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he emergency medicine chief resident sits at her

desk, at first just staring at an empty grid. She then

determinedly starts assigning shifts to the 15
residents rotating next month. Hours later, she isn’t much
further along than when she started, due to the different
rules for each type of resident. Difficulty accounting for
various scheduling conflicts, such as medicine continuity
clinics on Thursday mornings and surgical grand rounds on
Tuesday mornings, has caused her to start over several
times. Elsewhere in the hospital, the cardiothoracic fellows
have struggled to perform an adequate number of
transplant cases within their standard 2-year residency,
despite the appearance of sufficient case volume annually.
Creating the optimal call schedule to maximize equitable
distribution of these cases among the fellows has also
become a challenge.

These manual scheduling issues have become an
everyday part of graduate medical education but could be
alleviated to some degree by adopting solutions other
industries have used for years. We are all familiar with the
fact that one snowstorm on the East Coast can devastate
the schedules of every airport in the country, but more
often than not, the airlines keep the majority of people
flying.

So how do they do it? They use solutions from the field
of operations research.

Operations research is the science of strategic decision
making. It enables real world problems to be translated into
mathematical models that can be analyzed and optimized
to create actionable solutions. The field originated prior to
World War II, when scientific teams were established to
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study strategic and tactical dilemmas in military operations.
Today, operations research is used to address complex
personnel, logistical, and scheduling issues in many
commercial industries, including air travel and health care,
by using data to inform decisions. In health care, the
earliest applications of operations research were related to
nurse scheduling and operating room utilization,"* and
now this research can be applied to solving numerous other
logistical problems, including residency scheduling dilem-
mas.

Today’s health care environment has led to residency
and educational scheduling constraints for a variety of
reasons. First, the institution of the 80-hour workweek in
2003 followed by the 16-hour maximum shift for interns in
2011 has limited the flexibility of scheduling. Within these
restricted work hours, residents must comply with varying
Accreditation Council for Graduate Medical Education
(ACGME) operative, procedural, and educational require-
ments. When one adds in the unpredictable nature of
patient or operative case exposure and evolving technolo-
gies, it becomes increasingly difficult for programs to
ensure that all residents have the necessary experience to
become competent. Within these constraints, balancing the
educational goals with the service requirements of training
further complicates the scheduling process.

Despite this increasing complexity, most programs rely
on administrators or senior residents to create educational
and service schedules. Often, they do so without any formal
training in scheduling methods, using historical data and
heuristics handed down from one chief to the next. Manual
scheduling is time consuming, error prone, and it often
results in poor resident satisfaction. In contrast, the
University of Michigan Health System has conducted
several collaborations with faculty and students from the
Department of Industrial and Operations Engineering and
the Center for Healthcare Engineering and Patient Safety,
in which operations research techniques are used to build
optimized schedules that satisfy all patient care and
educational requirements.

One example is our pediatric emergency department,
which has now been building such schedules collabora-
tively for several years. At the press of a button, a complete
schedule is created, which can then be reviewed and revised
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by the chief resident or administrator. This has led to a
number of benefits, including improved efficiency in
schedule creation, elimination of favoritism in the creation
of the schedule, and the ability to quickly recover from
last-minute changes in the schedule. Perhaps even more
importantly, these schedules can prioritize equity across
residents in terms of the number of night shifts, the
frequency of day-to-night shift transitions, personal
requests, and so on.

A second example pertains to our procedural-based
specialties, where the number of cases required for training
presents another scheduling conundrum. The unpredictable
arrival of emergent cases, such as cardiothoracic trans-
plants, and the fact that the experience of any given
resident can vary greatly as a matter of being in the right
place at the right time, adds complexity to this issue. In
another collaboration between engineering and clinical
faculty and students, we were able to evaluate our
institutional volume for cardiothoracic transplants and the
ability to train fellows in light of the United Network for
Organ Sharing certification requirements.® Using historical
transplant data, this team built a model to simulate the
number and timing of transplants that may occur within a
given time period. The model allowed the simulation of
10000 resident years using different call schedules and
varied case volumes. This showed that the minimum
number of annual operations needed to train our residents
is much greater than expected. Intuitively, 4 residents, who
each need 15 cases, would require a minimum of 60 cases
at an institutional level. Based on the inherent variability of
transplant case arrival, the minimum number needed to
train 4 residents using ACGME-compliant call schedules
was closer to 90 cases. Improving the flexibility and
responsiveness of residency scheduling will allow for more
efficient training and reduced institutional case volume by
promoting equity.

Given the individual benefits of operations research—
based tools that can schedule residents and predict the
annual volume necessary to adequately train residents,
synergy can be found in taking an integrated approach to
addressing both problems. Conceptually, computer appli-
cations could build schedules programmed to address case
requirements, incorporate work hour regulations and
service-specific needs, and account for the number and
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varying levels of trainees. Utilizing historical case data for
each training program would enable a tailored schedule to
be created for a particular institution. With such a system,
unexpected changes in the scheduling of a particular clinic to
a different day might not necessitate the rebuilding of an
entire schedule. Rather, the modification could be addressed
by altering the inputs to the model and then rerunning the
algorithm, which automatically accounts for all other
previously determined requirements. Furthermore, if a
training program expands its faculty with an associated
increase in procedural case volume or adds another resident,
the system could account for the impact of these changes.

To incorporate these scheduling strategies at readers’
own institutions, we recommend contacting the nearest
industrial engineering department at a local university. In
fact, our initial contacts were identified through a quick
Internet search. Many industrial engineering departments
will have faculty who are well versed in optimization and
interested in collaboration with clinical practitioners, as
was our experience. Alternatively, there are commercial
entities that specialize in physician scheduling, although
university collaboration may be more mutually beneficial,
leading to greater customization and ongoing joint efforts.
If you encounter difficulty finding a collaborator experi-
enced in optimization and scheduling, please contact the
Center for Healthcare Engineering and Patient Safety at the
University of Michigan.

To continue to meet the demands of today’s changing
medical education environment, training programs will
need to employ more advanced approaches to solving
scheduling dilemmas such as the examples provided.
Operations research, with its established record of success
in other fields, offers innovative approaches to enable
graduate medical education programs to efficiently address
this constantly changing field.
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