
Teaching clinicians practical genomic medicine: 7 years’
experience in a tertiary care center

Rachel Michaelson-Cohen, MD 1,2, Liat Salzer-Sheelo, MD, MHA3,4, Rivka Sukenik-Halevy, MD3,4,
Arie Koifman, MD5, Avi Fellner, MD3,4,6, Adi Reches, MD4,7, Daphna Marom, MD4,7,
Doron M. Behar, MD, PhD8, Efrat Sofrin-Drucker, MD3,4,9, Gal Zaks-Hoffer, MD3,4,9,

Monika Weiss-Hubshmann, MD3,4,9, Naama Oresntein, MD3,4,9, Nesia Kropach-Gilad, MD3,4,9,
Noa Rhurman-Shahar, MD3, Noa Shefer Averbuch, MD3,4,9, Nurit Magal, PhD3, Lily Bazak, MD3,

Sagi Josefberg, MD10, Reut Matar, PhD3, Yael Goldberg, MD3,4, Mordechai Shohat, MD4,
Lina Basel-Salmon, MD, PhD3,4,8 and Idit Maya, MD3

Purpose: Increased implementation of complex genetic technol-
ogies in clinical practice emphasizes the urgency of genomic literacy
and proficiency for medical professionals. We evaluated our
genomic education model.

Methods: We assessed the 5-day, extended format program,
encompassing lectures, videos, interactive tests, practice cases, and
clinical exercises. Pre- and post questionnaires assessed knowledge
change, using t-tests to compare groups. Satisfaction on program
completion and after 3 years were evaluated. Implementation in
other centers determined acceptability.

Results: During 2012–2018, 774 clinicians from multiple dis-
ciplines and career stages attended 35 programs; 334 (43%)
attended the 5-day extended format. Evaluations showed significant
improvement of genomic literacy (mean 15.05/100 points, p <
0.001). Residents initially had higher scores than specialists (pre:
66.3 ± 17.3 vs. 58.7 ± 16.6, respectively, p= 0.002); both signifi-
cantly improved, with specialists “catching up” (post: 79.1 ± 17.2 vs.

75.7 ± 15.9, nonsignificant (NS)); there was a similar trend between
fellows and subspecialists (pre: 70 ± 18 vs. 59.4 ± 16.4, respectively,
p= 0.007; post: 78.6 ± 16.4 vs. 73.2 ± 17.7, respectively, NS).
Younger specialists (≤10 years residency) had significantly higher
pre- and post scores. Absolute improvement in scores did not
depend on medical specialties.

Conclusion: Our program is effective in improving genomics
literacy for clinicians, irrespective of career length or expertise, and
could be a model for improving skills in practical genomics for all
medical professionals.
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INTRODUCTION
Over the past decade, there has been a dramatic rise in the use
of genetic counseling and testing in clinical practice. This is
probably due to a combination of factors, such as the
inclusion of new genomic technologies in national health
insurance programs, and a growing number of physicians
subspecializing in medical genetics.
In Israel, we witnessed this rise as well. In 2013,

chromosomal microarray (CMA) was included in the national
health basket, followed by single-gene sequencing (Sanger) in
2015, next-generation sequencing (NGS) sequencing in 2017,
exome “trios” in 2018, and recently NGS panels in 2019. The
number of newly board-certified specialists in medical
geneticists has increased nearly fourfold during since 2013.

In accordance with Israel regulations, referrals to genetic
testing must be carried out by medical geneticists or
specialists in their respective fields (for example, referral to
prenatal genetic testing by obstetricians). Due to the shortage
of genetic professionals, proficiency of physicians in genetic
testing is of utmost importance, as it is for physicians
practicing in the United States and most centers in Europe.
New genomic technologies are constantly emerging. In

current medicine, knowledge of genetics and genomics is
imperative for medical professionals.
The need for providing nurses with genomic education for

managing their patients was previously described.1 A recent
study2 demonstrates the need for continuing education for
genetic counselors due to the continuous rapid expansion of
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genetic technologies. The authors conclude that “indeed
fundamental changes may be warranted” regarding genetic
counselors’ knowledge, skills, and attitudes.
With the increasing implementation of genomic technolo-

gies into the clinic, physicians are also expected to be
proficient in this field. A systematic literature review on
primary care providers’ barriers against provision of genetic
testing found that knowledge about genomics was one of the
most common.3

A recent survey assessing the need for genomic education
and training in England’s National Health Service (NHS)
emphasized the importance of ongoing awareness about
genomics, as some health-care professionals are unaware how
genomics can be applied to health care. The conclusion was
that general information should be targeted to professional
groups, in addition to cross-professional resources in specific
clinical areas.4

Genetic training of physicians is offered in various
programs across Europe and the United States. Despite
evidence of progress in training nongenetic health profes-
sionals in genetics, there is a need for a standardized model
and effective programs for practicing physicians. Such a
model would potentially enable high quality training of a
growing number of health-care providers.
A recent systematic review summarized different aspects of

programs described in the literature.5 Although 44 articles
about genetic training programs were included, most studies
had few participants (less than 100). In addition, less than half
were based on theoretical frameworks, or included informa-
tion about participants’ years of practice.
A 2015–2018 review of genomic medicine education and

training articles describes various genomic education initia-
tives. The authors conclude these programs should be
assessed systematically to create an optimal evidence-based
program, and that utilizing genetics specialists to teach
physicians is an effective approach that enables interdisci-
plinary collaboration.6

Our mission is to teach physicians principles of genomic
medicine, and proficiency in various aspects of genetic testing
such as indications, advantages, test results interpretation
along with their clinical implications, and limitations of
various novel technologies. This would enable clinicians to
guide their patients through the genetic evaluation process, to
the benefit of all parties.
We present our genomic medicine education program and

analyze its quality with regard to knowledge change, teaching
techniques, participants’ satisfaction, and acceptability.
The study objective was to evaluate the strength of our

genomic education model in improving genomic knowledge
among practicing physicians.

MATERIALS AND METHODS
Program description
In 2012, we established a genomic medical education program
for physicians at the Recanati Genetic Institute, Rabin
Medical Center, in Israel.

Participants
The program was designed for practicing physicians in
multiple disciplines of medicine, working in hospitals or
outpatient clinics. The courses were offered to physicians
from all stages of training/practice, from residency to retired
physicians. To ensure effective learning, we required partici-
pants be completely engaged in the course, and dedicate their
undivided attention to learning.

Lecturers and teaching
The course director was present at all lectures. The 23
lecturers were highly motivated and scientifically updated
certified medical geneticists. They were encouraged to attend
their colleagues’ lectures to develop continuity between
lectures and avoid gaps in the learning process. Participants
evaluated the lecturers at the end of each course to guide
improvements in subsequent courses. We used social media
(e.g., email or WhatsApp groups) for effective communication
between participants and lecturers (questions and answers,
referrals to recommended reading materials, etc.).

Topics
The opening lectures were dedicated to basic knowledge in
genetics and terminology and principal genomic tests used in
medicine and research to provide the fundamental tools that
would serve participants from varied backgrounds. These were
followed by various topics in clinical genetics such as
oncogenetics, reproductive genetics, and pediatric genetics.
Application of different genomic technologies was presented in
each field, using actual cases that had presented at our
clinic. State of the art topics such as epigenetics and genetic
treatments were addressed, as well as lectures on complexities,
ethics, and legal regulations related to genetic counseling and
testing. The courses included guided visits to the medical genetic
laboratories.

Format and learning tools
The workshop schedule varied among the program’s formats,
from one day (8 hours) to the most extended format
consisting of 5 consecutive 8-hour days. The workshops
combined frontal lectures, interactive multiple-choice
tests (smart phone based), exercises involving clinical cases
(interpreting pedigrees and laboratory results), as well as
other methods. Participants received preparatory learning
materials ahead of the course, including printed booklets with
lectures slides, as well as computer access to all course files.
Teaching videos were sent as an additional learning tool, to
further strengthen skills acquired during lectures.
Participants were allowed time for questions at the beginning
and end of each day. In the extended format, the participants
received daily homework assignments consisting of
10 multiple-choice questions, which were reviewed in the
following class.
Following the courses, we maintained contact with our

graduates and continuously updated them with key articles in
the field and invitations to genomic conferences. We encouraged

ARTICLE MICHAELSON-COHEN et al

12
34

56
78

9
0(
):,
;

1704 Volume 22 | Number 10 | October 2020 | GENETICS in MEDICINE



communications through social media, to facilitate consultation
and cooperation for both clinical and research purposes.
To enable more participants to attend our courses, we

created four additional program formats. These included
weekly afternoon classes, courses designed for physicians in
specific subspecialties, bioinformatics for geneticists, and
continued education courses for graduates. Several partici-
pants attended more than one course, sometimes in
different formats. The different course formats are detailed
in Table 1.

Program evaluation
We used several methods to analyze the quality of our
program:

1. Effectiveness: improvement of test scores between the
first and last day of the course (post-test minus pretest).

2. Satisfaction of participants: questionnaires were filled out
immediately upon course completion and at follow-up 3
years later.

3. Uptake: implementation of course programs in other
centers in Israel and abroad.

Statistical analysis
Analyses were performed with SAS version 9.4 software
package (SAS, Cary, NC, USA), and t tests were used to
compare pre- and post-test scores overall, and between
different groups of participants (according to medical
discipline and years of medical practice). Wilcoxon nonpara-
metric tests yielded the same results, and normal distribution
was also demonstrated visually. Comparison of score
improvement between various medical fields was performed
by Tukey–Kramer post hoc analysis.

RESULTS
Description of courses
During our 7-year educational experience, we held 35 courses
overall; 19 were 5-day courses and 16 had other formats.

Table 1 Course formats.

Course format Hours

per day

Frequency of classes,

length of course

Audience, special adjustments

Extended 8 5 consecutive days (40 hours

in total)

Physicians from multiple disciplines and stages of training/practice (described in text).

Afternoon 3 Twice a month, 2 semesters

(42 hours in total)

Same as extended, catered to physicians that are unable to take a full week leave from

other commitments.

Subspecialists 8 1–4 consecutive days Physicians in specific subspecialties, planned carefully in consultation with a representative

from within the specific department. The representative first attended the extended course

and then helped plan the specialized course optimally for the departments’ needs. Case

examples and exercises were specific for subspecialty.

Bioinformatics 8 1 day Genetics professionals from different fields in genetics and at various levels of training/

practicing, a highly specialized course for a group of motivated physicians with prior

knowledge, interested in improving their bioinformatics skills in analysis of genetic variants.

Continuation 8 1 day (4 years after

extended course)

Graduates of extended course, for refreshing knowledge and skills, and getting updated

with new genomic techniques.
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Fig. 1 Change in number of hours and participants by years.
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Growth in education volume is presented in Fig. 1,
both by number of participants and hours of education.
Table 2 summarizes the days and hours of all courses
provided.

Description of participants
The 774 medical personnel (691 physicians; 83 genetic
counselors and laboratory workers) who participated in the
programs included mostly clinicians from various disciplines
and career stages, but also researchers, lab personnel, and
health-care managers from different positions in hospitals,
health maintenance organizations (HMOs), and the Ministry
of Health (e.g., clinic directors, department chairs).

As presented in Table 2, among the physicians participat-
ing, 137/691 (20%) were residents and 554/691 (80%) board-
certified specialists, among whom 123/554 (22%) were
department chairs. Most worked in 1 of 24 different tertiary
medical centers throughout Israel, 8% (46) in outpatient
centers, and a few were lab workers.
The physicians were from 33 different medical disciplines

(see Fig. 2). Of those with known fields of practice, 332 (52%)
were from internal medicine, 200 (31%) pediatricians, and
112 (17%) from surgical fields (including gynecologists).

Program evaluation
Score improvement
Pretest and post-test results are reported in Table 3. Test
scores improved significantly for all groups (mean 15.05, p <
0.001). Residents initially had higher scores than specialists
(pretest score 66.3 ± 17.3 vs. 58.7 ± 16.6, respectively, p=
0.002). Scores of both groups improved significantly, by
similar magnitude, with specialists “catching up” (post-test
79.1 ± 17.2 vs. 75.7 ± 15.9, nonsignificant (NS)). The trend
was similar when comparing physicians training in a
subspecialty (fellows) and physicians who had completed
their subspecialty (pretest 70 ± 18 vs. 59.4 ± 16.4, p= 0.007,
post-test 78.6 ± 16.4 vs. 73.2 ± 17.7, NS). Specialists who had
completed medical training within the past 10 years had
significantly higher scores than those practicing >10 years,
both before and after the program, but all participants
improved dramatically. Scores did not depend on the specialty
field, and degree of improvement in knowledge due to
the course was equivalent, regardless of practice years.
However, in post hoc analysis of specialty fields adjusted for

Table 2 Summary of courses.

Course characteristic N (%)

Number of courses 35

Single-day courses 8

One-week courses 19

Other 8

Total education days 154

Total hours 924

Number of participants (%) 774 (100%)

Nonphysicians 83 (11%)

Physicians 691 (89%)

Residents within physicians 137 (20%)

Specialists within physicians 554 (80%)

Managers within specialists 123 (22%)

(51%)
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years of practice, there was a tendency toward greater
improvement for surgeons (mostly obstetricians) compared
with pediatricians (delta 17.4 points vs. 11.7 points,
respectively, p= 0.09 (NS).

Satisfaction of participants
Participants were extremely satisfied with the program in
general, and particularly with the clinical approach. They
reported satisfaction on all levels, including content, lecturers,
organization, exercises, and learning tools, and supported the
5-day intensive learning format without interruptions, due to
demanding work schedules that would not have enabled
learning in parallel. Most physicians had finished their
medical training at least 10 years before the course, therefore
were impressed by the great advancements in the field. They
expressed their satisfaction with a course that covered a huge
gap in their knowledge, which would not have been covered
otherwise. Some compared this new genomic language with
“learning any other language” or “learning how to swim.”
They enjoyed the use of example clinical cases from their
practices rather than textbook cases, which naturally included
cases with mistakes and negative results. Actual laboratory
results from their own patients were presented and helped
them better appreciate the clinical context, rather than
hypothetical results from literature. Availability of the
lecturers for questions contributed to their satisfaction, as
well as the variety of fields among the participants, which
enabled case examples from multiple disciplines of medicine.
Participants remembered the course fondly after 3 years and

had made good use of skills acquired during the workshops.
Perhaps the best indicator of satisfaction was that many
expressed interests in attending additional courses to refresh
their memory and learning new updates on genetic
technologies.

Uptake and acceptability
This parameter was more difficult to quantify than knowl-
edge, quality, and satisfaction. However, five other medical
centers throughout Israel have adopted our teaching format,
and the extended format course was held a couple of times for
participants overseas (Moscow and Yekaterinburg, Russia).
In addition, in recent years we have seen a rise in the

number of referrals for genetic testing, and more willingness
of HMO regulators in Israel to accept these referrals, despite
high costs. We believe that the increase in genetic testing may
be partially due to changes in attitude of many physicians
after participating in our workshop. Therefore, they are more
comfortable incorporating genetics into their practices. We
expect this trend to continue as more physicians learn about
genomics.

DISCUSSION
We describe our program that encompassed nearly 800
participants in a 7-year period (2012–2018). Analysis
demonstrated effectiveness in improving genetics knowledge
among all physicians, from all backgrounds, years of practice,Ta
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medicine disciplines, and positions. Although we observed
similar improvements in score, the younger physicians scored
higher than their senior colleagues, both in pretests and post-
tests. Residents and fellows had higher pretest scores than
specialists and subspecialists, respectively, but post-test scores
were not significantly different.
Our findings are in line with previous reports from the

literature, which show that knowledge in genetics is linked to
a younger age, since recently graduated clinicians are better
trained in this field.7–9

The more senior physicians, many of whom are chairmen,
department heads, regulators, etc., showed less knowledge at
both stages. This may be because the junior physicians
completed their medical training more recently, and have
more baseline knowledge in genetics, compared with their
older colleagues who attended medical school prior to the
era of genomic medicine. Medical training in later years
may also have provided more “genomic familiarity” and
facilitated acquirement of genomic approach and knowl-
edge. One must also take into consideration that younger
age is an advantage for learning new fields both in general,
and specifically in terms of ability to dedicate time to
learning, as more senior physicians usually have more work
commitments.
Based on our experience, physicians at any level of practice

would likely benefit from the workshop. However, the optimal
timing for genomic training is probably shortly after
completing residency programs, as this is the point in the
physician’s career with the greatest potential for utilization of
genetic tests. However, it may be important to include
department heads in genomic courses to facilitate implemen-
tation of new genetic tests into the health-care system. We did
not evaluate optimal timing for training, and plan to do so in
future studies.
We have observed a dramatic increase in genomic testing in

all fields of medicine over recent years, for many reasons,
including their inclusion in Israel’s health basket of services. It
is possible that improvement in physicians’ attitudes, skills,
and confidence in their own abilities after obtaining knowl-
edge in genetics has also contributed to this process.
Examining the association between participation in genomic
workshops and increased use of genomic testing is another
goal for future studies.
Since we only had 1–3 courses in other formats, these were

not assessed formally. However, from our experience, after-
noon classes were less successful than the 5-day course,
probably due to long intervals between lectures (2 weeks),
which disrupted continuity. Long intervals are detrimental to
the learning process, especially when new and technically
difficult materials are being presented. In addition, afternoon
courses involved less commitment of the participants in
attendance and assignment completion. The extended courses
enabled physicians to completely focus on and be devoted to
the course, as they freed their schedules from work routines
and clinical commitments.

Workshops catering to physicians according to subspecial-
ties had excellent results, both in improvement in knowledge
and skills, and participant satisfaction. This may largely
be explained by participants’ similar baseline level of knowl-
edge with more targeted teaching to the participants’ knowl-
edge, topics of interest, and expected goals. Due the high
success rate, this may be the most beneficial format, which we
plan to repeat in future courses.
A recent review that summarized different aspects of

training programs described in the literature5 had signifi-
cantly fewer participants (less than 100) compared with our
study, and most lacked information about participants’
years of practices or were based on theoretical frameworks.
Another paper6 on genomic medicine education and
training that reviewed articles published in 2015–2017
concluded these programs should be assessed systematically.
Our study systematically evaluated a curriculum-based
program that, thus far, has included almost 800 partici-
pants, with data regarding their medical disciplines and
years of practice.
Further research is needed to validate results of our

program on a larger scale and in other centers. We aim to
continue our educational program in its current
formats. and our future direction will also involve online
courses (e-learning tool). We plan to continue to evaluate our
program using the methods described here as well as others.
To conclude, in the genomic era, physicians need to be

knowledgeable in genetics. Training physicians from all fields
will potentially increase the use of clinical genetic testing.3 We
described an example of a program that may be beneficial for
improving the genomic skills and competence of health
providers in additional centers.
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