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Purpose: With the increased advances in genomics, leading health
authorities have advocated the importance of incorporating
genomics content into health professional school education to
ensure those students achieve adequate genomic competencies. Yet,
information regarding the genomics education status for this
particular group is lacking. We conducted a systematic literature
review to summarize the characteristics and evaluation outcomes of
genomics curricula for health professional students.

Methods: Medline (OVID), EMBASE, CAB (EBSCO), Global
Health, MedEdPORTAL, Google Scholar, and Web of Science were
searched for relevant articles.

Results: Forty-one articles met our inclusion criteria. The majority
were conducted in the United States and offered to pharmacy and
medical students (the number of students ranged from 10 to 2674).

The effects of genomics curricula on students’ knowledge (n= 36),
attitudes (n= 16), self-efficacy (n= 14), comfort level (n= 4),
intention (n= 3), motivation (n= 3), and behavior (n= 2) were
assessed. Although those results were generally positive, 68.3% of
the genomics curricula were not theory-based, and most studies did
not report follow-up data (85.4%).

Conclusion: Our findings provided information on the existing
genomics curricula available for health professional students.
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INTRODUCTION
Before the mapping of the human genome achieved by the
Human Genome Project (HGP) in 2003, genetic competen-
cies for health professionals were limited to the management
of single-gene disorders such as cystic fibrosis, Huntington
disease, and sickle cell anemia.1–3 Only limited and certain
specialty medical fields (e.g., genetics, pediatrics, obstetrics,
and gynecology) provide direct and/or indirect genetics-
related services and education. Since the completion of the
HGP, genetic knowledge has been applied to nearly all
diseases, exceeding far beyond single-gene diseases.4 One of
the obvious examples is that there has been a 275% increase in
the number of available genetic tests for various diseases since
the completion of the HGP.5

To keep up with the accelerating and continual advances in
genomic science and technology, health professionals are
called upon to develop comprehensive competencies in
genomics. To address this issue, leading organizations in the
United States and Europe have outlined genomic competen-
cies for a variety of health professionals. These include

competencies for all disciplines, such as the Competencies for
All Healthcare Professionals developed by the National
Coalition for Health Professional Education in Genetics
(NCHPEG) and discipline-specific competencies, such as
the Essential Nursing Competencies and Curricula Guidelines
for Genetics and Genomics proposed by the American Nurses
Association.6,7

There are two complementary viewpoints to consider in
fostering the development of a genomically competent health
workforce. The first viewpoint is to train practicing health
professionals in genomics to optimally educate and treat
patients as well as provide timely referrals to genetic
professionals. Continuing education has commonly been
utilized for training this group. The second viewpoint is to
contribute a genomically competent health workforce by
educating health professional students in genomics.5,8 In
doing so, when those students graduate, they are equipped
with essential genomic competencies to treat patients and can
quickly grasp rapid advanced genomic information. Profes-
sional associations and organizations, such as the Association
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of Professors in Human and Medical Genetics, the European
Society of Human Genetics, and the National Academy of
Medicine (formerly called the Institute of Medicine) have
asserted the importance of incorporating genomics-related
content into health professional or health science school
education to ensure those students achieve adequate compe-
tencies in genomics.9–11

Currently, genomics education status for practicing health
professionals has been reported and summarized in a
systematic review.12 While it has been advocated that health
professional students need genomics education, information
regarding the genomics education status among this parti-
cular group is lacking. To this end, the purpose of this
systematic literature review is to summarize the existing
genomics education curricula available to health professional
students. In particular, we seek to address the following
questions: (1) What are the characteristics of existing
genomics education curricula for health professional stu-
dents? (2) How have these genomics education curricula been
evaluated? and (3) What are the evaluation findings for those
genomics education curricula?

MATERIALS AND METHODS
Article search and selection
To plan and manage the literature search, Garrard’s matrix
method13 was utilized. In particular, this study consisted of
three steps to search and select articles (shown in Fig. 1). First,
an initial search of four databases, including Medline (OVID),
EMBASE, CAB (EBSCO), and Global Health, was conducted
to identify abstracts focusing on genomics or genetics
curricula for health professional students. The search terms
used were “genomics,” “genetics,” “education,” “training,”
“curriculum,” “curricula,” “health occupation students,”
“graduate education,” “medical education,” “dental educa-
tion,” “nursing education,” “pharmacy education,” “public
health professional education,” “student,” “undergraduate,”
“graduate,” “doctoral,” “nursing,” “medical,” “pharmacy,” and
“public health.” For this comprehensive review, the key terms
and Boolean search terms were utilized. The inclusive dates
for the search were January 1, 1990 to October 6, 2017. The
year 1990 was chosen because this is when extensive work in
genomics was initiated (starting with the HGP). Furthermore,
we also searched through MedEdPORTAL, an open-access
peer-reviewed journal published by the Association of
American Medical Colleges and American Dental Education
Association,14 to identify additional studies. The identified
abstracts from the literature search were exported to Refworks
for further coding and elimination of duplicates.
The second step involved identifying the abstracts that met

the inclusion criteria: (1) articles were peer-reviewed and
written in English; (2) studies were published after 1990
because 1990 was the beginning of the HGP; (3) participants
were undergraduate or graduate health professional students
in disciplines such as medicine, pharmacy, nursing, physician
assistant, and allied health; (4) studies reported both genomics
education curricula and evaluation findings; and (5) genomics

curricula were clinically relevant because laboratory-focused
or basic genomic curricula might not be applicable in a
clinical setting. Abstracts were excluded if they met the
exclusion criteria: (1) a focus on healthcare professionals,
fellows, and/or residents rather than on students; (2) mixed
types of participants (e.g., students and health professionals/
fellows/residents) and no separate findings for the student
group; (3) continuing education programs; (4) non–clinically
relevant, laboratory-focused, or basic genomics curricula; (5)
lack of comprehensive evaluation outcomes; and (6) reviews,
editorials, and conference abstracts. A total of 29 studies were
identified in this step.
To ensure a comprehensive literature review, as the final

step, references as well as the studies conducted by the first
and last authors of those articles identified in the second step
were searched via Google Scholar and Web of Science. Using
this technique, 12 additional articles were identified. Accord-
ingly, 41 articles formed the final sample for this systematic
literature review. To ensure the reliability of the article
selection process, two authors (D.T. and S.A-S.) indepen-
dently reviewed and screened abstracts and articles. Disagree-
ments and concerns were discussed between the two authors
to reach a final agreement.

Data extraction and synthesis
Data from the included articles are organized in a matrix
shown in Table S1, which consists of three parts. Part I
summarizes program characteristics, such as author’s name,
publication year, country where education was conducted,
targeted students, theoretical basis of the course content,
educational approaches, and length of curricula. Part II
includes program evaluation characteristics, including evalua-
tion design and tools, data analysis, as well as main findings.
When studies presented both significant and non-significant
results, only the significant findings were reported as major
findings. Yet, when studies only had descriptive data, we
reported those descriptive results. Two authors of this
manuscript (D.T. and Y.Y.) independently coded part I and
part II of the matrix. The inter-rater reliability was 0.82
calculated using Gwet’s AC1, indicating a strong consistency
and agreement.15 The last section of the matrix, part III,
showed the methodological quality score (MQS). The MQS
was developed based on past literature12,16–18 by the research
team, and it presented the overall methodological assessment
of each included study with a theoretical range of 0–8 points.
It evaluated the sample size, length of the educational courses,
theoretical basis of the curricula, and follow-up data collection
(shown in Table 1).

RESULTS
The characteristics of genomics education courses
As shown in Table S1, among the 41 reviewed studies,11,19–58

the majority were in the United States (n= 35; 85.3%) and the
remaining were in the United Kingdom (n= 2; 4.9%), the
Netherlands (n= 2; 4.9%), Canada (n= 1; 2.4%), and China
(n= 1; 2.4%). The years of publication ranged from 1990 to
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1999 (n= 2; 4.9%), 2000 to 2009 (n= 13; 31.7%), and 2010 to
present (n= 26; 63.4%). Moreover, most genomics courses
were offered to medical students (n= 14; 34.1%) and
pharmacy students (n= 13; 31.7%). Other participants
included nursing students (n= 5; 12.2%), physician assistant
students (n= 2; 4.9%), health information management
students (n= 2; 4.9%), public health students (n= 1; 2.4%),
and students with different majors (e.g., molecular medicine,
nutrition, nursing, and biology; n= 4; 9.8%). The numbers of
students in each course ranged from 10 to 2674 (mean=
275.85; median= 144.00; SD= 528.70), and nearly two-thirds
of articles (n= 28; 68.3%) had more than 100 students.

While most studies did not report the types of courses, ten
courses (24.4%) were reported as required curricula, three
courses were described as elective (7.3%), and two courses
(4.9%) were labeled as both required and elective/extra credit.
For example, one nationwide pharmacogenomics curriculum

was characterized by Lee et al. as required in some colleges
while elective in others.42 Nearly half of the courses (n= 20;
48.8%) were taught with more than one teaching method (e.g.,
in-class lectures, videos, computer labs, and self-genotyping
exercise). The length of courses ranged from one-time lecture
to full semester.
Regarding the theoretical framework of the curriculum,

most curricula (n= 28; 68.3%) did not include any theoretical
model or framework. The remaining 13 courses (31.7%) were
based on various theories, such as Adult Learning Theory,
Social Learning/Cognitive Theory, Theory of Planned Beha-
vior, Diffusion of Innovations, Teach-the-Teacher model, and
Bloom’s Taxonomy of Learning. While the content of each
curriculum was not identical, the content was divided into 19
topics. These included basic genetics, such as general genetic
concepts, genes, and chromosomes (n= 33; 80.5%); genetic
risk assessment (n= 28; 66.7%); ethical, legal, and social
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No genetics/genomics curriculum
(n = 1)

Non-genetics/genomics-focused
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(n = 2)
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(N = 41)

Excluded abstracts
(n = 2183)

Fig. 1 Article search and selection procedure.
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implications (ELSI) of genomics (n= 23; 56.1%); genetic
counseling (n= 23; 54.8%); usage of genomics Internet
databases, such as Online Mendelian Inheritance in Man
(OMIM) and Pharmacogenomics Knowledgebase (n= 15;
36.6%); Mendelian/genetic disorders (n= 15; 36.6%), phar-
macogenomics/pharmacogenetics (n= 14; 34.1%); genomics
disorders (n= 13; 31.7%); genome data analysis (n= 9;
22.0%); genomics tools and technology (n= 9; 22.0%);
population genetics (n= 4; 9.8%); reproductive genetics (n
= 3; 7.3%); bioinformatics (n= 3; 7.3%); business aspects of
the genomics field (n= 3; 7.3%); pediatric genetics (n= 2;
4.9%); nutrigenomics (n= 1; 2.4%); immunogenetics (n= 1;
2.4%); molecular genetics (n= 1; 2.4%); and sexual genetics
(n= 1; 2.4%).

The evaluation of genomics education courses
The courses were evaluated using cross-sectional/descriptive
design (n= 15; 36.6%), pre- and post-test design (n= 22;
53.7%), quasi-experimental design (n= 2; 4.9%), and experi-
mental/randomized control trial (n= 2; 4.9%). Data were
obtained via various methods such as pre- and post-test
questionnaires, course evaluation surveys, examinations,
quizzes, laboratory reports, in-class exercises, essays, research
papers, self-reflective journals, research projects, focus groups,
and discussion boards. For the most advanced statistical
analysis used, more than half of the studies (n= 26; 63.4%)
analyzed the data using inferential statistics without

controlling for covariates, such as paired t test, chi-square,
and Wilcoxon signed-rank test. The remaining studies utilized
univariate statistics or qualitative methods (n= 15; 36.6%).

Evaluation findings
The evaluation findings were outlined according to knowl-
edge, self-efficacy, attitudes, intention, comfort level, motiva-
tions, behavior, and course feedback. Detailed results of major
findings were outlined in Table S1.

Student performance
Knowledge. The majority of the studies (n= 36; 87.8%)
reported students’ genetics/genomics knowledge as an eva-
luation outcome. Of these 36 studies, 22 studies reported
statistically significant increases in knowledge after the course,
one study did not find statistical significance, and 13 studies
reported only descriptive results for knowledge. For example,
in a pharmacogenomics course delivered to 310 doctorate of
pharmacology students, Nickola et al.39 found significant
increases from pre- to post-test in students’ knowledge of
genomics and the NCHPEG genomics competencies.39

Another study conducted by Magee et al.22 among 120 first-
year medical students indicated that all students showed
sufficient knowledge and passed the genetics-based problem
sets after the course.22 Furthermore, follow-up outcomes for
genetics/genomics knowledge were reported in only four
studies among which two studies noticed that their students’
knowledge decreased in 1 and 2 years posteducation,
respectively. For instance, Greb et al.31 reported that at the 2-
year follow-up, 88% of the medical students failed the genetics
section on the observed structured clinical examination
(OSCE) at the end of their third year of medical school;
particularly, less than a quarter of students correctly calcu-
lated genetic risks and collected family history in a genetic
case study on that exam.31 Nevertheless, one study conducted
by Goodson et al.38 reported a significant increase in knowl-
edge score from baseline to 3-month follow-up among
graduate health education students.38

Attitudes. Sixteen studies (39.0%) reported outcomes on
students’ attitudes toward genetics/genomics and/or future
clinical practice in genetics/genomics. Of these 16 articles, 8
reported statistically significant improvement in attitudes
among students after the course, 3 did not find statistical
significance for students’ attitudes scores, and 5 reported
descriptive findings. For example, Adams et al.45 found a
significant change in the participating doctorate of pharmacy
students’ attitudes toward recommending pharmacogenomic
testing to patients after the pharmacogenomics course. Fur-
thermore, in a study on a web-based pharmacogenomics
course conducted by Lee et al.,42 80% of the participating
doctorate of pharmacy students nationwide believed that
pharmacists should conduct patient education about phar-
macogenomics testing.42 Follow-up data for attitudes were
reported in only one study, in which the attitudes score
regarding genomics among participating graduate health

Table 1 Frequency distributions of methodological quality
among reviewed articles (N= 41)

Methodological

criterion

Description Score Distribution

of

characteristics

n %

Sample size Not reported 0 0 0.0

Small sample size

(<100)

1 13 31.7

Medium sample size

(>100 and <300)

2 19 46.3

Large sample size

(≥300)

3 9 22.0

Theoretical basis of

the curriculum

Did not present

theoretical framework

0 28 68.3

Presented theoretical

framework

1 13 31.7

Length or duration

of curriculum

Not reported 0 6 14.6

One hour or less than

an hour

1 5 12.2

Less than a day but

more than one hour

2 7 17.1

More than a day 3 23 56.1

Follow-up Not reported 0 35 85.4

Reported 1 6 14.6
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education students significantly increased from pretest to 3-
month follow-up.38

Self-efficacy. More than one-third of the studies (n= 14;
34.1%) reported statistically significant changes in confidence
levels in performing a variety of genetics tasks (e.g., genetic
risk assessments, genetic counseling, and using genetic data-
bases) as well as in implementing genetics/genomics compe-
tencies and skills. All studies found positive self-efficacy
outcomes. For instance, Makransky et al.49 reported statisti-
cally significant increases in self-efficacy scores from pre- to
post-test in performing various medical genetics activities
among the participating undergraduate medical and mole-
cular biomedical students.49 Moreover, self-efficacy was
reported as a follow-up outcome in three studies. The study
of Goodson et al.38 did not show statistically significant
findings for self-efficacy at 3-month follow-up. However, in
the study of McGovern et al.,25 students’ self-efficacy scores in
pedigree drawing as well as genetic risk assessment and
communication remained significantly higher than those of
the control group at 6-month follow-up. Williams et al.48 also
found that their students’ self-efficacy scores in performing
genetic competencies remained significantly higher at 9-
month follow-up compared with their pre-test scores.

Comfort level. Four studies (9.8%) assessed educational
outcomes on comfort level with integrating or practicing
genetics and genomics in future clinical practice. All four
studies found statistically significant changes in students’
comfort level after completing the courses. In a web-based
genetics course for nurse practitioner students, for instance,
Whitt et al.43 stated that students exhibited significant
improvements in their comfort level to perform genetics
competencies and apply them to clinical practice after the
course. No follow-up data on comfort level were reported in
the studies included in this review.

Intention. Three studies (7.3%) in this review asses-
sed intention as an evaluation outcome. Intention was
examined by assessing students’ willingness to apply genetic/
genomics knowledge and skills learned from their courses to
their future clinical practice. Among the three studies, two
indicated statistically significant increases in students’ inten-
tion scores from pre- to post-test, and one study presented
descriptive data with positive intention outcomes. For
instance, in the web-based courses reported in Metcalf et al.,34

students’ intentions related to the practices of genetic testing
and counseling in the future increased significantly from pre-
to post-test among the 596 participating medical students.
Follow-up data on students’ intentions were mentioned in
only one study, in which no statistical significance was found
for students’ intention scores at 3-month follow-up.38

Motivation. Only three (7.3%) articles in this study provided
evaluation outcomes related to students’ motivation; one of
these three studies reported statistically significant findings,

while the other two presented only descriptive data on
motivation. All three studies suggested that genetics/genomics
education led to positive motivation among students regard-
ing learning genetics and genomics. For instance, in a phar-
macogenomics training reported in Krynetskiy et al.,33 open-
ended survey results showed that doctorate of pharmacy
students expressed further interest in learning about phar-
macogenomics after the course.33 In addition, Busstra et al.27

mentioned that 58–75% of participating students majoring in
either nutrition and health or biotechnology in the Nether-
lands indicated a high motivation to study nutrigenomics at
1-year follow-up.27

Behavior. Only two studies (4.9%) included in this review
reported behavioral outcomes. In particular, at the University
of Chicago, Waggoner et al.26 developed a curriculum
focusing on the integration of genetics Internet databases into
medical curriculum, which was delivered to 324 medical
students.26 One-year follow-up data showed that 72% of the
students still used genomics databases multiple times in their
clinical practice. The other study conducted by Goodson
et al.38 indicated that students’ behavior score did not sig-
nificantly change compared with the baseline data.38

Course feedback

Most studies (n= 35; 85.4%) reported students’ feedback for
the genetics and genomics courses. All courses were rated
positively overall; participating students perceived the courses
to be helpful and would be likely to recommend those courses
to their peers. For example, Bean et al.11 stated that most of
the medical students agreed that the virtual laboratory
sessions about genetic testing were useful and suitable as well
as that the content and teaching approaches were effective.
Only one study27 included follow-up data on course content
related feedback; the course evaluation scores were above
average at 1-year follow-up.

MQS
The average MQS for all 41 studies was 4.51 (SD= 1.47;
range= 1–7), which was slightly above the mean (4.00) of the
possible theoretical MQS (range= 0–8). Specifically, the
reviewed studies overall obtained good scores in the sample
size and course duration. More than two-thirds of the studies
had a sample size higher than 100 students (n= 28; 68.3%),
and more than half of the courses were longer than a day
(n= 23; 56.1%). Nevertheless, the majority of the curricula
were not grounded from a theoretical framework (n= 28;
68.3%) and did not report follow-up data (n= 35; 85.4%).

DISCUSSION
To the best of our knowledge, this study is the first to
systematically review the existing genomics programs available
to health professional students. A total of 41 peer-reviewed
studies that met our inclusion criteria were identified and
included in this systematic review. There was a dramatic increase
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in the number of publications over time, suggesting increased
awareness and perceived importance of this topic in the health
science field. Nevertheless, the majority of studies were conducted
in the United States and were limited to certain few countries,
including the United Kingdom, the Netherlands, Canada, and
China. It is important for researchers and educators beyond those
countries to incorporate genomics into their curricula for health
professional students.
Results from our review indicate that most genomics

educations were delivered to medical and pharmacy students.
A potential explanation is that the field of genomics, including
pharmacogenomics and personalized/precision medicine, has
immediate and noticeable impacts on their practice. For
instance, metabolism and dosages of some drugs differ among
individuals due to genetic polymorphism; thus, knowledge of
pharmacogenetics is important to maximize the benefits and
minimize adverse events.59 The other possible reason is that
the training in pharmacy and medical schools tend to be
longer than other health professional or health science
disciplines, which might allow more flexibility to diffuse
genomics into their curricula. Given that the role of genomics
has become more important in the health field, other
professional fields, especially those that have not published
any studies in this area (e.g., dentistry, physical therapy,
occupational therapy, and speech therapy), may need to
develop disciplinary-specific genomics curricula and further
evaluate the effectiveness for their own students.
Of note, the 41 studies we reviewed reported course feedback

(n= 35) as well as assessed behavior (n= 2) and other cognitive
variables, including knowledge (n= 36), attitudes (n= 16), self-
efficacy (n= 14), comfort level (n= 4), intention (n= 3), and
motivation (n= 3). While collecting behavioral data was
understandably challenging among students, obtaining both
cognitive variables and course feedback was essential for
evaluating the effectiveness of the courses. Moreover, although
the majority of the reviewed studies reported enhanced
knowledge as well as improved self-efficacy, attitudes, intention,
comfort level, and motivation immediately after their genomics
education, only six studies gathered follow-up data to assess the
sustainability of these education effects. Therefore, future
studies should not only collect behavior, cognitive variables,
and course feedback information, but follow-up data are also
needed for this body of literature.
The mean of the MQS for all reviewed studies was 4.51,

which was slightly above the mean of the theoretical average
(4.00). While the majority of the studies had more than
100 students in their programs, and the duration of their
education was longer than a day, some areas still need
improvement. Specifically, developing the curriculum based
on a theoretical framework and collecting follow-up data are
critical for this body of literature. Future researchers and
educators may consider collaborating with statisticians in the
planning the stage of genomics curriculum development to
gather and present more robust findings.
Nearly half of the courses (48.8%) utilized more than one

teaching method to deliver the genomics curricula. Studies

with only a single teaching strategy mainly utilized in-class
didactic lectures to deliver genomics courses to their students.
According to the Adult Learning Theory developed by
Malcolm Knowles, students’ learning process is maximized
when multiple instructional strategies are adopted to meet the
different learning styles and needs among their students.60–62

Incorporating various teaching strategies, such as a mixture of
class lectures, case studies, laboratory exercises, and standar-
dized patients, may be useful to facilitate better learning
outcomes among students. Thus, it is important for future
genomics courses to adopt a variety of teaching strategies to
engage and enhance health professional students’ learning in
genomics.
Interestingly, an emerging pedagogical method we found in

our systematic review was the inclusion of students’ self-
genotyping as a classroom exercise. In particular, several
studies in our review reported the utilization of students’ own
genotyping as an experiential learning technique. This
teaching technique has been acknowledged in the literature.63

This approach successfully improved health professional
students’ knowledge, attitudes, counseling skills, interpreta-
tions of genetic tests, and considerations of the ELSI of
genomics. If health professional students underwent personal
genotyping, they might also better relate their personal
experience to patients while discussing genetic test procedures
and results.64 Nevertheless, ethical concerns regarding
including self-genotyping in curricula may need to be
addressed. Cautions may be taken for the potential psycho-
logical impacts of genotyping results on the students and their
families particularly from disease susceptibility test results.
Issues related to the confidentiality and anonymity of the
students’ genome data should also be considered.63 Providing
adequate information to ensure students make informed
decisions before performing genotyping experiments, teach-
ing students the importance of confidentiality and anonymity
issues, and offering genetic counseling and support may
minimize these potential risks.63,65–68 Another potential
solution may be to give students options to analyze their
personal genome data or anonymous genome data from
third-party donors (or cadavers) to minimize the potential
harms while meeting the learning objectives in genomics.69,70

There are three main limitations to this study. First, we had
to develop our own MQS based on past literature due to
various study designs of the included articles in this review.
Second, not all of the “curricula” reported in the articles we
reviewed were full, semester-long courses. Thus, the teaching
methods reported in such studies might be limited to the ones
used for the delivery of their genomics curricula and not the
entire course. Finally, we conducted an extensive literature
search to include all studies on genomics education among
health professional students. Yet, despite our best efforts,
there might have been some studies that were overlooked
during the searching process. In addition, some genomics
courses might have been offered to health professional
students as part of school curricula that have neither
evaluated their curricula nor published their studies.
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Despite the above limitations, there are several remark-
able strengths in our review. First, to the best of our
knowledge, this is the first systematic review focusing on
genomics education for health professional students
majoring in diverse disciplines, such as medicine, nursing,
allied health, pharmacology, and physician assistants.
Second, our study reports the existing genomics curricula,
their method of delivering at schools, and the evaluation
methods and findings. Results from our study provide
information on the quantity and quality of the existing
genomics education curricula for health professional
students. It may guide future researchers and educators to
develop genomics curricula tailored to their targeted
students. An open-access genomics education database
may need to be developed, where genomics education
articles and curricula can be shared and disseminated.
Third, the MQS suggested that there is a need to improve
this body of literature. This systematic review may help
future researchers adopt more rigorous methodological
approaches to plan and evaluate the outcomes of their
education. Lastly, given that genomics education should
start from early education, and science, technology,
engineering, and mathematics (STEM) education is cur-
rently an evolving topic, conducting a systematic review for
genomics education among high school students is desired
in the future.
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