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ONLINE UNDERGRADUATE
RESEARCH IN SCIENCE,
TECHNOLOGY, ENGINEERING,
AND MATHEMATICS COURSES

Emily K. Faulconer

‘ J : J hat constitutes research can vary across fields. Even within
science, technology, engineering, and mathematics (STEM)
disciplines, the definition of research is flexible. For example,

although science research and engineering research use similar methods
and both produce valuable insights into the nature of our physical world,
they have notably different focuses, with sciences aimed at expanding the
outer edges of our knowledge and engineering fixed on systematic structur-

ing of knowledge for application (National Academy of Engineering, 1995).

Regardless of the STEM discipline, undergraduate research is a mentored

experience in which students engage in original work, disseminating their

outcomes to a larger audience through presentations or publications.
Engagement in undergraduate STEM research offers significant benefits,
with students demonstrating STEM-related content knowledge gains (Stanford
etal., 2017), identity development (Linn etal., 2015), and improvement of atti-
tudes (Arnold et al., 2019). Undergraduate research increases persistence and
retention, as Campbell argues in chapter 1, and increases diversity in STEM
degrees (Bangera & Brownell, 2014). Credit-bearing undergraduate research
experiences (such as course-based undergraduate research experiences [CURE;]
and independent studies) may be an excellent strategy to counter the reduced
persistence some researchers have observed in online STEM courses compared
to the traditional classroom and to draw in minority students who have been
shown to enroll at lower rates in online STEM courses (Wladis et al., 2015).

35
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56 UNDERGRADUATE RESEARCH IN ONLINE, VIRTUAL, AND HYBRID COURSES

Despite the potential benefits to students, I have found that online
students’ knowledge of and interest in STEM undergraduate research
opportunities may be limited (Faulconer et al., 2020). Even with limited
knowledge of current opportunities, a survey of online undergraduate
students across multiple disciplines at my institution showed that student
interest strongly hinged on “if the right project comes along.” Students
reported favoring incentives such as a stipend or course credit (CURE or
independent study). Barriers reported by students included knowing where
to start, whom to contact, time commitment, and research cost. Time may
be of particular concern at our institution because our online courses oper-
ate on a condensed 9-week semester length, as is common in online courses.

As noted in previous work (Downing & Holtz, 2018), my examination
of the literature reveals the translation of undergraduate STEM research to
the online classroom is relatively new, with only anecdotal studies published
at this time. One cause of delayed adoption of this high-impact practice
in online learning may be hiring trends. Many new faculty positions are
not tenure line, and contingent faculty may be more likely to teach online
courses. Furthermore, institutions may not give credit for tenure/promotion
or compensate online research mentoring adequately to incentivize faculty
participation (Green et al., 2009). For example, at my own institution, my
faculty workload does not include independent study courses (regardless of
online or traditional modality), which are handled as an overage and com-
pensated with a small stipend. This suggests that time may be a barrier for
both students and faculty. In addition, regardless of the modality of teach-
ing, faculty may lack pedagogical knowledge for developing STEM research
skills (Brew & Mantai, 2017); professional development may be a barrier for
faculty. My institution has a distinct professional development office for each
campus, including the fully online campus. However, this office has not yet
offered professional development in undergraduate research. The residential
campus undergraduate research office offers this level of professional devel-
opment, but it is not currently advertised to distance faculty. Cumulatively,
these factors may impact the development and offering of credit-bearing
undergraduate research experiences in online STEM learning. The rest of
the chapter outlines two online initiatives at Embry-Riddle: one not very
successful and the other quite successful.

A STEM Independent Study

In 2018, I developed an upper-level independent study course to support the
environmental science minor. The course is available to any student who has
completed the introductory environmental science and research prerequisite
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ONLINE UNDERGRADUATE RESEARCH IN STEM COURSES 37

courses. The course allows students the opportunity to choose research,
service learning, or a special project. For this reason, the course is titled A
Self-Directed Exploration of Environmental Science. As an asynchronous
online course, the course structure is developed through the learning man-
agement system and is divided into nine modules.

Whichever path the student takes, the course is treated as a project.
Therefore, modules are based on project management best practices. In
Module 1, the design phase, students develop and finalize a project plan and
prepare an annotated bibliography to support their work. In Module 2, the
development phase, students prepare a literature review. Modules 3 through
7 are the implementation phase. Support includes setting subtask deadlines
and addressing issues of time management, protecting data, scope creep, per-
severance, accepting critical feedback, and quality standards. In Module 8,
the communication phase, students focus on stakeholder communication
of final project outcomes and dissemination of deliverables. In Module 9,
the project closure phase, students demonstrate mastery of the learning out-
comes they identified in their project plan and reflect on their development
of key transferable skills.

If you build it, they will come, right? Unfortunately, that has not been
the case here. I attempted to recruit students who were enrolled in the
environmental courses through general announcements and emails as well
as specific conversations with individual students via email. In addition, the
independent study has been advertised in the quarterly newsletter for the
environmental science minor. Finally, the credit-bearing research opportu-
nity has been mentioned on the campus-level research web page. Despite
these significant recruiting efforts and notable stated interest (reported in the
previously described student survey), only three students have completed this
independent study course. Two students opted for research, while the other
student focused on service learning. (Although it is possible for some service-
learning activities to fall under the category of action research, that was not
the case with this student project as it focused on generating elementary-
level curricular materials on specific environmental topics but did not evalu-
ate these materials or otherwise generate data.) In one research project, the
student collected and cataloged microplastics. In the other research project,
the student performed a targeted literature review to identify key gaps in the
literature and an ideal topic for a review article.

Anecdotally, the barriers to enrollment in the independent study course
that students communicate to me include a poor understanding of what the
course entails, a lack of time, and a perception that the course workload will
be higher than a traditional course. In two separate instances, interested stu-
dents approached me, but their projects required seed funding. Internal seed

Copyright © 2022. Stylus Publishing, LLC. All rights reserved.

Ieman J Cam bell, W. E. (Eds der I esearch in opling, virtual, and hybrid courses
ernap,'% &Wéb&éﬁ%@?&’dﬁfé&ﬁ S&?mﬁ}ﬁ% Zﬁ&nﬂ@ngﬁ (fourses,ﬂé.mcﬂj S 03-02-2022 12:05:33

Created from erau on 2023-03-06 18:18:43.



Copyright © 2022. Stylus Publishing, LLC. All rights reserved.

Ieman J

emﬁ?&
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grants at my institution are not available to our online students. Funding
is campus-specific, and the distance campus does not have a budget line to
support undergraduate research at this time. This is despite online students
composing 69.6% of the total student population at our institution in 2020
(although online students tend to be part-time whereas residential students
tend to be full-time). If they were eligible, students would need to time their
course enrollment and funding proposal carefully based on when proposals
are due, when funds are dispersed, and when funds must be spent (or for-
feited). This is a similar challenge faced by traditional students but may be
particularly problematic for online students who enroll in condensed-term
courses (e.g., 9 weeks compared to the traditional 16 weeks). This funding
issue points to action I can take as a faculty member to advocate for funds
earmarked for this population of students who contribute to enrollment and
institutional revenue.

Whether a component of a CURE or an independent study, undergrad-
uate STEM research is possible for geographically dispersed online students
within a condensed term with (likely) no funding. Students could prepare
technical writing (technical reports, white papers, or standard operating
procedures) and professional writing (review articles or meta-analyses).
Students can also access secondary data available in databases. Data sources
for use in the Environmental Science Independent Study course include
the U.S. Environmental Protection Agency’s Toxics Release Inventory
Pollution Prevention Program, the U.S. Department of Energy’s Office
of Scientific and Technical Information Data Explorer, the U.S. National
Science Foundation’s (NSF’s) DataONE Data Catalog, the United Nation’s
UNdata, the Food and Agriculture Organization of the United Nation’s
Aquastat, or the World Wildlife Fund’s HydroLAKES. Students can work
with research-active faculty, taking on specific roles such as data analysis or
project management. Citizen science projects such as Zooniverse, iNatu-
ralist, and SciStarter can support virtual research projects. For example,
a recent project from North Carolina State University used camera traps
deployed by citizen scientists to investigate how urbanization increases spe-
cies interaction, particularly regarding carnivore distribution (Parsons et
al., 2019). With recent shifts due to COVID-19, even the NSF’s Research
Experience for Undergraduates programs may be offered remotely (Gadwal,
2020). It may be helpful to educate faculty on the potential for online
undergraduate research using these types of resources to gain traction with
online undergraduate students in STEM research. This outreach could
come either through a professional development office or through an office
of undergraduate research.
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ONLINE UNDERGRADUATE RESEARCH IN STEM COURSES 39

A Framework for Undergraduate Research in Online Engineering

Although my original independent study course remains an option for stu-
dents to engage in undergraduate research, I recognized that a lone independ-
ent study that only served as an elective option in a minor would not garner
large student interest, and my goal was to impact more students through
systemic change. Therefore, I set out to identify the existing key supports to
leverage to institutionalize undergraduate research at our distance campus.
Our engineering technology degree is a popular choice, seeing strong enroll-
ments and degree retention. At the distance campus, our engineering faculty
have been successful in maintaining disciplinary research agendas. This is not
the case for other applied and pure science faculty at our distance campus.
Although my background is bench-scale environmental chemistry, I estab-
lished a research agenda focusing on best practices in online STEM learning
when I joined our distance campus in 2016. These two factors made the
fully online accredited BS in engineering technology (BSET) an ideal target
for establishing a support framework for undergraduate research for online
students. This section describes the vision, structure, institutional supports,
and other considerations that have gone into this framework.

It took 1 year to identify existing resources, propose modifications of
existing resources, and detail supports needing to be developed, culminating
in an external funding proposal. In 2020, the NSF’s Improve Undergraduate
STEM Education program funded the 3-year project to implement the
framework in the BSET program at my institution. The goals are to increase
students’ retention and academic success through a structured undergradu-
ate research program.

The framework includes scaffolding in four areas: early experiences, a
bridge to research, undergraduate research, and culmination.

Early Experiences

The early experiences in the framework include an introductory research
course and a research skills workshop. The Introduction to Research Methods
course is a three-credit-hour course (taught asynchronously online) intended
to equip Ist- and 2nd-year undergraduate students with basic research
skills including defining a research problem, defining a hypothesis, prob-
lem-solving, knowledge discovery, literature reviews, designing appropriate
methodology, quantitative and qualitative research methods, data analysis,
evaluating outcomes, and communication of research results. This course is
deeply enriched with transferable skills represented in the institution’s general
education competencies, including critical thinking, quantitative reasoning,
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information literacy, communication, and collaborative learning. This course
teaches broad research skills and is therefore taught by faculty across many
disciplines, spanning all colleges at my distance campus. Because this course
walks students systematically through the research planning process, it is a
logical starting point to bridge into actual undergraduate research. Many
institutions offer an introductory research course, making this a transfer-
able starting point for outreach and recruitment into undergraduate research
across many programs.

The research skills workshops are non-credit-bearing, optional activi-
ties available to all online students regardless of degree program. Lasting for
approximately 1 hour, they are hosted synchronously on a rotating schedule,
although recordings are posted into an online platform that allows for asyn-
chronous engagement with attendees and presenters. While presenters may
be mentors or supervisors to a certain subset of students, the presenters are
selected due to specific expertise in the area of the workshop. For example, a
faculty member serving on a journal editorial board leads the “Getting Your
Paper Noticed” workshop. The first research skills workshop in the series,
titled “Formulating Your Research Vision,” is advertised in the introductory
research course and is available to all students, not just the target degree
program. The workshop covers finding a research opportunity, selecting a
mentor, and roles in a research team—with particular emphasis on roles
suited to distant students. The workshop also provides key research points of
contact and outlines institutional support for undergraduate research. This
workshop targets three common barriers to undergraduate research that have
been reported in previous student surveys: knowing what opportunities are
available, knowing where to start, and finding time (Faulconer et al., 2020).
Students can engage in workshops at each level of the framework, which is
presented in a prescriptive sequence. Students tend to take the introduc-
tory research course in their 1st year and thus are likely to engage in the
first workshop in their 1st year. Engagement in later workshops will depend
on the stage in their undergraduate research journey. Faculty could consider
incentivizing participation with course credit or extra credit, as appropriate.

Bridge to Research

The Bridge to Research in the framework is where students are recruited into
a research track for their engineering technology degree. Although the degree
previously offered 11 concentrations (e.g., aviation safety and unmanned
aerial systems), there was not a research-focused option. Regardless of con-
centration, the new research track utilizes a three-credit-hour research inde-
pendent study course in exchange for one elective course. Because poor
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curricular timing (e.g., sequencing) is a documented barrier to undergradu-
ate research (Wayment & Dickson, 2008), the student and academic advisor
work together during this Bridge to Research phase to establish the degree
map for the student, appropriately timing the research independent study.

Once in a research track, students enter the Research Mentoring
Program. This effort takes advantage of an existing mentorship program
focused on career mentoring. There are established efforts for faculty profes-
sional development, faculty workload allocations, and program evaluation
measures, making its adoption to this stage of the framework particularly
helpful. The existing professional development offered from the residential
campus’s office of undergraduate research focused on best practices in men-
toring. Content related to active mentoring practices (Davis & Jones, 2017)
and mediated action approach (Palmer et al., 2015) was added to enrich the
coverage on best practices in undergraduate research mentoring and online
mentoring best practices. Institutions without existing research mentor-
ship professional development, mentor and research supervision workload
guidelines, and program evaluation measures will need additional planning
and coordination before initiating this type of framework for undergraduate
research support.

It is important to note that research mentors are not necessarily research
supervisors. Research mentors for this framework (housed through an exist-
ing mentoring program) engage in a long-term relationship with students
participating in undergraduate research, offering support to students through
regular meetings. Mentors provide emotional and intellectual support to
help students set expectations for the research experience, navigate hurdles
along the path, and develop key research skills. Distinct from mentorship,
the role of research supervisors is limited to engaging students during their
9-week research independent study course. The goal of research supervision
is to support the completion of an undergraduate research project, including
making a dissemination plan. Research supervisors support the student’s pro-
ject management, data analysis, and communication. Supervisors also ensure
research proceeds safely. Research supervisors serve as a model of the nature
of research. The nature of the supervisory relationship is more formal than
the mentoring relationship, with the specific frequency of interaction related
to the structure of the research independent study course. Both mentoring
and supervision can improve student self-efficacy, confidence, and STEM
identity by modeling how to do research and critiquing decisions made
during the research process (Davis & Jones, 2017).

In the initial phase, the mentor sets clear and scaffolded expectations for
undergraduate researchers. Early conversations center on research vision,
the fit of research within an academic and professional career, and securing
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a research supervisor. Additional mentoring topics include student use of
resources, research funding opportunities and deadlines, development of
key research skills and techniques, and research dissemination options.
This program aims to create a culture of collegiality by building a com-
munity of researchers and mentors, balancing expectations, and provid-
ing emotional and intellectual support (Johnson et al., 2015; Shanahan
et al., 2015). Ideally, mentoring supports increasing student ownership of
research over time. Mentors and mentees are given complete freedom to
establish the formality and frequency of interaction because these factors
have not been shown to impact perceived research skill mastery (Davis &
Jones, 2017).

Prior to starting the undergraduate research experience, students have
the opportunity to refine their research skills through the workshop titled
“Honing Your Research Skills.” As with other workshops, this is available
to all students, not just those in the target degree program. The work-
shop covers experimental design best practices, research ethics (including
the institutional review board [IRB] and safety), the nature of research,
and research project management. In a recent survey, faculty reported defi-
cient student research skills as a significant barrier to their engagement
in undergraduate research supervision regardless of modality (Faulconer
et al., 2020).

Undergraduate Research

Students will work with their research mentor to identify an appropriate
research supervisor to work with them through the Research Independent
Study course. The course, taught by the selected supervisor, is designed
through the application of CURE best practices that include the scientific
and engineering best practices of supporting discovery, generating broadly
relevant work, fostering collaboration, and allowing for iteration (Auchincloss
et al., 2014). The course is structured in three units with multiple mile-
stones. In Unit 1, students prepare (a) a literature review with emphasis on
critical appraisal and synthesis, (b) an experimental design with emphasis on
safety, and (c) a project management chart (e.g., Gantt) to manage deadlines
and milestones. This unit also explores both the mentor-mentee and the
supervisor—supervisee relationship, roadblocks and research reality, and the
nature of science in research. In Unit 2, students launch their research while
performing self-reflection through journaling about managing change, set-
ting expectations, and critical perseverance. This unit also introduces more
key research skills. Students learn how to get their message across through nar-
rative, titling, and graphical abstracts. The second unit also supports student
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evaluation of publishing venues, including consideration of scope, biblio-
metrics (e.g., Impact Factor and CiteScore), open access, predatory journals,
copyright, publishing fees, formatting software options (e.g., LaTeX), and
journal processes. In Unit 3, students are wrapping up their investigations
and receive support in research statistics, data visualization, and responding
to peer review. Research ethics are emphasized, covering author guidelines,
coauthor contributions, acknowledgments, funding disclosure, conflict of
interest, plagiarism, bad science, and dual submission. The course ends with
a culminating self-reflective journaling activity.

Examples of undergraduate research projects (performed both in credit-
bearing courses and independently) completed by fully online students
include researching current sizing and performance characteristics of small
unmanned aircraft systems (sUASs), analysis of sSUAS flight testing protocols
and data, and development of resources in the Embry-Riddle Aeronautical
University (ERAU) Virtual Hub (an interactive simulation tool to explore
the elements, design, and function of aircraft systems, including the Virtual
Crash Lab, which allows an interactive virtual inspection of a crashed
Bocing 737). Additionally, some students worked with publicly available,
published performance data for commercially off-the-shelf, fixed-wing, and
vertical takeoff and landing unmanned aircraft systems to develop statisti-
cal models. Research in this area has notable implications for emergency
response, disaster relief, precision agriculture, security, communications,
environmental monitoring, infrastructure inspection, cargo delivery, and
mapping. It is important to note that even online students have a strong
desire for hands-on research experiences (Faulconer et al., 2020).

Dissemination of undergraduate research results is supported both inter-
nally and externally. Online students have the opportunity to present their
research at an annual face-to-face event called “Discovery Day” using syn-
chronous virtual technology. External dissemination at regional and national
conferences can be supported through internal travel grants. Students can
also seek publication through my institution’s peer-reviewed journal, Beyond:
Undergraduate Research Journal. Finally, students can work with their research
supervisor and research mentor to publish through external venues such as
the Journal of Young Investigators or appropriate disciplinary venues.

Two additional research skills workshops support students in the under-
graduate research phase. The first one, titled “Submission and Review
Gauntlet,” covers why articles are rejected, options if rejected, and respond-
ing to reviewer and editor feedback. The second workshop, titled “Getting
Your Paper Noticed,” addresses search engine optimization, LinkedlIn,
Scholarly Commons, and other mechanisms to increase the visibility and

impact of published works.
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Culmination

Students who have completed their research are supported with two
additional research skills workshops, with one centering on research next
steps (thesis or dissertation building and entrepreneurial ventures) and the
other guiding students in promoting their undergraduate research experi-
ences in their résumés.

Students who have completed the research track of the BSET degree can
apply for an undergraduate research certificate and receive a digital certificate
of completion. They receive recognition at institutional events, recognition
on the institution’s undergraduate research website, and a pin to be worn with
graduation regalia. Requirements to earn the certificate are to (a) complete
at least one semester of faculty-supervised research, demonstrating “mastery”
for all research learning outcomes in the research independent study course,
(b) disseminate at least one artifact of original research via conference
participation or publication in a peer-reviewed journal, (c) complete relevant
research training (participate in four or more research skills workshops), and
(d) obtain a letter of recommendation from the research mentor or research
supervisor that specifically documents student—faculty interactions and
student progress on one or more research learning outcomes.

Additional Support

Students can gain additional support relevant to research communication
(oral and written) through the institution’s Virtual Communication Lab
(VCL), managed through the College of Arts and Sciences by full-time fac-
ulty members, with faculty tutors compensated through a course release and
student tutors paid hourly. The VCL offers one-on-one tutoring, feedback,
and workshops for research activities such as literature reviews and synthesis
as well as research deliverables, including practice sessions for oral and poster
presentations. Access to this support occurs at all stages of the framework.

For consistency in student expectations, the framework is built on six
undergraduate research learning outcomes covering the articulation of a
research problem, research design, research ethics, independent and collabo-
rative research activities, analysis and conclusions, and communication. These
research learning outcomes are consistent across the institution. A rubric
describes performance from novice to mastery level. These learning outcomes
are introduced in the Introduction to Research course, with students’ per-
formance expected at the “novice” and “introductory” levels. These learning
outcomes form the independent study course structure, and performance is
expected at the “practicing” and “mastery” levels. They are further infused in
the research skills workshops and interactions with research mentors.
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Undergraduate research mentorship and supervision have implica-
tions for faculty workload. Notable obstacles for faculty involvement in
undergraduate research are time and decreased productivity—with associ-
ated challenges for meeting promotion milestones (Lunsford et al., 2013).
Furthermore, faculty may not receive credit for their undergraduate research
supervision or mentorship efforts in promotion and tenure decisions. By
recruiting research-active faculty into the undergraduate research role using
an existing mentoring program, faculty workload implications for research
mentorship did not need to be addressed. Undergraduate mentorship is
recognized institutionally as faculty contribution in the area of college-level
service and acknowledged as a significant activity that provides notable
benefit to our students.

In contrast to the system for workload credit for research mentorship,
without an existing program and associated guidelines, the implications of
undergraduate research supervision at my institution are negotiated on a
case-by-case basis between faculty and their direct supervisor. Faculty must
navigate implications of any reduced productivity on their promotion and
tenure. However, our current institutional strategic initiatives identify the
need to recognize the workload and the impacts of research supervision
on faculty evaluations, promotion, and tenure. Hopefully, this means that
there will be formal guidelines for the recognition of undergraduate research
supervision efforts by faculty in the near future.

Conclusion

Undergraduate research experience in engineering has been shown to have
long-lasting impacts on students, including the formation of meaningful
relationships with faculty, an increased pursuit of graduate degrees, and a
growth in transferable skills, both cognitive and personal (Zydney et al.,
2002). Although there are some unique challenges to offering undergraduate
STEM research opportunities to online and distance students, it is important
to provide this high-impact practice to all students.

According to best practices, online undergraduate research opportuni-
ties within STEM should use outreach, support online-only and hands-on
research opportunities, offer development opportunities for students and
faculty, and provide research mentorship and communication-related tutor-
ing and the option for institutional recognition. These actions are likely to
improve student learning, persistence, and retention. I believe we can change
the expectation of what is possible for distance students, breaking stereotypes
about online STEM education.
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Advance Praise for
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“If youre committed to socially just educational practices, this book is
vitally important. Coleman, Campbell, and Hensel argue that undergradu-
ate research helps students develop desirable academic and workplace skills
including collaboration, communication, problem-solving, and critical
thinking. Further, we shortchange students who take online courses (often
from historically marginalized and underserved populations) if we exclude
research projects in virtual classes. With examples from across the disciplines,
you'll find impactful ideas on fostering equitable online student success.”—

Flower Darby, Faculty and Lead Author, Small Teaching Online (2019)

“This timely book brings together the heightened learning and excitement
students experience doing volume reveal effective strategies for engaging
online students in authentic inquiry in a variety of fields. Conceived before
the COVID-19 pandemic forced everyone to learn and teach remotely, its
content is even more salient as postpandemic educators put greater value on
innovative online teaching, and on supplementing (or replacing, if needed)
in-person instruction with remote activities.”—Janice DeCosmo, Past
President of CUR; Associate Vice Provost for Undergraduate Research, Associate
Dean for Undergraduate Academic Affairs, University of Washington Seattle

“Students, faculty, and college administrators are faced with the uncertainty
of how higher education will adapt to pandemic-triggered challenges and
opportunities. Even if online education was not a priority for some, best prac-
tices learned during COVID must remain. This book offers plenty of excel-
lent advice to make education more equitable and career-readiness accessible
to all. It also reminds us that, as educators, we must continue adapting meth-
ods and technologies to an ever-changing world.”—Silvia Ronco, Senior
Program Director, Research Corporation for Science Advancement, 2020-2021
President of CUR

“The diverse and multidisciplinary approaches presented in this timely vol-
ume span history, current trends, and future opportunities for the rapidly
growing practice of high-quality online undergraduate research program-
ming. Essential reading for educators focused on equitable student success,
the thoughtful chapters provide key insights to increasing affordability and
ubiquity of undergraduate research through investment in online mod-
els, while also retaining and strengthening existing on-ground programs.”
—Elizabeth L. Ambos, CUR Executive Officer, 2012-2019
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