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Abstract Physicians in training require skills and attitudes
beyond medical knowledge in order to mature into successful
clinicians. However, because assessments in pre-clerkship
curricula historically have focused almost exclusively onmed-
ical knowledge, faculty contributions to early student devel-
opment often have been limited. To address this challenge and
enhance student progress, we re-designed our pre-clerkship
curriculum to include settings in which diverse facets of stu-
dent performance could be observed and fostered.
Concurrently, we transitioned to an assessment strategy fo-
cused on competency-based milestones. The implementation
of this strategy has allowed pre-clerkship science faculty to
provide early-stage students with rich holistic feedback de-
signed to stimulate their professional growth.
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Introduction

Physicians in training require skills and attitudes beyond med-
ical knowledge in order tomature into successful clinical prac-
titioners. Excellent interpersonal and communication skills,
appropriate professional behaviors and attitudes, the ability
to identify and implement learning strategies needed to im-
prove performance, and the ability to work effectively within
teams, are all prerequisites for effective physicians in the
twenty-first century [1]. Ideally, students should begin to de-
velop these attributes early in their medical training and pre-
clerkship faculty members have the opportunity to play a crit-
ical role in this process. However, because of the heavy focus
on medical knowledge during the pre-clerkship phase, pro-
grams often struggle to design experiences and assessments
that capture student behaviors and offer coaching to help pre-
pare them for all aspects of clinical work [2].

As part of a larger curricular revision in the Vanderbilt
University School of Medicine, we wanted to re-design the
pre-clerkship curriculum to address the above challenges and
to better equip our students to become physicians [3]. To this
end, two critical features were incorporated into the pre-clerk-
ship, or Foundations of Medical Knowledge (FMK), phase.
First, to promote and enable observation of diverse facets of
student performance that previously were under-emphasized
during early stages in training and to provide settings that
allowed for faculty- and peer-based assessments, we incorpo-
rated regular small group team-based active learning sessions
and patient-focused activities across the phase. Second, we
transitioned from grading pre-clerkship performance primari-
ly on knowledge-based examinations to evaluating students
across four of the Accreditation Council for Graduate Medical
Education (ACGME) core competency domains: medical
knowledge, practice-based learning and improvement,
systems-based practice, and professionalism [4].
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It is important to emphasize that the purpose of competency-
based education is not to ensure that students attain “minimal
competence” in a given domain. Rather, it is used to establish a
trajectory that trainees can follow to achieve excellence across
multiple domains of performance [5–8]. The competency-
based approach also emphasizes the need for life-long learning
and continual development throughout one’s medical career.

To support the transition to competency-based assessment,
the FMK phase leadership team (comprised of a cell biologist/
anatomist (PhD), a biochemist (PhD), an anatomical patholo-
gist (MD, PhD), and a pediatric neurogeneticist (MD)) devised
a grading scheme for all of the pre-clerkship science blocks that
included standardized rubrics with qualitative milestone assess-
ments in each of the competency domains and quantitative
assessments in medical knowledge [9]. In addition, a digital
platform was developed to collect and review individual, ag-
gregate, and longitudinal views of student performance in each
domain [10]. We currently are in the third year of our new pre-
clerkship phase. Over this time, we have evolved from a theo-
retical goal of holistic student assessment to the implementation
of a practical evaluation strategy, which is described below.

Pre-clerkship Phase

The FMK phase begins with a one-week block that introduces
students to the medical profession followed by a series of five
highly integrated foundational science blocks. The first two
science blocks, Human Blueprint and Architecture (proteins/
enzymology, nucleic acid processes, signal transduction, me-
tabolism, basic cell biology, genetics, and an introduction to
histology, anatomy, pathology, and pharmacology), and
Microbes and Immunity (bacteriology, virology, immunology),
are each 6 weeks in length. The next three organ-based blocks,
Homeostasis (cardiology, hematology, renal, pulmonology);
Endocrine, Digestion, and Reproduction (endocrinology,
gastrointestional, genitourinary); and Brain, Behavior, and
Movement (musculoskeletal and head anatomy, neuroanatomy,
neurology, psychology), are each 12 weeks in length. All of the
foundational science blocks are built around a similar weekly
template of learning activities in order to implement consistent
assessment events across the FMK phase. Running concurrent-
ly with the science blocks are three longitudinal courses:
Physical Diagnosis, Foundations of Healthcare Delivery, and
Learning Communities/Research. To the extent possible, the
longitudinal blocks were designed and scheduled to align and
integrate with the materials being taught in the science blocks
throughout the FMK phase. As just three specific examples, the
genetics content of Human Blueprint and Architecture was
matched with an ethics section in the Learning Communities,
and students in Physical Diagnosis learned to perform chest
examinations and listen to heart sounds during the cardiovas-
cular unit of Homeostasis and learned pediatric and adult

neurological examinations during the Brain, Behavior, and
Movement block.

Unless stated otherwise, the assessment strategies discussed
below were designed specifically for the science blocks.

Competency-Based Assessment

Pre-clerkship faculty members educate trainees at a critical
and formative stage in their progression from students to phy-
sicians and can profoundly influence the formation of profes-
sional identities [11]. However, because assessments in pre-
clerkship curricula historically have focused almost exclusive-
ly on medical knowledge, faculty contributions to student de-
velopment often have been limited. Only in cases of egregious
unprofessional behavior were “other considerations” taken in-
to account when assigning grades or providing feedback.

Fortunately, the advent of modern curricula, with more ac-
tive and group learning formats, affords an opportunity for pre-
clerkship science faculty to observe and foster a broader diver-
sity of behaviors. Consequently, these faculty members are in a
greater position to provide early-stage students with rich holis-
tic feedback on many specific aspects of their performance
(Table 1) that is designed to stimulate their overall professional
growth and development. In order to sustain the continuity of
student evaluation across the curriculum, we used four
ACGME competency domains, medical knowledge, system-
based practice, practice-based learning and improvement, and
professionalism, as a framework for assessing learner perfor-
mance. At this early stage of training, we framed the systems-
based practice domain around each student’s role in the learn-
ing (rather than care delivery) system. Because students were
engaged in learning teams, interpersonal, communication, and
teamwork skills were emphasized under this domain. Similarly,
the practice-based learning and improvement domain was pre-
sented to students as the need to monitor learning outcomes to
guide both group and personalized learning plans.

Competencies represent trainable attributes of an individu-
al that must be developed in order to successfully perform
professional duties and are grouped within domains
encompassing similar skills [12]. Trainee performance in each
of the competency domains was evaluated using qualitative
milestone assessments, which describe the typical develop-
mental pathway for a given competency [13, 14]. Students
were rated across 18 specific competencies associated with
the four domains described above (Table 1). Assessors were
provided with digital milestone forms that included six ob-
servable behavioral anchors for each competency that de-
scribed escalating levels of performance from unacceptable
to aspirational. Examples of the milestones used for two of
the individual competencies are shown in Table 2. The behav-
iors described under “entry” reflect the minimal standards
expected of students at the beginning of the FMK phase.
Over the course of the phase, minimally acceptable levels of
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performance were raised to parallel the maturation of the stu-
dents. Identical milestone descriptors were utilized across the
entire four-year undergraduate medical curriculum. Thus, “as-
pirational” behavior took on a different context depending
upon the particular learning environment. Whereas aspiration-
al behavior for a senior student was intended to model expec-
tations of a mid-level intern, students in the FMK phase were
still able to display aspirational behaviors in a less-complex
non-workplace environment.

In addition to filling out the milestones, both peer and fac-
ulty assessors were encouraged to provide specific comments
for each of the four competency domains and were required to
answer the following two global questions:

What is at least one valuable contribution this person has
made to your team?
What is at least one important thing this person could
have done to more effectively contribute to your team?

The goal of the assessment program was to collect numer-
ous “low-stake” data points for every student, which when
compiled, could provide a personal “developmental growth
chart” for each of the competency domains [15]. To accrue
richer information, a variety of educational settings were used
to observe student behavior.

First, every scientific block included 6 hours per week of case-
based learning sessions. Case-based learning groups included
seven to eight students and a faculty facilitator and utilized an
inquiry-based approach to dissect the biosciences that underlie a
clinical case. Groups were student-run and utilized a format

similar to that of problem-based learning sessions [16]. Case-
based learning groups were formed initially to distribute students
with various scientific and non-scientific backgrounds [17] and
were reformed every 12 weeks in a manner that ensured that all
members of the group (including the facilitator) were new to one
another. Group reforming was undertaken to help prepare stu-
dents for the multiple team-based activities that they encounter in
the clinical workplace and to ensure that students were able to
interact intellectually with a range of peers and faculty.

Second, most of the science blocks incorporated team-
based learning sessions into the learning structure [18, 19].
When team-based learning sessions were employed, groups
had the same composition of students as was used in the con-
current case-based learning groups.

Third, all of the science blocks included dissection teams of
four to five students in the gross anatomy laboratory. These
groups were distinct from the case-based learning and team-
based learning groups described above andwere reformed three
times during the FMK phase for reasons discussed above.

Fourth, block directors retained the ability to fill out a
milestone-based assessment for any student.

Facilitators were explicitly trained in performing milestone-
based assessments in a series of workshop and development
sessions run by Vanderbilt and external faculty. Facilitators
also were provided forums to share experiences and offer feed-
back on the milestone language in an effort to standardize the
review process and reduce rater variability. Furthermore, the
FMK leadership team and assessment office reviewed facilita-
tor comments and assessments to ensure that all groups were
evaluated fairly and received appropriate levels of feedback.

Table 1 Competencies used to assess pre-clerkship students

Competency domains Competencies

Medical knowledge:
Demonstrate deep knowledge of the sciences essential for one’s chosen field of practice.
Approach to learning: collect, analyze, interpret and prioritize new information to enhance one’s

knowledge in the various disciplines related to medicine.

Integration
Depth
Analysis
Inquiry
Use of information resources

Practice-based learning and improvement:
Compare data about current performance at the individual, team, and/or systems level

with expected outcomes, and identify and implement the learning strategies needed to improve performance.

Receptivity to feedback
Interpretation of feedback
Self-assessment
Learning plan

Systems-based practice:
Discuss the elements of effective team building and utilize appropriate techniques to

create, participate in and lead effective teams.

Initiative and contribution
Prioritization
Influence on group dynamics
Conflict managementa

Professionalism:
Demonstrate a commitment to the duties and obligations of the medical profession, its healthcare institutions

and its individual practitioners to patients, communities and society.
Demonstrate honesty and transparency in all dealings with patients, learners, and colleagues.
Demonstrate compassion and respect for all persons regardless of differences in values, beliefs, and experiences.

Professional demeanor
Honesty
Respect for all
Professional dutya

Transparencya

a Optional
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Students also attendedworkshop and development sessions
on peer-assessment run by Vanderbilt faculty and administra-
tion. In addition, initial self-assessment exercises were used to
help students understand the intent and use of the milestones.

Students were assessed using the milestones at regular
intervals across the FMK phase [20]. A schematic of the
type (self-, peer-, or faculty-based) and frequency of assess-
ments is shown in Fig. 1. All of the science blocks incorpo-
rated mid- and end-of-block assessments that included con-
ferences with faculty facilitators. The mid-block confer-
ences were used to provide students with feedback regarding
their strengths and weaknesses and to offer coaching aimed
at correcting undesired behaviors prior to the end-of-block
assessment. As one example of the holistic feedback provid-
ed, a student who was not making sufficient contribution to
team efforts may be described by the milestone in systems-
based practice: “requires reminders from team or supervisor
to complete responsibilities or to participate.”

All of the milestone information was compiled and made
available to the block directors, the FMKphase leadership team,
and members of the administration. In addition to the designat-
ed conferences, targeted interventions designed to address inap-
propriate student behaviors were performed as needed.

In each of the group types, except for the dissection teams,
students assessed (and were assessed by) two of their peers
and were given the option to assess more peers if desired.
Given the small size of the dissection teams, students
assessed all of their peers in the group. Finally, periodic fac-
ulty conferences were held with these teams to review dis-
sections and apply material learned to clinical scenarios, and
the faculty used milestones to assess student performance.

Quantitative Assessment for the Medical Knowledge
Competency Domain

In addition to the qualitative assessment approach described
above, quantitative assessment metrics were applied to the
medical knowledge competency domain. Once again, a con-
sistent strategy was applied across all five science blocks that
included weekly low-stake assessments in conjunction with
end-of-block examinations. Students completed weekly
multiple-choice quizzes (graded electronically) and on-line es-
say assignments (graded by students’ case-based learning fac-
ulty facilitators) to provide practice for end-of-block examina-
tions, to help develop rigorous study habits, and to identify
individuals who were struggling with learning the material.
End-of-block assessments included integrated on-line essay
and short-answer questions (graded by block faculty) that
allowed students to demonstrate a deeper understanding of
foundational concepts and apply them to clinical scenarios.
Assessments also included practical examinations that tested
laboratory-based content and customized National Board ofT
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Medical Examiners examinations designed to test knowledge
and provide practice for Step 1 board examinations.

In general, weekly assignments (which in some blocks also
included individual and group readiness assessment quizzes in
team-based learning sessions) constituted 20–25 % of the
medical knowledge quantitative score and the National
Board of Medical Examiners examinations contributed an ad-
ditional 25 %. The remaining percentage was distributed
across the essay, short-answer, and practical examinations in
a manner consistent with the topics taught in the block.
Passing scores for the quantitative assessment of medical
knowledge (based on a total of 100 %) were set and validated
using a bootstrap statistical analysis.

Integration of Qualitative and Quantitative Assessments,
Assigning Grades, and Remediation

At the end of each block, qualitative and quantitative assess-
ments were reviewed by the block directors in consultation
with the FMK leadership team. The leadership team oversaw
the use of qualitative and quantitative metrics from block to
block in order to provide continuity in grading standards
across the pre-clerkship phase. The team also monitored stu-
dent progression to watch for trends in behaviors.

In order to assign end-of-block grades, milestone and quan-
titative data for each competency were analyzed and convert-
ed to a scale of sub-threshold, threshold, and target for each
competency domain. Greater weight was assigned to mile-
stone data when there was concordance between scores pro-
vided by peer and faculty assessors and when scores and writ-
ten comments agreed. Milestone scores rated as “unaccept-
able” in any domain or quantitative scores in medical knowl-
edge that fell below the passing cutoff mark were equated to
“sub-threshold.” Milestone ratings below expected develop-
mental norms, but still in the acceptable range, were equated
to “threshold.” Threshold scores in medical knowledge also
could be assigned for quantitative assessments that were in the
marginal, but passing, range. Milestone scores in or above the
expected developmental range were deemed “target.”

Given the importance of the four competency domains, we
decided against assigning weights to individual domains that
could be summed into a final score for the block. We felt
strongly that high passing marks in three domains (for exam-
ple) should not be able to compensate for a deficiency in a
fourth domain. Consequently, in the final grading rubric, each
competency domain was considered equal and students had to
achieve a target score in each domain in order to pass the block.

With the above in mind, the following rubric for determin-
ing final block grades was devised: All blocks were graded on
a pass/fail basis. Students who received target scores in all
domains passed the block. Students who received a threshold
score in one competency domain generally received a passing
grade, but had to set learning goals in that domain. These
learning goals were established and monitored in conjunction
with designated portfolio coaches. Students who received one
sub-threshold score in any domain or multiple threshold
scores across domains generally failed the block, or in some
cases (see below), were placed in a targeted longitudinal
coaching and monitoring program.

Deficiencies in themedical knowledge domain required that
the student retake the block or (at a minimum) pass a remedi-
ation exam. In contrast to the medical knowledge domain,
behaviors associated with the other three domains were related
to personal development rather than the science content spe-
cific to the block. Therefore, deficiencies in practice-based
learning and improvement, systems-based practice, and profes-
sionalism were remediated in a longitudinal manner across the
remainder of the phase by additional coaching and by moni-
toring performance on peer and faculty milestone assessments.

For the vast majority of students, the milestone frame-
work provided detailed information about relative
strengths and weaknesses and was used to support optimal
performance (as opposed to pass/fail decisions). Thus far,
less than 10 % of each class has not met standards in at
least one competency domain and was required to com-
plete some level of targeted remediation. Primarily, these
students received threshold (as opposed to sub-threshold)
scores in a single competency domain and were obligated
to set appropriate learning goals in the domain of concern.

HBA M&I Homeostasis EDR BBM

Fig. 1 Frequency and type of competency-based milestone assessments
used for the foundational science blocks of the pre-clerkship Foundations
of Medical Knowledge phase. The phase is comprised of five science
blocks: Human Blueprint and Architecture (HBA) and Microbes and
Immunity (M&I), which are each 6 weeks in length, and Homeostasis;
Endocrine, Digestion, and Reproduction (EDR); and Brain, Behavior,
and Movement (BBM), which are each 12 weeks in length. Arrows
pointing up represent milestone assessments by students (red—self,

green—peer). The red asterisk indicates that the self-assessment was
part of the students’ reviews with their portfolio coaches. Students
receive assessments from a minimum of two of their peers. Arrows
pointing down represent assessments by faculty facilitators (orange—
comments and conferences, blue—milestone assessments, comments,
and conferences). Three dissection team faculty conferences that
included milestone assessments were held during the Homeostasis and
EDR blocks
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To date, all students who were required to set learning
goals, pass a remediation examination, or retake one or
more blocks have comple ted the i r remedia t ion
successfully.

Challenges

Converting to a competency-based milestone assessment
program comes with a number of challenges [21]. These
challenges can be overcome, but the process requires
trust, significant faculty and student development, and a
strong collaborative effort between all of the major
stakeholders.

First, development of assessors (both faculty and stu-
dents) is essential [22]. Assessors need to be apprised as
to how to use the milestones properly and how to apply
them in a consistent manner. In this regard, it is highly
desirable to have a cadre of experienced and well-trained
faculty assessors [22].

Second, students have to “buy-in” to the program and
understand the purpose of the milestones. Medical stu-
dents are high achievers who are used to successful out-
comes. Any comments by assessors that indicate relative
weaknesses in performance may be rejected or viewed as
threatening [23]. In either case, if students view com-
ments only as summative, they can be detrimental to
progression. It needs to be strongly communicated to
students that in the vast majority of cases, milestones
provide the basis for a coaching strategy designed to
make them better and more complete physicians. As op-
posed to simply receiving a grade of “pass,” milestones
allow students to identify their current status across mul-
tiple domains and represent a holistic roadmap for
achieving higher levels of performance and enhancing
professional growth [24].

Third, assessors also have to “buy-in” to the program.
Initially, faculty can be reluctant to provide students with “re-
alistic” assessments for fear that they will harm trainee morale
or generate information that is damaging on student records.
Once again, faculty members need to understand that for most
students, milestones are less about assessment and more about
coaching.

Fourth, block directors who are used to grading solely on
the basis of medical knowledge may be reluctant to view
qualitative milestone data as being on par with quantitative
examination scores. The notion that qualitative data are not
“real” needs to be dispelled [25]. It is helpful to have a group
that oversees the pre-clerkship phase and can help block di-
rectors convert from the idea that quantitative scores in med-
ical knowledge are the only standard bywhich students should
be judged. If this conversion is to take place, it is critical that
the milestone data be consistently generated and applied.

Fifth, having a digital platform for student quizzes, essays,
and examinations greatly enhances the ability of faculty to
grade these aspects of the blocks. Furthermore, having an
appropriate digital platform to record milestone assessments
and help accumulate and track milestone data is extremely
useful and decreases rater fatigue [10].

Successes

The switch to competency-based assessment has provid-
ed a number of benefits for our learners as well as our
faculty.

First, just as assessment drives learning, it also can drive
the development of students’ attitudes and behaviors [26].
Competencies afford students with a mechanism to chart the
trajectory of their professional development and provide an
organized pathway for feedback [27]. Initially, our students
are hesitant to receive and provide feedback. However, by
the end of the pre-clerkship phase, they expect, appreciate,
and even crave this feedback as part of their coaching to be-
come better physicians. As a result, we have observed that our
students acquire professional skills and attitudes considerably
earlier in their training than they did in our previous curricula.
Moreover, students who have moved on to the later phases of
our curriculum are now actively soliciting feedback from
clinical faculty.

Second, the assessment strategy has allowed us to
identify competency challenges for individual pre-
clerkship students that traditionally would have gone
undetected at this early stage of training. Whereas feed-
back to students during our previous curriculum was
heavily skewed toward deficiencies in medical knowl-
edge, issues in communication, professionalism, and
systems-based practice are now recognized. This has
created opportunities for coaching and remediation be-
fore students enter the clinical workplace. To this point,
since transitioning to competency-based assessment, ap-
proximately two thirds of the personal learning goals set
by our students are now distributed across non-
knowledge-based domains.

Third, on the basis of two years of aggregate data,
milestones have proven to be a rich and accurate frame-
work for describing performance and predicting student
outcomes in the clerkship phase of the curriculum. Our
validation process has given us confidence in using this
information to make decisions regarding student progress
and promotion.

Finally, our pre-clerkship faculty has always had a
vested interest in nurturing student growth and develop-
ment but has struggled to find a mechanism to formalize
“anecdotal” observations of behaviors outside the realm
of medical knowledge. The use of milestones has
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provided us with a scaffold to assess a much fuller range
of student behaviors. As a result, we now are able to make
substantial contributions to the professional growth of our
students in ways that were not possible in previous cur-
ricular models. This has enriched relationships between
students and educators and has reinforced the essential
role of pre-clerkship faculty in the continuum of under-
graduate medical education.

Acknowledgments We are grateful to all of our Vanderbilt University
School of Medicine colleagues who helped make the transition to
competency-based milestone assessment a success. We are especially
grateful to Dr. Tyler Reimschisel and Dr. James Atkinson, who together
with Dr. Cathleen Pettepher and Dr. Neil Osheroff comprise the leader-
ship team for the pre-clerkship Foundations of Medical Knowledge
phase. This publication was prepared with financial support from the
American Medical Association (AMA) as part of the Accelerating
Change in Medical Education Initiative. The content reflects the views
of the authors and does not necessarily represent the views of the AMA or
other participants in this initiative. N.O. was supported in part by Grant
GM033944 from the National Institutes of Health and Merit Review
award I01 Bx002198 from the United States Veterans Administration.

References

1. Cooke M, Irby DM, O'Brien BC. Educating physicans: a call for
reform of medical school and residency. San Francisco: Jossey-
Bass; 2010.

2. Thistlethwaite JE, Davies D, Ekeocha S, Kidd JM, MacDougall C,
Matthews P, et al. The effectiveness of case-based learning in health
professional education. A BEME systematic review: BEME guide
no. 23. Med Teach. 2012;34(6):e421–44. doi:10.3109/0142159X.
2012.680939.

3. Miller BM,Moore Jr DE, SteadWW, Balser JR. Beyond Flexner: a
new model for continuous learning in the health professions. Acad
Med. 2010;85(2):266–72. doi:10.1097/ACM.0b013e3181c859fb.

4. Swing SR. The ACGME outcome project: retrospective and pro-
spective. Med Teach. 2007;29(7):648–54. doi:10.1080/
01421590701392903.

5. Frank JR, Snell LS, Cate OT, Holmboe ES, Carraccio C, Swing SR,
et al. Competency-based medical education: theory to practice.
Med Teach. 2010;32(8):638–45. doi:10.3109/0142159X.2010.
501190.

6. Frank JR, Mungroo R, Ahmad Y, Wang M, De Rossi S, Horsley T.
Toward a definition of competency-based education in medicine: a
systematic review of published definitions.Med Teach. 2010;32(8):
631–7. doi:10.3109/0142159X.2010.500898.

7. Carraccio C, Benson B, Burke A, Englander R, Guralnick S, Hicks
P, et al. Pediatrics milestones. J GradMed Educ. 2013;5(1 Suppl 1):
59–73. doi:10.4300/JGME-05-01s1-06.

8. Carraccio CL, Englander R. From Flexner to competencies: reflec-
tions on a decade and the journey ahead. Acad Med. 2013;88(8):
1067–73. doi:10.1097/ACM.0b013e318299396f.

9. Holmboe ES, Sherbino J, Long DM, Swing SR, Frank JR. The role
of assessment in competency-based medical education. Med Teach.
2010;32(8):676–82. doi:10.3109/0142159X.2010.500704.

10. Spickard AI, Ahmed T, Lomis KD, Johnson K, Miller BM.
Changing medical school IT to support medical education

transformation. Teach Learn Med. 2016;28(1):80–7. doi:10.1080/
10401334.2015.1107488.

11. Haidet P, Stein HF. The role of the student-teacher relationship in
the formation of physicians. The hidden curriculum as process. J
Gen Intern Med. 2006;21(152):S16–20. doi:10.1111/j.1525-1497.
2006.00304.x.Suppl 1

12. Englander R, Cameron T, Ballard AJ, Dodge J, Bull J,
Aschenbrener CA. Toward a common taxonomy of competency
domains for the health professions and competencies for physi-
cians. Acad Med. 2013;88(8):1088–94. doi:10.1097/ACM.
0b013e31829a3b2b.

13. Nasca TJ, Philibert I, Brigham T, Flynn TC. The next GME accred-
itation system–rationale and benefits. N Engl J Med. 2012;366(11):
1051–6. doi:10.1056/NEJMsr1200117.

14. Swing SR, Beeson MS, Carraccio C, Coburn M, Iobst W, Selden
NR, et al. Educational milestone development in the first 7 special-
ties to enter the next accreditation system. J Grad Med Educ.
2013;5(1):98–106. doi:10.4300/JGME-05-01-33.

15. van der Vleuten CP, Schuwirth LW, Driessen EW, Dijkstra J,
Tigelaar D, Baartman LK, et al. A model for programmatic assess-
ment fit for purpose. Med Teach. 2012;34(3):205–14. doi:10.3109/
0142159X.2012.652239.

16. Neville AJ. Problem-based learning and medical education forty
years on. Med Princ Pract. 2009;18(1):1–9. doi:10.1159/
000163038.

17. Michaelsen LK, Davidson N, Major CH. Team-based learning
practices and principles in comparison with cooperative learning
and problem-based learning. J Excell Coll Teach. 2014;25(3&4):
57–84.

18. Parmelee D, Michaelsen LK, Cook S, Hudes PD. Team-based
learning: a practical guide: AMEE guide no. 65. Med Teach.
2012;34(5):e275–87. doi:10.3109/0142159X.2012.651179.

19. Hrynchak P, Batty H. The educational theory basis of team-based
learning. Med Teach. 2012;34(10):796–801. doi:10.3109/
0142159X.2012.687120.

20. Schuwirth L, Ash J. Assessing tomorrow’s learners: in competency-
based education only a radically different holistic method of assess-
ment will work. Six things we could forget. Med Teach.
2013;35(7):555–9. doi:10.3109/0142159X.2013.787140.

21. Tekian A, Hodges BD, Roberts TE, Schuwirth L, Norcini J.
Assessing competencies using milestones along the way. Med
Teach. 2015;37(4):399–402.

22. Dath D, Iobst W. The importance of faculty development in the
transition to competency-based medical education. Med Teach.
2010;32(8):683–6. doi:10.3109/0142159X.2010.500710.

23. Mann K, van der Vleuten C, Eva K, Armson H, Chesluk B, Dornan
T, et al. Tensions in informed self-assessment: how the desire for
feedback and reticence to collect and use it can conflict. Acad Med.
2011;86(9):1120–7. doi:10.1097/ACM.0b013e318226abdd.

24. Schumacher DJ, Lewis KO, BurkeAE, SmithML, Schumacher JB,
Pitman MA, et al. The pediatrics milestones: initial evidence for
their use as learning road maps for residents. Acad Pediatr.
2013;13(1):40–7. doi:10.1016/j.acap.2012.09.003.

25. Regehr G. It’s NOT rocket science: rethinking our metaphors for
research in health professions education. Med Educ. 2009;44(1):
31–9.

26. Anderson MB. Aligning education and assessment: improving
medical education through assessment. Med Sci Educ.
2012;22(4S):267–9.

27. Krupat E, Pelletier SR. The development of medical student com-
petence: tracking its trajectory over time. Med Sci Educ. 2015. doi:
10.1007/s40670-015-0190-y.

Med.Sci.Educ. (2016) 26:491–497 497

http://dx.doi.org/10.3109/0142159X.2012.680939
http://dx.doi.org/10.3109/0142159X.2012.680939
http://dx.doi.org/10.1097/ACM.0b013e3181c859fb
http://dx.doi.org/10.1080/01421590701392903
http://dx.doi.org/10.1080/01421590701392903
http://dx.doi.org/10.3109/0142159X.2010.501190
http://dx.doi.org/10.3109/0142159X.2010.501190
http://dx.doi.org/10.3109/0142159X.2010.500898
http://dx.doi.org/10.4300/JGME-05-01s1-06
http://dx.doi.org/10.1097/ACM.0b013e318299396f
http://dx.doi.org/10.3109/0142159X.2010.500704
http://dx.doi.org/10.1080/10401334.2015.1107488
http://dx.doi.org/10.1080/10401334.2015.1107488
http://dx.doi.org/10.1111/j.1525-1497.2006.00304.x
http://dx.doi.org/10.1111/j.1525-1497.2006.00304.x
http://dx.doi.org/10.1097/ACM.0b013e31829a3b2b
http://dx.doi.org/10.1097/ACM.0b013e31829a3b2b
http://dx.doi.org/10.1056/NEJMsr1200117
http://dx.doi.org/10.4300/JGME-05-01-33
http://dx.doi.org/10.3109/0142159X.2012.652239
http://dx.doi.org/10.3109/0142159X.2012.652239
http://dx.doi.org/10.1159/000163038
http://dx.doi.org/10.1159/000163038
http://dx.doi.org/10.3109/0142159X.2012.651179
http://dx.doi.org/10.3109/0142159X.2012.687120
http://dx.doi.org/10.3109/0142159X.2012.687120
http://dx.doi.org/10.3109/0142159X.2013.787140
http://dx.doi.org/10.3109/0142159X.2010.500710
http://dx.doi.org/10.1097/ACM.0b013e318226abdd
http://dx.doi.org/10.1016/j.acap.2012.09.003
http://dx.doi.org/10.1007/s40670-015-0190-y

	From...
	Introduction
	Pre-clerkship Phase
	Competency-Based Assessment
	Quantitative Assessment for the Medical Knowledge Competency Domain
	Integration of Qualitative and Quantitative Assessments, Assigning Grades, and Remediation

	Challenges
	Successes
	References


