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ABSTRACT: The 2014 Institute of Medicine report, Graduate Medical Education that Meets the Nation's Health Needs, challenged the current
graduate medical training process and encouraged new opportunities to redefine the fundamental skills and abilities of the physician workforce.
This workforce should be skilled in critically evaluating the current systems to improve care delivery and health. To meet these goals, current
challenges, motivations, and educational models at the medical school and graduate medical education levels related to formal training in
nonclinical aspects of medicine, especially critical thinking, are reviewed. Our diagnostic radiology training program is presented as a “case

study” to frame the review.
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Introduction

A 2014 Institute of Medicine 1OM) report, Graduate Medical
Education that Meets the Nation’s Health Needs, suggested that
the current funding structure for training our US physician
workforce lacks accountability.! The report describes the
unique nature of public financing for graduate medical educa-
tion (GME) via the Medicare program and therefore the
unique accountability for serving the public good that such
financing affords. The IOM suggests that significant changes
to GME financing and governance could fundamentally
improve physician training.

The first recommendation is the creation of “. . . a physician
workforce better prepared to work in, help lead, and continually
improve an evolving health care delivery system that can pro-
vide better individual care, better population health and lower
cost.” The second is to encourage “. . . innovation in the struc-
tures, locations and designs of GME programs to better achieve
Goal 1.7 Shifting resident training from an in-hospital-based
structure to more diverse practice environments would help
achieve these goals.? However, this training infrastructure does
not yet exist and will be costly to build. In addition, although
there are currently explicit Accreditation Council for Graduate
Medical Education (ACGME) expectations that trainees par-
ticipate in research and scholarly activity, these activities are
uncommon in many residency programs.3

Motivation for Critical Thinking

The goal of this review is to propose a generalizable framework
that GME training programs could use to meet the IOM
report goals. We review current challenges, motivations, and
educational models at the medical school and GME levels
related to formal training in nonclinical aspects of medicine,
especially critical thinking. To frame the review, we present our
own training program as a “case study.”

Adding dedicated critical thinking training in residency
programs’ curriculum will address some of the IOM 2014
report goals. Critical thinking is, by definition, a mode of
thinking in which the thinker analyzes his or her thought pro-
cess, assesses it, and then reconstructs the thought process. The
goal of critical thinking is to eliminate the tendency toward
bias, prejudice, and otherwise uninformed conclusions.* Given
the complexity of medical systems and the need to respond
correctly, it is important that physicians actively learn to recog-
nize biases, prejudices, and incorrect thinking.

A workforce that is capable of leading and improving
health care delivery systems will be skilled in critically evaluat-
ing the current systems. This will require learning how to ask
answerable questions and how to perform background analy-
ses. This background analysis can then be used to discover
ways to innovate and improve. They can then assess the ben-
efits these innovations have on direct patient care, population
health, and cost of care delivery. This skill set can be achieved
through formal and sustained training in critical thinking
throughout the process of becoming a practicing physician.
Rather than requiring all learning to take place in the direct
care of patients, this opens opportunities to invest in nonclini-
cal skills training, including research and quality improve-
ment, during residency.

Current Initiatives and New Efforts

To boost the critical thinking skills of our trainees, we are
implementing a trifold strategy that could be modeled by
other training programs. The goal is to produce the workforce
of the future—physicians who have the skills to innovate and
improve health. This strategy shifts the focus from self-reli-
ance, self-preservation, and passivity to team building and
collaboration.
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Our training program devotes a minimum of 8 hours per
week to protected education for trainees. Although much clini-
cal medicine is learned during direct interaction with patients,
formal and protected classroom-based instruction is of value.’
Classroom teaching provides an avenue for in-depth exploration
of topics outside the pressure of clinical decision making. Group
teaching and discussion promote peer learning. In addition, criti-
cal and uncommon diseases are introduced during didactic
teaching that are not reliably encountered during training.
Although the IOM idea of moving all education into the clinical
spaces where health care is delivered'? is appealing, classroom-
based and clinical-based teaching are complementary.” Trainees
value time dedicated to the consolidation of clinical and theo-
retical knowledge.” Didactic lectures and defined educational
programming remain important in realizing a more capable phy-
sician workforce.

We are transitioning from a traditional didactic lecture
model to the flipped classroom model. In the flipped class-
room, didactic materials are provided to the learners prior to
the scheduled lecture time. The face-to-face time is used to fill
in knowledge gaps and further solidify understanding of the
key concepts.® This puts the onus on the resident to review and
learn the material independently as there will be limited time
in which the resident is a passive recipient of knowledge. Group
time is used to foster active discussions in which trainees artic-
ulate their thought processes. In addition, the faculty, because
the conference is not scripted, are often presented with oppor-
tunities to model critical thinking techniques. This mode of
learning creates an environment that is conducive to discover-
ing knowledge gaps, biases, prejudices, and other limitations of
understanding that might lead to incorrect or uninformed
clinical decisions.

There are many intersections between ACGME7-mandated
general competencies for trainees and critical thinking. In radi-
ology specifically, most of the activities of noninterpretive skills
mandated by ACGMES? build the skill sets that are the founda-
tion of critical thinking. For example, in the domain of Systems
Based Practice, competence in Quality Improvement is man-
dated. In Quality Improvement projects, the trainees look at
the processes and systems that interfere with optimized care
delivery and work to fix them. These projects often focus on
scenarios that the trainees believe negatively affect their ability
to deliver optimized patient care. These interventions are
explicitly designed to address quality of care and often implic-
itly address underlying contributors to physician burnout. The
problem solving that is embodied in the Plan-Do-Study-Act
model of Quality Improvement encourages reflection and pro-
gressive problem solving.»%10 This gives trainees an opportu-
nity to understand that some errors may be unavoidable, that
physicians are independent drivers of health, and that the sys-
tem can improve. Knowing how to develop, implement, and
evaluate quality improvement projects is a way one can add
value to a health care organization and improve patient care.!!

These quality improvement activities are intrinsically aligned
with the IOM report recommendations.

However, quality improvement projects are a relatively
new concept. The lack of departmental support or resources
for such projects could be a hindrance at some institutions.
In addition, some programs may not have mentors who are
comfortable in guiding residents through these projects as
they themselves are new to these concepts.> However, prov-
ing the “value” and impact on patient outcomes of health care
interventions is a required skill set in the new payment mod-
els of health care and training. This means trainees must
learn these tools to become the workforce that is envisioned
by the IOM report.!

The second domain in ACGME Systems Based Practice is
Health Care Economics.® Understanding economic concepts
are essential to making informed recommendations and under-
standing potential barriers to change. Neither residents nor
practicing physicians have a firm understanding of cost or the
business aspect of medicine.’> There are external resources
available to teach these concepts, including the American
College of Radiology via offerings in their Radiology
Leadership Institute.’® Some residency programs have dedi-
cated business curricula. By teaching practice management,
malpractice, informational technology, and personal finance,
we believe that trainees will be positioned to incorporate these
factors into their decision making when in practice. A lack of
understanding of the economics of health care can produce the
types of knowledge gaps, biases, and prejudices that limit a
physician’s ability to make informed decisions.

Practice-based learning and improvement is an additional
ACGME general competency.” An introduction to the tools
and process of evidence-based radiology provides a forum for
teaching and promoting practice-based learning. Evidence-
based medicine training is now required in every medical
school’s curriculum in the United States.* The goal is to pro-
vide all physicians with a basic understanding of statistics, how
studies are conducted, and how to evaluate studies.!* It is
important to understand key concepts such as diagnostic accu-
racy, sensitivity, and specificity. The application of these con-
cepts to make recommendations for patient care is even more
important and elusive.’> Medical school provides an introduc-
tion to these topics, and many residency programs try to expand
on this foundation and tailor it to their specialty through for-
mal lectures or journal clubs.

Incorporating evidence-based medicine practices into clin-
ical activities leads to better retention of concepts and, in the-
ory, better patient care.'* The criticality of understanding and
using evidence-based medicine in practice is enforced by the
coverage of this content in physician basic licensing examina-
tions as well as specialty board licensing examinations. For
example, the American Board of Radiology has emphasized
noninterpretive skills, including critical thinking, in their cer-
tification examinations.16
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A third means to improve resident critical thinking is to
provide dedicated academic time. This includes dedicated
block research time to work with faculty on completing research
projects with the intention of presentation at national meetings
and publication. Through participation in scholarly activity
and by prioritizing that as valued time, the trainees learn to
advocate for the importance of nonclinical activities in practice.
To succeed when provided with this protected time, a trainee
must be effective when gathering and evaluating existing evi-
dence. To design studies that may further contribute to existent
knowledge, identify new opportunities, and/or validate current
behaviors, a trainee has to question current truths. The goal of
this time is to give trainees the chance to solidify a base skill set
in evidence-based medicine, upon which he or she will build.?”
By creating space outside of the clinical realm to process exist-
ing information, trainees are encouraged to take the time nec-
essary to explore new information and break down biases.

Discussion
Improving critical thinking training in residency is necessary to
meet the IOM goals as well as to meet the medical care needs
of our patients. There are many current threats to clinical care
that the physician workforce needs to be prepared to address.
In medicine, and especially in Radiology, volumes have been
increasing steadily since 2008.181% With the unsustainable
costs associated with medical care in the United States, there
has been increased scrutiny of the contribution of imaging to
overuse of health care services in the United States.202! For
example, among Medicare recipients, there was 85% cumula-
tive growth in imaging from 2000 to 2009.22 Over the 1996-
2010 period, the

examinations has tripled and the number of magnetic reso-

number of computed tomographic

nance imaging scans has quadrupled among members of inte-
grated health care systems, whereas the number of radiographic
examinations has remained relatively stable.??

At our institution, we have seen a steady growth of more
than 10% in volume each year in radiology as well as multiple
other specialties. This increasing volume creates tension
between resident education, quality of care, and efficiency. The
demand to meet the increasing work leads to less time for
teaching of residents. This also means less time to incorporate
the patient’s history and current clinical status into making
diagnoses. To meet the increasing volume pressures, the radi-
ologist truncates the time spent in examining and interpreting
each study. When interpreting a study, the radiologist needs to
incorporate information from multiple resources, including the
electronic medical record, the images themselves, the limita-
tions of the modality, and other patient factors. To reach the
correct diagnosis, the radiologist must access his or her prior
experience, training, and ability to think critically about the
factors that might make a particular patient unique.

Increasing volume can also be a factor in the raise of physi-
cian burnout. This is a significant issue that will negatively

affect the ability of health systems and will force trainees to
adapt to new models of care delivery.?>?* A provider workforce
that actually improves health care delivery will have to have the
bandwidth to take on further risk, given the uncertainty inher-
ent in developing something new. Radiology, despite being a
profession that is often cited as a good choice for work and life
balance, most recently was ranked as having the fifth highest
rate of burnout (61.4%) among all surveyed specialists.?* The
metrics of success in these future training systems will need to
improve the health and satisfaction of caregivers, in addition to
the quality of care delivered. If interventions merely help physi-
cians cope with stress but do not address the root causes of
physician burnout, the overall improvements may be limited.?3

Building Evidence

Radiology has long been criticized for the lack of high-qual-
ity evidence to inform the practice and recommendations
that a radiologist makes when diagnosing a particular condi-
tion and patient. A 2006 article by Blackmore and Medina3?
argues that what is described as truth in radiology relies
heavily on a paternalistic approach that is associated with
traditional eminence-based medicine. In an eminence-based
mode, experts provide guidance on the basis of their own
experience and judgment. The accurate synthesis of evidence
is required to provide high-quality and cost-appropriate care.
The randomized control trail (RCT) is considered the
epitome of high-quality evidence for medical decisions.
There is a relative paucity of radiology RCTs in the medical
literature. A recent review of RCTs over the past 20 years
revealed only 358 radiology trials, of which most were
characterized by relatively poor methodologic quality.?6 If
the evidence that predicated the training of the diagnostic
radiologist is weak, then the decisions a radiologist makes are
inherently uninformed. This is a problem that the specialty
as a whole must realize. The incorporation of systematic
critical thinking into specialty training will help radiologists
recognize the strength or weakness of the evidence that
informs decisions. The goal of critical thinking is to elimi-
nate the tendency toward bias, prejudice, and otherwise
uninformed conclusions.*

Adding Value

Health care in the United States is in transition from a fee for
service (volume-based) system to an outcome (value-based)
system.?”-2? Increasingly, both government and private payers
are indexing payment to quality and other outcome metrics.
Research is necessary to support this move and define these
metrics. A challenge for radiologists is a lack of discrete and
quantitative measures of the radiologists’work that links patient
outcomes to imaging and the interpretation of the imaging.10:30:31
Thus, current recommendations emphasize the development
of performance measurement tools that promote the use of
evidence-based criteria in radiology.3%:32-34
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In addition to this, radiologists are trying to find ways to
add value to the increasing team-based approach to medicine.
Many residency programs, including radiology residency pro-
grams, now seek not only to involve but also to have residents
function in multidisciplinary committees.'>% We are trying to
incorporate this mind-set into our program by giving senior
residents the responsibility to prepare and present patients in
these committees. The goal is to better understand the com-
plexity of the multidisciplinary medical team and demonstrate
how the radiologist effects and optimizes decision making
regarding patient care. Through these means, the trainees are
encouraged to both question current practice and discover the
means to improve care.

The evolution, explosion, and significance of medical imag-
ing in today’s practice of medicine have made the process of
both teaching and learning clinical and nonclinical radiologic
skills a formidable task to accomplish during 4 years of
Diagnostic Radiology residency.3¢37 Faculty and future practi-
tioners may have only their experience to inform decisions.
There is no guarantee that such experience is insulated from
bias, prejudice, or basic incorrect thinking. Even the guidelines
developed by radiology societies, to which a practicing radiolo-
gist may refer to support a recommendation for the appropriate
use of imaging tests, are often dependent on the experience of
an expert committee over evidence.?

Conclusions

Training programs can transition from a traditional hospital-
based structured teaching method to a more diverse practice
environment by thinking broadly about their current efforts
that encourage critical thinking and active learning. Realizing
the long-term benefits imagined in the IOM report will require
substantive, dedicated, and continuous training. Many of the
changes in our program represent initial steps needed to begin
this process. To fully realize the IOM report goals, residency
training must teach trainees to critically appraise and synthe-
size information rather than focus on fact memorization.
Physicians with a critical thinking skill set are positioned to
adapt to and to help shape ever-changing models of health care
delivery. Although the specifics in each medical specialty may
be different, the theme of producing physicians that solve clini-
cal problems is a universal goal.

Graduate medical education residency training should
embrace the goal of developing lifelong learning skills in train-
ees so that independent practicing physicians will be able to
question current practices, synthesize information, recognize
study design flaws, including statistical biases, and develop
meaningful solutions and processes for their practice. This abil-
ity to question biases, expose uncertainty, and innovate is neces-
sary to improve the health of our patients, our communities, and
our profession. Residency provides the perfect place for young
physicians to hone these skills, but for this to happen critical
thinking must be an explicit focus of resident education.
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