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24 Abstract

25 This paper presents the design, development, and validation of a study among secondary 

26 school students’ participation in a novel course on genomic principles and practices by analyzing 

27 and documenting evidence of their participation, and educational outcomes, in a novel course on 

28 genomic principles and practices. A mixed methods approach, using qualitative and quantitative 

29 methods, was used to address three research questions. 1) Based on affective evidence, how did 

30 secondary school students perceive and critically judge, content topics learned in a course on 

31 modern genomic principles and practices? 2) Based on cognitive evidence, how much of the 

32 content did secondary school students learn when they participated in a course on modern 

33 genomic principles and practices? 3) Using individual interview evidence, what are the major 

34 perceptions that the secondary school students expressed throughout the duration of the course? 

35 The participants were provided an opportunity to comment on the course through individual and 

36 collaborative interviews, in order to find out to what extent they perceived the course to be 

37 interesting and challenging. Future inquiry expanding from this research would help to establish 

38 the foundational pathway for designing a more inclusive genomics curriculum. In conclusion, the 

39 course offered real-life/real-world applications that encourage all students to conceptualize 

40 genomics, human health, diseases, medicine, ethics, beliefs, research, and careers.

41 Introduction

42 Genomics is without a doubt one of the most groundbreaking scientific advances of the 

43 millennium, and scientists and science educators have endeavored to increase genomic education 

44 and awareness by highlighting a myriad of advancements in genomics, human health, and STEM 

45 [1-3]. Moreover, genomic education, has the potential to impact students and society 
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46 exponentially. While concern about the state of science education and STEM education in 

47 America has been well documented [4], genomic education in the U.S. is unfortunately 

48 inadequate, in both quantity and quality [5-7]. 

49 The emergence of genomic research in the twentieth century has had a long and storied 

50 history of visionary research ideals in controversy on its merits and implications. In the early 

51 1980s Renato Dulbecco was one of the first pioneers who researched the Human Genome Project 

52 (HGP) and supported the sequencing of human genomes to better understand cancer [8]. During 

53 that time (mid 1980s) the majority of biologists did not support the HGP, declaring that it was 

54 “bad science” and it was an arduous task that should be researched independently as opposed to 

55 collaboratively [8]. Many scientists also believed that the resources allocated towards the HGP 

56 would not justify the means [8-10]. One of the main objectives of the HGP has been, and 

57 continues to be, the generation of large, publicly available, comprehensive sets of reagents and 

58 data (scientific resources or ‘infrastructure’) that, along with other new, powerful technologies, 

59 comprise a toolkit for genomics-based research [11]. In fact, governmental agencies are 

60 consistently interconnecting and expanding their research in order to implement genomics into 

61 the public eye and mainstream media. These agencies include, but are not limited to, the 

62 following: Center for disease Control (CDC), Department of Energy's (DOE), National Human 

63 Genome Research Institute (NHGRI), National Center for Biotechnology Information (NCBI) 

64 and Food and Drug Administration (FDA); and educational institutions. The future of genomics 

65 rests in the hands of our students; and the need to further establish genomics in high school 

66 curricula for the purpose of educating our future scientists is boundless [11-12].
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67 Genomics is generally referred to as the study of the content, structure, organization, and 

68 functioning of an organisms’ genome. It is also concerned with the material contained in the 

69 genome that composes an organism and the analysis of multiple genes that interact with each 

70 other. However, genetics refers to the study of a singular gene of an organism. For over twenty 

71 years genomics has permeated many fields of science, and being that it is a relatively new and 

72 emerging field, it is an ideal discipline for designing and implementing it into an existing or new 

73 science curriculum. Genomics, specifically, is a progressively emerging field throughout almost 

74 every domain in science. The development of innovative technologies and analytic tools 

75 associated with genomics has improved many aspects of human condition and has changed the 

76 way that science research is being conducted today. This includes, but is not limited to, 

77 medicine, inheritance, pharmacology, diseases, forensics, reproduction, agriculture, and 

78 evolution. 

79 These areas of research have, in turn, influenced ethical and social concerns, and 

80 stimulated the development of privacy laws and policies. There is overwhelming research 

81 supporting genomics education and how it is progressively expanding in the 21st century from a 

82 hands-on laboratory-based science (e.g., micropipetting and sample preparation) to a cutting-

83 edge computerized database (e.g., GENBANK, BLAST (Basic Local Alignment Search Tool), 

84 Medline) [13-15].

85 Over the last twenty years it has become increasingly common to read and watch news 

86 that is associated with genomic topics; and this requires society to be updated with scientific 

87 understandings and familiarity with modern principles, practices, and terminology in the field 

88 [16]. However, it should be noted that quite often, popular entertainment and mainstream media 
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89 quite often mendaciously perpetuate incorrect genetic and genomic terminology to misinform the 

90 general public [17].

91 While acknowledging these advancements and benefits that genomics has on society 

92 [11,15] there is very little attention to implementing genomics at the secondary school level [14, 

93 37] level despite the overwhelming educational and career benefits. One of the current problems 

94 across the nation as it relates to science education is the lack of implementation and integration 

95 of modern biological principles, specifically genomics, into the secondary school curriculum. 

96 Secondary school students will be both the users and researchers of genomic information for the  

97 future, providing that secondary school educators have information and materials about 

98 genomics and its implications for society, to use in their classrooms [11]. 

99 There have been national efforts from organizations such as the National Institute of 

100 Health (NIH), the American Society of Human Genetics (ASHG), NHGRI, Howard Hughes 

101 Medical Institute (HHMI), the Jackson Laboratory (JAX), and Cold Spring Harbor Labs/DNA 

102 Learning Center (CSHL/DNALC) to improve genomic and science education and genomic and 

103 scientific literacy at the secondary school level. The level of science literacy of students in the 

104 United States, for instance, has been a source of concern to policymakers, educators, and citizens 

105 over the past decades, resulting in repeated calls and proposed strategies for raising students’ 

106 science proficiency [16]. Moreover, the physical resources are readily available and affordable 

107 for teachers and schools to adopt, and promote educationally, for student access, exposure, and 

108 learning. Modern biological and genomic topics such as: pharmacogenomics, genetically 

109 modified organisms (GMOs), Genome-Wide Association Studies (GWAS), epigenomics, 

110 genome sequencing, and genome editing are easily accessible via genomic educational resources 

111 and interactive websites (S1Fig). 
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112 Historically, genetics has been minimally taught at the middle school level, or taught as 

113 part of a biological unit at the secondary school level [18] and more typically taught in depth and 

114 as an elective course at the college level. The biology units usually encompass cells, 

115 chromosomes, genes, and alleles, dominant and recessive factors, genetic probability, 

116 independent assortment, gene segregation, and monogenetic diseases. Currently, on a smaller 

117 scale, some universities and institutions have developed a genomics curriculum and has been 

118 implemented to doctoral students, biology majors, pre-and- post-medical students, physicians, 

119 nurses, and pharmacists [19-20]. The advancement in many aspects of genomic education has 

120 personalized, and continues to personalize, genomic principles and practices to provide a 

121 practical learning opportunity for students to not just discuss genomics in abstract, but to engage 

122 in a more active and relevant way that makes it personal for them [21].

123 These findings provide evidence involving an educational gap that currently exists in 

124 genomic education at the secondary school level, which, has been identified and acknowledged 

125 by personal interviews conducted with numerous scientists at the American Museum of Natural 

126 History (AMNH), the Jackson Laboratory, and NIH; and science educators at ASHG and 

127 Teachers College, Columbia University. Acquiring adequate genomic science education in K-12 

128 is needed as a means to increase long-term genomic health literacy in our society [17].

129 Successful dissemination, understanding, adoption and adherence to genomic health 

130 recommendations will require an elevation of the genomic literacy of the public in the context of 

131 public health genomics– to promote the appropriate translation of the new science of genomics 

132 into health benefits to individuals and populations, and for evaluating the impact of genomic 

133 information on health care and disease prevention [17]. 
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134 The purpose of this research was to document and analyze evidence of secondary school 

135 students’ participation and educational outcomes in a novel STEM course on genomic principles 

136 and practices: Introduction to Genomics. One of the key guiding assumptions is by providing 

137 access and exposure to learning genomics the participants’ level of content knowledge will 

138 increase in the fields of genomics, modern biology, human health, and STEM; and the 

139 expectation is that they will be better prepared to pursue career opportunities in genomics and/or 

140 STEM related fields. Moreover, there is a demand to facilitate a potentially transformative shift 

141 in in-school teaching practices that favors a more interdisciplinary and integrational approach to 

142 life science instruction [21].

143 Since many schools throughout the nation, especially in New York City, do not focus on 

144 genomics or genomic careers and/or STEM career services, this research will provide a personal 

145 connection for underrepresented, urban secondary school students to engage with, and develop a 

146 better understanding of, genomic principles and practices in a way that will more fully acclimate 

147 them toward these fields and encourage them to pursue the education necessary to participate in 

148 those careers. An essential question that was addressed in this research was: What is a 

149 progressive method to teach genomics while enhancing a better understanding of biology for 

150 secondary school students? 

151 Given the novelty of this course, there was limited prior published research or 

152 information on how learning the principles and practices of genomics impacts secondary school 

153 students learning, whether its use in a STEM course enhances education. Thus, much of the 

154 theory and curriculum design was guided by more general learning theory and best classroom 

155 practices combined with judicious selection of genomic principles and practices that most likely 

156 would address secondary school students’ interest, given the best evidence to date. Therefore, I 
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157 used a survey instrument that was administered before and after the course to examine 

158 relationships between the use of Likert scale items and student knowledge and attitudes 

159 pertaining to genomics. Based on previous research of genomics education in secondary school 

160 settings [13, 22-24] this research aims to address the needs of secondary school biology students 

161 to make their biological education better grounded in, and informed by, modern advances in 

162 genomics; including relationships to human health principles and practices and career awareness 

163 in genomics and STEM. The goal is to document and analyze how the participants’ engaged with 

164 and learned genomic principles and practices, and how to establish future research that will 

165 address the merits of learning genomics; and thus, promote a better understanding of biology, 

166 STEM, and human health, more broadly. 

167 Materials and methods

168 The research has been approved by the Institutional Review Board (IRB) of Teachers 

169 College Columbia University. All of the 25 participants agreed to participate in the course, and 

170 the relevant data-gathering methods as part of the course development and documentation in 

171 accordance with the rules of the college where the course was held. Teachers College Columbia 

172 University approved this previously gathered data as archival evidence to be used in this thesis 

173 research (Subject: IRB Approval: 20-169 Protocol Date: 01/10/2020). The students who 

174 participated were assigned a number to maintain anonymity, and all information was secured in a 

175 locked location to prevent possible dissemination that might lead to identification of the school 

176 where the study was done and any of the participants. 

177 Data was gathered by the following means as explained more fully in the following 

178 subsections: a) Likert survey of attitudes and critical judgment regarding topics related to 

179 genomics, b) Learning outcomes assessment, and c) and interview evidence.
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180 Participants and research settings

181 This research was conducted at a public four-year college in New York City, New York. A 

182 sample of 25 secondary school students participated in the research, all of which are currently 

183 attending various secondary schools throughout New York City, New York. All of the 25 

184 participants were in the age range from 13-15 years (mean = 14, s.d. = 0.93) of age and were 

185 enrolled in a free learning opportunity that included this genomic course. It was not evaluated 

186 with a grade, nor is it included as part of their formal secondary school required education. 

187 Multiple STEM courses are offered including chemistry, anatomy and physiology, and advanced

188 mathematics. The demographics collected from ninth- and tenth-grade participants included 

189 gender and age.

190 Description of the genomics course: Introduction to genomics  

191 The objective of the course was to develop and design a curriculum that utilizes student-

192 centered, computer-based learning, and other resources from informal learning at AMNH while 

193 developing the students’ content knowledge of genomics, biology, human health, STEM, and 

194 interdisciplinary skills and strategies. This is an appropriate approach for integrating genomics 

195 into the majority of general biology curricula [25], because, this is one of the gaps in current 

196 biology curricula [15] offered in the majority of secondary school classrooms across the United 

197 States. Throughout the course participants had multiple opportunities to independently and 

198 collaboratively learn the principles, practices, and scientific evidence-based aspects, of genomic 

199 diseases, including working with “big data” using bioinformatics databases. 
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200 The development of novel bioinformatics approaches, we have gained a deeper 

201 understanding of the microbiome and its impact on health and disease in disorders of the 

202 skin (psoriasis, acne), the gut (Crohn’s, colon cancer, colitis), the vaginal tract, and the 

203 oral cavity (caries) [26]. 

204 In addition to becoming more fully informed about genomics, the participants will better 

205 understand the nature of science, science investigation, and authentic interdisciplinary learning, 

206 and become familiar with the ethical, legal, and social implications (ELSI) associated with 

207 genomics. Each of the lessons were developed on vetted design principles of: a) They have clear 

208 pedagogical objectives; b) They are integrated with lessons taught in the lecture; c) They are 

209 designed to integrate the learning of science content with learning about the process of science; 

210 and d) They require student reflection and discussion [19].

211 The Introduction to Genomics course was developed through insights gained from prior 

212 experiences teaching genomic and STEM courses, collaboration with the Sackler Institute for 

213 Comparative Genomics at AMNH, and professional development at the Jackson Laboratory. 

214 Student professional development and informal learning at AMNH has shown to be effective in 

215 stimulating secondary school science learning, interests, and career development in genomics

216 and STEM [27, 24]. One of the main goals was to have the participants engage in lifelong 

217 learning of genomics education, conceptualize biological processes, collaborate with developing 

218 solutions, and acquire new vocabulary terms from the course that they generally would not have 

219 learned in their current secondary school science class. Putting these factors into place would 

220 highly support the process of lifelong learning of genomics, biological, and human health 

221 concepts. To further test the validity as to why this content is practical, meaningful, 

222 interdisciplinary, and applicable to areas of their lives the participants were introduced to 
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223 relevant websites (S1 Fig). These websites further enhanced their conceptions of genomics as 

224 well as addressing the key points mentioned throughout the genomics course. Based on previous 

225 observations of Internet use and searches among primary and secondary school students and 

226 science teachers, it is essential for the participants to become familiar with reputable websites 

227 that are recognized throughout the scientific community. Previous research with cyberlearning 

228 has demonstrated that educational computer-based technology has improved students develop a 

229 rich comprehension of learning genetics [30]. 

230 Utilizing a number of CBL pedagogical skills [31] I focused on the essential 

231 terms/vocabulary, genomic concepts and processes to represent clear principles instead of rote 

232 facts and details by removing certain terms related to cellular organelles with the exception of 

233 the nucleus. Some of the cellular organelles were removed because, although it is essential to 

234 learn the cellular organelles to better understand molecular biology, it was more important for 

235 students to become familiar with scientific concepts that they have not accustomed to learning.

236 Pedagogy  

237 The Biological Sciences Curriculum Study (BSCS) 5E model engage, explore, explain, 

238 elaborate, and evaluate provided an effective alternative to traditional and/or autocratic pedagogy 

239 [28-29], which tends to focus mainly on one type of activity, processing symbolic information 

240 [32]. Using the BSCS approach, the participants were encouraged to use their prior knowledge to 

241 engage interest in genomics and related subjects and begin to explore, how these topics occur in 

242 the natural world. After acquiring an understanding of genomics, they explain the particular 

243 phenomenon they learned and elaborate their understanding through new experiences. Lastly, 

244 students evaluate their comprehension and apply it to real-life situations.

245
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246 Course structure and design

247 Each class began with an essential question of the day that was intended to elicit a 

248 response from the participants and orient them to the topics for the class session. Answers were 

249 listed on the board and briefly elaborated on. Examples include, How has DNA technology 

250 impacted law enforcement?; Is it ethical for major sport organizations to sequence an athlete’s 

251 genome?; What are three examples of a genetic disease? This was followed by a brief lecture 

252 pertaining to the topic of discussion. This included listing genomic terminology, elaborating on 

253 biological or scientific processes, or links to society and real-world applications. 

254  To ensure that the course, which was the focus of the research, was best designed for the 

255 participants, I used prior genomic resources, curriculum, lesson, pedagogical skills and 

256 strategies, and student feedback from a similar genomic course that was taught on three separate 

257 occasions. The major difference between the current research and the previous courses taught 

258 was, the use of a Likert-scale and in-depth student interviews. The genomics course was taught 

259 three times previously before this study was undertaken. However, at that time, none of the 

260 relevant evidence from the participants responses to the research instruments was gathered. This 

261 prior experience was valuable in designing the course and methodology used in this research 

262 study.

263 During the first session of the course (Day 1) a general questionnaire was administered 

264 consisting of background information and prior experience in learning about topics pertaining to 

265 genomics and genetics. In addition, a Likert pre-survey was administered to document the 

266 participants percepts of ethical, legal, and social topics related to genomics, biology, and human 

267 health; and beliefs and attitudes associated with genomics in general and more specifically about 

268 its use in scientific research (S2 Fig). Day 1 also focused on measuring the initial status of the 
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269 students’ knowledge by administering a 25-multiple-choice content achievement test. (S3 Fig), it 

270 was constructed to measure the level of prior content knowledge in genomics, biology, and 

271 human health concepts. It also provided some background information on the students’ prior 

272 knowledge [33] to help guide the more student-centered approach used in the learning 

273 experiences. Data gathered from the three replications of the course were compiled into one 

274 composite set of results and used to address the research questions posed in this study. 

275 Likert survey evidence

276 A Likert survey with 15 items, and five options per item (S2 Fig), was designed to tap 

277 some of the critical judgmental, affective, and emotive orientations of the students who 

278 participated in the course. The survey consisted of three sections designed to assess the following 

279 dimensions: a) opinions about learning modern genomic and genetic principles, b) ethical 

280 choices associated with genomics, and c) beliefs and attitudes associated with genomics. The 

281 differences in the post-survey responses compared to those in the pre-survey responses provided 

282 evidence of changes in these ‘affective dimensions.’

283 Learning outcomes assessment

284 The pre-and-post content achievement test (S3 Fig) consisted of 25 multiple-choice 

285 questions of the following topics: Five of the questions (Questions 1-5) addressed basic concepts 

286 of genetics [cellular components and processes, chromosome structure and function, 

287 inheritance], twenty of the questions (Questions 6-25) addressed genomic principles and 

288 practices (analyzing DNA, bioinformatics, HGP, Human Microbiome (HMB), and ELSI). The 

289 purpose of administering the pre-test was to gather evidence of the participants’ prior content 

290 knowledge pertaining to modern biological, genomics, human health, and ELSI principles as a 

291 baseline for comparison with any achievement gains as assessed by the post-test; and to help set 
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292 the breadth and depth of content that was introduced during the duration of the course. The 

293 difference in the means of the pre-test and post-test scores was used to assess student 

294 achievement in the course.

295 Interview procedures and evidence

296 Interviews were collected to obtain qualitative evidence beyond that of the Likert 

297 surveys. Nine students volunteered to be selected to be respondents; five females and four males. 

298 The individual interview with each respondent was held at the very end of the study. The items 

299 in the Likert survey served, partially, as a guide to more fully probe students’ perceptions of the 

300 course experiences. The questions used in the interview are presented in the (Analysis of 

301 participants interviews). Conducting an interview with participants provided additional evidence 

302 of the participants’ percepts in the form of expanded (typically qualitative) narrative beyond the 

303 qualitative and semi-quantitative data. This was largely intended to provide more open-ended 

304 evidence of participants’ reporting of the learning experience and it provided an opportunity for 

305 the participants to elaborate on responses made previously to the Likert-scale survey items. Thus, 

306 the Likert-scale survey items served as a scaffolding method for the interview questions 

307 presented initially to the respondent, as a way of focusing the interview and providing a context 

308 to encourage more elaborate narrative by the respondent. The interviews were individually 

309 administered, and not audio-taped. Detailed notes were taken including verbatim quotations of 

310 the student’s narrative, where appropriate. The respondents’ narrative evidence was used to 

311 document and analyze themes that emerged based on my analytical and critical reading of each 

312 respondent’s narrative. 
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313 Data analysis and statistical methods 

314 The results of the Likert survey responses, within each if the three sections of the survey, 

315 were tabulated as frequencies for each item, and presented as a table for the pre- and post-survey 

316 results. Additionally, bar graphs were constructed using Excel as visual evidence of the change 

317 in the respondents’ responses toward a more favorable (‘Agree or Completely Agree’) position 

318 for each item. This directionality was used as a concise way of exhibiting trends in the 

319 respondent’s change in position relative to each Likert item, in addition to the more detailed 

320 evidence in the frequency tables. The scores of each student on the multiple response pre- and 

321 post-test were tabulated and the means ± standard errors (s. e.) for the pre- and post-test were 

322 reported. A paired t-test was used to assess the significance of the mean difference, because the 

323 two sets of data are not independent. A p of ≤ 0.05 was used to judge the significance of the t-test 

324 results. Evidence from the interviews was qualitative and no statistical analysis was done.

325 Results

326 Likert survey of attitudes and critical judgment regarding topics 
327 related to genomics 
328
329 The survey consisted of three sections designed to assess the following dimensions:        

330 a) opinions about learning modern genomic and genetic principles, b) ethical choices associated 

331 with genomics, and c) beliefs and attitudes associated with genomics. The results for the first 

332 research question regarding the participants’ opinions about learning modern genomic and 

333 genetic principles, ethics, and beliefs and attitudes are presented in Tables 1 to 3 and Figures 1 to 

334 3. Table 1 and Figure 1 present the pre-and post-survey results of the respondents’ opinions for 

335 the five items in Section 1 of the survey on the topic of ‘Learning modern genomic and genetic 
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336 principles.’ Results for Section 1-3 of Likert survey items are listed in the Table 1, 2, and 3; and 

337 in Figures 1, 2, and 3. 

338 Results for Section 1 of Likert survey 

339 The pre and postsurvey results for the responses to items in Section 1 of the Likert survey 

340 related to learning modern genomic and genetic principles are presented in Table 1.1 and Figure 

341 1.1.

342 Table 1. Pre-and-post-Likert survey (Section 1) results of the respondents’ opinions about 
343
344 learning modern genomic and genetic principles. 
345
346
347 Pre         Post
348
349
350 Likert Items        CD D   N   A           CA         CD       D         N           A          CA

0 
(0)   

0 
(0)   

  0
(0)   

10 
(48)

11
(52)

0 
(0)

0 
(0)

 3
(14)

8 
(38)     

10 
(48)        

0
(0)     

2 
(10)

 5
(24)

10
(48)     

4
(19)   

0 
(0)

0
(0)

 2
(10)   

6
(29)            

13
(62)

0 
(0)

0
(0)

  3 
(14)   

7 
(33)

11
(57)     

351
352 Note: Frequencies are presented in the first line and percentages are beneath each entry in 

353 parentheses.

354 Fig 1. Bar graph of the Likert scale responses for Section 1 Items 1-5. 

355

356 The percentages are shown for the total ‘Agree and Completely agree’ (A and CA) responses for 

357 the Likert scale survey (Section 1) items 1-5 (Section 1) related to opinions about learning 

358 modern genomic and genetic principles. Pre-survey (blue) and post-survey (red) results.

1-Important to 
learn 
genomics 

1 
(5)

9
(43)     

10 
(48)           

1 
(5)                

0 
(0)         

2-Improves 
Understanding

0
(0)

0
(0)     

0 
(0)  

11 
(52)

10
(48)

3-Environment
and genome

2
(10)

4 
(19)

9 
(43)     

2 
(10)

4
(19)

4-Important to
human society

0 
(0)

8 
(38)

4 
(19)           

4 
(19)           

5 
(24)   

5-Better 
Prepared

0 
(0)

7 
(33)           

4
(19)

4 
(19)

6
(29)
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359 Results for Section 2 of Likert Survey

360 The pre- and post-survey results for the responses to items in Section 2 of the Likert 

361 survey related to ethical choices associated with genomics are presented in Table 2 and Figure 2.  

362 Table 2. Pre-and-post-Likert survey (Section 2) results of the respondents’ ethical choices 

363 associated with genomics.

364
365      
366 Pre          Post
367
368 Likert Items        CD  D  N    A           CA         CD         D          N  A          CA

2 
(10)   

5 
(24)   

5
(24)   

6
(29)

3
(14)

6 
(29)

12
(57)

3
(14)

0 
(0)    

0 
(0)       

3
(14)     

5
(24)

6
(29)

6 
(29)     

1
(5)   

0 
(0)

4
(19)

6 
(29)   

8 
(38)            

3 
(14)

5 
(24)

6
(29)

5 
(24)   

3
(14)

2
(10)     

369
370 Note: Frequencies are presented in the first line and percentages are beneath each entry in 

371 parentheses.

372 Figure 2 provides visual evidence of the changes in the respondents’ percepts from the 

373 Likert pre- to post-survey for items 1 to 5 of Section 2, particularly illustrating the wide 

374 variability in the magnitude of the response change, while illustrating that most of the changes 

375 were more negative (Items 1 to  4).

376 Fig 2. Bar graph of the Likert scale responses for Section 2 Items 1-5. 

377

1-Correct
“Bad genes”

1
(5)

3
(14)     

7 
(33)           

5 
(24)                

5
(24)         

2-Alter the 
genome

3 
(14)

1
(5)     

9 
(43)  

4 
(19)

4
(19)

3-Increase 
life span

8
(38)

0 
(0)

4
(19)     

6 
(29)

3
(14)

4-Baby’s gene 2 
(10)

0
(0)

3 
(14)           

9
(43)            

7
(33)   

5-Neanderthal
             

8 
(38)

6
(29)           

3 
(14)

2
(10)

2
(10)
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378 Bar graph showing the percentages of the total ‘Agree’ and Completely agree’ (A and CA) 

379 responses for the Likert scale survey (Section 2). Items 1-5 relate to ethical choices associated 

380 with genomics. Pre-survey (blue) and post-survey (red) results. 

381 Results for Section 3 of Likert survey

382 Section 3 of the Likert survey focused more specifically on the use of genomics in 

383 research, including aspects of research data, possible medical remedial procedures, genomic 

384 diseases, and use of comprehensive data bases containing individual DNA evidence. The results 

385 of the Likert pre- and post-surveys are presented in Table 3 and Figure 3. Items 1 to 3 show 

386 varying degrees of decrease in positive percepts; while Items 4 and 5 show varied increases in 

387 positive orientation toward strongly ‘Agree.’ 

388 Table 3. Pre-and-post-Likert survey [Section 3] results of the respondents’ beliefs and 

389 attitudes associated with genomics.

390
391      

392 Pre Post
393
394
395 Likert Items   CD D N A          CA     CD      D      N        A         CA

2 
(10)   

4 
(19)   

5
(24)   

7
(33)

3
(14)

9 
(43)

7
(33)

2
(10)

  3
(14)     

0 
(0)        

7
(33)     

5 
(24)

5
(24)

4
(19)     

0
(0)   

5
(24)

7
(33)

5 
(24)   

4 
(19)            

0 
(0)

0 
(0)

0
(0)

1 
(5)   

6
(29)

14
(67)

     
396
397 Note: Frequencies are presented in the first line and percentages are beneath each entry in 

398 parentheses. 

1-Medical
Research  

0
(0)

2
(10)     

8 
(38)           

4
(19)                

7
(33)         

2-Genetic
research

3 
(14)

5
(24)     

8 
(38)  

5 
(24)

0
(0)

3-Microscopic
 

0
(0)

2 
(10)

2
(10)     

9
(43)

8
(38)

4-DNA 
database

9
(43)

9
(43)

3 
(14)           

0
(0)            

0 
(0)   

5-Polygenetic
diseases
             

3 
(14)

2
(10)           

3 
(14)

4 
(19)

9
(43)
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399 The data in Table 3 is presented visually in Figure 3, particularly focusing on the change 

400 from, pre- to post-survey for Items 1 to 5 of Section 3 in the Likert survey. The general trend 

401 toward a more favorable response to Item 5, and a decline in positive perspective for Item 3, is 

402 particularly evident.

403 Fig 3. Bar graph of the Likert scale responses for Section 3 Items 1-5. 

404

405 Bar graph showing the percentages of the total ‘Agree and Completely Agree’ (A and CA) 

406 responses for the Likert scale survey (Section 3) Items 1-5 related to ‘beliefs and attitudes 

407 associated with genomics research and applications.’ Pre-survey (blue) and post-survey [red] 

408 results.

409 Analysis of composite results for sections 1 to 3 of Likert survey

410 Overall, there was a net increase in the percentages tending toward a positive response to 

411 Items 1 to 5 in Section 1 (1.1 to 1.5, Figure 4) on ‘opinions about learning modern genomic and 

412 genetic principles’ (mean ± s.e. = 38.6 ± 17.2). For Items 1 to 5 in Section 2  (2.1 to 2.5, Figure 

413 4) on ‘ethical choices associated with genomics,’ the net change was toward more negative (-

414 14.4 ± 7.3). The response to items 1 to 5 in Section 3 (3.1 to 3.5, Figure 4) was mixed, with a 

415 small net  negative change in percent toward less approval to the items (-4.8 ± 16.4). The 

416 relatively large s.e. indicates the diversity in the responses, particularly with items in Sections 2 

417 and 3 being more negative than those in Section 1.

418 Fig 4. Net percent change toward more positive responses (blue bars) or toward less 

419 positive responses (red bars) to the Likert survey items in Sections 1 to 3. 

420
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421 Section 1 (1.1 to 1.5) on ‘opinions about learning modern genomic and genetics principles,’; 

422 Section 2 (2.1 to 2.5) on ‘ethical choices associated with genomics; and Section 3 (3.1 to 3.5) on 

423 ‘beliefs and attitudes associated with genomics research and applications.’

424 Analysis of learning outcomes assessment 

425 The results for the second research question addressed the following: The content 

426 achievement gains reported in this study, for the difference in pre-test and post-test scores, 

427 indicate that a student-centered approach with CBL can be a productive way to increase student 

428 understanding of broad-based issues in genomics.                      

429 The mean scores ± standard errors are 61.25 ± 1.19 for the pre-test and 83.75 ± 1.03 for 

430 the post-test. The paired t-test for the difference in the means between the pre-and post-test was 

431 highly significant, t =19.3 (p <  0.0001, df =23). Overall, the mean gain was 22 scale points 

432 within a 100-point total score.

433 Analysis of participants interviews

434 Results for the third research question addressed evidence related to the participants’ 

435 perceptions of their learning experience. There were five interview questions, and nine 

436 participants who were interviewed.

437 Interview question 1. What were some interesting topics that you learned throughout the 

438 duration of the course? Of the nine participants that were interviewed about their interests in the 

439 course, all of them did find the course to be interesting and the course did clarify some genetic 

440 concepts that they previously misunderstood. They were also asked if there were any genomic 

441 terms that were unfamiliar to them prior to the course, and they all answered yes. The responses 

442 that came up most frequently were: Genome-Wide Association Studies (GWAS), ELSI, Genetic 
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443 Information Nondiscrimination Act (GINA), micropipetting, HMB, pharmacogenomics, and 

444 epigenetics.

445 Interview question 2. Throughout this course we learned and focused on polygenetic and 

446 monogenetic diseases. Was this a topic that you found interesting? All of the nine participants 

447 agreed that learning this topic helped clarify and dispel some misconceptions pertaining to 

448 inherited and acquired diseases. Including categories such as: sex-linked, autosomal dominant, 

449 autosomal recessive, and chromosomal abnormalities. Moreover, there were specific diseases 

450 that were of particular interest, which optimized their proclivity to enhance knowledge. 

451 Interview question 3. Did you enjoy utilizing CBL throughout the course? Given the innovative 

452 and interactive nature of CBL, all of the nine participants were very comfortable and stated that 

453 their learning was influenced due to the student-centered learning framework (learning at their 

454 own pace as an autonomous learner). 

455 Interview question 4. Were there any particular topics that you enjoyed learning regarding 

456 ELSI? Each of the interviewee responses demonstrated that they were aware of and believed that 

457 they were very successful in making intuitive decisions towards ELSI of genomics. Many of the 

458 participants had varying interests towards a particular topic of ELSI, including: genetic 

459 discrimination, designer babies, personal genomics and healthcare, and genetic engineering. One 

460 specific example was with Item 4 on Section 3 of the Likert survey that addressed the issue of 

461 maintaining public data bases on human DNA information (Table 4.3). Seven of the nine 

462 participants interviewed ‘Completely disagreed’ with Item 4. An excerpt during the interview 

463 with participant #12 highlights the lack of ELSI at their current school. The following are 

464 excerpts from the interview responses that pertain to Interview question 4; the prefix “R” 
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465 represents the interviewer’s comments or questions, and each respondent’s answer is coded with 

466 the respondent’s participant number (#).

467 R: You mentioned that you were interested in ELSI, any particular topic that you were 

468 interested in learning? 

469 #12: Yea I really liked when we did our presentations, I did mine on the DNA database. I 

470 think most of us enjoyed picking our own topic, but when you showed us about the Golden State 

471 Killer, it really was interesting to learn how the world is changing.

472 R: What do you mean by that?

473 #12:Like how the government and society is being watched and there really isn’t as much 

474 privacy as people think. I just think it was cool learning about this more often. At first, I was 

475 total against it, but now I think there is some proof to why it’s being done in the UK. I pretty sure 

476 that from what we looked at on the websites that we are all going to have our info in some 

477 database. Like now that you told us about the inheritance websites, I told a few of my friends that 

478 it is not worth doing.

479 R: OK, why?

480 Because we are all going to be watched or someone will be able to hack us or something 

481 like that.  

482 R: Do you learn about ELSI in your school? 

483 #12: No, I wish we did. I like talking and learning about ethics and how it affects society. 

484 We do a lot of labs and cool activities, but we don’t use the websites that you showed us or get to 

485 talk about many things that we don’t realize. Like when we were talking about gene editing and 

486 the designer babies, it was just cool to know that this type of science exists. 

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 22, 2020. ; https://doi.org/10.1101/2020.05.22.110361doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.22.110361
http://creativecommons.org/licenses/by/4.0/


23

487 Interview question 5. There were two days that we focused on genomic careers. Do you think 

488 that you would pursue a career in genomics? Seven of the nine participants explained that they 

489 may continue to enroll in similar STEM courses that focus on student-centered learning and 

490 genomic/STEM careers. They realized that they were ultimately responsible for their career 

491 trajectory, however the proper resources were not available at their school or their science 

492 teachers or guidance counselors were novices in STEM/education and college placement for 

493 STEM careers. Several expressed they were inspired and would study genomics in college.

494 The following are excerpts from the interview responses that pertain to Interview 

495 question 5. (R=researcher):          

496 R: Do you believe that this course prepared you to enroll in a career in genomics?

497 #20: Oh yes definitely. It’s a very interesting subject.

498 R: Can you elaborate?

499 #20: Well all of the topics that we learned are interesting and I think that I have what it 

500 takes to become a scientist. I really liked when you learned about the different 

501 careers from the website. Most of those careers I didn’t know existed and we 

502 definitely don’t learn them in our other science class. 

503 R: Which genomic career are you interested in pursuing?

504 #20: Probably forensics or something involved in law and government. I mean what we 

505 learned about ELSI was also very interesting so I think that would be another career 

506 choice. You see that is the dilemma that I have sometimes and I have no one at my 

507 school to help. They are good teachers and guidance counselors but there are so 

508 many students. 

509

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 22, 2020. ; https://doi.org/10.1101/2020.05.22.110361doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.22.110361
http://creativecommons.org/licenses/by/4.0/


24

510 Discussion

511 The participants in this study were 25 volunteer secondary school students from public 

512 schools in New York City. All 25 students completed the genomics pre- and post-achievement 

513 test, 21 completed the pre- and post-Likert surveys, and nine were interviewed to gain insight 

514 into their perceptions of the content in the course. The results for each of the three research 

515 questions will be discussed in sequential order, including a cross comparative analysis and 

516 discussion of the results for the three Likert-survey items that were used in addressing Research 

517 Question 1. Finally, the last sections include: Implications and Relationships to the Literature, 

518 Summary of Strengths and Limitations, Including Transferability and Scalability, Implications 

519 for Future Research and Applications, and conclusions.

520 Implications and relationships to the literature

521 New approaches for teaching genomic principles and practices acquired during the 

522 learning process is critical in the hopes of producing scientifically literate citizens. This research 

523 demonstrates that understanding the principles and practices of genomics by using  a student-

524 centered approach with limited lecturing, a CBL, and interdisciplinary learning, and assessment 

525 tools aimed at promoting interest in genomics can substantially influence students’ critical 

526 thinking about, and interest in, important societal and scientific issues in modern genomics. The 

527 success of the Introduction to Genomics course can be attributed to the implementation of 

528 sufficient structured experiences in addition to more student-centered learning, such as being 

529 explicit to the participants about which skills and strategies are specifically important for 

530 progress in STEM education, introducing and utilizing scientific terminology, and encouraging 

531 student collaboration. These skills and strategies also place an emphasis on STEM careers and 

532 scientific literacy [34].
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533 Overall the analysis of the participants responses to the Likert scale, pre-and-post-tests 

534 assessments, and interviews revealed that they expressed an increasing interest in genomic and 

535 STEM education, especially in ELSI awareness. Among the topics that the participants believed 

536 were of interest included: GINA, direct-to-consumer tests, DNA databases, reproductive issues, 

537 and newborn screening inspired them to pursue the education necessary to acclimate themselves 

538 in a scientific career. Additionally, the logical alignment of the curriculum, pedagogy, and 

539 assessment procedures that were used support the validity and reliability of the research [35]. 

540 Moreover, it permitted the participants to collaborate with one another in an academic and urban 

541 setting that of which contributed to learning STEM. 

542 Notwithstanding the rather substantial achievement gains [pre-and-post-test] and 

543 increased interest in genomics (Likert survey), some of the participants during the interview were 

544 highly responsive to discuss in what ways they were deficient in their knowledge of genomics as 

545 well as the areas where they were more proficient, as is consistent with findings from other prior 

546 research [35]. Most of the participants did not have access to educational resources for learning 

547 genomics, and were not being exposed to these topics in their current schooling. Yet they 

548 demonstrated in this study, the proclivity necessary to acquire the content knowledge effectively. 

549 For example, Participant #12 attends an elite NYC public secondary school, notably one of the 

550 most prominent and selective in the county that specializes in STEM education and has a double 

551 period, college-level, semester long genetics course provided for 12th graders. The majority of 

552 the course is laboratory-based utilizing modern scientific applications including micropipetting 

553 techniques, bacterial transformation, electrophoresis, PCR, chromatography, and DNA 

554 extraction. While the course is progressive with modern principles, it is like many other science 

555 courses that exclude interdisciplinary topics such as ELSI. These interdisciplinary connections 
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556 made possible with properly organized genomics lessons can connect students to the pragmatics 

557 of the real-world, and encourages them to voice their opinions and develop critical thinking skills 

558 [3,14-15]. 

559 Summary of strengths and limitations

560 The development of the Introduction to Genomics course and curriculum was designed 

561 for the duration of one year to allow secondary school students to acquire content knowledge and 

562 familiarity with modern biological principles and practices, emphasizing genomics, in a STEM 

563 college setting. Overall, the participants enjoyed CBL as it encouraged group discussions and 

564 presentations, which helped in retaining information and improving interdisciplinary and 

565 cognitive skills. Student-centered pedagogy was generally very positive. The majority of 

566 participants stated that they preferred the BSCS 5E model as opposed to traditional/autocratic 

567 pedagogy that was typical in their schools. The report Vision and Change in Undergraduate 

568 Biology Education: A Call to Action American Association for the Advancement of Science [36] 

569 expressed great concern for an increase in more student-centered learning in undergraduate 

570 biology and science education classes. Many of the ELSI components associated with genomics 

571 were, at first, unfamiliar or seemed esoteric to them; however, exposure to these topics was very 

572 transformative, especially since many had differing critical judgements before and after the 

573 course.  

574 There were many informal components that were implemented into the classroom, 

575 including micropipetting, DNA extraction, and AMNH laboratory techniques via weblinks. 

576 However, there were no visits to any informal learning setting such as AMNH or the Dolan DNA 

577 Center (Cold Spring Harbor Laboratories). Informal learning provides opportunities to engage 

578 students with authentic and layered learning [all ages learn different levels of content] 
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579 experiences, and connect students to real-world applications. For the student, informal learning 

580 exposes them with rigorous learning opportunities beyond what they would learn in their 

581 classroom, and allows them to potentially interact with curators, researchers, and staff members 

582 [37]. While CBL was implemented on a daily basis, there was absence of a wet lab that is also 

583 useful for conceptualizing genomic content. The course itself was not conducive to employing 

584 hands-on laboratory assignments, being that it was in a typical college classroom. Further 

585 genomics curricula, based on innovative approaches such as the one introduced here, may be 

586 improved by including appropriately selected laboratory experiences to provide a deeper 

587 understanding of the practices of science associated with genomics research and applications.  

588 As a science education researcher, it is important to identify what students already know 

589 about genomics, how they represent what they know cognitively, and what experiences, if any, 

590 they already have. For example, on the first day of the course, as I have done, and continue to do 

591 in up-and-coming STEM courses, I invite comments, and ask students “What do you already 

592 know about genomics?” or “What prior knowledge do you already have associated with 

593 microbiology?” After eliciting responses and documenting them on the board, I briefly relate 

594 new information and explain some relationships to their prior knowledge and highlight the 

595 content of the syllabus. However, some students may not have any prior knowledge of the 

596 relationship between what they already know and what they will know. Therefore, it is important 

597 to include content material in the syllabus that demonstrates the merging of their prior 

598 knowledge and newly acquired knowledge of the course.  

599 Prior to the course, some of the participants had a lack of understanding of genomic 

600 relationships with other biological and scientific disciplines due to their misunderstanding of the 

601 genomics composition of the eukaryotic cell. They encountered difficulties distinguishing 
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602 between polygenetic and monogenetic diseases, beneficial and harmful bacteria, inheritance, and 

603 genomic terminology. In fact, the very first question I ask participants before teaching any course 

604 related to genomics is “raise your hand if you have heard of the Human Genome Project.” Based 

605 on the low number of hands raised, which unfortunately over the last several years has been less 

606 than five, there is an indication that a progressive paradigm shift in genomic education at the 

607 secondary school level is indeed essential.

608 Transferability

609 This course was developed for a select group of students from inner city schools and all 

610 were volunteers. However, this was a suitable group to examine the introduction of a new 

611 approach to biological education such as this one. It is often preferable to begin with a more 

612 tractable group of participants to initiate a novel educational experience to better establish likely 

613 boundary conditions for its transfer to other learning situations. I believe that this course can 

614 benefit colleges and secondary schools not only through dissemination of the research and 

615 experiences, but also by implementing the course as a unit or as an elective course. The course is 

616 available online at this URL: https://drawingandgenomics.wixsite.com/drawingandgenomics:      

617 included other interactive websites and resources that can provide biology or health educators 

618 resources to increase genomic awareness, literacy, and knowledge. 

619 While the importance of learning genomics is widely acknowledged in science and 

620 science education fields [8,15] challenges remain, especially in the ability for science teachers to 

621 apply, enhance, and implement genomic content knowledge in their classrooms, which is a major 

622 goal in science education [19]. To achieve this goal in secondary school education, schools and 

623 science teachers should enrich their students with topics that address their interests through CBL, 

624 student-centered learning, informal learning, and project-based learning.   
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625 Scalability

626 Students learn better by communicating through collaborating, talking, and interacting 

627 because each requires high levels of thinking [38]. Teaching and or establishing a genomics 

628 course for a class greater than 30, which I have done previously in a similar academic setting, is 

629 also productive, and easily conceivable and applicable. Utilizing the pedagogical skills [as 

630 previously mentioned] encourages students to become aware of their pacing, academic 

631 responsibilities, prompts them to think more actively, obtain more information via CBL or 

632 collaboration to clarify their new and existing knowledge [28]. By structuring the class into 

633 groups [whether the class size is 20, 25, or 30 students] increases their potential to provide a 

634 feeling of inclusion, community, and collaboration for many students who may otherwise feel 

635 isolated in biology classrooms [38]. 

636 Conclusion 

637 By engaging secondary school students in a modern genomics course as documented 

638 here, they were given the opportunity to develop more concise knowledge and critical thinking 

639 skills about a unique STEM domain, while learning how to engage in science that is 

640 contemporary and applicable to real-life/real-world issues. Given that the current curriculum in 

641 science classes reflects domains in science that are relatively out-of-date, it is important for 

642 students to engage in science that reflects cutting-edge discoveries including, personalized 

643 medicine and direct-to-consumer; and domains in science that have an application to real-life 

644 phenomena. Genomics offers this type of real-life/real-world applications that encourage all 

645 students at all academic levels to conceptualize genomic diseases, medicine, ethics, beliefs, 

646 research, and careers.  

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 22, 2020. ; https://doi.org/10.1101/2020.05.22.110361doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.22.110361
http://creativecommons.org/licenses/by/4.0/


30

647 The results of this research showed that genomic curricular materials and resources are, 

648 in fact, available and improving to include issues addressing individualization and society. In 

649 addition, this research focused on using CBL and interdisciplinary science learning, as well as, 

650 diverse and innovative teaching [28,38], and assessment strategies. While the clear benefits of 

651 teaching genomics has been well-supported throughout this research, the continuation of 

652 integrating aspects of genomics into to the majority of secondary school curricula has yet to be 

653 implemented into science classrooms. Since genomics and genetics both have foundational 

654 science and real-life/real-world applications, the content is well-grounded to be integrated in an 

655 interdisciplinary way with other foundational sciences, especially STEM courses. Moreover, 

656 learning genomics encourages students to become aware of modern medical advancements and it 

657 is necessary and beneficial for genomics to be incorporated into to secondary schools [3,14-15].

658 Currently, medical, nursing, pharmacology, and other human health programs are 

659 gradually exposing students to a curriculum that introduces them to genomic principles and 

660 practices [as previously mentioned]. As science educators, it is our obligation to inform the next 

661 generation of future scientists to be knowledgeable in genomics so they can transform new 

662 information and discoveries into scientific practice.
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