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A call for the integration of research experiences into all biology curricula has been a major goal for edu-
cational reform efforts nationally. Course-based undergraduate research experiences (CUREs) have been
the predominant method of accomplishing this, but their associated costs and complex design can limit
their wide adoption. In 2020, the COVID-19 pandemic forced programs to identify unique ways to still pro-
vide authentic research experiences while students were virtual. We report here a complete guide for the
successful implementation of a semester-long virtual CURE that uses Drosophila behavioral assays to
explore the connection between pain and addiction with the use of an at-home “lab-in-a-box.” Individual
components were piloted across three semesters and launched as a 100-level introductory course with 19
students. We found that this course increased science identity and successfully improved key research
competencies as per the Undergraduate Research Student Self-Assessment (URSSA) survey. This course
is ideal for flipped classrooms ranging from introductory to upper-level biology/neuroscience courses and
can be integrated directly into the lecture period without the need for building a new course. Given the
low cost, recent comfort with virtual learning environments, and current proliferation of flipped class-
rooms following the 2020 pandemic, this curriculum could serve as an ideal project-based active-learning
tool for equitably increasing access to authentic research experiences.
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INTRODUCTION

experiences into the biology curricula. Given the growing
comfort-level with virtual learning environments post-
COVID and the subsequent wide movement toward prere-
corded lectures, a unique opportunity exists to integrate a
project-based authentic research experience directly into
the classroom’s weekly 3-hour lecture period in either an
in-person or virtual setting. By strategically focusing on be-
havioral assays as experimental outputs, costs can also be
dramatically reduced.

Considerable research has demonstrated the benefits
of undergraduate research experiences on student learning,
including the development of domain expertise, acquisition
of team-based skills, increased understanding and respect
for the research process, acquisition of problem-solving
skills, practice and refinement of communication skills, and
increased self-confidence, personal growth, independence,
and tolerance (4—-10). Comparable benefits are seen across

For students to develop critical thinking skills as learn-
ers, scientists, and citizens, they must participate in activities
that apply both practical research techniques and the scien-
tific process in real-world contexts (I, 2). Traditional men-
tored research experiences are integral to biology educa-
tion, as they provide a high academic challenge, active
collaborative, experiential learning, enriching educational
experience, intense student-faculty interaction, and a sup-
portive campus environment (3). These activities, however,
are not widely available to all students due to high student-
faculty ratios and challenges integrating authentic research
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thought to especially benefit women and underrepresented
students due to fostering of mentor-mentee and peer-peer
relationships (12—14).

Despite these recommendations, however, its often
impractical to expand this to an entire undergraduate popu-
lation (I5, 16). Historically, the incorporation of research
experiences into the undergraduate curriculum has been in
the form of mentored one-on-one research apprenticeships
in research laboratories (5, |1). However, the high student-
faculty ratio prevents all students from participating, often
at the cost of diversity and equity in training (17, 18). A so-
lution to this problem is to integrate authentic research
experiences into a course-based setting.

Course-based undergraduate research experiences
(CUREs) are a scalable solution for providing authentic
research experiences to undergraduates while still fulfilling
the benchmarks set by the National Research Council (8,
19). CUREs are easier to scale up and offer research for
credit instead of relying on self-selection (20). This is espe-
cially the case for students of low socioeconomic back-
grounds who often are unable to participate in extracurric-
ular research activities due to employment. Additionally,
CUREs can be integrated into introductory courses to
engage first- and second-year students in research earlier to
exert a larger influence on academic and career choices
(21). Despite the numerous implementations and successes
of CUREs, they are still widely underused.

Since CUREs generally rely on teaching laboratories, it
can be challenging to find dedicated space to create a scal-
able authentic research experience for some institutions.
Further, CUREs are often stand-alone electives which can
disincentivize their adoption because they may dilute a
packed curricula or may be perceived as too time-consum-
ing for faculty with limited time. One way to overcome this
is to create viable authentic research experiences that can
be integrated directly into the lecture period and/or allow
students to conduct research at home. As higher education
begins to place a greater priority on quality online educa-
tion, virtual CUREs can overcome several of these chal-
lenges and have already seen some success (22).

Here, we report the implementation of a virtual CURE
(VCURE) geared toward first-year undergraduates at Rutgers
University Camden, a primarily undergraduate institution with a
diverse and nontraditional STEM population (90% commuters,
55% first-generation/low income, 28% African American, and
16% LatinX). The course allowed students to explore the inter-
section between the opioid epidemic and pain using the model
organism Drosophila melanogaster at a cost of less than $15/stu-
dent. Self-reported data indicate that this course improved sci-
ence identity and key research competencies as assessed by the
Undergraduate Research Student Self-Assessment (URSSA) sur-
vey (23, 24). The manuscript describes the structure and func-
tion of this 3-credit VCURE model and provides detail to adopt
it in its entirety or adapt it to fit specific needs. Uniquely, our
VCURE could be implemented in a hybrid manner as a project-
based research experience that serves as the active-learning
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component of flipped classrooms ranging from Biology 101 to
upper-level neuroscience. We also describe details of tapping
into the proliferation of virtual scientific conferences/webinars
as a method to provide students a unique training opportunity
often missed because of the financial constraints of attending in-
person conferences. It is our hope that this VCURE model
could be widely and easily adopted to increase access to
authentic research experiences at any stage of the undergradu-
ate curricula.

INTENDED AUDIENCE

The intended audience is first-year biology majors, but it
is designed to run at any undergraduate level. Additionally, we
also had a few nonbiology majors, suggesting it could work
with a range of undergraduates.

LEARNING TIME

This is a semester-long project-based 3-credit biology elec-
tive across |5 weeks but can be scaled down depending on the
context. Each week, students spend | hour watching prelecture
videos, 3hours in synchronous sessions, and | to 6hours in
asynchronous sessions working on the project or assignments.

PREREQUISITE STUDENT KNOWLEDGE

There is no prerequisite knowledge, and students do
not need experience working with Drosophila. For our itera-
tion of this class, most students were in their first year with
minimal biology background.

LEARNING OBIECTIVES

Our overall goals for this course were the following:

I.  Students will develop a greater science identity.
2. Students will gain valuable research experience
from a virtual setting.

We sought to achieve this with the following learning
objections. The comprehension-based objectives were:

I. Describe introductory neuroscience concepts in
relation to the research project.

2. Describe the molecular mechanisms of addiction.

3. Describe the molecular mechanisms of pain.

The application-based objectives were:

4. Critique, troubleshoot, and engage in a virtual team of
researchers to collaboratively complete a research
project.
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5. Collect data with Drosophila melanogaster behavioral
techniques.

The synthesis-based objectives were:

6. Navigate the scientific literature to develop a
research project virtually.

7. Engage with recent scientific discoveries related to
the research project.

8. Critique scientific talks from a national conference
and identify how talks relate to the project.

This course integrates experiential learning into a flipped-
classroom by implementing Drosophila-based research into lec-
ture periods. It is designed as a 3-credit |5-week course that
meets twice/week but can be modified to run in a shorter cur-
riculum. While this course was run in and is ideal for a virtual
setting, the original concept was developed for an in-person
environment to place a research-based project into a tradi-
tional 3-credit flipped classroom without the need for includ-
ing an additional corequisite lab.

Each week is broken into 2 days: (i) content days where
in-class discussions/activities focus on understanding required
content and (i) lab meetings where in-class discussions/activ-
ities focus on completing a semester-long research project.
Student assignments/activities are broken into individual work
and group work. All work and activities are designed to mirror
that which would be experienced in a traditional research lab.

Below are the information/materials necessary to run
this course within the scope of students learning the neuro-
science of addiction and chronic pain. However, the compo-
nents can be used for other topics, and other protocols
could be adapted to the content of interest. Thus, we have
written the manuscript to facilitate faculty implementing the
curriculum in its entirety or identifying individual compo-
nents to adopt/modify/supplement their courses.

Materials

Students will need the following:

I.  Computer/internet access.

2. Video conferencing platform such as Zoom for syn-
chronous meetings.

3. Cloud-based word processor/database/presenta-
tion programs, such as those provided by Google
Docs for collaborative work.

4. Communication platform for instant conversation/
troubleshooting, such as Slack.

5. Learning management software for classroom orga-
nization, such as Canvas.

6. “Lab-in-a-box” that includes Drosophila and all nec-
essary tools for students to carry out the behav-
ioral experiments in the semester-long research
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project. This “lab-in-a-box” is described within the
Lab Manual (Appendix 4) and Assembly Plan
(Appendix 5).

Student instructions

Students are responsible for both individual and group
work in the form of leading synchronous/asynchronous discus-
sions, quizzes, presentations, and hands-on research activities.
Detailed student instructions for each component can be
found in the course syllabus (Appendix 1), course schedule
(Appendix 2), journal club worksheet (Appendix 3), lab man-
ual (Appendix 4), and peer assessments (Appendix 6).

Faculty instructions

Below are the instructions, commentary, and advice for
the successful implementation of the course. Further com-
mentary on each component can be found in the syllabus
annotations (Appendix ).

Designing the research project. Faculty should
design a semester-long research project that is approach-
able by students in the format of a traditional CURE. We
recommend using a backward design that starts with a
straightforward research question/hypothesis/prediction
and includes simple experimental design/variables. These
can be constructed, as done here, by using simple Drosophila
behavioral assays. Once these are established, course con-
tent can be developed. For our project, we utilized four
simple behavioral assays to study the impact of chronic pain
on the development of addiction in Drosophila.

Given the limited in-class time, project plans should be
developed prior to starting the course. See the lab manual
for details on our project (Appendix 4). Faculty can use our
project design to explore the same question or a similar
question, build a different project with the included behav-
ioral assays, or develop a different research project with
other behavioral assays. We encourage student input when
developing the project (i.e., exploring sleep, diet, or other
factors on addiction), but the practical challenges of limited
time may require the project to be fully developed by the
faculty member. We suggest using simple-to-approach be-
havioral assays, including the negative geotaxis, sensitivity,
tolerance, and Capillary Feeder (CAFE) assays to assess
addiction. If built around simple and consistent behavioral
assays as the dependent variable, faculty can explore a range
of relevant topics as independent variables. Importantly,
exploring an unknown instead of confirmatory experimen-
tation instills greater buy-in from students and is the driving
essence of authentic CUREs.

Conducting the research project. We include
details for building a lab-in-a-box at the cost of $15/student
(Appendix 5, lab-in-a-box assembly plan). If deviating from
our project design, it is essential to account for every
potential need, since reshipping supplies can be cumber-
some. Since flies need to be flipped regularly, we suggest
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waiting to send the lab-in-a-box until the experiments
begin.

While students are broken into groups of 4 to 5, all stu-
dents are collecting data as a single replicate (i.e., every stu-
dent will conduct all experiments instead of a single group
being assigned a single assay). This redundancy accounts for
environmental and technical variables introduced by differ-
ent students in different homes. It is expected that not all
students will successfully obtain data, so making it clear that
failure is common will prevent incentives for students to
deviate from a responsible conduct of research to ensure
data integrity. Although invertebrate studies do not need to
be approved by the Institutional Animal Care and Use
Committee (IACUC), some students may wish to abstain
from certain experimental procedures due to personal
ethics or discomfort with flies. These students can conduct
the experiments virtually with peers to still gain the under-
lying concepts and knowledge of the experiment. We also
recommend reserving time to discuss the ethics of animal
research. Each group is assigned a different research presen-
tation. To foster ownership and project management skill-
sets, these groups should coordinate data consolidation and
analysis for their particular presentation by creating a cen-
tral cloud-based data repository.

Content days. The first session each week is a lecture
period reviewing essential content. Critically, the content
should be identified with backward design focused on the
goals of the research project and need not be comprehensive
of the entire field or topic. For example, we identified critical
knowledge necessary to understand the project (basic neuro-
science, neuroanatomy of pain/addiction, Drosophila biology,
etc.) and designed the course content (weekly quizzes, science
news discussion, and traditional lecture content) (Appendix 2,
course schedule).

Lab meeting days. The second session each week
includes group-based journal clubs, presentations, and tech-
nique instruction (Appendix 2, course schedule). The first
few weeks reinforce concepts in experimental design, re-
sponsible conduct of research, basic statistical analysis, and
presentation of data. The following weeks focus on group-
led journal clubs related to the project. Once students have
received their lab-in-a-box, faculty use this time to teach ex-
perimental techniques. We recorded these sessions for
future reference and used break-out rooms for trouble-
shooting. Once students begin collecting data, these ses-
sions are used for the group-led research presentations.

Suggestions for determining student learning.
Rubrics are included with all assignments. We used tradi-
tional formative assessments to measure comprehension-
based objectives. To measure application- and synthesis-
based objectives, we designed activities and assessments
that mirror those which would be seen in a traditional
research lab (proposal defense, research-in-progress talks,
thesis defense, conference debriefs, journal clubs, etc.).
Importantly, we did not assess students on their ability to
complete the project, but instead, on their engagement in
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and understanding of the project since failure in experimen-
tation is common.

Sample data. As seen in Discussion, students received
As and Bs on the content quizzes, indicating they understood
the primary content point. We include a sample journal club
worksheet (Appendix 8) indicating students could understand
the major components of assigned research articles even if
they had some trouble with unfamiliarity with certain experi-
mental techniques due to limited science literacy at this stage.
Student presentations were comprehensive and appropriate
for their stage, indicating they were collaboratively conducting
experiments and analyzing data sufficiently to complete this
project in a virtual setting.

Safety issues. The procedures and content were
designed to comply with the American Society of Microbiology
Guidelines for Biosafety in Teaching Laboratories. Although
none of the items in this lab-in-a-box are hazardous, we recom-
mend students attend a lab safety training. Ve utilized an online
CITI Right-To-Know lab safety training program. These boxes
contain live Drosophila, low-concentration ethanol (max 50%
ethyl alcohol [EtOH] in comparison to hand sanitizer at 60%
EtOH), and small glass capillary tubes.

Field testing

This course was initially conceived as a strategy to inte-
grate a low-cost CURE into an in-person flipped classroom.
Whereas flipped classrooms often contain a series of active
learning exercises and CUREs are often their own separate
entity, our curriculum can be plugged into a traditional
flipped lecture-based course. This allows for the expansion
of CUREs while avoiding the common impediments to them
since any flipped course could integrate this CURE model
for its active-learning component. As such, we built this
CURE around a popular 400-level course that ran in two
previous semesters, called “The Neuroscience of the
Opioid Epidemic.”

We initially piloted the virtual aspect of this CURE in
the summer of 2020 in partnership with the nonprofit
research hub eCLOSE, which had developed a fully virtual
bioscience research curriculum with a Drosophila-based lab-
in-a-box for students ranging from middle school to college.
During that summer, four Rutgers Camden undergraduates
participated in this program with 49 students from other
institutions to pilot the lab-in-a-box curriculum and identify
methods to adapt it to our pain/addiction course plan. We
combined this virtual component with other mechanisms
ideal for the lecture period that were developed and tested
in our more traditional 300-level CURE and launched our
lecture-based virtual CURE in the fall of 2020. Thus, com-
ponents of this virtual CURE have been field-tested over
several semesters, piloted in the summer of 2020, and fully
tested in a 100-level undergraduate course with 19 honors
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students during the fall of 2020 (see the demographics for
the 12 who participated in the survey in Table I).

Evidence of student learning

Learning objectives | to 3 were evaluated with form-
ative assessments of weekly quizzes focused on determin-
ing the comprehension of content material. Learning
objective | was evaluated from week 5 to Il quizzes
(88% mean, 79% to 91% range). Learning objective 2 was
evaluated from week 3 and 14 quizzes (87% mean, 85% to
89% range). Learning objective 3 was evaluated from
week 2 and 12 quizzes (89% mean, 86% to 91% range).
These grades demonstrate that students had a good/
excellent comprehension of necessary material.

Learning objectives 4 to 5 were evaluated with applica-
tion-based presentations and research-related activity
assessments. Learning objective 4 was evaluated by research
presentation grades (93% mean, 89% to 96% range). Since
each group is responsible for presenting the next iteration
of the project presentations (i.e., group | presents the pro-
posal, group 2 presents the research in progress, group 4
presents the thesis defense), successfully presenting relies
on inter- and intragroup collaboration in a virtual setting.
Indicating further virtual collaboration, 100% of students
engaged with a shared Google document to enter/analyze
collected data. Indicating sufficient collaboration on critiqu-
ing and troubleshooting the project, presenting groups
received feedback from 89% of students and received an av-
erage of 96% for their class score, and individual students
had a 96% average for their peer evaluation grade. Learning
objective 5 was assessed by the number of students suc-
cessfully collecting data for each experiment. A total of 89%
(17/19) of students chose to receive the lab-in-a-box. There
was a high success rate in collecting data for the core
experiments (94% obtained data from the climbing assay,
59% obtained data from the sensitivity assay, and 47%
obtained data from the tolerance assay). Only 6% of stu-
dents, however, obtained data from the more complex
CAFE, assay perhaps suggesting an upper limit of the types
of assays that can be effectively conducted at home.

Learning objectives 6 to 8 were evaluated with presenta-
tions and activities focused on assessing a student’s ability to
synthesize new information from the course. Learning objec-
tive 6 was evaluated using the journal club presentation grade
(89% average), which measures the group presentation of the
paper, the journal club worksheet grade (93% average), which
measures the individual understanding of the paper; and the
journal club moderator grade (94% average), which measures
the level of audience engagement during the presentation.
Learning objective 7 was evaluated using the Monday News
Presentation grade (96% average), which measures ability to
engage with recent science news related to the project, and
the Canvas Forum Moderator grade (98% average), which
measures the level of class engagement. Additionally, 63% of
the class engaged in weekly online conversation around the
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science news. Learning objective 8 was evaluated with the con-
ference debrief presentation grade (94% average). These data
suggest that students were able to synthesize information
from their research experience.

To assess goals | and 2, we used two validated survey
instruments in a pre-/posttest design. The pretest was given at
week 4, before students received their lab-in-a-box but after
becoming familiar with the course to allow for the specific
evaluation of the course’s research component. Of the 19 stu-
dents, 12 took part in both the pre- and posttests. We col-
lected demographic data indicating first-generation college stu-
dent status, major, age, gender, and year (Table 1). To ensure
that these students were well matched, we confirmed that
they did not have any previous research experience but had
similar levels of engagement in extracurricular science-related
activities (Table 2).

We first assessed science identity (goal 1), which
measures how much a student identifies as a scientist or
science trainee (23). This measure positively correlates
with success, academic retention, and whether the student
enters a science occupation. On a | to 7 Likert scale, sci-
ence identity significantly increased in the full cohort
(Fig. 1A; P = 0.0463). We saw no differences when comparing
first-generation to non-first-generation students. Interestingly,
science identity was significantly less in females than males at
both the pre- and post-time points (Fig. IB; P < 0.05 and
P <0.001, respectively).

We also measured science identity discrepancy, which
assesses the difference between how a student perceives
themselves in relation to how they perceive that others
see them in science. This comparison creates a scale
where more positive numbers indicate that a student rates
themselves less than they think others would rate them in
science. Thus, positive values could be interpreted as a
measure of “science imposter syndrome,” while negative
values could be interpreted as a measure of “science
underdog status.” While no changes were seen in the full
cohort comparing pre- to post-time points, we did see
gender differences at each time point (Fig. |1C). At both
the pre- and post-time points, males had neutral science
discrepancies (Fig. 1D). Females, however, had greater dis-
crepancy scores than males at both time points, suggesting
greater levels of imposter syndrome (Fig. 1D). There were
no differences between first-generation and non-first-gen-
eration students (Table 2).

We then used the URSSA to evaluate whether our
vCURE was a successful research experience (goal 2)
(24). This validated 34-question survey reports 4 critical
research measures, thinking and working like a scientist,
personal scientific gains, scientific skills, and researcher
attitudes/behaviors. We found significant increases in all
four measures across the total cohort (Fig. 2) but no dif-
ferences between first-generation and non-first-genera-
tion students or between genders (Table 2). Notably, we
found no differences among any groups in their baseline
research confidence, which is a measure of self-efficacy to

Journal of Microbiology & Biology Education 5



WADDELL ET AL.: DROSOPHILA-BASED VIRTUAL “LAB-IN-A-BOX” CURE

‘uoneJauad
‘usd vAu_LOC_rC UUUCMmQLQQLLUUCS .—LM_D ‘S9I1IAIOE PIIE[RJ-9oUIIdS PIJEIDOSSE ISOYI Ul PIA|OAUI SJULIpNISs JO 98e3uaduad 93 si wucw_._waxw 9JUIIDG "SNJE}S DIWOUOI30I20s 0] S.d9jad S3S,
L9 001 €8 0 €€ 0 19 Al 0S €€ Al 0s €8 Ll 91T 9 uag 3514
ua3 351}
0S 001 €8 0 0 Al €8 Al L9 Al 0 0 €€ L9 8l 9
10N
1J0yod
89 001 €8 0 Ll 8 S Ll 89 S¢ 8 1Y 89 [44 SL6l Cl g
(%) wooussed (%) spusiy | (%) woousse|> spisyno G | ) | ) | (%) (%) (%) (%) ) | (%) (%) (%) a3e | ‘oN dnoup
ay3 apisyno Jo Ajjwey yum | Areuswindop pajejaa | asusmadxa | pag | pug | 3s) ay3Q | sodusds | A3oj01g | WUN s3s | oewasg | s | uesyy
suizeSew >1doj pajejau -92UaI3s paydjem ysJeasau yeaH Mo
410)>{00q paje|aJ | 92UdIdS B Inoqe 40 WNasnw paje|a4 snoiAaad
-92UBIds & peay UOIJBSIIAUOD -92UdIdS PapuUINY
e peH
asuaiadxa asuaidg AN Jofepy soiydea3ownq

,s21ydeaSowsp Juspmg

| 319vL

Volume 22, Number 3

Journal of Microbiology & Biology Education



WADDELL ET AL.: DROSOPHILA-BASED VIRTUAL “LAB-IN-A-BOX” CURE

"3[BWUDY Y B[R ‘|| {UONEBIDBUDS ‘U,

*SSE|D B3 JO PUD Y1 SEM UDIYM G| S99Mm

01 S.49J3. 150 *, XOq-e-Ul-qe|, 33 SUIAI93. 01 Jolid 3SINOD 33 JO § 599M O3 SJ49J3. dd 'SIOIABYDG/SDPNINIE JSYDJeIs3 JO JUSWIACIdWI PUE ‘S||IDS DJIIUSIDS JO JuSWDACIdWI ‘sued d113uaIds
[euos.aad 9siuaIds & 1| SupjJom pue SupjuIyl SAUNSEaW JBYI G | 07 Ul (H7) USsIne] pue uolsapA AQ padojaASp $2.NSea || JUSWISSISSY/-J|9S JUSPNIS UDIBISSY S1BNPEISISpUN AU SI YSSYN
"aJ1euuonsanb 9ouspyuod youessad aya saedipul DY (Qs) Aduedsudsip Anuspl 95usids pue (ds) aousuiwold Aanuspl 95usids ‘(|S) AIUSpI 92USIDS saUNSEIW JBY3 /| 07 Ul (£7) ‘B 39 51935 4Aq
padojaasp aJieuuonsonb A31uspl 92USIdS SY3 03 S99 § ] J | § "SUOSLIBAWOD |[B J0) PASN 9.49M SON|BA ¢ PUE ‘SIUSWIDINSEIW JUSWINIISUL ASAINS [[€ 10} PISN 9.9M UONBIASP PJBPUERIS F SUBD,

LSY1°0| ¥LS8°0 950T°0| 8+88°0| 10000 |£800°0 00000|20°1 | 06€E[¥60| SET|OSO| LI'E|£80| S91|€80| LSE|TLO| 961 [660| 8FE[8TI| SOT|SBO| €ESE|¥60( 00T|sepmmy
8/81°0| S¥TLO 87950 60€9°0(0000°0 (L1600 10000|T80| 10V |OI'I| OVT|[€90| THE[LOI| €O0T(L90]| 6L°€|880( 80TC[960( TIE|VEI| OFT|9L0| TLE|SOI| TTT sIIPIS
1069°0 | 20¥8°0 1¥5%°0] S9¥6°0 (81000 [ Z920°0 00000(9£0( ZI'v[LI'I| SLT{¥90| 00%|SO'I| STT[990| CTI¥|980( SHT|LL0| €0F[SSI| 0ST|890| 80+ |60°1| 05T sures
11T5°0 [ €£95°0 96780 1T#6°0 (100070 |£6T0°0 00000(ss0| ser|eg0| 95T|ze0]| 80w | 11| wre[syo| vev|izo| syT|on| sov|eri| €sT|vLo| €T |veo| osT| Supumyy|vssun
€095°0( L6180 €8°0| £L9¢€ 850 T6€ 6L0( SL€ €9'0| <8¢ 0L0| 6L€ o)
€€/5°0 [ #8000 S68¥°0 | €920°0|881€°0(€805°0 8TITO|L0'I| SLO[S¥I| €E€1|060| THO|LEI| SLO[6S0| ¥I'I|LET| SL1|¥80|0TO—[¥S0| SO0|960| 850(8ET| +0O°I as
S01£°0| 67870 6v6€°0| TI¥10(698€°0(9LT80 SESEO(VET| 96T|LEI| 89T| 680 1TE|S80| LI'E|L60] 6LT(SI'I| 9¥T|ITI| 05€|680| SHE|60'I| BOE[EII| 88T ds
€£0T°0 [ €£000°0 ¥60€°0| £410°0(€0¥1°0(8LL1°0 €9%00(01'1| 00S|IST| €E€EV|TTO| £L9S|LI'I| LI'S|6¥0] 1LV [6T1| 00%|SHO| OT9|SHO| 08G|680( €E€S[9€1| SLY IS| sw38
DANSADS |ASAW [DINADI [dSA W 4 W [340yod |Ing [ @S |uea | As [uea | as|ues| as|ues | as|ues [ as|ues | as|ues | @s |ues | as [uea | @S |uesly (sansesy (dnoan
3s0d Qud 3sod sA aud 3s0d Qud 3s0d Qud 3s0d Qud 3sod Qud 3sod Qud
anjeAd (94) uad jsai4 (94N) ua8 3say-uoN aewaq e 3404o0d ||n4

qoSOSA[eUE [e21ISNEIS
¢31avil

Journal of Microbiology & Biology Education

Volume 22, Number 3



WADDELL ET AL.: DROSOPHILA-BASED VIRTUAL “LAB-IN-A-BOX” CURE

A B
8- *%
— s B3 pre
E‘ G- ocdee o l;l = post
T
(]
=
@ 4+ o
(%]
c
K
@ 2
T 0- T T
pre post @ @ R
2 2 2
& & & &
C D
§ 4 4 *
:;.’. 34 D) 34 [X) o = pre
5 = post
QL 2 ° 2+ | [
[a] e
.51- it 1= « 5
3 o L[l 0 f
] o °
§1 ° M
5]
» 2 T T 2 T T T T
t
pre pos N ® &'z}a &?}e
(2 @

FIG I. Science ldentity Measures. This survey instrument assesses goal |. (A and B) Science identity of full cohort at pre- and post-time
points (A) and male versus female at pre- and post-time points (B). (C and D) Science identity discrepancy of full cohort (C) and male
versus female at pre- and post-time points (D). Pre-time point assessments occurred during week 4 of the course prior to receiving
the “lab-in-a-box,” while post- time point assessments occurred during week |5 at the end of the experimentation period. n=12 for
the full cohort (7 females, 5 males) with * indicating P<0.05 and ** indicating P<0.001 from paired and unpaired t tests.

perform science-related tasks (Table 2). Combined with
the gender differences in science identity discrepancy, we
posit that while female students within our class may feel
less skilled than those around them, a quantified self-assessment
of their own ability suggests otherwise. These gender differen-
ces are not necessarily surprising, since females in several fields
indicate greater imposter syndrome than males (25, 26).
However, it reinforces the importance of still pursuing systemic
improvements that encourage women in STEM regardless that
the National Institutes of Health no longer consider women
underrepresented in the biomedical sciences. While we did not
see any differences in first-generation students, the URSSA
assessments may instead suggest that this VCURE can be effec-
tive regardless of familial college experience.

Possible modifications

With the inevitable proliferation of flipped classrooms af-
ter COVID-19 forced biology faculty to prerecord lectures,
we believe there is an unprecedented opportunity for integrat-
ing CUREs directly into the lecture period as the active learn-
ing component of a flipped classroom. This model could be
widely adopted in either a virtual or in-person capacity.

8 Journal of Microbiology & Biology Education

Further, the recent comfort with virtual settings could
expand the accessibility of research experiences by adopt-
ing this vVCURE into a range of settings such as summer
bridges or research experiences for undergraduates
(REUs) without the need for expansive infrastructure or
large budgets. Combined with its low cost and virtual
capacity, this VCURE could be a low-cost method to foster
science identity prior to a student entering their first col-
lege-level biology course. While we ran this as a full 15-
week course, the modular aspect of it could be scaled up
or down depending on the size of the class and be used in
large entry-level or smaller upper-level courses. Further,
the behavioral assays could be adopted for studies explor-
ing a wide range of research topics outside the realm of
pain and addiction.

One of the defining characteristics of immersing one-
self fully into the scientific community is interacting with
peers and colleagues at scientific conferences. This essen-
tial experience is often restrictive to undergraduate stu-
dents due to financial constraints. As conferences move
back to in-person settings, webinars and virtual seminars
will likely continue as opportunities for applying course
content outside the classroom.

Volume 22, Number 3
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FIG 2. URSSA scores. This survey instrument assesses goal 2.
Scores from the Undergraduate Research Student Self-Assessment
for the full cohort. (A to D) Thinking and working like a scientist
(A), personal scientific gains (B), scientific skills (C), and researcher
attitudes/behaviors (D). Pre-time point assessments occurred
during week 4 of the course prior to receiving the “lab-in-a-box,”
while post-time point assessments occurred during week 15 at the
end of the experimentation period. n=12 for the full cohort with
** indicating P<0.0001 from paired and unpaired t tests.
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