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Abstract

This article presents a literature review of the
current state of staff scheduling, in particular nurse
scheduling. In current health care service, the
critical problem in nurse scheduling in a hospital is
how to determine day-to-day shift assignments of
each nurse for a period of time in a way that
satisfies the given requirements of a hospital. As a
basis, the formal analysis of the problem is
performed and a general scheduling procedure was
established. Based on the method, a word processing
template or software system which produces a
scheduling program for a given institution was
developed. Another objective of scheduling is
optimization. Optimization of personnel scheduling
consists of the selection of those work patterns that
meet total work requirements at the lowest cost.
Various approaches to alleviate the scheduling
guagmire while attaining optimization are presented
in this paper. Analysis of each of these approaches
along with their effectiveness is presented. We
anticipate that one of these approaches researched
will provide the backbone to develop a system
suitable for use at Duke University's medical
oncology department.

1 Introduction

1.1 Why Scheduling?

In today's medical environment of cost
containment  and restricted reimbursement,
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importance is placed on the maximum use of facility
and personnel resources. [1] One of the most obvious
areas in a hospital environment is the automation of
appointment and resource scheduling. In our case,
resources will refer to nurses. It is not aways
realized that nursing costs account for 50 percent of
total hospital costs. It is even more rarely appreciated
that the manner in which nurses are deployed has a
significant impact on a hospital's operating budget.
Scheduling has a significant impact not only on costs
but also on nurses' job satisfaction. [2] In scheduling
nurses, a variety of factors, including the following
must be satisfied simultaneously, 1) night shifts must
be assigned to each nurse equally, 2) individua
preferences should be taken into account as much as
possible, 3) a proportionate number of skilled and
unskilled nurses must be in attendant at any given
shift. Cyclical scheduling has its own merits [3]~[6]
but its applicability is very limited. The concept of
this methodology is to design a working pattern that
may be repeated for every scheduling period. This
reduces the amount of time spent on arranging the
schedule, however, the scheduling of nurses involves
many circumstances that cannot be confined in such
arigid pattern. The inflexibility of this method limits
it applicability. Miller et al. and Warner et a. have
applied mathematical programming models [7]~[9]
and Arthur and Ravindran and Musa and Saxena
have proposed a goal programming model [10, 11].
Ozkarahan developed a methodology to obtain
flexible work schedules through alternative
mathematical models [12]. Smith et a. adopted a
heuristic approach to the problem [13, 14].



1.2 Why Automate?

Nursing administrators consistently bemoan
the time-consuming process of manual scheduling. It
is inefficient and economically unsound for the head
nurse to spend so much time and effort to arrange
the schedule. [15] To begin the discussion on current
approaches we must recognize overwhelming need
for automation and widespread use of automation.
Nowadays, nursing managers practice enterprise-
wide automated resource management across
networked departments. This is a tool that saves
time, money, and headaches. [16] Implementing an
automated scheduling system can:

dramatically decrease in the amount of
paperwork and record keeping.

improve information flow.

alert management to necessary staffing adjust-
ments.

categorize staff by position and qualification,
blending information from an enterprise
perspective.

allow managers to use their own "mission-
trained" staff throughout their network of
facilities.

Automated scheduling system can be integrated with
clinical information systems to provide up-to-the-
minute staffing requirements based on patient census
and acuity. [16]~[18] Enterprise-wide resource
management systems contain a variety of
components, but the component we axe most
interested in is the scheduling component. When
selecting an enterprise-wide resource management
system, the scheduling component must:

have a flexible, user-friendly design with point-
and-click simplicity.

apply staff's schedule preferences and requests
automatically

track staffing totals and targets smply and
clearly.

work to meet staffing targets.

By beginning to reduce the time spent each
day on scheduling and making changes to staffing,
nurse managers can better use the strengths of their
vast hedth care networks. Ultimately it has been

found that automated staff scheduling is one of the
most desired components of  management
information systems.

1.3 Implementation

Implementation begins with a thorough
detailed system design, consultation with the users
and finaly, planning, development and
implementation of the system. Nurse administrators
axe vital from beginning to end in terms of the
decision making about installation of computerized
systems in facilities, knowing the manual system,
analyzing data and identifying and differentiating
systems. Some critics warn that the human touch
associated with medicine will be gone, and it will
become stale and impersonal. Others believe the
exact opposite is true, where computers are assigned
only for the laborious time-consuming tasks such as
scheduling and this will not change. In the next
sections, we will discuss the prevalent methods used
in the medical environment for scheduling nurses
while taking into account preferences, patient
census, and how different scheduling practices affect
nurses' satisfaction and retention.

2 Current Approaches

The approaches we will discuss in the paper
are automated in some way shape or form based on
the institution's needs. Jelinek describes staffing as
the process of determining the appropriate number
and the mix of nursing resources necessary to meet
workload demand for nursing care at the unit or
departmental level. [19] Taxonomy of nurse staffing
approaches has been identified. This includes, 1)
consensus approaches, including the use of intuitive
and consultative method, 2) top-down management
approaches, including the wuse of nursing
interventions and patient dependency approaches.
Each approach has its own advantages and
disadvantages and can be used in combination with
each other. In some cases time and motion studies
were employed for calculating hours of nursing care
associated with each patient category to determine
the number of hours of nursing care needed to meet
nursing care requirements. As scheduling systems
have been used over time, they have not been
updated with regard to the number of hours of
nursing care needed to care for patients in different
categories based on new technology and approaches
to nursing practices. [17] Scheduling approaches
that focus on a single index of productivity should be
avoided because of the inability of most systems to



capture the complex interacting nature of scheduling
situations.

2.1 Mathematical Programming Models

2.1.1 Linear Programming

Linear Programming (LP), a powerful
mathematical tool has been the topic of severa
papers [2, 15, 20] for scheduling optimization. It has
long been used in industry to maximize benefits and
minimize costs. This process can maximize
employee satisfaction and minimize costs when
applied to nursing scheduling in a two-stage process
of optimization. [21]~[23] Previous attempts have
failed to accommodate the varying requirements of
different hospital settings or the diverse preferences
of nurses. The first step in optimization is to
determine the preferred work patterns of individual
wards. Harmeier says the first step in optimization is
to construct a matrix that describes the objective of
the optimization as well as the constraints that apply.
[20] The second step of optimization, employees bid
for the patterns of their choice on the basis of a
Seniority Performance Indexes, which can be
assigned permanently or rotated among different
employees.

Harmeier's paper used an LP optimizer
named OPTIMUM that runs on a standard IBM or
IBM compatible microcomputer having at least
512K of RAM. The LP optimizer works in
conjunction with Lotus 1-2-3 for manipulation of
input data and report writing of results. He uses the
matrix to lay out a plan for each of the problem
constraints to be modeled as linear equations.
According to his paper, the LP optimizer OPTIMUM
met al staffing requirements and yielded a
significant cost savings. Both studies have touted LP
as not only a cost effective procedure but aso as
having the ability to be flexible enough to respond to
changes in census and staffing levels.

2.1.2 Expert-System Based

Chen developed a hybrid expert system
entitted NURSE-HELP to achieve flexible and
effective scheduling for nurses. [15] It is designed
for decentralized scheduling of nurses, where each
unit is responsible for its own scheduling task. So far
we have talked about mathematica models using
linear programming and heuristic based models.
Chen delves into a new approach that combines
these two methods discussed. Most of the previous

systems do not consider ergonomic criteria, which
Chen believes is essential when developing a
computer nurse scheduling system. The hybrid
expert system developed combines the expert system
together with the linear zero-one goal programming
to solve the nurse scheduling problem. Goal
programming is a techniqgue that solves
multiple-objective programming problems. Linear
zero-one goal is a particular type of programming in
which all the decision variables axe either zero or
one and where al the goas in the model are
represented by linear equations. Most hybrid expert
systems work in two phases. The results obtained
from the first part will be transferred as input for the
second part. Knowledge acquisition for the expert
system is from mainly the public domain, Le, books
and articles and a series of interviews with head
nurses at the Veterans Administration Hospital in
Houston. Knowledge representation in
NURSE-HELP adopts a rule-based system, which is
the most popular and straightforward approach.
NURSE-HELP, after system performance validation,
has proven itself to be able to design quick and
accurate nurse schedules, while incorporating all the
ergonomics guidelines into the hybrid expert system.
Advantages and disadvantages will be discussed in
the next section.

3 Heuristic Approach

In the case of Okada, a heuristic approach
was presented which was thought to be more
appropriate than mathematical models. [24, 25]
Various types of constraints were integrated in the
scheduling problem, and among them, constraints on
role patterns and individual preferences were two of
the most important factors which often conflict with
one another. Okada made a formal analysis of the
problem, applied language theory, and established a
general procedure which controls the generation of
the role sequences under given constraints on role
patterns where individual preferences are reflected as
constraints on role sequences. A software system
which allows the user to declare institution-specific
requirements involved in scheduling was devel oped.
A large number of studies have explored the effects
of shift work on peoples well-being and health
[26]~[28], and there is now convincing evidence that
biological clocks reset with difficulty [29, 30] and
long-term exposure to variable work schedules
results in an increased risk of various disorders. For
example, the initial constraint declaration is as
follows: Let S denote the set of symbols which stand
for the possible roles. Let the roles night shift,
evening shift, day shift, day off, and officia trip be



denoted n, e, d, o, t; respectively. Then we have S=n,
e, d, o, t. day-to-day role sequences may then be
represented as strings consisting of symbolsin S. In
the formulation of language theory, the set of all the
possible sequences forms a language L, and L is
specified by the gram max G corresponding to the
constraints on the role patterns. Given multiple
reguirements each is represented as a binary relation
(a rule in Prolog) which determines, for two given
nurses, which is preferred over the other. Individua
preferences and best team member criteria are
configured into role sequences, which are then
implemented into the software system. The system
passed the initial validation stage, which was a
5-month period in one unit of a hospital. All
requirements, including individual preferences,
equality of workload, composition of staff members
were met.

4 Analysis

In this paper we have discussed the various
systems that exist in the market for the sole purpose
of scheduling [31]. Since the 1970s widespread
computer use has given experts new insight into
tackling the problem. Mathematical modeling was
tackled by one group (e.g. linear programming), [7,
10, 11] to obtain an "optima solution". Another
group tackled heuristic models to obtain good, but
non-optimal solutions [24, 32]. Both mathematical
and heuristic models improve the flexibility of the
scheduling process as compared with the cyclical
scheduling method. There are, however, limitations
to both of these approaches. Mathematical models
ignore ergonomics criteria (e.g. forward rotation,
shift preferences). Those scheduling models concern
only guidelines such as meeting minimum staff level
and minimizing overtime work. One has to consider
human physical limitations [15], and lack of
consideration for these ergonomic criteria can lead to
overall job dissatisfaction. For example the zero-one
goa programming developed by Musa and Saxena
consider the minimum staff level, contracted
working hours, three consecutive days off, and
weekends off only. [11] The quality of the schedule
is reduced despite giving us the optimal solution. It
is also difficult to define the concept of "optimal
solution” in a strict sense. Experts claim that some
constraints are ambiguous and may be different from
one nurse to another. Therefore, it is not clear to
what extent they should be satisfied. The heuristic
solutions have no benchmark to test their solutions.
The ergonomics approach discussed by Chen doesn't
integrate full-time and part-time nurses. [15] It's also
decentralized so that resources cannot be shared by

different units unless explicitly notified. With the
various scheduling techniques available, each is
tailored to a specific ingtitution. We can safely say
that it is up to that institution's Resource
Management team to find a suitable approach which
will yield the best results for them based on their
resources and requirements. The approaches we have
discussed in the paper are overwhelmingly
computer-based. Some are as simple as using a
spreadsheet type format, while others integrate
expert system with linear programming techniques.
Computer-based scheduling saves time in planning
and budgeting. Although it may take some time to
format the original program, once the initial format
is complete, it can be copied for other units or
departments, or even for an entire nursing division.
Many elements still exist outside of implementing
computerized scheduling, like training the staff, and
dealing with glitches.
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