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Abstract

Introduction: As the clinical applications of medical genetics and genomics continue to expand, nongenetics professionals increasingly
find themselves in the position of managing patients with genetic conditions. To prepare medical students to handle this future practice
demand, it is imperative that they obtain skills and confidence in utilizing credible medical genetics resources to care for patients with
genetic conditions. To this end, we developed active learning materials to introduce first-year medical students to these resources.
Methods: This approximately 2-hour session targeted first-year medical students (123 students) and combined flipped classroom and
small-group collaborative case-based learning models. Students first completed a hands-on preclass exercise, which guided them in
navigating the Online Mendelian Inheritance in Man website, and then attended an in-person small-group classroom activity, which
provided the opportunity to apply information obtained from credible medical genetics resources to a patient case. At the conclusion of
the classroom activity, students voluntarily completed an anonymous survey. Results: Results of student postsession surveys showed that,
regardless of previous exposure to medical genetics resources, this session increased both confidence in skills and future intention to use
medical genetics resources. Discussion: Since the majority of students were unfamiliar with using specialized medical genetics resources
prior to this educational intervention, the session functioned as a practical introduction to these essential resources. We propose that
equipping medical students with skills that support inquiry-oriented learning, particularly in the early stage of training, can cultivate the
practice of lifelong learning in medical genetics.
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Educational Objectives

By the end of this activity, learners will be able to:

1. Identify clinical questions relevant to a patient with a
possible genetic condition, guided by an established
framework.

2. Utilize credible, specialized medical genetics resources
(e.g., Online Mendelian Inheritance in Man and
GeneReviews) to acquire information related to a clinical
genetics case.

3. Apply the information gathered using specialized medical
genetics resources to answer various types of questions
generated during a medical genetics case (e.g., differential
diagnosis, genotype-phenotype relationships, genetic
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testing, patient management, patient advocacy and
support, family counseling, and clinical trials).

4. Apply basic genetics concepts and tools to clinical
genetics cases (e.g., phenotypic heterogeneity, allelic
heterogeneity, locus heterogeneity, and family pedigree).

5. Describe the value of collaborations with genetic
counselors in the care of patients and families with
suspected genetic conditions.

Introduction

The application of genetics and genomic medicine to clinical
practice has been steadily expanding, owing to rapid advances
in the knowledge of the genetic basis for a broad range of
human diseases and the increased use of genetic testing.1

For example, the recent expansion in applications of genomic
medicine in cancer diagnosis and treatment2 and clinical
utility of whole exome sequencing3 epitomize the trajectory of
genomic medicine in practice. However, the number of genetics
professionals (e.g., medical geneticists, genetic counselors) is
not keeping pace with the growing demand.4,5 Increasingly,
nongenetics professionals are placed in the position of providing
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care for patients with genetic conditions, creating an urgent need
for genetics curricula to adapt.6-8 As the clinical importance of
medical genetics continues to grow, there is a compelling need
to educate today’s health professions students with the essential
knowledge and skills that will allow them to adapt to the fast-
paced progress of genetics and genomic medicine.9

Considering that there are over 5,000 monogenic disorders10

and the fields of genetics and genomic medicine are constantly
evolving,11 it is critical that clinicians be able to identify and
effectively use credible medical genetics resources at the
point-of-care. To this end, undergraduate medical genetics
education should support the development of inquiry-oriented
critical thinking skills and lifelong learning practice beyond the
memorization of factual knowledge. Indeed, the Association
of Professors of Human and Medical Genetics’ Medical School
Genetics Competencies address the importance of these skills
as a component of practice-based learning and improvement.
They propose that students should be able to: (1) use information
technology to obtain reputable current information about
genetics, and (2) demonstrate skills required to stay abreast of
advances in genetics that relate to medical practice. To achieve
these competencies, it is required that medical students become
proficient in utilizing medical genetics resources, such as Online
Mendelian Inheritance in Man (OMIM) and GeneReviews.12

At the University of California (UC) Davis School of Medicine, we
observed that first-year medical students typically do not have
prior exposure to these resources, thereby presenting a skills
gap that needed to be addressed. To this end, we developed an
active learning session to introduce first-year medical students
to credible medical genetics resources. This learning session
combined a preclass individual hands-on guided exercise and an
in-class small-group collaborative learning activity. The preclass
exercise was based on a hypothetical clinical vignette to guide
students in learning basic navigation of the OMIM website.
The in-class session was developed around a patient case,
which allowed students to learn how to apply medical genetics
resources in solving questions presented by real-life situations.
Case-based learning has been proven to enhance students’
learning by aiding them in linking theory to clinical practice.13

The positive learning effects of using a case-based approach
in preclinical curriculum to stimulate students’ engagement has
been clearly demonstrated.14-16

In medical education literature, a few learning modules
combining online medical genetics resources and patient
vignettes have been published.17-19 Two studies from the Johns
Hopkins School of Medicine described how incorporating

asynchronous OMIM training modules into a preclerkship
genetics course was regarded positively by students and
was associated with increased confidence in clinical genetics
skills.17,20 In our session, we built on the basic formula used in
these previous reports and significantly expanded the student
learning experience as described above. Our work makes a
unique contribution to the literature by offering preclerkship
students highly structured learning materials for introducing
medical genetics resources, thereby providing know-how of
genetic investigation in a time-efficient manner. This module
could serve as a foundation for further genetics skills training
during clerkship, such as reported by Hoffman et al.21 Either in
conjunction with clerkship modules or as a standalone activity,
the resource presented here will encourage students to use
specialized medical genetics resources as a lifelong learning
practice in clinical genetics.

Methods

Curricular Context
At UC Davis School of Medicine, preclinical courses are currently
offered during the first 2 years, including foundational science
courses covering basic science principles of human health (first
year), followed by pathophysiology and organ-based courses
(second year). Genetics instruction is part of the foundational
sciences at UC Davis. Within our competency-based curriculum
framework, the genetics course supports graduation milestones
in the knowledge competency, such that students will be able
to apply current fundamental genetics knowledge to problem
solving, as well as identify credible medical genetics resources
and critically appraise information in the practice of lifelong
learning and evidence-based medicine (EBM).

We designed this resource for first-year medical students as
the first genetics active learning session during the 2019-2020
academic year. To receive full credit for this learning session,
students needed to complete the preclass hands-on exercise
(half credit) and attend the in-class active learning session (half
credit). Our goals were to provide students with the opportunity
to become familiar with specialized medical genetics resources,
so that they could utilize these resources to practice EBM. In
lectures prior to this session, students learned basic genetics
concepts, such as human genome structure, genetic diversity
in human populations, cytogenetics, mode of inheritance,
population genetics, molecular tools for genetic testing, and
molecular bases of genetic diseases. Students also had an active
learning session in their epidemiology course that introduced
them to credible medical resources in the context of beginning
EBM instruction.
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Preclass Individual Activities
A week prior to the in-class session, we provided students
with the session syllabus (Appendix A) and guided hands-on
exercise assignment (Appendix B). The syllabus included a list
of recommended medical genetics resources and a framework of
clinical questions for patients with possible genetic conditions.
The question framework was based on the list previously
published by Diehl et al.17 The goal of the preclass hands-on
exercise was to familiarize students with specialized medical
genetics resources, with an emphasis on OMIM. To this end,
we constructed a clinical vignette of a hypothetical Marfan
syndrome patient and five associated questions modeling after
an OMIM tutorial exercise published by Diehl et al.17 To support
asynchronous learning, we supplemented the assignment
with detailed instructions for the relevant search and analysis
functions available on the OMIM website (Appendix B). Students
completed the preclass exercise individually and submitted their
answers to the genetics course website prior to the in-class
session. The correct responses are included for facilitators in
Appendix F.

In-Class Session
The in-class session was held in an active learning classroom
with small-group tables, each equipped with a large monitor,
but can also be convened in a lecture hall. We divided the class
(123 students) into 18 groups of six to seven students, assigned
in alphabetical order. The in-class session was 110 minutes
long and the time allotted to each activity was summarized
in Appendix C. When conducting this learning activity using
small-group rooms, we recommend limiting the group size to
a maximum of 10 students, if possible, to encourage student
participation.

Supplemental didactic discussion: At the beginning of the in-class
session, we spent approximately 10 minutes exploring the clinical
resources external links accessible from the OMIM website
(e.g., GeneReviews, ClinicalTrials, MedlinePlus Genetics).22 The
genetics course instructor led this free-form didactic portion using
three questions provided in Appendix D.

Case-based group learning activity: The in-class session was
based on the case of a patient diagnosed with hereditary diffuse
gastric cancer caused by a germline pathogenic variant in the
cadherin-1 gene (Appendix E). Students were encouraged to use
the medical genetics resources listed in the syllabus (Appendix A)
to answer eight case-related questions. The first three questions
were made available at the beginning of the in-class session and
students were given 25 minutes to draw a pedigree using the
patient’s family history, propose possible diagnoses based on

the family history, and discuss the appropriate type of genetic
testing for the patient. A question and answer period (15 minutes)
immediately followed, during which we randomly selected a
student group to present an answer. After the question and
answer session, a genetic counselor (one of the facilitators)
shared a 10-minute informal introduction (Appendix G) on the
role of a genetic counselor and how physicians and genetic
counselors collaborate to manage patients. The patient’s genetic
testing result and the remaining five questions were then made
available to students on the course website. With this final set of
questions, students interpreted the genetic testing result, and
explored the implications of the diagnosis for the patient and
her family as well as resources to support and answer patient’s
questions. Twenty-five minutes were allotted for working on these
questions and 20 minutes for the question and answer session
that followed.

Facilitation of the in-class session: Four facilitators were present
and circulated the room including two preclinical basic science
faculty (PhD with background in human genetics), one genetic
counselor, and one medical librarian. Facilitators answered
students’ questions and provided pointers to keep students
on track. The presence of a genetic counselor and a librarian
allowed us to model interprofessional teamwork for students. In
preparation for the session, facilitators reviewed the syllabus and
faculty guides (Appendices A, F, and G), which were provided to
them 1 week prior. We also had a 30-minute presession meeting
to discuss any questions. The two question-and-answer sessions
at the in-class session were led by the instructor of the genetics
course, who was also one of the facilitators.

Surveys:We distributed anonymous survey sheets (Appendix H)
to each table at the beginning of the in-class session and
collected them after the session. We designed the survey
questions to collect: (1) students’ prior experience with medical
genetics resources before the session and students’ intended
use of the resources after the session, (2) students’ comfort
levels in using newly introduced medical genetics resources at
the conclusion of the session, and (3) narrative responses to the
session as a whole.

Results

Preclass Hands-On Exercise
All 123 first-year students completed all five questions of the
required preclass hands-on exercise however time logs for
nine students were not fully recorded and, therefore, they were
excluded from time calculation. The average time taken by
students to finish the exercise was 32 ± 24 minutes (n = 114).
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Students’ answers indicated that they followed the instructions
closely and navigated the OMIM site as intended. Five students
gave answers other than Marfan syndrome; however, these
alternatives were phenotypically similar connective tissue
disorders such as Marfanoid-Progeroid-Lipodystrophy syndrome
and Loeys-Dietz syndrome type 1.

Postsession Survey Results
The voluntary postsession survey response rate was 46% (57
of the 123 students). Of the respondents, 30 students indicated
they had done online searches on genetic conditions before this
session and 27 had not. Figure 1 summarizes the reported usage
of online resources by students while searching for information
about genetic conditions prior to and after this session. Among
the students with prior search experience, the most frequently
used online sites before the session were PubMed, UpToDate,
and Google. Only a small fraction of these students indicated
that they had used OMIM and/or GeneReviews. After the session,
the vast majority of students, independent of the prior search
experience, said their choice of online resource for searching
genetic conditions would be OMIM.

To the Likert-scale (1 = strongly disagree, 5 = strongly agree)
question, “After this session, I feel more confident in using
medical genetics resources to investigate genetic conditions”
most students with prior search experience (96%) responded
strongly agree or agree, as did most students without prior

search experience (89%; Figure 2). In narrative responses
regarding the session, students commented positively on the:
(1) effectiveness of the preclass hands-on exercise, (2) value
of learning experience using a patient case, (3) usefulness of
OMIM, and (4) value of interacting with a genetic counselor and
a medical librarian as facilitators. The representative narrative
excerpts were:

� “The preclass assignment was very helpful—I was not
aware of lots of the more nuanced functions of OMIM like
‘compare selected,’ tables, etc.”

� “The questions were realistic. I wish we could have more
specific case-based work like this.”

� “I loved the OMIM website—it’s tough to navigate at first,
but so cool when you get used to it— will definitely use in
future. I have it bookmarked on my computer!”

� “I found it helpful to hear from the genetic specialist and
search experts. It was nice having to navigate the website
on our own. Interesting discussion questions; I liked
thinking about all aspects of care, including useful legal
and support info.”

Critical comments suggested that the in-class session could
be shortened and that the class cover more than one genetic
condition; a representative excerpt was, “Timeframe was a little
long. Could have been interesting to investigate more than one
condition instead of one condition in depth.”
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Figure 1. Pre- and postsession usage of online resources reported by 30 students with prior experience in online searching for genetic conditions (A) and 27 students
without prior experience (B). Students could list more than one online resource.
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Figure 2. Postsession confidence levels in using medical genetics resources in the
future. Twenty-nine students with prior search experience and 27 students without
prior search experience responded to the question.

Discussion

We developed this session to provide practical knowledge and
skills that enabled students to obtain reputable information on
genetic conditions and apply it to clinical cases. We envisioned
that the learning experience gained in the early stage of medical
education will foster students’ practice of EBM and lifelong
learning in genetics and genomic medicine. The structure of
our session was a combination of a flipped classroom and
small-group collaborative case-based learning activity. At the
end of the in-class session, we conducted a voluntary survey
to assess perceived changes in attitudes, future intention
to use medical genetic resources, and confidence levels in
using these resources. Narrative survey responses helped to
identify what worked and what can be improved. Having two
opportunities to practice using the medical genetics resources—
first as an individual assignment then as a group assignment—
was received favorably by students. Specifically, they indicated
that the preclass hands-on exercise oriented them in the basic
functions of OMIM and the group activity allowed them to focus
on obtaining germane information for solving the patient case.
This was reflected by a narrative response such as, “I found
utilizing these resources as a group was helpful, especially
OMIM.”

Our survey showed that about a half of the responding students
had never searched for information on genetic conditions and
the vast majority of them had never used OMIM before (Figure 1).
Despite the fact that this session was their first encounter with
OMIM, the students followed the hands-on exercise instructions
closely and applied the learned skills successfully to the in-class
patient case. In addition, regardless of prior search experience, a

significant proportion of the students expressed their intention of
using OMIM after the session (Figure 1) and increased confidence
in medical genetics databases (Figure 2). The significant
preference for OMIM demonstrated by students likely stemmed
from the hands-on exercise which focused on the use of OMIM,
even though we described the utility of other resources such as
GeneReviews and ClinVar whose links are listed at the OMIM
site as clinical resources. These results indicate that students
become motivated to use specialized genetics resources when
they acquired skills through active learning. We think adopting
multiple instructional methods in the session also maximized
learning by supporting various learning preferences of individual
students.23

Lessons Learned and Implementation Challenges
We noticed that even though other useful resources such
as GeneReviews were referred to in the students’ materials
(Appendices A, B, D, and E), they ranked low in the resource
list of future intended use (Figure 1). This result revealed to us
that tailoring exercise questions to different resources would be
necessary to increase students’ comfort level for using them.
During the in-class session, progress varied among groups,
leaving some fast-paced students unoccupied. This is a common
challenge in dealing with multiple student groups and providing
additional cases for extra credit could keep more advanced
students engaged. Additional challenges with implementation
may include recruiting a sufficient number of facilitators to
support small-group learning.

Limitations
We have identified the following limitations in our analysis. First,
results reported here were based on one class of students;
therefore, conducting an analysis based on data from multiple
classes of students would make our assessment more robust
and reproducible. Second, observing the long-term effect of the
session on students’ behavior is desirable. Evaluating students’
habits for medical genetics resources usage throughout the
clinical curriculum would provide an appropriate outcome
assessment. For example, at UC Davis, third-year students
shadow genetic counselors counseling familial cancer cases
during the OB/GYN clerkship. As Hoffman et al.21 successfully
delivered genetics cases during the third-year pediatrics
clerkship, revisiting evidence-based genetics learning could
provide a suitable opportunity to reevaluate and reinforce the
use of medical genetics resources.

Future Directions
Currently, at UC Davis School of Medicine, we are redesigning
our curriculum to be a patient- and learner-centered curriculum.
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To enhance the clinical relevance of basic science education, it
is important to teach students not simply factual knowledge, but
also skills in identifying and validating current information so they
can practice evidence-based patient care. To this end, we will
continue to provide opportunities for student skill development
in the effective use of medical genetics resources in the medical
school curriculum. The resource presented here functions as
an introductory module to essential skills for lifelong learning in
managing patients with genetic conditions.

Appendices

A. Syllabus Introduction.docx

B. Student Preclass Hands-on Exercise.docx

C. Session Timetable.docx

D. Didactic In-class Discussion.docx

E. Students In-class Activity.docx

F. Faculty Preclass Hands-on Exercise.docx

G. Faculty Guide In-class Activity.docx

H. Postsession Survey.docx

All appendices are peer reviewed as integral parts of the Original
Publication.
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