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(ABSTRACT)

This thesis presents a methodology for determining faculty/course as-
signments based on preferences for the goals faculty members feel are
important and seek to attain in selecting the courses they would like to
teach. The heuristic procedure seeks to maximize faculty goal and pref-

erence attainments for the courses.

Several operations research techniques have been used to solve this
problem, but limitations of the techniques minimize their usefulness. A

discussion of these techniques and their sources of information are given.

The assignment model uses faculty preferences for courses based on
course-specific goals, faculty availability, and maximum teaching load

as constraining factors.

The model was implemented using three Advanced BASIC programs with
interactive capability. The model was tested in the Department of In-
dustrial Engineering and Operations Research at Virginia Tech. System

analysis was performed utilizing pre-test measures of satisfaction with



the teaching assignments determined by the current scheduling system and
post-test measures of satisfaction with the teaching assignments deter-
mined by the proposed scheduling system. An analysis of the results is

included.
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1.0 CHAPTER 1. INTRODUCTION

Decision making, as an activity, must be carried out within the framework
of organizational goals [12]. The extent to which those goals are met
is the performance measure of the decision making activity [16]. For an
optimal decision to be reached, the objectives or goals must be clearly
identified and relationships between relevant variables must be explic-

itly analyzed [16].

The assignment of faculty members to teaching schedules is just one of
many such decision making activities. Specific goals are identified by
faculty members and limited by both administrators and students. Faculty
members seek attainment of personal and professional goals through the
courses they teach. For example, certain courses relate to their current
research interests, have the "excellent" students in them, are small
enough for a tutorial environment, and are offered at the '"right" time
on the "right" day. Administrators must face organizational goal
achievement while satisfying all individuals concerned; they determine
the decision rules and give final approval to schedules. Students have
curriculum requirements to meet which place limitations not only the

courses which must be taught, but when those courses are taught.

Basically, the problem consists of the decision maker trying to satisfy
multiple conflicting goals given a variety of input factors, such as:

departmental decision rules, faculty course preferences, current course
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offerings, who will be available to teach, and how much time additional
faculty responsibilities consume. This is not an easy task; an aid to

assist the scheduler is needed.

1.1 PROBLEM STATEMENT

Current solution procedures for the faculty/course assignment problem

neglect:

1. specific and reliable methods for determining faculty member prefer-
ences for teaching courses;
2. interactive scheduling capabilities for computer-based solutions; and

3. micro-computer application packages.

Consequently, far too many hours are being spent determining near-optimal
faculty teaching schedules [22]. Additionally, faculty dissatisfaction
may increase in such a situation. In fact, some of the faculty members
interviewed prior to the case study were not completely satisfied with
their assigned schedules; some of this discontent may be related to cur-
rent course preference assignment techniques [23]. A system designed to

overcome these problems is needed.
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1.2 OBJECTIVE OF THE RESEARCH

The objective of this research encompasses determining a methodology to
overcome current problems of the faculty/course assignment process, to

include:

1. defining a technique to determine faculty goals upon which they
determine/evaluate their course and schedule preferences;

2. determining a methodology to accurately reflect the value faculty
members place on their course preferences;

3. maximizing faculty goal and p;eference attainments for courses uti-
lizing an iterative heuristic procedure; and

4. developing an interactive, micro-computer based system to support the
scheduler in his duties, leading to the reduction of time spernt

identifying alternative, near-optimal solutions (schedules).

1.3 INTRODUCTION TO THE SYSTEM

Scheduling is the allocation of resources over time to perform a col-
lection of tasks [3]. The system under consideration is the assignment
of faculty members to their courses, a subset of scheduling.
Faculty/course assignment requires the allocation of scarce resources
(faculty members) involving discrete units [12]. With respect to other
scﬁeduling systems, the faculty/course assignment problem has both simi-
larities and differences. For example, in a job shop, the objective is

to optimally schedule n jobs to m machines, where the jobs may or may not

CHAPTER 1. Introduction 3



change. In the faculty/course assignment problem, n courses are optimally
scheduled to m professors. However, it is the resources (faculty members)
which may change depending on their preferences, goals, and
turnover/retention rates; the jobs (courses) remain the same with respect
to the limited number of courses offered by a department. Aggarwal [1]
provides an excellent comparative study of scheduling systems in the
service industry, the classification under which faculty/course assign-

ment exists.

1.4 ASSUMPTIONS

The following assumptions were made in the development of the system:

®* ‘- a maximum of fifty faculty members per department;
. a maximum of two hundred courses per department (including sectiomns
of courses); and

. a maximum of fifteen goals can be optimized.

1.5 DEFINITIONS

The following terms are referred to in this thesis:

EFFECTIVENESS RATING:

A rating which indicates the value placed on a faculty member's level of
knowledge and his ability to convey that knowledge to his students. The
rating may be determined by a variety of methods, e.g., committees, stu-

dent questionnaires, or peer reviews. Although the rating is often
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measured on a course-by-course basis, it is typically indicated by an
overall effectiveness rating.

GAMING:

Attempts made by the faculty members to "out-guess'" the system using a
particular strategy in hopes of being assigned only certain courses.
OBJECTIVES:

The direction "to do better" as perceived by the decision maker. For
example, Multiple Objective Decision Making (MODM) problems involve the
design of alternatives which optimize or "best satisfy" the objectives
of the decision maker [13].

GOALS:

What is desired by the decision maker, expressed in terms of a specific
state in space and time. While objectives give the desired direction,
goals give a desired level to achieve. This distinction is often blurred
in the literature, and the two words are often used as meaning the same
[13].

PREFERENCE:

The indication of desire made by a faculty member for a particular
schedule or to teach a particular course.

PREPARATION:

The preparatory work which must be done by a faculty member prior to
teaching a course. This includes preparation of teaching notes, visuals,
and homework assignments. For example, if Course X has been taught by
Professor Y previously, this implies that little preparation would be
needed on the part of Professor Y prior to teaching that course again.

However, if Professor Z has never taught Course X, significant effort

-
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would be required by Professor Z to effectively and efficiently teach
Course X. The importance of the preparation concept to faculty/course
assignment 1is that, assuming a maximum teaching load per term of two
courses, if Professor Z is given a new course to teach, his other course
should be assigned on the basis of his familiarity with it so as to .reduce
his preparation load. Good preparation typically leads to a better man-

aged and more effective course.

1.6 OUTLINE

Chapter 2 presents a review of the literature including appropriate
techniques, theories, applications, and similar assignment situations
with respect to system characteristics; Chapter 3 presents the methodol-
ogy taken by this research; Chapter 4 presents the case study; Chapter 5
reflects the application of theories and techniques to the case example;
Chapter 6 presents the case analysis; and Chapter 7 provides summary

conclusions and suggests recommendations for further study.
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2.0 CHAPTER 2. LITERATURE REVIEW

2.1 FACULTY ASSIGNMENT MODELS

Sometimes, scheduling is purely a matter of allocation and does not re-
quire consideration of sequencing decisions. In such cases, mathematical
programming models can be used to determine optimal solutions [3]. The
faculty/course assignment problem has been approached from a variety of

angles within the Operations Research (OR) discipline, including:

. zero-one integer programming [7] [10] [20] [21],
. network optimization [9],

° Ford-Fulkerson dual transportation algorithm [2],
i revised SIMPLEX algorithm [4],

. linear programming [12] [18],

4 goal programming [12], and

d mixed integer programming [12].

Although not specifically examined here, there exist a number of other
techniques that have been used to solve this problem. A review of the
literature reveals those aspects of the problem which have been studied

as well as the techniques utilized.

To the best of this author's knowledge, the first published work in

faculty/course assignment techniques is that of Andrew and Collins [2],
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in 1971. Andrew and Collins formulate the problem as a special trans-
portation system, and maximize faculty member course preferences and ef-

fectiveness.

In determining faculty preferenée ratings for each course, each faculty
member rates every course on a scale of zero to one hundred. Two case
examples are used to illustrate the possible effects of preference indi-
cations to help prevent gaming by faculty members attempting to '"beat"

the system.

Effectiveness ratings are determined by a committee using the same scale
as that for the preference ratings. However, in the problem formulation,
the effectiveness rating is determined for each course, i.e., it is
course-specific, meaning that if a faculty member has not taught a par-
ticular course, he does not have an effectiveness rating for that course.
No indication is made as to how this situation would be remedied if that

faculty member has a high preference for teaching that course.

Two mathematical constraints ensure all courses will be staffed and no
faculty member will be overloaded. This formulation is limited to a

single scheduling period, i.e., a quarter or semester.

Tillett [21] expands the model of Andrew and Collins [2] to reflect var-
iances in instructor preferences with respect to the number of sections
of a course that may be assigned. Additionally, Tillett increases the

constraint set to include a maximum number of preparations acceptable to
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each faculty member. Tillett's algorithm requires an integer solution
which limits the usefulness of the model for mainframe applications such

as his.

The impracticality of Tillett's [21] model in using =zero-one integer
programming for mainframe computer solutions is the exorbitant amount of
computing time required to solve problems of this size. Breslaw [4]
overcomes this difficulty by utilizing the revised SIMPLEX method. He
ensures integer solutions are achieved based on the structural form of

the constraint set and the orientation of the feasible solution space.

Breslaw discusses administration dissatisfaction arising from the lack
of system interaction. Without this interaction, the opportunity for
achieving a truly optimal solution, both operationally and politically,
is inhibited. Breslaw reduces this dissatisfaction by developing a
package which allows the administration to become actively involved in
the solution procedure. This "interactive" capability is achieved by
programming a complete package: initial processing, linear programming,
final processing, and printed outputs at each stage. Through the use of
error messages, it is possible to discover where no feasible solution
exists. The reports generated upon initial processing enable the sched-
uler and administration to effectively interact during the solution pro-
cedure and to save computer time in attempting to solve problems for which
no feasible solution can be found. Three reports (a listing of course

by faculty and term, a full timetable, and a normalized table of prefer-
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ence values for each faculty member) are generated upon the completion

of final processing.

Breslaw cites the lack of standards, due to differences between particular
assignment problems, as being the source of difficulty in determining the
usefulness of this program. He utilizes both a real world problem and a

hypothetical problem as performance measures.

Breslaw reports that considerable gains can be achieved through the use
of optimization techniques in solving the faculty/course assignment
problem, but without allowing interaction, the gains can only be marginal.
The effectiveness of the interaction is based upon program output that

is simultaneously precise, informative, and familiar to the user.

The dynamic features of the faculty/course assignment problem at the
university level are reflected in the model of Shih and Sullivan [20].
Formulated as a zero-one integer programming problem, it incorporates a
multi-period scheduling technique useful for both long-range and short-
range departmental planning. Shih and Sullivan explicitly include a broad
range of constraints specifically developed to represent this dynamic

situation.

Dyer and Mulvey [9] describe the formulation, implementation, and actual
use of an integrated optimization/information system to aid in the task
of allocating and assigning faculty resources in an academic department.

Based on a network optimization model, Dyer and Mulvey report that the
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model's practical usefulness is dependent upon imbedding the algorithm
within a flexible information system. As a natural extension of the work
of Andrew and Collins [2] and in a similar vein to that of Shih and
Sullivan [20], this general network formulation creates faculty/course

assignments for a full academic year.

The assignment model utilized by Harwood and Lawless [12] is linear pro-
gramming combined with goal programming and mixed-integer programming.
The use of the goal programming technique explicitly provides for conflict
resolution arising from interactive administrative priorities, i.e., de-
cision rules which may or may not conflict with each other. Mixed-integer
programming provides requirements for certain of the variables to take

on only integer values if they appear in the solution.

In an effort to identify the goals typically considered important to
faculty members in the assignment of their teaching schedules, a sample
of faculty members of a large university were surveyed. Based upon a
consensus of the replies, seven goals were considered to be the most im-

portant:

1. consistent observance of expected teaching load;

2. granting individualized requests, i.e., teaching a particular
course, no classes at particular times, etc.;

3. least number of preparations;

4. shortest possible teaching day;

5. maximum assignment of two sections of the same course;
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6. least possible number of teaching days; and

7. minimal assignment of night classes.

These seven goals were then ranked in order of preference by the faculty
and a model was developed to ensure the observance of those goals in order

of preference, as opposed to absolutely.

Absolute goal attainment is frequently difficult to achieve because of
goal conflict. The decision maker must find a way to ensure deviation
from those goals is minimized [16]. Harwood and Lawless use goal pro-
gramming techniques to achieve a near-optimal solution. Goal programming
relies upon the decision maker's ordinal preference for the respective
goals as well as the faculty's aggregate preference ordering of those

goals.

McClure and Wells [18] generate teaching schedules that achieve prior-
itized scheduling goals as determined by surveyed faculty members. The
McClure-Wells model maximizes the sum of all faculty members' utilities
for their schedule assignments, subject to requiring that each faculty
member be assigned only one schedule and that those schedules reflect the
required number of course sections. The decision variables of the
McClure-Wells model represent the assignment of a complete schedule to a
faculty member as opposed to single course assignments. This overcomes
the negligence of course utility interaction effects in the previously
proposed faculty assignment models [2], [&4], [9], [12], [20-21]. The

structure of the resulting model is conducive to existing solution tech-
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niques, e.g., McClure and Wells utilize the commercially available soft-

ware package LINDO for their solution.

Implementation of the McClure-Wells model requires two steps. First, each
faculty member updates a report containing the following information: 1)
the courses offered in the upcoming term, 2) the courses the faculty
member is interested in teaching (with restrictions placed on the number
that may be listed), 3) the minimum and maximum number of hours in a
teaching schedule, and 4) the maximum number of preparations in a teaching
schedule. If any changes are made by the faculty member, new schedules
must be generated. From the list of courses the faculty member requests
or is assigned, all feasible schedules, i.e., those schedules which sat-
isfy the constraints on hours and preparations, are generated by the
computer. The generation of a large number of schedules for each faculty
member is minimized due to the restrictions placed on the number of

courses that can be listed.

The second step of the implementation process requires each faculty member
to assign utility values to each of the feasible schedules. The utility
scale used by McClure and Wells ranges from zero to one hundred, where

one hundred represents the most desirable schedule.
These schedules and their respective utilities are used to update a per-

manent history file to obtain information necessary to generate a perma-

nent editor file of the mathematical formulation. The editor file
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provides the necessary input for the integer programming software package

used to determine the optimal schedule.

2.2 GROUP PREFERENCE DETERMINATION METHODS

Churchman and Ackoff [7] present a method of estimating the values an
individual associates with outcomes (goals) which is applicable to actual
choices or preference expressions of discrete goals. There are three

underlying assumptions of this model:

1. wvalues assigned to each goal can be interpreted as measures of
true importance,
2. transitivity, and

3. additivity.

The intention of this method is to improve the estimates of the goal
values as perceived by the decision maker(s).

The method requires the utilization of two tests for the decision maker,
each contributing information concerning the importance of the goals to
the individual. The first test requires tentative assignments of value
by the individual utilizing an experimenter-assigned scale. Questions
about combinations of the goals are presented to the individual in the
second test, assuming lack of influence of the initial judgments, re-
visions to values assigned in the first test may be required. The ability

to make those revisions is possible with this method.
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Churchman and Ackoff [7] report that replication under controlled condi-
tions is possible, which implies that measures of reliability can be made.
Although this method does not provide any estimate of the accuracy or bias
of the judgments, Churchman and Ackoff found this inadequacy to be common

to all other existing preferencé evaluation techniques.

The method is directed toward .individual evaluations, but is applicable
to groups as well. Two methods, voting and averaging, are discussed by

Churchman and Ackoff for the group decision making situation.

Because decisions often affect groups of people as opposed to only iso-
lated individuals, decision makers must consider the preferences of the
individuals concerned. Farris and Sage [10] present approaches previ-
ously taken to aggregate individual preferences into group preferences.
Additionally, they show the relationship between worth assessment and
group decision making. In defining the group decision making problem,
Farris and Sage develop methodologies for its solution. Their work is
based on a set of conditions which acceptable methodologies should satisfy

and an extension of the concept of single-peaked preferences.

2.3 SUMMARY

As the literature review shows, several attempts have been made at solving
the faculty/course assignment problem. However, there exists a need to
proceed from this point. Following is a summary list of the extensions

to the current literature upon which this research focuses:
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1. To incorporate the work of Churchman and Ackoff [7] into the
faculty/course assignment problem, especially as it relates to de-
termining the goals of the faculty in achieving their optimal sched-
ules.

2. To develop a ranking technique for effective and efficient determi-
nation of faculty course preferences.

3. To develop a heuristic procedure encompassing an interactive, micro-

computer solution technique.
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3.0 CHAPTER 3. METHODOLOGY

3.1 DETERMINATION OF SOLUTION TECHNIQUE TO BE USED

Two techniques to solve this problem were considered: goal programming
and heuristics. A brief discussion of the advantages and disadvantages
of each technique follows; a summary statement regarding the technique

chosen is included.

Because of the nature of the group decision making problem, where absolute
goal attainment may be impossible, the decision maker must be able to
minimize deviation from these goals [16]. Goal programming is a technique
which can be used for some decision processes to ensure least possible
deviation from these goals [9]. Goal programming can accommodate a va-
riety of decision problems, those with a single goal and multiple subgoals

as well as those having both multiple goals and subgoals [16].

Originally introduced by Charnes and Cooper [6], the techniques of goal
programming were further developed by Ijiri [15], Lee [16], Ignizio [14],
and Dyer [8]. The basis of this technique for resolving goal conflict
is the decision maker's ordinal preference for the respective goals. As
a natural extension of the work of Lee [17] and Harwood and Lawless [12],
an interactive, integer goal programming model incorporating a micro-

computer would be an appropriate solution technique.
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