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Increasing Genomic Literacy among Adolescents

Abstract
Purpose: Adolescents increasingly need to be ‘genomics literate,’ and may engage more
with video educational formats than traditional written formats. We conducted a pilot
study to assess and compare the impact of 2 modes of education about genome
sequencing (GS) on adolescents’ genomic knowledge and genomic-related decisions.
Methods: Using an online survey, 43 adolescents ages 14-17 years were randomly
assigned to watch a video or read a pamphlet about GS. Measures included pre- and postintervention assessment of genomic knowledge, perceived utility of these materials for
decisions about participating in genetic research, interest in receiving GS results, and
overall satisfaction with these materials. Analyses described results for all participants
and compared results between intervention groups.
Results: Self-reported genomic knowledge increased overall (p<0.001). Post-intervention
knowledge about GS limitations was higher among video-group than pamphlet-group
participants (p=0.038). More video-group than pamphlet-group participants expressed
satisfaction with the material’s understandability (45% vs. 29%) and suitability (91% vs.
76%). Interest in receiving personal GS results was significantly associated with being
female (p=0.01) and younger (14-15yrs vs. 16-17yrs) (p=0.002).
Conclusion: A video format may be preferable for increasing genomic literacy among
adolescents. Further research with adolescents is needed to better understand how gender
may impact genomic decisions and preferences.
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Introduction
Genomic literacy among children and young people, especially adolescents, is of
increasing importance. The ever-expanding prevalence of genetics in everyday life
includes: ancestry testing; the increasing number of clinical genetic tests; the rise of
research endeavors that utilize genome and exome sequencing, enroll pediatric
participants, and offer families genetic results; and the professional opportunities in
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genomics that increasingly are available for adolescents as they train to enter the
workforce (e.g., bioinformatics, genetic counseling). All of these point to the need to
develop genomic educational material for adolescents. Such educational material can
help adolescents to think about whether to participate in genomic research; to understand
the risks and benefits involved in such participation, including return of genetic results;1
to improve their knowledge of the limitations of genetic testing or sequencing and the
ability to predict disease risk; and to begin forming their attitudes and beliefs about
genomic medicine and research. Such genomic knowledge among adolescents also may
be helpful as adolescents support older family members who may not understand
genomic information and seek their opinions.
However, current genomic educational resources and curricula in high schools fail
to address this need adequately.2 Studies indicate that high school biology textbooks are
deficient in their explanations of key issues, such as gene-environment interactions,3 and
that only 28% of high school students taking the ACT receive a score indicating college
readiness for biology, including key concepts in evolution and genetics.4 A study of 1600
teachers (including 1471 from the US; ~65% of them high school teachers) further found
that although most of them taught life science courses, only 25% reported teaching
contemporary topics in genomics, such as genomic DNA sequencing, and many (~45%)
felt that they lacked the expertise and teaching resources to do so.2 A study that assessed
the quality of genetics education in the US for grades 9-12 concluded that the average
standard was poor, with more than 85% of states receiving overall scores of Inadequate.5
Following the 19 benchmark concepts of the American Society of Human Genetics, the
study found that only 5 core concepts, relating to the biological nature of DNA, single-
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gene Mendelian pattern of transmission, and evolution, were adequately addressed in
high school curricula. The other 14 core concepts about polygenic patterns of inheritance,
gene expression and regulation, and genetic variation were found to be either absent or
inadequately addressed. These deficiencies are significant because adolescents may not
learn about key concepts that not only reflect contemporary genomic knowledge
practically impact their health and life-planning decisions.
Closing these educational gaps is difficult, given that state-mandated curricula do
not include many contemporary genomics concepts,2 but it can be facilitated by
developing educational materials that can be widely and freely disseminated that high
school students can explore independently or that teachers can easily incorporate into
classrooms discussions. However, there is little research on which format for presenting
genomic information is most effective in educating adolescents. A common presumption
in science education is that visualizations can help clarify abstract or complex concepts
and that the use of non-written alternate modalities can better engage students and
improve their understanding of the material.6 The scalability of videos makes them
particularly attractive due to their potential for rapid and extensive dissemination. These
presumptions may be more relevant for adolescents, who regularly use the Internet, social
media, and apps and who frequently have smart phones. However, the effectiveness of
educational videos about genomics that are publicly available on the Internet is largely
unknown.
One exception is a study7 in which an animated educational video was developed
and compared to an information pamphlet about GS in an experimental online survey of
adults (>18 years old) assessing their comparable accessibility and effectiveness. The
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study found significant differences in knowledge between the video- and no-information
groups, and importantly, the video was more accessible and effective than written
information for people across educational, racial, and ethnic backgrounds. The study also
found that video-group participants demonstrated a significant increase from preintervention to post-intervention in knowledge of lifestyle genomics (i.e., how a person’s
health habits, such as diet and exercise, can affect genetic dispositions to diseases) and of
the benefits—but not limitations—of GS. However, it is unknown whether the video
would yield similar results among adolescents.
In the present paper, we report on findings from a pilot study that was conducted
with adolescents (ages 14-17). The study aimed to assess and compare the impact of 2
modes of education about GS (a video versus a pamphlet) on adolescents’ genomic
knowledge, perceived utility of these materials for decisions to participate in genetic
research, interest in receiving personal GS results, and overall satisfaction with these
approaches. Our study did not include a group that received no education because of the
evidence reviewed above about the deficiencies in genetic education in high schools,2 and
it would have been hard (and possibly discouraging) for the participants to answer the
subsequent questions about GS without being provided with information about it.8

Materials and Methods
Participants
An anonymous, approximately 20-minute, online survey was administered to 43
adolescents aged 14 to 17. Participants were recruited by Touchstone Research Inc.
(TSR), a professional research firm that has assembled an online, double opt-in, Internet-
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based Kids and Family panel (http://touchstoneresearch.com/youth-families/). Both
parental consent and adolescents’ assent were obtained after they were provided with
information about the study, including a simple-language explanation of key genetic
terms (‘genetics,’ ‘genetic testing,’ and ‘genomic research’). Parents were asked to
indicate their demographic information (age, sex, race/ethnicity, education, employment,
household income) and their child’s sex and age.

Study design
The survey began with a baseline assessment of participants’ genomic knowledge.
Participants were then randomly assigned to one of two modes of education about GS
(video or pamphlet; see further information below) and invited to answer further
questions after confirming that they had watched/read the material. TSR administered the
survey and offered participants the equivalent of $10 for their participation. The IRB at
the New York State Psychiatric Institute approved the study.
The educational material that participants received was either the 11-minute
animated video “Whole Genome Sequencing and You”
(https://www.youtube.com/watch?v=IXamRS85hXU) or a revised, child-friendly version
of an informational pamphlet, both developed in previous research.7 To ensure that the
study was adolescent-friendly, the reading levels of the invitation letter, survey, and
informational pamphlet were assessed using Word’s Flesch Kincaid Grade Level test, and
adjusted to accommodate 7-8th graders (adolescents 13-14 years old). The revised
pamphlet comprised 1,063 words and was estimated to require 6-8 minutes to read (see
Appendix A). Additionally, three educators with substantial experience in teaching
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adolescents ages 14-17 reviewed the material and provided feedback on the content and
its understandability.

Measures
The survey included the questions and measures used by Sanderson et al.’s 2015 study to
evaluate participants’ pre- and post-intervention genomic knowledge, perceived utility of
the material, interest in participating in genetic research and receiving results, and overall
satisfaction with their respective educational material.9
Knowledge. The survey included measures to assess self-rated and objective knowledge.
Self-rated knowledge was assessed using seven key terms: whole genome sequencing
(WGS), genome, gene, DNA, chromosome, pharmacogenetics, and DNA variant of
unknown significance (for each term, participants marked whether they “know the
meaning of,” “are aware of,” or “never heard of” the term).10 Summary of scores pre- and
post-intervention were coded, with lower score indicating more knowledge.
Objective knowledge was assessed using 11 items: 5 statements about benefits of
sequencing (e.g., “Genome sequencing may give a person information about their
chances of developing several different diseases”), 5 about limitations of sequencing (e.g.
“Once a variant in a gene that affects a person’s risk of a disease is found, that disease
can always be prevented or cured”), and one item on “lifestyle genomics” (“A person
health’s health habits, such as diet and exercise, can affect whether or not their genes
cause diseases”).11 The response options for each statement were on a 1-5 Likert scale
(1=“strongly agree” and 5=“strongly disagree”), and were recoded in the analysis into 3
groups: for each true statement, “strongly agree” was coded as 2, “somewhat agree” was
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coded as 1, and the other three possible responses were coded as 0. False statements were
reversed coded and then grouped into the same categories. Summary of mean scores preand post-intervention were coded, with lesser scores indicating more accurate answers.
The item on “lifestyle genomics” was recoded, with 5 corresponding to high knowledge,
and 1 low knowledge.
Perceived utility of the information to support decision-making about participating in GS
research was assessed using 1 item (“Would you have found this (video/educational
material) helpful if you were deciding whether to participate in a study utilizing
WGS?”).12 Participants were also asked “Would you want to participate in this genetic
research study?” and “Would you want to receive your personal WGS results?”13 The
response options for both questions were on a 1-4 Likert scale (1=“no, definitely not” and
4=“yes, definitely yes”; the question on receiving personal results also included 5=”don’t
know” and 6=”it would depend.”)
Satisfaction. Participants’ satisfaction with the video or pamphlet was assessed using 2
questions about the amount and understandability of the material and the mean score of 7
items about the material’s design and organization that comprised an “individual
satisfaction scale” (1-5 scale; 1 = very satisfied/strongly agree, 5 = very
dissatisfied/strongly disagree).14 Cronbach’s  was 0.73, indicating acceptable reliability.
Statistical analyses
Study data were analyzed using IBM Statistics SPSS 24.0. Descriptive statistics were
used for demographic characteristics. Paired sample t-test was used to assess the
differences between means of single pre- and post-questionnaires. Reliability of variables
combined to create the satisfaction scale score was tested with Cronbach’s . The
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differences pre- and post-interventions were tested with non-parametric statistics
(Kolmogorov-Smirnoff tests). Between-group differences were compared with Pearson
2 tests. Generalized linear models (GLM) were used to test the impact of demographic
characteristics on outcome variables. Repeated Measures of ANOVA was used to test
pre- and post-intervention self-rated knowledge differences between intervention groups
and among age groups. All tests are two-sided and a p-value <0.05 was considered
significant.

Results
Demographic characteristics. 43 adolescents ages 14-17 completed the survey, of whom
22 (51.2%) were female; mean age was 15.3 years (sd=1.16). 12 participants identified as
Hispanic, 33 as White, 7 as African American, 3 as Asian, 2 as American Indian or
Alaska Native, and 1 as Native Hawaiian or other Pacific islander (these numbers include
3 participants who self-identified with more than one race). 46.5% had a household
annual income < $74,999 (as per the 2016 census, the mean income in the US is $73,298)
(Table 1). 22 participants viewed the video and 21 read the pamphlet.

Knowledge. Post-intervention, the portion of participants responding that they “never
heard of the term” was reduced for WGS, genome, pharmacogenomics and DNA variant
of unknown significance. The increase in self-rated knowledge was observable especially
for the latter 2 terms: 11/20 (55%) and 9/23 (39%) of participants changed their response
from “never heard of the terms” pre-intervention to “know the meaning of the term” postintervention. However, there were no differences by video and pamphlet groups. In
addition, no changes were found in self-rated knowledge of the other terms (participants
9

already knew the meaning or heard of the terms gene and DNA before the intervention
and only 2 participants responded that they never heard of the term chromosome).
Overall self-rated knowledge increased from 11.54 (SD=5.05) pre-intervention to 16.25
(SD=5.03) post-intervention (t=5.06, df=38, p<0.001). However, no differences were
found across age groups (F=1.556, df=3, p=0.217), or when adjusting for intervention
groups (F=1.703, df=3, p=0.217).
Overall objective knowledge (including benefits, limitations, and lifestyle) also increased
in the overall sample from 11.7 (SD=5.52) pre-intervention to 14.7 (SD=4.62) postintervention. Again, there was no difference detected pre- and post-intervention between
the video and pamphlet groups (p=0.895) (Table 2) or when adjusting for age groups
(F=0.574, df=3, p=0.636). However, post-intervention knowledge about limitations of
genomic sequencing was significantly higher among video-group than pamphlet-group
participants (p=0.038) (Figures 1-3).

Perceived utility. Almost all of the participants in both the video and pamphlet groups
reported that the educational material they received would be helpful if they were
deciding whether to participate in a GS study (20 participants from each intervention
group responded “yes”). There was no difference between the two intervention groups
(2=0.46, df=1, p=0.58).

Research participation and return of results. The majority of participants expressed
interest in participating in genetic research and receiving personal GS results. Overall,
77% of participants answered “yes, definitely” or “yes, probably” to research
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participation, and 88% responded “yes, definitely” or “yes, probably” to receiving results.
These differences in interest in participating in genetic research and the decision whether
to receive GS results were not statistically significant by intervention group (respectively,
Pearson χ2=3.795, p=0.285, df=3; Pearson χ2=5.125, df=3, p = 0.163). However,
adolescent females were more likely than males to express interest in receiving results
(p=0.004).
To further explore whether participants’ interest in receiving personal results from
genetic research was influenced by demographic factors, responses regarding such
interest were dichotomized into “yes, definitely” and “yes, probably” vs. “undecided/
“don’t know” responses (no participant responded “no, definitely not” or “no, probably
not”). Interest in receiving results was significantly associated with participant’s age
(p=0.02) and sex (p=0.01). Younger females (14 to 15 years-old) expressed greater
preferences to receive results.

Satisfaction. Overall satisfaction with the educational materials was high. The mean
satisfaction scale score was 1.45 (SD=0.49) for the video group and 1.51 (SD=0.34) for
the pamphlet group (possible range of 1 to 5, where lower scores represent higher
satisfaction). There was no statistically significant difference in the satisfaction scores
between the video- and pamphlet-groups (Z=0.87, df=41, p=0.43). However, 45% of the
video group said their educational material was “very easy” to understand compared to
29% of the pamphlet-group participants (χ2=3.02, df=2, p=0.22) and 91% of the video
group said they found the amount of information in the educational material to be “the
right amount” compared to 76% of the pamphlet-group participants (χ2=2.09, df=2,
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p=0.35).

Discussion
In this pilot study, we explored how adolescents responded to GS educational material
that had previously been shown to improve adults’ understanding of GS significantly.
We explored whether the materials would have a similar impact among adolescents, and
also whether the animated video was preferable to an adolescent-friendly written
pamphlet in terms of adolescents’ satisfaction with the material and its usefulness in
improving their genomic knowledge. Since our sample size was limited, our findings are
preliminary. Nonetheless, they provide initial insight into adolescents’ views on genomic
research, return of genomic results, and preferred formats for learning about genomics
among this understudied but important population.
We found that, similar to the previous research with adults7, adolescent
participants’ self-rated and objective genomic knowledge significantly increased
following both educational interventions, though, unlike in the study by Sanderson et al.,
the video format was more effective than the pamphlet in increasing knowledge of the
limitations of sequencing. The increase in self-rated knowledge was especially notable
for key GS-relevant terms that many participants had not heard of before the intervention
(e.g., WGS). This finding corresponds with the results of studies about the genomic
educational gap among high school students and is reassuring about the prospect of
increasing genomic literacy among adolescents. It is further interesting that while no
differences in objective genomic knowledge were found across adolescent age groups,
the adolescents in our study appeared to have higher objective genomic knowledge than
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adults in previous research. For example, in a previous study3, adults’ mean baseline
knowledge scores about the benefits of GS were 3.28, 3.55 and 3.71 in each of three
experimental groups, whereas in the present study adolescents’ mean baseline scores on
the same scale were 4.3 and 5.7 in the two experimental groups. Although this difference
could be due to other unmeasured differences between the two studies, it is consistent
with previous data that adolescents’ knowledge of genetics is at least as good as adults’,15
and perhaps reflects increasing genetics and genomics education in schools.2 Future
research would benefit from further exploring the differences between adolescents and
adults’ understanding about GS, as this might inform age-stratified educational strategies.
Although participants’ satisfaction and perceived utility were high for both
educational formats, our results support previous findings with adults that the video was
more accessible and easier to understand than the pamphlet.7 Additionally, our study
found that adolescents who were exposed to GS educational material expressed strong
interest both in participation in genetic research and in receiving research results. We
also found that age and gender were significantly associated with interest in receiving
genomic results, with younger, female adolescents expressing the most interest.
Our findings have potentially important—albeit preliminary—implications for
efforts to increase genomic literacy among adolescents. The increased genomic
knowledge post-intervention highlights the usefulness of easy-to-understand GS
educational material for improving genomic literacy. Although both educational formats
achieved this goal, participants’ higher satisfaction with the video suggests that a
dynamic medium may be a preferable way to convey genomic messages to adolescents.
The association between participants’ gender and their interest in receiving
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personalized genomic results further raises important issues for consideration. This
finding is consistent with—and expands on—results from studies on single-gene testing,
suggesting that women are more likely to undergo predictive genetic testing16, 17 and that
15-17 year-old females are significantly more willing than males to be tested for TaySachs and hypercholesterolemia.18 Although our sample-size precludes definitive
conclusions, this finding on gender differences suggests that the genderization of
genomic knowledge may develop by adolescence. That is, women’s sense that they carry
the lion’s share of genomic responsibility for themselves, their offspring, and their
extended family members, as expressed, e.g., by willingness to make behavioral changes,
such as changing diet and increasing physical activity, and to have more regular medical
monitoring in response to genetic information,16, 19 may already be in place by that age.
This may be because of greater curiosity or because genetic testing for familial breast
cancer and carrier screening more generally has traditionally been more available to
women. Further research is needed to understand the scope, reasons, and implications of
this early onset of gendered genomic responsibility.
This pilot study has limitations, primarily the small sample size, which precludes
more nuanced data analyses. Additionally, given the hypothetical nature of the survey, it
is impossible to know whether adolescents’ interest will translate into actual enrollment
in genomic studies and increased uptake of results. A pilot program in Australia that
offered high school students genetic susceptibility testing for hereditary
hemochromatosis, an adult-onset, treatable and preventable disorder that causes the body
to absorb too much iron from the diet, showed high interest and uptake: a total of 5,757
students were subsequently tested for this condition.20 However, the uptake may be lower
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if testing is offered to individuals, rather than as a public health screening program,
especially in the U.S., where there is no national healthcare system and there is fear about
insurability given genetic findings.21 As studies with adults indicate, there is often a gap
between participants’ theoretical interest in undergoing predictive genetic testing and the
actualization of such interest, that is, between intention and behavior.17, 22, 23
Nonetheless, our findings suggest that adolescents’ genomic literacy can increase
when provided with adolescent-friendly educational material about GS, and that
adolescents from the general public (rather than or in addition to the conventional focus
on pediatric patients24) are capable of learning about genomic information. Moreover,
our findings—and limitations—highlight the need for further exploration of adolescents’
views on genomic testing and research. Indeed, the rise of genomic research, including
the All of Us Research Program that plans to enroll children of all ages, will likely make
scenarios such as those described in our survey a reality for many adolescents. Better
understanding of adolescents’ perspectives about genomic research will help in
developing tailored policies and improving translational efforts as this population
transitions into genomic citizens.
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