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Abstract

Queueing theory 1s used to study wait and congestion
within a system and, through the study of these visible
phencmena, to discover malfunctions within the system
that are otherwise transparent. After reviewing the
theory and i1ts application in areas other than education,
a cursory review of the litearture dealing with
time-cn-task, teacher burnout, student grouping, and
classroom discipline was used to demonstrate that gqueues
are prevelant in educational systems. It was concluded
<nat queueing theory could be a viaple tool of inguiry
for the educational researcher.
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Queueing theory 1s a form of operations research that
uses matheratical formulas and/or computer s:imulation to
study wait and congestion within a system. The purpose
of the theory 1s to study the gqueues that result £1om
such congestion and, through the study of these vaisible
phenomena, discover malfunctions within the system that
are transparent to the decision maker. Although queueing
theory was originally applied to telephone trafficking
propiems, today it 1s being adopted by many different
Zieids and adapted to tneir needs. Queueing theory has
peen proven To pe eftfective in almost all areas of
ousiness ana formal courses on the subject are being
taught i1n mcst Colleges of Rusiness. Computer science
and 1ndustrial engineering appiy queueing theory daily
and case studies have been conducted in music, liprary
science, social psychology, and in the health Fields
(Giffan, 1978; Gross & Harris, 1974; Murdoch, 197§:
Newell, 1971; Panico, 1963 and Saaty, 1961).

Although many of the problems that have been
analyzed through the use of the theory are analogous to
probiems in education, the field of ecucation 1is
conspicuous by 1ts absence from the list of applications.
in addition, most educational systems are so complicated
that in-depth understandii~ cf how they operate can only
pe accomplished through formal system analysis procedures
such as queueing theory.

The purpose of this stuay, therefore, was to examine
gueueing theory to determine 1f the theory could be
applied 1n an educational setting. It was determined at
the onset of the study that the theory would be untenable
in education 1f: (1) the basic assumptions of the theory
can not pe met 1n an educational setting; (2) the tneory
1s designed to analyze a particular claess of queues and
these queues are non-existent in education; (3) gueueing
problems 1n education are so 1nsignaficant as to warrant
no formal i1nvestigation; or (4) the tools and techniques
used 1n the theory are inappropriate for educational
research.,

Significance of the Study

This study should be of special interest to the
educational technologist who seeks to find solutionsa to
practical problems and thereby improve the practice ot
education because '"“anyone who hopes to improve an
orcanizat:on needs first to understand it, and
understanding 1s the chief legacy of inquiry (Willower,
1977 p. 79). Therefore, the significance of the astudy
lies not in the mere creation of a model or the testing
of a theory, but rather in the prospect that a new tool
of inquiry, queueing theory, may be introduced to the
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educational community. For, as noted by Getzel, (1977)
“"new i1nstruments and tecnniques of observation and
analysis play a role not only in the solving of problems
but alsoc in raising guestions which might otherwise never
have been thought of" (p. 18). As new questions are
raised, and the answers toc the questions are sought, new
insight i1nto, and an understandang of, the problems will
be gained.

Introduction to Queueing Theory

Gueueing thoory 1s used tc study wailt and congestion
within a systen. Wait occurs whenever & unit hust waat
Sor service and :f more than one unit :1s forcea to wait
congestion results. The problem of congestion 1ncreases
progortionally with the randomness of arrivals and the
variation of service times. The queueg that result from
this congestion are aften symptomatic of other, more
severe, system problems including problems with statfing,
scheduling, and/or material allocation.

The basic structure of a gueueing System 18 defined
in terms of the number of service channels and the number
of service stages. Although gieueing diagrams almost
always depict gqueues in a linear fashion, 1t 1s not
necessary that the units "line-up"” for service. Anytime
a unit 18 waiting for sSsrvice, 1T 1S in a gugue. Figure

1 presents tne four most comaon queu=any structures.

The first structure 1n Figure 1 (single-channel,
single stage), 1s the simpliest of all queuglng systems.
in such « system, there 1% only one server and
consequently only one line 1s formed. The second
structure (single-channel, multi-stage) 1s one in which
there 1s only one line, but the unit must pass through
several stages before service 1s complete. In the next
gueueing structure (multi-channel, single-stage), there
are several lines but the unit must pass through only one
stage. The final diagram represents a system 1in which
there is more than one stage and there are several
servers at each stage (multi-channel, multi-stage).

~waracteristics_of Queueing_Systenms
According to queueing ‘heory, there are six major
components of a Queueing system that may determine the
way in which a gqueue is formed:
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1. Arraival pattern: average number of arrivals per unit

of time (e.g., the average number of students that need
the teacher’s individual attention during one class

period).

2. Service_pattern: average time reguired tO service a

unit (e.g., the average amount of time 1t takes to
complete an i1nstructional packet),

3. Cueue digc:in

—_—_—ledae e

for service;
FIFQO --

ine: manner by

e

WR1Ch uni1its are se

19

[l

cLec

rder

f1rst an, first out
LIFS -- last 1in, firs= out
SIRO -- service in random o
PRIO -- service by criority
4, Number_ of_service channels:

Service stations tnat can servic
(e.g., numper of Iu¥M caomgputers 1

5. Number_ of service_stsaes: n
must proceed through before the
completed (e.g.,

wOork at comvuter, check:ing ouct w

S. Svstem capacaisv:

The numper

number of parallel
@ units saimultaneously
n &n instructional lap).

umber of stages a unit
service procedure is

shecking 1n with lab attendanz, doing

i1th lab attendant).

of units allowed in the

system at any one time (€.4., number of studentis aliowved

to enroll i1n a graduate ctass).

Lueueing theory can only be applied to systems ain
which the following assumptions are met:

1

1. both arrival rates and/or service rates 1involve a

degree of uncertainty or randomness - 1f this were

not true, each event could

be scheduled to the

exact moment and there would never be a Queue;

2. aveorage service rate 1s greater than average
arrival rate - if thas assumption 18 not met, then
there would always be a queue;

3. the probability distribution of both arraival and
Sservice rates can be determined.

These assumptions can be met
settings,
simple observational data. For J
observable that students complet..
rates and even the best of instru
with 100x accuracy the exact mome
will complaste their assignment.
also support assumption number tw
server is a learning lab and that

in instructional

Assumptions one and twn can be proven by

nstence, it 1s easily
assignments at varying
ctors cannot predict

nt when the students

Observational data will

©. For example, if the
lab is idle at least

8




O

ERIC

Aruitoxt provided by Eic:

Queueiné Theory

some portion of the day, then assumption two has been
met. Assumption three 1s not as easily veririaple
because the appropriate database currently does not exist
1n education. It 1s, however, reasonable to assume that
such data can be collected because much of the current
workx being done 1n educational research 18 based on
similar statistical data.

Applicataion ¢f Queueing Theory

Taple 1 displays the number of queueing theory

January, 1961 through January, .985. OR/MS i1s a
publication of Executive Science, inc. wnicn each montn
abstracts arzicles that have appeared i1n current
pubilications.

Tabple 2 presents an array of tne type of systen
roblems that have been studied through tne use of
queuelng theory and provides exaanpies of ccorresponding
proviems 1n educational systems. The table 1s in no way
comprehensive but 1s i1ntenied to portray the widae variety
of prablems that can be studied tanrough the use of the
tneory.

Insert Table 2 about here

Educational Issues

None of the 2Zl4 studies presented an Table 1
acicressed an educat:onal proniem and a search of the ERIC
database failed to uncover any gueueing studies that were
conducted 1n education. However, many of the proplems
thhat have been addressed through the use of the theory
(Taple 2) are analogous to problems 1n educatian. Is 1t
possible that gueue:ing problems i1n education ar so
insignificant as to warrant no formal analysis? In order
to answer this question, current educational 1ssues were
examined to determine 1f some of the recursive problems
in the field can be defined more precisely through the
use 0of queueing analys:is.

Time-on-Task
Over the last several decades, researchers
increasingly have directed their attention toward the use
of time in education. (For a review of this literature
see for example, Anderson, 1984; Karweit, 1983; Walberg &
Frederick, 1983; Wiley & Harnischfeger, 1974). Fronm




Area of Study 1961-65 1966-70 1971-75 1976-80 1981-85 TOTALS

laventory Management 7 ! 2 ! H
Personnel Selection ! 1 2
Quality Control 1 | 2
Production Scheduling 12 6 5 4 2 29
Plant Layout i | 2
Procurement of Raw Malerials i 1 2
Maintenance | 2 3 5 5 6
Service Trades 1 1 2
Government Service 2 L] 4 10
Office Management | 4 2 ] 4 14
Transportation 17 10 21 6 2 56
Communication 5 3 | 3 2 14
Facilities Replacement 2 yi
Public Health 4 ! 3 8 6 22
Research and Dovelopment { ! | 3
Manufacturing 3 3
Materials Handlin ! 4 5
Miscellaneous 10 3 5 1 19
TOTALS 67 N 42 40 28 214
Table 1l: Number '

of Abstracts Published on Queueing Theory Application in ORy M3 -1/61 to 1,/85

10
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Table 2:

Analogous PProhlems in Education

Author Purpose of Study
S unly to compute to number of spare parts computing the numher of consumable
& Hare to keep on hand at each field station hooks needed in an individualized lab
(1960)
Maxwell to study problems of best inventory determining the numher of learning
(1965, sizc and the best production sequence stations needed and the best sequence
of learning stations

Nelson to study production systems that are individualizing a program that is
{1967) constrained by limited labor resources constrained hy a limited number of

and limited machine resources learning resources
King to determine the optitnum crew size determining the optimum number of aids or
(1970) required to reduce wait-time volunteer tutors needed to reduce

student wail-time

Graff to apply queucing theory in the detesmining the need for investing in
(1971) decisica for investment in additional Audio/visual equipment

additional resources
Gaver to oplimirze corporate research and oplimizing formative evaluation and
Strinvansan capabilities in the production of development capabilities in the
(1972) new products production of new products
Leigh to explore relationships between exploring relationshins between number of
(1974) availahle resources and worklioads free computers in a fah and the workioad

Summary of Queueing Theory Applications

of the students



Author

Purpose of Study

Analogous Problems in Education

Rosscau
& Lalorte

(1977)

to munmize the paticnts’ total queucing
time at an outpatient clinie where

paticnts require a variety of services

minimizing students’ time off-task

that is caused by wait-time

Styles &
Cox
(19177)

1o assist management in attaining a
balance between different activitics

in pharmaceutical rescarch

attaining a balance between different
instructional design and development

activities

Gross
& Pinkus
(1979)

to design a support system for

inems

developing a support system for repairable

AV cquipment using outside rescusces

Albright
(1980)

to describe optimal control of operation

and repair of a fleet

obtaining control of aperation and repair of

AV equipment

Ament
(1980)

to classily customers and tellers according
to degree of difficulty in transactions

and sct up two queucs accordingly

classilymg students by the type of
problcms and the amount of time they

require for help

Elsayed
(1981)

to compare two repair policies, one with
priority for a particular mode of

failure wad the other without

comparing diffcrent types of help scssions
in which students with ccrtain kinds of

problem reccive priority in obtaining help

Scott &
Hailey
(1981)

to study the utilization of cardiac
telemetry units in a hospital; to
analyze the costs and bencefits of

adding units

utilizing resources in a learning Iz b
and determining when new units should be

added

Table Za: Summary of Queueing Theory dppliecations
)
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Carroll’s Model of Scheool Learning (1963), to the
Beginning Teacher Evaluation Study (BTES) work done 1in
the m1d-1970’s3, and on through the effective school
research of today, i1t has been shown repeatedly that
there is a positive relationship between time~-on-task and
learning. One of the major findings from the

tim -on-task research was that a surprisingly large
amount of time during the school day 1s spent an
non-instructional activities. Rossmillar (1983) has
calculated the amount of Time that the average student
spends on task during a school year oi 1080 nours to be
approximately 364 hours. Burns (1934) found that, on tne
average, only 75% of the elementary school day is
actually spent in the classroom and 37% of that time :s8
spent on non-instructional! activaties. Karweit anc
Siavan (1981) have observed that:

To i1ncrease achievement from a score of 3.4 grade
eguivalent to 3.8 wouid require a da:ly increase of 13
minutes of active learning taime. This 1ncrease, from
37 to 59 minutes, would require either a sizeaple
increase 1n scheduled time or tremendous improvements
in classroom efficiency....realizing significant gaains
in learning time would have to come from recoveraing
lost minutes due to interruptions, waiting, ana
classroom transitions. (p. 171)

Prev:ious taime-on-task studies have rocused on such
variamies as day length, the amount of time tnat 1is
allocated to each subject, how time 18 actuaily spent in
the classroom, and how much time students spend .'m-task
(Stallings, 13980). These studies have been successful in
showing a relat:onship between time and learning, but
they have shed littie light on how to improve educational
practice. The researchers have bpeen able to identafy
some of the ways that non-ainstructional time 1s used.
Among these are time that 18 spent i1in: walting for help
from the i1instructor; making & transition from one
activity to another; and, acquiring and returning
instructional materials. Such activities usurp as much as
25% of the instructional time (Thurlow, Graden, Ysseldyke
& Algozzine, 1984; Anderson, 1984; Karweait, 1984),.

Waiting for help is, by definition, a queueing
problem and queueing theory certainly can provide the
structured, systematic approach that is needed. In
addation, by examining studies that have been done
outside of the field of education, it can be s=zen that
queueing theory can likewise be employed to analyze wait
and congestion problems that result from transaitions
from one activity to another or from the acquisition of
materials. The solutions to such problems may well rest

ERIC 16
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in alternative approaches to resource allocation,
staffing, scheduling, and/or instructional methods and
queueing theory can provide valuable insight into the
study of these alternative approaches.

It 1s possible that the amount of time that szudents
in a particular ciassrcom spend in waiting or in
transistion from one activity to anotner s ainfluenced by
the characteristics of tane i1ndividuals witnin the ciass.
Everston (1982), in comparing classrooms corposed oOIF
higr-ability students with those composed of
lower-ability students, found that the lcwer-abilaty
classes required a great deal more i1ndividualized help
from The teacher than did the higher-ab:lity group.
According to Everstan, "multiple individual aemands for
help from the teacher m=ant that mhore students haa to
walt a considerable time before getting help” (p. 342).
while the students were waiting for that nelp, they were
essentially placed in a queue.

Beckerman and Good (1981) conducted a similiar study
that compared favorabie classrooms (less than 1/3 of
students were lower-abil:ty students) with unfavorable
classroo.s (more than 1/3 of the students were
lower-ability). They found that “teachersz in a more
favorable classroom have more time to provide individual
help to low=-abilxity studenta, because there are fewer
demands on teachers" (p. 324). At the same time,
Everston, Santford and Emmer (13981) founa that students in
extremely heterogeneous classes spent more time oftf task
than students in other classroom organizational pattexns.

Altnough these findings are not surprising, they do
reinforce the i1dea that the way children avre grouped in a
classroom affects the amount of the time that indiviacal
children spend waiting for help and this ain turn could
affect their level of academic achievement.
Unfortunately, little research has peen done on how
student grouping affects such outcomes (Beckerman and
Good, 1981). Queueing theory can be used to compare how
different classroom organizational patterns influence the
amount of time that a student will spend waiting.

Teacher Burn_ QOut
The literature on teacher burnout often focuses on
helping -he teacher cope with stressors that exist within
the educational setting (Bardo, 1973; Hendrickson, 1979;
Kyriacoua & Sutcliffe, 1979). The most frequently
mentioned solutions for burnout are concerned with
helping teachers deal with their own emotions, rather

ERIC
L 17
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than being concerned with the elaimination of the source
of the problem. MNcNeely (1983) has noted that the
literature on burnout '‘often treats as a constant the
organizational environment within which the burned out
are employed. 1In short, remedies consistent with this
level of conceptualization obviously favor attention on
the individual as the agent of personal change' (p. &4).
The same literature that emphasizes coping strategies
also i1dentifies lack of time to grade papers, lack of
time for individual student needs, and lack or adeguate
books, materials and equipment as neing the maj;or causes
of stress in the teaching profession (Cook & Lefr:ingwell,
1382, Needle, Grafi:n, Svendsen, & Rerney, 198&0;
Weiskopt, 1980). Each of these stress causes results in
gqueues forming - gueues of papers waiting to be graded
and queues of students waiting for books, materiails
and/or equipment. Given the current database, 1t 1s
difficult, 1f not impossible, to determine 1f the
shortage of teacher time 135 due to poor organizTation or
due to over-utilization of the teacher as a resource and
vyet 1t 1s nccessary to i1dentify the source ox the proklenm
before viable solutions can be found. GCueueing theory
certainly can help i1n this process because the theory 1is
used to analyze both resource utilization and gueueilng
problems that result from poor system organizataion.

Classroom Disc:iplaine
There are many causes of discipline problems within a
classroom but student wait-time 1s one of the leadaing
contributors to the problem (Doyle, 1985; Everston, 1982;
Kounin, 1970), Wait-time often results in behavioral
problems as described by Everston (1982):

At one point, five students were at the teacher’s
desk, and most of them were waiting for help ...
Having so many student. ~ such close proximity to
each other frequently created problems and lec to
the misbehavior. (p. 349)

The phrase "waiting for help" indicates that a queue has
formed and strongly suggests that the situation would be
especially amenable to queuein. analysis. The diminution
of discipline problems 1s especially important in light
of the findings from the time-on-task research for as
Seifert and Beck (1984) have noted:

Each incident of discipline reduces the number of
minutes of engaged learning time from two to four
minutes, depending upon the sericJsness of the
discipline problem. Each time the teacher stops the

18
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engaged learning process to discaipline a student the
entire class 1s placed i1in an off-task mode. (p. 3M

Many currrent educat:onal problems that have been
1dentified 1n the literature do contain queuelng elenents
and four of the more general educational i1ssues were
chosen for examination iar. this paper. In eacn of the
four cases 1t was shown that traditional research metnods
have added to the educational knowleuge base put have
don2 lattle to suggest now the practitioner can implement
the findings. The research methods that were usec 1in
many of the stud:es were designed to aid 12n conciusaion-
oriented research, not i1n decision-orientiea research. In
addition, esach situdy was dseigned to examine only one
aspect of the system. Through the use of queue:ing
theory, 1t 1s possible to examine several areas
simultaneously. For instance, the phenomenon of
discipline, or misbenavior, manirests 1tseltr an alii four
areas that were examined, but 1t manifests 1tself :in
different ways. In the area of taime-on-task, discipiine
problems can detract from the total engagement time of
the entire class and thus reduce the time-on-task. At
the same time, students vary i1n the amount of i1ncividual
help they require from the teacher and because of th:is,
the ratio of high-abilaty students to low-amility
students will affect tne amount of time tnat students
must wait for help. Wait-time in turn 1s directly
proportional to the numper of discipline proplems ana tne
more discipline proolems, the more time the students will
spend-otff task. In addition, excessive discaplaine
problems can, and do, add to teacher stress and hence
indarectly to teacher burnout.

Tane 1ntertwining that 1s apparent between eacn of
these areas can be traced -0 elements of wait or
congestion withain the syst. . Beceuse all educational
systems are complex systems, such i1ntertwinaing and
interrelatedness are not surpraising. Changes that
ameliorate malfunctions i1n one area cf the system often
will result in undesirable changes 1n other areas of the |
systemnm. A research method that is versatile enough to
examine each component independently or to examinie aill |
the components simultaneously could add valuable i1nsight
irto the functioning of the system and could aid 1in
system related decision-making. dueueing theory i1s just
such a method.

ERIC 19
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The properties that are common to all queues were
outlined earlier and even though the identification of
the properties is an important first step in the
understanding of a gueuing problem, a more in-depth
understanding can only result from a systematic
examination of the queue. The two methods tnat are used
in the systematic study of gqueues are mathematical
analysis and computer simulatizn. Both methods i1nvolve
the construction of queueing models - models that ‘are
designed ta replicate both the system and the interaction
of the major components within the system. The use of
modelst (1) facilitates the description and camorehens.on
of a system; (2) reveals hidden relationships bhetween
variaus comnponents of the system; (3) helops to cetsermine

to 1
t

ot Q@
s

Q

tne kinds of cata that need llectea; (1) =2

the system to e viewed n 1 ety by ewamin:ng all

of the variables samultaneously; and (%) makes
1

Qe CcQ
s entar

»li.e TO enlarge ths system of intersst 1.

s

(PP
fashion {(VYazsonyi, 2363).

y 27

Crnie of the major advantages of using models 1s that
they allow the decision amaker Lo experiment on a replica
o5f Lhe systems rather than on Lhe system rtself., This 1s
especially imzortant in educaticn whered (1) the
manisulatoon of Lhe variables 1o be studi=ad nay srovs :o
e diaruStiver T the aysten; (2) 1Y im often S.€flzuls to
deal wabth all 2f the poszible zlternative solubt_ans in
Ce elGerinent; and, (I 1t o Ls sften diffacult Lo Lsolats
the effe o of ore variable from the 25fzcts 0f o=bher
varzabloes,
Matberabioal M-ollels

Yatlematizal, Tr oanalytoczl, nidels oser nathieazoilcal
Jorntlan aad agaations 1o sheow the selatoonzhiiss atong
var:icus 2lu2nents 1o the sysien, In a qufuwing aolel, the
paraneieras are Jdeflined 20 teras of average arrival. rate
ard averace service rata2 or in terms of average L.ne
hetween arrivals and average service Lime. The var:ables
includ ue lengih, time spent i1n the gueue, and server

e gue:
utilization. The constants car include such things as
the number of parallel servers and/or the number of
service stages.

The selection of the proper mathematical formulas to
be used in the solution of an analytical model i1s based
on the characteristics of the gueueing system. Figure 2
gives the formulas for the simplest of all queues -
queues with only one channel and with little fluctuation
in either service or arrival patterns.
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Picure 2

Queueing Formulas (Adapted from Tersine, 1978)

A/M/1

A/M/5
Mean arrival rate A A
Viean interairival time 1/ i/x
Mean service rate 8! Mu
Mean service time 1/u 1/Mu
2, @
Expected number in (L) D U + uJ AuPo .
svstem l-p (M=1)1 (uM=2)
2 AM
Expected number in (-0) 2 (U) AUPO )
cucue 19 (M=1) ! (pM=A)
(3"
Mean time 1n svstem (W) L 1 + u’ uPo
Mo (M=1) 1 (uM=AP
2
Mean time n cueue (wo) Lo )\—\
W (u=2Aj
Server utilization P Alu A/My
2
Probability of cueue po P
1
Probat?llity' of no units p 1-0 M-1
In system o n M
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The purpose of the hypothetical problem that follows
13 to show how queueing theory mignt be used in the
investigation of one fairly common educational problem.

Zducational Example: A study conducted by a iocal schooi
district revealed that the district ocwned more
educational films per student than cad any other distract
within the state. At the same time, teachers within tne
district used proportionally rfewer Films than aid
teachers i1n the surrounding districts. An analysis of
the situation revealed that si1» teachers sharec in the
use of one projector, that 1t was used on the average of
12 times a weex, and thaz 1t was often unavailable when
teachers wanted to use it. The teachers picked up the
projector at the peginning of a period ancd rezurned :%
during their break which meant that the teachers would
hold the machine for an average of two hours. It taxes
30 minutes, on the average, to show a filnm an the
machine remains i1dle for txe remaining 1 1/2 Sours.
Following the preliminary analysls, *wo alternative

solutions to the oroblem were suggested. The Surriculum
council recommended ithe purchase of sixw acdditianal
prejectors. The media direcior, whose budges wyald e
affscted nost d.rectly by tne purchase, seoled that,
an 212u Oof buy:ing n~w mashines, the 33803l c22Ld Lse a
student to deluiver the machines 1o fthe Classrcon wher
needed and Lo veivieve SYNaa after 2ach Vi@eW.nI LE3510n.
Tveryane agreed that this would e the Sons Liipensive of
The tws alternatives, oot 2veryone azresd Thai L
tralhzrs’ needs would De met Dy oalcohN o4 solotiorn.
A guewzing analyvars wiold Deyin Ly enas.ning wasn of
T altenctoves and @ntractory St esrs Aata azcut
€4aTh A% SNOo&Sn Ln Ther Thart Selsa,
2.3n_2 2:an0_2 2zan_3
With Wish
Status Additional Student
Quo YMachines Attsndant
Nunmkboer cf
teachers 1) 3 1
Number of
films shown 12 S 2
~ength of
£ilm 20 30 30
Number of
minutes
machine held 120 120 BEST EOPY AVAILABLE
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After the data havi: been extracted, a mathemat .cal
model of each of the plans would be designed. Data from
Plan I will be used to demonstrate how the analyst would
compute the basic queuelng atatistics that would be used
to compare the alternatives.

The average arrival rate 1s 12 - the average number
of fiims shown in a one-week period. Although 1t takes
only 30 minutes to show a f1lm, 1t 13 necessary to model
the entire time the teacher retains the projector -~ 120
minutes. Because the sSchool weexk 18 33 Tours long (3
Gays » S hours), the service rate 18 =gual to 19 unats

1

per week. 3Based on this sinformation, all other gueueing
tatistics for Plan I are calculated as fullcws:
o = Percent of time the prosecicors are usy
= 12715 = .80 wu%tilization rste
v - .
q = Progablllty that teachers are waiting
= .80% = .64
L
g = Expected nunmber of teachs=rs waiting
= .54/.20 = 3.2 teachers waiting

W -
q = Average time a teacher must walt beicre receiving a

projector

= 3.2/12 = .266 = 30 hours = 7.38 nours
P -
O = Probability of no waitanz
= 1-.80 = .20
Similar caiculations were periormed for eaan o the
alternative approaches and the resulting statistics ars
presented below.
L 2 W
P g 0 g
Plan 2 iz 15 0. 3.2 0.2 0.2866 (7.38 hrs)
2lar 2 3 S 0.4 ©0.208 0.6 0,044 (1.32 hrs?
®lan 2 12 =7 .4 D.0266 0.6 0.022 (V.65 hrs)
Ar ciaminaticon 53f thease data from the queuelng
analysziz reveals ithat plars 2 ard T are almcst dentical
and that both plans are superior Lo the statdd quo.
ad r b 1 bl

a
Surprisingly, plana 2 an
expected wait-time. The amount 0f “ixe a Lz a
expect to wait for a projector is twice as long i 2
than in plan 3 and this demonstrates the complexity ©
gueueing situations. The service rate is accountable for
this difference and because this rate 1s used to
calculate several of the intervening statistacs, 1t has a
compounding effect on both the formation of the queue and
upon the corresponding amount of time spent in waiting.
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Although this situation 1s hypothetical, 1t 1s not an
uncommon one i1n education. In many cases where similar
decisions must be made, the decisions are based on purely

financial considerations or on the power base of ‘&=
groups presentin3i the alternatives, An 1mmediate fenofoix
that derives from a queueing analys:is s :th2t the fran:
of reference for the dezisicn naxer can teo shiftel fre-~
suhiestive one o T ANisuY oty CI Foel tn a2 musch more
TLwIruive one Y I can aw' or "I can demonstrate™,
Zizzizir f.omeiaz:ion

Qecauvse of the commlexnity of many gueuelrtg systens,
metnematical formules often necome unwleldy for ail out
“he nost scphist:icated of mathemat:icians. As the number
¢ intecractions increases, the tass of anaiysing the
eifects of the interast:ons oecome=s more and more
Zormidable and computer simulation necomes an
indispensable tcol.

Slake (1979) defines s:mulation aeg the establishment
f a mathematical-lcgical madel of a system and the
experimental man:pulation of that model on a digital
computer” (p. 3). ZRecuuse o on combines a logical

) L
model w:rth a mathemat:cal mfdel, by tempers meny of the
constraints that are inherent “hemat_.cal analys:cs
and allows for more freedom in the construct:on of sysilen
models (Gordon, 1953). THis easing
1t possible o study systemns that wers intraztable woth
the use of mathemszical anaiys:s.

3
e
I
.J

Lvr'PS

I CONSLIrIInLs maros

Mogei Fformuiation: In a computer simulation, a gGueueilng
system 1s defined :n terms of ent:tres, attr.butegs, se.s,

and activities. Znpfities are the oblrects of :nteorest
1thin the system. The entit:es are used to amcadel the

<
frovgression of units through the system. Sach centity has
-

2 nunder of characteristics that may or may not be un:que
=2 Lhat entity. These cnaracteristics, or attributes,
T=H100 2 ounLt throush the systen.  The attributes that an
entity poszessesz are detern:ined by tNe nodeler ard nay
1nciude such character:iscics ac: “he Si=o SNas she sntity
entered the system; the “ype of service 1t 15 o receive;
and the sequence i1n which it ia *o rogoive She servies.

A set is a group of entities that share the sanm=

attributea. It 13 not necessary, however, tha*t tNa
attributes for each member of the set contain the sane
value. For instance, one member of the set may enter the
system at 1:10 and the next member enter the system a+t
1:29. Both members contain the attribute *“time aystem
was entered', but the value of the attribute is different
for each one. Activities include all of the processes,

o BEST COPY AVAILABLE
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or service stages, through which an ent:lty muat pass
before leaving the systen.

Data_Preparation: There are basicalily three kinds of
data that can be used i1n computer simulations: (1) real
data, optained from a total population; (. sampling cdata
tnat are obtained from a representational sample oi the
population; or (3> theoretical cdata, a combination of

sampiing-data and computer generated data.

s: altnougn simulations can ke run
using general-pu e languages, the time reguired zor
program preparation generally can be recuced by us:ing a
special-purpose simulation language. Typically, such
languages inciude: (1) a routine tnat schedules tne
events 1n simulated time: () rancom number generators:
(3) routines that control the propability generator: (&)
avtomatic calculation of statist:cal data; and (5)
fiexible report generators. (Davis & McHeown, 19&4).

Access to a saimulation language shoule pose no
proplem to the educational researcher. There are several
languages that can be run on the more powerful
microcomputers and most major universlties have st least
one mainframe version of a simulation language.

Coanclusion and rRecommendat.ons for

Ax 2 result of this study 1t was found that: (1) the
za2a7iT aceunpiicnn oY gueu2:ing theory can be met an
eautaTicilal avsiens:; (2 sducation caes =xperience the
Tyoes o< premlens that are tydically wnalyz=aed “hrough the
us= of the theory: (2> wiit and congoestilaon nroblems de
ex»x18t 1n education and they contr:iuoto S0 cithoer, nore

- T~ PR )

1S
N

o

- =y

ser.ous problems ain the Field:; and, 1) & :
techniques, including mathematical analysis and comduter
simulation, are appropriate for educational resesrch.
Both the literature on gueueing theory and the
literature on educational 1ssues suggests that there are
an unlimited number of queueing problems i1n a service
industry as large as the educational system. In
addition, every educator with whom the author discussed
the theory was able to i1identify queues within their own
system. This leads to the conclusion that there is an
unlimited number of educaetional areasa that can benefait

from queueing analysis. Listed below are examples of
i
|
|

some specific areas that would lend themselves to

queueling analysis:

exploring relationships between the number of free

computers in a lab and the workload of students;

... attaining a balance between different
instructional design and development activities;

ERIC
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... Optimizing formative evaluation and development
capabilities in the production of new products;

... determining the need fcr 1nvesting in additional
audio/visual equipment;

... determining the optimum number of volunteer tutors
needed to reduce student wait-time;

.+. i1ndividualizing a program that 1s constrained by a
limited number of learning resources;

... determining the number of learning stations needed
and the best sequence of learning stations;

.+, Ccomputing the number of boOKS resources needed in
an individualized lao.

Before the theory can be appiied, however, 1t must
oe tested 1n actual educational environments to deternine
1f there 1s some h:idden reason why the theory will not
WOrK. Naturalistic studies should be undertakea to add
to the educator’s basic understanding of where lines and
pottlenecks actually occur. Techniques must be develoned
that will aid in the accurate collection of data. Only
after the theory has been proven to be effective can 1t
be used as a decision-oriented research tool 1in
education. At every stage of theory adoption and
adapticn, a concerted effort should be made to see that
queueing *theory studies are published 1n leading
educational journals. Even 1f the studies are
s.te-specific, undertaken solely for the purpose of
answer:»ng specific guestions about specific aystems, the
findings must be published 1f the field of education 1is
to make the most efficacious use of the theory.
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