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Abstract:

Many barriers discourage underrepresented students from pursuing science careers. To
access graduate education, undergraduate students must first gain exposure to a particular
subject and subsequently accumulate related coursework and research experience. Many
underrepresented students lack exposure to developmental biology due to limited
undergraduate course offerings and finite resources at smaller institutions. To address this
disparity, a group of University of Michigan graduate students and postdoctoral fellows created
a portable short course focusing on developmental biology, titled “Developing Future Biologists”
(DFB). This weeklong educational initiative provides hands-on laboratory sessions, interactive
lectures, and professional development workshops to teach students about developmental
biology and increase awareness of scientific career options. To evaluate course effectiveness,
we developed a pre-post assessment, incorporating main ideas from the BioCore Guide.
Student understanding of basic concepts and perceived experience in developmental biology
increased in DFB participants, despite the abbreviated nature of the course. Here, we provide
all course materials and an in-depth analysis of the assessment we created. The DFB portable
short course model is an easily adaptable tool that connects undergraduate students with
opportunities for advanced study and lowers barriers for underrepresented students in science,

technology, engineering, and mathematics.
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Introduction:

Similar to other science, technology, engineering, and mathematics (STEM) fields,
developmental biology trainees do not proportionally represent the diversity of our nation (NSF
(National Science Foundation), 2015). Many barriers contribute to this lack of diversity,
including limited opportunities to partake in relevant science coursework and gain research
experience (Hurtado, Newman, Tran, & Chang, 2010). It is widely accepted that increased
diversity enhances graduate student training and development through the integration of a
variety of cultural perspectives (Aguilera, 2012). For outstanding students from all backgrounds
to join the developmental biology community, however, they need to be made aware of
opportunities in science and develop a passion for this exciting field.

To address this issue, a team of University of Michigan graduate students and
postdoctoral fellows created Developing Future Biologists (DFB), an educational initiative
designed to lower the cultural barriers to graduate education, increase awareness of science
careers, and teach students core concepts of developmental biology. The program centers on a
weeklong short course that includes developmental biology instruction, hands-on laboratory
exercises, professional development activities, and networking sessions. A main focus of the
course is to incorporate active learning strategies, which enhance student learning in STEM
fields (Freeman et al., 2014; Haak, HilleRisLambers, Pitre, & Freeman, 2011). Additionally, the
course aimed to assist students from a variety of backgrounds build long-term mentoring
relationships with University of Michigan graduate students, postdoctoral fellows, and faculty
members. Previous research suggests that similar mentoring efforts have helped students
succeed in scientific endeavors (Tsui, 2007). Importantly, DFB was designed to be portable and
scalable so that future iterations could be adaptable to a wide variety of subjects and locations.

In May of 2015, our team implemented the first DFB course in Ponce, Puerto Rico,
where several of our instructors had completed undergraduate studies in biology and noticed a

need for developmental biology instruction. Only three of the ten University of Puerto Rico
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95 (UPR) undergraduate campuses offer a developmental biology course on a regular basis, with
96 only two of the three offering laboratory-based instruction. Therefore, after a successful pilot
97  program focused on UPR Ponce students, we returned to Puerto Rico in 2016, opening the
98 application to undergraduate students from all UPR campuses and providing room and board
99 for students from other cities. To accomplish this, we compiled a variety of external and internal
100 funding from sources such as the Society for Developmental Biology Non-SDB Educational
101  Activities Grant, American Society for Cell Biology Committee for Postdocs and Students
102  Outreach Grant, the Department of Cell and Developmental Biology at the University of
103  Michigan, and the Rackham Graduate School Dean'’s Strategic Initiative at the University of
104  Michigan, among others (see Acknowledgements). In addition, we offered a local iteration of the
105 course to underrepresented undergraduate students from the state of Michigan in 2017,
106  allowing us to validate our assessment on a second student demographic.
107 Since 2010, the Vision and Change Call to Action has been instrumental in guiding
108 innovations in biology education (AAAS, 2010). The DFB course model incorporates many
109 aspects of Vision and Change, including integrating core concepts into the curriculum, focusing
110 on student-centered learning through active participation, and encouraging students and
111  professors from the University of Michigan to embrace high quality, innovative teaching methods.
112  To gauge the effectiveness of the course and measure students’ grasp of core concepts in
113 developmental biology, we developed and incorporated formal pre-post assessments using the
114  BioCore guide’s interpretation of the Vision and Change core concepts in Biology (Brownell,
115 Freeman, Wenderoth, & Crowe, 2014). To assess student attitudes, we also included a pre-post
116  survey asking students to self-rate their experience in developmental biology, their interest in
117  graduate school, and their awareness of science career options.
118 The purpose of this report is two-fold: 1) To present data addressing the effectiveness of
119 the 2016 and 2017 DFB course iterations, and 2) To provide resources for the development of

120 similar initiatives. Throughout the course, our goals were to build relationships with students,
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121  improve attitudes about graduate education and scientific careers, and effectively teach

122  students the core concepts of developmental biology. Here, we present our course design,

123  teaching materials and assessment data, demonstrating that this short course model can

124  enhance student understanding and perceived experience in developmental biology.

125

126  Course Development and Methods:

127  Instructor Selection and Preparation

128 Graduate student, postdoctoral fellow, and faculty instructors for the DFB course were
129 selected eight months before the course start dates. Faculty instructors were selected based on
130 involvement with undergraduate and graduate education and were invited to participate via
131 email. All other instructors submitted a cover letter and curriculum vitae, and selected applicants
132  were interviewed. Instructors were selected based on teaching experience, interest in social
133  justice/inclusion, and ability to commit two years to the program. A two-year commitment was
134  required to help with turnover and ensure the continuation of the initiative. Over the course of
135 the academic year, instructors met weekly to develop the course curriculum, design lab

136 activities, create the course applications and advertisements, design assessments, review

137 applications, practice lab instruction, and perform other tasks related to creating this course.
138 Meeting notes, as well as all other materials created for the course, were organized and stored
139 on a shared drive.

140  Student Applications & Selection

141 Approximately three months before the course start date, advertisements were sent out
142  via emall, flyers (Figure S1), the course Facebook page

143  (https://www.facebook.com/developingfuturebiologists), and the course website

144  (http://developingfuturebiologists.com). Applications, which were designed using Google Forms

145  and linked through the course website, were open for one month. The course was restricted to

146 24 students due to equipment limitations and to maximize the personal interactions among
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147  enrolled students and DFB instructors. Students were selected for participation based on grade
148 point average (minimum of 2.8 on a 4.0 scale) year in college, major, career goals, and reason
149  for course interest. While senior students participated in the course, we sought to accept a

150 larger portion of first and second year students based on previous studies demonstrating that
151 early research experiences increase continued participation in the sciences, particularly for
152  students from underrepresented minority groups (Nagda B.A., 1998; Rodenbusch, Hernandez,
153 Simmons, & Dolan, 2016). Preference was given to students who communicated enthusiasm
154  and a clear personal benefit from participation in DFB.

155  Lectures and Labs

156 One of our main goals in developing this course was to teach students the core concepts
157  of developmental biology. To achieve this objective, we developed interactive, discussion-based
158 lectures and hands-on laboratories surrounding main ideas and experimental techniques in
159 developmental biology. Each day focused on a single theme, including early embryonic

160 development, cell signaling, gene expression, organogenesis, and development and disease.
161 Instructional sessions were held daily from 9:00 AM to 5:00 PM, with discussion-based lectures
162 inthe morning, interactive labs in the afternoon, and occasional evening networking activities
163  (Figure S2).

164 Prior research indicates that courses with hands-on activities, such as labs, increase
165 enthusiasm and learning in students (Basey et al., 2014). Therefore, our course was designed
166  to focus on lab activities, with discussion-based lectures serving to introduce core content that
167  was later incorporated into laboratory material. Experienced faculty, postdocs, and graduate
168 students led discussions, and slide presentations were combined with active-based learning to
169 encourage student involvement. For example, one discussion session included reenactment of
170 the Wnt cellular signaling pathway, where students acted out the functions of specific pathway

171  components. In addition, the use of iClicker remotes allowed instructors to pose questions
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172  throughout the lecture to further engage students in the material (Caldwell, 2007; Crossgrove &
173  Curran, 2008).

174 Afternoon labs served as the main hands-on component of the course, with the objective
175  of exposing students to basic research methods and tools used in the field of developmental
176  biology. Instruction in basic laboratory safety and record keeping was provided prior to lab

177  participation. Due to space limitations in 2016, the course was designed to have two lab

178 sessions covering the same material each afternoon; half of the students attended lab, the other
179  students attended professional development sessions, and then the groups switched sessions
180  after 90 minutes. This format was kept in 2017, as positive feedback from 2016 professional
181 development sessions demonstrated a strong need for such instruction. Each lab session

182  utilized materials from common model organisms, including worms, frogs, flies, chickens, and
183 mice. To guide participation, students were provided a lab workbook containing background
184  information, experimental protocols, questions about each specific exercise, and space for

185  students to record their observations (Figure S3). Workbooks were not graded, and students
186  were allowed to keep their workbooks following the conclusion of the course.

187  Professional Development for Participants

188 The importance of mentoring in underrepresented student success is well established
189 (Nagda B.A., 1998; Villarejo, Barlow, Kogan, Veazey, & Sweeney, 2008; Whittaker &

190 Montgomery, 2012). To facilitate mentoring relationships between DFB instructors and

191  participants, students were split into groups and assigned two team leaders from the University
192  of Michigan. The team leaders mentored their assigned students both during the course and
193  after its conclusion. To encourage bonding within these teams, friendly competitions including
194  questions about course content and lab-based challenges were held throughout the week for
195 small prizes. In addition to the team assignments, networking activities at which students could
196 informally interact with their assigned mentors as well as other instructors were held. These

197 included an ice cream social, a bowling night, dinner with additional faculty from outside of the
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198 course, and an end-of-course networking dinner. These events created a welcoming

199  environment for undergraduates to speak with graduate students, postdocs, and faculty,

200 encouraging the formation of meaningful mentoring relationships.

201 We further aimed to help students envision themselves as researchers and learn about
202  career opportunities by incorporating a series of career development and informational sessions.
203  Topics included curriculum vitae review, effective networking skills, interview skills, presentation
204  skills, and program-based opportunities offered at institutions like the University of Michigan
205 (Figure S2). Additionally, career panels were incorporated into the course: one with current

206 graduate students, and one with and faculty/postdoctoral instructors. The panels began with
207  introductory statements from each member describing their personal scientific career paths, and
208 proceeded with questions focused on careers in research. To allow students to gain further

209 perspective on the types of projects and scope of work done by graduate students, the graduate
210 studentinstructors gave short research talks about their specific projects daily during lunch.

211  Assessment tools and statistical analyses

212 Previous reports have outlined the major concepts in biology, including an adaptation for
213 developmental biology in particular (Brownell et al., 2014; Rossi et al., 2013). Using these as a
214  guide, we created pre-post assessments to evaluate student understanding of core concepts in
215 developmental biology as well as lab techniques used throughout the course (Figure 1).

216  Questions corresponded to each of the major topics of the course, each with five possible

217  answers (Figures S4a: questions 6-29, S4b: questions 6-35). Question order was randomized
218  from pre- to post-test to avoid memorization of the questions. A score of 0 and 1 was assigned
219 for each incorrect and correct answer, respectively. Additionally, five items on the pre-post

220 examination were included to ascertain students’ general perspectives about scientific careers
221 and developmental biology (Figures S4a,b, questions 1-5). Each answer was given a value of O-
222 4 with 0 corresponding to least familiar/positive about the question topic and 4 being most

223  familiar/positive about the question topic. All values are reported as mean * standard deviation.
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224  Normality of the data were tested with D’Agostino & Pearson normality tests and statistical

225  comparisons between pre-test and post-test results were made using paired two-tailed t-tests,
226  Wilcoxon matched-pairs tests, or one-way ANOVA with Sidak’s post hoc test as dictated by
227  design and data distribution. Importantly, all DFB instructors completed a training certification for
228  research in human subjects through the Program for Education and Evaluation in Responsible
229 Research and Scholarship (PEERRS) at the University of Michigan, and this study was formally
230 exempt from ongoing Institutional Review Board (IRB) review. Furthermore, participants were
231  provided the option of signing a release form for photography and videography taken during the
232  course.

233 Feedback for the course was collected on a combination of iClicker data, pre-post tests,
234  and written feedback surveys. Student feedback was collected for each lecture and lab session
235 atits conclusion, via a standard series of iClicker questions and a written feedback survey

236  (Figure S5, data not shown). To gain qualitative insight into the students’ experiences, we also
237  encouraged open-ended reflections on the back of the course evaluations.

238

239 Results:

240  Student understanding of core concepts improved over the course of the week

241 To measure understanding of core concepts in the field of developmental biology, we
242  analyzed scores from pre- and post-test questions addressing our five content areas (Figure 2).
243  In 2016, students’ background knowledge varied widely, with pre-assessment scores ranging
244 from 17-50% (4 to 12 correct out of 24) and average score of 33% (8 correct out of 24). Student
245  background knowledge prior to the course in 2017 was similar, with pre-assessment scores
246  ranging from 13-60% (4 to 18 correct out of 30) and average score of 36% (11 correct out of 30).
247  Excitingly, for both course iterations, cumulative student understanding of the core concepts in
248  developmental biology improved (Figure 2A). Post-test scores rose from an average of 33% to

249  57% (raw score of 7.91+2.7 to 13.84+3.7, p<0.0001) in 2016 and from an average of 36% to 66%
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250 (raw score of 10.91+3.7 to 19.9+4.6, p<0.0001) in 2017. Overall, 22 out of 24 students in 2016
251 and all 15 students in 2017 improved their scores on the post-assessment, with increases

252  ranging from an additional 1 to 10 points out of 24 in 2016, and 3 to 22 out of 30 2017 (Figure
253  2B). In 2016, a single student’s test score decreased (from 11 to 8 of 24 points), and one did
254  not change (7 of 24 points on both assessments). The average percent improvement per

255 individual was 24% in 2016 and 30% in 2017. Accordingly, the distribution of test scores shifted
256  to more positive values on the post-test (Figure 2C-D). Together, these results suggest an

257  improved overall understanding of core developmental biology concepts.

258 In addition to the overall increase in test score, it was important to investigate whether a
259  netimprovement existed for each of the individual concept areas. Each test was divided into an
260  equal number of questions assigned to each of the five concepts and a section on lab based
261 techniques, with question order randomized. To analyze content-specific changes, questions
262  were sorted and changes in pre-post scores were examined for each concept section (Figure 3).
263  Understanding of all concepts improved during both iterations of the course (two-tailed t-test,
264  p<0.05), with some concepts improving more than others. In 2016, organogenesis improved the
265 most (40% average increase in score for that concept), followed by early embryo (32%),

266  techniques (27%), development & disease and cell signaling (18% each), and finally gene

267  expression (10%). In 2017, questions covering techniques improved the most (41%), followed
268 by early embryo (40%), organogenesis (31%), development & disease (25%), cell signaling
269  (24%), and finally gene expression (19%). These results suggest that intervention was

270  successful for student learning each day of the course.

271 Although scores improved for the test as a whole as well as for each individual concept
272  area, post-assessment score in 2016 was still only 57%. While conducting our initial analysis of
273  the 2016 data, we observed that some items on the 2016 assessment were simply not covered
274  during the course. In some cases, instructors changed their lecture content after the

275 assessments had been designed, whereas in other cases, instructors simply ran out of time to

10
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276 discuss all of their material. To address this consideration, we asked instructors to self-rate

277  coverage of each assessment item relevant to their topic on a numerical scale. After receiving
278  all instructor analyses, questions were divided into two equally-sized groups, labeled “less

279  instructor coverage” and “more instructor coverage”. As predicted, the topics that were covered
280 more in depth or by multiple instructors had better learning outcomes than those topics that
281  were not as well-discussed (Figure 4). We found that, while the “more covered” portion and the
282  “whole” test improved from pre to post, there was no improvement in the “less covered” group of
283  questions (percent correct meanzSD, less covered pre 37.9+£14.7, post 46.5+15.5, more

284  covered pre 27.8+£16.2, post 68.4+£20.0, whole test pre 32.8+11.1, post 56.9£15.2, p=0.162 less
285  covered, p<0.0001 more covered and whole test, one-way repeated measures ANOVA/Sidak).
286  These results demonstrate that in 2016, students improved to a greater extent on the material
287 that the course rigorously covered than on material that was less-discussed. These findings
288  were taken into consideration during planning of the 2017 course, leading to improvement of
289  post-assessment scores from an average of 57% in 2016 to an average of 66% in 2017.

290 Item analysis provided recommendations for assessment improvement

291 To measure the validity and effectiveness of our assessments, we performed item

292  analyses for difficulty for both the 2016 and 2017 pre-post exams (Tables 1 and 2). ltem

293  difficulty measures the proportion of students who answer an item correctly (Allen & Yen, 2002).
294  Therefore, a higher difficulty score signifies that an item was “easier”, because a higher

295  percentage of students answered that item correctly. Importantly, overall difficulty scores

296 increased from pre to post for both years, indicating that more students answered post-test

297  items correctly following instruction (Tables 1 and 2). In 2016, 5 out of 24 items on the pre-

298 assessment (21%) had difficulty scores above 0.5, with an overall average difficulty of 0.33,
299  compared to 15 out of 24 items on the post-assessment (63%), which had an overall average
300 difficulty of 0.57 (Table 1). Similar trends were observed in 2017, with 6 out of 30 items above

301 0.5 on the pre-test (20%) with an average score of 0.36, compared to 25 out of 30 items on the

11
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302  post-test (83%), which had an overall average difficulty of 0.66 (Table 2). Several questions had
303 difficulty scores that decreased, including items 4, 19, and 24 in 2016 and items 4 and 10 in
304 2017 (Tables 1 and 2). These items should be revised in future assessments.

305 In addition, item discrimination was used to measure how well each assessment

306 question distinguished between high- and low-performing students (Allen & Yen, 2002).

307 Discrimination scores below 0.2 reflected the need for item revision. Interestingly, in 2016, the
308 pre-test had 10 out of 24 questions (42%) adequately discriminating between low and high

309 performing students, while the post-test displayed an increase in discrimination scores, with 18
310 out of 24 items (75%) above 0.2 (Table 1). Mean discrimination improved from 0.16 on the pre-
311 assessment to 0.37 on the post assessment (Table 1). In 2017, however, both the pre- and
312  post-assessments contained more questions with discrimination scores above 0.2: 22 out of 30
313 items on the pre-assessment (73%) and 25 out of 30 questions on the post-assessment (83%)
314  (Table 2). In addition, mean discrimination improved for the 2017 pre-assessment (from 0.16 to
315 0.29), whereas the post-test discrimination mean remained unchanged at 0.37 (Table 2, c.f.
316 Table 1). Sixitems in 2016 showed decreased discrimination from pre to post (1, 9, 14, 20, 21,
317 and 22), whereas eight items decreased in 2017 (3, 5, 8, 13, 16, 26, 27, and 29). Any item with
318 adiscrimination score below 0.2 on the post-test should be considered for revision. Together,
319 these item statistics will guide improvements to the pre-post assessment for future iterations of
320 the course.

321 Lastly, we used the Blooming Biology Tool to categorize assessment items depending
322  on required cognitive domains (Crowe, Dirks, & Wenderoth, 2008). Because the course was
323  only a week in length, most items measured lower order cognitive skills at the knowledge level
324  (Tables 1, 2). However, we did slightly improve the taxonomy of the test in 2017, with the

325 amount of higher order items increasing from 33% to 40% of the assessment (c.f. Tables 1,2).

326  Student experience, but not interest in developmental biology improved after DFB

12
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327 Because our ultimate goal is to lower barriers to graduate education, we wanted to

328  assess whether students felt they gained experience as a result of the course, and whether the
329 course influenced their intended career pathway in some way. Student perspectives in these
330 areas were assessed via five items in the pre-post analysis (Figure S4, questions 1-5). Over the
331  duration of both the 2016 and 2017 course, students felt they became more familiar with career
332  options in the sciences (Figure S4, Q2. Figure 5, p<0.02). Of note in 2016, the average pre to
333  post test score in this area increased 75% in raw point value (2.88 to 3.36 out of 4). Students
334  also felt that they had gained developmental biology experience in the classroom and the lab in
335 both the Puerto Rico and Michigan courses (Figure S4 Q4 and Q5. Figure 5, p< 0.01).

336  Surprisingly, overall interest in developmental biology did not increase either year (Figure S4 Q1,
337  Figure 5, p=0.4). These data may reveal a selection bias for students with a strong interest in
338 developmental biology prior to their participation in DFB. Also of interest, the likelihood of

339 students attending graduate school did not change (Figure S4 Q3, Figure 5, p20.2). Together,
340 these results indicate that the DFB course improved students’ perceived experience in

341  developmental biology, but not their immediate likelihood of attending graduate school.

342

343  Discussion:

344 In this report, we describe the development, implementation, and assessment of

345  Developing Future Biologists, a portable short course in developmental biology. Our mission
346  centers around engaging underrepresented undergraduate students in an active learning

347  environment, while also providing professional development and continued mentorship. Two of
348  our major goals during the course were to teach students the core concepts of developmental
349  biology and to increase awareness of career options in the sciences. Using a pre-post method
350 of assessment, we found that student understanding of core concepts in developmental biology
351 improved, particularly in content areas of organogenesis and early embryonic development.

352  Item analysis indicated that students were able to perform better on post-tests and that
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353 discrimination and taxonomy improved with the revised test given for the second iteration of the
354  course. Furthermore, students indicated an increased awareness of career options in the

355  sciences, although their interest in developmental biology and likelihood of attending graduate
356  school did not change. Overall, this course represents a novel educational model that could be
357  widely adopted by other universities and departments to help reduce barriers to graduate

358  education.

359  Portable Course Design and the Alumni Connection

360 Many universities and research institutions offer paid summer research opportunities or
361 internship programs that allow students to gain experience in developmental biology

362 laboratories. For students to pursue these opportunities, however, they must first be motivated
363  to seek out and apply for these programs, and they also must be willing to travel long distances
364 and commit considerable time to these programs (typically around 10 weeks). Arguably,

365  students with little background in developmental biology and with limited access to laboratory
366  resources might be unaware of these summer research programs. Additionally, students may
367 be hesitant to commit an extensive period of time to such endeavors without knowing if they are
368 truly interested in the field. Our unique course model allows us to engage students who might
369  be curious about developmental biology but are unable to commit to a full summer research
370 opportunity in the field. By bringing this course directly to the students, we lower the activation
371  energy required for participation. For students who are interested in pursuing additional

372  research opportunities after the course, our professional development sessions and long-term
373  mentoring model allows us to help them identify subsequent summer research programs and
374  prepare successful applications.

375 The initial geographical location for the course arose naturally from our instructor alumni
376  connections to UPR Ponce. Not only did our instructors from Ponce recognize the need for this
377  type of initiative based on their own experiences, but they also were able to help tremendously

378  with the course logistics. Given the portable nature of the course, great care was taken to
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379  ensure that laboratory activities were feasible with the equipment and resources available at
380 Ponce. Thus, it was incredibly helpful to have alumni involved who were familiar with the

381 institution and facilities. Our alumni instructors also facilitated networking connections between
382 the DFB team and Ponce faculty members, who helped with advertising, coordinating space,
383  and receiving material shipments (all tissues samples used in the labs were shipped to Ponce,
384  with the exception of the locally obtained chicken eggs). Their experience and institutional

385  knowledge was invaluable to the success of the course.

386 Many groups have demonstrated that shared social identities, including visual identity,
387 have a profound impact on students’ perceptions of themselves in a certain career path

388  (Whittaker & Montgomery, 2012). Our Ponce alumni instructors as well as team members from
389  other UPR campuses enabled course participants to instantly build connections on the basis of
390 shared identity and common experience. DFB patrticipants are therefore able to receive

391 mentoring from positive role models from similar backgrounds to their own, who have already
392  successfully navigated the path to graduate school and a career in science. Overall, we found
393 that developing a partnership with the UPR Ponce community through alumni connections was
394  crucial to the success of the program, and strongly advise that others trying to develop similar
395  programs take this into consideration.

396  Course Impact on Patrticipants and Instructors

397 Although a weeklong course seems like a very short period of time, the outcomes we
398 present here strongly suggest the potential for a lasting impact, both on the UPR students

399 participating in the course and the instructors from the University of Michigan. Within a single
400  week, participants improved their understanding of the core concepts of developmental biology
401 and became more aware of career options in the sciences. While the course was focused on
402  developmental biology, the laboratories and lecture materials exposed UPR and Michigan

403  students to a wide variety of model organisms and research techniques used broadly

404  throughout many fields in biology and biomedical science. Overall, we provided students with a
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405 basic introduction to developmental biology, highlighted some of the exciting ongoing research
406 in the field, and helped students more easily envision career paths for themselves in STEM.
407 Our pre-post assessment indicated that the application process selected for students
408  who were highly interested in developmental biology prior to formal instruction, and that student
409 interest remained high throughout the course of the week. While the course did not increase
410 students’ interest in developmental biology, it did allow interested students to access this topic
411 in a meaningful way, as evidenced by significant increases in participants’ level of

412  developmental biology experience in both the laboratory and the classroom. While these initial
413  assessments show promising results, future courses could largely expand and improve

414  assessment beyond the pre-post test mechanism. Several published indices exist to measure
415  scientific integration (Estrada, 2009) as well as scientific self-efficacy (Chemers, 2006). These
416  and other tools will allow us to improve our understanding of student attitudes and performance
417  in the future.

418 We observed that DFB did not improve the item score pertaining to likelihood of DFB
419 student to attend graduate school. One complication of this metric was that our students had
420 varying ideas of the definition of graduate school, some which included medical and veterinarian
421  school, and others which did not. Additionally, a short term educational initiative that is only a
422  week in length may not be long enough to change undergraduate students’ career plans.

423  Perhaps a more appropriate question for future surveys might be whether students would be
424  interested in attending a longer course or summer research program in developmental biology.
425  Students were able to have honest conversations with graduate students, postdoctoral fellows,
426  and faculty members to help them make more informed decisions about their career aspirations
427  in the future. For students who do decide to pursue additional career development in the

428  sciences, the extended mentorship aspect of the initiative facilitates access to additional

429  resources and continued support, including letters of recommendation, personal advice, and

430 assistance with applying to research programs. The mentorship model also provides a
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431 mechanism to follow up with DFB participants and observe which careers they choose to pursue
432  in the long-term. Continuing assessment will be crucial for past and future DFB courses to

433  analyze impact on recruitment and retention of underrepresented students in scientific fields.
434 In addition to the impact of the course on enrolled students, DFB also had a profound
435 impact on the team that created, planned, and implemented the course. Few opportunities exist
436  for graduate students to create original learning modules and laboratory activities. This

437  experience has also been invaluable for the graduate students and postdoctoral fellows involved,
438 allowing instructors to develop exceptional teaching, communication, and organizational skills.
439  University of Michigan instructors involved with DFB have a unique opportunity to learn more
440  about students from diverse backgrounds and to better serve in mentoring capacities for these
441  students. Presumably, this will make instructors more comfortable and more likely to engage in
442  cross-cultural mentoring in the future, which will be critical for expanding diversity in the

443  sciences overall. Future iterations of DFB should focus on improving instructors’ mentorship
444  skills through resources like the National Research Mentoring Network (NRMN) and other

445  current initiatives.

446  Course Design and Scalability

447 The DFB initiative provides a framework for the development of similar courses with
448  flexible content and length. At the heart of this program are hands-on, active learning

449  approaches and relationship-building between undergraduate students and their near-peer

450  counterparts (Ramani, Gruppen, & Kachur, 2006). Information gathered from instructor

451  evaluations suggests that these approaches were highly valued by our students. Our

452  assessment data suggest that a week of interactive learning is a sufficient amount of time to
453 teach students core concepts of developmental biology. Our hope is that graduate students,
454  postdocs, and faculty members from other departments and institutions will adapt this model to
455  create similar courses in areas of need. To meet these ends, we formatted the course to be

456  modular in nature so that it could easily be applied in any field of science education.
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457  Conclusion

458 To improve diversity outcomes in the sciences, underrepresented students need to be
459  engaged in a meaningful way and shown pathways to success. The weeklong DFB initiative
460 addresses these issues through active learning strategies that have been previously shown to
461 reduce the gap between students of different educational backgrounds (Haak et al., 2011) and
462 Dby providing mentorship from individuals who have faced similar disadvantages and succeeded,
463  a mentoring strategy demonstrated to increase retention of minority groups in other STEM fields
464 (Dennehy & Dasgupta, 2017; Keller, Logan, Lindwall, & Beals, 2017). Through these methods,
465 DFB was able to build on personal connections, leverage existing diversity, and provide high
466  quality long-term mentoring. We believe these aspects are crucial to the success of DFB and,
467  more importantly, the improvement of the cultural climate in science as a whole.

468
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BioCore Guide Overarching Principles
(adapted from Brownell et. al., 2014)

Q Evolution Q Transformations of Energy and Matter
« All living organisms share a common ancestor » Energy and matter cannot be created or
« Species evolve over time, and new species can destroyed, but can be changed from one form
arise when allele frequencies change due to to another.
mutation, natural selection, gene flow, and » Energy cptured by primary producers is
genetic drift necessary to support the maintenance, growth,
and reproduction of all organisms
O Information Flow « Natural selection leads to the evolution of
« Organisms inherit genetic and epigenetic efficient use of resources within constraints.

information that influences the location, timing,
and intensity of gene expression. Q Systems

« Cells/organs/organisms have multiple « Biological molecules, genes, cells, tissues,
mechanisms to perceive and respond to organs, individuals, and ecosystems interact to
changing environmental conditions form complex networks. A change in one

component of the network can affect many
Q Structure Function other components.

« Biological structures exist at all levels of » Organisms have complex systems that
organization, from molecules to ecosystems. A integrate internal and external information,
structure’s physical and chemical characteristics incorporate feedback control, and allow them to
influence its interactions with other structures, respond to changes in the environment.
and therefore its function

« Natural selection leads to the evolution of O Content Specific
structures that tend to increase fitness within * Not directly related to one of the principles

the context of evolutionary, developmental, and listed above.

environmental constraints.

Early Embryo  Gene Expression  Cell Signalin Organogenesis Disease
2016 DFB o i 2 : J A
assessment
question
Early Embryo  Gene Expression  Cell Signaling Organogenesis Disease

0000000000000 000000NNDDRD

Figure 1: The DFB pre-post assessment covers the core concepts of developmental
biology. The core concepts in Biology were defined by Vision and Change (AAAS, 2010) and
further adapted into overarching principles by the BioCore Guide (Brownell et. al. 2014). Each
guestion within the DFB pre-post assessment from 2016 (top row) or 2017 (bottom row) either
relates directly to an overarching principle or relates to specific content covered in lecture or lab,
as indicated by color coordination. See Supplemental Figures 6 and 8 for full assessments.
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FIGURE 2. Student understanding of developmental biology core concepts improved as a
result of DFB instruction. (A) Aggregate test scores on pre- and post-assessment. Data
reported as mean = SD. *p<0.0001 for both years, using a paired two-tailed Student’s t test.
Score ranges: 2016, pre-assessment: 4 to 12 points out of 24 (17% to 50%; median 33%), post
assessment: 7 to 20 points (29 to 83%; median 54%). 2017, pre-assessment: 4 to 18 points out
of 30 (13% to 60%; median 40%), post assessment: 13 to 27 points (43% to 90%; median 70%).
(B) Individual student pre- and post-assessment scores. Black lines connect each individual's
pre and post score. (C-D) Range of scores on the pre (light gray) and post (dark gray)
assessments for each year.
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2016 - Puerto Rico 2017 - Michigan
c ¢ Percentage of answers correct e Percentage of answers correct e
NPT 0 20 40 60 80 100 gEege O 20 40 60 80 100 gy,
s.d. s.d.
Early embryo +33 ppt +40 ppt
Gene expression +11 ppt +19 ppt
SN o
Organogenesis +40 ppt +31 ppt
Development
& disease +18 ppt +25 ppt
Techniques +27 ppt +41 ppt
0 20 40 60 80 100 0 20 40 60 80 100

FIGURE 3. Student understanding of developmental biology improved within each
conceptual area of instruction. The percentage of correct answers on the pre- and post-tests
increased for all core concepts in both 2016 (left) and 2017 (right). The percentage of students
who answered correctly on the pre (light grey) and post (dark grey) tests are displayed for each
concept (4 questions per concept). Each concept showed significant improvement (two-tailed t-
test, p<0.05). Average percent increase for each concept listed to the right of post-test bars (ppt
= percentage point).
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FIGURE 4. 2016 Student performance correlates with increased instructor coverage. ltem
coverage scores were collected from instructors, and test items were divided into two equal
groups reflecting less instructor coverage (less than 60% instructor coverage score), and more
instructor coverage (greater than 70% instructor coverage score). Student scores by item
coverage changed based on instructor coverage scores (one-way repeated-measures ANOVA,
p<0.0001). Post hoc analysis results suggest students scored similarly on pre and post items for
which less instruction was given (Sidak p=0.1620), while scores improved on items for which
more instruction was given (Sidak p<0.0001) and for the test overall (Sidak p<0.0001).
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FIGURE 5. Student attitudes about developmental biology and careers in science. Pre
(top, lighter bars) and post (bottom, darker bars) test analysis sorted by item from 2016 (left)
and 2017 (right). Student reflection on familiarity with career options in the sciences and
experience gained in the classroom and lab significantly improved (career options: p<0.02, and
lab and classroom: p< 0.01). Overall interest in developmental biology and likelihood to attend
graduate school did not significantly change (p=0.2) *p<0.02, **p<001, ***p<0.0001.
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Table 1. Item Statistics for DFB 2016 - Puerto Rico

Concept Item # Difficulty Difficulty Discrimination Discrimination Bloom's Level
Pre Post Pre Post

Early Embryo 1 0.33 0.71 0.29 0.14 Knowledge
2 0.54 0.83 0.14 0.14 Knowledge

3 0.08 0.71 0.29 0.43 Comprehension

4 0.38 0.33 0.57 0.57 Analysis
Gene 5 0.38 0.38 0.00 0.43 Knowledge
Expression 6 0.42 0.50 0.00 0.29 Knowledge
7 0.83 0.83 0.14 0.14 Knowledge
8 0.29 0.63 0.29 0.29 Analysis

Cell Signaling 9 0.25 0.25 0.43 0.29 Knowledge
10 0.17 0.54 0.29 0.29 Knowledge
11 0.58 0.83 0.00 0.14 Knowledge
12 0.08 0.13 0.00 0.14 Application
Organogenesis 13 0.38 0.42 0.00 0.29 Knowledge
14 0.17 0.63 0.00 -0.14 Knowledge
15 0.04 0.63 -0.14 0.71 Knowledge

16 0.17 0.67 0.14 0.86 Comprehension

Disease 17 0.25 0.71 0.00 0.57 Comprehension
18 0.25 0.42 -0.29 0.71 Knowledge
19 0.54 0.38 0.00 0.71 Knowledge
20 0.54 0.79 0.57 0.43 Application
Techniques 21 0.29 0.58 0.57 0.43 Knowledge
22 0.38 0.88 0.71 0.29 Knowledge
23 0.13 0.46 -0.43 0.29 Knowledge
24 0.42 0.33 0.29 0.43 Application

Mean 0.33+0.19 0.57£0.21 0.16 £ 0.28 0.37£0.23
difficulty < 0.5 discrimination < 0.2
difficulty > 0.5 discrimination > 0.2

27


https://doi.org/10.1101/467092
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/467092; this version posted November 12, 2018. 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.

Developing Future Biologists

Table 2. Item Statistics for DFB 2017 - Michigan

Concept ltem # Difficulty Difficulty Discrimination Discrimination Bloom's Level
Pre Post Pre Post
1 0.07 0.73 0.00 0.25 Knowledge
2 0.13 0.80 0.00 0.50 Knowledge
Early Embryo 3 0.47 0.87 0.50 -0.25 Knowledge
4 0.80 0.53 0.50 0.75 Application
5 0.33 0.87 0.75 0.25 Comprehension
6 0.47 0.80 0.00 0.50 Knowledge
7 0.47 0.73 0.00 0.25 Analysis
Exggggon 8 053 073 1.00 025 Knowledge
9 0.20 0.40 0.25 0.25 Comprehension
10 0.27 0.20 -0.25 0.25 Comprehension
11 0.27 0.33 0.25 0.75 Knowledge
12 0.07 0.67 0.25 0.75 Comprehension
Cell Signaling 13 0.73 0.93 0.25 -0.25 Application
14 0.33 0.67 0.50 0.75 Analysis
15 0.67 0.67 0.75 1.00 Analysis
16 0.53 0.60 0.25 0.00 Comprehension
17 0.20 0.80 -0.25 -0.25 Knowledge
Organogenesis 18 0.33 0.40 0.75 0.75 Knowledge
19 0.07 0.73 0.00 0.25 Knowledge
20 0.20 0.33 0.00 0.75 Knowledge
21 0.40 0.60 0.50 0.50 Knowledge
22 0.93 0.93 0.25 0.25 Application
Disease 23 0.27 0.60 0.25 0.25 Comprehension
24 0.13 0.53 0.00 0.50 Knowledge
25 0.40 0.73 0.25 0.25 Knowledge
26 0.13 0.80 0.50 0.25 Knowledge
27 0.40 0.67 0.25 -0.25 Knowledge
Techniques 28 0.27 0.73 0.50 1.00 Knowledge
29 0.40 0.87 0.75 0.25 Knowledge
30 0.47 0.67 0.00 0.50 Knowledge
Mean 0.36 +0.22 0.66 £ 0.18 0.29+0.32 0.37 £ 0.35
difficulty < 0.5 discrimination < 0.2
difficulty > 0.5 discrimination > 0.2
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