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Abstract
In this paper, we review a subset of the labor scheduling literature and discuss areas where additional
research is warranted. The review, while not exhaustive, concludes that there are still rich research
opportunities to contribute to an already large field. The areas that are still most attractive are those
which provide models that solve more than one phase of the workforce management problem in an
integrative fashion as has been called for by many researchers. We also present an example of an
integrative model found in the literature. In addition, an application area for workforce management
that has received much attention but still provides promising research opportunities is the area of
nurse staffing. With continued nursing shortages, managers are faced with a difficult task of providing
quality care while still maintaining costs.
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1. Introduction:
Workforce management techniques have been studied in
the literature for many years. The abundance of research
is the result of numerous settings where this research
is applicable. This paper provides a brief overview
of existing literature relevant to each phase of the
workforce management process in Figure 1. The main
focus of each section of this paper will be the literature
that deals specifically with the planning, scheduling, and
allocation/ adjustment decisions studied in this research.
The review will show that there are still many areas for
opportunity to study workforce management. In addition,
the assignment of heterogeneous employees to a set of
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shifts remains an attractive research stream, with limited
attention in the literature. Lastly, there has been almost
no research that integrates models across the decision
phases of the workforce management process.
Planning

Scheduling

Allocation and Adjustment
Figure 1 : Workforce Management Framework
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The decisions that make up workforce management can
be categorized as in Figure 1. This figure represents an
adaptation of a three-phase workforce management
framework seen in Campbell (1999) and Abernathy et al.
(1973). There are several decisions made in each phase of
the process and each is dependent on earlier phases. In
addition, each of these decisions is based on forecasted
demand for the services that the employees provide.
The arrows in Figure 1 represent information flows. The
planning and scheduling phases contain decisions made
before the time of service, while the allocation and
adjustment phase contains decisions made at the time
of service.
In the planning phase, the manager makes decisions such
as: how many employees to hire, what level of crosstraining each should achieve, how many to dedicate to
each unit of the company, and how many employees to
schedule for each shift over the planning horizon. The
number of employees needed for each shift is referred to
as the employee requirements.
In the scheduling phase, the manager develops a
schedule which shows when each employee works
over the planning horizon. The scheduling model
developed in this research accommodates employees
that are heterogeneous in terms of skill, availability,
and preference while minimizing schedule cost and
undesirable shifts. As will be discussed later, some
recent research identifies a tradeoff analysis between
the cost and undesirable shifts objectives of the tour
assignment model.
The allocation and adjustment phase deals with real-time
schedule adjustment in order to accommodate actual
demand. Allocation and adjustment can be accomplished
by assigning cross-trained employees to particular units
and transferring employees from one unit to another
when necessary.
2. Planning Literature
2.1 Determining the Workforce Size
The size of the workforce (i.e., the number of employees
on the payroll) must be determined based on anticipated
demand. This decision is based on having enough
manpower to cover the expected employee requirements
Vol:4, 1 (2010)

for each shift over the planning horizon. Other scheduling
policies may place limitations on the number and/or
composition of the shifts each employee is allowed to
work. Several researchers have studied this problem and
presented algorithms that determine the optimal size of
the workforce under various scheduling policies (Burns
and Carter 1985, Burns and Koop 1987, Dijkstra et al.,
1994, Hung 1994, Ikem and Reisman 1990, Koop 1988).
2.2 Determining Employee Requirements
Approaches to generating requirements have dominated
most research dealing with the planning phase of the
workforce management process. The approach used
is dependent on the individual characteristics and
objectives of the company. Service-based and economicbased approaches are most common in the literature.
Previous literature is classified by their approach in
Table 1. Service-based approaches seek to minimize the
employee requirements subject to some minimum service
level. Queueing and discrete-event simulation methods
are most common for this type of approach. Those that
involve queueing commonly use one of Erlang’s models,
e.g. M/M/c/∞ delay model or M/M/N/N loss model.
Call centers have been a favorite area for this research
(Agnihhothri and Taylor 1991; Gaballa and Pearce
1979; Hueter and Swart 1998; Segal 1974; Sze 1984).
Thompson (1993) addresses multi-period impacts of
service to develop employee requirements. Easton and
Rossin (1996) allow for variable service levels by using
a stochastic goal program to determine requirements.
More complicated service systems for which analytical
results are too difficult to obtain are typically simulated.
For instance, Mason et al. (1998) simulated passenger
behavior for two distinct groups, one for departing flights
and one for arriving flights, which were served by the
same staff. These service based approaches are limited
because customer service in a hospital is based not so
much on waiting time but rather on quality of service.
Service based studies that focus on recent legislation
regarding nurse to patient ratios and overtime have
recently appeared in the literature (Wright, et al. (2006).
Economic-based models for determining requirements
also appear in the literature. This approach generates
employee requirements based on calculated opportunity
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costs associated with differences between capacity and
demand. Costs for understaffing and overstaffing must
be readily available for this type of model. Mabert (1979)
used economic criteria in the context of check encoding
operations. These same criteria are used in a call center
environment in Andrews and Parsons (1989, 1993) and
Quinn et al. (1991). Thompson (1995) used a net present
value (NPV) approach to determine the marginal benefit
of adding an additional worker to the requirements.
Approach

Reference
Agnihhothri and Taylor (1991)
Gaballa and Pearce (1979)
Easton and Rossin (1996)
Heuter and Swart (1998)

Service-based

Mason et al., (1998)
Segal (1974)
Sze (1984)
Thompson (1993, 1997a)
Wright et al. (2006)
Andrews and Parsons (1989, 1993)

Economic-based

Mabert (1979)

the employee requirements for each shift at the lowest
cost. Keith (1979) presented a model which allowed
but penalized deviations from the target employee
requirements. The models presented in these two works
provide the basis for most scheduling research in the
literature. A subset of this literature can be seen in Table
2 categorized by the type of formulation. Minimization
of the wage cost of the schedule is the predominant
performance measure for tour scheduling research. In
addition, some authors include a specific consideration
for employee preferences (Miller et al., 1976, Warner
1976). Because of the large scale of most tour scheduling
problems, heuristic methods have been most frequent.
Heuristics range from local search (Henderson and Berry
1976, Keith 1979, Krajewski et al., 1980, Showalter
and Mabert 1988, Easton and Rossin 1991a), working
subset (Mabert and Watts 1982, Bechtold and Brusco
1994, 1995, Easton and Rossin 1991b), and construction/
improvement (Bechtold and Showalter 1987, Buffa et al.,
1976). A review of several tour scheduling methodologies
can be seen in Bechtold et al. (1991).
Type of
Formulation*

Henderson and Berry (1976,1977)

Quinn et al. (1991)
Thompson (1995)

Table 1 Classification of Employee Requirements Literature

Reference

Bechtold and Showalter (1987)
Set Covering
(Dantzig 1954)

Easton and Rossin (1991a, 1991b)

3. Scheduling Literature

Dantzig (1954)

3.1 Shift/Tour Scheduling

Mason, Ryan and Panton (1998)

Employee requirements, as determined during the
planning phase, are typically used as inputs for the
development of the schedule. Schedule development
involves creating a set of shifts (tours) for the workforce
while complying with various scheduling policies that
may exist. The decision variables in the tour scheduling
problem indicate how many workers to schedule for each
period. Therefore, the tour scheduling problem assumes
that labor resources are in infinite supply, which differs
from the tour assignment problem discussed in the next
section. The earliest formulation of the tour scheduling
problem can be seen in Dantzig (1954). This seminal
work involved a set covering formulation that satisfied

Bailey (1985)
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Buffa, Cosgrove and Luce (1976)
Penalty
functions for
deviations from
target staffing
level (Keith
1979)

Keith (1979)
Krajewski, Ritzman and McKenzie (1980)
Mabert (1979)
Mabert and Watts (1982)
Thompson (1990, 1995)
Warner and Prawda (1972)

Table 2 Classification of Shift/Tour Scheduling Literature
* References are categorized by the formulation that is most similar
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Developing tour assignments for a heterogeneous
workforce requires special consideration for each of its
employees. Heterogeneous employees can be unique
in terms of skill level, availability, shift preferences, et
cetera. Only a few papers that consider heterogeneous
employees appear in the literature. Loucks and Jacobs
(1991) presented a construction/improvement heuristic to
assign workers to tasks within a fast food environment.
Love and Hoey (1990) also studied a fast food scheduling
system. They presented two network subproblems of
an integer goal programming formulation, one that
determines employee requirements and one that assigns
heterogeneous employees to shifts. Thompson (1997a)
assigned telephone operators to shifts based on seniority
and preference using a goal programming formulation.
Thompson (1990) studied employees that had limited
availability. Past research dealing with tour assignment
is summarized in Table 3. The first three columns indicate
the inclusion of schedule cost, the use of heterogeneous
employees, and employee preferences. The last column
represents research that integrates more than one phase
of the workforce management process. Wright et al.
(2006) and Wright and Bretthauer (2009) considered wage
cost, heterogeneous employees, employee preference,
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Integrate Multiple
Phases

Employee Preference

Heterogeneous
Employees

Cost Objective

The tour assignment problem is an area of the labor
scheduling research that has not been given as much
attention. In a labor-constrained environment, the
workforce is fixed and each individual must be assigned
a set of shifts for the given scheduling horizon. The
particular setting in which the tour assignment problem
is implemented may include homogeneous (identical)
or non-homogeneous employees (non-identical). When
employees can be categorized into groups with the
same characteristics, a separate assignment problem
can be easily solved for each group. This was the case
with Ritzman et al. (1976) who assigned postal workers
to shifts. They considered different skill levels, but all
employees within each skill group were interchangeable.
When employees have differences, i.e., are not
completely interchangeable, the assignment problem is
more difficult to solve. Heterogeneous tour assignment
has been given limited attention in the literature.

and also integrated decisions across multiple phases of
the workforce management process.
Reference

3.2 Shift/Tour Assignment

Ritzman, et al. (1976)
Malhorta and Ritzman
(1994)
Loucks and Jacobs (1991)
Thompson (1990)
Thompson (1997a)
Love and Hoey (1990)

*

*

*

*

*

*

*

*

*

Wright, et al. (2006)
Wright and Bretthauer
(2009)

*

Table 3 Classification of Tour Assignment Literature

Another characteristic that can make employees unique is
their level of training outside of their normal department
or station. Cross-training, as it is referred to, introduces
flexibility into the scheduling environment. Cross-training
literature will be reviewed in the following section.
4. Allocation and Adjustment Literature
4.1 Allocation of Cross-Trained Workers
Cross-training is a tactic that managers have used to
increase the amount of scheduling flexibility. When
workers are trained in multiple areas, it increases the
number of options that a manager has to create the
schedule. Several researchers have explored the use of
cross-training in various settings. A common result in
most studies showed that marginal benefits associated
with cross-training can be high initially, but diminishing
returns sets in relatively quickly.
Brusco and Johns (1998) evaluated several crosstraining policies in the context of workers in a paper mill.
Campbell (1999) studied various cross-training policies
for use in a multi-department service environment.
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Workers were assigned to departments at the beginning
of a shift. Campbell and Diaby (2002) developed a
heuristic for allocating cross-trained staff with non-linear
departmental objective functions. Brusco et al. (1998)
examined the impact of cross-training on the size of
the workforce. In a multi-location environment, Brusco
& Showalter (1993) presented several staffing models
which allowed cross-trained workers to be transferred
to other locations for which they are trained. Pinker and
Shumsky (2000) caution that efficiencies gained by the
use of cross-trained staff may be offset by decreases
in service quality. They incorporate learning, length of
employment, and cross-trained servers in their system
and show that cross-trained employees may not achieve
sufficient experience to provide acceptable levels of
customer service. They concluded that some mixture of
cross-trained and specialized workers is best. Hopp and
Van Oyen (2004) discuss cross-training in the context
of coordination. Finally, the use of cross-training in the
context of a nurse float pool also appears in the literature.
Hershey et al. (1974) evaluated fixed staffing policies
versus variable staffing policies that included the use of a
cross-trained nurse float pool. Trivedi and Warner (1976)
used patient acuity levels at the beginning of a shift to
determine departmental needs.
4.2 Real-Time Schedule Adjustment
The Real-Time Work Schedule Adjustment (RTWSA)
problem was introduced by Hur et al. (2002). Very little
work concerning RTWSA has appeared in the literature.
The relevant decision is to modify the planned schedule
in real time when the initially scheduled service capacity
becomes asynchronous with forecasted demand.
Modifications may be required as a result of worker
absenteeism, tardiness, or unforeseen variability in
customer demand. Vaughan (1995, 1996) suggested
the use of on-call employees to alleviate understaffing.
These on-call employees were paid a much smaller wage
unless they were called to work. Berman and Larson
(1994) advocated the use of temporary employees to help
cover understaffing. These employees are called only
when needed but are guaranteed a minimum number
of shifts each month. On-call and temporary employees
are short term responses to differences in forecasted
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and actual demand. Easton and Goodale (2002) studied
the importance of planning in advance for turnover
and absenteeism. Their method suggested an increase
in employee requirements to create additional buffer
capacity. Each of these papers presented methods that
involved planning in advance for real time adjustment
of the schedule. Easton and Goodale (2005) focused
on service recovery when absenteeism is encountered.
Thompson (1999) suggested more sophisticated
methods of monitoring demand and the use of many
“action times” (starting or ending time of shifts and
breaks) to better prepare for real-time adjustment. Hur
et al. (2002) explored a variety of options that could be
exercised in real time in the event of both understaffing
and overstaffing. These included modification of shift
start or end times, cancellation or addition of shifts,
reassignment after initial work station assignments, and
changes to employee break schedules.
5. Nursing Specific Literature
The nurse scheduling problem has been a favorite area
that has been addressed by several authors over the
past 30 years. Nurse scheduling, among other service
environments, presents a special case of the scheduling
problem because of the need for workers on a 24-hour
basis. In addition, demand must not be backlogged and
there must be a high level of customer service. Nursing
is also facing a crisis worldwide (Buerhaus et al. 2008).
Table 4 shows past research dealing with nursing. Each
article is categorized by the phase of the workforce
management process it concerns. Much like the general
scheduling literature, the nurse scheduling literature is
also dominated by the use of homogenous employees.
Early nurse scheduling research explored fixed (Stimson
and Stimson 1972) and variable (Hershey, et al. 1974)
staffing policies. Fixed staffing only considered full time
employees that worked the same time each day. Variable
staffing allowed for part-time employees. Kao and Tung
(1981) assessed the need for permanent staff, overtime
pay, and temporary personnel. Warner and Prawda (1972)
presented a mixed-integer programming model that
determines the number of each skill class to be scheduled
for each unit and shift. Bordoloi and Weatherby (1999)
studied the implications of staff skill mix. Easton et al.

DHARANA - BHAVAN’S INTERNATIONAL JOURNAL OF BUSINESS

(1992) evaluated several nurse scheduling policies used
at eight medical and surgical units to reduce turnover.
Huarng (1999) used employee preference as a criterion
in a binary goal-programming model to determine work
tours for nurses. Other academic research dealing with
nurse planning (Brusco et al., 1993; Brusco and Showalter
1993; Kao and Queryanne 1985; Needleman et al., 2002;
Siferd and Benton 1992; Venkataramanan and Brusco
1996), scheduling (Warner and Prawda 1972; Ozkarahan
and Bailey 1988; Downsland 1998; Jaumard et al.,
1998; Miller et al., 1976; Warner 1976) and allocation/
adjustment (Trivedi and Warner 1976; Hershey et al.,
1974) can be seen in Table 4.
In addition to the literature found in academic journals,
numerous articles have appeared in practitioner-focused
journals. Many of these articles discuss current and
troubling issues regarding nurse staffing and scheduling
(Aiken et al., 2001, 2002, Graham 1995, Hung 1991,
Lanser 2001, Lovern 2002, Marchionno 1987, Schaffner &
Ludwig-Beymer 2003, Staff Writer 2002, Tieman 2001a,
2001b, 2002a, 2002b, Jones 2005, 2007). For example,
in a series of articles, Tieman discusses developments
on the legislature’s intervention in nurse staffing issues
by instituting mandatory nurse to patient ratios. In fact,
28 state governments plan to consider nurse to patient
ratios in the 2004 legislative session. These actions
motivate: (1) an evaluation of how the nurse to patient
ratios impact scheduling cost and the desirability of the
schedule and (2) new methods for determining employee
Planning
Brusco et al. (1993)
Brusco and Showalter (1993)
Bordoloi and Weatherby (1999)
Kao and Queryanne (1985)
Needleman et al. (2002)
Siferd and Benton (1992)
Stimson and Stimson (1972)
Venkataramanan and Brusco (1996)
Wright, et al. (2006)
Wright and Mahar (2009)

requirements based on controlling the amount of work
assigned to each employee.
6. Integrative Literature
There have been a few studies in the literature that
claim integrative approaches to planning and scheduling.
Venkataraman and Brusco (1996) present an iterative
procedure that alternates between planning and
scheduling modules until a suitable solution to both
problems is found. Easton et al. (1992) also discuss both
a staffing and a scheduling model but do not solve them
simultaneously. Thompson (1997b) develops two service
level approaches for the planning problem and then solves
the scheduling problem. Abernathy et al. (1976) present
a three-stage model for the nurse-staffing process. Love
and Hoey (1990) treat both problems, but do so separately.
Each of the authors discuss and provide insights into two
problems in the same paper, however, they still solves
each phase independently. Although these researchers
indicate integrative or simultaneous approaches, they
do not meet the level of integration provided by Wright
et al. (2006) and Wright & Bretthauer (2009) where the
integrative model has the ability to solve both problems
simultaneously with decision variables for each phase.
Example of an Integrative Model
This section presents an example of an integrative model
that is a scaled down formulation of the model found
in Wright et al. (2006). The model coordinates across
two problems that are typically treated independently:

Scheduling
Huarng (1999)
Easton et al. (1992)
Warner and Prawda (1972)
Ozkarahan and Bailey (1988)
Downsland (1998)
Jaumard et al. (1998)
Miller et al. (1976)
Warner (1976)
Wright, et al. (2006)
Wright and Bretthauer (2009)
Wright and Mahar (2009)

Allocation and Adjustment
Trivedi and Warner (1976)
Hershey et al. (1974)
Wright and Bretthauer (2009)

Table 4 Classification of Nursing Specific Literature
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planning and scheduling. This integrative model
determines how many employees are needed to work
on each shift at the same time creates the schedule.
The benefits of this integrative model are that it can
substantially reduce scheduling cost. The particular
model was constructed for a nursing environment
and is formulated as a non-linear, bi-criteria integer
programming problem.
Sets
N
Nkj
K
S
T
SAi
Sit

uk
=
		
vk
=
		
s
=
M
=

upper limit on the single shift service level
for nurse type k
upper limit on the average service level for
nurse type k over the planning horizon
number of beds (servers) on a unit
a large number

=
=
=
=
=

the set of all nurses
the set of nurses of type k available for shift j
the set of all nurse types
the set of shifts
the set of weeks in the scheduling horizon
= the set of shifts that nurse i is available to work
= the set of shifts that nurse i is available to work
		 in week t

Subscripts
i
: nurse i 		
k: nurse type k
j
: shift j 		
t
: week t
		
Decision Variables
xij = 1 if nurse i works shift j at regular time wages, 		
		 0 otherwise.
yij = 1 if nurse i works shift j at overtime wages, 0 		
		 otherwise.
bjk = the number of nurses of type k required for shift j
Parameters
w = the number of weeks in the scheduling horizon
cij = regular time wages if nurse i works shift j
dij = overtime wages if nurse i works shift j
ni = maximum number of shifts each week for nurse i
ni = minimum number of shifts each week for nurse i
li = upper limit on the number of overtime shifts 		
		 assigned to nurse i
Rk = the number of patients per nurse type k as 		
		 determined by the nurse-to-patient ratio
λj = mean patient arrival rate during shift j
μj = mean unit service rate during shift j
Ph (λj ,μj ) = probability of h occupied beds during
		 shift j
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Having specific decision variables for both the planning
and scheduling phases of the workforce management
process accomplishes the integration in the above model.
The planning decisions come from the bjks in constraint
(2) which are determined by constraints (3) and (4). The
scheduling decisions are made with decision variables xij
and yij. Objective (1) minimizes regular time and overtime
wage costs for each nurse over the scheduling horizon.
Constraint (2) enforces the requirements for each nurse
type for each shift. These requirements are determined
from constraints (3) and (4) which enforce service
levels. Constraint (3) determines per shift service levels
and (4) enforces average service levels over the entire
planning horizon. Constraint (5) forces each nurse to be
scheduled for a minimum and maximum number of shifts
per week according to hospital policy. Constraint (6)
sets limits to how much overtime can be scheduled for
each nurse. Constraint (7) specifies that each nurse must
not be scheduled within 24 hours before the previously
assigned shift. Constraints (8)-(9) force integer, binary,
DHARANA - BHAVAN’S INTERNATIONAL JOURNAL OF BUSINESS

and non-negative conditions as appropriate. Expression
(10) calculates the probability of any number of beds
being occupied on a unit. It is used to enforce service
quality in constraints (3) and (4) (see Wright et al. 2006
for more details). Any number of additional constraints
could be added. For instance, a manager may want to
limit the number of weekend shifts worked by nurses that
do not want to work weekends. In addition, as was done
in Wright et al. (2006), undesirable shifts may be reduced
by adding an objective that minimizes undesirable
shifts. This type of objective is important for employee
satisfaction and morale.

Agnihothri, S.R., & P.F. Taylor, “Staffing a Centralized Appointment
Scheduling Department in Lourdes Hospital,” Interfaces, 21(5), 1991,
1-11.

7. Summary
Three areas of the literature stand out as needing further
attention. First, integrative approaches to workforce
management, as described above, have just begun to
appear in the literature. Many researchers have noted
the need for integrative workforce management but
only one published paper (Wright et al. (2006)) exists.
Because of the complexity of the three-phase staffing
problem, integrative models are difficult. However, they
are a necessity for the models to be consistent with all
of the issues of a practicing manager. Campbell (1999)
argues that integrative models that can handle both
the scheduling and allocation/adjustment phases of
the scheduling process would be particularly useful.
Brusco and Johns (1998) describe an example of an
“interesting and challenging extension” that is very
similar to the integrative approaches developed in this
research. Second, the earlier discussion indicates that
the tour assignment problem has not been the focus of
the workforce management literature, especially with
respect to heterogeneous employees. Tour assignment
models that also have treatment of employee preferences
are particularly useful and attractive to managers.
And third, there is a wealth of opportunity in the nurse
scheduling area particularly in light of many new laws
that pertain to staffing of nurses. Although we have not
covered all literature in this review, we have certainly
proposed some issues that need to be addressed that are
lacking in the literature.

Bechtold, S.E., “Implicit Optimal and Heuristic Labor Staffing in a
Multiobjective Multilocation Environment,” Decision Sciences, 19(2),
1988.

8. References
Abernathy, W. J., N. Baloff, J. C. Hershey, S. Wandel, “A Three-stage
Manpower Planning and Scheduling Model – A Service Sector
Example,” Operations Research, 21(3), 1973, 693-711.

Vol:4, 1 (2010)

Aiken, L.A, Clarke, S.P., Sloane, D.M., Sochalski, J. A., Busse, R.,
Clarke, H., Giovannetti, P., Hunt, J., Rafferty, A.M., Shamian, J. 2001.
Nurses’ Reports On Hospital Care in Five Countries. Health Affairs,
20(3) 43-53.
Andrews, B., & H. Parsons, “L.L. Bean Chooses a Telephone Agent
Scheduling System,” Interfaces, 19(6), 1989, 1-9.
Andrews, B., & H. Parsons, “Establishing Telephone-Agent Staffing
Levels through Economic Optimization,” Interfaces, 23(2), 1993,
14-20.
Bailey, J., “Integrated Days Off and Shift Personnel Scheduling,”
Computers & Industrial Engineering, 9(4), 1985, 395-404.

Bechtold, S.E. & M. J. Brusco, “Working Set Generation Methods for
Labor Tour Scheduling,” European Journal of Operational Research,
74(3), 1994, 540-551.
Bechtold, S.E. & Showalter, M. J., “A Methodology for Labor
Scheduling in a Service Operating System,” Decision Sciences, 18(1),
1987, 89-107.
Berman, O. and R.C. Larson, ”Determining optimal pool size of a
temporary call-in work force,” European Journal Of Operational
Research, 73(1), 1994, 55-64.
Bordoloi, S.K., & E.J. Weatherby, “Managerial Implications of
Calculating Optimum Nurse Staffing in Medical Units,” Health Care
Management Review, 24(4), 1999, 35-44.
Brusco, M.J. & T.R. Johns, “Staffing a Multi-skilled Workforce with
Varying Levels of Productivity: An Analysis of Cross-training Policies,”
Decision Sciences, 29(2), 1998, 499-515.
Brusco, M.J., T.R. Johns, and J.H. Reed, “Cross-Utilization of a TwoSkilled Workforce,” International Journal of Operations & Production
Management, 18(6), 1998.
Brusco, M.J. & M.J. Showalter, “Constrained Nurse Staffing
Analysis,” Omega, 21(2), 1993, 175-186.
Buffa, E.S., M.J. Cosgrove, & B.J. Luce, “An Integrated Work Shift
Scheduling System,” Decision Sciences, 7 (4), 1976, 620-630.
Burns, R.N., and M.W. Carter, “Workforce Size and Single Shift
Schedules with Variable Demands, Management Science, 31(5),
1985, 599-607.
Burns, R.N., and G.J. Koop, “A Modular Approach to Optimal
Multiple-Shift Manpower Scheduling, Management Science, 35(1),
1987, 100-110.
Campbell, G.M., “Cross-Utilization of Workers Whose Capabilities
Differ,” Management Science, 45(5) May 1999, 722-732.
Campbell, G.M., & M. Diaby, “Development and Evaluation of
an Assignment Heuristic for Allocating Cross-Trained Workers,”
European Journal of Operational Research, 138, 2002, 9-20.
Dantzig, G.B., “A Comment on Edie’s Traffic Delays at Toll Booths,”
Operations Research, 2(3), 1954, 339-341.

35

Dijkstra, M. C., L.G. Kron, M. Salomon, J.A.E.E. van Nunen, L.N. Van
Wassenhove, “Planning the Size and Organization of KLM's Aircraft
Maintenance Personnel,” Interfaces, 24(6), 1994, 47-58.
Downsland, K.A., “Nurse Scheduling with Tabu Search and Strategic
Oscillation,” Eurpoean Journal of Operational Research, 106( ), 1998,
393-407.
Easton, F.F. & J.C. Goodale, “Labor Scheduling with Employee
Turnover and Absenteeism,” Working Paper, Syracuse University,
2002.
Easton, F.F. & D.F. Rossin, “Equivalent Alternative Solutions for the
Tour Scheduling Problem,” Decision Sciences, 22(5), 1991a, 9851007.
Easton, F.F., D.F. Rossin, “Sufficient Working Subsets for the Tour
Scheduling Problem,” Management Science, 37(11), 1991b, 14411451.
Easton, F.F., D.F. Rossin, & W.S. Borders, “Analysis of Alternative
Scheduling Policies for Hospital Nurses,” Production and Operations
Management, 1(2) Spring 1992, 159-174.
Easton, F.F. & D.F. Rossin, “A Stochastic Goal Program for Employee
Scheduling,” Decision Sciences, 27(3), 1996, 541-568,
Gaballa, A. & W. Pearce, “Telephone Sales Manpower Planning at
Quantas,” Interfaces, 9(3), 1979, 1-12.
Graham, M.V., “A Day-to-Day Decision Support Tool,” Nursing
Management, 26(3),1995, 48I-48L.
Henderson, W.B. & W. L. Berry, “Heuristic Methods for Telephone
Operator Shift Scheduling: An Experimental Analysis,” Management
Science, 22(12), 1976, 1372-1380.

Jones, C.B. (2005). “The costs of nursing turnover, part 2,” Journal of
Nursing Administration, 35(1), 41-49.
Jones, C.B. (2007). “Revisiting nurse turnover costs,” Journal of
Nursing Administration, 38(1), 11-18.
Kao, E.P.C., & M. Queyranne, “Budgeting Costs of Nursing in a
Hospital,” Management Science, 31 (5), 1985, 608-621.
Keith, E.G., “Operator Scheduling,” AIIE Transactions, 1979, 11 (1),
37-41.
Kao, E.P.C., & G.G. Tung, “Aggregate Nursing Requirement Planning
in a Public Health Care Delivery System,” Socio-Economics Planning
Science, 15, 1981, 119-127.
Koop, G.J., “Multiple Shift Workforce Lower Bounds,” Management
Science, 34(10), 1988, 1221-1230.
Krajewski, L.J., L.P. Ritzman, & P. McKenzie, “Shift Scheduling in
Banking Opeations: A Case Application, Interfaces, 10(2), 1980, 1-8.
Lanser, E.G. 2001. “A Model Workplace: Creating an Effective
Nursing Environment,” Healthcare Executive, 16(4), 6-11.
Loucks, J.S. & F. R. Jacobs, “Tour Scheduling and Task Assignment
of a Heterogeneous Work Force: A Heuristic Approach,” Decision
Sciences, 22, 1991, 719-738.
Love, R.R. & J.M. Hoey, “Management Science Improves Fast-Food
Operations,” Interfaces, 20(2), 1990, 21-29.
Lovern, E., “Rx for Nurses, Final version of staffing legislation in the
works,” Modern Healthcare, January 7, 2002, 10.
Mabert, V.A., “A Case Study of Encoder Shift Scheduling Under
Uncertainty,” Management Science, 25(7), 1979, 623-631.

Hershey, J.C., W.J. Abernathy, & N. Baloff, “Comparison of Nurse
Allocation Policies – A Monte Carlo Model,” Decision Sciences, 5 (1),
1974, 58-72.

Mabert, V.A. & C.A. Watts, “A Simulation Analysis of Tour-Shift
Construction Procedures,” Management Science, 28(5), 1982, 520532.

Hopp, W. J., & Van Oyen, M.P. (2004). "Agile workforce evaluation: A
framework for cross-training and coordination," IIE Transactions 36,
919-940.

Malhotra, M.K., & L.P. Ritzman, “Scheduling Flexibility in the
Service Sector: A Postal Case Study,” Production and Operations
Management, 3(2), 1994, 100-117.

Huarng, F., “A Primary Shift Rotation Nurse Scheduling Using ZeroOne Linear Goal Programming,” Computers in Nursing, 17 (3), 1999,
135-144.

Marchionno, P. M., “Modified Cyclical Scheduling: A Practical
Approach,” Nursing Management, 18(10), 1987, 60-67.

Hueter, J., and W. Swart, “An Integrated Labor-Management System
for Taco Bell,” Interfaces, 28(1), 1998, 75-91.
Hung, R., “A Cyclical Schedule of 10-Hour, Four-Day Workweeks,”
Nursing Management, 22(9), 1991,30-33.
Hung, R., “Multiple-Shift Workforce Scheduling Under the
3-4 Workweek With Different Weekday and Weekend Labor
Requirements,” Management Science, 40(2), 1994, 280-284.
Hur, D., V.A. Mabert, & K.M. Bretthauer, “Staff Adjustment Decisions:
An Investigation and Evaluation,” Working Paper, Indiana University,
2003.
Ikem, F.M., and A.M. Reisman, “An Approach to Planning for
Physician Requirements in Developing Countries using Dynamic
Programming,” Management Science, 38(4), 1990, 607-618.
Jaumard, B., F. Semet, & T. Vovor, “ A Generalized Linear
Programming Model for Nurse Scheduling,” European Journal of
Operational Research, 107(1), 1998, 1-18.

36

Mason, A.J., D.M.Ryan and D. M. Panton, “Integrated Simulation,
Heuristic and Optimisation Approaches to Staff Scheduling,”
Operations Research, 46(2), 1998, 161-175.
Miller, H.E., W.P. Pierskalla, and G.J. Rath, “Nurse Scheduling Using
Mathematical Programming,” Operations Research, 24(5), 1976,
857-870.
Needleman, J., P. Buerhaus, S. Mattke, M. Stewart & K. Zelevinsky,
“Nurse-Staffing Levels and the Quality of Care in Hospitals,” New
England Journal of Medicine, 346(22), 2002, 1715-1722.
Ozkarahan, I. & J.E. Bailey, “Goal Programming Model Subsystem of
a Flexible Nurse Scheduling Support System,” IIE Transactions, 20(3),
1988, 306-316.
Pinker, E.J. & R.A. Shumsky, “The Efficiency-Quality Trade-off of
Cross-Trained Workers,” Manufacturing & Service Operations
Management, 2 (1), 2000, 32-48.
Quinn, P., B. Andrews, & H. Parsons, “Allocating Telecommunications
Resources at L.L. Bean, Inc.,” Interfaces, 21(1), 1991, 75-91.

DHARANA - BHAVAN’S INTERNATIONAL JOURNAL OF BUSINESS

Ritzman, L., L. Krajewski, & M. Showalter, “The Disaggregation of
Aggregate Manpower Plans,” Management Science, 22(11), 1976,
1204-1214.
Segal, M., “The Operator-Scheduling Problem: A Network-Flow
Approach,” Operations Research, 32(4), 1974, 808-823.
Schaffner, J. W., & Ludwig-Beymer, P. (2003). Rx for the nursing
shortage: A guidebook. Chicago, IL: Health Administration Press.
Showalter, M. J. & V. A. Mabert, “An Evaluation of a Full-/Part-time
Tour Scheduling Methodology,” International Journal of Operations
and Production Management, 8(7), 1988, 54-71.
Siferd, S.P. and W.C. Benton, “Workforce Staffing and Scheduling:
Hospital Nursing Specific Models,” European Journal of Operational
Research, 60(3), 1992, 233-246.
Staff Writer, “Nurses march on Washington over ‘alarming’ issue of
overtime,” Modern Healthcare, 32(19) May 13, 2002
Stimson, R.H., & D.H. Stimson, “Operations Research and the
Staffing Problem,” Hospital Administration, XVII (Winter 1972),
61-69.
Sze, D. Y., “A Queueing Model for Telephone Operator Staffing,”
Operations Research, 32(2), 1984, 229-249.
Thompson, G.M., “Shift Scheduling in Services When Employees
Have Limited Availability: An L.P. Approach,” Journal of Operations
Management, 9(3), 1990, 352-370.
Thompson, G,M., “Accounting for the Multi-Period Impact of Service
When Determining Employee Requirements for Labor Scheduling,”
Journal of Operations Management, 11(3), 1993, 269-287.
Thompson, G.M., “Labor Scheduling Using NPV Estimates of
the Marginal Benefit of Additional Labor Capacity,” Journal of
Operations Management, 13(1), 1995.

Tieman, J., “Standing by on nurse staffing,” Modern Healthcare,
Chicago Sep 3, 2001a
Tieman, J., “Counting Down,” Modern Healthcare, Chicago Dec
24-31, 2001b
Tieman, J., “Absolute Minimum,” Modern Healthcare, Chicago Jan
28, 2002a
Tieman, J., “But does it work? Measuring the effect of the staffing
ratios could be tough,” Modern Healthcare, Chicago Mar 4, 2002b
Trivedi, V.M. & D.M. Warner, “A Branch and Bound Algorithm for
Optimum Allocations of Float Nurses,” Management Science, 22(9),
1976, 972-981.
Vaughan, T., “Examination and Optimization of On-Call Labor
Scheduling,” Proceedings of the Decision Sciences Institute National
Meeting, Decision Sciences Institute, 1995.
Vaughan, T., “Shift-Scheduling with On-Call Labor,” Proceedings of
the Decision Sciences Institute National Meeting, Decision Sciences
Institute, 1996.
Venkataraman R., & M.J. Brusco, “An Integrated Analysis of Nurse
Staffing and Scheduling Policies,” Omega, 24(1), 1996, 57-71.
Warner, D.M., “Scheduling Nursing Personnel According to Nursing
Preference: A Mathematical Programming Approach,” Operations
Research, 24(5), 1976, 842-856.
Warner, D.M., & J. Prawda, “A Mathematical Programming Model
for Scheduling Nursing Personnel in a Hopital,” Management
Science, 19(4), 1972, 411-422.
Wright, P. D., Bretthauer, K.M., & Côté, M. (2006). “Reexamining the
nurse scheduling problem: staffing ratios and nursing shortages,”
Decision Sciences, 37(1), 39-70.

Thompson, G.M., “Assigning Telephone Operations to Shifts at New
Brunswick Telephone Company,” Interfaces, 27(4), 1997a.

Wright, P.D. & Mahar, S. (2009) “Centralized Nurse Scheduling to
Simultaneously Improve Schedule Cost and Nurse Satisfaction,”
under review at Omega.

Thompson, G.M., “Labor Staffing and Scheduling Models for
Controlling Service Levels,” Naval Research Logistics, 44, 1997b,
719-740.

Wright, P.D., & Bretthauer, K.M. (2009) “Combating the Nursing
Shortage Coordinated Decision Making and Workforce Flexibility,”
under review at Decision Sciences.

Thompson, G,M., “Labor Scheduling: Part 4. Controlling
Workforce Schedules in Real Time,” Cornell Hotel and Restaurant
Administration Quarterly, 40 (3), 1999, 85-96.

Vol:4, 1 (2010)

37

