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for students. The concept of cognitive integration in medicine refers to “the creation of
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2
learner.”

Many studies indicate the importance of integrating the basic and clinical
sciences for diagnostic reasoning.? Simply integrating the curriculum by teaching basic
and clinical sciences next to each other is not sufficient; the integration must occur
within each teaching session.® To best achieve cognitive integration, the relationships
between the basic science and clinical domains need to be explicitly demonstrated to
students.* Therefore, students should be given strategies to actively integrate and synthe-
size this information.

Concept mapping, which is “a diagrammatic representation of ‘meaningful’ relation-
ships between concepts,” helps students develop relationships between the basic and
clinical science domains and enhances understanding of the material.® Previous
studies®® have indicated that concept mapping helps students develop meaningful learn-
ing and integrate basic and clinical science information, and these results were demon-
strated independent of the students’ learning styles. Furthermore, concept mapping

facilitates group and collaborative learning when used as a group task.”!!
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In 2006, we created a course at University of New
England College of Osteopathic Medicine that replaced
some of the traditional lecture-based educational experi-
ences with more active learning pedagogies to allow
students to integrate basic science with clinical sciences.
The course was also designed to develop team-building
skills to prepare students for the clinical working envir-
onment. We adopted a case-based model based on the
principles of team-based learning as described by

Michaelsen et al.'?

Concept mapping addressed the
challenge of developing clinical case-based application
exercises that helped to create highly functioning teams
and ensured that students made connections between
the basic science and clinical concepts.

In 2012, this model was used for a year-long osteo-
pathic medical knowledge course during the first year.
The course was taught by basic scientists and physi-
cians using clinical correlations to integrate the basic
science disciplines. The curricular framework included

weekly clinical case-based concept-mapping exercises

»
h
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similar to those we had developed in 2006. Detailed
grading rubrics for the concept maps were created for
each case to provide more guidance, informational
feedback, and instructor scaffolding for the stu-
dents.'>!* For these exercises, students worked in the
same group of 6 for the entire year, and almost all of
the groups went through the stages of group develop-

99 ¢

ment described by Tuckman'® of “forming,” “storm-

9 <

ing,” “norming,” and most reached the final stage of

“performing” as a very effective team.

Designing Concept-Mapping Sessions

The concept mapping exercise helped students visual-
ize how the basic science concepts explained the clin-
ical presentation’s pathophysiologic characteristics in a
specific case. This approach helped students focus on
the patient. Students started and ended their concept
map with the patient (Figure 1). The map contained
basic science concepts that explained the basis of the

clinical concepts, which included the clinical

for r%T_nt)ﬁpresents with

[ history/rlsk factors symptom 1 symptom 2] [symptom 3]
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leads to diagnostic testing
indicated by
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[ basic science mechanisms } causing

Figure 1.

A simplified concept map exemplifying how students might move from the patient to the clinical signs, symptoms, and
history and link the basic science concepts and diagnostic tests to support the diagnosis. Depending on the prompt,

treatment and its effects may be linked to these concepts.
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symptoms, signs, and the diagnostic test results. The
students arranged these concepts by linking terms to
create logical connections that could be followed from
the patient through every part of the map.

The materials for the case-based learning (CBL)
activity were designed through collaboration between
basic science faculty and physicians and included the
clinical case, prompt, rubric, and an exemplar concept
map. The case included a complete history, physical
examination, diagnosis, diagnostic tests, and manage-
ment. The faculty decided on a prompt to limit the
scope of the basic science and clinical concepts for the
concept map based on the learning objectives for the
week. The prompt helped direct the students to explain
the underlying pathophysiologic characteristics and
defend their primary diagnosis by connecting the key
elements of the history, physical examination, and diag-
nostic tests. In addition, the students used these ele-
ments informed their decisions regarding treatment
and management as appropriate (eAppendix 1). Once
the prompt was generated, the faculty developed an
example concept map and a rubric that outlined the
information on the concept map to help facilitators
guide their groups (eAppendix 2 and eAppendix 3).

A meeting was convened a week before each concept
mapping session to prepare the faculty facilitators and
standardize the experience for each group. In these meet-
ings, a physician presented the case providing a clinical
perspective for the facilitators, who were often basic
scientists. The basic science and clinical concepts under-
pinning the patient’s clinical presentation were presented
by the faculty who generated the rubric and concept
map for the case (eAppendix 2 and eAppendix 3).
These sessions oriented the facilitators to the content and
instructed them on how to guide the students through the

session.

Implementation

Each CBL group, which comprised 6 students and a
facilitator, met weekly for the 2-hour concept mapping
session. Students were provided with the case and

prompt ahead of time to prepare for the session. The

session began with 1 student giving an oral presentation
of the case, which included identification of the key ele-
ments of the history, physical examination, and diag-
nostic tests that informed the diagnosis. This activity
required the students to explore the connections
between the basic science and clinical domains, which
were centered on the patient’s clinical presentation and
provided an opportunity for students to practice presen-
tation skills.

The students used the prompt to create their concept
map using CmapTools (IHMC). The map was projected
on a large monitor to allow the whole group to view its
construction. The discussion centered on reaching con-
sensus about concept placement and linking terms. The
group was required to use all of the terms provided in
the prompt on their concept map, and they were encour-
aged to also add their own concepts to describe certain
processes better. Students referred to lectures and other
resources from the week, and substantial peer-to-peer
teaching occurred. The rubric and exemplar concept
map were provided as a resource for the facilitator,
whose role was to keep the students focused on the
appropriate concepts without being too directive or
restrictive. The facilitator also provided guidance on
group process as the students engaged in decision-

making, task performance, and conflict resolution.

Grading

To provide immediate feedback to the group on their
concept map, the faculty-generated rubric and concept
map were available to students after completion of their
map (eAppendix 2 and eAppendix 3). Before grading,
the maps were deidentified and coded to prevent bias.
The maps were initially graded by second-year students
who used the rubric and exemplar concept map to grade
and provide commentary. The final grade was deter-
mined by 2 faculty facilitators whose responsibility
was to review the maps and standardize the grading
process. Facilitators were not assigned to review and
grade the map of their own group(s). The activity was
designed primarily as an opportunity for learning rather

than assessment, so grading was primarily formative,
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“| liked that the [concept map] discussion process really allowed us to connect the clinical and

basic science courses and helped me think through and clarify with my CBL the information.”

“Concept mapping is different from anything that | have done to study in the past but | think it is

a creative way to integrate the concepts and see a larger perspective view on how a disease/

condition is manifesting and presenting.”

“CBL helps my group a lot; we teach each other a lot in each session and talk through big ideas.”

“I really enjoy CBL and enjoy that it challenges me to verbalize my understanding of topics while

making connections pictorially. | have found that the exercises influence how | take notes as

well-everything is much more diagrammatic which engages me in the material better than simply

writing notes.”

Figure 2.

Comments from first-year students at the University of New England College of Osteopathic Medicine who participated in
concept-mapping sessions. Abbreviation: CBL, case-based learning.

but with enough weight to be taken seriously. The
concept maps were graded using a 20-point scale. A
total of 4 points were given for including all of the
required basic science and clinical concepts on the
map. The remaining 16 points were designated for the
content on the map. Rather than assigning specific
point amounts for each correct link made, the point dis-
tribution was more subjective, with more weight given
to important general concepts rather than every specific
detail. Identifying the important concepts and realizing
that they can be shown in different ways on a concept
map took some practice for the student graders. The
faculty who supervised them provided feedback, and
they soon became adept at grading. Having experienced
concept mapping during the previous year, their com-
ments were very relevant and they often identified
bridges between the first- and second-year curriculum,
as well as the board examinations. First-year students
responded to these comments by incorporating the feed-
back into their subsequent maps.

Before returning the graded concept maps to the
groups, the numeric score was converted to an
“exceeds expectations” (18-20 points), “meets expecta-
tions” (16-<18 points), and “needs improvement”
(<16 points). Groups receiving a “needs improvement”
grade were required to meet with the faculty member

who graded the concept map to review the map,
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clarify any misconceptions, and edit their map based

on the comments.

Benefits

Concept mapping, as described in this article, is a
method to integrate basic science concepts with clinical
medicine. Since 2014, course evaluations have indicated
that at least 80% of students agreed or strongly agreed
“The Facilitated Case Based
Learning activities (CBL)/Concept Mapping provided

with the statement,

opportunities to integrate the basic science and clinical
science concepts from the objectives.” Student com-
ments from the course evaluation suggested that
concept mapping helped them to contextualize basic
science concepts underpinning clinical medicine
(Figure 2). The process of discussing concepts to reach
a consensus on the map challenged students to defend
their understanding and explain their rationale to others.
Others have shown that this enhances learning and reten-
tion of the material.>'® Many students also found the
maps to be useful study tools. Additionally, working in
these small-group sessions helped students understand
the elements of effective team dynamics and reflect on
their strengths and weaknesses.

Second-year student graders found the experience
helpful for reviewing basic science concepts and appre-

ciated revisiting first-year content as they prepared for
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the board examinations. Concept map grading allowed
these students to practice assessment and provide con-
structive feedback.

The collaborative effort to create materials for each
concept mapping session brought faculty from different
basic science and clinical disciplines together, and basic
scientists learned which concepts are critical for applica-
tion to clinical medicine. These experiences helped
faculty to understand the importance of integration and
develop new skills to emphasize this in their teaching.

The process of concept mapping can be challenging
for both students and faculty. Robust orientation pro-
grams to help faculty and students appreciate the value
of cognitive integration for developing clinical reason-
ing skills can help address these challenges. Students
and facilitators should be educated about team building
and supported throughout the process of team

development.

Conclusion

Concept mapping provided rich discussion between stu-
dents about the basic sciences in a clinical context.
Through this interaction, students challenged each other
and their perceptions to create an integrated understand-
ing of the basic and clinical sciences. Providing focused
prompts and relevant concepts were important to
promote a discussion that achieved cognitive integration
to enhance clinical reasoning. Our approach of having
the same groups of students work together for the entire
year gave them the time to work through the different
stages of team development and become productive
team members. These acquired skills are critical for stu-
dents in their clinical practice, particularly in the environ-

ment of team-based patient-centered care.
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