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ABSTRACT: Clinical correlations are tools to assist students in associating basic science concepts with a medical application or disease. There are
many forms of clinical correlations and many ways to use them in the classroom. Five types of clinical correlations that may be embedded within basic
science courses have been identified and described. (1) Correlated examples consist of superficial clinical information or stories accompanying basic sci-
ence concepts to make the information more interesting and relevant. (2) Interactive learning and demonstrations provide hands-on experiences or the
demonstration of a clinical topic. (3) Specialized workshops have an application-based focus, are more specialized than typical laboratory sessions, and
range in complexity from basic to advanced. (4) Small-group activities require groups of students, guided by faculty, to solve simple problems that relate
basic science information to clinical topics. (5) Course-centered problem solving is a more advanced correlation activity than the others and focuses on
recognition and treatment of clinical problems to promote clinical reasoning skills. Diverse teaching activities are used in basic science medical education,
and those that include clinical relevance promote interest, communication, and collaboration, enhance knowledge retention, and help develop clinical

reasoning skills.
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Introduction

Clinical correlations in medical education are tools that assist
students in connecting basic science concepts with medical
applications. There are many forms of clinical correlations,
as well as various methods for their presentation and use.
A clinically integrated curriculum includes clinical scenarios
and clinically relevant information at its core, and the clinical
material is used as the foundation for teaching. In a curricu-
lum that separates the basic sciences from the clinical sciences,
students learn the basic science concepts first. Although clini-
cal correlations may be used in both types of curricula, they
are particularly useful in the basic science training so that
students understand the clinical relevance of the basic science
material. Basic science concepts blend with clinical concepts
as the student’s medical expertise grows, so that the initial
requirements to explicitly describe the underlying biomedi-
cal mechanisms are no longer needed.! Clinical correlations
facilitate this process, so that students begin learning in the
early stages of their medical training how to associate and
translate basic science information into clinical relevance.
Teaching basic science topics by including clinical correlations
also helps the student develop and practice good clinical rea-
soning skills.?

A clinical correlation in basic science medical education
can be regarded as a learning tool that enables learning the
association between a basic science concept and its applicabil-
ity to medical practice or to a disease. The term clinical corre-
lation is a broad concept and can incorporate medical concepts
and clinical associations at multiple levels of detail. For exam-
ple, they can be very superficial, such as the relationship of
histology to a disease condition during a didactic lecture.
Alternatively, they can involve deeper active-learning experi-
ences such as concept mapping* or the use of patient simulator
exercises.’ Clinical correlations can be used to show that the
basic science concepts being taught are relevant to medicine
and thus of practical use, without requiring a student to learn
details about a disease or its clinical treatment. Clinical cor-
relations are incorporated into the learning process as a tool to
initially help motivate students to establish a firm foundation
in basic science concepts, and then may become more complex
as the student learns to diagnose and treat specific diseases
and conditions.

There are very few publications that describe or define
clinical correlations in medical education. A brief series
of articles was published in the early 1990s that outlined
several clinical correlation types used at that time. Virella®
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recognized that although lectures are a time-effective way to
deliver information, other teaching formats are more efficient
in establishing correlations between basic and clinical sciences
and learning problem-solving strategies. For example, in a
microbiology and immunology course, students used clini-
cal correlation exercises to work through a priority list and
justify appropriate diagnostic tests, and the likely diagnosis
based on results of those tests.” In a biochemistry course, stu-
dents first interviewed a standardized patient and then learned
basic biochemistry concepts, providing motivation and stimu-
lating the student’s curiosity and providing the instructor a
way to refer to a clinical scenario while teaching the basic sci-
ence aspects of biochemistry.® A pharmacology course used
problem-solving techniques to enhance learning,” and case
studies were used to make the course more interesting and
clinically relevant.!® During this initial acknowledgment of
clinical correlation use, course directors recognized that some
faculty felt uncomfortable leading small-group discussions,
recognized that the material was too clinical for their comfort
zone, or felt that using the time for the clinical cases dimin-
ished the rigor of a traditional basic science course.!® Since
the time of these publications, it has become standard prac-
tice that medical programs include clinical correlations in the
medical curriculum. This incorporation can be accomplished
in various ways and with varying degrees of intricacy related
to the clinical situation.

Although there are few direct references in the literature
about clinical correlations, there are many examples of teach-
ing and learning tools that utilize clinical scenarios to teach
basic science concepts. These learning tools can be grouped
into different clinical correlation classifications. We have used
our experience in medical education and the clinical corre-
lation activities used in our first-year medical curriculum as
the basis to categorize and describe different types of clinical
correlations.

Morehouse School of Medicine’s four-year medical
training program uses the first two years for basic science
training and the third and fourth years for clinical training.
The content of the first year of the basic sciences training
focuses on normal human biology taught in sequential courses
that closely integrate the basic science concepts of each organ
system. The second-year basic science courses teach the mech-
anisms of disease. The content in both years is taught mostly
through a lecture-based format, with clinical correlation
activities mixed in.

Our first-year curriculum uses a variety of types of clini-
cal correlations. Several of these were components of previ-
ously independent courses that were folded into a revised
integrated curriculum. An anatomical sciences course was
created in the 1990s from the merging of several courses, so
that the cell biology, histology, developmental biology, and
gross anatomy topics were included in a single course.!!? Part
of the success of this course was its rich inclusion of clinical
correlations in all topic areas. This course, plus its clinical

correlations, formed the backbone/core for reorganization of
the entire first-year medical curriculum.!3 Clinical correla-
tions were retained from the previous courses and have been
expanded upon and improved in the new courses. They have
been used in some form for over 20 years. These clinical cor-
relations enhance student learning, link content from different
topic areas within the same course, and form a bridge to the
more clinical nature of the second-year curriculum.

In this paper, we describe the activities that we believe to
be distinct types of clinical correlations, our interpretation of
how each can be used in basic medical science education, as
well as their potential benefits for both teachers and learners.
'The categories were developed and described based upon the
authors’ experiences and perspectives as educators, and they
represent unique contributions to medical education.

Classification of Clinical Correlations

The various types of clinical correlation activities used in our
first-year medical program are identified and categorized
below according to their complexity, degree of clinical infor-
mation presented, and time required by the student. Learn-
ing tools used in other programs can also be assigned to these
categories as additional examples. These clinical correlations
are used in the transition between pure basic science education
and medical practice to assist in preparing students for more
clinically based training in clinical reasoning such as devel-
oping diagnoses, evaluating patient histories, and selecting
specific diagnostic tests.

Correlated examples. This type of clinical correlation
is usually presented as a short factoid or story that relates a
basic science concept to a disease (Table 1). They advocate the
relevance and importance of the basic science information in
understanding the disease. These correlations usually do not
require the student to memorize the disease-related informa-
tion or learn specific facts about the correlation for examina-
tions. They provide superficial clinical information with no
advance preparation required by the student. This type of
clinical correlation can be used by the instructor to show that
the basic science concepts being taught are relevant and inter-
esting and that there is value in learning the information and
related details.

In our curriculum, and most likely at other institutions,
most basic science didactic lectures have at least one clini-
cal correlation embedded within each presentation. These
may comprise a very basic mention of a disease or the result
of trauma, or some example that relates to the topic at hand.
One example we use is the relationship of defects in con-
nective tissue fibers to diseases such as Marfan and Ehlers—
Danlos syndromes. Images of defective collagen organization
matched with those of disease features such as hypermobile
joints and overly flexible skin help capture students’ attention
and provide motivation for learning the underlying concepts.
The clinical correlation is used as an example of why the stu-
dent should know and understand the basic science concepts
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Table 1. Characteristics of clinical correlations.

TYPE OF CLINICAL
CORRELATION

DESCRIPTION EXAMPLE

RELATIVE BENEFIT TO STUDENT
COMPLEXITY LEARNING OR HOW

ADVANCED
PREPARATION
REQUIRED BY
STUDENT

OF CLINICAL USED IN EDUCATION
INFORMATION

Correlated examples
or—included in a lecture or
teaching presentation.

Making reference to a disease Association of fibrillin defect Superficial
to Marfan’s syndrome.

Association of collagen

defect to Ehlers-Danlos

Show that basic science None
concepts are important.

Make material more

interesting and that there

faculty facilitators.

syndrome. is a reason for learning it.

Demonstrations and  Small group demonstrations  Review of femur and tibia ~ Simple Consists of application- None to
interactive learning or short application-based radiographs during lower based information. minimal

activities. limb learning block. Students participate in

simple, basic activities.

Specialized workshop Hands-on application of a ECG lab using electrodes  Basic to Practice using special-  Minimal to
or laboratory session targeted basic science topic. = and computer software to  advanced ized equipment, targeted small

May include use of special- examine heart waves. application of basic sci-

ized equipment or procedures. ence concepts.
Small-group activity ~ Small groups analyze or solve Discussion of blood dis- Basic to Students practice team  Small to

clinical case problems. Led by orders during hematology  advanced work, communication intermediate

learning block.

skills and problem solv-
ing strategies.

Course-centered
problem solving basic science concepts.
Advanced problem solving.

dissections.

Use of clinical cases to teach  Use of computed tomog-
raphy to promote clini-
cal relevancy of cadaver

Complex and
integrated

Promotes interdisciplin- Extensive
ary collaboration and
clinical reasoning skills.

(connective tissue fiber structure and organization) because
defects can translate into clinical conditions. At another med-
ical school, a histology course uses clinical correlation within
lectures to demonstrate how histology is related to disease and
pathological conditions.3

Since little class time is spent discussing the details of
a disease, in-depth knowledge of the disease is generally not
required by the student for examinations. However, they
may be used as the basis of an examination question clini-
cal vignette that asks about the key concept being taught,
without requiring the student to render a diagnosis. The out-
come of this type of clinical correlation for the student is to
reinforce that the topic is important, that it must be learned,
and that it applies to complex clinical situations they will
encounter later.

Interactive learning and demonstrations. This type of
clinical correlation requires more designated time than cor-
related examples, but retains the simplicity of the clinical
information presented (Table 1). Students become actively
engaged in the correlation activity either by a minimal hands-
on approach or by watching a demonstration or review of a
clinical procedure. The activity helps the student to better
appreciate the topic being covered by providing more detail
and more engagement in the correlation. It may or may not
be included in a grading assessment, but may be used as the
basis of an examination question that queries basic science
information directly related to the clinical correlation. The
time involved for the student outside of class to prepare for or
follow-up on the sessions is variable, but does not require an
extensive amount of time.

We use several interactive learning and demonstration
correlations during the year, oftentimes occurring a few days
before an examination. They are mostly laboratory-based ses-
sions with a focus to integrate the information learned in that
examination block and demonstrate its clinical relevance.
Small-group laboratory sessions are designed to reinforce
concepts by relating those concepts to a clinical aspect. One
example is our applied anatomy laboratories, where small
groups of students rotate through four to five different sta-
tions, each covering a different topic that relates to the mate-
rial learned in lecture or the laboratory, and relates it to the
clinical setting.!* For example, when students learn about the
back and upper limb, some of the interactive learning and
demonstration topics include spinal cord prosection review,
clinical correlations in lumbar puncture, osteology and radi-
ology, physical examination of the back and upper limb, as
well as introductory blood pressure measurement skills. These
sessions are valuable for student learning and provide the
students with information about medical equipment, basic
physical examination procedures, and insights into radiol-
ogy that is correlated with the back and upper limb anatomy
topics covered.

Although the content from these three-hour afternoon
sessions is not necessarily included in examinations, it serves
as a review and application of the material learned within an
examination block. The correlations may provide the instruc-
tors a good basis for developing examination question vignettes,
but do not require students to know details of the clinical rela-
tionships. Students do not have to prepare in advance for these
sessions, and there is no follow-up work required.

JOURNAL OF MEDICAL EDUCATION AND CURRICULAR DEVELOPMENT 2016:3 l 181


http://www.la-press.com
http://www.la-press.com/journal-of-medical-education-and-curricular-development-j174

Klement et al

Z,

Another example of interactive learning and demonstra-
tion correlations is the use of short student presentations.!®
Following a faculty seminar covering a common disease
involved in the organ system being studied, students pres-
ent a brief overview of one of the learning objectives derived
from each subject area covered in that topic. Evaluation of the
presentation is included in the student’s formative assessment
grade. Eisenstein et al'® described a different type of labora-
tory activity that can be considered interactive learning and
demonstration. Under the supervision of pathology residents,
students identified pathologic conditions and collected biop-
sies from abnormal cadaver tissue. These same biopsies were
examined later in the year during the histology course after
they had been processed and sectioned. By this time in the
curriculum, students were able to understand and recognize
the difference between the pathological specimen collected
and normal tissue. These clinical correlation activities engage
the student in the learning process and promote the impor-
tance of basic science in clinical medicine. One aspect of this
sort of exercise that often accompanies effective clinical cor-
relations is the inclusion of a discovery element that piques
the students’ curiosity and adds to the intellectual satisfaction
associated with their studies.

Specialized workshops. Another type of clinical corre-
lation session that can be used in medical education is a
specialized or simulation laboratory session (Table 1). Students
participate in this type of session for longer time periods than
the other types, usually spanning an entire morning or after-
noon. These correlations require students to directly participate
in activities that are more specialized than routine laboratory
sessions. As opposed to standard laboratory sessions that
focus on learning the basic science concepts, these specialized
sessions contain an application-based focus. The concepts
learned can be applied to the activity being undertaken, and
there is minimal preparation or follow-up time required by the
student. Students may be required to learn terminology or the
theory behind a technique or procedure before participating
in the activity, but the complexity of the information learned
in the activity may vary from basic to advanced.

An example of this type of activity from our institu-
tion is an osteology laboratory where students use specialized
surgical equipment to practice orthopedic repair techniques
on artificial bone models. Another example is a respiratory
physiology laboratory where the students use spirometers and
specialized laptop software to measure lung volumes and pres-
sures. At another institution, students spent a day investigat-
ing domain-specific questions from an integrative case, by
meeting with patients, advocates, community leaders, scien-
tists, or other health professionals.!” They then spent part of
the next day discussing the findings in facilitator-led groups
with representatives from each domain.

These specialized workshops can also be used for students
who are completing their basic sciences education and mov-
ing into clerkships. They can assist the student in connecting

a variety of basic science concepts and applying them to the
clinical setting. Patient simulator laboratories can be used
to provide students the opportunity to see course material
applied to a patient in a setting where they can perform diag-
nostic workups and treatments.!® These tasks can be done as
a team exercise that allows the students to experience clinical
care before seeing actual patients. At the beginning of a third
year Obstetrics and Gynecology clerkship, students attended
a gross anatomy laboratory session, rotating through differ-
ent stations, each with a clinically relevant anatomical topic.'”
Prior to the laboratory participation, students used short
interactive online modules to link basic anatomical principles
with clinical vignettes and procedures. This specialized activ-
ity provided review sessions for commonly encountered clini-
cal topics and significantly improved student performance.

These specialized clinical correlations are fun for the
students and provide hands-on experience while learning,
or experience applying, the basic science concepts. It also
gives them a break from the traditional classroom setting to
do applied learning activities. The fundamental basic science
concepts of the learning objectives are placed into a clinical
context and provide real-time application of these techniques.
These sessions may also be used to teach students the funda-
mental principles of a type of medical equipment or proce-
dures that are used in common clinical situations.

Small-group activity. Some types of clinical correlations
are best conducted with small groups of students participat-
ing in discussions concerning a particular topic with clinical
relevance (Table 1). Students work in groups to solve basic
or simple problems that relate the basic science information
that has been learned to a clinical topic. The student groups
are usually supervised by one or more faculty members who
may or may not be clinicians. The groups have a set agenda
and require students to work through a list of objectives. The
length of the sessions is approximately the same as a stan-
dard didactic class session, thus not requiring an extensive
time commitment by the student. The student may need to do
advance preparation, or follow-up with work after the session
concludes. The clinical concepts being addressed can be basic
to advanced, depending on the academic level of the student.
This type of clinical correlation provides the students with
direct guidance by a faculty member, allowing them to receive
feedback on their thoughts, ideas, procedures, and commu-
nication skills. The activity may be included as a component
of a course assessment based on the content supplied or the
process itself.

Examples of this type of clinical correlation include
small-group clinical case discussions incorporated into basic
science courses. The discussions center upon a prominent
medical condition (eg, myasthenia gravis, diabetes, or ath-
erosclerosis) that relates to the basic science topics being
taught within a particular organ system covered in the course.
Each group of students is supervised by a faculty facilitator
who leads a discussion pertaining to the clinical situation
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or disease. The discussion allows students to answer a set of
predetermined questions that are designed to enhance the
student’s understanding of the basic science concepts underly-
ing the disease symptoms. Students receive information about
the clinical case in advance so that they can do background
reading and prepare for the discussion.

In another example, histology concepts are taught using a
small-group approach where students work together on a topic
and then present the results to the rest of the class.® Simi-
larly, students participated in a one-hour small-group cardiac
simulation exercise using a patient simulator with the goal of
reinforcing the cardiac physiology didactic lecture learning
objectives.” Students had the opportunity to interact directly
with the simulator and work through a simulation scenario.
Another example is the incorporation of small-group learn-
ing sessions and concept mapping in a medical biochemistry
course.* Students were given a clinical case and had to prepare
a concept map of the case scenario. The group worked together
to lay out the elements of the case and link them to their
clinical application revolving around the basic biochemistry
concepts outlined in the case’s learning objectives. Students
telt that the activity made biochemistry fun and meaningful
and promoted a deeper understanding of biochemistry. At
another medical school, cadaver biopsy information that had
been collected and assembled by students during their first
year of medical school was revisited when the students were
in a third-year radiology clinical clerkship.!® Student groups
worked as a team to discuss the case study and answer a set of
designated clinical questions.

Course-centered problem solving. This more advanced
clinical correlation approach is a much broader category of
activities that focus much of the basic science learning around
clinical problems, or are geared to learning how to recognize
and treat clinical problems (Table 1). A clinical scenario is
presented, and the student must learn the basic science concepts
that result in the clinical symptoms. These clinical correlations
may be used in advanced learning years, or as the basis for
an entire course, and often comprise some component of the
student’s grading assessment. Students are required to prepare
for the session or to follow-up during or after the session to
complete the activity. This type of clinical correlation often
uses and provides an opportunity to evaluate teamwork. It is
important for students to learn to work together as part of a
team to facilitate the interdisciplinary collaboration that will
occur later in their careers as a necessary part of health care.?°

Mechanistic case diagramming is a problem-solving tool
that has been used in a medical pathology program.?! This
advanced clinical correlation learning tool is based on a case
history developed by faculty. Students sort predesignated
factors into a particular order according to a specific flow of
etiologic risk factors, mechanisms, and tests that correlate to
the current course topics. Torres et al*? implemented a short,
small-group-based, radiological anatomy course using clini-
cal techniques to facilitate integration between anatomy and

clinical sciences. Students took the course approximately
a year after the traditional anatomy course concluded, but
immediately before they entered their clinical training expe-
riences. The course focused on the use of ultrasound and
computed tomography (CT) modules for identification of ana-
tomical structures. The goal of the course was to help students
improve their three-dimensional and cross-sectional knowl-
edge of anatomy and to develop practical skills in the use of
imaging techniques. Similarly, Jacobson et al?* implemented a
transition course that students participated in during the last
part of their second year in medical school. The course goal
was for students to solve a clinical problem by developing a
diagnosis using data provided in the course along with their
basic science knowledge. Each week the focus was on a differ-
ent presenting symptom, requiring the students to associate
it with a particular organ system, applying several strategies
to develop a diagnosis. The students worked in small groups,
building confidence in their clinical reasoning skills prior to
entering their clerkships. May et al?* revised their anatomy
curriculum using CT to augment traditional cadaver dissec-
tion. This clinical correlation promoted the clinical relevancy
of anatomy as the basis for the course. Students had access to
CT scans and were responsible for identifying clinical anoma-
lies as a component of the clinical cases associated with the
scans. The correlation promoted incorporation of anatomi-
cal knowledge with clinical and imaging practice and helped
develop critical thinking and clinical reasoning skills.

Discussion

Different types of clinical correlations can be excellent learn-
ing tools to support the basic science concepts associated with
them. They provide a mechanism for linking biomedical and
clinical concepts.® This makes learning more fun and mean-
ingful for the student* and demonstrates that there is a real
purpose for spending the time learning otherwise seemingly
monotonous and irrelevant course content. It also gives the
instructor leverage in requiring students to know information
when clinical correlations they have used demonstrate that the
basic science content serves a purpose.

Many clinical correlations have an active learning com-
ponent that requires the student to be actively engaged and
participate in the activity.3'14'19 Incorporating an active learn-
ing approach such as group discussion or hands-on application
provides tools that reinforce important concepts and enhances
information retention.”® Active learning can also promote
teamwork and a team that functions well together can often
work more effectively and safely than can individuals.?’ The
use of technology in active learning engages the learner, allows
for knowledge acquisition, and can provide a mechanism to
assess competency.?® Further, an interested and lively learner
is often more satisfying for faculty to teach. It is rewarding
for instructors to see students engaged in the learning process
and to see them master individual concepts, and then be able
to link them together and work toward associating multiple
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pieces of information to establish a global understanding of
the clinical problem.

The use of clinical correlations in teaching may trans-
late into improved grades and knowledge retention. Upper-
level students performed better on questions that they rated
as having a high relevance to the clinical situation,?” while
presentation of case scenarios in an anatomy course was asso-
ciated with improved short-term and long-term knowledge
retention.?” Students establish meaningful connections to
clinical information based on the principles learned in basic
science courses, allowing them to make diagnostic decisions
based on the connections to specific clinical features that
they learn.?

4529 and clinical reason-

Improvement in course grades
ing ability?® has been seen after implementing clinical corre-
lation activities into courses. A team-based, problem-solving
process, incorporating clinical correlations to solve problems
in basic anatomy, resulted in improved course and National
Board of Medical Examiners’ subject examination scores, and
overall course grades.>°

It is difficult to separate all the components of clinical
correlations to understand which elements(s) are responsible
for knowledge improvement and retention. Students use and
develop many skills while participating in clinical correlations.
These may include group interaction, problem solving, team-
work, independent learning, and facilitated discussions. The
success of clinical correlations in teaching is most likely the
result of the combination of all of these components.

Anatomy courses provide a rich opportunity for utilization
of clinical correlations within the classroom. Curriculum inte-
gration folds anatomy topics in among the other basic science
topics.!>13 There has been an increase in the number of gross
anatomy courses that are part of an integrated curriculum,’
creating additional opportunities for clinical correlation activi-
ties that span multiple subject areas. Clinical correlations
become more valuable as the number of course contact hours
decreases within a curriculum.

There may be drawbacks and disadvantages to any type
of clinical correlation. Many require the availability of skilled
faculty members to conduct the sessions. As institutions deal
with increasing class sizes, reduced availability of adequate
teaching space, as well as other demands on faculty (research,
service, and teaching in other educational programs), it
becomes more difficult to ensure that the ideal clinical cor-
relation learning environment is preserved. When the num-
ber of available faculty members to teach the sessions cannot
meet the demands of increasing class size or the availability
of teaching space, the result may be larger groups, reduced
interactions between individual students, or more hands-
on correlations that become demonstration activities. There
is much value in all types of clinical correlations, owing to
their direct relationship between basic science material and its
clinical application.

Conclusion

The types of clinical correlation activities used in medical
education are diverse, serve multiple functions, and play
varying roles in institutional curricula. The overall goal of a
clinical correlation is to connect basic science education with
medical practice. The clinical correlation activity may or may
not contribute to the assessment of the student, depending
on how the activity is incorporated into the classroom. Its
overall benefit to the student is to promote interest, show
relevance, develop clinical reasoning skills, and enhance
long-term retention of the basic science concepts underlying
clinical practice.
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