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ABSTRACT

The goal of all graduate medical education is to ensure
that the graduating physician is competent to practice in
his or her chosen field of medicine. The evaluation of a
resident’s competency to practice, however, has never
been clearly defined, nor has the fixed period of time
given for residency training in each specialty been shown
to be the right amount of time for each individual resi-
dent to achieve competency. To better ensure that new
physicians have the competencies they need, the author
proposes the replacement of the current approach to res-
idents’ education, which specifies a fixed number of years
in training, with competency-based training, in which
each resident remains in training until he or she has been
shown to have the required knowledge and skills and
can apply them independently. Such programs, in addi-
tion to tailoring the training time to each individual,
would make it possible to devise and test schemes to eval-
uate competency more surely than is now possible.

The author reviews the basis of traditional residency
training and the problems with the current training ap-
proach, both its fixed amount of time for training and the
uncertainty of the methods of evaluation used. He then
explains competency-based residency education, notes
that it is possible, indeed probable, that some trainees will
become competent considerably sooner than they would
in the current required years of training, quotes a study
in which this was the case, and explains the implications.
He describes the encouraging experience of his neurosur-
gery department, which has used competency-based train-
ing for its residents since 1994. He then discusses issues
of demonstrating competency in procedural and nonpro-
cedural fields, as well as the evaluation of competency in
traditional and competency-based training, emphasizing
that the latter approach offers hope for better ways of
assessing competency.
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he goal of all graduate medical education is to en-
sure that the graduating physician is competent to
practice in his or her chosen field of medicine. The
evaluation of a resident’s competency to practice,
however, has never been clearly defined, nor has the fixed
period of time given for residency training in each specialty
been shown to be the right amount of time for every resident
to achieve competency. Traditionally, a residents’ compe-
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tency has been measured by the certifying opinion of the
program director that the trainee is ready to practice inde-
pendently, after a specified number of years in training. This
opinion may be supplemented by required examinations dur-
ing training, and is expected to be supported by successful
completion of a specialty board examination. However, there
are no data available that verify the ability of any of the
three methods to predict competent, ethical practice.
Whereas it is axiomatic that physicians should be skilled in
the procedures they perform, how to ensure mastery of pro-
cedural skills is still a matter of much discussion. Even in
specialties such as surgery, where a number of required pro-
cedures can be specified, the evaluation of how well these
procedures are performed, and perhaps even more important,
whether the trainee can apply the skills learned in the over-
all treatment of individual patients, remain unresolved.

In this article I propose 2 major advance in graduate med-
ical education that will better ensure that new physicians
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have the competencies they need to effectively practice in
their specialties. That advance should be the replacement of
the current approach to residents’ education, which specifies
a fixed number of years in training, with competency-based
training, in which each resident remains in training until he
or she has been shown to have acquired the skills and knowl-
edge needed for his or her specialty, and to be able to apply
these skills independently and competently to individual pa-
tients. In this approach, the certification of competency
should replace the years-in-place measure of residency train-
ing."? In addition, programs of competency-based training
will make it possible to devise and test schemes to evaluate
competency more surely than is now possible.

THE BAsIS OF RESIDENCY TRAINING

How has our current system of training residents evolved and
what concepts is it based on? For the past 100 years, graduate
medical education has been based on the concept of resi-
dency as articulated by Osler, Welch, and Halsted. Before
that time, there was no formalized surgical education;
whether a student gained surgical experience depended on
the whim of the professor. Some professors required virtual
indentured servitude, whereas the educational experiences
offered by others were too brief to be of value. Indeed, young
surgeons might never have performed an operation. Thus,
the model for residency experience introduced and imple-
mented by Halsted to correct the inadequacies of unstruc-
tured training was an extraordinarily important advance.
The fundamental requirements of a Halsted residency were
a fixed period of time for traihing, structured educational
content, actual experience with patients, escalating respon-
sibility for patient care during training, and a period of su-
pervised practice after formal training. Halsted also intro-
duced a selection process for choosing residents based on
merit, and a curriculum of specified length and content that
focused on learning from graduated responsibility for patient
care. His ultimate method of evaluation was a final year of
supervised practice at Johns Hopkins Hospital. Over the
years the board movement added evaluation by experienced
practitioners to supplement the opinion of the director of
the training program. The residency review committee sys-
tem specified the length of training and minimum standards
for content of that training. Taken together, the residency
as a model for postgraduate education, the board examina-
tions, and national standards by which residencies are re-
viewed constitute one of the great educational revolutions
of medicine.’

Although most of Halsted’s concepts have formed the ba-
sis of all graduate medical education worldwide during this
century, evaluation of a physician’s competency to practice
never became universal. A major disadvantage of the current

residency system is that the time required for training in
each specialty was, in the past, arbitrarily chosen based on
the opinions of those doing the training. Little attention was
paid to the actual time required to leamn a particular pro-
cedure or fully understand how to treat a particular condi-
tion; consequently, no actual measures of the time needed
exist. Instead, the continuous changes in medicine have
been accommodated by the inclusion of fellowships of
equally arbitrary duration. Issues of competency and profes-
sionalism have been left to the judgment of the program
director.” Although current national standards are clearly
much better defined, the method of establishing them is not
too different from the older arbitrary decision making by
program directors.* In my own specialty (neurosurgery), only
one change in the length of training required has been made
in the past 40 years. How to determine and then implement
what a neurosurgeon needs in order to cope with the enor-
mous advances and increased scope of neurosurgery has
never been formally assessed, nor are there data on the
length of time required to assimilate these new advances into
training.

In a study carried out under the auspices of the Society
of Neurological Surgeons, the outcome of training was ex-
amined by exit interviews with trainees and program direc-
tors. A small but significant percentage of to-be-certified
trainees possessed questionable competence in the candid
opinions of their training program directors. What was par-
ticularly disturbing was that a smaller (although again sig-
nificant) number of trainees questioned their own compe-
tence to perform all procedures, because of lack of exposure
to specific diseases and procedures. No subsequent practice
data are available to verify the validity of these concemns
about competence, but the very fact that they existed in
some 10% of trainees at the end of their training is of con-
cern.>®

List 1 presents an instructive comparison of the two meth-
ods of training that grew out of the study just reported.

COMPETENCY-BASED RESIDENCY EDUCATION

Competency-based residency education implies a training
process that results in proven competency in the acquisition
and application of skills and knowledge to medical practice
that is not simply dependent on the student’s length of train-
ing and clinical experiences. Competency-based training re-
quires definitions of what is needed to practice competent
medicine in every specialty, and then the verification that
each trainee can assume complete care of a particular class
of patients. Because the attainment of competency is an in-
dividual process for each trainee rather than a process based
on the assumption that all trainees will progress at the same
speed (as occurs in the years-in-training paradigm), it is pos-
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List 1

Comparison of the Traditional Years-in-training Approach to
‘Residency Education with Competency-based Training, Society of
Neuorolagical Surgeons, 1989

Years-in-training approach

Requires specified number of years in training, geared to attainment of
specific skills

Resident evaluated by certifying opinion of the program director that
the trainee is ready to practice; evaluation may be supplemented by
required examinations during training

Board certification

No specific measures for training in each specialty; no specific stan-
dardized measures for ensuring that competency has been achieved
in the time allotted

Concern by some trainees that they may not be competent to perform
required procedural or manage particular patients.

Competency-based training

Time taken to acquire knowledge and skills based on the abilities of
individual trainees rather than on the number of years in training

Provision of an algorithm of the training experience as a blueprint for
trainees

No limit on numbers of years in training (except definition of minimal
and maximal times)

Training in each speciaity by recognized experts

Competency judged by the program director supplemented by newly
developed, standardized set of requirgments

sible, indeed even probable, that some trainees will become
competent considerably sooner than they would in the cur-
rent required years of training. Consequently, the overall pe-
riod of residency and the costs may well be reduced, al-
though this possibility remains to be investigated. Moreover,
by reducing the number of years needed to acquire minimal
standards of competency, it may be possible for subspecialty
training and research experience, which now are obtained
through costly post-residency fellowships, to be incorporated
into the current residency requirements, thereby further re-
ducing costs.

ACQUISITION AND APPLICATION OF
SK1LLS AND KNOWLEDGE

How do people leam and how do they translate what they
learn into practice? Theories of education are much ne-
glected in our residency system.” There is no good evidence

that any one construct is better than another, but Rasmus-
sen’s formulation seems particularly appropriate to the med-
ical paradigm.®” Rasmussen devised his scheme to explain
situations in which rapid decisions has to be made, often
without all the definitive information that would be desir-
able—a scenario particularly pertinent to the practice of
medicine.'® Rasmussen theorizes that the first step in a prac-
tical learning system must be the acquisition of skills, and
asserts that these skills can be leamed before the full theo-
retical knowledge required for their practical application is
known. As skills are acquired, the student learns to follow
rules that constitute appropriate responses to most situations
most of the time. With experience, more and more rules are
learned, so that their practical application can be aug-
mented. This constitutes the second phase of the educa-
tional experience.

According to Rasmussen, most individuals never proceed
beyond the use of rules. In the ideal educational experience,
however, the learner moves to a third phase, “knowledge-
based practice,” in which the required solution is derived
from broad experience, and, indeed, is not directly related
exclusively to the specific information that is available in
the current situation. Little is known about the transition
from rule following to knowledge-based applications, but it
is clear that all master clinicians have achieved this transi-
tion."" Although other theoretical constructs exist and may
be equally relevant, Rasmussen’s paradigm provides one ra-
tional basis for instituting and evaluating a competency-
based training program. However, that paradigm neglects the
area of practice generally denoted by professionalism, an area
that encompasses the moral, ethical, and humanistic aspects
of medical practice and that remains the most difficult to
evaluate.”

QUR EXPERIENCE WITH A
COMPETENCY-BASED RESIDENCY

Since 1994, the Department of Neurosurgery at Johns Hop-
kins has carried out a preliminary evaluation of the acqui-
sition of surgical skills in a competency-based mode. The
brief summary below of the experience should help clarify
how competency-based training can be applied to a proce-
dural specialty.

We first identified the clinical experience and procedural
and operative skills that had to be acquired during the in-
ternship and postgraduate years (PGYs) 1 through 4 in order
to fulfill clinical requirements for board eligibility. These
were then listed in sequence in six-month blocks (based on
the PGY residency in our institution) beginning with in-
ternship and continuing through the traditional chief resi-
dency year. We chose the list based in part on the respon-
sibilities established for the residents in each block and in
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part based upon what we arbitrarily thought residents should
know at each stage of training. We then defined the indi-
viduals who would be best suited to teach the requisite in-
formation and skills at each level, including neurologists,
intensive care specialists, neuroradiologists, neuropatholo-
gists, and general surgeons. Many operative procedures were
divided into component parts, such as closing, opening, the
definitive procedure, and last, the complete operation. This
produced an algorithm for the entire training period that
was arranged to provide increasing responsibilities for both
patient care and operative procedures. The residents thus
had a blueprint for what they would be expected to learn,
and the sequence in which learning should be acquired. Al-
though we used arbitrary six-month blocks to create the
training algorithm, we placed no time limits on the acqui-
sition of skills and knowledge.

In keeping with Rasmussen’s construct, the original ex-
periment was based solely on acquisition of procedural skills.
We first spent three years in judging the speed with which
residents became competent to perform five arbitrarily cho-
sen surgical procedures or their components in the tradi-
tional PGY-1-4 model. We then evaluated the speed with
which residents became competent in the same procedures
when progression in responsibility in the operating room was
based on competency, not PGY. Competency was arbitrarily
judged to be acquired when the program director was satis-
fied that the resident could carry out the procedure inde-
pendently (with supervision), and when the trainee felt
competent to do so.

The results were telling (see Table 1). For exposure and
closure in operations, which were traditionally performed
during PGY-2, the times to skill mastery were reduced by
three to six months. For complete procedures, which were
performed during PGY-3 and PGY-4, the times to master the
procedures were reduced by six to nine months. For the most
complex procedures—pterional craniotomy and exposure of
the optic chiasm and suboccipital craniotomy with exposure
of an acoustic tumor—the reductions in times to skill
mastery were even more dramatic. In the years-in-training
model, these skills were generally mastered in 33 to 36
months; in the competency-based program, mastery was
achieved at 18 months by all trainees. Our preliminary ex-
perience suggests that mastery of procedural skills can be
accelerated dramatically by focusing on competency.

COMPETENCY IN PROCEDURAL AND
NONPROCEDURAL FIELDS

It is obvious that competency is easiest to determine in pro-
cedural fields, because outcomes can be well defined. In fields
such as pathology and radiology that depend on objective
interpretation of macro- or microscopic specimens, however,
nuances in interpretation may be difficult to test. Moreover,

Table 1
Comparison of Lengths of Time That Residents in Two Types of
Training Gensrally Took to Master Skills in Specific Neurosurgery
Procedures, The Johns Hopkins School of Medisine, 1884-1999°
Traditional Competency-based
Training Training
Procedure {mo.) (mo.)

Lumbar laminectomy

Closure 6-9 3-6

Exposure 9-12 6

Laminectomy 24--36 18
Anterior cervical fusion

Exposure 9-12 6

Graft harvest 6-9 6

Fusion 24-36 18
Ventriculoperitoneal shunt 27-36 -
Pterional craniotomy 36-39 18
Suboccipital craniotomy 36-39 18
*Data are for first-, second-, and third-year residents at Johns Hopkins in the
traditional neurosurgery residency and for the same types of students in a com-
petency-based neurosurgery residency at that school from 1994 to 1999.

skills not only encompass procedures, but include all of the
attributes of a competent physician: accurate history taking
and physical examination, interpretation of relevant diag-
nostic data to provide differential diagnosis, evaluation of
the patient’s personality, an individualized accurate progno-
sis, and development of an appropriate paradigm of care for
an individual patient. A knowledge base that allows pro-
gressive responsibilities for patients must be developed for
every specialty. The procedural fields also require not only
the skills to carry out the procedures, but knowledge of when
these procedures should be done. In surgery and in inter-
ventional subspecialties, skills and knowledge are equally im-
portant, and one is useless without the other. All of medi-
cine has a fundamental skill set that should continuously be
expanded by knowledge and experience. The ultimate key
to competency is the synthesis of skills, knowledge, and ex-
perience into a program of care that is the most appropriate
for each individual patient. This synthesis is the third phase
of Rasmussen’s paradigm, and to help students achieve it is
the greatest educational and evaluational challenge.

EVALUATION OF COMPETENCY

The fundamental issue in a competency-based training pro-
gram or in a traditional years-in-training program is to de-
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termine whether competency has been achieved.*™™* At
present, in the traditional years-in-training programs, the
primary measure of evaluation of competency is the written
certification of the program director. This is supplemented
in many specialties by national in-training examinations and
by the final board examinations, in which evaluation of
competency is attempted by assessing both factual knowl-
edge and (usually hypothetical) case management. Neither
of these two examination strategies has been proven to re-
flect subsequent competent surgical practice. Indeed,
whereas factual knowledge can be tested by examination,
whether that knowledge is actually relevant to practice has
never been evaluated. However, competency-based training
provides an exceptional opportunity to devise and test
schemes to evaluate competency, and to do so in a system
that assess trainees on an individual basis, rather than as-
suming that, in a certain time frame, all trainees will have
achieved the desired level of competence.

What is the best way to evaluate competency? Patient
care algorithms that assess rules-following are available for
many specialties.”” These can be supplemented by assessment
of procedural skills and management of pain by experienced
surgeons or experts in other fields that require interventional
skills.'* The challenge is how to quantify the evaluations so
that they can be standardized objectively. A combination of
rules-following and patient management has been assessed
in a variety of ways, including evaluating actual patients,
hypothetical patients, or individuals representing patients.
The best solution may require evaluation of management of
actual patients and of standardized, computer-based hypo-
thetical patients, which offers an opportunity to improve
upon current ad hoc judgment methods. Since evaluation of
competency will differ from specialty to specialty, compe-
tency-based training provides an excellent research oppor-
tunity to provide a defined evaluation program for each field
of medicine.

DISCUSSION

It is logical that the major goals of competency-based train-
ing for residents must be first to define the skills and knowl-
edge that are required for each specialty and then to prove
that these attributes have been acquired and can be applied
to individual patients independently by the clinician in a
competent manner. Certification of competency replaces the
time-honored years-in-place method of residency training.
Thus each trainee progresses at his or her own pace. Our
experience indicates that this scheme requires that skills and
knowledge be obtained in parallel and that these, as well as
practical application of patient management, have to reach
the specified level as the trainee progresses through training.
Although limits might be set for minimal and maximal times

for training, numbers of years in training should become ir-
relevant to the educational process for residents. Completion
of required years of training does not assure the public of
competency.

As said earlier, competency-based training also provides
opportunities to find new, effective ways of evaluating com-
petency. Why do we need a new evaluation of competency
at a time when the quality of medical education in the
United States is unsurpassed and, indeed, worldwide is at an
all-time high? A major reason is that not all physicians prac-
tice competently at the completion of their training or even
throughout their careers. Also, there are no objective data
to indicate that the chosen numbers of years are appropriate
for residency training in the various specialties. More and
more physicians attest to this by choosing subspecialty fel-
lowship training. We lack proven effectiveness of a whole
range of questions: Do written and oral examinations ade-
quately assess application of a knowledge base required for
competent practice? Does successful completion of board ex-
aminations differentiate competent from incompetent prac-
titioners? How can “professionalism” best be addressed and
evaluated? Competency, if evaluated appropriately, is the key
to measuring the effectiveness of all graduate medical edu-
cation and to answering these questions.

A hoped-for consequence of competency-based training is
to instill in the physician the concept of “learning to com-
petence,” so that.in later practice this can be applied to the
addition of new skills and knowledge, thus dispelling the
notion that simply attending a program is sufficient to keep
a physician up to date. In that sense, competency-based
training has real implications for all postgraduate medical
education. Moreover, it is likely that not all training pro-
grams will have expertise in everything that is required for
training in all fields, suggesting that multi-institutional or
even multinational training programs might be developed.
Significant changes in the current regulatory or examination
process are unlikely to be needed; rather, evaluations used
by our residency review committees and board panels would
change, but the regulatory structure need not.

Competency-based training is a logical evolutionary step
from our current years-in-place—based system. Such training
should improve, or at least verify, the quality of education
for our clinical trainees and the function of our training
programs. This mode of education will allow comparisons
among training programs and against standards that are more
accurate than any method used currently. The length of
training may be reduced, particularly in the procedurally
based specialties, if acquisition of knowledge and application
of skills and knowledge to patient management can be made
convergent. Although this is not the primary impetus for
the change (the purpose is proof of competency to practice),
substantial cost saving may accrue if the length of training
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can be reduced by changes in residency years or by incor-
porating post-residency subspecialty training into existing al-
lotted times.

The idea of competency-based residency training has
much philosophical support. Graduate educational programs
should end when adequate competency, as generally recog-
nized by the specialty involved, is achieved. Although as-
sessment of competent practice is even more challenging
than the measurement of skills and knowledge, I believe that
we in residency education must strive to produce a method

" to do so. Outcome assessment as a basis for certification and
for recertification is the logical extension of competency-
based practice.”” The evaluation of skills and knowledge re-
quired to practice in any specialty and the competent ap-
plication of both to patient care should become the essential
educational effort for graduate medical education in the new
century. For that reason, it is time for competency in practice
to become the most important measure for graduate medical
education. I urge the medical education community to dis-
cuss this concept and ultimately to implement it.

The authors acknowledges the invaluable editing assistance and content
contributions of Dr. Pamela Talalay.
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