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Abstract
Background

Problem Based Learning (PBL) provides a framework for building the foundations for
leadership: self-direction, critical thinking, empathy and interpersonal skills.
Communication of the expectation of excellence helps to guide highly motivated
students toward their goals in medicine. This paper presents an analysis of outcomes
which demonstrate the effectiveness and quality of a medical curriculum based on
PBL for the basic medical sciences.
Methods

We describe a large scale implementation of Problem Based Learning (PBL) to
classes of 150 students per year with emphasis on student-directed learning of basic
medical sciences and development of interpersonal skills. Essential elements of the
program were developed on a smaller scale (35 students per year) at The Ohio State
University College of Medicine and Public Health from 1990 to 2004. The Lake Erie
College of Osteopathic Medicine (LECOM, Erie, PA) adapted the program with 40
students per year, from 1999 to present with continuing success. The Bradenton
branch campus of LECOM began classes with 150 students in 2004, in a curriculum
based entirely on PBL for the basic medical sciences, and graduated its first class
June, 2008. Having graduated our first three classes, we present some results of
student performance.
Results

After the challenges of the first class, our students have achieved scores on
COMLEX 1 (Comprehensive Osteopathic Medical Licensure Examination)
significantly higher than the national average, with a 100% pass rate on the initial
attempt for the past two years. Graduating students continued their education in a
variety of residency programs with emphasis on primary care.
Conclusions

Our experience implementing a successful large scale medical education program
based upon a cost-effective PBL approach may serve as a guide to others.
-------------------------------------------------

Background
Problem Based Learning (PBL) has been widely adapted (e.g. see [1-6]) as a
framework for medical education since its introduction in the 1960s [7].
Implementation has varied from a single course to integration of all basic medical
science with clinical applications, and from highly directive cased based diagnosis to
self-directed learning and independent thinking. Differences in approach are
determined by the skills and attitudes each school wishes to emphasize in their
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medical graduates. The educational program at LECOM/Bradenton emphasizes selfdirection in the learning process and independent thinking to build an understanding
of themselves and all of the basic medical sciences in relation to clinical observations.
Studies [8,9] have compared what has been called “PBL” (or case based
medicine) with highly directed lecture based education and have reported little
difference in measured outcomes with minor exceptions. This suggests that the
mechanics of PBL neither help nor hinder these measured outcomes. A significant
exception has been reported from the University of Missouri at Columbia Medical
School [10,11]. USMLE (United States Medical Licensure Examination) board scores
showed significant improvement relative to the national average after implementation
of their PBL-type program. How does that program differ from other PBL
implementations? How does the program at LECOM/Bradenton differ? Does PBL
offer a better option for the medical profession? This paper attempts to define some of
the important aspects that have made the PBL curriculum at LECOM/Bradenton an
effective delivery system for medical education.
The first requirement for PBL is that students must take full responsibility for
their own level of understanding. This is not done in a vacuum since the PBL cases
serve as a framework for exploring all of the basic medical sciences and their relation
to clinical observations. Faculty provide a supportive infrastructure, but students must
direct their own learning. Faculty do not specify what students are to learn but do
convey an expectation of excellence in their level of understanding. Students are
expected to be able to think through how each physiological system works and its
relation to every other body system, and to relate every clinical observation to basic
medical science causation. Guiding students through the transition from
undergraduate memorization/recitation to an in-depth understanding is a function of
the faculty. Faculty do not teach what to learn, but facilitate discussion to enable
students to identify relevant information. The result is that students discover that they
can evaluate new information, relate it to their present knowledge, and ask “does it
make sense?”. They gain confidence in their own ability to think critically and to
direct their own learning.
Leadership in Medicine
Creating leaders in the medical profession is consistent with the mission of
LECOM. A leader is one who can assess a situation in relation to global goals and
who can guide events toward a desired outcome. Primary attributes for any leader are
the ability to listen and to understand problems or situations that are presented, and to
address them appropriately. This process requires perception, redefinition of
questions, and analysis of possible responses (i.e. critical thinking). These skills are
requisite and inherent in the implementation of the Problem Based curriculum at
LECOM/Bradenton which requires students to direct their own learning.
Self-directed learning is both challenging and frustrating, but is essential to
building leadership. Learning how to acquire knowledge in a PBL environment is
akin to being taken to the middle of a lake, thrown into the water, and told “learn to
swim”. Guidance and assurance is provided, but students are not told what they
should study. Part of the learning process is for students to decide what they need to
learn. Each student must learn how to learn for themselves.
Another essential component of leadership is the guidance of people. Group
discussions in PBL provide an excellent real-life psychological laboratory for
understanding group dynamics and refinement of interpersonal skills. Understanding
one’s own reactions to challenges aids in understanding reactions of others to
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frustrating situations, and allows one to manage or ameliorate causes of that
frustration.
Expectation of Excellence
Professional excellence is a requirement of leadership. Communication of the
expectation of excellence takes many forms. PBL is ideally suited to this
communication since faculty become well acquainted with students in the small
discussion groups. Facilitation of the discussion includes setting expectation levels by
asking in-depth questions. However, students are expected to assume the facilitator’s
role by asking their own questions. Every student is expected to become an excellent
facilitator. Students’ questions lead to areas of study upon which they wish to focus.
These areas are reinforced as they are chosen as topics upon which to be examined.
Thus students define their own areas of knowledge and direct their own learning
process. Most importantly, students learn by their successes that they can achieve this.
PBL cases provide a framework with a common goal of understanding the basic
medical science underpinnings of clinical medicine.
Communication of the expectation of excellence begins with the recruiting
process. Only applicants whose records meet our medical school standards are invited
for interview. Applicants are evaluated by the interviewing faculty on their ability to
sustain the rigors of the program and its workload, and to communicate with others in
a professional manner. Each applicant is permitted to observe a PBL group in action,
and to decide whether this learning approach fits their academic level, personality,
and study habits. Applicants then decide whether to select the challenge of selfdirected learning. Applicants are treated with the same respect that we expect them to
earn.

Methods
The PBL Process
PBL provides a framework for self-directed study. The framework consists of
a series of selected clinical cases for which students must explore areas of basic
biomedical sciences, including anatomy, physiology, pathology, microbiology,
immunology, biochemistry, pharmacology, and their clinical applications, in order to
progress through the case information. Understanding each clinical case requires that
students bring together information from each of the basic medical sciences, and
relate it to problems that they identify in each case. The majority of the clinical cases
being used were originally developed by Dr. John J. Curry and co-workers at The
Ohio State University from original patient data. All cases were adapted to
osteopathic medicine by LECOM [12]. The cases have since been modified and
updated at LECOM/Bradenton with care to maintain the self-consistency of each
original case. Cases provide a framework from which students decide what areas of
basic medical science must be understood to understand each case. Students select
information content from their textbooks, journals, and selected web sites. New
information must be related to their previous understanding, and what makes sense to
each student. PBL emphasizes the importance of self-directed learning and learning
how to learn [13], which will be necessary throughout the physician’s practice of
medicine.
The method of case presentation is by progressive disclosure of information.
Each case begins with the chief complaint that brings the patient to the physician’s
office. Students must explore possible causes for the initial complaint, extract further
information from a history and then the physical examination, determine what
additional information is needed to investigate and understand the disease process,
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and then proceed to a diagnosis and development of a management plan. Students are
given only the information that they request, or they may be told that the requested
information is not available to them at that time. During the two hour PBL session,
subject matter arises that leads to immediate discussion and exploration of resource
information, with active participation of all students. When the case surpasses their
current understanding, students will select topics in each of the appropriate basic
biomedical sciences for study to help them understand the science behind the patient’s
problems. Topics for learning are chosen by group consensus and eventually defined
by the group as examination topics. Between PBL sessions, the students work
independently or with classmates, learning basic science related to the case. Students
return to their group at the next session, present the current status of their
understanding of the case, and progress to a conclusion that includes a diagnosis and
plan for management of the patient’s problems. Students are encouraged to
understand how each piece of information from the case results from normal or
pathological physiology, and how the proposed testing and treatment protocol may
affect the patient and case presentation. This helps them to direct their study to
learning issues of their choosing in each of the basic sciences for which they will be
tested, and provides a basis for integration of that information and its application to
clinical problem solving. This process also provides students with an introduction to
information-resources that are available to them, and which they must critically
evaluate. Students, therefore, “learn how to learn” when confronted with questions in
clinical medicine about their paper patient. PBL students become experienced in selfdirected study. We speculate that this learning process will then continue throughout
their professional lives. Early on in PBL, students are told that they must master all of
the sciences basic to medicine in their first two years. With this goal, students realize
that the work load chosen for each case must be both relevant and voluminous.
Through their group discussions, students become adept at many skills that
they will need in subsequent clinical practice, such as the ability to listen to what a
patient says and understand the underlying problems that lead to the patient’s
concerns. Students must also learn to deal with personal frustrations as part of the
learning process, as they strive to understand disease processes for which they do not
yet have adequate information. Learning in a PBL environment can be highly
frustrating, especially when the next person’s understanding comes from a different
depth or direction than one’s own, or when the workload becomes daunting.
Understanding one’s own reactions to that frustration is an important beginning to
acceptance and understanding of the next person. Understanding their own reactions
helps students become more sensitive to group dynamics and interpersonal
interactions. Students learn how to focus on problems and to understand the relation
of those problems to the overall health of their patients.
Problem Based Learning at LECOM/Bradenton is designed to reinforce
holistic aspects of medicine by focusing on not only the physical health of the patient,
but also social and behavioral considerations. In some of the PBL cases, the focus
extends to include the health of the community as well.
Facilitator’s Role
The facilitator’s function is to guide students in the process of learning how to
learn definable information, and to mold attitudes and personal interactions associated
with group dynamics. The facilitator must guide, not teach! The success of the
facilitator’s mentoring is measured by the ability of the group to guide their own
progress without intervention by the facilitator. The facilitator sets the tone for the
group activities. Ideally, each member should contribute equally to the understanding
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of other members of the group, and refocus the discussion when it goes astray.
Students earn the respect of other members when this is done. Equally important is
the manner of their interpersonal interactions which must include acceptance and
respect for other members of the group, as they listen and contribute to the process.
The facilitator’s job is to oversee this format and to guide students in learning how to
work together. The facilitator helps set the desired depth of learning by asking
questions such as “Why does it work that way?”
One of the major functions of the facilitator is to convey to the students the
expectation of excellence, in their understanding of textbook information, in their
interpersonal skills, and in their understanding of group dynamics. The facilitator can
provide guidance to improve communications and show students how to become
more systematic and thorough in their discussions. One of the tools that we use is the
Faculty Assessment of Student Progress (FASP, Table 1), which lists some of the
goals for student behavior in the group, and is subjectively scored as a part of their
grade. The FASP includes subjective evaluation of students’ preparation, participation
in group discussion, interpersonal skills, and contributions to group progress. It
provides a format for communication of the importance of individual contributions to
a supportive learning environment. FASP scores become part of the students’ final
grade.
1
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Table 1: Facilitator Assessment of Student
Performance
Student________________ ____ Group_________
For items A to D give a numeric score as indicated below. Then add the scores from A to
D to compute the final FASP score. Each numbered line is worth 5 points.

A. Preparation (score 0 to 15) ___________
1. Is prepared to begin the meeting on time
2. Comes prepared to discuss material relevant to case
3. Brings and uses appropriate resources

B. Participation (score 0 to 30) ______________
1. Is an appropriately active member of group
2. Presents new learning and ideas in an organized or systematic fashion
3. Consistently uses appropriate published references to illustrate a point or defend a
position
4. Raises questions that effectively stimulate discussions
5.. Communicates accurate self assessment
6. Makes significant effort to respond to areas of suggested improvement

C. Interpersonal Skills (score 0 to 30) ________________
1. Encourages other group members to participate
2. Demonstrates respect for opinions of other members
3. Demonstrates significant support for other members
4. Accepts feedback from others gracefully
5. Provides non-critical feedback to others about their behavior and participation
6. Responds responsibly to irritations and frustrations

D. Contributions to Group Progress (Score 0 to 25)_______________
1. Facilitates communication by clarifying, summarizing
or tying disjointed ideas together
2. Makes effort to redirect group back to task when
digressions occur
3. Demonstrates positive leadership; directs movement
toward common goals
4. Initiates action to prevent or eliminate unhealthy group
norms
5. Demonstrates insightful participation in group process
or debriefing discussions

Final Score (Sum of A to D)___ ___________
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Maximizing the Benefit of Group Discussions in PBL
Students come from a variety of educational and cultural backgrounds but
with a common goal of serving the needs of their future patients. This common goal
brings students together to form a mutually supportive learning group. Students must
take responsibility for their own learning, but are also responsible for the learning of
their peers. A deficiency of one affects the learning of all, but a supportive group can
overcome many deficiencies. Building this mutual support group is an essential part
of PBL. It includes acceptance of and gaining respect for each member of the group
and appreciation of the contributions to one’s own understanding as each member
buys into the PBL process. Cohesive and supportive group dynamics depends heavily
on the commonality of purpose of the members and the support of the facilitator.
The Ideal Group
Students learn to trust their own abilities to define a situation and best manage
the outcome. Self-understanding and acceptance lead to acceptance of others as they
are, and in turn, the ability to see beyond the expression of frustration by others, so
that reasons for that frustration may be properly managed. This can lead to an “ideal
group” in which students are very supportive of the problem based learning process.
Students become good listeners, and supportive of other students, while also making
very positive contributions to the discussion. They are respectful of differing
opinions, and actively find answers to questions from their multi-disciplinary reading.
They come well-prepared and well organized, actively thinking about questions and
what makes sense. They achieve good interpersonal skills. They create the PBL
process. The facilitator can recognize deviations from this ideal process and guide the
group toward improvement.
Behavior Modification
There are many levels at which the need for student behaviour modification
can be communicated in PBL. The first is at the end of each group meeting, where
each student and the facilitator describe what went well during the meeting, and what
did not. For example, a student might say “I felt very frustrated with the pace of the
discussion today.” The group would then discuss the pros and cons of moving faster
or slower. When there is dissention within the group, the reasons should be openly
discussed by the group so they can be dealt with more effectively. This can lead to
mutual acceptance and support within the group. Additional guidance is provided with
individual counseling. More difficult problems can be handled administratively.

Results
Analysis of Outcomes
There are many ways to measure effectiveness of a medical education
program. One method is to compare standardized testing, such as board scores. Figure
1 presents mean scores achieved by the first five classes from LECOM/Bradenton for
COMLEX 1 (Comprehensive Osteopathic Medical Licensure Examination), the
accrediting examination for osteopathic medical schools, compared with national
averages. After the inaugural class of 2008, each of the classes of 2009, 2010, 2011
and 2012, scored well above the national average. The percentage of students who
passed COMLEX 1 on their first attempt progressively improved to reach 100% in
classes of 2011 and 2012. Figure 2 compares the pass rate for COMLEX 1 for
students from LECOM/Bradenton with national averages.
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Clinical clerkships tend to be less structured, with students apprenticing in a
variety of hospitals, clinics, and doctor’s offices. Students’ progress through their
third year is measured by COMLEX 2-CE. Performance of students from
LECOM/Bradenton was similar to the national average until the class of 2011, which
showed a significant improvement in both mean score and pass rate. This class had
been given an outline of topics that should be understood for each required clinical
rotation, even if it was beyond immediate clinical observations. The summary list was
coupled with communication of an expectation of excellence. Areas of weakness were
identified by use of USMLE shelf exams. Students received no lectures but made use
of their PBL learning skills and responded appropriately to this stimulus. The result
was a jump in both mean score and pass rate for this class (Figures 3 and 4).
Another way to measure effectiveness is to compare PBL exam scores with
board scores. A very high correlation (0.79-0.83) is routinely observed between PBL
exam scores and COMLEX 1 board scores (Figure 5).
An effective educational program should also lead to a high fraction of
students becoming qualified to continue their training. Our three graduating classes
have continued into internship and residency programs. The Residency Match for the
classes of 2008, 2009 and 2010 includes a variety of specialties, but with strong
emphasis on primary care (Figure 6).

Discussion
The concept of problem based learning is not new [1,6,13,14]. It provides a
framework [15] for learning by presenting a series of questions that students must
translate into directions for study. The major difference between PBL and the classic
lecture presentation approach is the level of responsibility placed on the student. In
PBL, each student must take responsibility for his or her level of understanding, and
learn how and what to learn to achieve that understanding. This approach requires a
certain maturity. Students must be able to question their own ideas, encompass new
information, and determine what makes sense. They are not limited by the viewpoint
of the lecturer but only by their ability to assimilate and understand new information
and to manage their time. This element of self-direction is reduced when
supplementary lectures or more directive case-based approaches [16] are added.
PBL applies concepts of graduate education, in which students are responsible
for their own level of understanding, to medical school. Many medical schools have
incorporated aspects of PBL or case-based medicine into their curriculum, but few
have integrated the complex self-directed learning paradigm as practiced at
LECOM/Bradenton. Most schools appear to either supplement PBL with lectures
which direct students studies, or use case presentations to supplement a lecture
program. Lectures dilute the need for students to direct their own learning and
therefore, after an introductory anatomy course, supplementary lectures are not
permitted in the PBL-covered basic medical sciences at LECOM/Bradenton. Optional
enrichment lectures may be sponsored by student clubs, but are unrelated to
examinations.
Two other aspects of PBL contribute to the success of this program. Learning
and using all basic medical sciences at once to understand a case requires integration
of information with its application. Using the case format to guide basic science
studies allows all body systems to be studied in the first year and revisited in the
second year. Repetition in a different setting also fosters greater depth of
understanding and retention of the material.
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Success of the program depends on students challenging their own thinking
with new information and a faculty who convey the expectation of excellence.
LECOM/Bradenton is the largest campus (150 students/class) to integrate all basic
medical sciences into a completely PBL format without supplemental directive
lectures. Students acquire many skills beyond what is normally measured by board
scores. These include systematic approaches to clinical problem solving, listening and
presentation skills, interpersonal interaction skills, understanding of group dynamics,
caring, understanding of patho-physiology and human behavior, and integration of
clinical observation with basic medical science. In addition, students gain confidence
in their own ability to think, to challenge ideas, and to direct their own learning. That
these abilities carry over into the clinical clerkships is suggested by the jump in
COMLEX CE-2 scores following introduction to the class of 2011 of a summary list
of expectations for each of the core rotations. Reinforcing expectations of excellence
during the clinical years three and four through communication to our students and to
our adjunct clinical faculty is requisite.
The core of established basic medical science is well defined in the major
medical textbooks and elaborated in web sites of many universities, medical
organizations, and more specialized journal articles. Students must understand the
core of medical information to begin to appreciate fine points of the specialties. PBL
provides the basic medical science core and teaches students how to extend their
knowledge by directing their own further learning. The group discussions provide a
format for testing students’ level of understanding and displaying gaps in their
knowledge. This learning paradigm can be utilized through the clinical clerkship and
residency years, and provides the basis for building future expertise.
LECOM/Bradenton’s first class (2008) survived the start-up challenges of a
new branch campus and the barriers of a new learning paradigm. All students and
most of the faculty were unfamiliar with PBL or self-directed learning and requests
for supplemental lectures were frequent from both groups. Some faculty experienced
difficulty in letting go of the security of the traditional medical education model
(lectures) and embracing a more student-oriented approach. Faculty at
LECOM/Bradenton have over time become convinced of the strengths of self-directed
learning in medical education.
Subsequent classes are more indicative of what can be produced from this
educational program. The classes scored well in all areas of COMLEX 1, which
includes all of the basic medical sciences that are covered in PBL, and in behavioral
science, which PBL reinforces. Our students have scored well above the national
average in all basic areas.
It is understood that PBL may not be appropriate for all medical students.
Those who are unsure of their own decisions or need to be told what to study may
prefer a more highly directive program. Similarly, PBL may not be appropriate for all
medical schools. Many faculty are unsure of the ability of their students to direct their
own learning. Shanley [17] has described a litany of problems which he associates
with PBL. The problems are not inherent in the PBL concept but suggest inadequate
implementation of the program. Students at LECOM/Bradenton have proven what can
be accomplished within a well-implemented PBL program.

Conclusions
PBL provides a framework for learning and development of thinking
processes and communication skills that are essential to medical practice. Success of
the program depends on having intensely focused students guided by faculty who can
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communicate the expectation of excellence. What sets LECOM/Bradenton apart from
other medical schools may be the degree to which students are allowed, indeed
required, to learn to direct their own learning. Critical thinking and self-direction are
prerequisite to leadership. The available knowledge base includes well refereed
medical textbooks, journals, and web sites, and faculty who understand the meaning
of excellence. Key elements of this program include emphasis on self-directed
learning and a supportive infrastructure.
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Figures
Figure 1 - COMLEX Score on Initial Attempt vs. National Mean.

COMLEX 1 mean scores on initial attempt for LECOM/Bradenton classes of 20082012 are compared with national mean scores.
Figure 2 - Pass Rate for COMLEX 1 on Initial Attempt vs. National Mean.

Pass rate for COMLEX 1 for first time takers for LECOM/Bradenton classes of 20082012 compared with national means.
Figure 3 - COMLEX 2-CE Score on Initial Attempt vs. National Mean.

COMLEX 2-CE mean scores on initial attempt for classes of 2008-2011 are compared
with national mean scores.
Figure 4 - Pass Rate for COMLEX 2-CE on Initial Attempt vs. National Mean.

Pass rate for COMLEX 2-CE for classes of 2008-2011 (first time takers) are
compared with national means.
Figure 5 - Class of 2012: PBL Final Exam Grade vs. COMLEX 1 Score on Initial
Attempt.

Comparison of mean COMLEX 1 scores with PBL final exam grades for class of
2012. A grade of 70 is passing for PBL, and a score of 400 is passing for COMLEX 1.
The Pearson correlation coefficient is 0.81.
Figure 6 - Residency Match for Classes of 2008, 2009, & 2010.

The residency matches for classes of 2008, 2009, and 2010 include a variety of
specialties, but emphasize primary care.
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Figure 4.
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