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ABSTRACT

Objective: Descriptive three-year comparison of one pre-licensure cohort of baccalaureate nursing students’ genomic knowledge,
attitude and comfort level.
Methods: Two analyses were of interest, utilizing the same survey instrument, Genetics/Genomics Literacy Assessment (GGLA):
1) Comparison of pre vs. post intervention on the sophomore (2nd year) class and 2) Retention of the information through junior
(3rd year) and senior year (4th year). Two analyses were of interest: 1) Comparison of pre-class vs. post-class assessment on
sophomore [2nd year] students and 2) Retention of the information through junior [3rd year] and senior year [4th year].
Results: For the total score variable [retention of genomic knowledge over time] data was sophomore vs junior vs senior means
of 7.1 vs. 6.9 vs. 8.7, p < .001 showing maintenance from sophomore (post-class assessment) to junior year with an increase
in the senior year score for the cohort of students. Comparison of pre-class vs. post-class on the sophomore class resulted in
statistically significant differences demonstrating higher knowledge after class. Enhancement of confidence, perceptions and
attitude regarding genomics was evident with comparison of pre-class vs post-class and overtime after taking foundational course.
Overall, data showed that students felt that nurse educators need more confidence in teaching and explaining as well as in patient
advocacy.
Conclusions: Promoting knowledge and practice integration of universal genomic health requires healthcare professionals,
educators and students be knowledgeable and cognizant of their participation to advance client health outcomes.
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1. INTRODUCTION

For the current nursing workforce to be competent in ge-
nomic knowledge and comfortable in discussing and educat-
ing their patients and families about genetic conditions and
genetic-directed therapies, pre-licensure students must be
appropriately educated on this complex concept. Genomic
competency is a requirement for all healthcare professionals
and as such, nurses must be confident and comfortable in the

translation of knowledge concerning integration of genomics
into practice, research aspects and its implications and in
policy-making concerning genetic evidence, knowledge and
application. Though nurses who do not have a genomic coun-
seling license/certificate are not allowed to discuss and edu-
cate patients/families about genetic condition and directed
therapy, and pre-licensure nursing students would never en-
gage in this process, it is still important to educate the student
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as to the importance of genomic knowledge, its implications
in patient care, especially related to ethical and legal aspects,
the importance of an accurate family history assessment,
and their future role as a healthcare provider. Pre-licensure
nursing curricula integration of genomic content should be
able to provide core concepts leading to an informed future
workforce utilizing precision evidence-based applied knowl-
edge educating, explaining and effectively participating in
the clinical care of patients and families with personalized
attention. Continued exploration into actual, perceived and
retained genomic knowledge amongst pre-licensure students,
their comfort level in integrating this knowledge into their
practice and future careers as healthcare professionals and
their perception and attitude about genomic integration in
nursing curricula is required.[1, 2] Current nursing students
represent future nurse researchers, educators and healthcare
professionals; subsequently, they must be skilled at assess-
ing patients and their families for genetic risk and provide
appropriate care and referrals.

1.1 Purpose
This 3-year convenience sample study explored one pre-
licensure cohort of baccalaureate nursing students, from a
large diverse urban school of nursing (SON) in the United
States, who completed a pre-class assessment survey prior to
the beginning of the stand-alone required genetics course in
their sophomore year (2nd year of nursing school), followed
by a post-class assessment survey at the completion of that
course (2014). The mechanism was identical for data collec-
tion, utilizing the Genetics/Genomics Literacy Assessment
(GGLA), which was again administered at the beginning of
their junior year (2015; 3rd year) and again as seniors (4th
year) in 2016 to assess their retained genomic knowledge.

1.2 Literature review
With the emergence of the genomic era, all healthcare profes-
sionals are expected to be knowledgeable of genomic content,
be able to integrate this knowledge into their practice and
effectively participate in inter-disciplinary dialogue. Devel-
opment of core essential genomic competencies for prac-
ticing nurses, advanced degree and pre-licensure students
provided the benchmark for genomic education integration
and a well-founded framework.[3–6] To continue to provide
maximum evidence-based personalized care, nurses need to
maintain the minimum standard of knowledge in this required
competency, assuring safety, professional accountability and
responsibility.[7]

Numerous studies have explored pre-licensure self-
reported/perceived genomic knowledge and comfort
level.[2, 8–13] One of the initial analyzes of genomic knowl-

edge, the Genetics Literacy Assessment Instrument (GLAI),
a 31-item multiple choice test, was utilized to assess under-
graduate nonscience majors.[14] It was viewed as a reliable
assessment to track acquisition and retention of genomic
concepts amongst nursing students and nurse educators and
related coursework was found to enhance scores.[2] A study
utilizing the GLAI on nursing students revealed that although
education perceptibly had an impact on total score, self-
reported knowledge retention was lacking, with average total
score of one cohort of students at 70% in 2013, 67% in
2014 and 62% in 2015.[2] Another instrument, a 15-item
multiple choice survey, initially devised to explore baccalau-
reate nurse educators’ self-perceived genetic knowledge in
the United States, was validated to be an effective tool for
clarity, accuracy and comprehensiveness.[12] The adapted
survey, Genetics/Genomics Literacy Assessment (GGLA),
included concepts related to perceptions and attitudes about
genetics incorporation into nursing programs and comfort
level in practice and education, and was previously utilized
to further explore nurse educators’ and advanced degree nurs-
ing students.[12, 15] Nurses’ fundamental self-confidence and
comfort in genomic related accountabilities continues to be
minimal.[16] Having students rate their knowledge, attitude
and comfort level of genomics demonstrated findings that ex-
pressed minimal to moderate knowledge as well as comfort
levels, while expressing the need to know this knowledge as
a practicing nurse. Inherently, data has continued to suggest
that understanding educational concepts confirms the need
for genomic education inclusion into curricula.

Actual knowledge of genomics of pre-licensure nursing stu-
dents and practicing nurses is extremely limited, with one
seminal study showing adequate genetic knowledge.[17] With
the development of the first nursing concept inventory, the
Genomic Nursing Concept Inventory (GNCI), derived us-
ing a rigorous strategy common in science, technology, en-
gineering and mathematics (STEM) education, measuring
genomic literacy among nurses, actual knowledge of pre-
licensure and practicing nurses’ foundational understanding
of genomic concepts was assessed.[18] This study’s find-
ing of pre-licensure baccalaureate nursing students in the
United States also demonstrated that students’ foundational
knowledge was low while ABSN (accelerated Bachelor of
Science in Nursing) program nursing students had a signifi-
cantly higher GNCI score compared to traditional program
students.[18] This improvement perhaps reflects that prereq-
uisite courses may offer “limited learning gains of concepts
most relevant to nursing practice”.[18] However, a limitation
to this actual knowledge study remains student willingness
to partake in the study and respond to survey items to the
best of their ability continues to be unknown.[18] Besides
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actual versus self-reported knowledge, both surveys (GNCI
and GGLA) were derived from competencies outlined in
the AACN Essentials of Baccalaureate Education for Profes-
sional Nursing Practice, and the Essential of Genomic and
Genomic Nursing: Competencies, Curricula Guidelines, and
Outcomes Indicators.[4, 5] In either assessment, data demon-
strates minimal acquisition of genomic knowledge.

Nursing faculty and practicing nurses continue to demon-
strate limited foundational genomic knowledge, which un-
fortunately corresponds to students’ knowledge preparation.
The inadequacy to appropriately applying genomic advance-
ments to meet the needs of the patient and family facing a
genomic health compromise depicts the unpreparedness of
the nursing profession.[19] Understanding genomic concepts,
knowledge deficit, lack of integration into nursing curricula
and confidence in ability to teach this content exploits nurs-
ing faculty’s inability to appropriately infuse into nursing
education. Studies exploring nurse faculty and practicing
nurses’ foundational preparedness to implement genomic
content has demonstrated minimal to moderate foundational
knowledge and comfort levels.[15, 20–26] There is a genomic
knowledge deficit correlating to a dearth in nurse educators’
confidence to assimilate and disseminate genomic gen.[27]

Nursing faculty are required to prepare students for practice
which includes the integration of genomic understanding and
its application to practice, thus, knowledge and confidence
in this content is a prerequisite.[19]

The continued relevance of genomic knowledge translation
to clinical practice requires practicing nurses’ incorporating
and promoting personalized efficient and effective nursing
care. A comparison data study of nurse educationalists and
advanced degree nursing students’ self-reported genomic
knowledge and comfort level substantiated continued incon-
sistencies.[23] Since the completion of the Human Genome
Project in 2003 and human DNA genetic code sequencing
in 2007, understanding the genomic impact on one’s health
and well-being is essential and vital for nurses to provide
personalized genomic health care.[28] Therefore, basic core
scientific conceptual concepts to deliver genomic health care
require nurses to have this knowledge ensuring they will
be able to appropriately explain it to patient and their fami-
lies.[19] The fluctuation of a patient and their family’s living
experience with the complexity of a genetic condition will
vary based on their life-stage/life-span and nurses need to
provide information, education and referral guidance while
participating in physical, emotional, spiritual and cultural
support.[29] Practicing nurse professionals are expected to
have genomic health care knowledge to sufficiently and pro-
ficiently contribute as a concerted partner of the health care
team.

2. DESIGN, RECRUITMENT AND DATA COL-
LECTION

A descriptive comparison of one pre-licensure cohort of bac-
calaureate nursing students’ genomic knowledge was ex-
plored. Prior to any data collection, which occurred between
2014-2016.

Consent by the original survey developer was received.[12]

The investigator modified the instrument to collect the spec-
ifications for this inquiry. Supplemental survey enquiries
explored perception, attitude and comfort level to genomic
inclusion into practice and demographic data. Institutional
review board (IRB) consent was obtained for the utiliza-
tion of the GGLA. An IRB-approved announcement script
was read by proctors/research assistant (RA) prior to survey
administration. Returning a completed survey deemed con-
sent. Students were informed that they were not required
to participate nor would their course grade be affected by
not participating. There was no identifiable data obtained,
voluntary participation was anonymous and confidentiality
assured. No time limit was imposed to complete the sur-
vey. The researcher was not present during any of the data
collection process.

Pre-class assessment data was obtained prior to the beginning
of the sophomore level (2nd year) students’ required genetic
course in 2014, with the RA administering the IRB-approved
survey at the conclusion of the first didactic class. At the
completion of this didactic course, students were requested
to complete the same survey, thus obtaining post-class as-
sessment data. In both instances, the researcher, who was
also the educator for this course, exited the classroom prior
to the handing out of the survey. The researcher/educator
initially developed the 2-credit class for the SON in 2013,
after participating in the Genetics Program for Nursing Fac-
ulty at the Cincinnati Children’s Hospital Medical Center. In
2015, the same cohort of students, as juniors (3rd year), were
asked to retake the same survey and again in 2016, as seniors
(4th year). The didactic educator, based on his/her teaching
priorities, determined when it would be best to conduct the
survey, as to not disrupt his/her class. Data collection for
retained knowledge occurred either in the first two weeks or
last two of the major didactic lecture, with the RA present to
read the IRB-approved script and hand out/collect the survey.

Data was collected on multiple variables, including total
score and correct responses to the survey (with no cut-off
points), with score ranges from one to thirteen and correct
ranges from 0 to 1.0 for the proportion correct. Percep-
tions and attitude about genomics integration into nursing
curricula and comfort level about genomics were also ex-
plored. Perceptions and attitudes had seven variables and
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these ranged from 1 = strongly agree to 4 = strongly dis-
agree. Comfort level of genomics (five variables) ranged
from 1 = extremely comfortable through 4 = not comfortable.
Two analyses were of interest, utilizing the same survey in-
strument, GGLA: 1) Comparison of pre-class vs. post-class
intervention in the sophomore year (2nd year), and 2) reten-
tion of knowledge through junior (3rd year) and senior years
(4th year).

2.1 Participants
One pre-licensure cohort of baccalaureate nursing students
were asked to participate in a 3-year study that explored their

genomic knowledge, perception/attitude and comfort level.
In 2014, as sophomores (2nd year students) in the SON,
seventy-two students completed the pre-class survey prior to
the beginning of their 2-credit stand-alone required genetics
course and seventy students completed the post-class survey
at the completion of that course. In 2015, the same students
(N = 68) were asked to complete the identical survey as ju-
niors (3rd year) and again in 2016 as seniors (N = 57; 4th
year) to assess their retained genomic knowledge. There was
no exclusion criteria for participation, inclusion was being a
student in the SON. All characteristics of the one cohort of
students are in Table 1.

Table 1. Characteristics of one cohort of students
 

 

Characteristics 
Sophomore 
Pre-Class (N = 72) 

Sophomore 
Post-Class (N = 69) 

Junior 
(N = 68) 

Senior 
(N = 57) 

Gender 
  Female (Total N = 164) 
  Male (Total N = 102) 

 
52 (72.22) 
20 (27.78) 

 
46 (66.67) 
23 (33.33) 

 
31 (45.49) 
37 (54.41) 

 
35 (61.40) 
22 (38.60) 

Age 
  17-20 (Total N = 93) 
  21-24 (Total N = 87) 
  25-28 (Total N = 58) 
  29-35 (Total N = 28) 

 
48 (66.67) 
12 (16.67) 
10 (13.89) 
2 (2.78) 

 
26 (37.68) 
25 (36.23) 
12 (17.39) 
6 (8.70) 

 
10 (14.71) 
20 (29.41) 
22 (32.35) 
16 (23.53) 

 
9 (15.79) 
30 (52.63) 
14 (24.56) 
4 (5.19) 

Ethnicity 
  American Indian (Total N = 7) 
  Hispanic/Latino  (Total N=37) 
  Asian or Asian American (Total N = 130) 
  Black or African American (Total N = 50) 
  White (Total N = 42) 

 
3 (4.17) 
16 (22.22) 
37 (51.36) 
5 (6.94) 
11 (15.28) 

 
2 (2.90) 
5 (7.25) 
38 (55.07) 
9 (13.04) 
15 (21.70) 

 
 0 
11 (16.18) 
26 (38.15) 
23 (33.82) 
8 (11.76) 

 
2 (3.51) 
5 (8.77) 
19 (50.88) 
13 (22.31) 
8 (14.04) 

 Note. Total N = 266. Sophomore: (2014) Pre-Assessment [Pre-Class], Post-Assessment [Post-Class]; Junior (2015); Senior (2016) 

2.2 Instrument/assessment of genomic knowledge
An enquiry ascertaining approaches to gage genomic knowl-
edge lead to utilization of the corroborated survey.[12] The
initial 15 questions ranged from interpreting Mendelian in-
heritance diseases; genomic lexicon such as phenotypic poly-
morphism and allele; recognizing fertility inferences of a
reciprocal translocation; construe genomic reciprocal translo-
cation genetic testing; integrating uniform representations
in a client’s pedigree; associations concerning penetrance;
understanding inheritance via pedigree and lawful protec-
tion from prejudice concerning one’s genotype. The survey
was appraised for breadth, lucidity and accurateness from
three educationalists erudite in genomics and four affiliates
of the International Society of Nurses in Genetics (ISONG)
and was demonstrated to not be onerous or unreasonable
to complete.[12] Originally, the survey was conducted on
baccalaureate nurse educators in the United States with ad-
ditional studies performed deeming it suitable for exploring
genomic knowledge with pre-licensure nursing students and

advanced degree nursing students.[12–15]

Amendment to the initial survey (13 questions) comprised
7 additional enquiries exploring perceptions and attitudes
about genomics inclusion and 5 enquiries exploring com-
fort level. Three demographic questions (age, gender and
ethnicity) completed the modified survey, GGLA, totaling
thirty questions. Perception and attitude had seven variables,
which were: importance of genomic knowledge for a nurse;
responsibility of preparing nurses; genomic education impor-
tance; family history assessment significance; motivation of
clinical setting to learn about genomics and sharing knowl-
edge; taking a genomic course helps to integrate content
and advocating for patient and advocacy for patient and so-
ciety concerning appropriate principled issues surrounding
genomics. Comfort level about genomics was explored with
five variables, related to gathering a patient’s family history;
requesting more education about genetic conditions for own
knowledge base; explaining Mendelian inheritance patterns
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to patients and teaching the concepts of genomics and com-
fort in teaching genomic concepts. Clinical comfort with
this complex learning parallels confidence if nursing pro-
fessionals are to be co-participants with their patients and
families in the healing-caring process. Validity and relia-
bility of this tool was established to not be burdensome or
time-consuming to complete, thus an effective instrument for
assessment purposes.[12, 15]

2.3 Statistical analysis
The three components of the survey (item score/correct re-
sponse [with no cut-off points]; perceptions and attitudes
about genomic merging into nursing curricula and comfort
level about genomics) were analyzed using analysis of vari-
ance (ANOVA) tests. ANOVA was used because variables
were approximately normally distributed. P-values less than
or equal to alpha = 0.05 were considered statistically signifi-

cant, which is a common choice for alpha. Some subjects in
the assessments remained the same over time, but data were
not paired one-to-one as they were de-identified and thus the
more conservative, independent assumption was used in the
analyses.

3. RESULTS
3.1 Comparison of pre-class vs post-class intervention

on the sophomore year [2nd year]
Comparison of survey item scores and correct responses for
sophomore pre-class vs post-class assessment yielded similar
results. Item score for pre-class was 7.3 ± 2.05 (mean ± SD;
N = 72) while the post-class was 7.1 ± 2.44 (N = 69) with
p-value .54. Correct responses also yielded similar findings
with pre-class 0.5 ± 0.14 and post-class 0.5 ± 0.16 with a
p-value also .54. Table 2 provides all GGLA item scores for
the one cohort of students.

Table 2. GGLA item scores for one cohort of students
 

 

Characteristic 
 

Sophomore 
Pre-Class (2014) 

Sophomore 
Post-Class (2014) 

p-value 
Junior 
(2015) 

Senior 
(2016) 

p-value 

SCORE 

N 72 69  68 57  

Mean ± SD 7.3 ± 2.05 7.1 ± 2.44 .54 6.9 ± 2.84 8.7 ± 2.69 < .001 

Range 4.0 to 13.0 1.0 to 12.0  1.0 to 12.0 3.0 to 13.0  

Median 7 7  7 9  

CORRECT 

N 72 69  68 57  

Mean ± SD 0.5 ± 0.14 0.5 ± 0.16 .54 0.5 ± 0.19 0.6 ± 0.18 < .001 

Range 0.3 to 0.9 0.1 to 0.8  0.1 to 0.8 0.2 to 0.9  

Median 0.5 0.5  0.5 0.6  

 

Comparison of pre-class vs post-class in their perception
and attitude about genomics integration into nursing curric-
ula resulted in statistical differences for several variables,
especially history taking, whereby the scores went down
significantly from pre-class to post-class indicating higher
agreement post-class intervention compared to pre-class. On
the history taking variable, an average of 3.4 pre-class went
down to an average score of 2.5 post-class intervention (mean
± SD: pre-class 3.4 ± 0.93 vs. post-class 2.5 ± 1.21, p-
value < .001). This result represents a more strong agree-
ment of enhanced perceptions and attitude after completion
of foundational class (post-class assessment). Educating
nurses about genomics to ensure their continued partnership
in patient/family care variable, there was no statistically sig-
nificant change from pre-class to post-class (Mean ± SD:
pre-class 1.4 ± 0.62 vs. post-class 1.4 ± 0.74, p-value =
.97). Table 3 provides the perceptions and attitudes about
genomics inclusion into nursing curricula for the one cohort

of students.

For the five comfort level variables (collecting, sharing, re-
questing, explaining and teaching), the scores also went down
significantly from pre-class to post-class indicating higher
comfort post intervention. On the collecting variable, an
average of 2.8 pre-class went down to an average score of 2.0
post-class intervention (mean ± SD: pre-class 2.8 ± 1.07 vs.
post-class 2.0 ± 0.82, p-value < .001). For the sharing vari-
able, the average of 2.7 pre-class went down to an average
score of 2.0 post-class intervention (mean ± SD: pre-class
2.7 ± 1.04 vs post-class 2.0 ± 0.88, p-value < .001). On the
explaining variable, an average of 2.7 pre-class went down
to an average score of 2.0 post-class intervention (mean ±
SD: pre-class 2.7 ± 1.20 vs. post-class 2.0 ± 0.88, p-value
< .001). Finally, for the comfort level related to teaching,
the scores went down significantly from pre-class to post-
class indicating higher agreement post-class intervention. As
seen in Table 4 the comfort level about genomics for the
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one cohort of students, perception and attitude as well as
confidence levels were enhanced after taking the stand-alone

foundational course.

Table 3. Perceptions and attitudes about genomics integration into nursing curricula for one cohort of students
 

 

Characteristic 
 

Pre-Class 
N = 72 

Post-Class 
N = 69 

p-value 
Sophomore 
N = 69 

Junior 
N = 68 

Senior 
N = 57 

p-value 

IMPORTANCE  
for nurses to know 

Mean ± SD 
Median 

1.4 ± 0.64 
1 

1.4 ± 0.60 
1 

.95 
1.4 ± 0.60 
1 

1.9 ± 1.07 
2 

1.4 ± 0.60 
1 

< .001 

PREPARING  
nurses is role of nurse 
educators 

Mean ± SD 
Median 

1.4 ± 0.57 
1 

1.5 ± 0.87 
1 

.40 
1.5 ± 0.87 
1 

1.6 ± 0.78 
1 

1.5 ± 0.76 
1 

.78 

TEACHING  
nurses genomics is important 

Mean ± SD 
Median 

1.4 ± 0.62 
1 

1.4 ± 0.74 
1 

.97 
1.4 ± 0.74 
1 

2.0 ± 1.18 
1.5 

1.4 ± 0.57 
1 

.002 

HISTORY TAKING  
value for patient care 

Mean ± SD 
Median 

3.4 ± 0.93 
4 

2.5 ± 1.21 
2.5 

< .001 
2.5 ± 1.2 
2.5 

2.2 ± 1.26 
2 

2.8 ± 1.26 
3 

.05 

ENVIRONMENT 
motivating to learn about 
genomics 

Mean ± SD 
Median 

1.9 ± 0.82 
2 

1.8 ± 0.88 
2 

.79 
1.8 ± 0.88 
2 

2.2 ± 0.98 
2 

2.2 ± 0.98 
2 

.06 

INTEGRATE 
genomic course helpful for 
practice  

Mean ± SD 
Median 

1.6 ± 0.65 
2 

1.5 ± 0.1 .38 
1.5 ± 0.68 
 
1 

2.0 ± 0.83 
 
2 

1.7 ± 0.86 
 
2 

.001 

ADVOCATE 
for patient and importance of 
nurses to advocate for patient 
and society regarding ethical 
and legal issues about 
genomics 

Mean ± SD 
Median 

1.6 ± 0.75 
1 

1.5 ± 0.72 
1 

.43 
1.5 ± 0.72 
1 

1.6 ± 0.97 
1 

1.4 ± 0.62 
1 

.17 

 

Table 4. Comfort level about genomics for one cohort of students
 

 

Characteristic 
 

Pre-Class 
N = 72 

Post-Class 
N = 69 

p-value 
Sophomore 
N = 69 

Junior 
N = 68 

Senior 
N = 57 

p-value 

COLLECTING 
a patient’s family history 

Mean ± SD 
Median 

2.8 ± 1.07 
3 

2.0 ± 0.82 
2 

< .001 
2.0 ± 0.82 
2 

1.9 ± 0.90 
2 

2.3 ± 0.92 
2 

.05 

SHARING 
sharing knowledge of genomics  

Mean ± SD 
Median 

2.7 ± 1.04 
3 

2.0 ± 0.88 
2 

< .001 
2.0 ± 0.88 
2 

2.1 ± 0.98 
2 

2.6 ± 0.85 
3 

< .001 

REQUESTING 
requesting more education 
about genetic conditions for 
own knowledge base 

Mean ± SD 
Median 

2.3 ± 0.9 
2 

2.1 ± 0.84 
2 

.12 
2.1 ± 0.84 
2 

2.2 ± 1.04 
2 

2.2 ± 1.02 
2 

.50 

EXPLAINING  
explaining concepts of 
genomics 

Mean ± SD 
Median 

2.7 ± 1.20 
3 

2.0 ± 0.88 
2 

< .001 
2.0 ± 0.88 
2 

2.4 ± 0.91 
2 

2.3 ± 1.10 
2 

.03 

TEACHING 
genomic concepts 

Mean ± SD 
Median 

2.6 ± 1.22 
3 

2.2 ± 0.92 
2 

.02 
2 

2.2 ± 0.92 
2 

2.5 ± 0.88 
3 

2.6 ± 0.87 
3 

.02 

 

3.2 Retention of information overtime (Junior [3rd] and
Senior [4th] years)

Comparison of survey item score, data showed sophomore
post-class (N = 69) vs. junior (N = 68) vs. senior (N = 57)
mean ± SD was 7.1 ± 2.44 vs. 6.9 ± 2.84 vs. 8.7 ± 2.69
with p < .001. Correct response score was post-class 0.5
± 0.16 vs. junior 0.5 ± 0.19 and senior 0.6 ± 0.18 with
p-value < .001. Both sets of data demonstrate maintenance
from sophomore to junior year with an increase in item score
and correct responses in the senior year (see Table 2).

With regards to perceptions and attitude about genomics
integration into nursing curricula, significant changes in in-
formation were found over time. For importance, integrating,
and teaching variables, data results showed that in the junior
year (N = 68) there was an increase which then went back
down in senior year to the values found sophomore year.
History taking and collecting variables showed results went
down during the junior year but then increased as seniors
(see Table 3).

For the comfort level variables (collecting, sharing, request-
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ing, explaining and teaching), collecting variables showed
results went down during the junior year but then increased
as seniors while explaining increased in the junior year and
then decreased in the senior year to comfort level related
to sophomore year. Teaching comfort level increased each
year, demonstrating seniors having the most comfort with
teaching genomic content (mean ± SD was 2.2 ± 0.92 vs.
2.5 ± 0.88 vs. 2.6 ± 0.87 with p-value = .02). Overall, the
sharing variable demonstrated maintenance from sophomore
to junior year with an increase in the senior year (mean ± SD
was 2.0 ± 0.88 vs. 2.1 ± 0.98 vs. 2.6 ± 0.85 with p-value <
.001; see Table 4).

4. DISCUSSION

Comparison of survey item scores and correct responses for
sophomore pre-class vs post-class assessment yielded similar
results, maintenance from sophomore to junior year and an
increase in the senior year. This may have been dependent
on the post-class assessment being only 14 weeks after the
pre-class survey, thus, many of the students remembered an-
swering these questions and rather than spend time reading
and evaluating what they felt the correct answer was, perhaps
they chose based on what they remembered from the initial
pre-class survey. Findings from a large program study with
the GNCI demonstrated scores peaking immediately after
completion of a required genomics course with scores de-
creasing by graduation.[30] Although education has a definite
impact on knowledge, retaining that knowledge over time is
not always evident.[2] Furthermore, it is impossible to con-
vince students to spend a certain amount of time answering
survey questions.[31] This correlates to the continued uncer-
tainty of student engagement and unknown factors related to
their efforts when completing a survey assessment.[18] The
importance of a genomic health history was perceived as
having value for patient care. Current baccalaureate nursing
students’ agree that the significance of a comprehensive fam-
ily health history and its genomic implications are integral
to the nurses’ ability to provide optimal patient care and pa-
tient education.[32] Practicing nurses continue to have limited
knowledge of genetic terms, disorders and facts within a fam-
ily history.[26] The higher the educational preparation, the
greater the nurse’s confidence in deciding which family his-
tory information is necessary to assess a person’s genetic pre-
disposition to common diseases.[7] Given that the junior class
assessment was at the beginning of their fall semester, knowl-
edge retention was maintained, with scores increasing in their
senior year. Students’ self-perceived knowledge improved
from sophomore year to senior year, suggesting that contin-
ued integration of content may have been threaded through
the SON curriculum, most likely in the core didactic courses,

such as medical/surgical nursing, maternal/child nursing, pe-
diatrics, and psychiatric/mental health. As genetics was a
stand-alone course offered in the students’ sophomore year,
content necessities frequent threading within nursing curric-
ula to substantively expand students’ genomic knowledge.

Senior nursing students have already begun to think about
and study for the National Council Licensure Examination
(NCLEX-RN), a nationwide examination for the licensing
of nurses in the United States and Canada.[31, 33] By practic-
ing NCLEX questions students recall information that was
learned and learn how to apply the knowledge.[34] The cer-
tification process in the United Kingdom, the Nursing and
Midwifery Council (NMC), regulates nurses and midwives
in England, Wales, Scotland and Northern Ireland, setting
standards of education, training, conduct, performance and
registering nurses and midwives when they have successfully
completed their courses.[35] The Australian Health Practi-
tioner Regulation Agency (AHPRA) in conjunction with The
Nursing and Midwifery Board of Australia oversees the reg-
istration process.[36] In Japan, pre-licensure nursing students
must pass the national licensing examination and obtain a
license administered by the Division of Nursing of the Min-
istry of Health, Labour, and Welfare.[37] However, specific
genomic content on these regulatory examinations are not
known.

In addition, HESI exams are administered to students, in
many U.S. nursing programs, to prepare them for the NCLEX
Exam.[38] HESI test questions are developed and formatted
to the likeness of the NCLEX exam. School of Nursing
BSN students may take up to five exams consisting of four
specialties and one Exit Exam. The specialty exams are
administered in the Medical/Surgical, Maternity, Pediatrics,
and Psychiatric subject areas. The Exit Exam consists of
all four subject areas.[38] There are genetics questions dis-
persed throughout the categories, but there is no genetics
category.[34] This makes it difficult for students to practice
recalling and applying the genetics knowledge they have
learned. Maybe HESI should add a genetics category, so
students can better practice questions related to the genetics
knowledge they learned and prepare them to use their genet-
ics knowledge in the healthcare setting.[34] Faculty need to
keep abreast of the required genomics competencies, with
respect to national licensing regulatory detailed-examination
assessment, whilst continually integrating these concepts to
identify gaps in genomic content and revise their curriculum
accordingly.[1]

Perception, attitude and comfort level about genomics, by
all three cohort groups, continues to demonstrate the impor-
tance of genomic health awareness. Genomic health care is
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now an integral part of everyday practice with the consumer
being cognizant of its importance.[39] As nursing students
begin their journey towards professional practice, enhancing
their perceptions, attitude and confidence in their ability and
understanding of genomic health is essential. Most nurses
still demonstrate limited perceived knowledge and clinical
comfort.[11] As the nursing workforce is exposed to genomic
content, both in the academic and clinical setting, confidence
in this highly complex domain will expand. Concentrating
on academic education is a priority given that it positively
impacts knowledge, attitude and confidence.[7] Concurrently,
senior nursing students’ exposure to clinical experiences
further impacts their ability to comprehend and assimilate
knowledge. As a significant number of pre-licensure students
have practicing nurses’ as clinical preceptors, ensuring all
levels of the nursing workforce understand genomic health
care is essential. The gap in genomic knowledge, of edu-
cators in both academia and the clinical setting, must be
addressed. As comfort improves, confidence improves and
patient outcomes are enhanced. The first step towards this
is the confidence and capability to fully implement and inte-
grate the standards of genomic competency into the academic
setting.

Limitations

The convenience sample may not sufficiently characterize
pre-licensure students in other programs. Given that data was
de-identified, there was no mechanism to determine which
participants’ retained knowledge improved or diminished
over the course of their educational process. Surveying for
the retention of knowledge in either the first two weeks or
the last two weeks of the students’ core didactic course pro-
vided additional inconsistency to the methodology. Initial
changes may not have been represented as students did not
have any additional nursing background in the application
with their knowledge. Retention was more difficult to assess
because it was not always the same exact set of students
across the years. A significant limitation was the scantrons

that participants used for the survey had to be hand-graded by
the RA as the SON scantron machine was non-functioning.
Genomic subject mapping interspersed through the curricu-
lum has not been conducted at this SON. Therefore, future
studies would be reinforced by connecting concepts threaded
through the curriculum. Though this study is based on self-
reported findings, relevance to students’ knowledge base
remains inconsistent related to perceived versus actual ge-
netics knowledge.[1] Future research would be to follow this
study with focus groups of semi-structured interviews to also
obtain rich data on the student nurses opinions. The study’s
findings and discussion should be considered within these
restraints.

5. CONCLUSION
The genomic era impacts nursing education and practice in
a multitude of ways. The nursing profession must meet the
challenge to prepare future practitioners by incorporating
genomic content continuously through-out the curricula and
clinical experiences. With the advancements occurring in
genomic heath care, genetics is becoming more important in
understanding individuals’ risks and best treatment options
for different conditions. All healthcare professionals need to
become more proficient in their knowledge of genetics.[34]

Nursing as a whole must assume a proactive role in reinforc-
ing this complex content to meet the multifaceted demands
of personalized precision patient care.
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