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A common issue faced by physician groups is how to schedule 24-7 coverage for hospital units such as an
emergency department. The first step is to determine the shifts to be covered. The second step, assigning
physicians to specific shifts, is complicated because shifts vary with respect to duration, day of week, time of day,
and desirability. To ensure workload fairness, physician groups often create “equality” schedules in which they
evenly divide shifts, by type, among physicians. This problem can be readily modeled and solved via optimization.
This paper presents a novel approach that incorporates individual physician shift-type preference and seeks, for
each physician, a schedule that is superior to his or her equality schedule. We formulate and solve the problem
as a binary, mixed-integer program designed to maximize relative gains in individual physician preference.
We describe the methodology and real-world implementation within a neonatal intensive care group, and present
a hybrid version of the model that is capable of simultaneously accommodating physicians who prefer an equality
schedule and physicians willing to deviate from the equality schedule in pursuit of a schedule that better fits their
shift preferences. Increases in schedule preference for the latter group ranged from 6.3 to 8.5 percent.

Keywords : healthcare; integer programming applications; physician scheduling; personnel scheduling.
History : This paper was refereed.

Acute-care medicine is characterized by the need to
provide physician coverage sufficient to meet the

staffing needs of a specific medical unit. For example, an
emergency department may contract with a physician
group to provide specified levels of physician staffing
around the clock. The physician group must then
decide how to provide those staffing levels, typically
identifying a collection of shifts which, taken together,
will provide the desired staffing levels. The final step
is to assign individual physicians to individual shifts
over some time horizon. The problem of assigning
physicians to shifts is characterized by hard constraints
or work rules and work patterns, which are based on
quality-of-care and safety issues, and soft constraints,
which are based on workload and lifestyle choices.

A number of software products have been devel-
oped to address these issues in physician scheduling.
Although the products have some differences in inter-
face, platform, and specific features, they all essentially
work by capturing the constraints (hard and soft) and

then use heuristics to determine the individual sched-
ules. To assign appropriate workloads, some of the
packages require the user to specify how many of
each type of shift each doctor should work. Some of
the packages also have the ability to attach relative
values (in the form of points or monetary values) to
the various types of shifts and provide workload scores
for a given scheduling period. Many physician groups,
however, still construct schedules by hand. Often, this
responsibility falls to one member of the group and
can consume a considerable amount of time depending
on the number of shifts requiring coverage and the
number of physicians and their constraints.

In addition to creating schedules that are feasible
with respect to the myriad of constraints, the issue
of workload fairness presents a serious challenge for
schedulers producing schedules either manually or by
scheduling software. A workload-fair schedule is one
that all members of the physician group consider equal
in terms of apportioned work. For example, suppose
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that four physicians need to provide single-physician
coverage for a four-week period, and that each day
requires coverage for two 12-hour shifts (a day shift and
a night shift). Over the course of the four weeks, the
four physicians will need to be assigned to the 28 day
shifts and 28 night shifts. If each physician is assigned
to work seven day shifts and seven night shifts, it is
apparent that the schedule would be perceived as being
fair. If, however, one physician is assigned to work
all of his or her day shifts on Saturdays and Sundays,
that would not be perceived as being fair. For this
example, a schedule perceived as being fair would be
one in which, over the course of the four weeks, each
physician works one of each of the 14 possible shifts
in a week (e.g., one Saturday day shift, one Saturday
night shift, one Sunday day shift, one Sunday night
shift, and so on). We refer to this form of a schedule
as a pure equality schedule in that each physician is
working an equal number of each type of shift.

An alternative to the equality schedule can be
described using a simple example. Suppose two physi-
cians (A and B) must provide single coverage for six
day shifts and six night shifts. Each physician per-
ceives a fair schedule as working three day and three
night shifts (i.e., an equality schedule). Suppose both
physicians prefer day shifts to night shifts; however,
they differ with respect to the degree of preference.
Physician A believes that working a night shift is equiv-
alent to working 1.3 day shifts, whereas physician B
equates a night shift to 1.6 day shifts. The equality
schedule (three day shifts and three night shifts for
each), based on preference scores, assigns to physician
A 6.9 day-shift equivalents (computed as 3 × 1 + 3 × 103)
and to physician B, 7.8 day-shift equivalents. If, how-
ever, physician A is assigned five night shifts and
physician B is assigned the remaining shifts (six day
and one night), then the schedules would score as
6.5 day-shift equivalents for physician A and 7.6 for
physician B. The resulting schedules would, therefore,
be improvements for each physician compared to his
or her respective equality schedule. This simple exam-
ple illustrates the value of mutually beneficial swaps;
however, such swaps are not likely to happen naturally
in real-world situations. One reason is that physicians
tend to trade only like shifts (i.e., a night shift for a
night shift) when they need to be off from a particular
shift. Hence, in moving from the equality schedule,

the trade of three day shifts for two night shifts is not
likely to occur. Furthermore, such a trade assumes each
party knows his or her own relative preference and,
more importantly, that this preference differs from that
of the other individual.

This paper focuses on an approach for developing
shift schedules that maintains fairness, yet incorpo-
rates individual relative preference for types of shifts.
The goal is to create schedules through an objective
process that can handle the computational complexity
of the constraints while, at the same time, results in
schedules that are better aligned with an individual
physician’s lifestyle or stage of life. Our work is more
focused on the model and its implementation than
on the computational algorithm for model solution.
We describe the application of this method for a nine-
physician neonatology group; but, we also test it on
larger instances.

Literature Review
Staff scheduling, also known as rostering, is the pre-
scriptive process of characterizing personnel demands
over a time horizon and ultimately identifying indi-
vidual worker schedules to meet that demand. The
area has been heavily researched and the contribu-
tions in the literature generally consist of either new
model formulations, new solution methods, novel real-
world applications, or some combination thereof. Ernst
et al. (2004b) and Van den Bergh et al. (2013) present
reviews and classifications of the staff-scheduling and
rostering literature. As a testament to the number of
problem variations, applications, and solution method-
ologies, Ernst et al. (2004a) give a separate, annotated
review of approximately 700 papers. Models differ on
dimensions such as type of demand (e.g., task or shift
based) or type of scheduling (e.g., individual or crew).
Application areas include transportation systems, other
types of service operations (including healthcare), and
manufacturing. Given that most models have a dis-
crete optimization component and many applications
involve a large number of combinations, the solution
methods run the full spectrum from enumeration to
mathematical optimization to heuristics.

Within the application area of healthcare, the vast
majority of papers tackle the problem of nurse schedul-
ing. In contrast to physician scheduling, creating nurses’
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schedules is complicated by union rules, grades of
nurses, and a large number of individuals needing to be
scheduled. Bekkan (2010), Burke et al. (2004), Cheang
et al. (2003), and De Causmaecker and Vanden Berghe
(2010) give comprehensive reviews of nurse-scheduling
and rostering literature. Erhard et al. (2015) provides a
review of physician scheduling within hospital settings.

Scheduling and rostering models in healthcare can
also be characterized based on whether the model
treats a group of individuals as being interchangeable
(e.g., emergency department physicians) or considers
attributes and needs of distinct individuals (e.g., a spe-
cialty surgeon). With the latter, the data requirements,
dimensionality, and complexity increase notably. The
prior research in physician scheduling has variations
in model specifics and solution approaches for the
underlying combinatorial problem. Below, we review
the most relevant works with a focus on methods for
incorporating individual preference and fairness.

In Gunawan and Lau (2010, 2012), physician assign-
ments in a government hospital are modeled as a bi-
objective optimization problem in which the objectives
are to (1) Maximize the number of ideal duty assign-
ments, and (2) Minimize the number of unscheduled
duties. The problem is then solved via a commercial
solver using several formulations for handling the
bi-objective aspects. The ideal assignments are repre-
sented by a proposed schedule defined by a weekday,
a shift (morning or afternoon), and a duty. The model
then allocates as many of the ideal assignments as
possible, while maximizing the number of duties that
are covered. Their approach is tested on a collection of
randomly generated instances and a real case study
from a surgical department. This approach incorporates
individual physician preference, but only in a binary
fashion in that an ideal assignment is given a value
of 1 in the objective, and an assignment that is not
ideal is essentially given a value of 0.

Gendreau et al. (2007), Beaulieu et al. (2000),
Rousseau et al. (2002), Bourdais et al. (2003), and Carter
and Lapierre (2001) include methods for incorporating
individual physician requests for days off or days
on, desired work patterns, and work hours per week.
In these papers, the authors typically utilize a base
optimization model and then introduce or relax as
many of the preference constraints as possible to reach
a feasible schedule. Several Canadian hospitals use

these methods to schedule emergency department
physicians.

Stolletz and Brunner (2012) imbed the notion of
fairness by pursuing an even distribution of duties,
especially for those shifts that are less desirable. The
model tries to satisfy individual preferences for spe-
cific days off and/or desired shifts. The paper also
explores the trade-offs between the dual objectives of
pursuing cost minimization or fairness maximization.
In the approach presented in Fügener et al. (2015), the
same notion of fairness is applied, but across shift
demands characterized by variation in the required
levels of experience. The model presented in Baum et al.
(2014) includes the notion of revenue fairness among
physicians, while also trying to generate schedules
that maximize overall revenue for the organization.
Physician preference is incorporated by including each
individual’s ideal block schedule within the formu-
lation and then trying to minimize the deviations
from it.

Two Interfaces papers on physician scheduling pro-
vide valuable modeling and implementation insights.
In the first paper (Cohn et al. 2009), the authors develop
a methodology for creating full-year schedules for
residents with various shift types across three hos-
pitals. The method iterates between a progressively
constrained optimization model and a review for feasi-
bility and fairness by chief residents. The authors also
provide some insightful lessons learned concerning the
process of successfully applying operations research
techniques. The second paper (Ferrand et al. 2011)
describes a model and its application for creating a
cyclic schedule for emergency physicians. The result is
an eight-week schedule that is fair and ergonomically
agreeable so that it can be repeated every eight weeks
indefinitely. The results were well received, and provide
further evidence that a physician group can converge
on the concepts of fairness and work patterns.

In our review of prior research, the notion of indi-
vidual preference applies mainly to the idea of incorpo-
rating individual requests for days off (or days on) or
work patterns. We are not aware of any approaches that
allow an individual’s preference for specific shift types
to be incorporated within a physician-rostering model
designed to maximize relative gains in individual
physician preference.
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The Motivation and Problem Statement
Regional Neonatal Associates is a nine-physician group
that provides in-house coverage for the 63-bed Neona-
tal Intensive Care Unit (NICU) at the University of
Tennessee Medical Center in Knoxville, Tennessee.
The group also provides call coverage for high-risk
deliveries at two other hospitals in the Knoxville area.
Several members of the group contacted the authors
about methods for physician scheduling. Over the
last several decades, one of the group’s physicians
manually constructed the group’s schedules. Prior
to that physician’s retirement, the group had grown
concerned about who would invest the necessary time
and possess the expertise to create the schedules in
the future. Additionally, the physicians perceived the
resulting schedules varied with respect to workload,
but that was difficult to establish because of the lack
of a quantitative scheduling system. A meeting with
management science faculty resulted in the formulation
of the following problem statement: Given a set of shifts
that must be covered by a group of physicians and a collec-
tion of work rules, determine a schedule that is fair with
respect to workload and, if possible, incorporate individual
preferences for shift types such that each physician’s schedule
is better than or equal to a simple equal division of shift
types.

Shift Types and Relative Preference
Scoring
The first step was to clearly identify the shifts requiring
coverage and then group them into like shift types. The
group provides 24-7 on-site coverage at the University
of Tennessee Medical Center (UTMC); this coverage
consists of two physicians during the weekday days

Shift-type Shift-type No. of shifts
name code Description Location Days Period each week

WeekLong T7 Full-week call Two off-site local All week (Monday 8 am 24 hours per day 1
hospitals thru Monday 8 am)

WeekDay T1 Weekday day UTMC Monday thru Friday 8 am–5 pm 10
WeekNight T2 Mon-Thurs overnight UTMC Monday thru Thursday 4 pm–9 am 4
FriNight T3 Friday overnight UTMC Friday 4 pm–10 am 1
SatNight T5 Saturday overnight UTMC Saturday 12 pm–10 am 1
SunNight T6 Sunday overnight UTMC Sunday 12 pm–9 am 1
SatSunDay T4 Weekend days UTMC Saturday and Sunday 7 am–1 pm 1

Table 1: The physician group identified seven shift types, and we assigned a code to each.

from 8 am to 5 pm and one physician on overnights
and weekends. The group also provides 24-7 on-call
coverage for the two off-site local hospitals. Although
the off-site coverage typically involves relatively few
call-ins during a week, it requires an exclusive physician
assignment; that is, the physician assigned to cover the
off-site hospitals cannot be assigned to any other shift
during the week. In discussions with us, the physician
group identified seven shift types (Table 1). The last
column shows the number of each type of shift to be
covered each week. For example, each weekday, two
physicians cover UTMC (sides A and B of the unit);
hence, 10 WeekDay day shifts must be covered per
week.

In Table 1, the last shift type is considered a single
shift although it requires the physician to work both Sat-
urday and Sunday day shifts, which are six hours each.
In total, 19 physician shifts must be covered each week.
Within a shift type, individual shifts are considered
equivalent; that is, a day shift on Tuesday is considered
equivalent to a day shift on Friday. In contrast, a night
shift on Monday is not considered equivalent to a
night shift on Friday, because each is a different type
of shift. Figures 1(a) and 1(b) illustrate the 19 shifts
(and their indices for formulation purposes) and an
example set of shift assignments. The assignments are
feasible in that they violate no obvious constraints,
such as a night-shift assignment immediately followed
by a day-shift assignment, and they possess desirable
qualities, such as continuity of patient care delivered
when the same physician is assigned to cover two or
more weekday shifts in a given week.

With nine physicians, an equality schedule would
span a nine-week period. Within that nine-week period,
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T1B

T
FA

B

T
T

A
B

T2

Shifts Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Day shifts
(A side)

1 4 7 10 13

16

T4
Day shifts
(B side)

2 5 8 11 14

Overnight
shifts

3

TMN

6

TTN

9

TWN

12

THN

15

T3

17

T5

18

T6

24-7 on-
call week-
long shift

19

T7

T1A
T

M
A

B

T
M

A
B

N

Shifts Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Day shifts
(A side)

Doc2 Doc2 Doc4 Doc4 Doc4

Doc7
Day shifts
(B side)

Doc7 Doc1 Doc1 Doc7 Doc7

Overnight
shifts

Doc6 Doc5 Doc9 Doc6 Doc2 Doc5 Doc2

24-7 on-
call week-
long shift

Doc8

Figure 1: (a) (top panel): Each of the distinct 19 weekly shifts and all shift-type subsets are listed. (b) (bottom
panel): The one-week schedule presents a feasible assignment of physicians to shifts.

each physician would work 19 shifts, consisting of
10 WeekDay shifts, four WeekNight shifts, and one each
of the remaining five shift types.

The next step was for each physician to articulate his
(her) individual relative preferences for each shift type.
All physicians agreed that a Monday-to-Friday day
(WeekDay) shift was the most preferred shift. To provide
a base measure for the preference scores, a WeekDay
shift was assigned a preference score of one preference
unit. To determine a preference value for the remaining
six shift types, each physician then estimated how
many WeekDay shifts he or she would consider as a
fair trade (in either direction) for each of the remaining
six shift types.

The initial physician preference values were uncon-
strained in that the sum of the values within an indi-
vidual’s vector could add up to any number. The group
reviewed the initial individual values and was able to
reach agreement on a single set of relative workload
values for the group. The first row of Table 2 gives the
group’s resulting relative workload values (henceforth,
referred to as the workload vector). The workload val-
ues would serve as a basis for comparing workloads
between physicians and ensuring workload balance
through constraints.

With the relative workload values agreed upon, the
physicians were then allowed to adjust their individual
preference vectors in the context of the workload
vector. One requirement stipulated that their vector of
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Shift type

WeekDay WeekNight FriNight SatSunDay SatNight SunNight WeekLong Vector total

Group workload vector 1 1.5 1.75 205 205 205 4 15.75
Individual physician
preference vectors
Doc1 1 1.5 1.75 205 205 205 4 15.75
Doc2 1 1.4 1.65 204 2065 2065 4 15.75
Doc3 1 1.5 1.75 205 205 205 4 15.75
Doc4 1 1.5 1.75 205 205 205 4 15.75
Doc5 1 1.5 1.75 205 205 205 4 15.75
Doc6 1 1.5 1.75 205 205 205 4 15.75
Doc7 1 1 2 2 3075 2 4 15.75
Doc8 1 1.5 1.75 205 205 205 4 15.75
Doc9 1 1.5 2 2025 205 205 4 15.75

Table 2: The physicians adjusted the set of individual preference vectors.

preference values had to sum to 15.75 (the sum of the
group workload vector). Table 2 shows the adjusted
set of individual preference vectors. Six members
of the group elected to use the group’s workload
vector as their individual preference vector; three
members (highlighted) chose preference vectors that
were distinct.

There are various ways to represent the equivalence
between shifts. Our method of grouping the individual
shifts into shift types and fixing the WeekDay preference
value to 1.0 had the advantage that the physicians
had to express equivalence values on relatively few
(six) other shift types. One value for WeekNight would
essentially represent four shifts, and the requirement
that the vector totals had to sum to 15.75 allowed a
change in that particular value to have a relatively
greater impact than the other singleton shift types.
However, the simplicity and the perceived fairness of
having to declare a preference vector relative to the
workload vector resonated well with the physicians.

The workload vector was used to retrospectively
analyze previous schedules for workload balance under
the assumption that administrative work (i.e., admin-
istrative duties, research, and committee work) was
distributed equally among all physicians. We analyzed
three consecutive nine-week periods (spanning Jan-
uary 3, 2011 through July 10, 2011) and compared them
to an equality schedule in terms of counts of shifts by
type and average nine-week workload. The analysis
confirmed that the workloads corresponding to the
prior schedules were far from equal. One physician’s

workload was at least 14 percent more than a perfectly
equal distribution of shifts and over 30 percent more
than the workload of another physician in the group.
Even when using the preference vectors in comparisons,
the same magnitude of imbalances remained.

Development of the Hybrid Preference
Scheduling Model
With a clear opportunity to improve workload balance,
we formulated a mixed-integer optimization model
to generate nine-week schedules. The first use of the
model was to generate a feasible equality schedule.
In this model, we added constraints to ensure that each
physician was scheduled to work the same number of
each type shift. Next, we modified the optimization
model to incorporate the workload values and the indi-
vidual preference values. The objective was constructed
to maximize the minimum percentage improvement in
individual total preference value relative to an equality
schedule.

Both models’ results were reviewed and a discussion
ensued on the notion of schedule fairness. Although
the relative workload between any two physicians in
the preference-based model was essentially equiva-
lent, the number of shifts worked over the nine-week
period varied considerably and became the focus of
the fairness discussion. Ultimately, a subset of physi-
cians maintained that for a schedule to be fair, each
physician must be required to work the same number
of each type of shift over the scheduling horizon. The
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remaining physicians maintained their predilection for
a preference schedule as they shaped and accepted
a preference-based view of fairness from a relative
workload perspective as previously outlined.

Clearly, the physicians segmented into two groups—
those who preferred an equality assignment and those
who were willing to accept a nonequality schedule
that incorporated their individual preferences. In our
particular instance, six physicians chose the equality
schedule and the remaining three physicians opted
for the nonequality schedule based on individual
preference.

To accommodate both sets of physicians, we intro-
duced the Hybrid Preference Scheduling Model
(HPSM). The model is deemed hybrid because it is
designed to concurrently accommodate two differ-
ent scheduling philosophies to address the physician
scheduling problem (the equality and the preference
approach). The physicians that preferred a true equal-
ity schedule could easily be scheduled to work the
equivalent of one entire week’s workload distributed
throughout the nine-week horizon. The total workload
associated with the remaining physicians could then
be assigned based on physician preference among
the remaining pool of doctors who maintained their
predilection for a true preference schedule. In essence,
the hybrid model facilitates multiple-party, Pareto-
improving swaps among the subset willing to accept a
nonequality schedule.

To model preference improvement for each physi-
cian in the preference subset, we calculate a baseline
measure of comparison, the individual physician’s pref-
erence score for an equality schedule, by summing the

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
Solution evaluated Equality evaluated Preference difference Schedule evaluated

Total shift using preference using preference between solution using workload
WeekDay WeekNight FriNight SatSunDay SatNight SunNight WeekLong count values values and equality (%) vector

Doc1 10 4 1 1 1 1 1 19 29.25 29.25
Doc2 14 1 3 0 1 0 1 20 27 28.95 6.7 27025
Doc3 10 4 1 1 1 1 1 19 29.25 29.25
Doc4 10 4 1 1 1 1 1 19 29.25 29.25
Doc5 10 4 1 1 1 1 1 19 29.25 29.25
Doc6 10 4 1 1 1 1 1 19 29.25 29.25
Doc7 5 11 0 0 0 3 1 20 26 27.75 6.3 33
Doc8 10 4 1 1 1 1 1 19 29.25 29.25
Doc9 11 0 0 3 2 0 1 17 26.75 29.25 8.5 2705

Table 3: The hybrid model resulted in an improvement for each physician in the preference set.

corresponding physician’s shift-type preferences across
all shifts in a one-week period. Once this (equality)
baseline is established, the mixed-integer programming
model seeks to maximize the minimum percentage
improvement in baseline preference across the physi-
cians in the preference subset.

The model design allows easy generation of sched-
ules based on pure equality, pure preference, or a
truly hybrid schedule. Constraints are classified into
three high-level sets: (1) workload constraints for an
equality subset of physicians, (2) workload constraints
for a preference subset of physicians, and (3) detailed
schedule constraints. Creating an equality, preference,
or hybrid schedule involves simply combining the
appropriate sets of constraints with the corresponding
objective function. The appendix includes the HPSM
formulation.

We solved the first instance of the HPSM model,
and the physicians reviewed the resulting schedule.
Although the schedule did not include vacation requests
or individual shift-pattern preferences, all the physi-
cians deemed it reasonable. Table 3 shows an HPSM
schedule depicting shift counts, workload, and pref-
erence totals. The subset of those electing preference
consisted of physicians 2, 7, and 9. The remaining six
physicians constitute the equality subset. The schedules
for each of the three physicians who selected preference
exhibited preference totals (column 10) that were at
least 6 percent less (better) than an equality schedule
evaluated using their preference values (column 11).
With the group, this established the concept of incor-
porating individual preference and set the stage for
greater model detail and customization. Having built
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trust and confidence in the concepts, we moved toward
including more types of group and individual con-
straints by repeated iterations of schedule generation
and review.

A model created to meet the group’s complex and
unique scheduling constraints required many lengthy
discussions with the physicians and the generation
of numerous schedule prototypes to provide answers
to what-if types of questions. The schedule visual-
ization tool shown in Figure 2 served to efficiently
communicate responses to such inquiries in an easy-to-
understand format. The process of schedule discussion,
followed by what-if types of questions, followed by
scenario analysis and the visualization of the model
response, facilitated the elucidation of a comprehensive
set of model constraints. Ultimately, agreement was
reached on a representative set of group and individ-
ual constraints and guidelines for requesting vacation
periods or days off.

We reviewed an actual schedule from a previous nine-
week period to verify whether such constraints were
being honored in the manually generated schedules
and found a large number of violations of the newly
agreed upon constraints. Hence, the model-generated
schedules would promote improved clinical continuity
and healthier rest patterns for the physicians relative
to the manually generated schedules.

Model Implementation
The group decided to take a conservative approach
regarding implementation of the first optimization-
based schedule by agreeing to launch with a pure
equality schedule in February 2013. The implementation
of the second nine-week optimization-based schedule
increased the physicians’ levels of confidence in the
computer-based scheduling process. As a result, several
physicians self-selected back into a preference-based
subset for a specific set of shifts. In fall 2013, the group
conducted, reviewed, and implemented the first run of
the HPSM with the complete set of constraints and
time-off requests.

In practice, the scheduling model is designed for
implementation every nine weeks on a rolling horizon
basis, as we describe above. Prior to running a nine-
week schedule, each physician submits requests for
extended vacation days, professional days off, personal

requests for one or two consecutive days off, or for
specific shifts off. Physicians may request “true vacation
days” in the form of a one- or two-week block of time
during a nine-week scheduling period four times each
year. A two-week block of vacation time is rare and
must be approved by the group months in advance.
The number of requests for days off and shifts off per
physician varies significantly from zero to as many
as 22 days off (only seven consecutive “true vacation
days” in this case) per nine-week period. The more
consecutive days off requested, the more compressed
the particular physician’s schedule becomes because the
equivalent nine-week workload must then be scheduled
within the remaining days. Additionally, when several
physicians request time off during the same period, the
remaining physicians are negatively impacted because
they must cover all shifts. As such, excessive vacation
requests may render the instance infeasible. If this
occurs, subsets of the detailed schedule constraints
must be relaxed iteratively to reach feasibility. The
physician group agreed upon a formal process to relax
such constraints in the following order: (1) noncritical
quality of care, (2) “no day shift two days after a night
shift” (lifestyle constraints), and (3) “at most one night
shift among three consecutive night shifts” (lifestyle
constraints). The constraints were relaxed according to
seniority among the physicians. The constraint sets are
described in detail in the appendix as constraint sets
32–36, 27–29, and 21–26, respectively. In an attempt to
minimize the need to manually relax constraint sets
in pursuit of schedule feasibility, the group agreed
on guidelines to limit simultaneous vacation requests.
No more than two doctors may request an extended
vacation (i.e., longer than seven days) concurrently and
no more than three doctors may request to be off on
the same day or during the same shift. The medical
director must approve all exceptions. Although the
group agreed on the vacation limits in spirit, evidence
suggested that, in practice, violations were common-
place. Root cause analysis revealed a lack of visibility
of the entire group’s vacation requests as the reason.
Physicians agreed to post all vacation requests to an
online calendar on a continuous basis to increase visi-
bility. The next nine-week schedule is generated two to
three weeks before the end of the active schedule. In
the last week of the current schedule, the authors for-
mulate transition constraints that incorporate vacation
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Week1 Mon Tue Wed Thu Fri Sat Sun

DayA DOC2 DOC8 DOC8 DOC2 DOC9 DOC9 DOC9

DayB DOC5 DOC5 DOC9 DOC5 DOC5
Night DOC3 DOC4 DOC6 DOC3 DOC1 DOC6 DOC1
24-7 DOC7 DOC7 DOC7 DOC7 DOC7 DOC7 DOC7

Week2 Mon Tue Wed Thu Fri Sat Sun

DayA DOC2 DOC9 DOC2 DOC7 DOC7 DOC8 DOC8
DayB DOC8 DOC4 DOC9 DOC4 DOC8
Night DOC7 DOC5 DOC1 DOC3 DOC2 DOC5 DOC7

24-7 DOC6 DOC6 DOC6 DOC6 DOC6 DOC6 DOC6

Week3 Mon Tue Wed Thu Fri Sat Sun

DayA DOC4 DOC8 DOC9 DOC2 DOC9 DOC9 DOC9

DayB DOC2 DOC3 DOC4 DOC8 DOC3

Night DOC1 DOC6 DOC7 DOC1 DOC2 DOC8 DOC7

24-7 DOC5 DOC5 DOC5 DOC5 DOC5 DOC5 DOC5

Week4 Mon Tue Wed Thu Fri Sat Sun

DayA DOC4 DOC3 DOC3 DOC6 DOC1 DOC1 DOC1

DayB DOC2 DOC1 DOC4 DOC2 DOC6

Night DOC6 DOC5 DOC7 DOC8 DOC4 DOC3 DOC4

24-7 DOC9 DOC9 DOC9 DOC9 DOC9 DOC9 DOC9

Week5 Mon Tue Wed Thu Fri Sat Sun
DayA DOC8 DOC6 DOC2 DOC2 DOC4 DOC4 DOC4
DayB DOC6 DOC8 DOC4 DOC6 DOC6
Night DOC7 DOC1 DOC5 DOC7 DOC8 DOC9 DOC8
24-7 DOC3 DOC3 DOC3 DOC3 DOC3 DOC3 DOC3

Week6 Mon Tue Wed Thu Fri Sat Sun
DayA DOC6 DOC1 DOC9 DOC9 DOC1 DOC6 DOC6
DayB DOC5 DOC9 DOC5 DOC1 DOC6
Night DOC7 DOC4 DOC8 DOC7 DOC3 DOC1 DOC3
24-7 DOC2 DOC2 DOC2 DOC2 DOC2 DOC2 DOC2

Week7 Mon Tue Wed Thu Fri Sat Sun
DayA DOC8 DOC2 DOC5 DOC2 DOC8 DOC3 DOC3
DayB DOC5 DOC1 DOC1 DOC3 DOC3
Night DOC7 DOC8 DOC6 DOC7 DOC5 DOC9 DOC5
24-7 DOC4 DOC4 DOC4 DOC4 DOC4 DOC4 DOC4

Week8 Mon Tue Wed Thu Fri Sat Sun
DayA DOC7 DOC7 DOC9 DOC1 DOC3 DOC9 DOC9
DayB DOC1 DOC1 DOC7 DOC3 DOC9
Night DOC2 DOC4 DOC5 DOC7 DOC6 DOC2 DOC6
24-7 DOC8 DOC8 DOC8 DOC8 DOC8 DOC8 DOC8

Week9 Mon Tue Wed Thu Fri Sat Sun
DayA DOC5 DOC3 DOC2 DOC6 DOC5 DOC5 DOC5
DayB DOC4 DOC4 DOC3 DOC2 DOC6
Night DOC8 DOC7 DOC4 DOC3 DOC2 DOC4 DOC7
24-7 DOC1 DOC1 DOC1 DOC1 DOC1 DOC1 DOC1

Figure 2: (Color online) The visualization tool facilitated agreement on constraints by efficiently illustrating a
candidate schedule.
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requests and the impact of the assignments on the first
week of the next nine-week schedule. If the schedule is
infeasible, constraints are relaxed as described above.
The model is formulated and solved every nine weeks
using the AMPL math programming language and
Gurobi 5.1.0 math programming solver. An Excel VBA
module then transforms the output from the MIP into a
visual format easily understood by the physicians. The
group’s liaison physician then reviews the schedule
and shares it with the entire group. Additional con-
straints are added to accommodate change requests or
omissions and the model is re-solved. As the schedule
is executed, if additional issues arise (e.g., an illness),
the liaison physician can manually facilitate amenable
swaps to the visual schedule through the Excel interface
and then communicate those changes to the group as
a whole. Note that the proposed scheduling model
assumes that administrative work is distributed equally
among all physicians. The model can be easily modified
to accommodate less-than-fulltime clinical loads as a
result of increased administrative duties by accordingly
adjusting workload constraints.

Model Testing on Larger and
More Diverse Practices
Although the neonatal physician group we studied at
UTMC is small, it is the second largest NICU in the
state. The two largest UTMC hospital-based groups pro-
viding 24-7 coverage are the anesthesia and hospitalist
groups, which employ 27 and 24 physicians, respec-
tively. We explored the applicability of the scheduling
model to larger and more demographically diverse
practices. A test data set was generated to compare
model performance among practices comprised of 9,
18, and 27 physicians among general neonatal and
hospitalist practices since hospitalist and neonatal

Physician profile WeekDay WeekNight FriNight SatSunDay SatNight SunNight WeekLong

A Young–married/with partner, no children 1 103 2025 2 301 201 4
B Parent of young children 1 105 2 3 3 2 3.25
C Young–single, no children 1 105 201 2 2075 204 4
D Parent of older children 1 1025 105 3 205 105 5
E Nearing retirement 1 106 108 2 208 2055 4

Table 4: Representative physician profiles and corresponding shift-type preferences are defined.

coverage-duty requirements are quite similar. Based on
actual physician preference data, in combination with
physician expertise, five demographically based physi-
cian profiles and corresponding shift preferences were
defined (Table 4). As above, each vector of preferences
sums to 15.75.

Demographic physician data, available from three
medical professional organizations (Frintner 2013, Smart
2013, American Board of Pediatrics 2014) were used
to generate six data sets, three to represent neonatal
practice groups with 9, 18, and 27 physicians each
and three to represent hospitalist groups with 9, 18,
and 27 physicians, respectively. A pure preference
version of the scheduling model was tested using each
of the six data sets described with no limit on the
number of 24-7 call shifts worked in a given scheduling
horizon. Table 5 shows the results for each of the
six test scenarios. In each case, the table includes the
maximum and minimum percentage improvement in
physician preference over that of an equality schedule
as a range and the physician count by profile type.

In general, more variation in the mix of physicians
and preferences results in a better schedule in terms of
overall percentage improvement in preference over
an equality schedule; the maximum improvement
increases as the number of physicians increases.

Conclusions, Limitations, and
Future Research
The presented method of incorporating individual
relative shift preferences into a physician rostering
model has not been explored by previous researchers
and is not present in commercial software packages.
The method is general and can be applied within any
rostering problem in which individual lifestyles may
evoke different relative preferences among shift types.
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General neonatal practices General hospitalist practices

Physician count by Range of improvement Physician count by Range of improvement
Total no. A, B, C, D, E profile type, over equality A, B, C, D, E profile type, over equality
of physicians respectively (all physicians) (%) respectively (all physicians) (%)

9 111111313 6.60–7.89 112111411 7.12–7.89
18 213111517 5.26–7.95 315111712 6.60–9.65
27 3141119110 5.98–9.95 4181111113 5.98–11.4

Table 5: Variations in the mix of physicians and preferences improve schedule results.

The optimization-based approach facilitates complex
multiple-party trades and creates schedules that are
individually preferred over culturally acceptable equal-
ity schedules, which are often the default in equally
partnered physician groups.

One limitation of this study is that all physicians
were considered equally qualified to work any of the
shift types. In some settings, consideration must be
given with respect to clinical expertise (board certi-
fications) or productivity. Although these exceptions
can be handled with additional constraints and objec-
tives, they were not explored in the current model.
Another characteristic of the neonatology group was
that physician pay was not schedule based. Some
physician groups pay differential rates depending on
the type of shift or the number of hours worked. This
scenario creates a situation in which the physicians
may have to consider income impacts when declaring
their preference vectors. This problem can, however, be
handled using the workload vector as a guide for the
differential rates.

Future enhancements include testing the model in
other types of hospital-coverage practices (e.g., emer-
gency medicine, anesthesiology, hospital medicine,
radiology) and incorporating more formal methods
for constraint relaxation when initial models are con-
strained to the point of being either infeasible or very
limited with respect to individual improvement rel-
ative to an equality schedule. We might also try to
generate additional improvements by constraining to
insure minimum gains and then maximizing the total
improvement. Although this might yield a quantitative
improvement, it runs the risk of widening the range of
gains among the preference physicians to the point of
being perceived as unfair. Nonetheless, it should be
explored for its potential.

Our work provides insights on iteratively engaging
with physician groups to maximize the acceptance
of optimization methods. The schedule visualization
tool helped the group identify and converge on a
rational set of work-practice constraints and reach
agreement on processes for incorporating vacation
requests. In addition, the opt-in or opt-out aspect of
the HPSM allowed physicians to adopt the preference-
based approach at their own pace.

To the physician group, however, this method demon-
strated the value of an objective, computer-based
approach that resulted in a less physically demanding
schedule, covered all required shifts, and provided
improved continuity of care. These schedule character-
istics should promote physician longevity and help in
meeting the increased demand for healthcare services.

Appendix

The Hybrid Preference Scheduling Model
Model parameters include the following:

P = set of preference physicians.
n= number of preference physicians.
I = total number of physicians.
J = number of shifts to be covered in one week.
K = number of weeks in the scheduling horizon.

pi1 j = physician i’s preference value for shift j , i ∈ P .
E = set of equality physicians.
N = maximum number of night shifts a physician may

work in a given week.
D = maximum number of shifts a physician may work in a

given week.
W = number of weekend shifts an equality physician must

work in each half of the scheduling horizon.
Q = minimum number of shifts a physician must work in

a nonvacation week.
H = minimum number of weekday shifts a physician must

work in each half of the scheduling horizon.
M = number of different shift types.
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Tm = set of shifts in the mth shift type set.
tm = number of members in set Tm.
vj =

∑

i∈P pi1 j/n, average preference value for shift j among
preference physicians.

V =
∑J

j=1 vj , the preference physicians’ total preference
score, a surrogate for the total K-week physician
workload for the preference physicians.

R4i5=
∑J

j=1 pi1 j , doctor i preference for an equality schedule
(schedule where each doctor works an equal number
of shifts for each shift type), where, i ∈ P .

The decision variables are as follows:

w = minimum proportional improvement in preference
schedules among all preference physicians.

xi1 j1 k =

{

11 if doctor i is assigned to shift j in week k3

01 otherwise.

The MIP is presented as follows:

Maximizew (1)

subject to:

Workload Constraints for the Preference Physicians

R4i5−
J
∑

j=1

K
∑

k=1

pi1 jxi1 j1k ≥w ·R4i51 ∀ i∈P1 (2)

J
∑

j=1

�K/2�
∑

k=1

vjxi1 j1k ≥V ·
1
K

(⌊

K

2

⌋

−1
)

1 ∀ i∈P1 (3)

J
∑

j=1

K
∑

k=�K/2�

vjxi1 j1k ≥V ·
1
K

(⌈

K

2

⌉

−1
)

1 ∀ i∈P0 (4)

Workload Constraints for Equality Physicians
K
∑

k=1

∑

j∈Tm

xi1 j1k = tm1 ∀ i∈E1∀m∈811210001M90 (5)

The HPSM can be customized to accommodate any type
of shift structure and any number and type of practice-
specific work rules, work patterns, lifestyle, quality-of-care,
or related constraints. Table 1 gives the descriptions of the
seven shift types adopted by the neonatal practice at UTMC,
and Figure 1(a) gives the indices of the 19 weekly shifts.
The model can be easily adapted to generate either a pure
preference schedule in which all physicians are scheduled
based solely on shift preference or a pure equality schedule
in which all physicians work an equal number of each shift
type.

Work-Rule Constraints

xi1 j1k+1 +xi1 j1k ≤11 ∀ i∈P1∀ j ∈T71

∀k∈811210001K−19 (6)

xi1 j1k =xi1j ′1k1 ∀ i∈E1∀ j ∈T31∀ j ′ ∈T61∀k1 (7)

∑

j∈T4∪T5∪T6∪T7

�K/2�
∑

k=1

xi1 j1k ≥W1 ∀ i∈E1 (8)

∑

j∈T4∪T5∪T6∪T7

K
∑

k=�K/2�

xi1 j1k ≥W1 ∀ i∈E1 (9)

I
∑

i=1

xi1 j1k =11 ∀ j1∀k1 (10)

xi1 j1k+xi1 j+11k+xi1 j+21k ≤11 ∀ i1∀ j ∈T1A1∀k1 (11)

xi1 j1k+xi1 j ′1k ≤11 ∀ i1∀ j ∈T1 ∪T2 ∪T3 ∪T4 ∪T5 ∪T61

∀ j ′ ∈T71∀k1 (12)
∑

j∈T4∪T5∪T6

xi1 j1k ≤11 ∀ i1∀k1 (13)

Work-Pattern Constraints

xi1 j1 k + xi1 j+11 k + xi1 j+21 k ≤ 11 ∀ i1 ∀ j ∈ T21 ∀k1 (14)
∑

j∈T3∪T4∪T5

xi1 j1 k ≤ 11 ∀ i1 ∀k1 (15)

xi1 j1 k +
∑

j ′∈TMAB

xi1 j ′1 k+1 ≤ 11

∀ i1 j ∈ T61 k ∈ 81121 0 0 0 1K − 191 (16)

xi1 j1 k + xi1 j ′1 k+1 ≤ 11 ∀ i1 j ∈ T61 j
′
∈ T71

∀k ∈ 81121 0 0 0 1K − 191 (17)

xi1 j1 k +
∑

j ′∈TMAB

xi1 j ′1 k+1 ≤ 11 ∀ i1 j ∈ T71

∀k ∈ 81121 0 0 0 1K − 191 (18)
∑

j ′∈TMABN

xi1 j ′1 k+1 + xi1 j1 k ≤ 11 ∀ i1 j ∈ T41

∀k ∈ 81121 0 0 0 1K − 191 (19)
∑

j∈T2∪T3∪T5∪T6

xi1 j1 k ≤N1 ∀ i1 ∀k1 (20)

Lifestyle Constraints

∑

j∈TMN ∪TTN ∪TWN

xi1 j1 k ≤ 11 ∀ i1 ∀k1 (21)

∑

j∈TTN ∪TWN ∪THN

xi1 j1 k ≤ 11 ∀ i1 ∀k1 (22)

∑

j∈TWN ∪THN ∪T3

xi1 j1 k ≤ 11 ∀ i1 ∀k1 (23)

∑

j∈THN ∪T3∪T5

xi1 j1 k ≤ 11 ∀ i1 ∀k1 (24)

xi1 j1 k+1 +
∑

j ′∈T5∪T6

xi1 j ′1 k ≤ 11 ∀ i1 j ∈ TMN 1

∀k ∈ 81121 0 0 0 1K − 191 (25)
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∑

j∈TMN ∪TTN

xi1 j1 k+1 + xi1 j ′1 k ≤ 11 ∀ i1 j ′ ∈ T61

∀k ∈ 81121 0 0 0 1K − 191 (26)

xi1 j1 k + xi1 j+41 k + xi1 j+51 k ≤ 11

∀ i1 ∀ j ∈ TMN ∪ TTN ∪ TWN 1 ∀k1 (27)

xi1 j1 k +
∑

j ′∈TMAB

xi1 j ′1 k+1 ≤ 11 ∀ i1 j ∈ T51

∀k ∈ 81121 0 0 0 1K − 191 (28)

xi1 j1 k +
∑

j ′∈TTAB

xi1 j ′1 k+1 ≤ 11 ∀ i1 j ∈ T61

∀k ∈ 81121 0 0 0 1K − 191 (29)

J
∑

j=1

xi1 j1 k + xi1 j ′1 k ≤D1 ∀ i1 j ′ ∈ T41 ∀k1 (30)

K
∑

k=1

xi1 j1 k = 11 ∀ i1 j ∈ T71 (31)

Quality-of-Care Constraints

J
∑

j=1

xi1 j1 k ≥Q1 ∀ i1 ∀k1 (32)

∑

j∈T1

�K/2�
∑

k=1

xi1 j1 k ≥H1 ∀ i1 (33)

∑

j∈T1

K
∑

k=�K/2�

xi1 j1 k ≥H1 ∀ i1 (34)

xi1 j ′1 k ≤
∑

j∈8T1 � j ′9

xi1 j1 k1 ∀ i1 ∀ j ′ ∈ T11 ∀k1 (35)

∑

j∈TFAB

xi1 j1 k − xi1 j ′1 k ≥ 01 ∀ i1 j ′ ∈ T41 ∀k0 (36)

More specifically, the HPSM model objective function (1)
seeks to maximize w, the minimum proportional improve-
ment to individual physician preference relative to an equality
schedule for the preference set of doctors. Constraint set (2)
defines w. Constraint sets (3) and (4) require that at least a
portion of each preference doctor’s workload is scheduled in
each of the first and second parts of the K-week scheduling
period, where the total workload is represented as the group’s
preference score V for a K-week period. Constraint set (5)
characterizes the workload constraints for the equality set
of physicians and ensures that each doctor in the equality
subset works an equal number of shifts for each shift type
over the K-week period. Constraint sets (6)–(13) describe
work-rule constraints. Constraint set (6) ensures that no
preference doctor is assigned the 24-7 WeekLong call shift for
two consecutive weeks. Constraint set (7) ensures that for
doctors in the equality subset, the same doctor works both
the FriNight shift and the SunNight shift in a given week.

Constraint set (8), in conjunction with constraint sets (5)
and (7), ensures that all physicians in the equality subset
work a weekend shift during W different weekends during
the first half of the scheduling time horizon; similarly, con-
straint set (9) together with constraint sets (5) and (7) ensures
that all physicians in the equality subset work a weekend
shift during W different weekends in the second half of the
scheduling horizon. If the number of weeks in the scheduling
horizon is odd, the middle week in the horizon is included
in both halves of the scheduling horizon. Constraint set (10)
ensures that one and only one doctor is assigned to each
shift during the K-week period. Constraint set (11) ensures
that a given doctor is assigned to no more than one shift
in any 24-hour period Monday–Friday. Constraint set (12)
ensures that a doctor assigned to work the 24-7 WeekLong
call shift in any given week will not be assigned to work any
other shift in the same week. Constraint set (13) ensures that
for a given week, the SatNight, SunNight, and SatSunDay
shift assignments are mutually exclusive.

Constraint sets (14)–(20) describe work-pattern constraints
applied to both preference and equality physician schedules.
Constraint set (14) ensures that if a doctor works a WeekNight
nightshift, he (she) will not work the following WeekDay shift.
Constraint set (15) ensures that for a given week, the FriNight,
SatNight, and SatSunDay shift assignments are mutually
exclusive. Constraint set (16) ensures that if a doctor works
the SunNight shift, he or she will not work the following
Monday WeekDay shift. Constraint set (17) ensures that if a
given doctor works the SunNight shift in a given week, then
he or she will not be assigned to work the WeekLong call
shift the following week. Constraint set (18) ensures that if a
doctor works the WeekLong call shift in a given week, he
or she will not work the following Monday WeekDay shift.
Constraint set (19) ensures that if a given doctor works a
SatSunDay shift in a given week, he or she will not work the
following Monday WeekDay shift nor the following Monday
WeekNight shift. Constraint set (20) ensures that no physician
works more than N night shifts in a given week.

Constraint sets (21)–(31) describe lifestyle constraints
applied to both preference and equality physician schedules.
Constraint sets (21)–(26) ensure that at most, one night shift
in any given three consecutive nights is assigned to a given
doctor with the exception of the FriNight–SunNight night
shift pair assignment. Constraint sets (27)–(29) are required
to ensure that if a given doctor works a night shift in a given
week, then he or she will not be assigned to work the day
shift two days after the respective night shift. For example, if
a given doctor works a Monday night in a given week, then
he or she will not be assigned to the following Wednesday
day shift. Constraint set (30) ensures that no doctor works
more than D shifts in any given week, where the SatSunDay
shift is counted as two shifts. Physician-specific constraints
are added to the lifestyle constraints to reflect requests for par-
ticular shifts or specific days off for vacation and professional
leave during each scheduling horizon. An optional lifestyle
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preference, constraint set (31), ensures that the physicians
work the 24-7 weeklong call shift only once in the scheduling
horizon.

Constraint sets (32)–(36) describe quality-of-care constraints
intended to increase quality and continuity in patient care
and are applied to both preference and equality physician
schedules. To maintain continuity in patient contact, constraint
set (32) ensures that each physician works at least Q shifts
in each week of the scheduling horizon excluding vacation
weeks. The constraint set is customized to accommodate
physician-specific vacation time. To further maintain patient
contact during the more treatment-intensive WeekDay shifts,
constraint sets (33) and (34) ensure that each physician
works at least H WeekDay shifts during both the first and
second portions of the scheduling horizon. Constraint set (35)
imposes continuity of patient care because the constraints
ensure that if a given doctor works a WeekDay shift in a
given week, then he or she must work at least two WeekDay
day shifts in that same week. Constraint set (36) ensures that
the doctor assigned to work the weekend SatSunDay shift
also works the preceding Friday WeekDay shift to promote
consistency and continuity of care from the weekday to the
weekend shifts.
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Verification Letter
Dr. James Schmid, Regional Neonatal Associates, 1930

Alcoa Highway, Suite 145, Knoxville, Tennessee 37920, writes:
“My name is Dr. James Schmid, a neonatal physician with

Regional Neonatal Associates (RNA) in Knoxville, Tennessee.
RNA is a group of nine neonatal physicians that serve
neonatal intensive care units in two hospital systems in East
Tennessee, the University of Tennessee Medical Center and
Tennova Health Systems. Our group staffs the University of
Tennessee Medical Center’s Neonatal unit twenty-four hours
each day, seven days each week and serves the Tennova
system by providing one physician on call at all times.

“Our group has been working with Dr. Charles Noon and
Dr. Melissa Bowers for the last three years to develop an
automated physician scheduling model for our group. Our
work with Drs. Noon and Bowers was initially motivated by
the retirement of one of the physicians in the group that had
traditionally constructed the schedule manually. At the same
time, the group sought a methodology to generate a more
equitable workload across physicians.

“Drs. Noon and Bowers have developed several models
over the course of the last three years. They developed a
strict equality model where each doctor works exactly the
same number of each type shift over the scheduling horizon,
as well as a scheduling model based on individual physician
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preference. A third model was designed to combine the
two to allow a number of our physicians to receive equality
schedules and a smaller subset of our physicians to receive
their schedules based on shift preferences, all within the
same scheduling period.

“The group has been using the schedules generated by
Drs. Noon and Bowers since January 2013. Their models
have been successfully implemented at RNA. The schedule
currently in use is a hybrid schedule which combines both
the preference and equality approaches into one schedule.

“Some physician comments follow. One of the hybrid
physicians commented that she ‘was pleased with how
her preferences were granted. I liked hybrid much better.’
Another of the hybrid physicians commented, ‘I have several
blocks of time off for 5–6 days in a row—that is sweet! The
three Saturday nights are a bummer, but to have 5–6 days
off before and after is pretty nice.’ On the other hand, some
physicians do not like blocks of time off and have voiced
a preference for more evenly spaced call shifts to permit
having the weekend off before and after a weekend call
shift. The number of physicians in the group, along with the
volume and specific combinations of vacation requests from
all physicians collectively, have a significant impact on this
aspect of the resulting schedule.”
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