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Abstract

In this pgper we outline recent research into the complex and difficult task of universty course
timetabling, which involves both subjective and objective information and expert judgement. We go on
describe the development and use of a decison support system, caled SotManager, for assgning courses
to timedots and rooms within a New Zedand univerdty. SotManager is dedgned to augment the
expertise of an experienced timetabler, usudly in a Stuation where timetables evolve from one year to the
next, rather than being created, ab initio, on each occasion. We report on the successful implementation
of the sysem, as operated by the Wakato Management School. The system is written in Microsoft
Access, to run on a persond computer, and provides an effective and user-friendly addition to the
university timetabler’ s toolkit.

1. Introduction

All educationa inditutions need to timetable the various teaching and reaed activities thet they
undertake, and univerdties are no exception to this. Over the last 25 years, many gpproaches and modes
have been proposed for deding with a variety of problems related to timetabling, which have been largely
specific to particular problem dtuations. A number of review articles and annotated bibliographies have
surveyed course timetabling generdly; for example Schmidt and Strohlein [10], de Werra [14], and White
[15]. More recently, Kingston [6] lists 1056 references. The main problems dedt with are adlocating
teachers to courses (Hilton [3] and Lawrie [7]), assigning courses to timedots and rooms (Sampson,
Freland, and Weliss [9], and Stalaert [12]), dlocating students to different sections of a course (Wood and
Whitaker [16]), and scheduing end-of-course examinations (Carter, Laporte, and Chinneck [2] and
Johnson [4]). In the generd area of course (rather than examination) timetabling, most gpproaches
dtempt to create timetables or assgnments semi-automdicdly using paticular modes or heurigtics
(Badri, Davis, Davis and Hallingsworth [1]). However some authors seek to provide relevant decison
support for an experienced timetabler (Mathaisa and Comm [8] and Johnson [5]).



2. Course Timetabling at the University of Waikato

The Universty of Wakato (UW) is a centrd government-funded university of approximately12,000
sudents, located in Hamilton, New Zedland. It comprises seven schools of study: management, law, arts
and socid sciences, computing and mathematical sciences, education, Maori and Pecific development,
and science and technology. The timetabling process a¢ UW used to begin in May of each year with a
coordinated request from each school for its timetabling needs for the following teaching year. These
requests were sent b a centra universty timetabler who findized them by checking for conflicts between
schools, and resolving such  conflicts by negotiation with  school or  depatmentd  timetabling
representatives, who were usudly teaching staff.

However, the Stuation at UW changed rather abruptly when the centrd adminigtrators responsible for
timetabling announced that they had purchased a computer-based timetabling package to replace the
system described above. Henceforth, departmenta representatives would have only to advise the centra
timetabling office of basc course requirements, from which the new sysem would autométicaly
congruct atimetable and dlocate rooms for the coming year.

While, in principle, the teaching gaff involved in timetabling welcomed the remova of a burdensome
task, they had doubts about the ability of the package to provide a workable timetable. This was
underlined by the insdstence of the centrad timetabling dtaff that the sysem would produce a satisfactory
timetable even though they appeared to have little idea of its cgpabilities, or how effectively it would cope
with the complex requirements of UW. In paticular, it was not clear how the sysem would resolve
conflicts, as there was no provison in the proposed new procedure for any prior coordination between
departments to reduce such conflicts, or for their fair and effective resolution if they occurred.

At this point, a number of senior members of the Wakato Management School (WMS) met with ther
Dean to discuss how best to respond to this new Stuation. It was decided that the WMS departmenta
timetable representatives would be invited to form a WMS timetable committee to coordinate the
devedlopment of a WMS timetable for the coming year, atempting to: avoid clashes for teechers, be
reasonably equitable for both WMS students and teaching staff, and to make effective and efficient use of
the WMS teaching fadilities These facilities comprise 18 rooms, ranging in sze from a 3%4-seat lecture
theatre, to 50-seat case study rooms, to 12-sest tutorid rooms. Most WMS teaching takes place in these
rooms, which are seldom used by the rest of UW, and WMS has priority over the other schools in the
timetabling of them.

2.1 Course Timetabling within the Waikato M anagement School

WMS comprises seven depatments. accounting, economics, finance, management communication,
marketing and internationd  management, management Systems, and drategic  management  and
leadership. A complicating factor in the timetabling of WMS courses is the existence of a number of
undergraduate degrees that involve, in addition to management courses, a wide range of courses taught by
other schools within the university.

From the seven depatments in WMS, a total of 166 courses a currently scheduled across two
semedters and a summer school, of which 116 are undergraduate courses. Some of these courses are
compulsory for the various undergraduate degrees. The courses, many with specidized facility needs, are
taught in 50-minute periods between 8.00 and 19.00, Monday to Friday. However, in specifying the
sessons required for their courses, it is common for teachers to request double (110-minute) or triple
(170-minute) periods. The various course structures used are: (1,1), (1,1,1), (1,1,2), (1,2,1), (2,1,1), (2,2
ad (3), where a ‘1 indicates a 50-minute sesson, a ‘2 indicates a 110-minute sesson, and a ‘3
indicates a 170-minute session.

A further complicating factor is the exigence of ‘piggybacking’. This is a sysem in which a course at
one levd and a smilar course a one leve higher are taught together in one room. Students enrolled in
the higher level course are required to attend additiond class sessons, held a other times, and to do



additiona work, in order to be given credit for the higher-levd course. Higoricdly, the WMS timetable
was based on a ample dot system comprisng 14 dots of two, three or four hours scattered through the
week. The timetabling process was basicaly a manua one, usng a smple PC database and record-
keeping system, with conflicting requests for rooms being resolved by negotiation, facilitated by the one
central timetabler.  Initidly, when WMS comprised only two depatments and had less than 1000
dudents, the system worked reasonably well. But recently, as the number of departments, courses, and
students increased, the system became more and more difficult to operate. The process took longer and
longer, negotiations became drained, there were increasing complaints from students over course clashes,
and from daff over ingppropriate room dlocations and awkward times. Overdl, there was a feding
within WMS that the timetables were more inconvenient than they needed to be and, in generd, poor use
was being made of the WM teaching facilities.

The formation of the WMS timetable committee triggered some dgnificant changes in the way that the
WMS timetable was produced. At the outset, there was an agreement between WMS and the central
timetablers that the firs draft of the WMS timetable would continue to be produced by WMS, and that
WMS would continue to have firg priority over the use of its teaching rooms. The WMS timetable
committee would devise a complete WMS timetable for submisson to the centrd timetablers as a
coordinated request, with the expectation thet it would be incorporated into the university timetable with
little dteration. Any dterations that were necessary would first be negotiated with WMS.

The committee fdt that the procedure used in the past should be continued, but based on a more
comprehensve dot system. In addition, a Decison Support System (DSS) should be crested to keep
records, check for inconsstencies, and provide suggestions and aternatives when required. The DSS
would be desgned to facilitate both the modification of a previous timetable, and dso the credtion of a
completely new timetable. To minimize the committee members time, it was agreed that meetings
would be held only as needed, and that the committee chairperson, aided by the DSS, would devise the
timetable by consulting with each depatmental representative individudly. The representatives would
provide the chairperson with their depatments timetable needs a each levd, dong with preferred dots
and rooms.

It was decided that, for timetabling purposes, the priority of courses should be the compulsory first
year courses, dl other compulsory courses, remaining second year courses, remaining third year courses,
remaining fourth year courses, and dl graduate courses. At each leve, clashes would be resolved by
negotiation, facilitated by the chairperson, before consdering the next level of courses. As the timetable
was built up, a read-only verson of it should be included on the WMS website to enable teaching saff to
view the tentative assgnments made at each leve, and to make observations to their departmentdl
representative. The DSS would aso provide displays of timetables for individua teachers, groups,
departments, and hours of the day, as wel as various ligs and datigtics, showing dot details for
undergraduate and graduate courses, and the utilization of individud rooms. We shdl now discuss the
individual components of the DSS that was developed, and its implementation.

3. The Decision Support System: SlotM anager

Although the DSS, which is cdled SotManager, has been developed specificdly for use by WMS
timetablers in the condruction of the School’s teaching timetable, it is potentidly much more generdly
goplicable. The only congraint on its use is that the timetable operates on a dot bads, but there is no, a
priori, fixed definition of the dot dSructure, which can be fredy and easly changed to suit different
requirements. During the two main semedters, different dot systems are used by WMS for undergraduate
courses and for graduate courses, and the DSS must ded with them smultaneoudy to devise a timetable
for each semedter, and to check for conflicts. It is possble to define each period within the week as a
unique dot, so that classes can be timetabled on a period- by-period basis.

SotManager is made up of three components. the database, the user-interface, and the modd base, as
illusrated in Figure 1. The sygem is written in Microsoft Access, within the Microsoft Windows



environment, to operate on a PC. The objective is to accept necessary information from a variety of
sources, to organize this into relevant database files and tables, to congtruct progressively a feasble (i.e.
clashfree) timetable for the semester concerned, and to dlocate dl courses to suitably-sized rooms. At
any dage, the information processed to date can be displayed and printed in a variety of formas to
provide relevant user information, reding to daff and dudent timetables, room dlocations, dot
structures, and classes on a period- by-period basis.

SotManager Timetable Planner

!

Database User-System Interface Mode Base
Teaching staff Slots Room clashes
Slots Programmes Capacity violations
Programmes <4—» Courses <4—» Programme conflicts
Courses Rooms Teacher conflicts
Rooms Bookings Under utilization
Bookings

Figurel: The gructure of the four main components within SotManager

The system comprises a series of modules, which are described in detall later in this pgper. Each
module is accessed from the master screen and provides access to an appropriate set of procedures, which
ae entirdy mouse-driven, for inputting relevant information, alocating classes to periods and rooms, or
outputting the results in a variety of formas The datdbase component, which holds dl this information
inaset of inter-related tables, is described in detall in the following section.

If an infeasble alocation is proposed, this will be because either: another course involving the same
teacher or another course with significant student overlap has aready been assigned to that dot, the room
chosen has dready been assigned to another course, or the room is not big enough. The system indicates
the nature of this conflict and, using the modd base, suggests a range of dterndive actions. These are the
various dternative feasble dots and rooms to which the current course could be assigned, or possble re-
assgnments of a previoudy assgned course with which the current course is in conflict. This is
discussed in more detaill in a later section. It should be emphasized, however, that the system never
makes any dlocations autometicaly, but merely suggests a range of feasible actions based on gppropriate
rules. The decison to make or accept a suggested dlocation is dways left with the timetabler.

3.1 Thedatabase component

At the heart of the database is a Bookings table within which the timetable detalls are compiled and
dored. This table contains the basic information that defines the timetable for a specified year and
semedter, namely the day and time that a particular course meets, and in what room. In addition, this
table must dso capture any piggybacking arrangements that relate to this course. Apart from the year and
semester concerned, dl the information in this table relates to other tables in the database. For example,
the room information is drawn from a Rooms table containing the room number and capacity of al UW
teaching rooms, and the course concerned is specified in a CourseDetail table, which draws some of its
information from the WMS main database.
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Figure2: Database Reationships

The pre-exiging course information that is hed in the WMS main database is shown in Fgure 2 as the
Course table. Some of this information, such as the course start and end dates and description, is not
needed by SotManager, dthough it could be accessed if required, usng the unique course identifier
CourselD. The other important course information thet is held in the CourseDetail table is an Estimate of
the course enrollment, the Kind of class in question (lecture, tutorid or computer laboratory), and any
Sreams tat exist for this course. It is dso possble to identify the teacher responsble for each course
(Leader) by reference to the CourselLeader table which links to another file in the WMS main database
that contains the details of al WM S teaching staff.

The information about the timing of any dass is drawvn from a Sot table, which in turn is compiled
from a series of input tables that define the SotGroup, SotYear, SotDay and SotHour. SotGroup
dlows any number of sets of dots to be specified corresponding to different groups of students such as
undergraduates, graduate students, and summer school, and SotYear permits these sets to vary from year
to year. An individud record in the Sots table will therefore define a particular period for some group of
sudentsin a particular year.

3.2 Themodd base

SotManager was originaly concelved as acomputer based system to aid the process of alocating courses
to dots and rooms by keeping records of various aspects of the dlocation and facilitating the printing of a
vaiety of reports. Theonly ‘inteligence’ initidly built into the sysem was the ability to detect

conflicting alocations where:

A room was being dlocated to more than one class at the same time, or
A room was being alocated to a course whose enrollment exceeded the room capacity or
A course leader was being timetabled to teach more than one class a the same time.

In particular, there were no suggestions as to how a conflict might be resolved, which was Ieft to the
experience and ingght of the timetabler. However, during the evduation of the initid prototype, a
number of suggestions were made by the timetablers as to how the mode base could be extended to
examine additiona features of a proposed dlocation and to give a variety of suggestions on how conflicts
might be resolved.



The incorporation of such suggestions is dSgnificantly more complex than Smply detecting that a
conflict or violation exists. For example, when a room clash is discovered, there are usudly dternative
rooms available a the relevant time, but these rooms may not be equdly suitable. In particular, they will
vay in ther capacity, type, and location. The dternatives must therefore be filtered in some way to Sift
out the inappropriate ones, and those remaining should idedly be ranked in decreasing order of
auitability.  After detailled discusson with the timeteblers, an extensve rule base was incorporated to
replicate the factors that timetablers would consder when sdecting an dternative room from those
avalable. Thus SotManager includes some features of an expert system. In those ingtances where the
rule base would have filtered out dl available rooms, the system preserves the best of these so that a least
one aternative can be offered, but its unsuitability, for whatever reason, is flagged.

In a dtuaion where the competition for teaching rooms is acute, particularly for large rooms in the
more popular dots, it is important that such rooms be used efficiently. It was therefore fdt to be
aopropriate not only to sgna violations of room capeacity, but aso to indicate where a room is being
dlocated which is ggnificantly larger than is required to accommodate the anticipated number of
dudents.  This is not a ample issue, in that under-utilization can be measured in various ways, and
different messures are appropriate for different rooms. For very smal rooms, there is generdlly no need
to sgnd under-utilizetion a al, whereas for the larger rooms it is usudly a percentage utilization factor
that is appropriate. For medium-szed rooms, the utilization measure should aso take into account the
actud number of seats unused. Again, a rule base was developed which sgnds when the dlocated room
might be too large, and proposes, where possible, arange of dternatives.

The course leader information described earlier is used to identify when more than one course,
involving ether the same teacher or the same group of students, has been alocated to the same dot. In
ether of these cases one of the conflicting courses must be moved to an dternative dot.  In passing, it is
worth noting that the concept of a “group”’, comprising a number of courses being taken by the same
group of students, can be introduced and used quite flexibly. It may comprise a group of courses within
one year of an actua degree, or across a number of years when the courses may be taken at different
dages. In some cases, however, a ‘group’ is smply an atificia congruct to group together a set of
courses that, for avariety of reasons, it isinconvenient to timetable smultaneoudly.

Finding an dternative dot for a conflicting course is in a sense, Imilar to the tak of finding an
dternative room in the case of room clashes. The sze and location of a room is analogous to the structure
of a dot and its podtion within the week. Finding an dternative dot requires one tha is ‘smila’ in
dructure and timing to the one originaly dlocated. The sructure of any dot is defined in terms of its
pattern of single, double and triple periods, as described earlier, and it is assumed that any aternative dot
proposed should, if possible, have the same dtructure as that origindly requested. If this is not possible,
an dternative structure has to be used, but one that is close to the origind. For example, if a (1,1,2) dot is
required and none is available, then the closest Structure is deemed to be (1,2,1) followed by (2,1,1) and
findly (22). A digance marix is used to measure the proximity within the week of dl dots of a
particular structure, and the possble dternatives having the same (or the nearest available) structure are
listed in decreasing order of proximity.

In trying to resolve any of the conflicts, the search first consders dternatives for the course currently
being timetabled. If none of these dternatives is attractive, the timetabler can use SlotManager to display
dternative rooms and dots for the previoudy dlocated course with which the current one is in conflict.
This introduces a limited amount of backtracking into the modd base, but this is invoked only if the
current course cannot be satisfactorily accommodated. 1t would be possible, in principle, to build in more
levels of backtracking, but experience in usng the system indicaes that it is dmogt dways possible to
resolve conflicts with just one leve of backtracking, dong with the timetabler’ s judgement.



3.3 Theinterface component

As previoudy dated, SotManager comprises a number of modules that facilitate the acquistion and
organization of information relating to: PROGRAMMES, SLOTS, COURSES, ROOMS and
BOOKINGS in any year. The modules contain various procedures for inputting and outputting
information, dthough the PROGRAMMES and ROOMS information tends to be reasonably datic from
year to year. The SLOTS and COURSES information usudly requires a smal amount of updating each
year, whereas the BOOKINGS data can be expected to change substantidly year by year. The first four
modules are reasonably independent of each other, and so can be used in any order, but the BOOKINGS
information for any year is usudly inputted only after the other modules have been used to incorporate
any changes that are necessary.

The BOOKINGS module is used to create the Bookings table described above. In particular, new
bookings are added to the file by dlocating a chosen course to a timedot and room for a selected year and
semedter.  The table may be displayed by room, course, time, or department, and reports can be printed by
room or course, showing the dlocations that have been made to date. An illudration of a typica screen in
the BOOKINGS moduleis shown in Figure 3.

Bookings: 1999

oo | Sermester | anyr | Hour | oL se | P ooy
> - = [ T=Ta] Sam 03541 2095 [=*]) 1
LT A, T Sam 0541 209= [(FP*) 1
LT A, VWecd Sarm 0541 209= [(F*) 1
LT s Fri Sarm 0541 209= [(F*) 1

by B oom by Course by Time by Dept
Bone Add Mew = By Room T
— Booking L by Course —

Figure 3: The BOOKINGS menu showing the various display dterndtives available.

The PROGRAMMES modue defines the various student groups (undergraduate, graduate, and summer
school) being timetabled. The master screen dlows any one of these groups to be sdected, dong with the
year to be timetabled. The PROGRAMMES module displays lists of al necessary groups of courses that
must be timetabled separately. This enables both new groups to be inputted and the course ligt for any
group to be edited (i.e. courses added or deleted). The centrd didogue box, through which a particular
course can be added to the currently selected group, accesses the master course file in the WMS database
50 that dl of the WMS courses are available for incluson in any group. Both the list of groups and the
course list for any group can be outputted in report form. An example of this display is shown in Figure.



4. As the groups use different dot patterns, the SLOTS module is then used to define the various periods
(day and time) that make up each dot for the sdected group. The only limit on the number of dots that
may be specified is the number of periods in a week. The dot information can be displayed ether
chronologicdly in dot order or in the form of a two-way table, by day and hour. A report of this latter
display can be printed if required.

W aikato Management 5School I

Code | Programime -
| oo Accolmting
[ = L= Bachelor of Communication Studies (A Semester)
|C=R Bachelaor of Communication Studies (B Semester]
ECCar Economic=
ErAFP The Enwironment and Managemeaent Programme -
Add this Couwurse o the currently selected Frogramme: m
Code | Course | wear
M |ozd40rs0c Corporate Finance 19990
=41 209= LA.ococounting and Managerial Deci=ion Making 139939
O=4541 58 Computder Modelling in Fimnance 13993
05425590 Decizion Support ancd Expert Svstems 1999
o=415218 Contemporary lssues in Business Law 1999
L FProgramme
Done Report
= Courses

Figure 4 The PROGRAMMES menu

The ROOMS module alows the list of teaching rooms and capacities to be created, amended, or
printed as required. The COURSES module smilarly accesses the course magter file to permit the
induson of information rdding to dass type, streams, course leaders and estimated enrollments.  The
COURSES module smilarly accesses the course megter file to permit the incuson of information
relating to course type, streams, course leaders, and estimated enroliIments.

4. |mplementation of the DSS

SotManager is implemented within a loca area network that provides access to cetan WMS database
files held on a centrd server. All data, other than that reaing to WMS courses and gaff, is hed locdly
within the system. The DSS was developed using an iterative (prototyping) approach which, according to
Turban [13], “is the most common in DSS development, since the information requirements are often not
known precisdly.” Systematic testing ensured that each module was error-free before additional modules
were incorporated, and that the modules currently in place interfaced correctly with each other.

The need for the involvement and participation of potentid users was recognized from the outset. The
WMS timetable representatives were involved not only in developing the initid specification for the
sysem, but they aso participated in exhaudive testing a each stage. Following the development of the
origind prototype, they gave valuable feedback on the layout of the user-interface screens, and dso made
suggestions for additional options and features that should be incorporated to support al aspects of the



timetabling process, as discussed earlier.  This lead to minor changes in the dructure of the files that
make up the SotManager system and, more sgnificantly, to the facilities provided within the mode base.

SotManager does not automéaticaly generate timetables that attempt (and most likely fail) to saidfy dl
the various condraints and complicating factors that will inevitably exig in any practica timetabling
Stuation. Rather, the purpose of the DSS is to assist an experienced timetabler to alocate courses to both
rooms and dots when producing a timetable, either from scratch or by modifying an exiding timetable.
As a consequence, SlotManager does not have a mahematicadly complex mode base that uses
sophisticated procedures to attempt to replicate the expertise of the timetabler. In practice this is likely to
be difficult, if not impossble to achieve, and even if it were achievable in certain Stuations, it may be
counter-productive, because experienced timetablers are often reluctant to accept the solution of a mode
or process that they do not understand.

SotManager includes dl of the characteristics of an effective DSS from the generic DSS framework
proposed by both Sprague & Carlson [11] and Turban [13], namely:

It supports, but does not replace the decison-maker. It should therefore neither try to provide the

‘solution’ nor to impose a predefined sequence of anadyss,

It supports a semi-structured decision where parts of the analyss can be systematized for the computer,

but where the decison-maker's insight and judgment are needed to control the process,

It combines moddlling techniques with databbase and presentation techniques,

It emphasizes ease of use, user friendliness, user control, flexibility and adaptability,

It supports dl phases of decision-making, and

It interacts with other computer-based systems to download and upload information.

SlotManager has been in use within WMS for many years and is now accepted as an integra part of
the timetabling process. The time spent by the timetablers in developing the timetable has been reduced
ggnificantly, and the efficiency of the record-keeping and report preparation has been grestly improved.
The cregtion of the timetable is gill largdy a judgmental process, but one which is now undertaken more
professondly, and which, as a consequence, gives rise to far less dissatifaction from both saff and
students, and leads to more effective and efficient utilization of teaching rooms.

4 Summary and conclusions

We have described a DSS that has recently been developed and implemented at the Waikato Management
School to improve the timetabling process.  Although it has been developed in the context of a particular
universty and school, the only sgnificant condraint on its generd gpplication is that the time periods
being timetabled are divided into dots. SotManager was designed to assist timetablers a every stage of
the timetabling, but does not automate the process. Rather, it heps timetablers by providing powerful and
wide-ranging tools to: designate the required dots, adlocate courses to feasible dots and rooms, and cresate
awide variety of reports on the outcome of the timetabling process.

In generd, DSS benefits are often uncertain and difficult to assess.  With the prototyping approach,
where development is evolutionary, this is especidly so. The ongoing changes to the education system,
and the continuing search for greater efficiencies and effectiveness in the use of both gaff time and
physical resources, make it even more so. The true vaue of a DSS is whether it improves both decison
makers effectiveness and the quaity of the decisons made, which are not easily measured. Therefore
the traditional cost-benefit approach may not be able to capture al of the benefits of a particular DSS. In
our case, however, some of the benefits can be measured, such as the time taken by the timetablers to
produce an acceptable timetable. The system has clear benefits, even if they are not easly quantified.
Usage of the increasingly scarce resource of teaching rooms has demongrably improved, and there is
clearly a greater level of acceptance, on the part of both students and teachers, of the perceived qudity of
the teaching timetable. Furthermore, conflicts over the dots or rooms dlocated to courses are more
efficiently and equitably handled by a sysem that shows the dternatives (or lack of them) that exis. The



‘what-if’ questions concerned with a perceved unsatisfactory dlocation can be much more effectively
explored and, if possible, resolved.

In summary, SlotManager is designed to augment the expertise of an experienced timetabler, usudly in
a dtuation where timetables evolve from one year to the next, rather than being created, ab initio, on each
occasion. The reactions of experienced timetablers who have used SotManager have been, on the whole,
positive and it is accepted as an indispensable ad to timetabling & WMS.
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