0 120 I=2,J

IR(.NOT. (GLE GT.(SCH(L-l)+SINC) AND,GEE.LE.

" (scH(1)+SING))) GO 70
SAL=SCH(L) N : “-:
~ GO 70 130°
1120 COVTINUE

130 TA-TA-SAI: ~
IF&TA .GE.0.) GO 70 140 "
IR SAL;LE.SCH(‘EI.)) GO TO 800
TA=TA+SAL -

-~ GO TO 50

¢ TAKE IN NEW PATIENT AS- SOON 4S FREE
‘C GENERATE. PATIENT ARRIVAL TIiE
140 CALL GAUSS(IX,PATSTD,EATd,V)
IF(V. Lm.-zo..on Ve GT. 45, ) GO TO 140
PAT=SAT=V
- AVV=AVV+Y
~PEMP=DAVAL=PAT
1F(TENMP)160,170,150
” 150 PYT=P#T+TEMP
.60 MO 170 .
160 DIT=DIT-THM

170 SAT=SAT+SAL
‘¢ GENERATE NEA
CALL GAUSS(IX,KEASTD,NEAil, NEA)
AAL=GEE=NEA
DBT=DBT+AAL
DAVAL=DAVAL+AAL
- NP=NP+1 H
GO T0 50

800 WRII‘.&(G 6) KP,DIT,DBT,PiT,UaVAL
6 FORUAT(BX,12,4F10,1)
NL_‘rJ=l\de+1'P
DITM=DI T+ DI
DBT‘IE':.‘.;:“ ‘Xl +.JJT

PW Tli=20 i+ P WD
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™,

- 900° CONTINUE : e

AVV=AVV/NPM
" NPM=NPN/A40.
DITM=DITi/40,
DBTM=DBTiu/40-
PATM=PWTM/40.,
WRITE(6,8.) NPM,DITsi, DBTi, PV
8 Fonmw(/rx sm.mns F4.1,4F10.1)
WRITE(6,7) AVV
T romm(////,lox QTHAMEAN. PATIEN.L ARRIVAL TINE=,F5.1)
1000 CONTINUE
= STOP i (’E; = ‘;‘"‘ - - O
END v -

- . (f
.
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 o8M/sw/12-5

SUBROUTINE GANCD(X, CD,ALPHA BETA,N, BLIM ,ULIN)

'C GENERATES GAMMA CUMULATIVE DISTRIBUTION

DIMENSION X(1);cp(1) )
XN=N =2
 DEM=GAMMA (ATFPHA)*BETA**ALPHA
DELTX=(ULIM<BLIM)/(XN=1,)
*xﬂ)smm

0 J=2,N
50 2(J -X(J-1)+DELTX

1o. 70 181 N
IF(I 1)65 65,66

 I=1
IF(X(I) 1E, x(J)) GO T0 70 N

.68 A=X -
o = .

- . FTX’O._-«Q .- - .
© B4 A=0,25%(D) -
- 6G-K=Q

TERM=0,

DELTX=(B=A)/4
DEL2=DELTX+DELTX

PSUM:O

Y=A

TERM~Y**(ALPHA-1 )/EXP(Y/B:,TA)

.=  QSUM=TERM:

Y=B
_TERM=Y** (ALPHA~-1, )/EXP(Y/BETA)
‘QSUN=QSUN+TERM

ESUM=0,

YSA

1 Y=Y+DEL2

TERM=Y*#*(ALPHA=1, )/EXP(Y/BETA) ?
. » ESUM=ESUM+TERM
- IF(Y-B+DEL2+DELTX)1,2,2
2 0DSUM=0,
Y=A«DELTX
3 Y=Y+DEL2
TERM=Y**( ALPHA=1, )/LXP(Y/;BETA)
‘0DSUM=0DSUN+TERM
IF(Y+DEL2=E)3,4,4
4 sum-iqsumwsumwsumw.*onsum)*pELTx/3.
K=K+
IF (ABS( (SULi~PSUL)/3Ul)=EPS)6,5,5
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Rt AT
’ 'GWW72-5 ' . . ’ : -

5-IP(K-MIT)8, 9, 9
8 DEL2=DELTX = - p/“{ _
DELTX=0,5*DELTX - ]
.= PSUM=SUM - - Y

ESUM=ESUM+0DSUM ;S
GO‘ 'Io»' 2 N v RN
- 9-MIT=MIT+10 .
PPS=FPS+10. = 3
Lel+l - -
IF(IJ"S)B) 6,6 ' ‘ i
6 PTX=FTX+SUM/DEM ' .

CD(I)=FTX | !

70 CONTINUE B f In
RETURN .~ - ~ O
END - : ' v . {

!
|
!
{
|
!
(
\
:
X

N

7 v
‘ 3
N
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2 .
 patTents and 40" patienits, o id in the Bppointment

GSA/ SW?Q'?SS- ‘ . e

~

by
A revision to the computer program for simulation

mcdel ‘B was necessary in order +0.8imilate scheduling
each patients initial appointment length based on the
examining dentists' estimate of the service time re-

“quired for each patients first appointment.y rhe program

“afrenges the appointment lengths to,be used throughout

the=clinic session and prints out the specific schedule

N

to be used, The mcﬁified program and. two sample

schedules are presented for the readers information,

N f

The scheduies—are for appointment systen Y Wlth<00th 32

O

scheduling, the schedules are listed with the appoint-

ment 'lengths in order and also with the &ppointment

I

times ordered. \ “
A computer flow disgraii and explanation of the

variabies used in the originel model can be found in

~ Qutpatient Scheduling, A Simulation Agproach,(ﬁef 4:
Appendix C), ;
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C

W Wy

.GSA/S:‘{@/'zz‘a-S '

e

CJAT = ARRIVAL TIMES
C -AM = MEAN' OF NORMALLY DISTRIBUTED AT
‘C STDA = STANDARD DEV.. OF(‘T : .

—~C. MT = WALK~INJTEMES

C EX = MEAN: INTER ARRIVAL TIME OF WALK-IN PATIENTS
C,DAT = DENTIST AVAILAB]LXTY“TIME
c NDA = NUMBFR ‘OF DENT!STS AVATLABLE
C TDA 2 TIME DENTISTS AVAILABLE N >
~ C_ACPHA = SHAPE OF GAﬂMA DISTPIBUTIUN . A Tt 7
C BETA . = SCALE OF GAMMA NDISTRIBUTION
- D‘MENSION AT(ISOQZ’vNT(ls)90AT(8’9NDA(14).TDA(14’
wCDDA(7’9G(200).CD(200)vPWT(QOOO)oDASH(ZO’ g
qB(qulO),ALlOO),C(lOO)00(100)vE(lOO)vF(lOO)
77 'GOMMONC AT, - °
DAY k/DASH/ZO*fHo/ -
g GATA TDA/65.995.:125.9155.,185.,215.7245.1275.930509
%335, 2365693950 ¢42544455./ ‘f
DATA. CDDA/O-0.029.129.439.74,.9891 0/
-.C-READ.. PARAMETERS OF ﬁlSTRXBUTlONS AND DATA
KK=14
READ(S,1) NSETS
READ(S'Z) AM,STDA,FX'ALPHA,BETA'AMIQSTWD

1 FORMAT(315) = . 7 ;o
2 FORMAT(7F10,0) B /
C GENERATE GAMMA DISTR )
NN=100

CALL GAMCD(GQCD'ALPHA,BETA'NVoISo990ol
C READ APPOINTMENT TIMES
D0: 100077 JJ=1 NSETS
SINC=S5,
READ(SyL) NSSETSeNyMMM
XN=N
DO 1000 JJJ=1, NSSFTS
IX=38951 °
oy READ(S593) (AfL)yL=1,N)
3 FORMAT(20F4,0)

‘NPD=N/MMM

 K=]-MMM

00 11 J= lyMMM

M=J ,
00 10 1=13NPD ‘ -
K =K + MMM

TF{KeGToN}) K=K~-N
B{lyJ)=A(K)

‘C (M) =A(K)

F{M)=K

Y=Me MMM
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L ReR G ff . . ‘i
GSA/SK/T2<5" T
2 i
e T 5 14
10 conrnnue - i
KEK=MMMt1~MMM
IF(K.GE.MMM) GO TO 11
KaEN+K+1~2EMMM:
11 CONTINUE'
. BEGINET0D ; - 1
© o MX=MMM+] : - 3
DO 15 J=1y MMM .
 AT{Je2)5C0d) £
*5 AT(J,1)20, v . 5
7 M=l L > é
DO 16 J=MX4N , \ : - AR
AT(J92)=C(J) , iz

iy AT 1)=ATIAMe1)4C (M)
7 16 MeMel ' , :
~00 17 J=14N 4
TEMP=AT{ J, 11760, 0 , £
17 AT(Js1)= BE:IN*IO0.0*AINT(TEMP J+AMOD(AT(J,1)460.0) :
'“‘”CALL‘ORDZ(I Ny2)— - P , T I
wRITE(6v20) JJrJdJJa Ny MUM :
26 FORMAT(IHIOIOX'BHSCHEDULEQl3v(495X913v9H 'PATIENTS;
%5Xe1359H DENTISTS, //)
S WRITE(6921) (AT(J92)¢ATLJs1)4J=1,N)
21 FDRMAT(IOX,5HAPPT.,5X SHAPPT. 9/ 910X ¢ SHLENGTHy 4 X,
*4HTIME./ /9 (10XyF4.0y5X4F6.0))
5, ' CALL ORD2{14Ny1l)
- f WRITE(6020) JdeJJIJe Ny MMM
1 WRITE(6922) (AT(Js1) 9AT(J42).4DASHJ= e N)
F! 22 FORMAT(IOX,SHAPPT.,5x,5HAPPTo’10X97HPATIENT’/ 10X,
-, #4HTIMEQ6X'6HLENaTHv//’(IOXoFb 0v4X1F4 019Xy 20A1))

"
T i

7

. A

o

NPH*O
A VSO. .
i CSLM=0, o
’ N ° ‘ CTM‘OQ

5 ' csSL=0.
2\ AAPW=0,
. AADW=0,
E, : > AAVD=0,

SR

' . DO 5A7IMUK=1,25

s” " - DO 12 J=IyN

. : L 12 KT(J42)=F(J)
N0 13 J=1,MMM

o 13 AT(J41)=60.0

E T MX=MMM# 1

oy
FUDUCNS: = AN RO AU SR

M=y
DO 14 J=MXN

[PUTRURRYS. S

T
e D TR

L
3 T el b Hedts et
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, ’ -mv—wua-‘r)vv
IS e d ST A - N

7/

€ ) ‘ .
€ GENERATE N ARRIVAL TIMES  NORMAL DISTR

Gsk/su/72%5

AT(J@I) r(M)+AT/(an1,

14 M=M+l

24 D0 30 J=1uN:

25

CALL GAUSS(IXvSTDAoAM V)

'IF(V LT e=20440R. Vo GTe45.) GO TO 25
AVVEAVV+V

I

E¢J)=04

- CALL RANDU (I X ¢ 1Vo5YFL)

ALX=IY \

IFLYFL.GT.CD’1)) GO TO 26
DLJII=G(LY

. 60 F0°'29

26

21

28

29

30

34

35
36

37

38

39

TFIYFL.LT.CO:Y00)) GO YO 27
0.(J)=6(100) . .
6o 1O 29 6

“;Do -28.. 1224100

IF(.NOT. (YFL.GE CDU{L~1): AND, YFL.LT CO(LI)) GO TO 28
D(J)=GIL)

GO T0 29 . - ,

CONTINUE ’

ATL 1) =ATAJ k) =V ,

CONTINUE

AVV=AVV/ XN

INC=0,

DO 40 J=1,N

INC=INC+SINC

PO 35 L=1,N ‘

IF(D(J).LE.(ALL)+INC)) GO TO 38 -

IFID(J) ¢ LE, LALL) +SINC) LAND, E(L).EQ 0.) GO TO 39
IF((D(J)=ALL)+INC)oLTo0. AND.ALL#1) . GTLA(L)) GO TO 35
IF(L.EQ.NAND. (DL J)-ALLI+INC).GEJOs) ‘GO TO 37
IF(LJEQ.NAND (D{J)=A(L)I+INC)«LT.0.) GO. TO 36

CONTINUE

IF(E(L)+EQ.0.) GO TO 39 N
IFU(DLII=A(L)=SINC)GT404AND, AlL-1Y.LT.ALL)) GO T3 34
L=l-1

IF(LJ/GT.0) 30 TO 36

GO TO 34

IF(E(L)«EQ.00) GO TO 39

L=L-1

G0 T0 37

IF(E(L).EQ.0.) GO TO 39

L=L+]
60. YO 38
E(LI=N(J)
INC=0.
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"o . GSA/si/72-5.

0 o

. - - [
el iy

40 CONTINUE
- c GENERATE KKfDEN AVAILABLE NBRS (EVERY 30 MIN)
IV 00.50 J=1,KK -
, 50 NDA(J)=MMM
T .C -ORDER ARRTIVAL T[MES
’ ‘ CALL ORDZ(IQ gl)
. CALL ORDER(WT,15)
C INIALIZE -DAT
. ‘ DO 60 :L=1,8
' 60  DAT(L)=65, -
7 M=NDA(1Y
4 NP=1
NH=1 .
o © NTDAsM
: - AN=0,
i DNgbg
AP“=0.
ADW=0, . -~
TS T T K=Y
‘C COMPARE DENTIST AVAIL TIME TO PATIENT AT
= MM=20
70 IF(DAT(1).LE.AT(NP,1}) GO TO.- 80
71 NN=ND
T2° IF{NN.EQ.N) GJ TO 80
. NN=NN+1
- _TF(DAT(1).GE.AT(NN,11) GO TO 72
“ NZ=NN-NP _
C REORDER ARRIVAL TIMES
- . 80 TIM=AT(NP,1)
. NZ1=AT(NP,2}
SER=E(NZ])
CALL GAUSS(IXvSTDD'AMl,V)
*  SER=SER-V
NZ N=-NP
NP=NP+1
8 CALL- ORD2(NP 4NZy 1)
. C. GENERATE SERVILE TI ME
- C TM=C.TM+SER
74 : 95 CONTINUE
C CALCULATE 'WAITING OR IDLE TIME
100 WALT= TIM=DAT(1)
» IF(WAIT)120,41254110
110 ANW=ADW+WAIT
DAT(1)=DAT(L1)+WALT
DN=DN¢+1,
WAIT=0,.
. 6N 70 125
- . C R“CORD PATIENT WAITING TIME

[

';/

122




GSA/SM/?Z-S

120
125

C ADD
130

. 135

TGO
145
150
155

APW=APW-WATT

AN=AN+1,

NP W=NPW+1

PWTINPW) ==HWAIT

SER TIME TO DOC AVAIL TIME
DAT(1Y=DAT(1)+SER

CSL=DAT.{1)~60,

CALL ORDER(DAT,M)

IFINP,GT.N) GO TO 200
TFIDAT(1).LE-TDA(K+1)) GO TO 70
K=K+1

IF(K.LT<KKIGO TO 135

K=K=1

GO 70 -200

J=M ) .
M=NDA (K} !

W

NTDA=NTDA+M

IF(J=M)140,70,150

CEIFL

D0 145 I=L,M
DAT(I)=TDA(K)

60°T0 70

L=J=M
DO 155 T=1,M
DAT(I)=DAT(I+L)
60 T 70

C COMPUTE AVG WAITING AND IDLE TIMES

\ 200
|

-

APN=APW /AN
XNTDASFLOAT(NTDA ) /FLOAT{K)
AVD=ADH/XNTDA

IF(DNEQ.0.) GO TO 210
ADW=ADW/DN

<60 YO 220

210
220
6

ADW=0,

AVD=0,

CONTINUE

WRITE(696)JJ s dIJ e NIK
FORMAT(1H1 10X *APPGI NTMENT SYSTEM' 13,14,

*0 (RUN'GI3,%)¥,/77) RN

MM=AN

M=NPW-MM+1

€ TM=C TM/ XN

NW=NW-1

CALL WRITUAPH,ADW yAVD ¢ PHT (M) ¥My AVV o CTMy CSLy Nid g XNTDA)
AAPW=AAPH+APY

AADW=AADW+AD W

AAVD=AAVD+AVD.

CSLM=CSLMCSL

£
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, . GSA/SM/T72~5 o n
« , oA . . hvd o
N N '
- - ’ - (";» viex . - . fi .'
; 7 900, CONTENUE v Q Lo
] . _ UANN=NYK v - L y
b ; T AAPW=AAPW/ANN . /
’ AADW=AADW/ANN. ) : R
| T AAVD=AAVD/ANN !
S M WRETE(6,T) s JIIyNIK. . = ‘
o . : 7 FORWAT(IHI'IOX,'APPOINTMENT svsreu-,ta.ra.-(ALL'.xs.
» . c *! RUNS COMBINED) *¢//)
AN T o AVV=0, .
5 ’ »CT!“% . P QO
3 . . CSL=CSLM/25.0 g -
N ; NW=Q - v :
N BV ‘XNJDAZ0 d
_ CALL WRIT(AAPW, AAow.AAvo.Pwr.pr.Avv.crn CSLyNHy XNTDA)
e 1000 CONT:INUE - .
: sToP _ - | D)
END Q
0
3 (
s \ o ¥
3 x /f/
) . .
0 N
N \\
o k‘“
[ Q
y NG, ‘
5 \ !
N .
e Wy .
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T GSK/SN/T2=5 , ‘ . =

(v

?" - = -
=¥ L. _SCHFDULE Y 32 PALTENTS 4 DENTISTS

Aﬁw.“"“AWﬁvhf N - = o '
o LENGTH  TI4% Lo : SRl S

30. 700,

30!0 H 7’3 Q,".g B . ~, -
e, ‘300. e - - ("
) T 345, s -

if., © gan,
30, 918, ~ . - -
T 30, 945,
300 101 5. ,.4'7'
3¢ 1015,
300 101050
3C. 1115,
30, . 1146,
30, 1215,

48, 04,
5, oL N - -
‘l,"). 7‘9'30 ., ’J -
45, 737, 5
Se 47, <
45, R15., o
I'So QOC.
45, 900,
LGB, 94‘3.
(Of;o 4 !Q?no .
_‘Qf‘o 4 101‘5. .
45, 1130, i
1 LG, 11/":;0 )
? e, 748,
) \ 16 (. 115, ' ~ e
- Q>§:\ er, 945, . s
; T Ol 1049, -
. 60 1115,

125
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SCHEDULE

e e . . 2 a w
-

APPT,
- TIME-
100,
. T00.
S ’ 70050 -
06,
730,
73%.
:7v4‘—-—s:"< -
- 7450 B
200,
815,
£3n,
83N,
- £45.
Q0¢C,
Qan,
— - 015,
‘ cl6,
Sah,
. ' G466,
- C45,
1C15,
‘ . 1C18..
: ‘I:C‘.'%no
4 1 z 1CanR,
- 10445,
Qnas,
‘1118,
G118,
: 1130,
R . l 1‘0(‘50
ll(")o
1215,

T o

Y 32 PATIENTS

AOPT,
CEMGTH
30,
30,
“;450 -
45,
3,
45,
:!“_‘;‘v;‘
60G,
30,
45,
3%,
45,
30.
45,
1050
i,
/J?o ‘
0,
450 -
609, -
~ i—"‘ro
’ 3‘:0‘ -
45,
27,
a8,
65C,
L R,
AR
4%,
10,
45,
S an,

126

4 DENTISTS

- B - Y e
I

PATIENT

00000 eceeesssseven o0
tessscecsescsseseenes
0 0000000000000k 00e
0000000000000 000000
Ges0sevesv et et vene e

0006000000000 0000 000

0000000000000 0000000
®e0ccesrceesnrcecn
6800066000000 00000.000
ooooooooo"go.oocooooc
t000cs 00 see0ns 00000
se00scerescnesssoae
ooo.o~000'o'00000000§‘_0__3‘{-—r"
'00000000000-09_!'3/‘0;‘00
vo\oocoooo(&:_,:i’i‘ooooooo
teossse-sese ettt ss00n
o,o:o';o‘o-o0900.0..0‘00000'

~.l‘6'0!000.....00.0.

ooogwooooogo,ooooc'o’o
teeissesesvesninssee N
oooooooo;o'ooooocoooo \a)
006006000000 0ioe0vcsor 0
0000 0000000000000

€0 0000 0000000000000
oooooooooo;oo;ogoooog
seecrrer0 0000000
00060000000 000000000 0
0000000000000 000 000 ~
60 008000000000 000000

® 0 0000000000000 s000
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T . GSA/SK/72=5 * _ PR U S
RPN yrvvong SN VS oy s has - e B e it e - Ui — o
- - s . Nt g
AR B e g
o » ) it ) .
- SCHEDULE ¥ 40 PATLENTS 5 DENTISTS A
B b A %
\:\ ; B e T )
== APPT. APOT, < NN
— _."‘.,LENQT:H: . TIME = . ——— e e e N
U . 1 \:.! ; g
30, - 100, -
_ .30, 720, ¥ ot
- WW?V%W@G.. 80o._ _ .‘m_«ﬂ:"“t’ . ;
- 30, 800, ' .. i S e T
30. 84..5. — ) n‘f‘—-‘é‘M - - —":_—-—Ax ’r—-“" ':
- - 300 8_30;9,_"_ V,,:T'“»:-:’/-f - . -~ - :’:: g - .
S 3C, 830, - T o~ . = ~ z
\.\) - 300 "Q‘g‘k’s,,.‘r’{.& — »
);f \/;’;_;{:!-é:; :-'3“0:%:' - vé’r,O. .
P surte ol TUN 945, e L
TR 1P 1915, ’ N
' .30, 92an, \ -
3G, 1015, -
3. 104%,
3N, 1115,
3, 1121,
3C, 1145,
2 ’ 3C L] 12'.\@. r’
. o 45, 700, ;
i N (" 540 :C [ ] [ ; )
/ . 4"5. 1'50 \:’
E" \S» : 45, ;’; - s
e Jde . P )
45, 830, A NI
- 45, 315, ) -
45, aca, ' .
4%, arf,
. “h; "‘)/‘S‘o )
45, 45, 2
45, mag
E o %5, 103n ‘
1 L, 1746
N ‘ “e, 1745, .
| 48, 1130,
us, 1130, -
fy 77, ‘
("T L] .il- ':o ’
i, 3 O -
% e RS z
- -, l.l!_.u‘g' . K
3 g

r"wvrvrﬂ

/4

té >

-2
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"
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SCHEDULE

APPT
TIME

Bt

- 7;0 0 e
1004
00,

-

700,

730,
7304
T45,
745,
&NQ,.
_CO,

ais.
830,
B30,
R45,
‘GG,
er,.
ano,
G168,
215,
G137,
C45,
G45.
9’09.
1e6a,
lC>1,5.
1015,
1630,
1"0’)“‘-0
. 1("" 50
1can,
1645,
11156,
1115,
,l ] '% " L 23
119375,
11a,
l l{‘ ‘.'o

l-’"' o

P

.79

% BTV 7 S

=¥

APDT,

40- PATIENTS

LENGTH

-7 300
30,

45;0‘

= 100 TS

605
30.
45 .

- 45,

60 .
T 20,
30,
45,
Q.
3C.
48,
30,
3¢,
45,
45,
3N,
67
30,

C..

4%.
45,
‘0;‘0
3C,
an,
45,
".‘C L]
30
1950
45,
3C,
ne N
3%
45,
’Qrf';o
10,

L.
L ]

— . T
- N b
!'“’:}0‘,0“5"'0—0 0:9-9-9.0.0.8.0 0 0 ¢ 9.

AP - oeow

=
'/

PATIENT

‘000000000,0'00'000’0_0000

e V.. -~

00000000000 00.000000
€:0-0°0°0" 90000 00000OGSI s
IR N R R RN N NN N WA WY

8060000000000 0 000000

@0 0 0000000000000 00o0.

2000000000000 000 00é

LM AN N NN N NN N RN N YNNI

.....0..000.0........,

0s0000000000r et
eesvscecagestrvssoce
cooo-o/ooooooooroooo,o
00000 0ceos0000s00000
0900000000000 00i00s0s
0000 0000000000 0t0s00
t0 00 0s00sr e 0t0so 0
600 essev0ere0evor o
o-ov.og,gooo'ooo.oo‘00000
teessssensserscesense
06000 vesccc0eecncoe e
0000000000000 00000 0
€600 0c 0000000000000 0

0090000000000 000000
4

9000000000000 00,000 0.0

000 00cs000eses 00 ee
0000000000000 000000
00000 c000000 0000000
00600 0ce00000000000s0 0
se00e0 00000000000
S0 06sses 0 sss0esv e
s00cessersse00cosnane
LI N B R R I R R N YO N AP R G
Ce000 000 000000000000
...'.'..'......'....

-~
.'.....0...!00’,.'..“..
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APPENDIX G
'APPOiNTMENT SYSTENS (1~27) CUNU L&TED OUTPUT
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b ™ Mo T —— = P
E ) . = i
_ < B P ;: i . ¢ GSA/S‘MZ&‘72-.SL. oo X J— PO ) . < - “« . —— - -

— - oy 2 5 it . = N - -- - LS

o - “APPOINTMENT SYSTEM 1 (ALL 25 RUNS COMBINED)
: AVERAGE PATIENT 'wrme TIME = 28,48 MIN

: - AVERAGE IENGTH OF IDLE TIME = . 7.21 JIN

- ©  AVERAGE DENTIST IDLE TIME = 14,63 MIN ¥

T MEAN EARLY AT OF PATIENT = 0.0
. ‘ MEAN SERVICE TIME = 0,0
= LENGTH OF CLINICAL SESSION = 397.01
2 PO . NUMBER OF WALK-IN PATIENTS = C
My NUMBER OF DENTISTS AVAILABIE = 1,00
CpTL T T INDIVIDUAL WAITING TIMES -
.. UPPER OBS, PERCENT  CUMULATIVE
B . LIMIT FREQ OF TOTAL PERCENTAGE |
i 5. 54 24,00 24,00 -
s 10, 20 8,89 32.89
; 15. 15 6,67 39.56
3 20 ° 21 90 33 48 0 89
- 25, 13 5478 54,67
E 30, 12 5033 60.00
3 - 35", 11 4089 64089
i _ 40, 14 6,22 71.11
& N 45. 8 3.56 74 .67
z = "o 50, 6 2,67 77.33
§ - 554 11 4;89% 82,22

~ - 60.. 8 - 3.56 85,78
v ‘ o

Y '
& —- =
]
- ’
] .
EF e
a4
E s
E
.,
|




~ 21¢13 MIN

10,39 MIN
23 49 MIN

O. 0
372.91
0

1.00

§!

o

/4
4 Al'

.CUMULATIVE
PERCENTAGE

" 30.50
42,50
52 ] 50’
61.00
67.50.
75.00
78,00
82.50
86.50
“87050
89.50
'92.50

100,00

| APFOINTMENT SYSTEM 2 (ALL 25 RUNS COMBINED)
| N | AVERAGE "PATIENT WAITING TIME =
¢ AVERAGE “LENGTH OF IDLE TIME =
AVERAGE DENTIST. IDLE TIME ° =
X MEAN EARLY AT OF PATIENT-. =
. ‘MEAN SERVICE. TIME - =
LENGTH OF CLINICAL SESSION .y =
!, NUMBER OF WALK~IN PATIENTS ==
| NUMBER OF DENTISTS AVAILABIE =
) | e =
J INDIVIDUAL hﬁms TIMES
s
1 “UPPER. OBS, PERCENT .
5 S _ LIMIT FREQ OF TOTAL
E ' 54 61 30,50
10, 24 12,00
15, .20 10,00
| 20, - 17 8,50
g 25. 13 6.50
3 305 15 1 7050
F 35. 6 3.00
L 40, 9: 4,50
g : 45, 8 4,00
- 50, 2 1.00
! 55, 4 2,00
] 60. 6 3.00
E OVER 60, 15 T 50
E‘ ! NN !
;,%
3
E,
3
b,
%
; 131
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. GSA/SM/72+5 _—

APPOINTMENT SYSTEM 3 (AﬁL 25 RUNS COMBINED)
3 :E/;*f

AVBRAGE PATIENT WAITING.TIME = 31,19 MIN
AVERAGE LENGTH OF IDLE TIME = 4.31 MIN
AVERAGE. DENTIST IDLE TIME = 7,72 KIN !
MEAN EARLY: AT OF PATIENT = 0.0 i
MEAN SERVICE TIME - = 0,0 ;
LENGTH OF CLINICAL SESSION = 356,14 i
‘NUMBER OF WAIK<IN PATIENTS = 0} |
‘NUMBER OF DENTISTS AVAILABLE = 1,00 - §
g }1‘ Pt
U R R . o - . :
~ ~ 'INDIVIDUAL WAITING TIMES: -7 T T T
. : LA ‘< ‘ , ’
g ) ’ ‘ -
UPPER" 0BS. PERCENT CUMULATIVE / z
. LIMIT FREQ OF TOTAL PERCENTAGE :
10, 13 6,50 26.00
15. 20 - 10,00 36500
20, 16 8.00 44,00
25, . 19. 950  53.50
300 16 > . 8000 61050
35,0 9: 4050 66.00 -
40. "5 2.50 68.50
45. 9 4.50 73.00
50. 1l 9250 78.50
554 6 3.00 81.50
o 60, 7 3.50 85.00
OVER 60, 30 15.00 100,00
) O
! N
W\ 4 ){”
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?:—‘&'m Lol

GSA/SM/7255 . _ =
o |
,;',-/ \
T
- B 2
APPOINTMENT SYSTEM 4 (ALL 25 RUNS COMBINED)
AVERAGE PATIENT WAITING TIME = 18,54 MIN
'AVERAGE LENGTH OF IDLE TIME = 6,72 WIN
AVERAGE DENTIST' IDLE.TIME = 19,72 MIN
MEAN EARLY AT-OF PATIENT = 00
_ MEAN. SERVICE TIME = 0.0
LENGTH OF CLINICAL SESSION = 327.67 >
. NUMBER OF WAIK-IN PATIENTS = 0
NUMBER OF JENTISTS AVAILABLE =  1.00
. ... INDIVITUAL WAIDING.TIaBS. . . _
£ N '\ UPPER 0BS, PERCENT ° CUMULATIVE
o LINIT FREQ OF TOTAL PERCENTAGE
,, \ R - 5, 68 38,86 38.86
A 0. 10 > THHL- -44.57 |
A \k\"\: ) AN 1-5. 20 11043 56 00 4 /;,3
; - 25, 10 5,71 61.71 :
25, 14 8.00 69.71
o304 8,00 . 7.7k _
35, 5 2.86 80.57
< 10 5 286 83.43
. 45, 4 2.29 85.71
. . 50, 9 5.14 . 90.86
55. 2 1.4 92.00 .
60, 3 1Y - 93.71 -
OVER .60, 11 6.29 100,00
' ! /1 -
‘ “r :
=
133



. AVERAGE PATIENT WALTING TIME

= 13.75 MIN
AVERAGE LENGTH OF IDLE TINE = 22,07 MIN
AVERAGE DENTIST IDLE TILE = 55,79 MIN
'MEAN EARLY AT OF PATIENT =
-, MEAN SERVICE TLIE ° =
"LENGTH OF CLINICAL SESSION = 363 73
NUMBER OF WALK-IN FATIENTS =
NUMBER OF DENTISTS AVAILABLE = 1, oo

TADIVINUAL WAITING FEMES

1,
~

UPPER  OBS;- PERCENT CUMULATIVE

G LIMIT FREQ OF TOTAL PERCENTAGE
S | 54 83 47.43 - 47.43
10. 9 5,14 52,57
15, 21 12,00 64.57
20. 12 6486 71.43
25, 13 7.43 78,86
30. E 5,14 - 84.00
B, 5 2.86 86.86
20, 6 3.43 90.29
45. 3 -1.71 92.00
50. 7 4,00 96.00
554 2 o 1.4 97.14
60, 0 0.0 97.14
OVER  60. 5 2.86 100.00
t
a
134

N

. - ;i M . ‘ l> ‘ .
APPOINTMENT SYSTEM 5 (ALL 25 RUNS COMBINED)
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~GSA/SM/72-5 LT . ‘ | :
F \~v " —
e _ .
~
_  APEOINTMENT SYSTEM 6 (ALL 25 RUNS COMBINED)
] . ~ AVERAGE. PATIENT WAITING TIME = 12,33 MIN
AVERAGE LENGTH OF -IDLE TIME = 13,26 KIN
, S AVERAGE DENTIST IDLE TIME = 41,20 MIN
o MEAN EARLY A.OF PATIENT = 0.0
~ MEAR ‘SERVICE TIME - = 0,0
. ‘LENGTH OF CLINICAL SESSION = 349.15
NUMBER OF. WAIK-IN PATIENTS = 0
_NUMBER OF. DENTISTS AVAILABL.. = 1,00
T e "INDIVIDUKB"‘VIKITING"”TIMES* L o ' 7
- UPPER O0BS  PERCENT  CUNMULATIVE : |
LIMIT FREQ OF TOTAL- PERCENTAGE ’
05, 84 48,00 48,00 2
© 10, 21 12,00 60.00
15, 15 8.57 68.57 o
, 20, 10 5.71 74.29
* S, 85 8 4.57 - 18,86
% ‘ . 40, 11 6.2 . 85.14
. ' O . 350 7 4000 890]:4”
Z Q ! ‘05 5 2086 92000
= 45, 4 2.29 94.29
| 50. 2 1.14 95.43
; 554 4 2.29 . 97.71
E OVER 60, 3 1,71 100,00
3 .
T |
| .
|
3
; HE
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GSA/SM/7255.

. -APPOINTMENT ‘SYSTEM T (ALL 25 RUNS COMBINED) )

—

N

AVERAGE PATIENT WAITING TIMB

= 7.27 MIN
AVERAGE LENGTH OF IDLE TIME = 31,74 MIN
AVERAGE DENTIST IDLE TINE = 105 45 "MIN
MEAN. EARLY AT OF PATIENT = .0
MEAN SERVICE~TIME =
- LENGTH OF-CLINICAL SESSION = 355,1, 61 ~
NUMBER OF WALK~IN PATIENTS = ) 08 \“':\\

NUMBER OF DENTISTS AVAILABLE
* - INDIVIDUAL WAITING TIMES

UPPER O0BS., PERCENT CUMULATIVE ‘
LIMIT FREQ OF TOTAL ' FERCENTAGE W

Se 95. 63.33 63.33 ,,
10, 1l /7 Te33 70,67 \
15, 6 7 4,00 T4.67 \
O 20~ 8 5033 -20,00 N\
- 25, 17 11,33 791,33

30, 6 4.00 95,33
35, 5 3.33 98,67

y 40, 0 0.0 .. 98,67

=2 : 45, 2 1,33 100,00

. ‘ 50. 0 0.0 100,00

‘ 55 0 0,0 100,00

1 | 4 60, 0 0.0 100,00

& ~ OVER 60, 0 0.0 100,00

. # i

;.

i iyl

“\ ‘\\

)
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GSA/SM/T72-5" i
7‘ ) - "j g
.
APPOINTMENT SYSTEM 8 (ALL 25 RUNS COMBINED) :
LT é
' AVERAGE PATIENT WAITING TIME = 7.43 MIN
AVERAGE LENGTH OF IDLE TIME = 30,87 MIN -
AVERAGE DENTIST IDLE TIME = ‘96,61 MIN
MEAN EARLY AT OF PATIENT = 0,0
o MEAN SERVICE TIME = 0,0
~ IENGTH OF CLINICAL SESSION = 346,77
: NUMBER OF WAILK-IN PATIENTS a 0 N
- :NUMBER OF DENTISTS AVAILABLE = 1.00 - R
- INDIVIDUAL-WALTING: -TEMES: 2 R
r ’ ‘ ’ : /\ S j
. ~ 1
~ UPPER O0BS, PERCENT CUMULATIVE
o : LIMIT ©FREQ OF TOTAL PERCENTAGE 12
5, 93 62,00 62.00 § B
10, 14 933 71.33 o
. 15, 7 4..67 76.00 N
‘ 20, 6. 4.00 80,00 S
1 25 17 11.33 91,33 - -
) 2 30 5 3.33 T 94,987 =
40, 2 1.33 ©2.33 ]
.. 45, 0 0.0, 99 33 4
\ ‘- 50, 1 0.67 100,00 ;
] ‘ 55. 0 0.0 100,00 J
?‘ ' oL 60.\ 0 0'0 100.00 N
¢ | . . GYER 60 .\ = Y o o.o 100.00 E:
i, !
- N :
: |
. ° }
o ]
>
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N
\

oY

(€

’:.//C:’ & , :.’;‘:, i
0 GS?// SH/12-5 w0
2 BN,

R Qf) O : j'? o
o o
’ ‘Aprommm SYSTEM 9 (ALL 25RUNS comunn)
, - <
< ' ) - L2 . .
L ‘AVERAGE PATIENT WAITING TIME &  12,5X MIN
. AVERAGE LENGTH OF IDLE TIME =  7.19.MIN
AVERAGE DENTIST IDLE.TIME.” = 15,24 MIN
i, .. . MBEANEARLYZAT OF PATIENT = 0,0
-~ .. MEAN' SERVICE' TINE = - 0,0
IENGTH OF OLINICAL SESSION = 376.33
NUKBER OF WALK=IN PATIENTS 0
NUMBER OF DENTISTS AVAILABIE = ‘4«909
. mDIVImJAL WAIIING nms
- um:n . :0BS. PERCENT  CUMULATIVE
LIMIT . FREQ OF TOTAL  PERCENTAGE
5, 272 34,00 - 34,00
2 10, 112 14,00 48.00
15, . 114 14.25 . 62.25
20, 113 14.13 . 176.38
N - O 25, 72 9,00 85,38
i 30, - 54 NS 92.13
¢ 3%, . 23 . 2.88 ‘95,00
40, 15 1.88 - ° 96,88
45, 14 1,75 98,63,
’. 500 8 1.00 99 6 '
.55. 2 0,25 99.8
1 0.13 159,00
om« o 60. 0-  <0.0 100,00
; e \i‘\ \\ =
’ N
Q}‘ 3
A
(N
¢ b -~
./ '
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A

e
R

” APPOINTMENT SYSTEM 10 (ALL 25 RUNS -COMBINED)

2

AVERAGE PATI&NT WAITING TINE
\fYERAGE LENGTHxOF IDLE TIME
AVERAGE. DENTIoT IDLE TIME

7 ‘{?_"
GSA/SM/725
oy
Y.
e -
~2
s

/’

‘MEAN EARLY AT-Op
. ‘MEAN- SERVICE- TIME

LENGTH ‘OF ‘CLINICAL SESSION
NUMBER -OF WALK=IL PATIENTS
‘NUMBER OF DENTISTS AVAILABLE

e ot b

O

>

N

T

>

- A\
>
- -
. DA
o s “
Y
&

~

!

¢ PKTIENT

‘NETENER
l ;

INDIVIDUAJ WAITING TIMES

)
“UPPER 'OBS.
LIMIT FREQ
ER o 96
.10, © 70
15, . 92
20. f ",i107 - -

25, 105
300” 65
350"”’76
0. 6
45. @+ 28
50. 30
55 22
OVER 60, 26

(24,17 MIN
3:66 MIN I/
2,97 MIN
o o~

'363;;}41

4,00

o~
K

154

-
LI

©0
PERCENT CUMULATIVE
OF TOTAL  PERCENTAGE
12,00 - 12,00
875 20,75
11650 32125
13.38 45.63
13.13 58.75
8413 66.88
9.50 76.38
10885 8‘.25
3.50 87.75
3.75 91,50
2075 94.25
2,50 96.75
3425 100,00

e
—————
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. . GSA/SM/72-5 SR : < )
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- ;"*/::1:} (:} > )
- M// -
 “APPOINTMENT SYSTEM 11 (ALL 25 RUNS COMBINED) =
6' | / t\\ . - 7
R wAmRAGE,,PAnENT WAITING TIIE = 25,10 MIN :
g o5 . AVERAGE LENGTH.OF IDIE TIME = 3,41 KIN e
: =, AVERAGE DENTIST IDLE TIME' = 3,21 MIN ,
“~'". MBAN° EARLY AT OF PATIENT = 0.0 T
, MEAN. SERVICE- TIME _= 0,0 B ~
Y ~ LENGTH OF CLINICAL SESSION —~= 363.73 o .
‘ NUMBER OF ‘WALK-IN PATIENTS = 0
NUMBER OF DENTISTS AVAILABLE. = 4,00
o TS e
T iimﬁim WAITING TTMES
" UPPER  OBS. < PERCENT . GUMULATIVE “
LIMIT FREQ OF TOTAL PERCENTAGE
R 5. gas 5 - 12,00 . 125000 0. |
AR 78 9,75 21.75
. 1T . _9.63 31,38 o :
20, 118 14.75 - 46.13 ‘
25. 87 10.88  57.00
- 30, Q‘, 15 9038 66, 38 )
cLw T . .35, ° 59 7.38 - 173.75 -
o .. 40, - 51 6,38 800]53“ ‘
o . 45, 36" ¥ 4,50 84.63
“ . 30, , 39 ° 4.88_  -89,50
! S RN A - 0
o . . f S
OVER 60, 38 4 3’75“ 100,00 S
\ - 4 - i : . B | . /‘{}l . s
1 (f ~ l
[ ¥ ¢
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R S oo
17 APPOINTMENT SYSTEM 12 (ALL 25 RUNS COMBINED)
S ) ) = -
;; AVERAGE PATIENT wnmmc* TIME = 22,02 MIN
- AVERAGE LEKGTH OF IDLE TIME. =  3.89 MIN
. AVERAGE DENTIST IDLE TIME - =  4.09,MIN
MEAN EARLY AT or PATIENT = 0,0
L ,,__;w__,m_SBRYIGE TIME = 0,0
: LENGTH OF CLINICAL:SESSIONT & 36478 AOrair
o NUMEER OF WAIK-IN PATIENTS = . 0
RUMEER OF DENTISTS AVAILABLE = = 4,00
INDIVIDUAL mmme mms
B T upEER 6Bs. PERCENT  GUMULATIVE
i . II§IT _FREQ. OF TOTAL PERCENTAGE
L DR TR % 15.38 - 15,38
E -F - ""‘ 100 '—"8;“ - 10050 '25 88»
- . 15, 83 10,38 36725
| f . 20, 125 15.63 51,88
_ : 7 250 “89 11013 ) 63 00
<t . 30, 72 9,00 -72.00
B : .35, 53 .« 6.63 78.63
5"0 . 40, 58 7 25 ‘\8508
3 \ 45, 34 4.25 90,13
‘ AN 50. 32 4,00 94.13
_ 55, 20 2.50 96.63
- . : 60, 8 1,00 97.63
L {. .. . OVER 60, 19 2,38 ¢ 100,00
4 * ;;" o ‘ \\
F
4‘ N
of ' 141,
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e oW T T =
» APPOINTMENT SYSTEM-13 (ALL 25 RUNS. COMBINED)
AVERAGE PATIENT WAITING TIME (= 22,63 MIN
" ~AVERAGE LENGTH OF IDLE TIME =  4.82. MIN
AVERAGE DENTIST IDLE TIME = 6,10 MIN' .
MEAN ‘EARLY AT OF PATIENT = 0.0 '
~ MEAN SERVICE TIME = 0,0 O
- -~ LENGTH-OF CLINICAL SESSION .= 366.41 . : -
NUMEER. OF WALK~IN PATIENTS™-- & = =:Q:-. e
NUMBER OF DENTISTS AVAILABLE = 4,00 =
INDIVIUAL WAITING mm*.s "‘ W
UPPER OBS. ©PERCENT  CUMULATIVE
- LIMIT FREQ OF TOTAL - PERCENTAGE
5, 125 15.63 - 15.63
10, 69 8,63 24.25
= ~ "15, 86 10,75 35,00
~-20, 112 14.00 49,00
30, 71 8.88 69s50 =
350 59 7038‘ 76.88
40, -< 66 8.25 85.13 .
45, 38. 4,75 89.88 R YT
50, 27 3.38 93.25 - B
55 ] 23 " 2088 96 __]33 - K
60, 18 2.25 98.38 "
ovnn 60. 13 1,63 100:00
Lt 1‘ -
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a0
D o T ;
- APPOINTMENT SYSTEM 14 (ALL 25 RUNS COMBINED) =
_. “AVERAGE PATIENT WATTING TIME = 12,65 MW
.o AVERAGE LENGTH OF, IDLE TIME = ° 8,74 MIN
-~ “AVERAGE: DENYiST IDLE TIME = 15,72 MIN
= . MEAN. EARLY ‘AT OF PATIENT = 0.0-
“MEAN SERVICE TIME = 0.0
‘LENGTH OF CLINICAL SESSION = 361.43
RUMBER OF WALK<IN PATIENTS = .- .0
NUMBER OF DENTISTS AVAILABLE = 4,00 /==
] o~ .  INDIVIDUAL WAITING TIMES
; ) UPPER OBS. PERCENT. CUMULATIVE
3 LIMIT FREQ OF TOTAL PERCENTAGE
o 5. 257 34.27° 34,27 .
N == 10, 101 13.47 47.73 =-
o . 15, 126 15.80 64.53
20, 106 14.13 7867
25, , 54 7.20  85.87
30. i/ 39 5,20 91,07
: 35. 25 3.33 < 94.40
; 0. 1 1.87 96.27
o . . 45, 6 0, 80 v 97 o7
: - ‘50, 8- 1,07 98,13 .
| , 55. 3 0.40: 98,53 o
- 5 0.67 99,20 \
Ef_ - , ovm 60. 6 0:80 100,00
P < — . O )
[ T | S
|
% »
-, 143




- 7
. b P \/J\ ‘\')\ )

o4 \ 2 <
APPOINTMENT SYSTEM 15 (ALL 25 RUNS COMBINED)
. w.' o ,q
S AVERAGE EAQLENT WAITING TIME = 22.44 MIN =~ _ -v
R “AVERAGE LENGTH OF IDLE TIME- & - 4.67 WIE - . ;
1 AVERAGE IENTIST IDLE TDME . ‘=  3.23 MIN S ¥
B . MEAN_EARLY AT OF PATIENT . .= --0.02- o= _ - _ &
O “=MEAN-SERVICE TIME = 0.,0- g : :
LENGTH .OF CLINICAL SESSION . = -347.69 ,
_ NUMBER OF WALK=IN PATIENTS = 0 : : :
mmn OF DENTISTS' AVAILABLE =  4.00 -
U S A e e _&‘
o mmv:mu. wnmmc mms ) ST = ¥
i UPPER OBS, PERCENT  CUMDIATIVE |
LIMIT FREQ OF TOTAL  PERCENTAGE :
5, 83 11,07 11,07 b
10, 81 10.80 ' 21.87
15, 85 11.33 “ 33+20 i
20, 129 17.20 50,40
25, 86 11.47 /161,87 1
30, 87 11.60 73.47
5. 18 10,40 83.87
40, 39 520 89.07 3
, 45, 25 3.33 92.40 :
v ' 500 22 2 093 95 ) 33 i :1
- 55, 9 1,20 96.53 3
] (;OVER 60 20 2,67 100,00 )
; !
| , i
4 8|
‘ 3
g
: : {
z |
! i
: i
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GSA/SM/T2-5 -
s N
i
g B APPOINTMENT SYSTEM 16 (ALL 25 RUNS COMBINED)
) ' /7 s N
¥ : AVERAGE-PATIENT WAITING TIME = 12.93 MIN
_AVERAGE IENGTH OF IDIE TIME = . 6,23 MIN
3 .. AVERAGE DENTIST IDLETIME = 13.45 MIN
¢ MEAN EARLY AT OF PATIENT = 0.0
| MEAN SERVICE TIME = 0.0
1. --. _ _LENGTH OF CLINICAL SESSION = 332,02 : :
1 . NUMBER OF WAIKSIN PATIERIS=— s . =—=0 —— e~
. 'NUMBER OF DENTISTS AVAILABIE = 4,00
, nunvxmu. WAITING TIMES R
" UPPER OBS. PERCENT | cmmmnvz
JIMIT FREQ OF TOTAL PERCENTAGE §
5. 249 - 35.57 35,57
: 10. 0. 12.86 48.43
20, 88 - 12.57 73,71
30. 53 7.57 89,71
i 35, 33 &.71 94,43 .
40, 16 2.29 96,71
45, 11 . 1,57 98,29
50.. 6 0.86 99.14
- 554 4 0.57 99.71
g . 80, 2 0429 100,00
OVER 60, 0 0:0 100, o%
i :
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GSA/SM/72-5

xj,

v
.\-r-v.i _7

R

‘ AVERAGE PATIENT WAITING TiiE
" AVERAGE LENGTH OF IDLE TIME
AVERAGE DENTIST IDLE TIEE -
MEAN EARLY AT OF PATIENT
MEAN SERVICE TIMNE

LENGTH OF CLINICAL SESSION
NUMBER OF. WALK=IN PATIENTS

- NUMBER. OF DENTISTS AVAILABLE -

W

W
n
» woo

.llllﬁl:lll
' 1

INDIVIDUAL NAITING TIMES

UPPER
LIKIT

“0BS.
FREQ.

1390
82

PERCENT
OF TOTAL

55,71 -
A
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APPOINTMENT sysixm 17 (ALL 25 RUNS COMBINED)
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PERCELTAGE
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GSA/SM/72-5 5 s ;
- N3
L - e
> - R
) s -« \ N f‘ y‘,
APPOINTMENT sysmm 18 (ALL 25 RUNS COMBINED) S
& R
AVERAGE ‘PATIENT WAITING TIME =  6.67 um , -
AVERAGE LENGTH OF IDLE TIME = ._.12.35 MIN - :
.mmcz DENTIST IDLZ-TIME - ~ = 42723 MIN o
EARLY AT OF PATIENT. = 0,0 ;
m SERVICE. TIME = 0,0
LENGTH OF CLINICAL SESSION = 362.60
. NUMBER OF WALK=IN PATIENTS! = 0
‘NUMBER OF DENTISTS AVAILABLE = 4,00
,_,_w__:winnx‘viéﬁm WAITING TINES S
: UPPEB‘ '0BS, PERCENT  CUMULATIVE ;
LIMIT, FREQ OF TOTAL PERCENTAGE
5. 415 59.29 59,29
10, 84 12.00 71,29
15, 69 9,86 81,14
20, 57 8.14 89.29
> 25, 38 5043 94,71 .
. 30. 22 3.14 97.86 :
450 "0 000 99.86 - \
% SQO 1 0014 1001.00 4
55, ) 0.0 100,00
60, 0 0.0 100,00
OVER 60, 0 040 100,00 o
| :
. .
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APPOINTMENT SYSTEM: 19 (ALL 25 RUNS COMBINED)

. AV ’
‘AVERAGE PATIENT WAITING TIME = ;§12;06 MIN =

AVERAGE "LENGTH OF IDLE TIME. = 7,70 MIN

AVERAGE DENTIST IDLE TIME . = 16 51 MIN )

MEAN. EARLY-AT OF PATIENT = o\\

MEAN SERVICE TIME = o o N

LENGTH OF CLINICAL SESSION = 334,57 M -
NUMBER OF WALK=IN PATIENTS = - 0 L,
,Numn OF Dmgusm,s AVA;ImLp. = 4,00 S

— INDI&IDUAL WAITI NG I s. . R

UPPER :OBSm PERCENT ‘CUNULATIVE
- LIMIT FREQ 'OF TOTAL PERCENTAGE

5. 250 35.71 35.71
100 109 K 15 057 51 [ 29
i 15, 99 14,14 65.43 | 1
S . 20, 87 . 12.43 17.86 )
] : . 25, 51 T.29 85.14
- . a 300 39 5.57 . 90 T o ’ )
2 ~ 3. 27 3.86 94.57 ‘
‘ 30. 18 2.57 97.14
45, 13 1.86 99.00
’c;, : & 50. 6 0.86 <99086
L o\ 55, o - - 0,0 99,86
) 60. o 000 99086
| . owER o, 1 0.14 100.00
6, g ]
E.“’ v ~l : . ‘/\ \:".
k'l':
?;,5’ i
4
? N
F’,
1
F
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APPOINTMENT SYSTEM

“

\\

AVERAGE PATIENT wumm PIME
AVERAGE LENGTH OF IDLE mm
DoAVERAGE DENTIST IDLE TINE.
MEAN EARLY AT OF PATIENT
MEAN SERVICE. ‘TIME
LENGTH OF> CLINICAL SESSION
. NUMBER OF WALK-IN PATIENTS
NUMBER OF DENTISTS AVAILABLE

(]

X

.0

T (
20 (ALL 25 RUNS COMBINED)

INDIVIDUAL WAITING TILES

UPPER
LIMIT

5
10,
15\0
20,
25,
30,
35.
40,

0BS.

FREQ
355

= 15,50 MIN
= 0.0
= 0.0
= 577.43
= -0 7
= 5.00
PERC&NT CUMULATIVE
‘OF TOTAL PERCENTAGE
35.50 . 35,50
13.90 49.40
13,00 62.40
12.80 75.20
7430 82.50
5.90 88.40
3 050{ 91 9”'90.
2.00 93.90
2.60 96,50
0.50 99,40
‘0, 60 100,00
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0 GSA/SM/T3-5

N -

\1 =
V S &
s 4
R ' e .
:f/' > | - ‘ ; —_—
~APPOINTMENT SYSTEM 21 (ALL ‘25 RUNS COMBINED)
. AVERAGE PATIENT WAITING TIE =  22.66 MI
AVERAGE IENGTH OF IDLE TIME = 4.07 MI
AVERAGE DENTIST IDIE TIME = 4,50 MI
., . .MEAN EARLY AT OF PATIENT ' = 0.0 G
°  MFAN SERVICE. TIME = 0.0
~ IENGTH OF CLINICAL SESSION = 385.17
NUMBER OF. WALK-IN. PATIENTS = 0 \
KUMBER OF DENTISTS AVAILABLE =. 5,00 _ -
2 ‘*‘jfﬁ“‘b"“fﬁ?ﬁiﬂﬁ‘iﬁg, FLIES
“ UPRER” OBS.” PERCENT  CUNULATIVE
o , “LIMIT FREQ OF TOTAL PERCENTAGE
| g . 5 159 15.90 . 15,90
: ”; 10, 110 11.00 * 26,90
: » 15. 112 11,20 38.10
- 20, 138 13,80 51,90
> 25, 109  \\10.90 62,80
| 30.- 101 \10.i0 72190
- 350 i~ 65 6 50 79040
; 30. . 54 5440 84,80
| ‘ . 50, 25 2.50 90,20 \
k 55. 33 3.30 93.50 >
| 60, 13 1.20 94.90
§ OVER. 60. 51 5,10 100,00
1 o -
. ,
k. <
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< GSA/SH/T25.

-~ A
»

s ;
* )
* - APPOINTMENT SYSTEN 22 (ALL 2?, RUNS' COMBINED) |
‘ b ) ) *
’ ) R SN \\>
'AVSRAGE PATIENT WAITING TIME = 10,06 MIN
/AVERAGE LENGTH; OF IDLE TIME = 7..29 MIN :
AVERAGE DENTIST IDLE TIic = 15,01 MIN- N 4
MEAN EARLY AT OF -PATIENT = 0.0 ~ i
MEAN SERVICE TIME = 0,0
LENGTH OF CLINICAL SESSION = 331.44' |4
NUMBER OF WALK-IN PATIENDS = 0 a
_ NUMBER OF DENTISTS AVAILABLE = 5,00 j
ot . INDIVIDUAL.WAITING. TIMES. - 1
“TUPPER  0BS., PERG'NT  CUMJLATIVE o~ 5
LIMIT FREQ OF TOPAL  PERCENTAGE 3 !
5, 357 40.80 40.80
WV 20. 102 11,66 83.31 1> ;
25, 69 7,89\ 91,20
e 300 41 4069 95089 2]
35, 20 2.29 98,17
40, 8 0.91 99,09 i
45, 7 0.80. 99,89 !
\ 50. 1 0.11 100,00 N
55,77 0, 0.0 100,00 ‘_
‘L 60, 0" 0.0 100.00
ovnn 60. 0 0,0 200,00
7 y7
{
%) \,’:} «),2
}’. - \':f ?
k : ]
b
K
I
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GSA/SM/T2-5

~
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< | —
. APPOINTMENT SYSTEM 23 (ALL 25 RUNS ‘COMBINED)
= N <
N aVERAGE PATIENT WAITING TIME =  5.97 MI
AVERAGE. LENGTH OF IDLE TIME. = 11.26 MI
.. AVERAGE-DENTIST IDIE TIME = 38.75 MI -
o, MEAN EARLY AT OF PATIENT - .= 0,0
\" MEAN. SERVICE TIME = 0.0
" LENGTH OF GCLINICAL SESSION- = 353.86 °
“NUMBER OF WALK-IN PATIENTS = 0
5 NUMBER OF DENTISDS AVAIWABLE = 5,00
2 - T P, by - - Vo) - _
TG INDIVIDUAL 'WAITING TIMES )
: ‘\\ ‘.
¢ UPPER OBS. PERCENT  CUMULATIVE . 5
LIMIT FREQ OF TOTAL PERCENTAGE %
10, 118“ 13.49 74,40
15, ‘89 10,17 8457
* ~ .20, 64 7.31 91,89’
o 30. 16 4483 o851
35, 7 0.80 99.31 -
40, 5 0.57 99.89
45, 1 0.11 200,00
55, 0 0.0 100,00
60, 0 0.0 100,00
OVER 60. 0 0.0 10000
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B iy i

o‘(: ‘v‘ u: s ‘\l 5:; . | L. ' . , L - .
., vesK/sWf72-5 - - . - :
s o <O .
. R > - S
. : e
= ..t e 2 =
‘{%’ ”;’ﬁfé ' /{ ) . ST T T T T
IR Jdéommnm SYSTEM 24 (ALL 25 RUNS comsmzn)
. AVERAGE PATIENT WAITING TIME & 17.89 MIN °
H AVERAGE LENGTH OF IDLE TIKE> = 6.8l MIN -
4,057 50 ~AVERKGE DENT smw g~ . 13,02 MIN

| EARLY {.A.\o; PATTENT o.o

=
IEA‘ SERVICE TIME = 0.0
LEN(TH..OF CLINICAL SESSION = _37_5._.,7%
=

~ NUKHER OF WALK~IN PATIENTS J
' NUM?ER OF DEMISTS AVAILABLE 3,00

fBIND$¥IDUAL'WAITING-TIMES

UPPER 0BS. PERCENT CU&ULATIVE
RS LIMIT . FREQ OF TOTAL PERCENTAGE
.';YS [ 167" 27 . 83 9] X 27 . 83
10 59 9.83 37.67
L 15, 66 11,00 48,67
- 20, 66 11.00- 59.67-
25, 68 11.33. 71.00
30. 38 .- 6433 77633
3. 39  £.50 83.83
40, 34 - 587 89.50
45, 23 - 3.83 93.33
50. 20 3.33 96,67
554 8 1.33 38.00
: 60. T 1.17 99,17
.. OVER 60. 5 0.83 100,00
/1
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Apggmmi:ﬁm SYSTEM 25 (ALL 25 RUNS COMBINED)
0

O

A\

,AVERAGE PATIENT WAITING TIME =

AVERAGE LENGTH OF ;IDLE TIME
AVERAGE. DENTIST IDLE TIME
MEAN EARLY AT OF PATIENT
MEAN SERVICE TIME

LENGTH OF CLINICAL SESSION
‘NUMBER OF WALK-IN PATIENTS
NUMBER. OF DENTISTS AVAILABLE

INDIVIDUAL WAIT NG TIMES

OVER

UPPER
LINIT

. 5
10.
15.

20,
25
30,
35.
40,
45.
50.
55,
60,
60,

o

‘0BS.
"FREQ

7T

58
63

67"

PERCENT
OF TOTAL

12j83

9.67

10.50
11.17

354

CUMULATIVE
PERCENTAGE.

-z

12.83
22,50
33400
44,17
5733
65,50
73417

80.50

86.33
88.83
91.33
* 94,00
100,00
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()

AVERAGE PAZIENT \IAITING TINE

i
9

z

AVERKGE“LENGTH’OF“IDLL“TIME‘*
. 'AVERAGE DENTIST IDLE TIKE

~ MEAN-EARLY _AT.OF PATIENT

MEAN SERVICE “TINE
aBENGTH OFVCLINICAL SESSION
R-OF WALK-IN PATIENTS

NUMBER OF. DENTISTS. AVAILABLE

>

B -

INDIVIDUAL WAITING TIMES

UPPER.

S LIMIT

e

-5,
i

[ 20:
o 250

35.

G 40,
45,
50,
55
60,
" 60,

N
T\

»OBS.
FREQ

191
69
66
61
51 o
28
22 ¥
11

5‘
6
1
3,
11

_Jj

" APPOINTMENT SYSTEN 26 (ALL 25 RUNS COMBINED)

Ke
= 13,68 MIN
= I
= 0.0 =
= 327023,'
= 0
3.00
PERCENT  CUMULATIVE
_OF TOTAL PERCENTAGE .
36, 38 // . 36438
13.14 .  29.52,
12,577 . 62.10
11,62/ T13.71
9,71 X 83.43
5.33 - || 88,76
4,19 92.95
2.10 8505
0.95% 96,00
1.14 97.14
0.19 97.33: >
0.57 97.90
(2410 100,00
o
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T GSA/SM/7255 . - BERF
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A
By e ’ , =
BT : S o
Amrummrsrsmr 27 (ALL-25 RUNS®COMBINED)
/=" AVERAGE, PATIENT WAITING' PR 8"78’1&1“‘1‘1‘ e chimnce
3 AVERAGE’ LENGTH OF IDLZ. TIME - = 13,08 MIN
¥ | _// _ AVERAGE.DENTIST IDLE TIME = 37,87 MIN
T S MRAREARLY AT OF PATIENT™ <> SQ30=: ot o oo
S B  MEAN SERVICE TIME =« = 0.0 E
1 . LENGTH OF CLINICAL SESSION. = 347. 4o
§° | -~ . ' 'NUMBER OF WAILK-IN PATIENTS = ‘
.y NUMBER OP.DENTISTS.AVAILABIE. = .3, oo_.»m,, .
~ INDIVIDUAL WAITING/ITMES
UPFER OBS, PERCENT . CUMULATIVE
o i ¢« LIMIT °FREQ  OF TOTAL PERCENTAGEf
l : - 5, - 281 53.52 . " 53.52
H L 20, 7 13.52 67,05 -
e | | 15, 50 52 76.57
3 20, §5 57 85.14
: 25,. 36 6.86 92,00
\ , 30, 15 2,86 - 94,86
: 0 35, 10 1,90 96.76
\ 30, 2. 0.38 97.14
- 45, 3 0.57 97.71
b 50. 2 0.38 98,10
55 3 0,57 98.67
60. 2 0,36 99.05
OVER 60, 5 0.95 100.00
K ] R
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giSA/SM/TIZ-éS e .

Exglanation of Variablea Used

i .

T y——p T
" -

il

e i

)

additional 65 minuves for the dentists' initial
availability time is also included., A DAVAL

NP~ v&otalinumbar of patients scheduled dnr.ng each B
- simlated clinic seasion. el
O .
DIT - Total dentist idle time fbr gagg”gigg;gted;::~_,aaa—fés
clinic aession. L
. DBTAA;:*rWIoBalwaervice “time to complste the number of . -
- patients scheduled.. W = :
PHD - Potal waiting time for all the patients A
aohedulad during each simulated clinic session,
DAVAL = Dentist availability time, The sum of DIT and
- ’ DET for each simulated clinic session, An

£-420--ninutes represents ‘& ¢linic IHEth of I

360 minutes,
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| APPOINTIENT SYSTAM A (45, %0)

TR, S mermr e

- ::«“.’.LLZ»L;W .MM-T;‘;DIE‘M; Q'._:.__’ ;,::.Dbil\:fr* e *'_Pwm ER -:. ,DAVAI; ‘,,‘_‘7‘%:.:: .;,..,J“

: 69.0 "o 2630 8 - . 20 . 4 '.3_.97:0’.8;’;;;.,,_ R
. 700 0 292 03 N ) 400 3 - ‘27:3 ) "
" 85:5 . 2247 - 50:3° . 3751 5

71.0 . 253.0 23.9. ,}89‘000 -
0.0°  399.2 « 422i3 -  464.2
43.1 2840 44.5 392.1
47.1- 295,68 444 4079 RO

8555 25371 - 56 4OkE — - — -

104.8 209.7 4542 379.% ‘
36.3 29945 o 402:8 i
9.1 223.0 2% WD

363. 4 429,9 K

At

¥
»n
W
e
[

I R -3
Lo
ten . <
.
———— .
P p—— 4
. N

1
b

AOIIWIIN BAIN=;
Il

|
1?
o
\n
o
w

G

p
W

*

QO

) 436 0‘9 e
404.9 -
373.4
376.6
387.A
418'0'6
411.6
386.7
397.4
416,2

W 426.7

N 407.1

313.5 120, 411.2

291.4 63,3

2f*3g807
."291.4
299,7
311.6
. ~255,6
328.3
33833
248.5
308.3

4
. 9
N 57, 2771 23 3995
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N William H, Glendenning "was born on 8 December 1934

in Flint, Michigan He graduated from Monument City
. High School (Huntington COunty, Indlana) in 1953 and
gttqnded Ball State Teachers College (muncie, Indiana)

/from which'he‘receiveq the degree of Bachelor of Science

i

\\\

assigned &s a SAC tanker navigator in both the KC-97
and KC-135 aircraf% Duty stations included Pease AfB,

*\Vew Hampshire (1959-1963), Westover AFB, Lassachusetts
(1964-1968) and Barksdelé AFB, Louisiana (1968-1970).
He. entered the Air Force Institute of Technology to

X . A . N o~
study towards a degree of haster of Science in Systems
> v :

“Nx4nelysis in 1970,
1 ' :

Permenent Addréss: 249 Park Boulevard
. ) Huntin'ton, Indiana
‘ ~ 46750
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|’ _./énd s commission in % the USAF in 1957. After completing
s ‘ LQL, ;?7//nav1gation training at Waco, Texas in 1958, he was
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