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Abstract

The Fly-CURE is a genetics-focused multi-institutional Course-Based Undergraduate
Research Experience (CURE) that provides undergraduate students with hands-on research
experiences within a course. Through the Fly-CURE, undergraduate students at diverse types of
higher education institutions across the United States map and characterize novel mutants isolated
from a genetic screen in Drosophila melanogaster. To evaluate the impact of the Fly-CURE
experience on students, we developed and validated assessment tools to identify students’
perceived research self-efficacy, sense of belonging in science, and intent to pursue additional
research opportunities. Our data show gains in these metrics after completion of the Fly-CURE
across all student subgroups analyzed, including comparisons of gender, academic status, racial
and ethnic groups, and parents’ educational background. Importantly, our data also show
differential gains in the areas of self-efficacy and interest in seeking additional research
opportunities between Fly-CURE students with and without prior research experience, illustrating
the positive impact of research exposure (dosage) on student outcomes. Altogether, our data
indicate that the Fly-CURE experience has a significant impact on students’ efficacy with research
methods, sense of belonging to the scientific community, and interest in pursuing additional

research experiences.

Keywords: Drosophila, CURE, undergraduate research, pedagogy, genetics, STEM, education
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INTRODUCTION

As undergraduate STEM education continues to evolve and make improvements that
facilitate the training of scientists from diverse backgrounds, it is becoming increasingly apparent
that an authentic research experience is key for promoting student persistence within STEM majors
and for adequate preparation for future scientific careers. There has been a national call for all
STEM majors to have such an experience during their undergraduate education (1, 2), however, a
significant challenge to this call is simple logistics. While some undergraduates do participate in a
traditional apprentice-based research experience, there is not enough research lab capacity to
accommodate all undergraduate STEM majors (3). One response to limited research opportunities
has been to incorporate authentic research experience(s) into the curriculum. Such courses, often
referred to as CUREs (Course-based Undergraduate Research Experiences), provide a research
experience to a larger number of students (approximately 20-25 students per faculty or teaching
assistant mentor) within a single iteration (3-5). Several CURE-type endeavors have been
developed and, consequently, have provided research opportunities to a far greater number of
STEM undergraduates than would have been possible through mentored bench research alone (5—
11).

CURE participation positively impacts science education in several ways. In comparison
with traditional apprenticeships, CUREs not only reach more students, but also represent a more
inclusive approach to research (3, 12). Student participation in CURESs has been shown to enhance
critical thinking skills (10, 13), increase learning gains , bolster scientific identity (14, 15), and
increase interest in science and scientific research (16). Each of these outcomes is likely an
important factor driving the positive correlation between student participation in CUREs and

increased STEM retention rates, including for underrepresented minority students (11, 17, 18).
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Faculty, departments, and the scientific community at large can also be positively impacted
by implementing CURE pedagogies. Faculty at Primarily Undergraduate Institutions (PUIs)
typically have a heavy teaching requirement (teaching 3-4 classes per semester is not uncommon)
that often comes with the additional expectation of research productivity (19). CUREs provide
such faculty with an opportunity to combine teaching and research into a single endeavor that can,
when properly structured and implemented, produce publishable work (both research data
collected/analyzed by the students and pedagogical data measuring the impact on students) (16,
17, 20, 21). However, setting up a successful CURE comes with many challenges, the largest of
which is typically the identification of a research project that is feasible for undergraduates
working within the confines of a laboratory course (meeting 1-2 times per week, 3-5 hours total),
budget-friendly, and longitudinally sustainable. The implementation of CUREs by regional and
national consortia has been successful in overcoming many of these challenges. Efforts such as
Science Education Alliance (SEA-PHAGES), Genomics Education Partnership (GEP), and Small
World Initiative, have had success with CURE implementation at multiple sites, due in part to
offering established, ready-to-go projects that entice faculty participation by reducing the burden
of identifying a suitable research project and developing the infrastructure to support these projects
(22-24). Not only does this approach provide research opportunities for more students, but it also
increases the amount of valuable undergraduate-generated data. In addition, faculty and student
participants are typically authors on research papers that include their contributing data. Here we
describe a new CURE consortium called Fly-CURE that utilizes Drosophila melanogaster as a
research model in undergraduate genetics laboratory courses.

The Fly-CURE was established in 2012 at the University of Detroit Mercy and centers on

characterizing and mapping novel EMS-induced mutations isolated in a genetic screen for genes
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96 that regulate cell growth and cell division within the developing Drosophila eye (25). In the Fly-
97  CURE, students start with an uncharacterized mutant and, in its analysis, learn about and utilize a
98 variety of techniques commonly taught in more traditional undergraduate genetics laboratory
99  courses. The Fly-CURE curriculum includes, but is not limited to classical Mendelian genetics,
100  molecular genetics, and bioinformatics. Over the last ten years, students participating in the Fly-
101  CURE have characterized over twenty novel Drosophila mutations, which have been published in
102  eleven publications and included 581 student co-authors (26-36). Currently, the Fly-CURE is
103  being taught at over twenty institutions across the United States. The institutional diversity of the
104  Fly-CURE consortium has allowed us to measure the impact of the Fly-CURE pedagogy on a
105 variety of student attitudes, including their sense of belonging in STEM, research competency, and
106  intent to continue toward a STEM career. We also evaluated the effect of dosage on these metrics,
107  where dosage refers to research experiences that a student participated in prior to participation in
108 the Fly-CURE research project. Assessing the impact of research experience “dosage” on STEM
109  undergraduates participating in the Fly-CURE consortium may shed light upon whether there is a
110  critical number of research experiences that impact students’ retention and ultimate success in
111 STEM fields.
112
113 METHODS
114  Fly-CURE consortium: institutions, faculty, and student participants
115 Pre- and post-survey data were gathered from 480 Fly-CURE students over three academic
116 years: 2019-2020, 2020-2021, and 2021-2022. The demographics of the participating schools and
117  students are detailed in Appendix 1 and shown in Figure 2. In the years of data collection and in

118  the data presented, there were 15 faculty who implemented the Fly-CURE across 14 institutions.
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119 All participating students were asked to complete a voluntary online survey before
120  beginning (pre-course) and after completing (post-course) a Fly-CURE course offering (see Figure
121 1A for workflow). Approval to assess students was obtained by each participating institution from
122  their Institutional Review Board. After each semester, responses were collected and analyzed by
123  SPEC Associates (Southfield, MI), an independent analytics firm specializing in education and
124  learning. Confidentiality was maintained by providing each instructor with a unique link to the
125  online surveys that could be distributed to students. SurveyMonkey was the online platform used,
126  with completed surveys being directly received by SPEC Associates without the instructors’ ability
127  to see responses. The components of the pre- and post-course surveys used for this study are
128  available in Appendix 2.

129 From the 895 students invited to participate in the surveys, we received 740 completed pre-
130  course surveys and 683 completed post-course surveys. Only data in which students took both the
131  pre- and post-course surveys were used in our analysis (69% of surveys were pre-/post-test
132  matched). Pre- and post-survey responses were matched based on answers to non-identifying
133 questions such as childhood home address. Student attentiveness was also assessed using one
134  inattentive item on both the pre- and post-survey. Students who did not respond accordingly were
135  eliminated from the analysis. Ternovski and Orr provide evidence that survey respondents who are
136  inattentive also provide less reliable demographic data and are systematically different from
137  attentive respondents (37). Following analysis for student attentiveness and pre-/post-test pairing,
138  65% of surveys were included in our current study. The number of surveys used in each
139  comparative analysis differed because some students responded to only a subset of the survey

140 items.
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141 Participants identified their gender as female (69%), male (28%), their gender was not
142  listed (1%), or they preferred not to say (2%). Participants were from ethnic or racial groups
143  classified by the NSF as underrepresented in STEM (27%) and groups not considered
144  underrepresented in STEM (73%). Demographic groups who were considered underrepresented
145 in STEM were the following: Native Hawaiian or other Pacific Islander (original peoples),
146  American Indian or Alaskan Native, Black or African American (including African and
147  Caribbean), and Hispanic or Latino. Demographic groups who were not considered
148  underrepresented in STEM included students who identified as White, Asian (including
149  subcontinent and Philippines), and of Middle Eastern descent. Participants also reported whether
150  either parent attended any college (continued-generation college students, 71%) or neither parent
151  attended any college (first-generation college students, 29%). Moreover, student participants
152  ranged in academic year (4% first-year students, 34% second-year students, 31% third-year
153  students, 29% fourth-year students, and 2% students who already had a bachelor’s degree). For
154  our study, we combined first- and second-year students (38% of participants) and third-year
155  students and beyond (62%).

156

157  Measure of research experience and dosage

158 Pre-course surveys asked participants to report any research-associated experiences prior
159  to the Fly-CURE. Refer to pre-survey question 7 (Appendix 2) for the specific experiences listed.
160  Students who chose “yes” to any of these experiences were considered as having prior research
161  exposure, while those who did not choose “yes” to any of these questions were considered as not
162  having prior research exposure.

163
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164  Fly-CURE outcome measures

165 Survey items for assessing research self-efficacy and sense of belonging were adapted from
166  items used in the evaluation of the National Institutes of Health's Building Infrastructure Leading
167 to Diversity (BUILD) initiative. This retrospective pre-/post-survey method of measuring
168  outcomes is commonly used when there is a possibility that students’ understanding of the
169  constructs, such as what a research-intensive science laboratory course is, changes as a result of
170  participating in the course and eliminates the possibility of a response shift bias in the data (38).
171 For each evaluated outcome, students self-reported their pre- and post-course confidence or
172 agreement with specific matrices using a 1-5 Likert scale.

173 Research self-efficacy: Pre- and post-course surveys asked students to report their
174  perceived abilities and confidence for eight statements (Appendix 2, pre-survey question 8§ and
175  post-survey question 4). The scores from all eight questions were added together, resulting in a
176  scale ranging from 8 to 40. Psychometric analysis of the pre- and post-course survey data revealed
177  that this scale had a coefficient alpha of 0.918 for the pre-survey and 0.975 for the post-course
178  survey, indicating these items measure the same construct.

179 Sense of belonging in science: Pre- and post-course surveys asked students to report their
180  perceived agreement with four statements (Appendix 2, pre-survey question 9 and post-survey
181  question 5). To determine scale scores, the results from all four questions were added together,
182  resulting in a scale of 4 to 20. Psychometric analysis revealed that this scale had coefficient alphas
183  0f 0.863 and 0.935 for the pre- and post-course surveys, respectively.

184 Intent to pursue additional research opportunities: Post-course surveys asked participants
185  to report their perceived intentions before and after taking the course. Students reported their

186  likelihood to do each of the following: (i) enroll in another research-intensive science laboratory

10
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187  course; (ii) pursue or continue independent research in a science laboratory; (iii) pursue a career
188  as a scientist (Appendix 2, post-survey questions 1-3). The scores from all three questions were
189  analyzed separately or added together on a scale of 3 to 15. Psychometric analysis showed that this
190  scale had a coefficient alpha of 0.861 for the pre-survey and 0.789 for the post-course survey.

191

192  Statistical analyses

193 Independent groups and paired t-tests were used to assess the statistical significance of
194  differences in the means within the same students from pre- to post-course (paired t-tests) and
195  between different groups of students (independent groups t-tests). Levene’s Test for Equality of
196  Variances was used to test for homogeneity of variance.

197 The mean scores for the three outcome scales were calculated in two ways: the scale score
198  means and the gain score mean. Two scale score means are calculated for each outcome, a pre-
199 and a post-course scale score mean, representing the average of student scale scores. The scale
200 score mean may underestimate change because some students may have rated themselves the
201  highest possible score on the pre-course survey. If they also rate themselves the highest possible
202  score on the post-course survey, the difference between the pre- and post-course scores is zero.
203 These students may have rated themselves even higher on the post-course survey, but the
204  maximum possible score presented a ceiling for them. Thus, the scale score mean includes these
205  zeros and deflates the mean score for the group. To account for this, a second mean score was
206  calculated using the normalized gain score. The gain score removes students with the highest
207  possible pre-course score from the analysis and examines the degree of change among students
208  who could change because they did not reach the ceiling score on the pre-course survey (39). The

209  equation used to calculate the normalized gain score is: Normalized Gain = (Post-score - Pre-

11
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210  score)/(Maximum possible score - Pre-score). The data presented herein include both the scale
211 score mean and the mean gain scores for all statistical comparisons.

212

213 RESULTS

214 The Fly-CURE focuses on the genomic mapping and phenotypic characterization of EMS-
215  induced mutant lines involved in Drosophila eye development

216 At the beginning of each semester, all required Drosophila stocks were shipped to
217  participating institutions. Drosophila mutant stocks contain previously generated EMS-induced
218  mutations on the right arm of chromosome 2 (2R) (25). These mutations were previously identified
219  based on homozygous recessive lethality and a growth-associated phenotype in the Drosophila
220 eye when cell death is also blocked, but the genomic locus of the mutations is unknown (26, 27,
221 29-35). The identified mutants serve as the basis for phenotypic eye characterization,
222  complementation mapping, and molecular analysis modules of the Fly-CURE (Figure 1A,B).
223 The Fly-CURE is a lab research project that includes both an initial “Discovery Phase” and
224  a subsequent “Inquiry Phase” (Figure 1A). An initial pre-survey (Appendix 2) is first completed
225 by all participating students to gather information about general student demographics, prior
226  research experience, research self-efficacy, and sense of belonging in science. Students then
227  typically complete an initial “Discovery Phase” of the project to characterize the eye tissue growth
228  phenotype caused by the EMS-induced mutation and use complementation mapping of the lethal
229  phenotype with a series of defined chromosomal deletions (40) to identify the genomic locus where
230 the mutation responsible for the observed phenotype may be found. All recessive lethal EMS-
231  induced mutations being investigated, as well as the chromosomal deficiencies used for

232  complementation mapping, are maintained as heterozygotes using a second chromosome balancer

12


https://doi.org/10.1101/2023.01.16.524319
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.01.16.524319; this version posted January 19, 2023. The copyright holder for this preprint
(which 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
available under aCC-BY-NC 4.0 International license.

233  causing curly wings (a dominant phenotypic marker; Figure 1A). Therefore, for crosses between
234  the Drosophila mutant stock and stocks containing chromosomal deficiencies along 2R, students
235  use stereomicroscopes to easily score for the presence (complementation) or absence (failure to
236  complement) of straight-winged flies (those carrying the mutation and deficiency) among the
237  progeny. Since the chromosomal deletions used in the first round of complementation mapping
238  are relatively large and often lack several dozen to hundreds of genes (40), a second round of
239  complementation tests with smaller deletions and/or chosen null alleles of individual genes within
240  the specific genomic region identified in the first round of complementation mapping can be
241 utilized to identify a smaller region where the mutation might be located. Once non-
242  complementing deficiencies are identified, this concludes the “Discovery Phase” of the CURE.

243 During the “Inquiry Phase”, students develop hypotheses about candidate genes within the
244  genomic region that fails to complement lethality of the mutation. Student-derived hypotheses
245  usually focus on why mutations within a specific gene might lead to the observed eye tissue
246  phenotype or recessive lethality. Typically, students choose genes that have been previously
247  annotated as being involved in cellular growth control, apoptosis, the cell cycle, or similar
248  processes. In some cases, the EMS mutation fails to complement a mutant allele of a specific gene
249 by the second round of crosses (29, 32, 34, 35), allowing students to focus their hypothesis
250  generation and subsequent molecular analyses on a single gene. Students then isolate genomic
251  DNA from the mutant and control fly stocks, design PCR primers, and amplify a small (500-1000
252  nucleotide) region of their chosen gene. The sequence of the amplified region from both the mutant
253  and control stocks is then determined by Sanger sequencing to identify possible differences
254  between the heterozygous mutant stock and the wild-type control. Then, students use

255  bioinformatics approaches to understand protein structure and/or evolutionary conservation of the

13
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256  candidate gene and often present their findings to the rest of the class. Finally, students analyze,
257  summarize, and connect the data acquired. Different pedagogical assessments are used across the
258  consortium, including formal lab reports, poster presentations, and micropublication-style
259  manuscripts. At the end of the semester, a post-survey was completed to assess whether the
260 semester-long Fly-CURE impacted students' sense of belonging within the scientific community,
261  feelings of self-efficacy in research, and motivation to pursue other future research experiences or
262  STEM careers.

263

264 Fly-CURE is a modular research experience that can be implemented in a variety of
265 laboratory classes

266 The modular nature of Fly-CURE allows for components to be organized or omitted to
267  meet the learning objectives and scheduling variability of different courses (Figure 1B). For
268 example, most courses that have implemented the Fly-CURE have been upper-level genetics
269  classes that also contain a laboratory component (Figure 1C, n=9). These combined lecture and
270 lab courses, along with stand-alone genetics laboratory courses that lack a separate lecture
271 component (n=4), typically utilize all modules of the Fly-CURE (Figure 1B, version 1). However,
272  the Fly-CURE has also been implemented in Introductory Biology (n=1), a sophomore-level
273  Molecular Biology course (n=1), and Anatomy and Physiology (n=1). In these non-genetics-
274  centered classes, other variations of the Fly-CURE have been implemented that lack one or more
275  of the modules contained in Fly-CURE version 1 (Figure 1B). Thus, while Fly-CURE has been
276  mostly implemented in genetics courses, its adaptability and student-focused nature have allowed

277  awide variety of courses to participate in this course-embedded research experience.

14
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278 While the modularity and adaptability of the Fly-CURE have allowed for its
279  implementation in a variety of courses, we also wanted to assess whether faculty using this CURE
280  could do so successfully without prior research experience with Drosophila. We surveyed faculty
281  who had implemented the Fly-CURE and found that only slightly more than half (53%, n=8), had
282  previously trained as a graduate student or postdoctoral fellow in a research lab where Drosophila
283  melanogaster was utilized as a genetic model organism (Figure 1D). Together, these data suggest
284  that Fly-CURE can be widely implemented in a variety of courses and that extensive prior training
285  orexperience in a Drosophila research lab by the faculty instructor is not a requisite for Fly-CURE
286  implementation.

287

288 The Fly-CURE provides research experiences at a range of institutions and for a broad
289  spectrum of student participants

290 One motivation for the development of the Fly-CURE was to establish opportunities for
291  collaboration between faculty and students at different institutions. Faculty were recruited to
292  participate in Fly-CURE through a variety of methods, including discussions at conferences, social
293  media, and word-of-mouth. The cohort of faculty collaborating on the Fly-CURE spanned several
294  types of institutions (Figure 2A). Approximately equal numbers of faculty at Primarily
295  Undergraduate Institutions (PUIs, n=6) and non-R2 graduate degree-granting institutions (n=5)
296  have implemented the Fly-CURE into at least one course. In addition, the Fly-CURE has been
297 implemented at R2 institutions (n=3) and at a community college (n=1), where undergraduate
298  research experiences are typically limited due to a variety of factors including teaching load and
299 institutional resources (3, 41, 42). Approximately 20% of institutions where the Fly-CURE has

300 been taught over the last three years are also classified as Minority Serving Institutions (MSIs)

15
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301  (Figure 2B). Regular virtual meetings between participating faculty serve to foster collaboration
302  between classes characterizing the same Drosophila mutation and have also culminated in eight
303  collaborative micropublications consisting entirely of student-generated data (27, 29-35).

304 Among all students who have participated in the Fly-CURE, 27% self-identify as belonging
305 to a demographic group underrepresented in STEM (Figure 2C) and 29% of students are first-
306  generation college students (Figure 2D). In addition, only slightly more than half (52.5%) of
307  students had any research exposure before the Fly-CURE (Figure 2E). Of the students who
308 previously participated in a research experience, most had participated in a course-based research
309  experience (Figure 2F), while only 26% of students had participated in a mentored apprenticeship-
310  style research experience. Given the significant positive impacts that research experiences have on
311 undergraduate STEM majors (43) and the dearth of mentored research experiences typically
312  available to many undergraduate students, these data suggest that CUREs provide an important
313  alternative to traditional apprentice-style research positions. While first-year undergraduate
314  research experiences have been shown to be particularly important for the retention of STEM
315  majors (44), the correlation between the number of research experiences a student participates in
316 and student outcomes has been less well-studied. In particular, course-embedded research
317  experiences like the Fly-CURE provide an additional “dose” of research to a large number of
318  students, and in so doing, further promote student self-efficacy in research, sense of belonging in
319 the scientific community, and pursuit of STEM careers.

320

321  Impact of the Fly-CURE on student self-efficacy in research

322 To evaluate the impact of the Fly-CURE experience on students’ research self-efficacy,

323  sense of belonging in science, and student interest in pursuing additional research experiences,
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324  pre- and/or post-course surveys were used to ask students about their confidence or level of
325  agreement with multiple statements focused on these areas. Likert scale responses for questions
326  focused on each metric were tallied to generate scale scores. Lower scale scores represent less
327  confidence or agreement with associated statements, while higher scale scores represent students
328  who reported more confidence or agreement with included statements.

329 As a first measurement of Fly-CURE effectiveness, we analyzed students’ sense of
330 research self-efficacy. Students ranked their confidence in response to eight statements pertaining
331  to this metric on pre- and post-course surveys (see Methods and Appendix 2). Students reported
332  increased self-efficacy in research from pre-course to post-course, shown as an increase in scale
333  score means (Figure 3A) and as a mean gain score (Figure 3B). We were also interested in whether
334 the Fly-CURE closed gaps in research self-efficacy for specific student subgroups that are
335 underrepresented in STEM, thereby providing a path to increased diversity in STEM. Interestingly,
336  female students reported lower confidence in research pre-course (28.0 for females, 29.2 for males)
337  and surpassed males in reported self-efficacy post-course (31.5 for females, 31.0 for males) (Figure
338 30C), resulting in a gain in research self-efficacy for both male and female students (Figure 3D).
339  Although all student subgroups reported significant gains in their self-efficacy in research post-
340  course, there were no statistically significant differences in the degree of reported gains in research
341  self-efficacy between students in the evaluated subgroups, including race and ethnicity (Figure 3E,
342  Supplemental Figure 1A,B), education background of parents (Figure 3E, Supplemental Figure
343 1C,D), and academic year (Supplemental Figure 1E,F).

344

345 Impact of the Fly-CURE on student sense of belonging in the scientific community
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346 Pre- and post-course surveys were also used to evaluate the effectiveness of the Fly-CURE
347 in increasing student sense of belonging in science by asking students to rate their level of
348  agreement with four statements (see Methods and Appendix 2). Pre- and post-course sense of
349  Dbelonging scales were generated by adding each student’s ratings on the four items.

350 Similar to their reported gains in research self-efficacy, students reported an increased
351  sense of belonging in the scientific community post-course compared to pre-course. This is shown
352  asscale score means (Figure 4A) and as a mean gain score (Figure 4B). We also compared student
353  subgroups in several demographic categories and found that although all student subgroups
354  reported gains in their feelings of belonging in science post-course, there were no statistically
355  significant differences in the degree of reported gains between subgroups in each evaluated
356  category, including gender (Figure 4C,D), race and ethnicity (Figure 4E, Supplemental Figure 2A-
357  B), education background of parents (Figure 4E, Supplemental Figure 2C,D), and academic year
358  (Supplemental Figure 2E,F). These data suggest that students from underrepresented backgrounds
359  participating in Fly-CURE make similar gains as their peers. It is worth noting that similar to
360 research self-efficacy, female participants reported a lower sense of belonging in science pre-
361  course (12.2) compared to males (13.1), but yet reached a score similar to males post-course (13.8
362  for females, 14.0 for males) (Figure 4C). This suggests that the Fly-CURE experience allows
363 female students to increase their perceived sense of belonging in science, thereby narrowing the
364  gender gap in STEM.

365

366  Impact of the Fly-CURE on student intention to pursue additional research opportunities
367 To evaluate the effectiveness of the Fly-CURE in increasing student intention to pursue

368  additional research-associated experiences, post-course surveys asked participants to rate their
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369  perceived likelihood to seek out additional research opportunities before and after taking the course
370  for three questions (see Methods and Appendix 2). Much like the reported gains in research self-
371  efficacy and sense of belonging in science, students also reported a perceived increase in their
372  intention to pursue additional research experiences after completing the Fly-CURE. This can be
373  observed as scale score means (Figure 5A), as a mean for each type of experience evaluated (Figure
374  5B), and as a mean gain score for each type of experience (Figure 5C). It is worth noting that all
375  student subgroups analyzed tend to start at a similar level of perceived intent to pursue the
376  experiences proposed before the course and have a similar level of intent after the course
377  (Supplemental Figure 3). Altogether, these data highlight the positive impact that the Fly-CURE
378  has on encouraging confidence, belonging, and persistence in science for students who participate
379  in a CURE during their undergraduate education.

380

381  Impact of the Fly-CURE on students with and without previous research experiences

382 While much of our data support previously reported impacts that CUREs have on student
383  gains (42, 48), thereby highlighting the effectiveness of the Fly-CURE experience for students, we
384  were also interested in evaluating the impacts of the Fly-CURE on students with or without
385  research experience prior to taking a Fly-CURE course. In a pre-course survey, students were
386  asked which specific research experiences, if any, they had prior to beginning the Fly-CURE
387  project (see Methods and Appendix 2). Approximately 53% of students reported having had
388  research experience of some kind before starting the Fly-CURE (Figure 2E).

389 Students with and without prior research experience reported gains in self-efficacy in
390 research (Figure 6A) and sense of belonging in the scientific community (Figure 6C) after

391  completing the Fly-CURE. Interestingly, however, students without prior research experience
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392  reported a greater gain in research self-efficacy after the Fly-CURE, suggesting that the Fly-CURE
393  serves as a valuable research experience for those students and makes strides in increasing their
394  confidence in conducting research (Figure 6B). On the contrary, students with and without prior
395 research experience did not exhibit differential gains in their sense of belonging to the scientific
396 community (Figure 6D). It is important to note, however, that the mean sense of belonging score
397  for students without prior research experience post-course (13.3) surpassed the pre-course score
398  for students with prior research experience (13.0) (Figure 6C). This indicates that the research
399  experience component of the Fly-CURE increases students’ sense of belonging in science from
400 baseline and suggests that there may be a dose-dependent relationship between the number of
401  research experiences a student has and students’ sense of belonging in the scientific community.

402 Next, we evaluated whether the Fly-CURE had differing impacts on students’ intention to
403  pursue additional research opportunities depending on whether students entered the CURE with or
404  without prior research experience. In particular, we questioned whether participating in at least
405  one research experience before the Fly-CURE resulted in a greater increase in students’ intent to
406  seek out future research experiences compared to those without prior research experience. We
407  found that although interest in gaining additional future experiences increased for all students
408  (Figure 5A, Supplemental Figure 3), differential outcomes were observed, depending on the type
409  of experience and whether students had research experience before taking the Fly-CURE course
410  (Figure 6E-G). When students were asked whether they were interested in enrolling in another
411  research-intensive laboratory course such as a CURE, students with prior research experience
412  exhibited a greater gain in intent to pursue this experience, as shown by the gain score mean post-
413  Fly-CURE compared to pre-Fly-CURE (P < 0.05) (Figure 6E; scale score mean data in

414  Supplemental Figure 4A). Similarly, students with prior research experience reported a greater
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415  gain in their intent to pursue or continue independent research in a scientific research laboratory
416  than students without prior research experience (P < 0.05) (Figure 6F; Supplemental Figure 4B).
417  These data support the hypothesis that increased dosage in research experiences positively
418  correlates with increases in student interest to persist in research. The only category in which
419  students with and without prior research experience did not show differential outcomes was for
420 intention to pursue a career as a scientist (Figure 6G; Supplemental Figure 4C). Regardless of the
421  extent of prior research experience, students reported a very similar increase in intent to become
422  scientists post-Fly-CURE as they did before Fly-CURE, suggesting that additional exposure to
423  research does not significantly increase, beyond the initial positive impact, students’ interest to
424  pursue a career in STEM.

425 Altogether, our data show that all students, regardless of demographic profile and previous
426  exposure to research, show an increase in research self-efficacy, sense of belonging in science, and
427  interest in pursuing additional research experiences after taking a Fly-CURE course. In addition,
428  students without prior research experience show a statistically significant gain in self-efficacy
429  compared with students with prior research experience; while students with prior experience in
430 research show a statistically significant gain in interest to seek out additional research
431  opportunities, but no significant increase in intent to pursue a career as a scientist.

432

433  DISCUSSION

434 The Fly-CURE is a versatile authentic research experience that can be implemented in a
435  modular fashion across course and/or institution types, and without requiring prior experience with
436  Drosophila melanogaster (Figure 1B-D and Figure 2A,B). Thus, the Fly-CURE consortium is a

437  large and diverse sample for measuring the impact of course-embedded research on student
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438  attitudes regarding self-efficacy in research, sense of belonging in science, intent to pursue
439  additional research experiences, and the impact of previous research experiences (dosage) on these
440  metrics. Prior studies have suggested that increased time spent on a task and research dosage
441  positively impact student outcomes and persistence in STEM (45, 46). However, it has been
442  suggested that persisting in science may require “a commitment of 10 or more hours per week over
443  two or more semesters of faculty-mentored research” (3, 45). Therefore, we investigated the
444  relationship between research exposure and its impacts on students’ retention, belonging, and
445  confidence in STEM.

446 Overall, gains were reported by Fly-CURE students for scientific self-efficacy and sense
447  ofbelonging, as well as for their intent to persist in STEM. Our analysis shows that all participating
448  students, including groups considered underrepresented in STEM, females, and first-generation
449  college students, reported increased confidence in research-associated skills (Figure 3 and
450  Supplemental Figure 1), sense of belonging in science (Figure 4 and Supplemental Figure 2), and
451  interest in pursuing additional research experiences (Figure 5 and Supplemental Figure 3) after the
452  Fly-CURE. These are gains previously reported by others and our data supports the growing notion
453  that CUREs are inclusive and have a positive impact on undergraduate STEM education (10, 11,
454  13-17).

455 Further, the fact that Fly-CURE is successfully implemented by faculty at a wide range of
456  institutions (e.g., PUL, CC, MSI, and R2), a variety of courses, and by faculty without prior
457  experience with Drosophila demonstrates the adaptable nature of the Fly-CURE. This also
458  exemplifies the effectiveness of the Fly-CURE consortium for providing authentic research
459  experiences for an increased number of STEM students. Traditional apprentice-based research

460  experiences are often limited in availability, budget, and/or capacity, rendering the need for course-
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461  based experiences. However, one of the barriers to starting a CURE is having a project that is
462  sustainable and feasible within the confines of an undergraduate curriculum. Additional barriers
463 to CURE implementation exist for some institutional types such as community colleges (47).
464  Nevertheless, community college students have comparable knowledge and perceived outcomes
465  gains as non-community college counterparts when engaging in centrally supported CURE:s,
466  demonstrating the need for these research experiences to be accessible to all students (41, 42). The
467  versatility associated with the modular nature of experiments in the Fly-CURE, as well as the
468  diverse range of institutions at which the Fly-CURE has been implemented successfully, highlight
469 its value for both students and curricula.

470 While other research endeavors have looked at dosage in terms of how much time a
471  researcher spends on a single project (45, 46), we were able to investigate whether a separate
472  previous research experience had an impact on changes in attitude resulting from the Fly-CURE
473  (Figure 6 and Supplemental Figure 4). There were two lessons that emerged from our findings that
474  could impact how undergraduate STEM departments incorporate research into their curriculum.
475  The first is that students with no self-reported previous research experience demonstrated gains in
476  both research self-efficacy and sense of belonging after a single semester of research (Figure 6A-
477 D). Perhaps not surprisingly, these students reported a more significant gain in research self-
478  efficacy than their classmates who had previous research experience (Figure 6A,B). This may be
479  one of the most promising aspects of the Fly-CURE as a pedagogy to broaden participation in
480 institutions where research opportunities are especially limited, such as two-year institutions with
481  the most diverse student populations. Additionally, students with prior research experience
482  reported a more significant gain in their intent to enroll in another research-intensive course and

483  pursue independent research in a science lab (Figure 6E,F), highlighting a correlation between
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484  increased dosage and interest to persist in research. However, both students with and without prior
485  research experience showed similar gains in their intent to pursue a career as a scientist (Figure
486  6QG), suggesting that career plans might be less subjective to research exposure dosage. It is worth
487  noting that the future career plans for many Fly-CURE participants might be in STEM-related
488  careers, such as health professions, but not necessarily in laboratory research. Thereby, we predict
489  that most respondents perceived a “career as a scientist” as a bench or field scientist, rather than a
490  health-centered career. In the future, it would be enlightening to offer more specific career avenues
491  to better appreciate the impact of the Fly-CURE on participants’ career interests.

492 Overall, these data show that participation in the Fly-CURE, as a single research
493  experience, increases these metrics, even if this CURE is the student's first research experience.
494  Second, those students who had previous research experience also had statistically significant
495  gains after completing the Fly-CURE, suggesting that all students have room to grow for the
496  metrics analyzed in the second (or beyond) research experience. From our data, we cannot
497  conclude how many research experiences would saturate these reported gains; however, we think
498 itis reasonable to hypothesize that additional research experiences would result in additional gains
499 in these areas. Future studies should specifically evaluate the critical number of research
500 experiences associated with these and other student outcomes. Nonetheless, our data support
501  previous evidence on the impacts of CUREs, thereby further underlining the importance for
502  undergraduate STEM departments to incorporate one (or more) research experiences into the

503 standardized curriculum.
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FIGURE LEGENDS

Figure 1. The Fly-CURE is a modular course-embedded research project. (A) Students
enrolled in the Fly-CURE took an initial survey in which students reported their perceived self-
efficacy in research and sense of belonging in science. The pre-course survey was also used to
collect student demographic information. An FRT/Flp-based approach was used to create mitotic
clones in Drosophila eye tissue where tissue homozygous for an EMS-induced mutation was
marked by red pigment and wild-type tissue was marked by the absence of eye pigment. The

growth ability of tissue homozygous for the EMS mutation was assessed by comparing the amount

40


https://doi.org/10.1101/2023.01.16.524319
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.01.16.524319; this version posted January 19, 2023. The copyright holder for this preprint
(which 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
available under aCC-BY-NC 4.0 International license.

858  of red (mutant) to white (wild type) tissue within the adult fly eye. In parallel, the genomic locus
859  of the mutation on chromosome 2R was then determined by complementation mapping with
860  defined chromosome deletions. Once this initial “discovery” phase was completed, students
861 initiated a more hypothesis-driven “inquiry” phase of the project. Bioinformatics and molecular
862  approaches were used to design PCR primers and then amplify and sequence a portion of the
863  chromosomal region that fails to complement the mutation. Finally, a post-course survey was
864 implemented to measure the impact of the Fly-CURE on students’ perceived self-efficacy in
865  research, sense of belonging in science, and intent to pursue additional research experiences or
866  scientific careers. (B) Different combinations of the Fly-CURE components can be combined in a
867  modular format, depending on the learning objectives of the course where the Fly-CURE was
868 implemented (also see Appendix 1). (C) While most courses implementing the Fly-CURE were
869  genetics courses with a lab or a stand-alone genetics lab course, the Fly-CURE was incorporated
870 into a variety of other undergraduate Biology courses (Appendix 1). (D) 53% of Fly-CURE
871 instructors (8 out of 15) had previously worked in a research setting using Drosophila
872  melanogaster.

873

874  Figure 2. Institutional, demographic, and previous research experience of students enrolled
875  in the Fly-CURE. (A) Institutional profiles where the Fly-CURE was implemented were obtained
876  from The Carnegie Classification system. Institutions classified as Baccalaureate Colleges were
877  combined into a single Primarily Undergraduate Institution (PUI) category. Carnegie Institutions
878 classified as Doctoral/Professional Universities or Master’s Universities were pooled together as
879  Non-R2, graduate degree-granting institutions. Number of institutions in each category: PUI (n=6),

880 Non-R2 graduate degree-granting institutions (n=5), R2 (n=3), Community College (n=1) (see
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881  Appendix 1). (B) Minority Serving Institution (MSI) data was obtained from The Office of
882  Postsecondary Education Eligibility Matrix. Number of institutions in each category: Non-MSI
883  (n=12), Hispanic Serving Institution (HSI, n=1), Historically Black College or University (HBCU)
884  (n=1), Asian American and Native Pacific Islander Serving Institution (AANAPIS) and HSI (n=1)
885 (Appendix 1). (C-F) Demographic information from the student pre-course survey was used to
886  determine the number of students that self-identified as underrepresented in STEM (C) or as first-
887  generation college students (D). Pre-course survey data was also used to identify whether Fly-
888  CURE participants had previously obtained research experience (E) and if so, the type of research
889  experience in which students had participated (F).

890

891  Figure 3. Self-efficacy in scientific research of student subgroups before and after completing
892  the Fly-CURE. Through pre- and post-course surveys, students reported their efficacy in specific
893  skills associated with scientific research before and after participating in the Fly-CURE. The
894  survey rating scales for eight questions were combined, resulting in a total possible scale score of
895 40 (y-axis) per student. The mean self-efficacy pre-course (blue) and post-course (yellow) are
896  shown for all participants (A) and in participant subgroups (C,E). (A-B) Self-efficacy scale score
897 mean (A) and gain score mean (B) for all Fly-CURE participants. (C-D) Self-efficacy scale score
898 mean (C) and gain score mean (D) for male and female participants. (E) Comparison of self-
899 efficacy means pre- and post-course in all students, minority students underrepresented in STEM,
900 and first-generation college students. Error bars represent + standard error of the mean (= SEM);
901  ns, not significant, P > 0.05; ****P < 0.0001.

902
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903  Figure 4. Sense of belonging in the scientific community for student subgroups before and
904  after completing the Fly-CURE. Through pre- and post-course surveys, students reported their
905 sense of belonging in the scientific community before and after participating in the Fly-CURE.
906  The survey rating scales for four questions were combined, resulting in a total possible scale score
907  of 20 (y-axis) per student. The mean scale score for sense of belonging pre-course (blue) and post-
908  course (yellow) are shown for all participants (A) and in participant subgroups (C,E). (A-B) Sense
909 of belonging scale score mean (A) and gain score mean (B) for all Fly-CURE participants. (C-D)
910  Sense of belonging scale score mean (C) and gain score mean (D) for male and female students.
911  (E) Comparison of reported scale score means for sense of belonging for all participants, minority
912  students underrepresented in STEM, and first-generation college students. Error bars, +SEM; ns,
913  not significant, P > 0.05; ***P < 0.001; ****P <0.0001.

914

915  Figure 5. Student intent to seek additional research experiences before and after completing
916 the Fly-CURE. Students reported their perceived interest in pursuing additional research—
917  associated experiences before and after completing the Fly-CURE. The survey rating scales for
918 three questions were combined, resulting in a maximum scale score of 15 (y-axis) per student.
919  Students were asked to evaluate their perceived interest before and after the CURE in the
920 categories listed in (B and C). (A-B) Scale score means for interest in seeking additional research
921  experiences before (blue) compared to after (yellow) the Fly-CURE for all participants. (A) Scale
922  score means across all categories. (B) Scale score means for individual categories evaluating
923  student intent to seek additional research opportunities. (C) Gain score means comparing students’
924  interest in pursuing additional research experiences before and after the Fly-CURE for each

925  category evaluated. Error bars, £SEM; *P < 0.05; ****P < (0.0001.
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926

927  Figure 6. Impacts of self-efficacy in scientific research, sense of belonging in the scientific
928 community, and intent to seek additional research experiences in students with and without
929 research experience prior to the Fly-CURE. Through pre- and post-course surveys, students
930 reported their self-efficacy in scientific research (A-B), sense of belonging in the scientific
931  community (C-D), interest in pursuing additional research-associated experiences (E-G), and
932  whether they had research experience prior to the course. (A,C) Scale score mean for research self-
933  efficacy (A) and sense of belonging in science (C) before (blue) and after (yellow) the Fly-CURE
934  for participants with and without prior research experience. (B,D) Gain score mean for self-
935 efficacy (B) and sense of belonging (D) for Fly-CURE participants with and without prior research
936  experience. (A) For research self-efficacy, the survey rating scales for eight questions were
937  combined, resulting in a maximum score of 40 (y-axis). (C) For sense of belonging in science, the
938  survey rating scales for four questions were summed, resulting in a combined score of 20 (y-axis).
939 (E-G) Gain score means for students’ perceived interest to enroll in another research-intensive
940  science laboratory course (E), pursue or continue independent research in a research laboratory
941  (F), and pursue a career as a scientist (G) before and after taking the Fly-CURE. Error bars, +SEM;
942  ns, not significant, P > 0.05; *P < 0.05; ****P < 0.0001.

943

944  Figure S1. Reported self-efficacy in research for student subgroups before and after
945  completing the Fly-CURE. The mean self-efficacy pre-course (blue) and post-course (yellow)
946  scale score means are shown for participant subgroups, as well as the gain score mean (purple) to
947  compare differential gains in self-efficacy post-course compared to pre-course in student

948  subgroups. (A-B) Self-efficacy scale score means (A) and gain score mean (B) for minority
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949  students underrepresented in STEM and students not considered underrepresented in STEM. (C-
950 D) Self-efficacy scale score mean (C) and gain score mean (D) for first-generation and continued-
951  generation college students. (E-F) Self-efficacy scale score mean (E) and gain score mean (F) for
952  first- or second-year students compared to third-year students and above. Error bars, =SEM; ns,
953  not significant, P > 0.05; ****P <(.0001.

954

955  Figure S2. Reported sense of belonging in science for student subgroups before and after
956 completing the Fly-CURE. The scale score means for sense of belonging in the scientific
957  community pre-course (blue) and post-course (yellow) are shown for participant subgroups, as
958  well as the gain score mean (purple) to compare differential gains in sense of belonging post-
959  course compared to pre-course in student subgroups. (A-B) Sense of belonging scale score mean
960 (A) and gain score mean (B) for minority students underrepresented in STEM and students not
961  considered underrepresented in STEM. (C-D) Sense of belonging in research scale score mean (C)
962 and gain score mean (D) for first-generation and continued-generation college students. (E-F)
963  Sense of belonging scale score mean (E) and gain score mean (F) for first- or second-year students
964  compared to third-year students and above. Error bars, £SEM; ns, not significant, P > 0.05; ***P
965 <0.001; ****P <0.0001.

966

967  Figure S3. Reported intent to seek additional research experiences for student subgroups
968  before and after completing the Fly-CURE. Comparison of students’ perceived interest before
969  (blue) and after (yellow) the CURE to enroll in another research-intensive science laboratory
970  course (A,D,G,J), pursue or continue independent research in a research laboratory (B,E,H,K), and

971  pursue a career as a scientist (C,F,I,L). Scale score means for reported perceived interest in seeking
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972  additional research experiences before compared to after the Fly-CURE for male and female
973  students (A-C), minority students underrepresented in STEM and students not considered
974  underrepresented in STEM (D-F), first-generation and continued-generation college students (G-
975 1), and first- or second-year students compared to third-year students and above (J-L). Error bars,
976  £SEM; ns, not significant, P > 0.05; *P < 0.05; **P < 0.01; ***P <0.001; ****P < 0.0001.

977

978  Figure S4. Reported intent to seek additional research experiences in students with and
979  without research experience prior to the Fly-CURE. Through post-surveys, students reported
980 their perceived interest in pursuing additional research—associated experiences before and after
981  completing the Fly-CURE. The survey rating scales ranged from one (not likely) to five
982  (definitely) for the research experiences indicated. Scale score means of perceived student interest
983 to enroll in another research-intensive science laboratory course (A), pursue or continue
984  independent research in a research laboratory (B), and pursue a career as a scientist (C) before
985  (blue) and after (yellow) taking the Fly-CURE for students who reported as having or not having
986  research experience prior to the Fly-CURE. Error bars, £SEM; *P < 0.05; ****P < 0.0001.

987

988 SUPPLEMENTAL MATERIALS

989  Appendix I: Institutional and student demographics tables

990  Appendix 2: Pre- and post-surveys

991  Supplemental Figures 1-4
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Impacts of Fly-CURE on student outcomes
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Figure 1. The Fly-CURE is a modular course-embedded research project. (A) Students
enrolled in the Fly-CURE took an initial survey in which students reported their perceived self-
efficacy in research and sense of belonging in science. The pre-course survey was also used to
collect student demographic information. An FRT/Flp-based approach was used to create mitotic
clones in Drosophila eye tissue where tissue homozygous for an EMS-induced mutation was
marked by red pigment and wild-type tissue was marked by the absence of eye pigment. The
growth ability of tissue homozygous for the EMS mutation was assessed by comparing the
amount of red (mutant) to white (wild type) tissue within the adult fly eye. In parallel, the
genomic locus of the mutation on chromosome 2R was then determined by complementation
mapping with defined chromosome deletions. Once this initial “discovery” phase was completed,
students initiated a more hypothesis-driven “inquiry” phase of the project. Bioinformatics and
molecular approaches were used to design PCR primers and then amplify and sequence a portion
of the chromosomal region that fails to complement the mutation. Finally, a post-course survey
was implemented to measure the impact of the Fly-CURE on students’ perceived self-efficacy in
research, sense of belonging in science, and intent to pursue additional research experiences or
scientific careers. (B) Different combinations of the Fly-CURE components can be combined in
a modular format, depending on the learning objectives of the course where the Fly-CURE was
implemented (also see Appendix 1). (C) While most courses implementing the Fly-CURE were
genetics courses with a lab or a stand-alone genetics lab course, the Fly-CURE was incorporated
into a variety of other undergraduate Biology courses (Appendix 1). (D) 53% of Fly-CURE
instructors (8 out of 15) had previously worked in a research setting using Drosophila
melanogaster.
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Figure 2. Institutional, demographic, and previous research experience of students enrolled in the
Fly-CURE. (A) Institutional profiles where the Fly-CURE was implemented were obtained from The
Carnegie Classification system. Institutions classified as Baccalaureate Colleges were combined into a
single Primarily Undergraduate Institution (PUI) category. Carnegie Institutions classified as
Doctoral/Professional Universities or Master’s Universities were pooled together as Non-R2, graduate
degree-granting institutions. Number of institutions in each category: PUI (n=6), Non-R2 graduate
degree-granting institutions (n=5), R2 (n=3), Community College (n=1) (see Appendix 1). (B) Minority
Serving Institution (MSI) data was obtained from The Office of Postsecondary Education Eligibility
Matrix. Number of institutions in each category: Non-MSI (n=12), Hispanic Serving Institution (HSI,
n=1), Historically Black College or University (HBCU) (n=1), Asian American and Native Pacific
Islander Serving Institution (AANAPIS) and HSI (n=1) (Appendix 1). (C-F) Demographic information
from the student pre-course survey was used to determine the number of students that self-identified as
underrepresented in STEM (C) or as first-generation college students (D). Pre-course survey data was
also used to identify whether Fly-CURE participants had previously obtained research experience (E) and
if so, the type of research experience in which students had participated (F).
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Figure 3. Self-efficacy in scientific research of student subgroups before and after completing the
Fly-CURE. Through pre- and post-course surveys, students reported their efficacy in specific skills
associated with scientific research before and after participating in the Fly-CURE. The survey rating
scales for eight questions were combined, resulting in a total possible scale score of 40 (y-axis) per
student. The mean self-efficacy pre-course (blue) and post-course (yellow) are shown for all participants
(A) and in participant subgroups (C,E). (A-B) Self-efficacy scale score mean (A) and gain score mean (B)
for all Fly-CURE participants. (C-D) Self-efficacy scale score mean (C) and gain score mean (D) for male
and female participants. (E) Comparison of self-efficacy means pre- and post-course in all students,
minority students underrepresented in STEM, and first-generation college students. Error bars represent +
standard error of the mean (= SEM); ns, not significant, P > 0.05; ****P <(.0001.
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Figure 4. Sense of belonging in the scientific community for student subgroups before and after
completing the Fly-CURE. Through pre- and post-course surveys, students reported their sense of
belonging in the scientific community before and after participating in the Fly-CURE. The survey rating
scales for four questions were combined, resulting in a total possible scale score of 20 (y-axis) per
student. The mean scale score for sense of belonging pre-course (blue) and post-course (yellow) are
shown for all participants (A) and in participant subgroups (C,E). (A-B) Sense of belonging scale score
mean (A) and gain score mean (B) for all Fly-CURE participants. (C-D) Sense of belonging scale score
mean (C) and gain score mean (D) for male and female students. (E) Comparison of reported scale score
means for sense of belonging for all participants, minority students underrepresented in STEM, and first-
generation college students. Error bars, 2SEM; ns, not significant, P > 0.05; ***P <(.001; ****P <
0.0001.
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Figure 5. Student intent to seek additional research experiences before and after completing the
Fly-CURE. Students reported their perceived interest in pursuing additional research—associated
experiences before and after completing the Fly-CURE. The survey rating scales for three questions were
combined, resulting in a maximum scale score of 15 (y-axis) per student. Students were asked to evaluate
their perceived interest before and after the CURE in the categories listed in (B and C). (A-B) Scale score
means for interest in seeking additional research experiences before (blue) compared to after (yellow) the
Fly-CURE for all participants. (A) Scale score means across all categories. (B) Scale score means for
individual categories evaluating student intent to seek additional research opportunities. (C) Gain score
means comparing students’ interest in pursuing additional research experiences before and after the Fly-
CURE for each category evaluated. Error bars, £SEM; *P < 0.05; ****P < (0.0001.
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Figure 6. Impacts of self-efficacy in scientific research, sense of belonging in the scientific
community, and intent to seek additional research experiences in students with and without
research experience prior to the Fly-CURE. Through pre- and post-course surveys, students reported
their self-efficacy in scientific research (A-B), sense of belonging in the scientific community (C-D),
interest in pursuing additional research-associated experiences (E-G), and whether they had research
experience prior to the course. (A,C) Scale score mean for research self-efficacy (A) and sense of
belonging in science (C) before (blue) and after (yellow) the Fly-CURE for participants with and without
prior research experience. (B,D) Gain score mean for self-efficacy (B) and sense of belonging (D) for Fly-
CURE participants with and without prior research experience. (A) For research self-efficacy, the survey
rating scales for eight questions were combined, resulting in a maximum score of 40 (y-axis). (C) For
sense of belonging in science, the survey rating scales for four questions were summed, resulting in a
combined score of 20 (y-axis). (E-G) Gain score means for students’ perceived interest to enroll in
another research-intensive science laboratory course (E), pursue or continue independent research in a
research laboratory (F), and pursue a career as a scientist (G) before and after taking the Fly-CURE. Error
bars, 2SEM; ns, not significant, P > 0.05; *P < 0.05; ****P < (0.0001.
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