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Abstract

Many institutions of higher education in the United States, and, indeed, around the world, are
feeling multi-faceted pressures to offer course content through online delivery modes.
Administrators of institutions of higher education often view such delivery as a way to raise
revenue and reduce costs for the institution while also often offering students flexibility to learn
at their own pace. Still, many students and faculty alike often also encounter challenges with
online delivery. In this phenomenological qualitative study, | explored the positive and negative
experiences of undergraduate STEM majors who had taken at least one major-required, STEM-
focused, class delivered entirely online. Using a semi-structured interview format, | interviewed
twenty-three undergraduate STEM majors at a mid-sized, public, four-year Regional
Comprehensive University. Students described their learning experiences, which | then analyzed
for emergent themes. The majority of participants reported feelings of isolation and loneliness in
their classes, owing, primarily, to a lack of opportunity to interact with their peers in substantial
ways. This study’s findings align with previous research suggesting that best practices for online
synchronous and asynchronous instruction include giving students opportunities to learn
collaboratively with peers and interact regularly with their professors.
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Chapter 1: Ready, Pupil One?

In the novel Ready Player One, Cline (2011) provides the reader with a glimpse into a
society in which people utilize a virtual reality simulator called the OASIS to escape widespread
social problems. Embedded within the OASIS is a structured system of online public education,
in which students who could access the internet logged onto a virtual world to attend classes
using digital avatars. This computer-based delivery, devoid of constraints of real-world physics
or financial concerns beyond accessing the internet, afforded teachers and students alike the
opportunity to engage with academic subjects in ways not possible in conventional school
settings, such as taking virtual trips to museums thousands of miles away or simulating
environments in the outer reaches of the solar system. The same computer system regulated
students’ behavior and language, striving for an underlying sense of uniformity between student
experiences while allowing teachers to teach subjects about which they were passionate, all in a
digital environment.

Engaging in a real-world conversation, undergraduate STEM students Gabriella and
Darrell (pseudonyms) describe their experiences as online learners at a regional comprehensive
university (RCU) that offers their major-required courses online. Gabriella, a sophomore, is
enrolled as a chemistry major and Darrell, a senior, is enrolled as a physics major.

Gabriella: I’ve gotta say, I’ve found my online courses to be pretty interesting. They’re

tough, but, I mean, they’re kinda supposed to be. And, even though it’s sometimes hard

to stay on top of the assignments, at least the professor is super organized and gives us

detailed directions. Plus, they let us interact with each other during class. We also have a

discussion board and we need to respond to each other’s problem set solutions, so it’s
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kinda like we get to help each other through it. The teaching assistant holds review
sessions on Zoom™, too, and that helps a lot. At least we get points for participating
when we ask questions. The schedule of the course lets me chew on the material before
we discuss it, and | get to try things out on my own without having to show off in front of
everyone. I hate showing off in front of everyone, especially if I haven’t had time to think
about it. It makes me nervous. But | can work at my own pace and it gives me time to be

with my family and go to my job. I kinda think the courses have been good for me.

Darrell: Really? ‘Cause I’'m so glad this is my last year here. I’m only taking one class
online this semester, but | feel so disconnected from the material. | used to really like the
topics, too, but without being able to be in the lab and get my hands-on stuff, it’s really
difficult for me to understand. The professor is nice, but they don’t require us to turn our
cameras on, so it’s like talking to a blank wall for the most part. I’'m not sure what I’'m
really learning, ‘cause the lectures are prerecorded and I still can’t follow along. The
synchronous labs are interesting, though — at least I get to hang out with other students
even if we’re online. The Kits we got with the course make some of the material make
sense. But, the discussion boards are ridiculous; the professor doesn’t check them, so the
only incentive to participate on them is for points, not feedback. I never feel like 1
remember anything, ‘cause I’'m always just trying to cram stuff into my head before
exams and such, I feel like my memory just isn’t working. I don’t think online learning is
for me.

Gabriella and Darrell’s exchange touched upon many issues often discussed in the

context of higher education’s inclusion of online content delivery of courses: student access to
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content; student satisfaction; student efficacy, aptitude, and motivation; student confidence with
material; and impacts on feelings of belonging (Bailey et al., 2014; Baumeister & Leary, 1995;
Caprara et al., 2011; Martin et al., 2020; Roddy et al., 2017; Rollnick et al., 1999). They also
acknowledged some of the advantages of online instruction (flexibility, ability to learn at their
own pace, etc.), instructor and peer practices which allow them to feel successful, and some of
the disadvantages and practices which make it difficult for them as learners (Bettinger & Loeb,
2017; Figlio et al., 2013). Their conversation suggests that they have had both positive and
negative experiences in their online courses, which prompts a further investigation as to whether
and which specific behaviors can influence overall experiences in online learning.

In this exploratory qualitative study, | assessed whether students taking online STEM
courses at Long Lake University (LLU), an RCU in the United States” Upper Midwest, share
Gabriella and Darrell’s impressions. | also examined whether the experiences in online courses
affect students’ willingness to remain enrolled in their respective academic programs. This study
focused on undergraduates enrolled as STEM majors taking online STEM courses for two
reasons. First, there has historically been pressure on students to pursue careers in STEM for
economic advancement and societal innovation (Waite & MacDonald, 2019). Second,
institutions of higher education also feel increasing pressure to offer more courses through online
delivery modes to contend with shifting student demographics and behaviors, the need for
increased revenue, and, most recently, societal emergencies such as global pandemics (Allen &

Seaman, 2017; Neuwirth et al., 2020).
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Background

In recent decades, many institutions of higher education have increasingly sought to offer
online learning opportunities to attract and retain students in response to academic and fiscal
crises associated with large-scale economic downturns (Allen & Seaman, 2010; Allen &
Seaman, 2014; Allen & Seaman, 2017; Arbaugh, 2004; Braxton et al., 2004). Increased student
demand for the perceived - and often explicitly advertised - flexibility associated with virtual
learning and larger-scale advances in technology have also led to an increase in online education
offerings (Bettinger & Loeb, 2017; Protopsaltis & Baum, 2019; Shea & Bidjerano, 2014).
Additionally, during the global Coronavirus-19 (COVID-19) pandemic, many institutions of
higher education around the globe were forced to rapidly convert many of their courses online,
whether they desired to adopt that delivery mode or not (Bao, 2020; Bryson & Andres, 2020).
Regardless of reason, incentive, or intent, however, student attrition from online classes has
remained greater than that from face-to-face (F2F) classes, sometimes by as much as 20%
depending on field of study (Angelino et al., 2007; Bart, 2012; Boton & Gregory, 2015; Carr,
2000; University System of Georgia, 2006).

However, not all institutions of higher education have experienced the same rates of
attrition within online undergraduate programs. Indeed, there is a wide gap in completion rates
between online undergraduate programs in nonprofit (NPIs) and for-profit institutions (FPIs) at
the undergraduate level, with the 6-year graduation rate for full-time students attending FPIs
being 26% as compared to public and private non-profit institutions’ respective 62% and 68%
(NCES, 2021).

Additionally, research has shown that the benefits of online instruction are not evenly
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experienced across numerous demographic identities, typically with young students, male
students, African American students, Latino/a students, and part-time students faring worse in
online courses at the postsecondary level (Bettinger & Loeb, 2017; Figlio et al., 2013; Jett, 2018;
Johnson & Mejia, 2014). These findings indicate, then, that there is often a disparity in how
students experience online learning. However, it is important to note that this is a multi-scale
issue, as negative experiences at the micro- or single-student scale can potentially result in
unintended consequences at the macroscale, well beyond the confines of an institution of higher
education. Indeed, there is the potential for such disparities in online learning experiences to be
integral in perpetuating societal patterns of socioeconomic, cultural, and racial inequity.
Problem Statement

While performance gaps and high attrition rates are detrimental to institutions for
numerous reasons, attrition within STEM postsecondary academic programs is especially
problematic in contexts of economic and societal impacts beyond the classroom; success and
employment in STEM fields are both linked to greater economic prosperity (Pew Research
Center, 2021; Xu, 2018). As discussed in Chapter Two, factors contributing to a persistent loss
or driving away of students belonging to historically marginalized identities, ultimately result in
disparity in the number of STEM degrees and certifications conferred (Blickenstaff, 2005;
Cronin & Roger, 1999; Higher Education Research Institute, 2010). Thus, if faculty engage in
online practices that discourage persistence to STEM degree acquisition, such practices could,
among other things, maintain economic disparities across gender, racial, and ethnic lines within
society and its degreed STEM workforce (National Academies of Sciences, Engineering, and

Medicine, 2020a, 2020b; Pew Research Center, 2021).
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On the other hand, researchers have also suggested that practices undertaken by faculty
and administrators can foster online learning environments that encourage students to persist.
These actions and practices can yield positive outcomes for students who persist in STEM
majors, including substantial earnings benefits--at least 25 percent more than their peers who do
not major in STEM fields (Melguizo & Wolniak, 2011; Pascarella & Terenzini, 2005). While |
acknowledge that disparity remains within STEM careers across gender, racial, and ethnic lines,
that discussion lies beyond the scope of this study and, thus, I did not address them directly.

Regardless, to begin investigating the reasons behind high attrition rates from online
courses and STEM programs, one must first acknowledge that students are neither monolithic
nor solitary individuals learning within a vacuum. On the contrary, learning — regardless of
delivery mode — is a multi-faceted endeavor arising from a blend of course content delivered via
texts and through interactions with entities within and outside of oneself, such as peers,
professors, family, and broader societal forces (Alqurashi, 2019; Bowden et al., 2019; Joosten &
Cusatis, 2020; Kuh et al., 2006). The exchanges and interactions students have with others in
their academic programs shape who they are and who they become as learners in institutions of
higher education and beyond, influences their confidence with program material, and impacts
connections with those with whom they have interacted in an academic context (Baxter Magolda,
2001, 2004, 2008; Bowden, 2013; Crisp et al., 2009).

If a postsecondary institution is thought to be a microcosm of the larger society, then the
delivery mode of course content is but a single stone that, when cast about within a pond of
higher education, can cause ripple effects that propagate outward from that course. The

experiences that students have within a single course offered by an institution can, as discussed
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in Chapters Two and Three, have a significant impact on a their decisions to persist within or
leave their academic program as well as influence their perception of where and whether they
belong in their field of study beyond the immediate campus. This, as has been shown, can have
ramifications in the larger workforce and society, as well. In short and as is shown, it is well
established in research that a supportive and nurturing environment, be it in-person or online, is
integral for student growth, development, retention, and persistence.

Finally, within the School of Computing, Engineering and Science (SCES) at LLU,
individual course evaluations are seen only by the instructor of record and program exit surveys
rarely go past the departmental chairs; little to no student feedback is regularly or uniformly
compiled — on a university-, college-, or school-wide scale — to assess what students’ experiences
in online courses have been. Therefore, | purposely solicited direct input from undergraduate
STEM majors at LLU to understand what some of them are experiencing in their online STEM
courses. As there is already incentive (and sometimes pressure) at many postsecondary
institutions to offer many courses via an online delivery mode, it stands to reason that educators
and administrators should solicit and evaluate both input and feedback from the students they
intend to serve. Through the subsequent data analysis and discussion thereof (Chapters Four and
Five, respectively), this study was but a first of many steps to amplify the students’ voices and
allow for the inspection of practices which affect students’ experiences.

Statement of Purpose

As has been discussed, students’ learning occurs because of a plethora of factors and

messaging (explicit and implicit) originating both in and outside of a formal classroom setting.

At its core, this exploratory study yielded connections between students’ experiences of online
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learning and instructor and student practices as well as student persistence. Using F2F interviews
and analysis, the purpose of this exploratory qualitative phenomenological study was to identify
the positive and negative experiences undergraduate STEM majors report while taking online,
program-specific STEM courses at a single regional comprehensive university. In addition, I
evaluated participant responses and assessed whether their experiences factored into their
decision to remain enrolled in or leave their STEM academic program.

Research Questions

This study specifically addressed two research questions:
R1: What practices, occurring in online STEM course delivery, have led to positive and negative
experiences for students who have taken the course(s)?
R2: How have these specific experiences influenced students’ decisions to persist in their
academic program?
Key Terms

Although many of these terms are known and familiar to those who work within
institutions of higher education, it may be necessary to review a few which might be more
unfamiliar, especially those tied to the lexicons of STEM pedagogy and online education. Thus,
here | offer brief definitions and descriptions in the interest of elucidation.

Attrition: The action in which a student withdraws from a course and/or academic
program and fails to re-enroll in the course and/or academic program.

Constructivism: A theory that suggests learner’s interactions with others as well as with
their surroundings contributes significantly to their formation of knowledge (Dewey, 1925, 1928;

Kincheloe, 2001, 2008; Vygotsky, 1978).
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Historically marginalized identities: This term refers to demographic groups who have
been or continue to be under-represented and/or marginalized in STEM in higher education and
other societal institutions (Martinez & Renn, 2002; NSF, 2013, 2015). These include, but are not
limited to, racial and ethnic identities of African/Black American, American Indian/Indigenous
or Alaskan Native, East Asian, Hispanic or Latino/a, Native Hawai’ian or Pacific Islander, or
South Asian. Historically marginalized identities also refer to gender identities of woman, non-
binary/Agender, and transgender, and well as persons with disabilities.

Online delivery: Online delivery, or delivery of course-related content using technology-
based instruction, is a broad yet complex mode of instruction. Its methods and associated
techniques rely heavily on machine-guided lectures and laboratory exercises to provide digital
and audio interactions between students, faculty, and peers (Bacow et al., 2012). For the
purposes of this study, | only considered students who took courses designated as “Completely
Online — Synchronous” and “Completely Online — Asynchronous” eligible for participation.

Admittedly, synchronous and asynchronous are two very different delivery modes.
Synchronous delivery refers to courses meeting at specific times via an online platform and
which involves student-faculty and student-peer interactions occurring in real time, such as
through live streaming of course material via audio and/or video means (McDaniels et al., 2016;
Watts, 2016). Asynchronous delivery, however, does not typically require specific or designated
meeting times for a course, relying more heavily instead on the use of email, discussion boards,
and other forms of communication which do not require real-time or simultaneous interactions

between course members (Watts, 2016).
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In this study, the decision to use of the designations of “Completely Online -
Synchronous” and “Completely Online — Asynchronous” as criteria for selecting eligible courses
offered by LLU was to limit confusion for online courses which can be designated as “Hybrid”
or “Mostly Online.” Both “Hybrid” and “Mostly Online” are widely variable with regard to exact
meaning within the different schools and colleges of LLU. For example, in some online courses,
“Mostly online” means students take tests in-person while the instructor delivers all other content
online, while in other courses it means that students occasionally travel to a campus classroom to
learn, and so on. By limiting courses to “Completely online — Synchronous” and “Completely
online — Asynchronous,” I sought to best assess the “online” experience of students at LLU.

Persistence: Similar to the definitions from Edmunds et al. (2020), persistence in this
study referred to the continued participation of a student in a course through the duration of a
semester (course persistence) and/or participation in program-required courses through the
duration of multiple semesters, ultimately resulting in a degree (program persistence).

Phenomenological research: Research that describes the lived experiences of a group of
individuals experiencing a common phenomenon, ultimately affording the researcher a deeper
understanding of how participants experience it (Giorgi, 2012; Starks & Trinidad; 2007).

Practice: Practice, in the context of this study, referred to repeated actions undertaken by
students, their peers, and/or their professors in relation to their online course.

Regional comprehensive university: This study involved students attending a mid-sized
regional comprehensive university (RCU). RCUs are defined as broad-access, student-centered,
public institutions that train a significant portion (~20%) of the nation’s undergraduates for

regional labor markets (Orphan, 2018; Orphan & McClure, 2019). Considering that the number
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of STEM-related jobs have grown significantly and are expected to continue doing so for the
foreseeable future (Hinojosa et al., 2016; Vilorio, 2014), the comprehensive education and
mentoring, networking, and coaching opportunities provided by RCUs and their
stakeholders/partners can provide invaluable pathways for students to get their foot into the
STEM workforce (Dean & Koster, 2014; Espinosa, 2011; Ma, 2011; Miller & Kimmel, 2012).

SCES: The abbreviation for the “School of Computing, Engineering, and Sciences,”
offering STEM courses at Long Lake University, a regional comprehensive university in the
Upper Midwest.

STEM: Although there is no universally agreed-upon definition of STEM, courses falling
under the designation include those that are part of Science, Technology, Engineering, or
Mathematics fields of study (Bureau of Labor and Statistics, 2014; National Science Foundation,
2013, 2015, 2017). For the purposes of this investigation, “Science” referred to courses focused
on explaining and exploring the organic and inorganic facets of our planet that include, but are
not limited to biology, chemistry, bioengineering, chemical engineering, physics, astronomy, and
the Earth sciences. “Technology” encompassed courses focused on computer and information
science as well as software development. “Engineering” courses included those under the
category of electrical and computer engineering as well as mechanical and manufacturing
engineering. Finally, “Mathematics” courses included those relating to the study of mathematics
and statistics.

Thematic analysis: In this study, thematic analysis was the qualitative analysis method I
used to identify and report themes or overarching, pervasive concepts, subjects, and issues

arising from participant responses (Braun & Clarke, 2006; Nowell et al., 2017). Here, | used such
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analysis in conjunction with phenomenology, which underpinned my data collection (guiding my
instrument questions to capture the “experiences” of online learners). In my subsequent
discussion of results, thematic analysis was the technique I utilized to organize and synthesize
the resulting data.

Assumptions

I made several key assumptions in the context of this study. First, I assumed that
participants provided honest and candid answers to all surveys as well as interview questions.
Second, while my participant pool totaled 23, | assumed that participants’ personal experiences
varied from course to course, owing to the contextual diversity of each class offered. This
diversity, | assumed, was influenced by factors ranging from participant personality differences
and motivation levels to the organization and utilization of course learning management systems
and everything in between.

Additionally, as of this dissertation, while many regional comprehensive universities
offer several online-only programs of study at both the graduate and undergraduate level, the
specific pool from which the intended candidates originated does not offer any online-only
undergraduate programs leading to a Bachelor of Science degree in any STEM field. Therefore, |
assumed that some students who reported having negative experiences in (or have otherwise
been dissatisfied with) their online courses may have completed the course simply to persist in
their program. Finally, 1 assumed (and expected) that both positive and negative experiences
varied greatly within online course delivery modes, owing to the potential for greater interaction
(for better or worse) between students, peers, and faculty during synchronously delivered

courses.
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Delimitations

Once again owing to the fact that students’ learning experiences are multifarious,
although this study addressed some contributing factors to all of the above, it did not address all
of them. For example, as | did not pre-select participants from specific demographic categories, |
did not purposely seek to relate the experiences of students to their individual identities relating
to gender, race, ethnicity, socioeconomic status, sexual orientation, or any other demographical
identifier (and/or the intersection of any of the above) in the context of their taking an online
course. However, | do recognize and acknowledge that these identities may have played (and
may continue to play) an important role in interactions students have with their peers and
instructors.

Further, I did not interview any faculty members in the course of this investigation. While
there is always more than one side to a story and faculty may interpret their (or their students”)
practices in the context of an online course, this study was meant to provide insight into
undergraduate students’ experiences. Therefore, the faculty’s perspectives fell outside the scope
of this study and were not addressed or explored.

Dissertation Overview

This dissertation focused on undergraduate students taking online STEM courses to gain
an understanding of which student, peer, and faculty practices result in positive and negative
experiences for students taking the courses. Additionally, | asked participants to reflect on
whether and how these experiences have influenced their decision to leave or remain in their

STEM major academic program.
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In Chapter Two, I provide an overview of the U.S. system of postsecondary education
with a backdrop of the historical changes that have resulted in the initial exclusion of and
eventual inclusion of specific segments of the U.S. populace. In the same Chapter, | discuss
research findings that show that the system of higher education still struggles to find parity,
equity, and access within STEM education and program completion, and the larger implications
this has on STEM as a field of study and employment. I review the rise of online education in the
context of higher education and provide a discussion of its advantages and disadvantages as
known to researchers.

In Chapter Three, | review the methods and theoretical foundations guiding this
study; phenomenology and social constructivism, respectively. | selected phenomenology as my
research method, guided by principles set forth by Giorgi (2012) and Starks & Trinidad (2007),
as its tenets align with a desire to capture the experiences and “essence” of a phenomenon; in this
study, the phenomenon was online learning. However, broadly speaking, since learning is often
intricately tied with and influenced by ones interactions with others, social constructivism
(Dewey, 1925, 1928; Kincheloe, 2001, 2008; VVygotsky, 1978) provided the lens through which 1
conducted the analysis of participant replies.

Chapter Four contains the results of this study’s participant surveys, with an initial
discussion of how the narratives provided by participants reflect in their perceived and desired
identities as STEM students. The chapter continues with a comparison of their desired and
realized experiences of being STEM students in the context of online delivery modes for courses
that are required by their academic majors. Chapter Four also provides a discussion of the

disconnect between desired-realized experiences in the context of what behaviors students
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identified in themselves, their peers, and, most often, their professors, as most influential on
negative and positive experiences in their courses. | then conclude the chapter with a discussion
of how and whether the experiences students had in their respective online courses influenced
their decision to persist in or leave their respective academic majors. Of note to the reader, in
both Chapters Four and Five, | refer to participants by their pseudonym; these names appear
italicized to honor student voices and experiences, which I hoped to amplify throughout the
entirety of this dissertation.

In the fifth and final chapter, | revisit the study’s purpose and arguments while providing
possible implications of the study’s results in the context of social constructivism. | conclude by
providing some final thoughts on the future of online STEM instruction practices in institutions

of higher education, upon reflecting on the feedback and stories provided by study participants.
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Chapter 2: Review of Literature

The purpose of the American social institution of postsecondary education has undergone
many changes over the course of its existence. An idealized vision of postsecondary education is
one of a pathway affording all citizens of the country an opportunity to develop and expand skill
sets to become fully trained and productive members of society. However, as operated, such
education has historically been inaccessible to women and other historically marginalized and/or
underrepresented student populations (Martinez & Renn, 2002).

Examining the systemic inequities inherent to the United States (U.S.) system of higher
education rooted in its foundation, in the present chapter, | first explore how the experiences of
being a student in higher education have been vastly different from student to student. I then
illustrate some of the historical context for the disparity between racial and gender lines within
STEM persistence in higher education; though students of all races/ethnicities enter into STEM
majors at approximately the same rate, Black and Latino students leave the major at nearly twice
the rate of their white counterparts (Estrada et al., 2018; Riegle-Crumb et al., 2019). I conclude
with a discussion of the literature relating specifically to trends in online STEM education in
institutions of higher education and how specific teaching methods can contribute to or limit
disparities found within STEM education.

A Brief History of Higher Education in the United States

In the middle 1600s, the primary role of higher education was to provide a white, male
student body with basic literacy and grammar skills necessary to perform civic duties while also
serving as a center for personal development (Thelin, 2011; Johnson et al., 1975). As the

American system of higher education expanded over the subsequent 200 years, its purpose
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shifted to serve students seeking professional training and vocational guidance, with more
emphasis placed on individualized field specializations as opposed to generalized education
(Caple, 1998; Goldin & Katz, 1990; Thelin, 2011). While the demographics of the country
became increasingly more diverse with regard to gender and race, access to (and benefits from)
higher education was not equal across gender or race lines or academic programs; a series of
sociocultural factors barred many non-white, non-male students’ entry into and persistence in
postsecondary education (Brazzell, 1996; Nuss, 1996). By the mid-1800s and continuing into the
post-Civil War era, society developed a growing need for educated professionals to rebuild what
had been lost to fighting as well as a large-scale emphasis on agricultural, mechanical, and
technical fields of study (Thelin, 2011). At the time, though education in these fields was seen as
valuable, postsecondary-focused education still remained overwhelmingly white and male and
relatively out of reach for many who were neither (Martinez & Renn, 2002).

During the last half of the 1800s, there was also rapid expansion toward the West and an
increase in the number of postsecondary institutions built in accordance with the Morrill Land-
Grant Act of 1862 (Thelin, 2011). This Act partitioned federally controlled land to individual
states, which in turn sold the land to establish a low-cost agricultural and mechanical college to
provide professional training to poor and working-class white Christian men (Sternberg, 2014;
U.S. Commission on Civil Rights, 2001; Congressional Research Services, 2019). However, this
expansion of education nationwide (often referred to in glowing, utopian terms) was not without
controversy and it certainly was not experienced equally across the nation. It should be noted that
the granting of land was only possible via theft; specifically, from the Native Americans--over

10 million acres from over 200 tribes (Lee & Ahtone, 2020). Additionally, while the expansion
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of the Morrill Act in 1890 granted men of all races and ethnicities access to the land-grant
universities (Sternberg, 2014), institutions which admitted non-white men were often staffed by
under-trained faculty who had limited, if any, access to federal and local assistance and/or
research support (U.S. Commission on Civil Rights, 2001). This disparity in allocation to
resources and personnel, then, essentially ensured that Black farmers received inferior
agricultural education and put them at a further disadvantage relative to their white counterparts.

The first and second World Wars brought the need for male students to train as engineers
and scientists in institutions of higher education while women primarily trained to be educators
of younger students (Thelin, 2011). The Servicemen’s Readjustment Act of 1944 (the G.I. Bill)
provided benefits for returning WWII veterans which included payments of tuition and living
expenses to attend high school college, or vocational school (Altschuler & Blumin, 2009). By the
middle of the 1900s, the demand for goods associated with the production of electricity
necessitated a workforce trained specifically in fields of chemistry and physics, with the number
of chemists and engineers employed between 1900 and 1940 increasing by more than six-fold
and seven-fold, respectively (Goldin & Katz, 1999). Further propelled by a successful launch of
the Russian satellite Sputnik in 1957, postsecondary institutions in the United States
subsequently placed an even greater emphasis on STEM fields of study beyond those that were
previously solely associated with agriculture (Goldin & Katz, 1999; Marlin, 1988; Thelin, 2011).
Current State of U.S. STEM Postsecondary Programs

Academe’s consideration of which academic programs constitute STEM has changed
considerably since the early days of the U.S. system of postsecondary education. Today, broadly

speaking, STEM has been expanded from programs of physics and mathematics to also include
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those of agriculture, atmospheric sciences, chemistry, computer science, engineering, hydrology,
and statistics, just to name a few. Despite the mainstream enthusiasm for STEM-related fields of
study and industrial production and greater specialization within STEM, the educational
atmosphere on campuses has often been chilly at best and, at other times, downright hostile for
women and students of other marginalized identities who wish to pursue STEM degrees
(Martinez & Renn, 2002; Puaca, 2014; Thurston et al., 2017). Still, it was not until the late 20™"
century that institutions of higher education within the United States, broadly, dedicated human,
temporal, and fiscal resources to acknowledging and examining the factors contributing to the
attrition of marginalized students in STEM (Martinez & Renn, 2002).

Additionally, while there has been a widening to gate to allow more and more students
through to STEM program enrollment, fewer and fewer students of historically marginalized
identities persist through to completion, despite initially entering programs at roughly the same
rate as their peers (Blickenstaff, 2005; Cronin & Roger, 1999; Higher Education Research
Institute, 2010). The literature suggests numerous reasons for this phenomenon, owing to, among
other things, interpersonal dynamics and learning environment.

Interpersonal Dynamics Affecting STEM Student Persistence

Implicit and explicit biases as well as instructional practices present on institutions of
higher education all contribute to STEM program attrition as well as serve as a deterrent to
pursuing postsecondary degrees in the first place (Cheryan et al., 2009; Cheryan et al., 2011,
Connolly et al., 2016; Seymour & Hewitt, 1997). That is to say, both implicit biases, occurring
automatically/unintentionally from subconscious feelings, and explicit biases, manifesting as

purposeful suppositions and assumptions arising from known prejudices, can influence the



29
quality of interactions that students have with their faculty and peers. The overt actions
undertaken by the professor as they organize and conduct their courses can, as well. In turn,
these interactions and subsequent experiences can be internalized by students and affect their
ability to perform and succeed in their academic program of study (Boud, 2000; Boud &
Falchichov, 2005; Brayboy, 2005; McGee, 2017; McGee, 2020; Salas, 2019; Vasquez-Colina et
al., 2014). Notably, STEM students with historically marginalized identities often experience
anxiety, depression, panic attacks, feelings of isolation or lack-of-fit, and even limits to their
working memory due to various on- and off-campus interactions with others (Ashcraft & Krause,
2001; Collins, 2018; Henslee & Klein, 2017; Lawler et al., 2018; Lent et al., 1994; Lent et al.,
2000). While not necessarily precluding students’ self-actualization and self-authorship over
course material or their academic success, it follows that these experiences can certainly
influence the progress toward all of them and, in turn, affect persistence in academic programs.

There are also familial, cultural, and economic factors influencing STEM majors’
decisions to persist within a STEM program. For example, media and societal portrayals of
STEM careers as requiring time which might otherwise be spent with family rearing can
influence a personal choice to not enter STEM on the part of the student (Ceci et al., 2009; Sax et
al., 2016). Additionally, an immediate (or short-term) need to earn income to support a
household may outweigh the desire to earn a STEM degree due to time constraints, and in some
instances it is viewed as more advantageous to pursue a wide range of skillsets as opposed to
focusing solely on careers requiring specific STEM degrees (Wang et al., 2013). This need or
drive has been shown to be especially salient for those who identify as first-generation students

as well as those from low-socioeconomic status households, who often end up being the primary
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(if not sole) wage-earner and provider for their family (Kim et al., 2020; Xie et al., 2015; Xie &
Goyette, 2003; Xie & Shauman, 2003; Zhang, 2021).

Researchers have also suggested that peer pressure and societal messages about the lack
of success of historically minoritized individuals in STEM and the underrepresentation of
marginalized identities in STEM can also negatively affect a student’s perception of belonging
within the field (Belanger et al., 2021; Eisenhart & Finkel, 1998; Fisher et al., 2019; Hill et al.,
2010; McGee, 2017). While students are not homogeneous in their learning styles or
experiences, this type of messaging is often a common factor influencing a student’s self-identity
as a STEM major as well as their sense of belonging and personal value. These factors, in turn,
affect students’ confidence levels regarding their ability to persist and succeed in STEM while in
school and after.

Learning Environments Affecting STEM Student Persistence

Of course, it is not enough to examine students’ internal and internalized identities or
characteristics solely as they relate to their persistence in STEM programs; students do not learn
within a vacuum. External factors, in-situ to traditional settings of higher education, such as
physical surroundings, interpersonal interactions with faculty and peers, and systemic and
systematic biases found on the micro- and macroscales all influence students’ ability to thrive
academically or even survive their academic programs (Fink et al., 2020; Frey et al., 2018;
Mondisa et al., 2021). Unfortunately, many explicit and implicit practices occurring at the
institutional or departmental level are often largely to blame for keeping underrepresented
individuals from entering and persisting in STEM fields on a larger scale (Braxton et al., 2004;

Haynes, 2017; McGee, 2017; McGee, 2020). These practices include, but are not limited to,
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faculty and/or administrators engaging in actions such as purposeful gatekeeping, campus-wide
infrastructural deficiencies such a lack of universal design in campus layout, a lack of effective
communication across multiple campus channels, or a lack of understanding/familiarity with the
issues pertaining to students.

There are also environmental conditions present within the classroom setting which can
further contribute to STEM program attrition. For example, research has shown that instructor
demeanor in a STEM classroom is often more “sterile” and less inviting than in other classrooms
(Seymour & Hewitt, 1997). Additionally, male- and white-dominated classrooms may enhance a
culture of tokenism and can encourage women and minoritized students’ deference to more
assertive and often white men. Ultimately, it has been shown, this serves to reinforce macroscale
societal messaging of STEM being an unwelcoming and unsafe endeavor for all but a select few
while also centering and codifying privilege bestowed to white, wealthy males (Cole &
Espinoza, 2008; Davis et al., 1996; Morton et al., 2019; Museus et al., 2011; Parsons, 1997).
Finally, an instructor’s emphasis on lecture formats as opposed to cooperative exercises limits
socialization and classroom participation, thought to be an important factor how students,
especially students who are women, learn and retain information (Eisenhart & Finkel, 1998).

In truth, any of these factors can contribute to an atmosphere where students feel out of
place in and disconnected from a STEM classroom, laboratory setting, or other learning
environment. Further, in the case of “colorblind” faculty who strip away the unique identities of
their STEM students, faculty neglect the events, environments, cultures, values, and belief

systems which guide their students’ interactions with their peers, professors, and the course



32
material, as well as their own identity as STEM students, as well (Baber, 2012; Collins, 2018;
Hauge, 2007).

Unfortunately, many present-day attempts to address or rectify long-term underlying
systemic problems are still playing catch-up to an academic history steeped in the concept of
exclusion. That is, the original American system of higher education was intentionally designed
to keep specific (read: non-white, non-male, non-Christian) populations from fully realizing its
academic and socioeconomic benefits. As a result, within many STEM fields and programs of
academic study and within the STEM workforce, there remains to this day an
underrepresentation of many demographic identities; Black, Latino/a, and Indigenous Americans
as well as persons with disabilities (National Center for Education Statistics, 2021; NSF, 2013;
NSF, 2015; NSF, 2017).

However, positive impacts on student success and persistence in STEM can also come
from faculty behavior, as classroom-based student-instructor and student-student dynamics play
a significant role in determining whether a student completes a STEM program. There has been a
strong push for faculty members at institutions of higher education offering degrees in STEM
fields to also take steps to make the classroom environment and course structure more conducive
to students’ learning and success therein (Henderson et al., 2008; Wilson & Varma-Nelson,
2016). Shifting toward more active and collaborative instruction while also restructuring toward
a learner-centered paradigm not only places the focus on improving student learning outcomes,
but has also been shown to improve student performance and retention within STEM programs

across gender, racial, and ethnic lines (Barr & Tagg, 1995; Fairweather, 2008).
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There has been a concerted effort by STEM faculty at institutions to provide
undergraduate and graduate students with hands-on and experiential activities, exercises, and
fieldwork, especially within the physical sciences and engineering fields, to foster greater insight
into and ownership over one’s own learning (Colle & Lombardo, 2013; Franhcetti, 2010;
Hernandez et al., 2013; Houston, 2013; Humphrey & Srock, 2016; Humphrey et al., 2012;
Humphrey et al., 2013; Reed et al., 2014; Williams & George-Jackson, 2014). Additionally,
many researchers have also offered innovative ways to combat stress in these students at their
institutions and thereby attempt to take a more “holistic” approach to investigate students’
decisions to persist within or leave a STEM program (Braxton et al., 2004; Hemslee & Klein,
2017; De Leo-Winkler et al., 2016). These activities, in conjunction with other methods such as
physically rearranging desks and encouraging cooperative learning, positively affect student
learning and faculty behavior in STEM classrooms, ultimately leading to increased self-efficacy
and improve student retention rates within STEM programs in traditional, F2F classroom settings
(Anft, 2017; Franchetti, 2010; Herbert, 1998; Najmabadi, 2017; Raelin et al., 2012).

As shown, it is suggested that while many postsecondary STEM programs still have room
for improvement, there are specific actions and pedagogical methods employed by faculty which
can impact the likelihood that historically marginalized students feel welcomed and confident in
the physical classroom setting (Morton, 2021; Morton & Nkrumah, 2021). Undertaking and
engaging in these practices would go far to encourage students to persist to degree acquisition in
STEM fields. However, the research discussed to this point has focused on in-class, traditional,
F2F delivery of course content. There has also been much research into the potential impacts and

implications of online course delivery methods on student retention in STEM programs.
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Toward Online Content Delivery

Distance courses in education have existed in some form or another in the U.S. since
1840, when students used the Postal Service to learn from instructors despite there being a great
physical separation between the two of them (Kentnor, 2015). Historically, students have turned
to such courses due to familial obligations, financial or geographic limitations, or other
contributing factors which would preclude their ability to attend a traditional university (Verduin
& Clark, 1991). Over time, as technology has evolved to include radio, television, and, most
recently, the Internet, so, too, have the delivery methods expanded to include all of these as
vectors through which instruction can be shared and, beginning in the late 1980s, college degrees
can be acquired (Bastedo et al., 2016; Kentnor, 2015; Thelin, 2011).

U.S. public nonprofit institutions of postsecondary education have increasingly offered
online learning opportunities as a way to attract and retain students in response to academic and
fiscal crises associated with large-scale economic downturns and high rates of student attrition
(Allen & Seaman, 2010; Allen & Seaman, 2014; Arbaugh, 2004; Braxton et al., 2004). Since
2008, nearly three-quarters of all U.S. institutions have reported an increase in the demand for
online courses and programs during downturns, while almost one-half of all institutions reported
an increase in demand for F2F courses and programs (Allen & Seaman, 2010; Seaman et al.,
2018).

Before the COVID-19 pandemic, the number of students in the United States taking at
least one such course exceeded six million, roughly 31 percent of all postsecondary students
(Seaman et al., 2018). While the general trend in offering online courses has, on average, been

upward, it is important to note that there are substantial differences in perceived growth when
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accounting for institution type. There has been steady growth in public institutions, similar levels
of growth for private non-profit and a decline in total distance enrollment for private, for-profit
institutions (Seaman et al., 2018). Further, it is the largest institutions that teach, on average,
considerably more online students than institutions of any other size, resulting in a concentration
of online students at a relatively small number of institutions (Allen & Seaman, 2010).

Regardless of the differences in institution type, it appears that distance learning in online
delivery mode is here to stay: recent data suggests that sixty-three percent of all reporting
institutions consider online learning a critical part of their institution’s long-term strategy (Allen
& Seaman, 2010). When taken into the context of the shrinking number of students studying on
campus and the increasing number of students taking at least one online course, this increased
interest in offering online learning may not be surprising and instead may be seen as an exercise
in self-preservation (Seaman et al., 2018). Still, the attrition rates of students within online
STEM (and non-STEM) courses and programs are often higher than that of students enrolled in
F2F courses and programs. Reasons for this are often attributable to issues (both technical and
social) that these students do not encounter while taking traditional/F2F courses (Angelino et al.,
2007; Ferguson, 2020; Jordan, 2015; Waschull, 2001; Willging & Johnson, 2009). Examples of
social issues include isolation from peers, family problems, unanticipated changes in financial
circumstances, childcare, pet care, or elder care, while technical issues include a lack of access to
reliable hardware, software, or infrastructure related to internet access.

Naturally, there are benefits to institutions that can fill the demands of both F2F and
online courses. Researchers have suggested that the financial benefit for institutions that have

changed to online delivery is greater in the long run due to a reduction in classroom, travel,
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boarding, and instructional costs while appealing to a population of students who otherwise may
not have pursued a postsecondary degree (Bacow et al., 2012; Bettinger et al., 2017; Michael,
2012). Additionally, by serving both a generation of students who grew up in the age of the
Internet as well as non-traditionally aged students who are entering higher education in greater
numbers, institutions offering online courses provide greater flexibility and fewer scheduling
conflicts for students and faculty alike (lloh, 2018; Michael, 2012; National Student
Clearinghouse, 2021).

Despite the benefits of online instruction, researchers have found quite a few
disadvantages of this content delivery mode. Many researchers have suggested that a change
from F2F instruction in a traditional classroom setting to online-only delivery can leave students
feeling a lack of confidence and ultimately ambivalent about the course and its content as well as
their chosen academic program (Arbaugh, 2004; Chevalier et al., 2014). To date, another
disadvantage is the tension that arises between administrators and faculty. Researchers have
shown that resistance to online instruction lies with faculty perceptions that it (1) requires they
get “spun-up” on unfamiliar technology without being given time to adequately do so; (2)
distances them from students; (3) prevents them from customizing material they deliver; and (4)
presents little opportunity for students to engage in self-initiated learning (Bacow et al., 2012;
Dziuban et al., 2007; Tabata & Johnsrud, 2008). Additionally, faculty members’ negative
attitudes or sub-optimal pedagogical choices toward online instruction can negatively impact the
quality of the course as well as the students’ perceptions thereof, while positive faculty attitudes
can lead to greater student satisfaction with a course delivered online (Bunk et al., 2015; Clark,

1993; Jett, 2018; Levya et al., 2021; Tabata & Johnsrud, 2008).
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Compounding the challenges of online instruction is the multisensory nature of learning,
comprehension, memory formation, information recall and retention, and application of concepts
learned (Broadbent et al., 2018; Gnaedinger et al., 2019; Kawahara, 2007; Pichora-Fuller et al.,
1995; Shams & Seitz, 2008). By their very nature, courses delivered strictly online — even
synchronously — cannot provide sensory learning besides auditory and visual intake of
information and data unless instructors specifically design their course assignments and
assessment techniques with multisensory learning in mind. Additionally, challenges and stress
associated with videoconferencing software — e.g., dropped signals, distorted audio, frozen
screens, lack of eye contact due to the placement of the camera vs. placement of the viewing area
on the screen — can leave much to be desired, to say the least. Even the reduction in non-verbal
cues and the delay between speaking and hearing can contribute to feelings of both isolation and
asynchrony as well as what has become commonly known as “Zoom fatigue” (Kinreich et al.,
2017; Riva et al., 2021; Zendel et al., 2021). All of these issues may leave some students —
especially those who possess multiple learning style preferences (Cassidy, 2004; Gardner, 1983;
Hayes, 1996; Hernandez, et al., 2020) — feeling a sense of false intimacy with not just their
instructors and peers, but their course content as a whole.

Of course, pedagogical practices that can systematically inform and perpetuate the
alienation or outright exclusion of entire student populations also have impacts on all students,
so it is important to look at said practices not just in the confines of specific demographic
categories. It would seem, then, that online STEM courses would present quite the opportunity
for successful, negative, and challenging experiences, depending on the practices undertaken by

all involved.
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Student Experiences in Online STEM Courses

Researchers have shown that there are commonalities between students who persist in
online STEM courses and programs, some relating to students’ personal characteristics and
others to the interactions that students have with their professors and peers. Additionally, certain
practices — on the part of both the student and the people with whom they interact in the context
of their STEM course or program — can influence a student’s decision to remain or leave.
Student Attitudes, Characteristics and Practices

Students often gravitate to courses delivered online due to a wealth of potential positive
impacts they can provide them: a shortened time to degree; speedier interactions between
students, their peers, and faculty; and an increased likelihood that they experience responsive
learning environments more tailored to their learning style (Bacow et al., 2012; Dziuban et al.,
2007). While economic benefits may not trickle down to students’ tuition cost savings, since
many online courses cost more per credit than those provided in traditional methods, savings can
be found through eventual decreases in costs associated with transportation to and from campus
and room and board (Bettinger et al., 2017; Bacow et al., 2012).

Often, highly motivated, self-reliant, independent, and organized students excel
disproportionately in online courses, regardless of content (Bacow et al., 2012; Berenson et al.,
2008), but there are also factors external to the student which influence their perception of what
it means for them to be “successful”. For example, students consider themselves most successful
and satisfied in an online STEM class when they have opportunities to interact with their peers

and instructor, reaffirming the findings of previous researchers who have argued that social
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interactions are just as important for online courses as they are for traditional F2F courses
(Lewis, 2010; Richardson & Swan, 2003).

Bowen et al. (2012) found that while there were no statistically significant differences in
learning outcomes between students in traditional F2F sections and online sections, students
gave the online formats a lower (-11%) overall rating than the students taking the traditional
format due to a lack of the opportunities for interpersonal interaction. The overall impacts of
such negative perceptions and experiences are non-trivial. In some institutions, taking a STEM
course online was found to (1) reduce student grade achievement in that course by about a third
of a standard deviation, (2) reduce student grades in future courses by one-eighths of a standard
deviation, and (3) reduce the probability of remaining enrolled a year later by over 10 percentage
points (Bettinger et al., 2017).

Again, most of the reasons behind students’ negative perceptions of online courses
stemmed from their feelings of being isolated from their peers, owing to a lack of F2F
interactions with their peers (Arbaugh, 2004; Jordan, 2015; Tichavsky et al., 2015). Beyond the
social aspects of online courses, students also express the need to be more responsible and
proactive in order to succeed in online classes, which may not offer the rigid structure that comes
along with in-classroom content delivery yet may still require a heavier workload outside of
traditional content delivery environs (Bettinger et al., 2017). Access to technological hardware,
software, and a reliable Internet signal, arguably all required to participate and succeed in online
courses, can present major barriers for students (Bettinger et al., 2017; Jordan, 2015).

Still, delivery methods are but one underlying factor contributing to declines in the

number of students — especially those who are of historically marginalized identities — enrolling,
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persisting, and succeeding in undergraduate STEM programs (Barnard-Brak et al., 2012; Beilke
& Yssel, 1999; Bettencourt et al., 2018; Dewsbury & Brame, 2019; Gobbo & Shmulsky, 2014;
Gobbo et al., 2018; Haynes, 2017; Kamimura, 2019; Stodden et al., 2011). There are also
specific practices of students, faculty, and administrators engaging in online learning that
contribute to students’ experiences and success in online courses. Again, it would behoove
educators and administrators at LLU to learn from their students whether faculty attitudes toward
online instruction creep into course delivery on campus and whether/how that affects their
STEM students.

Faculty Attitudes, Characteristics, and Practices

Faculty-student interactions can have significant impacts on a student’s success in a
course and their decision to persist in a particular academic program, especially in STEM. While
over 50 percent of students taking at least one distance course also took an on-campus course
(Allen & Seaman, 2010), there has been much research detailing the best practices that faculty
can employ which are likely to benefit students taking online courses. Research supports the
notion that the learning experience is comprised of a social presence, a cognitive presence, and a
teaching presence, and that students respond positively when given the opportunity for student-
professor interactions, student-peer interactions, and accommodation of diverse learning styles
(Garrison et al., 2000).

Faculty providing timely feedback and oversight for assignments and assessments as well
as being available to answer questions by holding regular office hours (even if remote) is
associated with students reporting that they feel welcomed, comfortable, and safe (Grant &

Thornton, 2007; Liu et al., 2005; Picciano, 2017). Offering and monitoring discussion boards
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where students can pose questions and have discussions with each other while also providing
meaningful activities extending beyond individualized “busy-work™ and instead encourage
collaborative learning has also been shown to boost students’ sense of freedom as well as
confidence (Belland et al., 2017; Douglas et al., 2020; Flowers et al., 2013; Grant & Thornton,
2007). Finally, respecting diverse skills and learning preferences of students, especially when
building upon students’ prior content knowledge, has been shown to foster student engagement,
drive active learning, and increase the relevance of self-constructed knowledge (Chevalier et al.,
2014; Clark, 1993; Keengwe & Kidd, 2010; Kilburn et al., 2014; Spaniol-Matthews et al., 2016;
Sutton, 2014).

Further, biases that faculty display in relation to their students’ capability to succeed in
their STEM course or program can have significant impact on a student’s feelings of
vulnerability and greater imposter feelings (Blackwell et al., 2009; Bunk et al., 2015; Clark,
1993; Muenks et al., 2020 Tabata & Johnsrud, 2008). When professors teach through a lens of
their own personal biases regarding specific student aptitude and identities, students report
feeling less engaged and motivated within their classes at best and downright unwelcomed at
worst, leading to higher rates of attrition for both STEM courses and programs (Canning et al.,
2019; Muenks et al., 2020). Perhaps unsurprisingly, this bias also further serves to widen the
gender and racial achievement gaps within STEM courses; when faculty showed a “growth”
mindset as opposed to a “fixed” mindset, however, these achievement gaps were about half as
large (Canning et al., 2019).

Administration Attitude, Characteristics, and Practices
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In addition to the characteristics discussed above, researchers have also found that just as
faculty demeanor and behavior impacts student retention in online courses and programs, so, too,
do the practices of their institution’s administrators. For example, while there is a greater chance
for student retention when faculty are enthusiastic about the material they are sharing with their
students, faculty are more likely to possess these characteristics when they have support from
their institutional administrators (Booker et al., 2016; Hollowell et al., 2017; Tabata & Johnsrud,
2008). These authors suggest that offering faculty training programs specific to online instruction
to provide infrastructure, training, and skill development for instructors who may find
themselves unfamiliar with new online instruction platforms and pedagogy is overwhelmingly
beneficial. Further, by providing meaningful and sustained professional development
opportunities to faculty, administrators foster an environment in which faculty are encouraged
toward innovation and creativity, both of which are key in maintaining faculty motivation
(Tabata & Johnsrud, 2008). While this study did not focus on faculty perspectives, one could
argue that maintaining faculty motivation would have a large impact on how enthusiastically
they engage with both course content and students.
Summary

As evidenced by literature, there are many factors affecting student success and
persistence in online STEM courses and programs. As STEM students are not monolithic in
person or learning style, there can never be a single “right” or “all-encompassing” answer to the
questions posed by this study. However, it is this multi-faceted background in previous research
that formed the investigative bedrock on which | conducted this study of students who have

taken online STEM courses at LLU.
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Chapter 3: Methods

Long Lake University (LLU) is a regional comprehensive university (RCU) located in the
Upper Midwestern United States. Like many other RCUs, LLU is a broad-access institution of
higher education serving a diverse student body and its operations reflect a spirit of student-
centeredness as well as public-minded, purposeful collaboration with a wide variety of local and
regionally based employers (Henderson et al., 2008; Soo, 2011). Faculty teaching undergraduate
courses at LLU serve their students intending that said students subsequently enter the local and
regional workforce resulting from the formal and informal education received during their time
at the school (Orphan, 2018). Through its offering of academic programs, internships, on-the-job
training, and with an emphasis on civic engagement and service, LLU cements a relationship
between the institution of higher education, its surrounding communities, and both the private
and public sectors.

Though its academic origins are as a normal school, placing heavy emphasis on F2F
instruction and practica, in recent years, the School of Computing, Engineering, and Science
(SCES) at LLU has experienced pressure to deliver more of its courses using an online format.
Some of this pressure has been external; as recently as the Spring 2020 semester, the institution
was required to migrate all courses online in response to the national novel coronavirus-19
(COVID-19) pandemic. Other pressure, however, has originated from within the institution and
the statewide system of higher education, long before the pandemic, to attract new students and
increase the retention rates of the students currently enrolled in SCES programs.

As a current faculty member in a science, technology, engineering, and mathematics

(STEM) program at an RCU, | recognize that course delivery modes are only one factor
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contributing to declines in the number of students — especially those of historically marginalized
identities - enrolling and persisting in undergraduate STEM programs. Professors’ interactions
with students, student interactions with peers, and even external messaging relating to a sense of
belonging and place in the field have all played a role (Barnard-Brak et al., 2012; Beilke &
Yssel, 1999; Bettencourt et al., 2018; Dewsbury & Brame, 2019; Gobbo & Shmulsky, 2014;
Gobbo et al., 2018; Haynes, 2017; Kamimura, 2019; Phipps, 2013; Stodden et al., 2011).
Building on this prior research, | explored the specific experiences students have had in their
program-required, online STEM courses at LLU. In addition, | examined whether these
experiences factored into students’ decisions to persist in their respective academic programs.

To accomplish the goals of this study, | engaged in phenomenology (Giorgi, 2012; Starks
& Trinidad, 2007), framed by the theory of social constructivism (Dewey, 1925, 1928;
Kincheloe, 2001, 2008; Vygotsky, 1978). I interviewed undergraduate STEM students at an
RCU who have taken at least one online STEM course as part of their academic program in order
to answer the following research questions:
R1: What practices, occurring in online STEM course delivery, have led to positive and negative
experiences for students who have taken the course(s)?
R2: How have these specific experiences influenced their decisions to persist in their academic
program?
Methodology

In this exploratory qualitative study, | used a phenomenological approach to find
commonalities and differences between students’ experiences in the context of the phenomenon

of online learning as well as examine whether their experiences influenced their decision to
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persist within their academic STEM major. Since participants’ experiences are fundamentally
subjective and difficult to delineate through use of a quantitative analysis, qualitative research
lent itself well to this study. Qualitative research, as described by Merriam and Tisdell (2016),
allows both researcher and participants to explore and interpret the effects that environment has
on participants’ lives, allowing for rich description and a richer, more in-depth analysis than
quantitative research would afford.

Phenomenology

Phenomenological qualitative investigations afford researchers insight into a specific
phenomenon and a deeper understanding of how their participants experience it (Giorgi, 1970,
1997, 2000; Holroyd, 2001; Moustakas, 1994). Participants share their recollections, stories, and
impressions with the researcher, yielding information about how participants construct their
understanding of a particular phenomenon or set of phenomena occurring within their
environment, including those that arise from interactions with others (Giorgi, 2012; Starks &
Trinidad, 2007). Since | sought to understand what participants’ experiences have been in their
online STEM courses, | considered their online STEM course to be their environment, and their
narratives to be reflective of their experiences with the phenomenon of learning in said online
environment. In the analysis phase, | adhered to the phenomenological traditions described by
Merleau-Ponty (1945; 1964b; 1969 and, later, Kee, 2019), who shunned the more abstract,
transcendental nature of phenomenology and instead was receptive to the idea of there being
multiple ways to interpret not only the reflections and interactions provided by participants, but
the entirety of the phenomenological method itself.

Merleau-Ponty’s later works (1964b, 1969) also suggested that the methods of
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phenomenology and empirical sciences have more in common than not, placing emphasis on the
importance of recognizing one’s own bias when engaging in research, which also aligns with my
personal view and approach to this study. Therefore, | engaged in purposeful actions, including
bracketing, memoing, and member checks (described in detail later in the “Methods” section of
this chapter), to mitigate potential effects of my preconceptions.

Theoretical Framework

Sense-making and conceptual understanding of scientific facts in the context of STEM
and STEM education are multi-faceted processes requiring a complex co-creation of knowledge.
Verbal and non-verbal exchanges between pupils, their instructors, their peers, and other external
entities, often strongly influence students’ success, self-confidence levels, and sense of belonging
within a course and academic program (Auster & MacRone, 1994; Espinosa, 2011; McCoy et al.,
2017; Tatum et al., 2013; Tenenbaum et al., 2014). In this study, while the students were not
physically in the same room as their peers or instructor due to the courses being online,
interactions between them all — and a lack thereof — were found to contribute to the participants’
experiences of taking said course, as evidenced by participants’ various responses provided in
Chapter 5. Therefore, social constructivism was this study’s primary theoretical framework,
since its tenets lie with the assumption that learners construct their understanding, development,
and sense of place, belonging through interactions with others (Dewey, 1925, 1938; Lippmann,
1922; Picciano, 2017).
Social Constructivism

This study was guided by the theory of social constructivism (Dewey, 1925, 1938;

Vygotsky, 1978) as it specifically relates to learners’ interactions with others as a vector towards
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forming common foundations of knowledge about a particular field of study (STEM). The
fundamental tenet of social constructivism is that not only is knowledge not a finite entity; it is
constantly expanding due to continuous interactions with others. However, it is also not a solitary
endeavor; a learner’s ability to form foundational understanding, and in later stages application
of concepts, are learned through and in the context of their interactions with others having
mindsets and experiences different from their own.

Researchers have discussed the influences of environmental factors on student academic
success and persistence for decades (Beilke & Yssel, 1999; Belland et al., 2017; Blackwell et al.,
2009; Bunk et al., 2015; Clark, 1993; Dewey, 1925, 1928; Douglas et al., 2020; Muenks et al.,
2020; Tabata & Johnsrud, 2008; Vygotsky, 1978). The underpinnings of the theory of social
constructivism, then, align with the study’s lens that student learning is not isolated within a
vacuum (Dewey, 1925, 1928; Vygotsky, 1978). Indeed, these intersubjective, shared interactions
(i.e., the social part of “social constructivism”) naturally shape the content knowledge that
students are able to learn; they fundamentally influence how and whether the students are
exposed to the concepts in the first place (Zenzen & Restivo, 1982). Further, this theory also
provided a guiding role in the understanding of how these students’ interactions — or a lack of
interactions — with online course materials, professors, and peers may influence choices
regarding persisting through STEM programs at their home institution.

As is the case with many, if not all, STEM fields, processes leading to inquiry and
understanding are often, and arguably must be, iterative; as a result, characteristics inherent to
both environment and observer necessarily influence each other (Dewey, 1925, 1928; Vygotsky,

1978). On one hand, actions taken by a learner — including tools and skills they use to aid their
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actions - fundamentally influence the environment in which they are acting. On the other hand,
actions not originating with the learner yet still occurring within the learners’ environment also
influence the learner’s ability to take in information, apply it, and feel a sense of belonging and
attachment to their communities of learning (Baumerister & Leary, 1995; Brown, 2008). For
example, a student who receives positive, prompt, and meaningful feedback from their faculty or
peers throughout a course may feel more confident in their ability to perform well in the course;
a student who does not receive such feedback may feel unsure about their academic aptitude
(Chickering & Gamson, 1987; Kuh et al., 2006; Pascarella, 2001; Pascarella & Terezini, 2005).
Central to social constructivism, then, is the notion that higher mental processes (including
understanding and mastery of a skill or concept) have their origins in social processes involving
learners’ interactions with other external factors appearing in their environments.

Further, Dewey (1925) also argued that experiences arise from physical give-and-take
with their surroundings; some actions undertaken by the actors change their relationship to their
environments without changing the structure of the environment itself, while other actions can
result in a fundamental re-arranging of the actor’s surroundings. Thus, to successfully navigate a
specific learning situation (e.g., an academic degree), learners can utilize tools and skills that are
constructed by the learner and that often stem from interactions with others.

Ultimately, the theory of social constructivism dovetailed with this study’s methodology,
since | sought to find similarities and common themes between responses from individual
participants who obviously cannot possess identical psyches but who may still share and report
experiences resulting solely from interactions with others or a lack thereof. It is important to

acknowledge that in this study, | did not do a pre-test/post-test experiment wherein | evaluated
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participants’ retained knowledge about a particular topic, as this was not aligned with the
temporal limitations of my study’s design. However, participants’ reported impressions of their
experiences and comfort levels within their class were intricately and intimately tied with their
interactions with others (or lack thereof) in their online course. While Dewey could not have
possibly envisioned the experiences associated specifically with online course delivery at the
time of his writings, | explored how intrapersonal and interpersonal actions and experiences
manifest in an online-delivered learning environment as well as what effects they have on
students’ STEM degree completion.

Methods

At its core, | conducted this study to amplify the voices of students who have taken
STEM courses online. However, | also sought to report the “essence” of being an online STEM
student, and, while every student is different and certainly not a monolithic learner, | wanted to
discover whether there were experiences specific to the students who have taken part in the
phenomenon of online learning within their STEM program at an RCU. Therefore, | chose
phenomenology as my study’s primary method. Throughout the data collection phase of the
study, participants were encouraged, by way of a semi-structured interview, to share their
experiences as students taking part in the phenomenon of taking an online STEM course. |
subsequently compiled their responses, looking for and iterating upon emerging patterns and
themes in their responses. After speaking with my participants and while bracketing my own
experiences, reactions, and potential biases, | then analyzed the data to identify and analyze
emergent themes common between them.

Design
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Through semi-structured, face-to face interviews with undergraduate STEM students at
LLU, I sought to understand the experiences they had in their online courses as well as whether
the course-related experiences have influenced their decision to persist in their academic
program. Due to COVID-19 pandemic restrictions (Centers for Disease Control and Prevention,
n.d.), | offered to use remote conferencing software such as Zoom™ or Skype™ (Archibald et
al., 2019; Sullivan, 2012) as a way to conduct interviews, though the majority of the interviews
(21 of 23) were conducted F2F at the request of the participants.

This study was similar in design to those employed by Haynes (2017) and Kamimura
(2019), both of whom collected basic demographic data via a campus-wide survey with survey
questions to determine who would be eligible for participation. The demographic data I collected
to determine eligibility included participant academic major and age; no other data factored into
the eligibility of a participant. In turn, when | deemed a participant eligible for participation, |
engaged in follow-up interviews with them and subsequently analyzed their responses for
emerging themes.

Participants. To investigate the intended research questions, | limited my participant
pool to students meeting the following criteria: (1) aged 18 or older; (2) enrolled in and
completed a course delivered completely online between the Fall 2016 and Fall 2019 semesters
or after the Spring 2020 semester; (3) a current STEM major who (4), completed an online
STEM course required by their major and offered through a STEM department; and (5)
completed the course within the past 10 semesters (including Summer semesters), dating back to
the Fall 2016 semester. A sixth criterion was also used: The online-only STEM course(s) that a

participant took must have occurred outside of the Spring 2020 semester; midway through the
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spring semester of 2020, all courses at LLU were required to go to online-only content delivery
due to the national and global COVID-19 pandemic.

The first criterion, limiting participant age to 18 years or older, ensured that only
consenting adults of a legal age were involved in the study. The second criterion pre-emptively
limited any potential confusion for online courses designated as “Mostly Online,” which has
shown to be widely variable with regard to exact meaning. For example, in some courses, tests
are taken in person while all other content is delivered online, while in others it means that
students occasionally travel to a campus classroom to learn synchronously, and so on.)

| placed the third and fourth criteria to ensure that both the participants and courses fit
within the desired scope of this study. The fifth criterion was set to ensure the best chances of
interviewing a STEM student who was still enrolled in their academic STEM program (i.e., who
has not yet graduated) at the time of the study. The sixth criterion was used because including
courses from the Spring 2020 semester could potentially yield an undue bias in the data as not all
faculty, students, staff, and administrators were prepared for a sudden change in content delivery,
and thus these courses will not be considered part of the data set. Ultimately, | obtained a list of
all STEM courses offered by the SCES which fell within this timeframe (N = 439) and parsed
the data to include only courses that were offered completely online, yielding a total of 258
STEM courses from which to pull potential study participants.

Recruitment. With the assistance of the office managers of STEM academic programs at
the institution and general collaboration with the Registrar’s Office at LLU, | sent out a
recruitment email inviting STEM majors aged 18 or older students to participate in the study and

directing them to begin the demographic survey. The recruitment e-mail included information
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about the purpose of the study and contact information should they wish to participate in the
study, including mentioning the incentive of a gift card to Amazon for participation (see
Appendix A). | conducted interviews with a total of 23 students, at which point | believed I
reached saturation in participant answers.

Admittedly, the concept of saturation in qualitative analysis can be somewhat vague
owing to the fact that there is no exact number of responses constituting an adequate “cut-oft”
point (Saunders et al., 2017). As a result, | referred to principles set forth by Guest et al. (2006)
and O’Reilly and Parker (2012): Saturation was reached when, upon conducting interviews, no
new themes emerged from collected data and, therefore, no new coding was possible.

In the final discussion of this study’s results, | refer to participants by pseudonym, but, as
appropriate and as deemed germane to the study, I also discuss their self-disclosed demographic
information obtained during the recruitment, pre-interview phase of the study. Demographic data
for this study’s participants originated from the initial demographic survey provided in my initial
recruitment email (see Appendix B). This survey, delivered via the Qualtrics™ platform,
included prompts for participants to answer regarding the following demographic information:
age; gender identity; racial/ethnic identity; preferred pseudonym; how many online STEM
courses they have taken; academic standing (year); and academic major. All choices in the
survey had a “Prefer not to answer” option in case they did not wish to identify as belonging to
one or more specific categories.

| opted to collect demographic information even though, in the interview process, | was
not entirely sure whether participants would refer to experiences in the context of all of this

information. Ultimately, | did not ask questions that expressly or explicitly asked for their
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experiences in the context of specific identities such as gender identity or racial/ethnic identity.
However, answers to questions about academic major, academic standing, age, and, for obvious
reasons, pseudonym provided tangible context for their experiences in their courses. | fully
acknowledge that, as discussed in Chapter Four, their experiences may have been influenced, as
well, by their gender or racial/ethnic identities, but none of the participants explicitly stated this
was the case.

Demographic responses were aggregated into a spreadsheet wherein their responses were
matched to their pseudonym (if they did not enter any text into the “preferred pseudonym”
textbox, one was provided for them) for reference and use during the analysis phase. Upon
receiving responses to the survey, | alone reviewed the results to determine students’ eligibility
according to criteria two through six. Once a student was considered eligible to participate
(having met all six criteria), | contacted them to arrange a time for an interview.

Confidentiality and Participant Privacy. | kept participant identities confidential and
used participants’ pseudonyms during the interview and analysis stage. To give participants more
ownership over their stories and experiences, | encouraged them to choose their own
pseudonyms; in the one case where a participant was unwilling/unable to come up with one for
their own self, I had them randomly select one name from a list prior to me engaging in any
interview with them. Additionally, as there was the potential for negative consequences affecting
faculty as a result of a study like this, | anonymized any professor mentioned by name, and do
not report out on specific course or faculty-specific identifiers in this study. | assured
confidentiality and privacy for each participant prior to and during the interview process and

upheld them throughout the entirety of this study.
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I maintained all electronic data associated with the study, including audio and video files,
spreadsheets, and research log entries, on two separate off-site computers, housing the audio
recordings and their (encrypted) transcriptions. The thumb drive used to transport the files back
and forth from the site where interviews were conducted to the two computers was wiped after
each use. All files associated with the study are stored on the two aforementioned off-site
computers until a maximum of two years post-study, at which time they will be destroyed, as
prescribed by the forms submitted to the Internal Review Board (IRB). In both locations, these
files are password protected and in encrypted file formats. Finally, all electronic data that could
be traced back to the identity of any one participant (initial email communication, etc.) was
downloaded and kept on only one physical thumb drive, located off-site, in a secure location
accessible only to myself; I will destroy this, too, at the end of the two-years post-study period
has passed. All physical data, including written notes and signed consent forms (Appendix C)
was stored in an off-campus lock box. Notes taken during each interview as well as the annotated
transcripts were written in shorthand and are to be destroyed at the end of the two-year post-
study period, as well.

Data Collection. Once a student agreed to participate in this study, | emailed out a link to
the aforementioned Qualtrics™ survey to attain student demographic information. Upon
completion of their survey, | ensured their eligibility to participate and compiled their survey
responses into a confidential and encrypted spreadsheet for later analysis. Once | determined
their eligibility, | contacted the participant and together we subsequently arranged a time to meet
either in person, as CDC and institutional guidelines allowed, or via conferencing platform

Zoom™ (Archibald et al., 2019).
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Prior to interviews, | asked participants for their permission to have their responses
recorded via a microphone recorder during F2F interviews. In the case of video conferencing
interviews, | first asked the participant’s preference as to whether their interview would include
video and audio or just audio recording, depended on their own personal comfort levels with
either option. In total, two participants opted for Zoom™ and they both indicated they preferred
both audio and video interviewing and recording.

Interview Questions. | asked approximately 15 questions during my interviews with
participants (Appendix D). While these were the questions intended to be presented in a set
order, from time-to-time the order of the questions was rearranged or questions proved to be
duplicates when respondents answered multiple questions at once (Abrica et al., 2020; Mozahem
et al., 2019; Pfeifer et al., 2020). Additionally, | did not intend for these interview questions to be
the only way participants shared their experiences; | fully expected them to add more details and
expand on their comments, prompting them with follow-up questions when appropriate.
Therefore, these interviews are best described as “semi-structured” (Creswell, 2013).

To begin exploring the experiences of students, | asked them general questions pertaining
to how they got interested in STEM, why they decided to enroll in their respective programs at
LLU, and whether they had any prior experience with online learning. Subsequent questions
focused more explicitly and purposely on their positive and negative experiences within their
online courses at LLU, at times asking them to summarize in three words or fewer, other times
asking them to give rich descriptions of what actions they engaged in or circumstances they

encountered in their courses. The interviews all culminated with prompts asking for their
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suggestions for both future students and future instructors of the online courses they had taken,
as well as whether they had any additional insights they wished to share with me.

Interview Transcription. Within a half day of each interview, | transcribed the data:
answers to open-ended questions within a semi-structured interview lasting roughly one hour.
The rationale behind doing self-transcription was two-fold. First, it maintained a chain of
custody, greatly reducing the likelihood that an entity external to the study was privy to
responses given. Second, transcribing the interviews shortly after conducting them allowed the
interview to remain fresh in my mind. | decided that | was more likely to remember smirks,
shifts in body language, the contexts of spontaneous utterances, etc. if it happened recently than
waiting for days after and hoping that I can induce recall. After each student and | completed an
interview, | offered them the opportunity to receive a copy of the transcript of their interview and
seek feedback from them to ensure that what | heard and transcribed was accurate in their
opinions. | acknowledge that while | destroyed all email correspondence between myself and the
participants that included transcripts, | cannot guarantee that they destroyed them on their end.
To date, although | sent each participant a copy of their respective transcript, none provided
feedback indicating that they disagreed with what appeared therein.

Data Analysis. After | conducted and transcribed the interviews, | subsequently used a
system of thematic analysis to identify patterns of language, commonalities, differences, insights,
and themes that emerge from repeated readings (Berg, 1989; Braun & Clarke, 2006). | opted to
engage in open coding for this study because I did not think it prudent to have a set of codes

selected prior to the interviews; by the very nature of phenomenological inquiry and the
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individual nature of learning experiences, the results were likely to be highly variable from
participant to participant.

Thematic Analysis. Widely used in qualitative research, thematic analysis involves the
identification, analysis, and reporting out of themes found within a set of participant responses
(Braun & Clarke, 2006). While there have been debates as to whether thematic analysis is itself a
tool to be used for qualitative analysis (Boyatzis, 1998; Holloway & Todres, 2003) or as a
method itself (Braun & Clarke, 2006; King, 2004; Nowell et al., 2017), I intended to use it as the
former. Such analysis examines the overarching and enduring themes found throughout the
responses given to my interview guestions and provided a foundation for me to address how the
separate data points (the responses and/or portions thereof) meld together in a meaningful way
(Julien, 2008; Siegesmund, 2008). It also required that | ensured the data (and their subsequent
categories, subcategories, themes, subthemes, causal connections, and so on) were organized in
ways that are comprehensive and mutually exclusive to increase trustworthiness of my analysis
(Braun & Clarke, 2006; Siegesmund, 2008).

The steps | followed to engage in thematic analysis during this study aligned with the
approach laid forth by Braun & Clarke (2006). Even though Nowell et al. (2017) make the
argument for thematic analysis to be its own standalone qualitative method, the formers’ step-by-
step approach would work just as well as a technique or tool to use while analyzing a
phenomenological dataset. This technique required that I sit immersed in and engaged with the
data on multiple occasions, allowing for multiple interpretations (Terry et al., 2017).

Step One: Transcription. For the first step of my thematic analysis, | transcribed each

interview by playing and replaying the interviews’ audio and recording the transcript into a word
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processing application (Microsoft Word™). As mentioned earlier, | did this within a half day of
conducting the interview to maintain mental freshness.

Step Two: Reading and Familiarization. In the second step, | read and familiarized
myself with the data by reviewing the interview transcripts and notes multiple times, though, as
Braun and Clarke (2013) point out, familiarization with the data also occurred during the first
step. Regardless, in Step Two | reviewed the interview transcripts and notes multiple times as
well as examine the demographic data collected from each participant, allowing me to take notes
as well as mentally map the answers with the individuals.

Step Three: Coding. | broadly reviewed my textual data to look for common matching
words, phrases, or concepts and parsed them accordingly in an electronic spreadsheet (Excel)
into discrete parts (codes) for organizational purposes. In this way, the parsed data themselves
were the point of origin for my subsequent analysis (Terry et al., 2017). In line with
recommendations from Braun and Clarke (2006, 2013), | kept the codes distinct from one
another. Broadly speaking, the codes emerged from responses that specifically recounted
interactions between the learner (participant), their peers, and instructors as they occurred in the
context of the online learning environment.

Following the open coding, | used axial coding to review and relate the initial data
together to reveal codes, categories, and subcategories (Benaquisto, 2008). The iterative process
of revisiting the data numerous times (literally, until no additional themes are found) will allow
me the opportunity to uncover any links between the responses and this study’s theoretical
framework (Berg, 1989; Braun & Clarke, 2006; Nowell et al., 2017). Throughout my analysis, |

assessed codes iteratively to retrieve both semantic and latent themes (Braun & Clarke, 2006,
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2013). The semantic themes stemmed from participant responses, and derived from looking at
common, repeated words or phrases given by the participants. On the contrary, latent themes
emerged from my repeated re-examination and interpretation of the more implicit meanings
behind the responses.

Step Four: Searching for Themes. According to Braun & Clarke (2006, 2013), themes are
broader than codes in that they constitute a central, organizing concept. Meaning, themes are a
collection of codes or ideas originating from the data. At first pass, | combined common codes or
ideas under what Braun & Clarke (2013) referred to as “sub-themes,” which could then be
combined into larger, overarching themes. To accomplish this, | sought patterns within the sub-
themes and evaluated whether it was possible to group them together in a coherent and sensible
manner.

Step Five: Reviewing and Defining the Themes. | engaged in Step Five with much
scrutiny to ascertain which code matched up with which theme or sub-theme, but I also
recognized that sub-themes and themes were subject to change as my analysis necessitated. To
ascertain whether adjustments were necessary, | reviewed the themes, requiring multiple read-
throughs (Braun & Clarke, 2006). Ultimately, | defined, chose, and utilized themes that provided
a best fit to answer/address my research questions.

Step Six: Analysis and Write-up. Upon examining all the themes and sub-themes and
assessing their semantic meanings, | linked them back to the theoretical framework guiding my
research questions and write up my findings. | followed this with a discussion of the significance

of the findings as well as future work that could build upon the data | collected during this study.
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Additionally, | addressed potential implications relating to online postsecondary education on a
broader scale.

As mentioned earlier, thematic analysis is highly flexible, non-linear, and lends itself well
to different interpretations (Maguire & Delahunt, 2017), a technique | thought aligned well with
the unpredictability of the responses the participants provided. For example, the initial themes
stemming from the first few interviews were scattered seemingly everywhere, unrelated to one
another, which necessitated that | revisit data from all of the interviews many times before |
could group them together.

Trustworthiness

As | acknowledged the subjectivity inherent to thematic analysis and iteration, | needed
to engage in multiple activities to ensure study trustworthiness, rigor, and credibility. Further, |
understood the importance of limiting potential biases that might have arisen throughout the
study. Therefore, | intend to utilize several mechanisms of trustworthiness, including bracketing,
peer debriefing, maintaining a research log, and the use of member checks.

Bracketing. Bracketing, in the context of phenomenological research, required that I, as
researcher, was aware of my biases, assumptions and previous experiences while exploring a
specific phenomenon (Husserl, 1913; Gearing, 2008). To me, this meant being aware of my pre-
conceived notions of what it means to teach and take courses online as well as my feelings
toward both activities. In line with Gearing (2008), | engaged in elements of bracketing by
acknowledging both internal and external presumptions might impact the phenomenon in its
natural state. While | did not anticipate needing to intentionally or formally apply bracketing

during my data collection phase (I was asking questions, students were answering prompts, etc.),
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during the analysis phase | was hesitant to engage in trying to find latent themes, relying, more
S0, on semantic themes to avoid bias as much as possible. I also acknowledged any
internal/external suppositions | bracketed out during my analysis phase. Further, | acknowledged
that my personal assumptions regarding what my participants might have given are immaterial to
the study and that I also needed to address my interpretations, suppositions, and assumptions that
| purposely bracketed needed to be addressed in the discussion section of this study’s results
(Gearing, 2008). I achieved this through a combination of journaling and memoing, which
allowed me to record my own reflections on the data | am collecting (Gearing, 2008; Giorgi,
2012).

Peer Debriefing. As a former STEM major, a current STEM educator, a student who has
taken online courses, and an instructor who has taught online courses, | felt | had at least some
familiarity with some of this study’s participants’ experiences. Still, | engaged in peer debriefing
(Creswell, 1998; Lietz et al., 2006; Padgett, 1998) to make sure that my interpretations of the
results aligned with how others interpret them. To accomplish this, once my initial analysis was
complete, | spoke with colleagues and students, unaffiliated with LLU, to see whether they agree
with my assessments and/or interpretations of the themes that | was seeing. | did not share any
names — real or pseudonym - in any discussion with anyone outside of the study. Through this
form of peer debriefing, | received multiple perspectives on my data, thereby enriching my
understanding of the data themes.

Maintaining an Audit Trail. The use of multiple methods or data sources, including
interviews, journal entries, field notes, and other research artifacts in qualitative research

necessitates the use of a detailed, organized method for keeping track of each item. Therefore, |
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kept an electronic audit trail clearly describing the steps | took throughout the study. Stored off-
site in a location known only to myself, it specifies where | can find each piece of data pertaining
to the study (Johnson & Waterfield, 2004; Lietz et al., 2006). Additionally, within this audit trail,
| kept reflexive notes and personal reactions that | had to the interview process, responses, and
analysis phase; in essence, the file served as a mini journal, providing an additional opportunity
for reflexivity (Creswell; 1998; Creswell & Miller, 2000; Lietz et al., 2006).

Member Checks. There has been some disagreement over several decades as to whether
member checks provide a sufficiently thorough assessment of trustworthiness for any form of
qualitative research (Angen, 2000; Birt et al., 2016; Buchbinder, 2011; Candela, 2019) with
some researchers even suggesting that participants may be harmed as a result of engaging in the
practice (Hallett, 2013). However, since the main goal of this study was to amplify the voices of
the students who have taken or are currently taking online courses in their STEM academic
programs, it was logical that | engage of multiple forms of member checks to ensure my
interpretations of their responses were valid (Carlson, 2010; Creswell & Miller, 2000; Rodriguez
et al., 2019). I also acknowledge that the privileged racial, gender-based, and socioeconomic
identities that I currently exhibit also result in my having different experiences from those of
many of my study’s participants, which could have influenced not only the responses that
participants gave, but also how I interpreted them.

Therefore, | engaged in member checks with my participants by (1) allowing them to
review the transcript of their interview; (2) giving them opportunities to correct or expand upon
the transcript; (3) touching base with them after the interview to see if wished to add anything;

and (4) sharing preliminary findings with them. While I intended to defer to any participants’
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recounting of an exchange within an interview, no participant provided any indication that their
interpretation differed from mine. No members asked me to alter their transcript in any way,
even when given multiple opportunities to do so.

Positionality

A key component to this study was my personal lens/worldview during data collection
and analysis (Denzin, 2009; Denzin & Lincoln, 2011; Dibley, 2011; Fusch & Ness, 2015;
Holloway et al., 2010). As an instructor of STEM classes primarily delivered in in-person, F2F
modes, | recognize that | came to every interview with a value set and inherent biases of my
own. As a result, this study required that | engage in multiple forms of reflexivity and bracketing
(Ahern, 1999) when developing questions prior to holding interviews, when engaging in
dialogue and interviews with participants, and during my analysis when | was looking for
themes, commonalities, and contradictions between their stories. Further, when presented with
information with which I was unfamiliar, | asked follow-up questions to ensure I accurately
understood what participants shared with me.

Additionally, since | am an instructor of STEM classes at an RCU, there may have been a
perception of specific power dynamics between the participants and myself. | expected to be
older than the majority of this study’s participants, and the fact that I am an assistant professor
may also have been intimidating to some. However, to combat this, | made the interview
environment as welcoming and relaxed as possible to set a tone of alliance — as opposed to one
of adversarial - with the participants (Razon & Ross, 2012). To achieve this, | (1) scheduled
interviews around times most convenient for participants; (2) reminded participants that they

could stop the interview process at any point; (3) encouraged them to expand on experiences
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even if they begin to go a bit off topic during the interview, allowing them to lead; and (4)
reminded participants that they could opt out of the study at any point, even after they have
signed the consent form and even after their interview has been transcribed.
Summary

Utilizing a theoretical framework of social constructivism to guide this study’s interview
process as well as its data analysis, | conducted a phenomenological study involving
undergraduate STEM majors at LLU. By engaging in face-to-face interviews with participants, |
collected information to gain a deeper understanding of what they are experiencing in their
online STEM courses. Of course, this was only the first step toward exploring and addressing
implications from their experiences with online STEM course delivery; | subsequently analyzed

their responses for common themes.
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Chapter 4: Results

This study comprised of interviews with 23 undergraduate STEM majors at LLU, whose
demographic information appear in Table 1 in alphabetical order of chosen pseudonym.
Participants’ responses suggested a variety of self-identities spanning three distinct age ranges,
two genders, and eight ethnicity/race categories. Further, each participant belonged to one of
seven departments, and, together, represented the following STEM programs, as defined by the
National Science Foundation: Mathematics (MATH), natural sciences (NS), engineering
(ENGR), and computer and information sciences. (CIS). Aggregate categories were used to
further de-identify specific courses so that they could not be directly linked to any specific
academic program. Of the 23 participants, 19 students reported having taken more than one
online course required by their respective STEM major.

Altogether, participant responses yielded a total of five biology/biomedical-focused
courses, four chemistry-focused courses, two software engineering/computer science-focused
courses, six mathematics-focused courses, and three physics-focused courses. This variety of
courses owes to the fact that most academic majors (including STEM majors) at LLU require
interdisciplinary coursework as part of fulfilling degree requirements. The distribution of all
classes, identified by participants and broken down by subject/content matter as well as home

department, appears in Figure 1.
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Table 1

Demographic composition of RPO study participants

Participant Age Gender  Ethnicity / Race Academic Major Program Year  # Online Major Courses
Amanda 18-24 W w MATH Senior (Sr) 3
Amon 18-24 M H/L NS Sr 2
Asha 25-34 w AA/B CIS Freshman (Fr) 1
Bruce 35-44 M W CIS Junior (Jr) 1
Eve 25-34 w wW MATH Jr 3
Faisal 18-24 M NH/PI CIS Jr 2
G 25-34 M SA CIS Jr 3
Janice 18-24 w w NS Sr 2
Kanraj 18-24 M EA CIS Jr 2
Katie 25-34 wW W ENGR Sophomore (So0) 3
Marie 25-34 W W MATH Sr 3
Mei 18-24 w A CIS So 3
Midi 18-24 M SA NS So 2
Penny 25-34 W W NS So 2
Ranjan 18-24 M SA CIS Jr 3
Ronald 25-34 M H/L, w NS Jr 1
Sam 18-24 M w NS Fr 1
Saman 18-24 M A CIS Jr 1
Sarah 18-24 W W NS So 1
Thomas 18-24 M w CIS Sr 2
Willie 18-24 w wW NS Fr 1
Zelda 18-24 w AA, H/L, MR, w NS & MATH Jr 2
Zeus 18-24 M H/L, w ENGR Jr 3



Note. Participant demographics. Abbreviations of W, M were used for gender self-identifications of “Woman” and “Man,” respectively, while A, AA/B, EA,
H/L, MR, NHPI, SA, and w were used for “Asian, “African American/Black,” “East Asian,” “Hispanic/Latino/a,” “Mixed Race,” “Native Hawai’ian/Pacific

Islander,” “South Asian,” and “white,” respectively.
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Distribution of Major-required, Online Classes Taken at LLU by Study Participants
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Note. Distribution of courses delivered online and required by majors pursued by participants. The “Home

Department” refers to the department offering the course and does not necessarily refer to the home department of

the participant’s major.
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In addition, | synthesized participant responses to open-ended questions into themes and
sub-themes that | then tied back to the initial research questions to capture the experience of
online learning in STEM courses:

R1: What practices occurring in online STEM course delivery have led to positive and

negative experiences for students who have taken the course(s)?

R2: How have these specific experiences influenced students’ decisions to persist in their

academic program?

Questions and responses relating most closely to research question 1 (R1) yielded several
themes (and sub-themes) relating to (1) their experiences with and identities in the context of
STEM, (2) their decision to pursue a STEM degree at LLU and (3) their expectations their online
STEM learning environment. Further, when subsequently asked to describe their actual
experiences in required online STEM courses, participants primarily centered their responses on
interactions and behaviors they and their instructors engaged in which led to (1) positive and (2)
negative learning experiences in their course(s). Questions and responses relating most closely to
research question 2 (R2) yielded answers suggesting that most respondents’ decisions to persist
in their academic programs were not heavily influenced either way by the experiences they had
in their online course(s).

In the novel Ready Player One, a central plot point involved characters from all over the
physical world seeking and finding specific digital rewards hidden throughout OASIS (Cline,
2011). As an homage, in this chapter I present participant responses in three discrete, though
related, themes relating to experiential processes of finding and seeking. In “Finding and Seeking

STEM Identities Outside the LLU Classroom,” participants’ identities in and exposure to STEM
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outside the classroom setting are discussed. The next theme, “Finding STEM at LLU,” features
participant experiences relating to and influencing their decision(s) to enroll in a STEM program
of study at this specific institution of higher education as well as their expectations as STEM
majors at LLU. Then, in “Seeking and Finding Online STEM Education at LLU,” | compare and
contrast participants’ expected experiences with their actual found experiences, both positive and
negative. | follow this with a discussion of observed behaviors and practices contributing to these
experiences and a summary of their experiences in their own words (resulting from a word
association exercise undertaken as part of the interview instrument.) Finally, the chapter
concludes with analysis of whether, how, and why these experiences influenced participants’
decisions to remain enrolled in their major program of study.

Finding and Seeking STEM Identities Outside of the LLU Classroom

To help contextualize the experiences participants had in their online STEM courses, |
asked questions relating to their sense of self and relationship with STEM. At first, identities
provided by participants were those assigned to them through virtue of their enrollment in their
institution of higher education. Generally, these institution-based identities focused on
participants’ year of standing in the program, their status as a transfer student, and, as some
participants indicated, their identity as an international student (see Table 1).

Beyond this basic demographic information, internally ascribed identities emerged from
participants’ description of themselves either in the context of their scientific field of study, their
prior education, or their lives outside their current institution of higher education. Participant
responses generally fell under one of two sub-themes: “Finding” and “Seeking.” The “Finding”

themes reflected something of a passive occurrence; participants experienced and found their
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identities in STEM as a result of exposure to STEM-related events or occurrences happening in
and around them, and them participating in said events. “Seeking,” on the other hand, referred to
instances where the participants specifically sought out opportunities to participate in STEM for
purposes beyond their immediate selves, such as learning skills to assist in procuring
employment, assist others, or be a role model. Whether associated with “Finding” or “Seeking,”
these experiences suggested that the majority of participants had a long-standing and keen
interest in their field of study as well as other STEM fields long before they got to their post-
secondary level of education.

Finding Identities in STEM

For the majority of respondents, first exposures to STEM occurred fairly early in life,
with most respondents indicating they had interests in science and mathematics since they were
children. Experiences with STEM were almost exclusively positive, most often involving hands-
on exploration of topics at a young age, which encouraged further investigation. For
Marie, a Mathematics major, “it was a way to learn about the world around me but also make
sense of things by looking for patterns.” For Thomas, a Computer and Information Systems
major, “it allowed me to work with others toward a goal that we [Thomas and his elementary
school classmates] shared but have fun doing it at the same time.” Regardless of their eventual
programs of study, early (most often tactile) experiences in biology, computer-based gaming,
mathematics, and astronomy factored heavily in their STEM exposure; many reported going to
science museums and sky watching as their primary entrance into the realm of STEM.

Further, participants shared that their early experiences with STEM were, for the most

part, a way for them to feel connected to those around them while still allowing them to be
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individuals. For some participants, their identities in STEM tied in with their interactions with
family members. As Midi, a Natural Sciences major, explained,

In my family, many family members are either hand labor[ers] or they work in the

medical field or in labs. My little brothers look to me as what to be, and for them, they

look to me as role models. I feel good and a part of my family when I can still be there
with them [after graduating] because they have been an inspiration to me for so long
since | was a little kid. From a young age, | see myself in my field. I still see me doing
great things in my field so I always push myself to be successful. I will make it on my
own but will still also always have them [family] as part of who | am and | am part of
them.

In this excerpt, Midi saw himself as both a person who had an innate drive for succeeding in

STEM as well as a source of inspiration for those closest to him. For him, his success in STEM

would be his family’s success, as well.

Similarly, for Mei, a Computer and Information Systems major, family tradition began
and fostered her interest in STEM: “I do enjoy solving problems, and my family are all either
teachers of math or science. I went into computing [major] because it’s part of what we do in my
family.” She went on to explain that her relationship with (and identity in) STEM was positive
because it allowed her to utilize her curious nature in a way that still allowed her to be somewhat
creative. “I think I’m with this field because yes, tasks must get done, but I can also do other
things when I’'m done. The job [after graduation] would still let me stop at a certain time and

focus on other things.” Mei also indicated that her confidence in her ability to succeed in STEM
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was in no small part because she often had the chance to share her information with younger
members of her family.

For Asha, a Computer and Information Systems major, prior exposure to STEM was a
social, collaborative experience:

My friends and | were all into STEM as kids. We hung out. We studied together, but it

was also fun at the same time. A connection. It felt like a group since all [were]

interested in the same things. We all had different interests, but hanging out with people
in [STEM] clubs and stuff — that was a lot of fun. And it made me feel like it was cool to
do that.
Using an “Us against the world” framing, she explained that the STEM-related connections that
she had with her peers fostered a sense of teamwork that made any struggles they encountered
seem much less daunting and more manageable.

At the same time, for some participants, engaging with STEM meant having experiences
with external factors that sometimes posed a challenge to their sense of “fitting in” within
STEM. For example, Katie, an Engineering major, reported having had exposure to robotics at a
young age, but also sharing that, initially, she was unsure that she could participate in the field
due to her gender. Despite her uncertainty, she ultimately was not deterred, explaining:

I’ve always been such a hands-on learner, and the ability to now study something that

gets me excited is wonderful. I was always told that girls couldn’t do that, but, they can,

obviously; I mean I’m here. Studying this field is teaching me that I can do it.
Janice also reported being hesitant at first, due to not having seen women in positions of science

teachers prior to coming to the university. In her opinion, she explained, “It was a total boys’
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club, and we were allowed to be [women] students [in the classes], of course, but I wasn’t sure
we could find support to study it on our own, y’know?” For Katie and Janice, as well as several
other respondents, experiences at an early age (culminating with a lack of visible representation
of women in positions of leadership in the field of robotics) caused uncertainty within
themselves as to whether they belonged and would be welcomed in STEM at all. However, as
both Katie and Janice reported, pursuing a degree in STEM has given them the confidence that
they, in fact, do belong in STEM.

Finally, Zelda, a dual Natural Sciences and Mathematics major, indicated that while
STEM represented a bridge between her interests and skills, science, especially, was always a
way for her to interact with the world around her when communicating with others was difficult.
As she put it:

I’ve always been sort of different...I have to think about what I say way before | say it so

I’'m usually pretty quiet. I’'m smart, but with people it’s hard. But with science, I've

loved it since | was young because you can observe and you can measure, take your time

[in reporting results]...For me, I’ve loved science for a long time; | feel at home here.
In this way, Zelda s identity in STEM provides her with a sense of competence and comfort
when she might not ordinarily encounter it in a non-STEM setting, especially as it related to
interacting with her peers.

In examining the narratives provided by these participants, then, it is possible to identify
how STEM experiences (both positive and negative) helped to shape their identities. The
manifestation of these identities did not arise in a vacuum, however. As respondents explained, it

was often the interactions they had with others which helped to solidify their self-recognized
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identities in the context of STEM. In this way, for many of the participants in this study, STEM
served as the vehicle through which confidence and a sense of belonging could evolve, but it was
the networks and interactions with others that provided the pathway on which they could first
form.

Seeking Identities in STEM

When prompted, some respondents indicated that identities they desired to have in STEM
originated from factors definitively set apart from and external to their personal views of and
experiences with STEM. For example, over half of the participants reported wanting to be part of
STEM in order to earn money to either satisfy their own needs or the needs of their immediate
families, though they did not explicitly express a long-term vision of what that might mean for
them beyond that immediate scope. Saman viewed his pursuit of a Computer and Information
Sciences degree as “a way to bring honor to my family because I can bring money home but also
because I will be carrying on tradition of my family.” Additionally, a majority of participants (20
of 23) also expressed a desire to have an identity in STEM that originated with their desire to
achieve certain personal milestones, such as securing constant employment and/or a career in a
chosen field, entry into graduate school, or a pathway to permanent residency within the United
States.

In addition to personal financial and academic advancement, participants’ desired
identities also associated with their interactions with broader audiences as well as others’
perceptions of them because of their involvement in STEM. For example, several respondents
specified that their drive to participate in a STEM program was due not only to internal attraction

to the topics, but also to influences of societal and environmental messaging and family practice.
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Similar to Katie’s experiences, Marie indicated that the lack of representation of women in the
classroom had a large influence on why she decided to study mathematics as she grew up:
I grew up where I knew I was interested in math, but I didn’t have female role models in
math. [ didn’t have anyone saying, ‘Yeah, math! Here’s a bunch of mathematicians!’
So, I really took that to heart, but in the other way. Instead of me saying, ‘Oh, I can’t do
that,” I was like, “Why not me? Who says I can’t?’ So I really want to be that woman
professor in front of the class who is like, ‘Yes, you can do this.’
In Marie’s case, then, the early challenging experiences she encountered in STEM sparked a
desire to be seen as someone who can make space for and bring others into STEM fields.
Similarly, Penny, a Natural Sciences major, noted that she gravitated toward STEM
because she seeks external validation, veracity, and authority on a topic that a degree in her field
would confer to her. As she described it:
I’ve always been interested in the environment — and science in general — since | would
say my childhood. | was always out exploring and such; I just thought it was all so neat.
And in my previous job, | got to go out with the people and sit and take in nature around
us. But I know that not everyone gets to enjoy environmental justice — or even access to
nature in general — so | want to [after graduation] write about that. To write about it, and
to make a difference, | need to have the credentials, the degree. Obviously | need to
understand it...So that’s why I’m here studying STEM.
This, she believed, would allow her to share information about environmental science with

others, ultimately benefitting people well beyond her own person.
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Ronald, also a Natural Sciences major, sought an identity in STEM that would enhance
his ability to share information with others, too. In his opinion, the ability for him to explain
complicated scientific information with the public was a way for him to contribute back to a
network of people that raised and supported him. As he explained, a lack of general
understanding of basic scientific concepts poses a risk: “Science is great, but if you can’t
understand it, then you won’t understand why it’s so great. You won’t understand if you’re in
danger. So, I’d like to try to bring it [science] back to my community, or help to.” Similar to
Marie’s sought-after identity, to Ronald, being referred to as a “Scientist” would carry a lot of
clout and yield an identity he could envision himself using to encourage other generations to
follow in his footsteps by, in his words, “following their own wonder.”

Finally, for Ranjan, a Computer and Information Sciences major, his desired identity in
STEM is one of representing both his home country as and a new life in the United States. For
him:

India is home to me and it always will be. This is my first semester actually taking

courses on campus. | am hoping that when | am done, it will be a way for me to be seen

in my family as a success but also help them out financially and also with information.

When I was growing up, I learned that it was important to look out for one’s family and

neighbor, and me deciding to study what I do, well, that is why | want to.
In this way, and similar to Ronald’s vision of his own future role in his community, Ranjan’s
identity is inextricably linked to not only how others view him, but also how he can contribute to

his communities both back home in India as well as in his immediate surroundings.
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In summary, whether found or sought-after, participants’ experienced identities in STEM
strongly connect to three key factors. First, their early involvement in STEM, whether formal or
informal, helped to influence their comfort levels with STEM material. When given
opportunities to participate in STEM-related activities, they generally found them to be helpful
and encouraging experiences. In turn, this granted them a heightened sense of confidence,
resulting in a positive feedback loop, which ultimately set the stage for more involvement in
STEM.

Next, participants’ experiences with and recognition of their role(s) within STEM as it
relates to the interactions between themselves and others greatly contribute to their own identity
development. Whether the “others” in question comprised their peer groups or members of their
immediate family, the interactions that the participants had with them helped shape their
identities as future STEM professionals well before they ever set foot in a classroom.

Finally, larger societal messaging (explicit or implicit) surrounding both who is/is not
“part” of STEM and the public’s broad-scale understanding of STEM-related topics cannot be
ignored. On the contrary, this factor contributed to an overwhelming majority of responses to
questions relating to why students developed a desire to study STEM at the post-secondary level.

Finding STEM at LLU

To understand the multi-dimensional factors contributing to participants’ experiences
with their online STEM courses, it is beneficial to first investigate how and why participants
chose to enroll in STEM programs at LLU. As a result, this section first highlights the
experiences students had when selecting their institution of higher education. As will be shown,

participants’ decisions to enroll in STEM academic programs specifically at LLU were largely
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influenced by impressions resulting from experiences with STEM faculty and students before
they enrolled. From here, the section pivots to results focused on participants’ expectations
regarding STEM courses. The section concludes with a discussion of their actual, lived
experiences in their online STEM courses as well as the behaviors that they and their course
faculty engaged in that contributed to said experiences.

Experiences Affecting Enrollment Decision: Professor Sets the Tone

As is common with many students, multiple factors contributed to participants’ selection
of a university in which to enroll. As expected, external elements such as messaging/reputation
of institution, marketing and advertisement, affordability of attending, and proximity to home
were quoted often as a factor contributing to one’s selection of institution. However, the majority
of participants reported specific personal experiences which directly affected their decision to
enroll in their STEM program. For these respondents, observations of future faculty members’
demeanor and teaching styles yielded impressions that they would be supported in their studies
by a more-than-willing partner in their learning. However, the learning environment fostered by
professors through the inclusion of peer-to-peer interactions also contributed to impressions that
led students to enroll at the institution.
Professor-as-learning-partner

For some participants, such as Saman, being able to sit in on a class and observe the
faculty and teaching assistance interact with other students provided a sense of comfort in
knowing that help would be available to students as needed. As he explained, “Both the
professor and teaching assistant were walking around asking if anyone needed help. I liked that a

lot. Possible to succeed when there is help.” Mei, too, came to view a future faculty member as
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an ally in learning because of the welcoming environment fostered by a small class size and the
fact that she and the professor spoke the same language: “It made me feel at home. I thought
maybe this was a good place for me. | also really liked that the professors got to work in small
classes with only few students.”

Bruce, a non-traditional-aged Computer and Information Systems major, also reflected on
the importance of his would-be professors accommodating his desire to finish his degree in a
timely manner:

I was looking to get done with a degree quickly; I’'m an old geezer compared to these

kids, y’know? Don’t want to be here forever. But the professor I spoke with, they

showed me how I could get done, even a semester early was good news for me. So, they

were helpful and I appreciated that a lot.
For Bruce, and other participants like him, experiencing interactions with faculty receptive to
students’ needs and wants relating to their learning pathway provided the final push to enroll at
LLU.
Learning Environment Also Influenced Experiences

Other impressions contributing to their decisions to enroll at LLU stemmed from the
environment and atmospheric tone they experienced while observing classes themselves prior to
enrollment. Sam, a Natural Sciences major, was impressed with his future faculty’s enthusiasm
and verbal interplay with his students during a site visit. He recalled a professor who, giving a
tour of the department facilities, discussed high-tech laser beams and how they were used on
campus: “At that point, I hadn’t even taken a class with them to ask about the lasers, but the

professor was so enthusiastic about it. It was really cool and just unexpected, so it caught my
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attention for sure.” This professor’s outward energy, well beyond the simple whiz-bang of the
lasers themselves, provided Sam with an experience that, he recalled, made him feel more
curious about his eventual program of study and heightened his own sense of excitement at
becoming part of the department full-time.

To Eve, a current Mathematics major, while website presentation of departmental faculty
information was impressive, personal interviews and site visits provided her with invaluable
information and insights as to the dedication of her future faculty members. She also recalled
seeing the exchanges between the faculty member and the students in the class she visited as
overwhelmingly positive: “Everyone looked like they were having so much fun — yes, in a math
class — and that sealed it [decision to enroll at LLU] for me.” While she was on her tour of the
department, she witnessed other students working in groups to solve problems and engaging in
conversation with one another. “Without the teacher just blabbing away at the front of the class,”
she explained, this interaction gave her the impression that learning would be multi-directional.

And still, for others such as Willie, the simple freedom for students to obtain information
from their professors yielded a positive experience for her. As she shared:

I’'m someone who likes to ask a lot of questions. ‘Cause sometimes it takes me a little

longer to understand. So, when | visited, | made sure to do it on a day when classes

would be in session, to see what it was like. And | saw the students asking all sorts of

guestions — not just to the professor, but they were also asking each other. And |1 felt like,

if they can do that, | would like to be part of that.
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Indeed, the ability to ask questions of both professor and peer alike was a common theme for
roughly a third of respondents, aligning with Eve’s perception that one-way learning did not
dovetail with what they were seeking in a learning experience.

Thus, through interactions of their own with professors as well as observing those
between professors and other students, participants recounted numerous experiences which
ultimately attracted them to the institution. The friendliness/approachability of professors, small
class sizes, collaboration between students, and opportunities to conduct research as
undergraduates all factored highly in their decision to pursue a STEM degree at this particular
institution of higher education.

Seeking and Finding Online STEM Education at LLU

It should be noted that participant experiences discussed to this point were all based on
interactions that participants had with others outside of an online course. Still, participants
acknowledged that these experiences shaped and influenced their affected their decisions to
pursue STEM as an academic program and strongly factored into their decision to enroll at LLU.
On a smaller scale, however, they also indicated that these experiences shaped their expectations
of their STEM classes, as well. As instructional delivery modes are, in practice and to a certain
extent by definition, different from one another, it is also important to examine the expectations
students had of online course delivery (that is, what they were “seeking”) before exploring the
experiences they had in their respective online STEM courses (that is, what they “found”). In this
spirit, the first part of this section focuses on the expectations students had prior to enrolling in
their online STEM courses at LLU. Here, we explore the connection between previous

experiences many students had with online instruction, with particular emphasis placed on both
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role of instructor and social interaction on respondents’ desired (sought-after) experiences. In the
second part of this section, | compare and contrast these expectations with the actual found
experiences that participants reported having in their online STEM course(s) at LLU.
Expectations of Online STEM Courses at LLU: Professor and Student Set the Tone

While almost half of respondents indicated that they did not have experience with online
learning or instruction prior to enrolling at LLU, several respondents indicated having significant
formal experience with this delivery mode. Eve had taken numerous (12+) online courses at a
community college prior to enrolling at LLU, and her experiences with them were
overwhelmingly positive, owing, she said, “mainly to the fact that the faculty who taught it really
knew their stuff. They kept everything running smoothly, knew the tech, and let us do things at
our own pace. It was really self-run.”

As a result, Eve was one of two participants in this study who reported having a strong
inclination toward online learning and expected the experience to be primarily positive, saying I
was hoping for online and asynchronous. | thought there was going to be no way that I could take
classes online to get a degree like this. Online was my first choice, though. I guess I got lucky?”
Zelda, too, indicated that she always planned to take a mix of online and in-person classes,
although her preference was for synchronous online delivery if given a choice. She explained her
reasoning:

Before coming to LLU, I was ‘unschooled,” meaning I was trained at home and stuff. So

| relied a lot on online stuff to learn. And people are just so stressful sometimes, so |

didn’t want to deal with that. ‘Cause sometimes I’d get put into a bad work group in [an

in-person] class or have a bad lab partner or something like that. So, online synchronous
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is easier if you don’t have to deal with that in person but still meet like a class. So, |
wanted some online and some in-person. ‘Cause I still like meeting with professors and
whatnot. And the professor was the main person in the class who set the guidelines and
set up what we studied when, which | appreciated.

For both Eve and Zelda, their prior experiences with online instruction provided numerous
opportunities to become comfortable with the delivery mode and, in turn, raised expectations that
their experiences could be positive in their online STEM classes at LLU.

Other participants indicated having experience with online learning, though not in a
formal institution-based setting or platform and almost exclusively in an asynchronous delivery
mode. For example, Faisal, G, and Kanraj, all Computer and Information Systems majors, first
began studying through the online programs offered through Coursera™, Freecore™, and
Udemy™ (Massive Open Online Course [MOOC] providers), which allow students to work at
their own pace toward a series of milestones and achievements. In these platforms, professors
were once again “in charge” of the pace of the course; they pre-recorded lectures and assigned
weekly or monthly tasks that were uploaded at a set date and returned/graded within a set time
frame. These courses offered limited interaction with other members of the class outside of
message/discussion boards.

Still other respondents reporting formal online learning experiences explained that they
did so synchronously through their high school or community college and/or asynchronously
through YouTube™ videos and instructional tutorials. Interestingly, regardless of whether the

courses were delivered asynchronously or synchronously and though these lessons were taken
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through different venues, student experiences and day-to-day undertakings associated with their
respective delivery modes were fairly similar to those experienced by Zelda:

Well, you know, I’d get up, I’d have breakfast in front of the screen, I’d follow along
with the teacher. Then | would do the assignment once they were done talking. I usually
worked alone during that break period. I’d have lunch, come back to the class, not really
talk with anyone. Many times | would get the work from the teacher and just do it on my
own and then we could set up an appointment to meet if | had questions. But mostly it
was me looking stuff up online that | was interested in. The class kind of got me started
being interested in something, and then I’d go investigate it some more.
That said, their impressions/opinions of the course experiences were vastly different. Though
none reported dropping out from their courses, their descriptions of their experiences in these
non-LLU online courses were those of a one-way, primarily passive, non-interactive relationship
between themselves and the online content. In their experiences, the online platform served as a
way for them to watch videos (Asha, G, Mei, Ranjan, Ronald, Zeus) and turn in assignments
(Marie, Willie), or “nominally participate” in discussion board assignments (Eve, who indicated
she “never read anyone else’s work, really, but you better believe I put up my assigned stuff to
get credit!”)
Clearly, of those who had prior experience with online instruction before enrolling at
LLU, all acknowledged that the professors/instructors of those courses influenced how they as
students experienced the classes and, as a result, shaped their expectations of online instruction at
LLU. However, they also recognized that the students contributed to the experiences just as

much. As mentioned earlier, while many of the recollections involved a primarily passive receipt
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of information, several respondents shared that they were seeking more of an interactive
experience. For example, Sarah, a Natural Science major, recalled that she was hoping for more
opportunities to work with peers:

I knew that I could read other people’s discussion board posts if I had to, but that wasn’t

what | wanted to do, so | really was hoping for more instances where | could get to know

the other people in the class. I really wasn’t looking to be alone in a class full of people.
Perhaps unsurprisingly, in total, almost 80 percent of respondents shared Sarah’s desire for
opportunities to interact with their peers if they were enrolled in an online course, suggesting that
there was a strong expectation of (and hope for) a peer-based social component in their learning.

When taken altogether, responses suggest that student expectations prior to taking their
online STEM courses at LLU had two key influences: professor demeanor and actions, and
interactions between students and their peers in the context of their classes. Ultimately, whether
rooted in experiences they already had or steeped in hopeful thinking, these expectations set the
stage for them as they signed up for their respective online courses. As discussed in the next
section, however, participant experiences did not always align with their expectations.
Experiencing STEM in the Online Learning Setting at LLU

To provide context for which experiences relate to different online delivery modes, this
section first provides a generalized description of the distribution of online classes taken by
participants. Subsequent sub-sections focus on the experiences participants reported having in
their online STEM courses centered primarily on descriptions of interactions they had (or did not
have) with their instructors and peers. The next two sub-sections focus on specific behaviors and

actions undertaken by the participants and the professors that contributed to positive and
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negative experiences in participants’ online STEM classes. Finally, the section concludes with a
summary of respondents’ experiences in online STEM learning.
Distribution of Online Classes Taken by Participants

In total and accounting for duplicate/cross-over course identification, responses given by
the participants described 11 asynchronous and nine synchronously delivered STEM courses
(Table 2.) As displayed, the majority of the participants reported taking at least two online
courses at LLU, with a mix of asynchronous and synchronous delivery modes. Though | asked
participants which specific classes they took, this information does not appear on the table, to
protect the anonymity of the professors who taught them.
Table 2

Distribution of online classes (and respective delivery modes) taken by participants

Participant Total online classes Asynchronous Synchronous
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Amanda
Amon
Asha
Bruce
Eve
Faisal
G
Janice
Kanraj
Katie
Marie
Mei
Midi
Penny
Ranjan
Ronald
Sam
Saman
Sarah
Thomas
Willie
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Table 2 (continued)

Participant Total online classes Asynchronous Synchronous
Zelda 2 1 1
Zeus 3 2 1

Note. Participant responses to how many online courses they completed at LLU as well as the course delivery
modes. Eve, Zelda, and Zeus all reported that they had taken well over 10 online courses at LLU, they were

instructed to focus on recalling no more than three distinct classes for the purposes of this study, for brevity’s sake.

Interactions with Others: Effects on Learning Experiences

When asked to think specifically about the experiences they had in their online classes,
the majority of the respondents indicated that opportunities to do so were limited in scope and
duration. Often, these exchanges presented themselves under the duress of time limitations or in
situations in which respondents did not experience genuine or meaningful interactions. I discuss
two separate forms of interactions below: “Student-professor” and “Peer-to-peer.”
Student-professor Interactions Affecting Online Learning Experiences

A common theme pertaining to the interactions between student (participant) and their
professor in their online STEM class revolved around professors’ lack of timely responses to
questions, either asked real-time in synchronous classes or via email for asynchronous classes.
Though no participant defined what they meant by “timely” responses, most respondents
reported waiting up to a week for a reply, and a handful reported waiting over a month. A
handful of participants (e.g., Mei, Willie, and Zeus) indicated that while interactions with their
respective professors did occasionally happen, these interactions were not overwhelmingly
positive for them. Zeus, for example, recalled feeling “totally out of touch with the professor,
who didn’t seem to want to be there and really didn’t seem like [they] wanted to be teaching

online. Miserable for everyone.”
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Long turn-around times between their asking a question and receiving an answer (via email,
assuming there was no time in class) was a common complaint from that subset of participants.
Additionally, delayed responses often left students feeling as though they were an afterthought
or, in the case of Mei, “a burden to the professor.”

In the case of Mei and Zeus, especially, these interactions left them feeling that they were
wasting the professor’s time. In the most extreme case (Mei’s), all students in a single course
were strongly discouraged from asking questions during class time at all due to time constraints
but also due to a professor’s statement that, “If you have to ask questions, you shouldn’t be in the
class to begin with.” This, Mei said, was the same professor she had seen interacting with other
students in the in-person class she observed prior to enrolling at the institution. Unfortunately,
such experiences were shared by other study participants, as well, though it should be noted that
they described similar experiences in completely separate online STEM classes.

As before, however, not all student-professor interactions affected online learning
experiences negatively. In fact, some of the interactions between students and professors,
especially those which resulted from specially-designed activities meant to boost engagement
levels and impart a bit of friendly competition in the class (such as through the use of online
Kahoot™ quizzes). As Amanda (a Mathematics major) shared:

The fun parts were when we got to compete against each other. | mean, you had to be

paying attention or your team wouldn’t get the points, so you were working together to

solve a problem or figure out a term or something. It wasn’t a major competition, but it

did snap us back from our own worlds when we got to do that. We weren’t so separated.

But | came away from those [instances of competition] having learned a lot. | studied for
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them but it was also that we worked together so we learned from each other.
These interactions resulted in many students, like Eve and Amanda, feeling as though the
professor had a vested interest in (1) whether they showed up to class and (2) more important,
whether they could work cooperatively with their peers.
Peer-to-peer Interactions

The majority of the respondents indicated that opportunities to interact with their peers
during class periods were few and far between, and a few indicated that they had no
opportunities to interact with others at all during their courses. Surprisingly, this was often
reported by students irrespective of whether their courses were being delivered asynchronously
or synchronously, though the use of cameras in “real time” was relegated to synchronous-only
courses. Midi, who took both a synchronous and asynchronous course, described them both as
“A way to get things done fast because you never talked with anyone, so the professor would
cover material quickly. Sometimes we ended early but still didn’t get to talk.”

Of those who did report some interactions with peers during class time, those interactions
primarily took the form of small group discussions on Zoom™ with the bulk of the class
members’ cameras turned off. This lack of visual connection or confirmation that others were in
the same virtual “room” with them lead to some participants experiencing feelings of being
disconnected or otherwise separated from what they had experienced in a previous F2F
educational setting. G, who described his synchronous class, indicated, that the lack of faces on
the camera screen contributed to feeling disconnected from being a college student:

The way the class was run, it didn’t feel like being real school, you know? We were

given assignments to do, but we did it on our own, always on our own. And then the
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professor would talk at us for a few minutes but then we would just go off online to find
the answer...We couldn’t ask questions in real time because there was never any time.

It was harder to learn things when I had no one to talk to. Very difficult.
For the most part, participants indicated that they had more positive experiences in their online
synchronous class(es) when given the opportunity to meet and collaborate with their peers in the
form of small discussions or group work activities. Of note, this was highly dependent on
whether their peers had their cameras on at the time of interaction, which the majority of
participants reported was not often the case. When cameras were on, participants reported that
their experience was more like a typical classroom and they also reported feeling more connected
to the course material. Marie indicated that she felt much more welcomed and had a stronger
sense of belonging when cameras were on:

For me, like, | know | am paying money for a class and the professor is there to teach us.

There’s this whole vibe that’s different when we were using cameras, though. It felt less

like we were numbers in a crowd. It felt more humane and human. I felt like | was a

part of a class — and really part of the program — when we had cameras on. Otherwise,

I’m just a bunch of letters on a screen and I really could be anybody. Any of us could be.

But seeing faces felt like we were a real class. And I learn stuff better when | can work

through problems with others.
Additionally, harkening back to the “Us against the world” framing that Asha provided earlier,
many participants also experienced a feeling that they were united with their peers in a common
goal of communal learning. Along these lines, Janice, a Natural Sciences major, said “Learning

is just better when it’s something you’re not doing alone. If you have a goal you can work
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toward together, even struggling together, it’s more rewarding.” These responses suggest, then,
that the ability for students to work in groups and have discussions helped many to solidify their
understanding of course-related concepts. In essence, when students were given opportunities to
bounce ideas off one another and see other peoples’ thought processes, learning was more
enjoyable and concepts were less abstract.

On the other hand, participants reported that the lack of face time on the cameras
provided two main negative experiences. First, as Amon acknowledged, it was very difficult to
ensure that their peers were even in the same online room at the same time as them, complicating
problem-solving work times:

When I was put into a breakout room (in Zoom™) and all I would see would be the

blank spaces or screens of the other members of my group. They didn’t talk, they didn’t

show up, none of us had our screens [cameras] on, So it was very easy to think, like,
maybe they ghosted the class for the day so sometimes it would just be me alone in the
breakout room or maybe only one other person if they didn’t leave.

Second, others described a phenomenon in which they found themselves getting distracted by
everything residing outside the course. The ability to “tune out” the course while the class was in
session was also compounded by the fact that, as Thomas said, “It was really tempting to go off
and do work for another course where you knew that your work actually meant something.”
Penny, too, recalled struggling to focus on her synchronous courses sometimes:

For me, I just have a lot of stuff going on. Plus, like, if it’s a nice day outside and if your

desk at home just happens to be near a window — well, it’s just like regular school, right?

You’re going to be looking out that window instead. But now it’s even harder to stay “in
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the moment” and paying attention to what the class is doing because oh, maybe your
neighbors are outside with their dog, or maybe your family is wanting to go to the park
or something else. So, I’d definitely say it’s harder to keep attention on the class when it
is online like that.
It is important to note, also, that these responses did not account for every participants’
experiences with their online STEM course in the context of peer-to-peer interactions. On the
contrary, for some, their experiences were positive because of the lack of such interactions. Both
Zelda and Eve indicated that the lack of interactions with their peers meant their social anxiety
was not triggered; they could remain completely separated from their peers in the way their
courses were delivered. This experience held true for them regardless of whether the course was
delivered synchronously or asynchronously for them. It should also be recalled that these two
students were those who were initially hoping for if not an outright online-only STEM program
of study, then at the very least one with options to take several courses online.
Personal and Professor Behaviors: Effects on Learning Experiences

Participants also provided reflections on behaviors they encountered during their online
STEM course(s) and what experiences (positive or negative) resulted from said behaviors. In
their reflections, there was no delineation made between synchronous or asynchronous delivery
in the prompts or in the replies, but, rather, general themes that emerged from their responses.
Ultimately, these were grouped into four themes: “Positive online learning experiences stemming
from personal behaviors,” “Negative online learning experiences stemming from personal
behaviors,” “Positive online learning experiences stemming from professor behaviors,” and

“Negative online learning experiences stemming from professor behaviors.”
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Positive Online Learning Experiences Stemming from Personal Behaviors. The two
most-mentioned behaviors or activities that resulted in a positive learning experience for the
participants in their online STEM class(es) related to time and task management. Amanda and
Janice, for example, shared their reflections on the importance of compartmentalizing their
school studies from the rest of their lives, explaining that their online learning experiences could
quickly grow all-consuming without these separations. Amanda described her experience:

When your classroom is your dining room and you’ve got people around, it’s really hard

to concentrate. It’s not like you can yell at your kids to quiet down because you’re in

class, so you have to adjust. But, finding a way to segregate myself from distractions was

a big thing for me. Otherwise, the experience would have just had me pulled in too many

directions.
Janice, too, recognized how overwhelming her online courses (both synchronous and
asynchronous) became early on without a set structure and the ability to unplug from her screen
due to academic commitments. Doing so, she said, required that she carve out time in her “real
life” for studies too. Setting aside time to focus just on tasks in the course and then adhering to
the strict limitation, allowed her to limit screen time and “connect with my people,” she
explained. Whether these associated behaviors involved attending class regularly at a scheduled
time for an online synchronous class or selecting a day (or two) per week devoted to completing
online coursework, adhering to a self-set schedule was key to students feeling as though they
could handle the workload.

Interestingly, about one half of participants who took online asynchronous STEM classes

reported that they took it upon themselves to reach out to other students to form study groups,
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despite not explicitly being given the opportunity to do so while in class. This decision to make
connections outside of class, as suggested by Asha, Amanda, Eve, Marie, Penny, and Sam, was a
way to get to know their classmates but also learn how to troubleshoot problems on their own.
For Sam, forming a study group provided multiple benefits:
First, it made me feel like, okay, I wasn’t the only one who was lost with the material.
Second, it got me to have a set routine, even outside of the class. That was important for
me because | struggle with time [management] sometimes, but if I know I’m meeting up
with folks from class I’ll plan that. It also made me work on the stuff that I might not
usually do; like, if I know we’re going to be talking about a topic or something, I’ll come
more prepared. Because with your group, it’s different from the class. You have to talk
in the group, ‘cause you’re all there together for that one reason, to study.

Additionally, this provided a sense of belonging for students who were not in the same time zone

as that in which the course was being delivered (Faisal, G, and Kanraj.) As Kanraj described:
Being from oversees it’s not like I could take the class at the same time as the others
exactly. So being able to talk with someone who is in the same time zone — and have a
professor be aware of the time zone difference — it is very healthy and hopeful for me. So
[the professor] would ask us from the different country to meet up online in same time
Zone so we would be able to talk on our time.

By successfully engaging in these behaviors, they (and other participants who engaged in them)

reported feeling in control of their course tasks, and much more confident in their abilities to

succeed in completing the required workload assigned by their professors. However, participants
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also recounted feeling more “whole” when they were able to step back from the screen and
devote time to other aspects of their lives (such as family, non-school work, etc.)

Negative Online Learning Experiences Stemming from Personal Behaviors.
Participants were very forthcoming in identifying the negative experiences of their online STEM
courses. Situations in which they found themselves constantly playing “catch-up” with the
coursework became overwhelming quickly for some. Lack of professor feedback and/or the
inability to interact with peers led to feelings of isolation and inadequacy for others. However, as
quick as they were to identify the negative experiences, many were also quick to recognize some
of their own behaviors which contributed to the challenges they encountered while taking their
online courses.

The vast majority of respondents reported that their STEM courses required they have
strong motivation to stay on top of their assignments; when they procrastinated getting their tasks
done, it was very difficult to catch back up. For Zeus, frequently finding himself behind in action
items he was expected to accomplish caused him to persist in a negative headspace:

Falling down the rabbit hole of missing or forgetting an assignment was due for two

weeks in my asynchronous class and then playing behind the eight ball the rest of the

month nearly ended me in that course. It was super stressful. | think | lost about a

week’s worth of sleep. Wasn’t fun at all. I felt really low about myself when that

happened, ‘cause I felt like I had let myself slide backwards.

Others shared his lament, as well, with Penny adding, “T always I figured I could go back and
watch the video later or something. But then | would forget, and have ten more things to do on

top of that. Yeah, that definitely was rough at first.” Participants also shed light on a factor
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contributing to this near-constant feeling of playing catch-up: Many reported feeling wholly
unprepared for the amount of self-pacing they would have to engage in while taking their online
classes. Zeus brought up that his experiences with time management were unlike any he had
prior to postsecondary education, and that he was caught off guard:
So, the thing that really surprised me about the whole [online course experience] thing
was that, it felt like the professor had all these expectations that we’d be on top of the
readings and assignments and stuff. That we would manage our time and whatever. And
like, yeah, okay, that’s the adult thing to do, but where did we learn to do that before
coming here? We weren’t doing that in high school. I know | wasn’t. Even when
COVID first hit and we went online in high school, we didn’t have a class in time
management; nobody showed us how to do it. So, these classes [at LLU] were just
a wake-up because it was like they [the professors] just assumed everyone knew how to
keep a schedule. I had a lot of problems at first ‘cause of that. ‘Cause how would I know
[time management] without being taught how?

Bruce also summed up the experiences of many of the students who had taken such classes:
We were expected to stay on task, on schedule. If we fell behind, that was on us. But, it
was also on us to basically do everything ourselves. We didn’t work together, we didn’t
share any time together. It was basically a one-man show here. Couldn’t talk to the
professor and they rarely answered their emails. So, yeah, it was just me at the screen
doing what | needed to do.
The second most-mentioned behavior (or, in this case, inactivity) contributing to negative

experiences that some students engaged in related back to a previously mentioned theme of
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interaction. Namely, several students recognized that their decision to not reach out to others in
their class was detrimental to their online learning experience. Both Sarah and Mei
acknowledged that their hesitancy to meet up with people probably contributed to their sense of
loneliness and isolation. For Sarah, “At first I felt too apart and eventually too bored, to reach
out. So it became a cycle of feeling left out and then not bothering with anyone else. I guess |
tuned out and then stayed that way.”

Mei, on the other hand, indicated that while she desired to reach out, she felt too shy to
ask for anyone’s contact information to talk outside of class time:
I definitely didn’t want to feel like I was bothering anyone. And I’m a shy person who
likes to be in a class with people but I know I didn’t reach out as I could have. I think
that probably made me feel more alone, looking back, though. When you’re in a
classroom it’s different; you are asked to work with someone right then and there. But I
didn’t have that in my classes. We were all over and doing things at different times. So,
yeah, that probably helped me to feel lonely.
Amon related his apathy to his apparent (though not literal) withdrawal from his synchronous
classes:
Even though they’re some of my last required classes, I got to a point where I just wanted
to get through them. Plus, I had a lot of other life stuff going on, so I just couldn’t allow
myself to care in the class when no one else would even come to be on their camera. |
couldn’t force them to participate, and so I figured, why should I?
Janice, too, recounted times when she would allow herself to become distracted, ironically more

during the synchronous class. This, she explained, occurred because:
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With the asynchronous class, I could plan things out a bit more, but with the

synchronous class, it was forcing me to sit still, not engage with anyone, just sit and

listen, but I was home, so it’s not like I had to sit there as if I was in a classroom. So |

would get up and do other things while | was supposed to be listening. I missed some
things that way, for sure. But there was just so much other things to be distracted by.
In all, roughly half of the participants also responded that they found their tendency to isolate
and not reach out to their class peers was a personal “failing” that may have caused them to feel
more isolated and/or distracted than they would have in a F2F course.

Positive Online Learning Experiences Stemming from Professor Behaviors. As
before, participants reported having the most positive experiences in their online courses when
they felt confident and comfortable with themselves as learners. Though they recognized that
they themselves have the ability to craft/affect positive learning experiences, their responses also
suggest that professor behaviors contributed to their positive experiences in the course.

The majority of participants indicated that when the professors shared lectures and
assignments ahead of time and gave clear directions, it provided structure and order to an online
course, and this was a comfort to most of the respondents. They reported that they were able to
pay better attention during the class since they had a preview of what to expect and it prepared
them to ask questions, although admittedly many indicated there was not often time for questions
in such a class. For synchronous classes, recording lectures and labs as well as providing
captions for recordings was seen as especially helpful to allow students to follow along in real
time and review as necessary at a later time. All respondents indicated that when they were given

the opportunity to ask questions (either in real time or via email) and when they got responses,
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they felt more engaged with the material as well as with each other. Penny reported feeling “way
more likely to ‘get it — to understand the stuff we were supposed to learn about — if I could ask
about it. The other students perked up when that happened, too.”

Similarly, when faculty were responsive, returning emails and providing feedback in a
timely manner, students reported experiencing feelings of worthiness and satisfaction, sometimes
resulting in incentive for them to increase their efforts in the class. Ronald, for example, recalled
feeling “important enough to get an email back from someone who was really busy, so that made
me try harder sometimes. And the feedback became like a conversation; I liked that.”
Additionally, as mentioned before, the occasional introduction of competition in the form of
impromptu group contests (such as those provided by the online platform Kahoot!™) was also
favorably recalled as a positive learning experience from several students, as it provided them
the opportunity to work collectively to score the most points for their team.

Participants also indicated having positive experiences resulting from other specific
“engagement activities” which involved components of both types of interaction during
synchronous classes. Designed and implemented by the professor, these activities, including in-
class quizzes, real-time, small-group discussions, and leaving time for answers provided students
with positive experiences when they occurred. Willie recalled a time when she got to ask
questions in class:

Okay, | was the only one who did it that day, but for the first time | got to ask a question

with enough time for the professor to think about how to answer it and then when I didn’t

understand they were able to explain it a different way. And it sounds so small, so silly,



101
but not having to go online to look it up, getting to talk and ask like normal...that helped
me a lot. And I obviously paid attention ‘cause I was asking the question [laughs].
It should be noted that a repeated phrase, “if there was time” was appended on a fairly regular
basis to the aforementioned activity of providing students opportunities to ask questions.
Respondents often indicated that one experience they kept having was that, with an online
synchronous class, the professor was often pressed for time. This time crunch was due to the fact
that many of their peers (and sometimes they themselves) encountered technical issues which
delayed the start of class, as described by Amon:

Yeah, most times there would be, like, ten minutes of tech issues at the beginning of

class. Like someone’s internet was down or they couldn’t log in to the Zoom room. So if

it was a day when we got to work together but not everyone was there, then your group

would be smaller. Sometimes the professor even had troubles, so it would take longer.
The resulting truncated classes left little time for questions. In fact, many respondents indicated
that opportunities for collaboration and interaction between students, their peers, and their
professors was something out of the ordinary. Still, the majority of respondents indicated that
engagement activities, when they did occur, brought them heightened senses of connection with
the material, and that the classes, in the words of Amanda, “felt more like the classes | was used
to; there was more like there was reason for me to follow along.”

In essence, the findings suggest that the most positive experiences for students came
when their professor provided pedagogical tools to help students build a heightened sense of
agency over their own learning as well as a connection with other students in the class. Their

professors contributed to this by creating opportunities for students to learn at their own pace (as
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in the case of recorded lectures), interact with others in friendly competition (as in the case of the
quizzes), and invite questions on the material.

Negative Online Learning Experiences Stemming From Professor Behaviors. As
mentioned earlier, there were two dominant themes that emerged from answers regarding
negative experiences in an online course relate to professor behavior. Ironically, a task that
participants reported being used by their professors to foster interaction, the use of discussion
board forums, was almost universally met with derision and contempt, leading to very negative
learning experiences. Common refrains when asked to describe their experiences with them
included, “Those were a waste of time,” “They felt like busywork,” and “I’m pretty sure no one
reads any more on them than they absolutely have to.”

An exception to these negative feelings toward discussion board-based assignments was
Zelda, who indicated that while she acknowledged that they were a cheesy way to get to know
her classmates, she was able to think about what she posted before she posted it and read at her
own pace:

For me, | got to know the people in my classes through their words more than through

working alongside them. I could sit and read about them and respond to them on my own

time so | could think about how | wanted to interact with them without worrying about
how | was coming across.
This, she indicated, made her feel less intimidated about interacting with other people. Amanda,
too, reported that discussion boards could be useful, saying “As long as they are monitored by a
professor or teaching assistant (TA), they [the boards] could help people ask questions about the

material they may not be comfortable asking about in class.”
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Still, for the majority of respondents, these discussion board assignments were
experienced less as a way to genuinely interact with their peers and more along the lines of
arduous tasks. Some respondents, like Eve, viewed these tasks as something to “just get through
with; don’t read more than you have to, just reply to one and be done.” According to the
participants, entries on such boards were viewed as neither spontaneous nor organic
conversations and, since they were often not monitored, they did not promote higher-level (or
critical) thinking, they were viewed more as busywork assignments. The same was said about
breakout room-based activities in online synchronous courses utilizing Zoom™., G’s experience
with Zoom™ summed up many other participants’ experiences, as well:

Like, we were given assignments to do, but we did it on our own, always on our own,

and then the professor would talk to us for a few minutes and then we would all go

off and look at things online to find the answer. We didn’t even really talk with each

other during lab time, because no one had their cameras on. So who knows what is going

on behind the camera at all, you know? I don’t even know if they were there.

Another, nearly universal behavior (or, in this case, inactivity) that resulted in negative
experiences for online learners was the lack of responses to student questions, especially those
sent via email. Of the 23 respondents, only two mentioned attending virtual office hours to ask
questions of their professors, but even then, sometimes technical issues or the inability for
students to attend office hours at the designated time would preclude those meetings. An
experience shared by students who took synchronous and asynchronous online courses alike, an
overwhelming number of participants commented that when they sought assistance from their

professors, they were often waiting a week or more for a reply, usually yielding negative results.
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This delay left students feeling confused and frustrated more often than not, as described by
Saman, who explained:

I would ask for help in class but there wouldn’t always be time [for answers to be

discussed] so I would email, but then I wouldn’t get a response. So sometimes I would

do a whole problem set one way and | would think it would be correct, but then I would

get marked off for it and the answers wouldn’t be shared for four or five weeks so I

wouldn’t know how to fix the mistake.

The final, and most commonly reported, lamentation was the perception that professors,
regardless of whether the course was synchronous or asynchronous, provided little-to-no
opportunities for students to work together in meaningful ways. This persistent lack of
meaningful interaction led to feelings of apathy, disconnect as well as isolation for many
students. In general, the experience of learning in the online STEM courses was captured
succinctly by both Faisal and Penny, whose respective word choices were “solo, lonely, lots of
screen time” and “disconnected” when asked to choose words to summarize their online courses.
For Faisal, he felt particularly negative about the lack of response when he would reach out to
his instructor for assistance:

It was like, | had these questions, but we never had time to ask them in class because it

was asynchronous, so when | would go and try to do the work, | would get confused, but

when I would send emails, I didn’t hear back. I tried to set up an appointment for help

but the schedule never seemed to match mine. So, | eventually pulled away from the class

and | stayed in it, but | didn’t care about it as much, anymore.

Penny, meanwhile, shared that the lack of human faces made it particularly difficult:
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I’m a people person, you know? I need to work with people in order to really ‘get it.’

And so, with my classes, they were synchronous, and | thought maybe — just maybe — |

would at least be able to work with other people. But then, when it came time to do that,

no one had their cameras on, so it was like, ‘Okay, why would I put my camera on if no
one else does?” And so, it was just really easy to tune out and not engage. I’d usually

end up doing something completely different during class time that had nothing to do

with class.

When taken together, the experiences relayed by the participants paint a somewhat bleak picture
when it relates to interactions with their professors in their online STEM course. In place of an
exchange of information between pupil and instructor, their recounted experiences point to a
disconnect between these two entities. Some of this owed, undoubtedly, to differences in
technological infrastructure and acumen (potentially true of both parties).

However, the responses also suggest something was possibly amiss regarding the
pedagogical delivery method itself, as employed by the course instructors. Namely, the lack of
professor-provided opportunities for students to interact in genuine, meaningful, and impactful
ways with their peers in the course both in synchronous and asynchronous courses. Indeed, when
asked to describe their online learning experiences, almost all respondents used the words
“lonely,” or “alone,” while two-thirds indicated it was difficult to stay engaged and/or feel like
participating on a regular basis.

Of the students who had taken online synchronous STEM courses at LLU, most indicated
that there was a defined structure to the course where they could very occasionally see who else

was in the course, and therefore it felt nominally like a F2F course in that regard. However, a
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majority of these students also reported a sense of learning in isolation, owing primarily to the
fact that they were seldom given opportunities to see, interact with, or work with peers on a
regular basis. Finally, with regard to academic rigor, half the participants responded “easy” when
asked to provide a word to describe their course; this was primarily due to, in their assessment, a
lack of supervision from professors as relating to looking up answers during outside-of-class
time. As G said, “They weren’t watching us and never told us we couldn’t, so we would go and
look it up. If they didn’t care, why would we? So we would look and find the answers. They’re
out there.”

With the exception of Zelda’s and Eve’s responses, this study’s overall findings suggest
that word or phrase choices used to describe the general experiences that these students had in
their online STEM courses would not widely be considered “positive.” Instead, the experiences
that stand out most often reflect an experience of isolation, disconnect, and frustration. One
might wonder, then, whether these experiences had any effect on students’ decisions to remain in
their academic programs of study.

Online Learning Experiences and Students’ Decisions to Persist

While participants reported examples of both positive and negative experiences in their
online class(es), there were only two who indicated that their decision to persist in (or, in their
cases, switch out of) their original STEM major was influenced by what they experienced in their
online STEM course(s). All other respondents indicated that they completed their online
coursework online either by choice (as in the case of Eve and Zelda, who both explicitly sought

out/hoped for online courses as part of their STEM program) or because they needed it to
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continue in their program. In this final section there is a brief discussion of the students who
decided to leave their original major (and their reasons for doing so).

Making the Decision to Stay

Despite the challenges and disappointments that many participants recalled having in
their online course(s), the vast majority of participants indicated that they did not switch out of
their major in favor of another one. The reasons for this were primarily two-fold: First, many
participants expressed their views that, while lonely, they didn’t want to give up their major
altogether, since they had sought a STEM identity for an extended period of time. Penny
summed up the feelings of many: “Sure it’s not ideal, but if it gets me to where I can accomplish
what | set out to do, | will survive the [online] courses. I may be bored or sad or lonely, but I’1l
get through them.” Second, for a vast majority, the pursuit of any financial benefits that a STEM
degree could provide far outweighed what they considered to be temporary let-downs. As Kanraj
said, “I am willing to put up with a lot to be able to stay in the country and get a job in the field.”
Staying, but With an Important Caveat

As if to emphasize the importance of word-of-mouth, half of the students who indicated
they stayed in their major shared that they had either (a) already dissuaded another student from
entering into their major, or (b) would dissuade someone else from entering into their major as a
result of their negative experiences in their online classes. For some, like Saman, he could not
envision herself telling someone to enroll without feeling “at least a little guilty. I mean, if they
were expecting something that was like college, it’s not like college.” Saman explained that, to
him, college was meant to include research, but working together on research, not engaging in

actions like looking up videos online from which to glean information about how to perform



108
certain calculations. He further indicated that the isolation he experienced caught him very off
guard, explaining, “I always thought that college would be friends, friends, friends, and work,
but now it’s just me in front of screen.”

Others, like Mei, viewed her online experience as alienating enough to dissuade her
younger sibling from attending. In her view, “I couldn’t tell her to come here. Not after what
I’ve gone through. It was a lonely experience. I tell her she should look somewhere else.” G
compared his education within his program at LLU as “Something I could find for free online,
but it will get me the degree, I guess. Still, I wouldn’t tell others to come here — some of my
friends go elsewhere and they do online well.” And Thomas echoed the feelings of several others
by summarizing his thoughts: “If the professors acted like they cared about online students,
maybe, but until then? No, I’d have to tell people to stay [expletive deleted] away from that
major.” Clearly, from these students’ perspectives, the apparent disconnect between expectations
and experienced traits of their online courses at LLU was not strong enough to force them to
leave their majors or STEM, but they clearly did not wish others to follow in their academic
footsteps and experience the same things they had.

Making a Decision to Switch

The two students who switched out of their original majors, Amanda and Zeus, reported
that they changed out of their major after taking one and two required online STEM courses
(respectively). Amanda was originally pursuing a degree in Natural Sciences but is now a
Mathematics major, and Zeus was originally an Engineering Major and is now pursuing a
Natural Science major. They both remain students at LLU and are both still pursuing a STEM

degree, albeit in fields that are decidedly different from the ones in which they originally
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enrolled. While Zeus’s decision was primarily driven by internal factors, Amanda’s decision to
leave her original field of study was influenced by internal and external factors.

Internal Experiences Affecting the Decision to Switch. Amanda cited a growing sense
of disconnect from the subject matter as she pursued her initial degree, “Mainly because I was
doing most of the work alone. And | know that science is meant to be done with others so for me,
it was really hard to be isolated and feel like I belonged in the class.” Though her professor was
kind, her classmates did not regularly participate in the in-class discussions or lectures, so she
felt like she was alone in asking questions. “It got to be a little tiring, trying to liven it up.”
Eventually, she took it upon herself to create study groups in her classes, but the more she
studied the material with classmates she “barely knew,” she made the decision to change majors.

Zeus, too, experienced a disconnect from his original field, though he indicated that his
disconnect was more due to his lack of confidence in his original course material since so much
of it relied on hands-on application and, in his words, “It’s hard to put your hand on material and
feel it through a screen. It’s just not the same.” His tactile learning style would serve him well,
he figured, in the Natural Sciences, and he noticed that more courses were offered with in-person
delivery in his new major when he decided to make the switch.

External Experiences Affecting the Decision to Switch. Amanda’s recollection of why
she switched her major also reflected the influence that her family dynamics and interactions had
on her decision. She recounted that her old major required that she value her studies over her
time with her family because she constantly found herself trying to play catch-up with material

that she was no longer feeling a connection to. As she explained,
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I have no problem being challenged. But, when my family doesn’t get to spend time with

me — and they’re living in the same house as me — because my nose is always in a book

or I’m always in front of a screen...and I don’t even like what I’'m studying anymore?

Yeah, at that point it was definitely time to go [from the major].
Of note, regardless of whether they decided to switch their majors or remain in their majors,
none of the participants indicated they regretted their decision.
Summary

This chapter described the themes gleaned from interviews with undergraduate students
who took online STEM courses as part of their academic major program of study. First focusing
on student experiences (both positive and negative), patterns relating to self-identity in STEM
emerged and were discussed in the context of both “found” identities and “sought-after”
identities relating to experiences they had with STEM prior to enrolling at LLU. | then examined
these experiences in the context of what expectations students had for their pursuit of a STEM
degree at LLU; what they were ultimately “seeking” from their online courses. In turn, | then
compared these expectations with actual “found” experiences students had in their online STEM
courses. | discussed behaviors contributing to both positive and negative experiences in the
context of sought-vs-found experiences, as well. The chapter culminated with a discussion of
whether and how these “found” experiences contributed to students’ decisions to remain in their

chosen STEM program of study.
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Chapter 5: Discussion and Implications

The purpose of this phenomenological study was to gain insight into the experiences of
undergraduate STEM students taking major-required, online STEM courses at LLU. This study
was guided by a framework based on the sociological theory of social constructivism, focusing
heavily on influences that social interactions have on students’ learning and knowledge (Dewey,
1925, 1928; Kincheloe, 2001, 2008; Vygotsky, 1978). | asked participants a series of questions
about their experiences in required online STEM courses at their university, focusing on the
essence of their interactions with and behaviors of other people in their courses. Their
impressions of and reflections on their experiences in their online class(es) provided answers to
the study’s research questions:

1. What practices, occurring in online STEM course delivery, have led to positive and

negative experiences for students who have taken the course(s)?

2. How have these specific experiences influenced students’ decisions to persist in their

academic programs?

In Chapter Two, | reviewed literature on student experiences to STEM education,
beginning with a discussion of the background of STEM in the context of higher education in the
United States. As the system of American postsecondary education has grown in purpose, scope,
and reach, so, too, have STEM academic programs. Despite this expansion, however, the net
effect has still resulted in fewer students of historically marginalized identities persisting through
to completion due to a lack of equitable systemic support systems for some students and an over-
abundance of those same resources for others (Blickenstaff, 2005; Cronin & Roger, 1999; Higher

Education Research Institute, 2010; Martinez & Renn, 2002; McGee, 2017; McGeeg, 2020).
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Contributing to the lopsided nature of the support systems (and degree acquisition rates)
are the implicit and explicit biases found at institutions of higher education. Unconscious
attitudes and stereotypes toward racial, ethnic, ability status, and socioeconomic identities of
students can manifest in explicit reactions and interactions in the classroom setting which can
impede student success (Blackwell et al., 2009; Boysen & Vogel 2009; Bunk et al., 2015; Clark,
1993; Kirwan Institute 2017; Muenks et al., 2020; Tabata & Johnrud, 2008.) These biases can
also affect hiring practices at the postsecondary level, which can, in turn, impart a lack of
diversity among staff and administrators in institutions of higher education (Beattie et al., 2013).
The resulting microaggressions, macroaggressions, and additional inequities often propagate
academic and social inequality in and beyond the classroom (Ambrose et al., 2010; Center for
Educational Effectiveness, 2019; Ridgeway, 2014).

On the other hand, research has shown that faculty can also have positive impacts on their
students’ learning. Through the use of collaborative learning and instruction practices, engaging
in inclusive language and actions, engaging multiple learning styles, and centering students’
experiences, faculty can foster supportive and nurturing learning environments (Barr & Tagg,
2005; Braxton et al., 2004; Canning et al., 2019; Fairweather, 2008; Henderson et al., 2008;
Wilson & Varma-Nelson, 2016). In this way, faculty actions can improve student retention rates
within STEM programs (Anft, 2017; De Leo-Winkler et al., 2016; Franchetti, 2010; Hemslee &
Klein, 2017; Herbert, 1998; Morton & Parsons, 2018; Najmabadi, 2017). (While it lies beyond
the scope of this study, | would be remiss to write of all of this without acknowledging that this
puts the onus of change on the professors, while doing little to, as Morton and Nkrumah [2021]

point out, significantly change a larger system fundamentally built upon a bedrock of inequity.)
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On a broader scale, it researchers have also shown that professor attitude toward online teaching
(and their perceived readiness to do so), can have huge impacts on the delivery of online courses
(Bennett & Bennett, 2002; Florence et al., 2019; Lao & Gonzales, 2005). As shared in Chapter
Two, then, faculty — and students’ interactions with them — have the potential to yield both
positive and negative results in relation to affecting students’ experiences in their courses.
Therefore, | undertook this study to learn what actions and behaviors, specific to online learning,
contributed most to their experiences in their respective courses.

In Chapter Three, | described the methodology used for this study. | used a
phenomenological research design to investigate the participants’ experiences in their respective
online STEM courses (Giorgi, 2012; Starks & Trinidad, 2007). All participants were
undergraduate STEM majors at Long Lake University, a medium-sized, four-year regional
comprehensive university in the Upper Midwestern United States. Participants and | engaged in
one-on-one semi-structured interviews lasting approximately one hour each. I developed
interview questions to gain understanding of (1) participants’ STEM identities (both internally
and externally ascribed to them) in and out of the postsecondary classroom environment, (2)
their encountered routines relating to their online course(s), (3) opportunities for them to work
collaboratively with their peers, and (4) what influences, if any, their experiences in their online
course(s) had on their decision to persist in or leave their STEM major. In this study, | followed a
six-step framework for collecting and analyzing the data, using methods in accordance with
those suggested by Braun & Clarke (2006). That is to say, | familiarized myself with the data,
developed initial codes, evaluated codes for themes, reviewed said themes, refined and defined

the themes, and eventually wrote up the results (Braun & Clarke, 2006).
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In Chapter Four, | described the themes that emerged from my analysis of the data. By
taking a macroscale view, | first explored broad, overarching identities and relationships that
students described within the context of STEM. To accomplish this, | discussed themes emerging
from participant descriptions of what identities they found for themselves by engaging with
STEM as well as identities provided to them by external factors such as family members.
Subsequently, I broke these themes into “finding” and “seeking” sub-themes, making mesoscale
connections between how students’ prior experiences with STEM (what they had “found”)
impacted their expectations of pursuing a STEM degree and how said degree would align with
their identities (what they “sought.”) Next, bringing the themes to a narrower focus, I discussed
their predictions for what a STEM education at LLU would be for them, including the
experiences they hoped for and expected; that is, what they were “seeking” from a STEM course.
I concluded the chapter with a microscale analysis of participants’ reported experiences with
their online STEM courses at LLU, again highlighting what their actual “found” experiences
were. All told, underlying themes gleaned from the majority of the responses suggest a
fundamental disconnect between their perceptions, expectations, and experiences.

In this fifth and final chapter, 1 will first review the results of my data and re-
contextualize them with the literature on social constructivism and several articles relating to the
current (recent) state of student experiences with online learning, especially in the context of
STEM education. | will then describe implications for future practice at LLU. I will end the
chapter by identifying the limitations of the project, using them as a springboard for a discussion

of possible future research.
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Discussion

Analysis and examination of the data suggests that, for many participants, there was first
a fundamental misalignment between their perceptions of what their involvement in STEM
signified, their expectations of how online STEM learning would go, and experiences in the
courses themselves. Aligning somewhat with existing research relating to best pedagogical
practices in STEM and online education, many participants reported feeling comfortable and “at
home” in their respective STEM fields prior to taking their online STEM classes but encountered
solitary and isolation-inducing experiences in their online classes. Further, where many had
previously indicated feeling curious and confident about their field, themes arising from their
reported experiences suggested feelings of insecurity surrounding their standing in their classes
as well as their understanding of the material. Thus, this study’s findings suggest that there was a
disconnect between what students’ desired and actual experiences were not in the context of
STEM itself, but specifically in the context of online delivery of content. Interestingly, while this
was especially true of student experiences in asynchronous classes, students who had taken
synchronous classes reported many of the same experiences. Still, regardless of delivery mode,
main factors owing to these misaligned expectations and realities centered on two key
characteristics of their online classes: (1) an unexpected necessity for students to be highly
motivated, self-regulated, and disciplined, and (2) deep-seated loneliness stemming from a lack
of opportunity to interact with their peers and/or professors during or outside of class time.
Self-Motivation is Key

First, there was an undercurrent of participants’ surprise, if not dismay, at the amount of

responsibility the students felt they had to bear for their own learning in the courses delivered in
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an online format. Almost all respondents who had taken at least one online course provided
words “self-taught” and “self-structured” in conjunction with “unprepared.” Participants reported
that while there was a nominal structure (their professors set assignments/lectures and collected
assignments electronically), there was otherwise little resemblance to a typical F2F course due to
their professors’ reliance on students’ self-guided learning. These perceptions align, somewhat,
with previous research highlighting the importance of self-motivation to fostering learning and
self-efficacy throughout multiple stages of life the world over (Bettinger et al., 2017; Bothma &
Monteith, 2004; Cho et al., 2021; Cho et al., 2017; Cho & Shen, 2013; Kuo et al., 2014; Kryshko
et al., 2022; Vansteenkiste et al., 2004; Zimmerman & Schunk, 2011). However, there was also
an element of surprise; for the unaware or underprepared, the requirements of self-regulation and
self-discipline often posed a significant challenge, leading to negative experiences.

Still, two participants, Zelda and Eve reported that they appreciated how in-depth they
themselves went into their course content, albeit also out of necessity. Interestingly, both Eve and
Zelda indicated that their experiences in synchronous classes were nearly identical to those in
their asynchronous classes, as both required a large amount of maturity, fortitude, and
perseverance to be successful in them, which strongly aligns with previous research. Zelda said
she enjoyed going on “deep dives down the hole of researching topics because it forced me to
learn the material on my own, at my own pace, without having to talk to anyone else about it.”
They also acknowledged that their experiences in their online STEM courses could be summed
up using the phrase “self-motivated,” as well. Eve, in particular, made a connection between her
ability to navigate online classes successfully and her prior experience with the online delivery

mode, stating that the self-reliance she developed helped her when she got to her program LLU.
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In this way, the data suggest that students who had previous experience with online-only
instruction may have an advantage over their peers who, it appeared, were not entirely aware of
the responsibilities, requirements, or dynamics expected with online delivery modes. These
findings, too, align with literature highlighting students’ need to be motivated in learning
environments to offer the best chances at high levels of self-efficacy, well-being, and
satisfaction, ultimately contributing to academic persistence and success (Bandura, 1997;
Cordero et al., 2010).
All Alone, Together

The theoretical framework guiding this study was social constructivism; specific to this
study, focusing on the influence that social interactions have on building students’ knowledge
and understanding of course-related concepts. Perhaps one of the most interesting aspects of this
study’s thematic analysis was the continued realization and confirmation that the vast majority of
participants experienced few opportunities to engage in social interactions — breakout rooms,
group work sessions, or other collaborative learning activities — with either their peers or their
professors during class time. Still, a few students did make a concerted effort to make
connections with their peers outside of their respective class times, as in the case of Asha and
several other students who formed study groups. For them, as Sam explained, “Working with
others, when | got to do it, helped me to understand the material better. It made me feel more
connected to the class, more a part of it.”

Thus, while this specific theory did not end up being directly reflected in the participants’
in-class experiences, such social interactions were apparently important enough for several

students to seek out others on their own. This suggests that, while not perfect, there is at least
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some alignment between this theory and student learning experiences, at least for some of the
participants. Indeed, they appeared to be strongly learning for the connection with others, as
Amanda put it “on the other end of the screen.” Bringing a human aspect to an online course in
the form of allowing for peer-to-peer interactions as well as interactions with their professors is
highly valuable. “I never felt more connected to a course,” Penny said, “than when | could see
faces. Even tired faces or frustrated faces.”

Additionally, while many participants initially reported an overall enthusiasm for
building and sharing their knowledge of STEM with others, once in their online course they
routinely encountered situations in which their classmates appeared as a series of blank screens.
This lack of interpersonal interaction, in turn, often yielded feelings of apathy and
disconnectedness. These lamentations of feeling alone due to their inability to interact with other
classmates aligns well with recent and current literature. One of the largest contributors to
student satisfaction with online learning, research has shown, is students’ interactions with peers
and instructor (e.g., Bolliger & Martindale, 2004; Juwah, 2006; Kuo et al., 2014), though there is
some disagreement as to how much of each type of interaction plays the biggest role in said
satisfaction. In this study, it would appear that the lack of interaction with peers and professors
weighed equally on the students’ views of their experiences. That is to say, respondents referred
to the lack of interactions between themselves and their peers as often as they did to their lack of
interactions between themselves and their professors. Still, participants’ responses suggest they
are capable of placing responsibility for their dissatisfaction with the course on their own
shoulders, too, these types of recognition and metacognition also align well with research

(Puzziferro, 2008; Ross et al., 2006; Song & Hill, 2009).



119

In summary, participants provided many answers to this study’s first research question
relating practices in online STEM course delivery leading to positive and negative experiences
for students. For the most part, their narratives reflected a period of time in their academic lives
where they were undeniably isolated in their courses but certainly not alone in their collective
experiences. Still, with respect to the second research question seeking to link experiences with
academic persistence, responses indicated that participants’ decisions to persist in their academic
programs (and STEM) were, at least marginally, unaffected by their experiences in their online
course(s). Whether this owed to their desire to maintain their identity in STEM in the short term
or satisfy their longer-term goals and desires to, as Faisal put it, “Just get through to the end and
keep focus on what matters — a job,” despite the negative experiences that participants reported,
the vast majority did not leave their academic major.

Limitations

This study took place at a medium-sized, four-year public regional comprehensive
university, and though its participant pool encompassed several age ranges and included
individuals reporting a variety of gender, racial, and ethnic identities, the study’s selected sample
was limited to only undergraduate students pursuing a STEM degree. Additionally, | only asked
this study’s participants to describe their experiences in online STEM courses; they were
purposefully not asked to compare them with other classes with a F2F delivery mode, as that lay
beyond the scope of this study. The experience of students taking non-STEM classes, with or
without an online delivery mode, may very well be vastly different from those identified in the
study. So, too, would likely be the experiences of professors teaching F2F versions of the courses

or professors teaching non-STEM courses online.
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As previously mentioned, in my semi-structured interviews, I did not ask questions that
expressly or explicitly asked for students’ experiences in the context of specific identities such as
gender identity or racial/ethnic identity. | fully acknowledge that their experiences may have
been influenced by such identities, but none of the participants explicitly stated this was the case.
In my

The COVID-19 global pandemic presented a unique catalyst and challenge itself.
Halfway through the Spring 2020 semester, all courses at LLU were directed to go online by
state-, system-, and institution-level administrators, and many departments required that their
course offerings remain online-only for multiple semesters after. Though the experiences
students had in their courses during the Spring 2020 semester were purposely omitted from
consideration for this study, it cannot be ignored or denied that the experiences students had in
their Spring 2020 courses possibly had an influence on their memories of their experiences in
subsequent classes, even if unintentionally or subconsciously. Additionally, it must be
acknowledged that many faculty members were required to learn to teach in a delivery mode that
may have been new or strange to them. It would appear, as Bruce said, “The professor was
trying, we were trying, but it...we just didn’t have a great time in class. It’s hard to when
everyone is just in survival mode in class, y’know?” Therefore, the student experiences, as
shared with me by study participants, must not be interpreted as a catch-all representation of the
professors’ overall teaching styles.

The participant pool derived from responses to a solicitation email sent out two times
through the list-servs of several offices within the School of Computing, Engineering, and

Science (SCES). While all were eager to share their information and insights with me, it might
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be possible that some would-be participants did not receive either email, and thus missed the
opportunity to join the pool. Additionally, while participation in the study was completely
voluntary, participants were given an incentive in the form of a $10 gift card if they agreed to
have me use their interview in this study and there was a fiscal limit as to how many incentives
could be provided. Similarly, there was a temporal limit, as well, since the hour-long interviews
and subsequent transcription and thematic analysis thereof were time-consuming. While the use
of an incentive is not a limitation itself, the financial and temporal restrictions on the study’s data
collection and analysis phases did prevent additional students’ admittance into the study.

Finally, I also note that while the phenomenological “essence” for many of this study’s
23 participants, specifically, was primarily one of a solitary, self-guided learning experience, |
would be hard-pressed to argue that this is transferable to every other student taking online
STEM courses at LLU. Still, I acknowledge that my own biases regarding this; prior to
beginning this study, | viewed online learning and instruction as a challenge rife with isolation
and frustration for both student and faculty alike. While | did my best to bracket these
impressions, as stated earlier, this study does confirm that students are not monolithic learners. It
is possible, if not likely, that additional themes would emerge if I increased the sample size. For
example, it would stand to reason that students who had more prior experience with online
learning would potentially have different expectations of what their online STEM class(es) might
have been and their reported experiences may have different, as well.

Still, despite these limitations, this study’s participants did provide responses that can be
used as a springboard for reflection on behaviors faculty and students at institutions of higher

education approach online STEM courses. Thus, the following section describes some
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implications for practice in the context of participants’ suggestions for students as well as faculty
of these online courses.

Implications for Practice at Institutions Offering Online STEM Classes

It should be noted that while no participant in this study explicitly recalled instances
where they felt slighted due to one or more identity(ies) of race, ethnicity, class, ability status, or
gender, many still reported feeling unsupported in their respective courses. In contrast, they
reported their courses’ structures as a source of their feelings of being forgotten, overlooked, or
otherwise apart from the course. Still, participant responses provide insights for what professor
and student actions may inform course practices and, in turn, make for more positive learning
experiences. In Ready Player One, the protagonists are hunting for clues, or keys, to unlock
hidden treasures throughout the online world (Cline, 2011). Thus, in this section, | will be
presenting the thematic suggestions that participants provided as keys to successful online course
delivery. In this section, these suggested best practices are broken down into two main categories
of suggested action items: “Key Actions for Students” and “Key Actions for Professors.”
Key Actions for Students

Participants’ most repeated pieces of advice for students yet to take the same online
STEM class at LLU related to professor reputation originating from both word-of-mouth and
publicly sourced databases that compile opinions and ratings of professors and courses. As Zeus
said, “I absolutely recommend that someone taking this class check out who’s teaching, then
look them up on ‘Rate My Professor.” If someone awful is teaching it, you want to stay really far

away and hope someone else teaches next time.” Marie agreed, saying “Students talk to other
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students, y’know? We know who to take and who to avoid. So, I would recommend talking to
someone who’s taken the class with the professor before and see what they say.”

If given the chance to choose between online asynchronous and online synchronous, the
majority of participants also recommended signing up for a synchronous course to maximize the
likelihood of being able to interact with other classmates. Interestingly, many of these
participants indicated that they themselves only had limited interactions during their online
synchronous classes, but, as Janice explained, “Even if I didn’t always get to see people in my
class, I would think that you’d have a better chance of seeing someone else if you had to be in
the class at the same time.”

In this way, these suggestions highlight the importance of students acknowledging the
experiences of their peers. This is consistent with prior findings that students feel more
autonomy over and connection with their learning when they feel their voices are heard and they
can share their insights with others (Fong et al., 2019; Simon et al., 2015; Van Soom & Donche,
2014). This is also consistent with findings that it is in the best interest of institutions to foster
environments where student feedback is, among other things, collected, analyzed, and routinely
used as a way to factor into course improvement as well as faculty professional development and
training (Bull Schaefer & Copeland, 2022; Kumar et al., 2019)

Key Actions for Professors

By far, the most repeated suggestion that participants had when it came to suggestions for
how professors can improve upon their online delivery was to be timelier in their responses to
students. As before, this suggestion was true regardless of whether participants had taken their

course synchronously or asynchronously. This aligns identically with prior research suggesting
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timely responses and feedback are key to fostering learning in an online setting (Baker, 2010;
Eskey & Schulte, 2010; Grant & Thornton, 2007; Liu et al., 2005; Picciano, 2017). In addition to
allowing students to clarify misconceptions with course content, participants indicated that
hearing from their professors on a more regular basis made them feel more a part of the class
than a nameless, faceless person out in the ether. A not-so-fringe benefit of increased contact,
also, is the fact that research suggests that students who receive feedback on their assignments
typically exhibit higher academic performance than those who do not (Cuthrell & Lyon, 2007;
Espasa & Meneses, 2010; Martin et al., 2020).

Additionally, students recommended that professors seek out feedback from their
students while the course is in progress, to assess course reception. Mei offered her insight
regarding professor practices involving feedback forms, explaining:

In two of my classes, the professor asked us to fill out a form at the end of the class. It

was an online class, so we just filled it out online, but it felt good to be able to get

my thoughts down. I don’t know if the professor read it, but I hope [they] did. I hope

[they] learned from it and they take it to heart and it’s better for the next student. But it

would be great if they asked us before the end of the semester, too.

Still other responses suggest that the demeanor of the professor can go a long way to influence
the tone of the course as well as increase the likelihood of a positive learning experience for the
students. As Amanda shared, there is much value to professors remembering that they are people,
as are the students taking the course. “Please remember that you are not just a voice or a hand on
the screen,” she explains. “Like, maybe we don’t want to be in this situation, but still be human

about it.” Bringing in a human aspect to the course and maintaining a tone of respect was
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important to Sam as well, who advised professors to “treat your students with respect and value
their time as though it’s yours. Treat your students like adults, y’know, and be approachable.”

Finally, Eve provided a suggestion that highlighted the importance of professors as life-
long learners themselves:

I think my number one suggestion would be for professors who are going to be teaching

online to learn how to teach online. I think, for a lot of them, they just think, *Oh, online

is online, and it doesn’t matter if it’s synch or asynch.” But they’re very different. And
it’s not just putting up slide sets and letting students have at it, you know? You wouldn’t
do that in a face-to-face class, don’t do it for online. Make us want to learn from you.

And if you don’t know how, then you should shadow someone who does. It would be

great if this school would pair up the good online teachers with the opposite. Learn from

each other. Online [education]’s not going away any time soon.

It is undeniable that the COVID-19 pandemic caught many students and faculty at
institutions of higher education by surprise, resulting in many faculty scrambling to adjust their
courses to online-only delivery (Brennan, 2021; De & Arguello, 2021; Prince et al., 2020). Still,
it should come as no surprise that many of the best practices recommended for decades by STEM
Education-focused research would still be applicable to STEM courses delivered online even
after the COVID-19 pandemic is no longer directly influencing course delivery mode. This
study’s participants’ learning experiences were inextricably tied to feelings surrounding
competency, confidence, and senses of belonging and purpose in their respective courses, just as
has been discussed in research carried out in F2F environments for decades (Baker, 2010; Braun

et al., 2018; Genet, 2021; Lee & Oh, 2017; Seymour & Hewitt, 1997).
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Additionally, while online delivery modes present a unique set of challenges and
opportunities for improvement on current practices at LLU, students’ desires for increased
instructor presence, more avenues for interactions with peers, and providing timely feedback
echo the recommendations of researchers spanning all STEM fields. Therefore, it would behoove
faculty to become familiar with techniques for online instruction that are effective and
pedagogically sound. After all, as Eve said, “Online learning isn’t going anywhere. Professors
might not like it, but it’s here to stay.”

Finally, the data also suggest that there is a genuine desire among many students to make
connections with their peers, regardless of online delivery mode. Obviously, responses from
Amanda, Marie, and others who indicated feeling more confidence in course material when
being able to work with peers align most directly with the literal theory of social constructivism.
However, the responses from others who indicated they felt alone and disengaged when having
to stare at blank screens also suggest that learning was harder from them when they were kept
separate from their learning peers by way of class organization. Therefore, a strong implication
for both student and professor action would be for students to avail themselves of opportunities
to meaningfully interact with their peers, and for professors to provide such opportunities.

At the institutional level, the implications of findings such as those stemming from this
study are two-fold. First, these findings serve as a bellwether, if not outright warning, to LLU,
which is currently seeking to expand their online course offerings in STEM. Students who are
not satisfied with their experiences may not leave their majors, but there is strong evidence
suggesting that they are actively dissuading others from pursuing degrees at that institution.

Second, regardless of whether students persist in their major or not, there is also evidence that
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many students’ expectations of online learning are not currently dovetailing with their real, lived
experiences in their courses. Thus, administrators at this particular institution of higher education
should be encouraged to think about short-term vs long-term goals and sustainability when it
comes to student enrollment and persistence in online courses and academic programs. It is not
enough to bring students in through the (virtual) door; students must be welcomed, heard, and,
valued as more than seats (or pixels) in a class.

Though it lies beyond the scope of this specific study, these implications suggest that, to
promote positive experiences for students, administrators in higher education must first be
willing to invest time and resources into effective professional development opportunities for
their faculty, who can then model pedagogically sound behavior for their students. In turn, this
would ideally promote not only a professor-as-learning-partner relationship, but could also
potentially better inform students of expectations and requirements of online learning. Thus,
beneficial professional development opportunities should not just focus on new technology (and
the use thereof), but also online curriculum/content development, effective and engaging online
pedagogy, and purposeful building of communities of learners (Elliot et al., 2015; Santelli et al.,
2020; Schmidt et al., 2015; Smith, 2005). Second, it would behoove administrations of such
institutions to re-forge connections students have with their classes by getting rid of the
conditions leading to unidirectional feedback, such as an end-of-term survey that goes unread or
emails that go unanswered throughout the semester (Bols & Wicklow, 2013; McCarthy, 2017,
Winstone & Carliss, 2020). Instead, administrations should actively develop tangible, accessible,
and meaningful ways of soliciting feedback from students while simultaneously highlighting the

importance of providing feedback to students. Finally, promoting the importance of collaborative



128
learning and peer interactions in online learning environments would go a long way to not only
improve engagement levels but also reduce the feelings of isolation that so many of the
participants in this study reported (deJong, 2019; Eberle & Hobrecht, 2021; Misseyanni et al.,
2019; Hofer et al., 2021.). While, realistically, there is clearly no one panacea to address or
assuage negative experiences that students may have in their online STEM courses, at the very
least, not heeding these best practices could potentially exacerbate any negative word-of-mouth
that students at LLU are already sharing with friends, family members and others.

Future Research

The results of this study leave open multiple avenues for further examination. First, it
would be beneficial to interview faculty members for their perspectives on their online course
delivery. It could be interesting to compare and contrast their responses with the responses of
their participants, as each would obviously bring a fresh perspective. (Though, to be fair,
informal conversations with my colleagues who have been teaching online courses suggest they,
too, encounter many of the same challenges their students do, so perhaps there would be more
similarities than differences.)

It would also be worthwhile to investigate the perspectives of students within their F2F
STEM courses at LLU or a similar campus, and what actions lead to positive and negative
learning experiences for them. Though some might argue that this would be comparing to
unequal entities, | would argue that many of the experiences students reported from their online
courses align well with the literature written about F2F courses, too. Thus, by exploring the

levels of confidence with material in in-person F2F courses — as well as what actions contribute
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to these confidence levels — would be beneficial to professors to place focus on how their
students view how they are / are not being served, regardless of delivery mode.

A longitudinal study of student experiences in online STEM courses taken early on
versus later in their time as undergraduates would also be interesting, as this study’s data
suggests that students who have more experience with online instruction tend to navigate the
courses more easily. This is not to say that their comfort levels are all necessarily more positive
than others’ (clearly, this study’s data suggests that is not always the case), but it could be
informative to explore lower-level, major-required STEM courses delivered online as compared
to upper-division STEM courses delivered the same way.

It would also be interesting to cast a wider net and perhaps conduct a quantitative survey
of undergraduates who are majors outside of the SCES at LLU. It could be beneficial to obtain
more information about non-STEM online courses and assess responses for similarities and
differences therein as well. Due to the number of student enrolled at LLU, employing a
quantitative research method would likely yield a much larger participant pool from which to
retrieve and analyze data.

Finally, it could be very interesting to widen the participant pool, intentionally, to
students who chose to leave their major as a result of their experiences in their online courses. As
it so happened, this study had two participants who chose to leave their majors, while the vast
majority of them remained. This may imply that the online learning environment has little impact
on students’ persistence in their academic major, one way or another. On the other hand, it may

just imply that the luck-of-the-draw nature of my study’s solicitation process needs finessing.
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Concluding Thoughts

This phenomenological qualitative study investigated the experiences that undergraduate
STEM majors at a RCU in the Upper Midwest had in their online major-required courses. Many
participants described experiences of loneliness and frustration, brought about from a lack of
interaction between themselves, their peers, and their instructors. Still, few participants reported
feeling liberated by the fact that they had limited interactions with others. Participant responses
highlighted key themes in online postsecondary education, including (1) the variability of
STEM-related identities, (2) the effects that interactions (or lack thereof) have on learning, and
(3) behaviors that contribute to both positive and negative online learning experiences.

It is highly improbable that there will ever be a single anecdote that encapsulates a pure
essence of online learning. “Ready Pupil One” may have hinted toward a catch-all experience for
this study’s participants, but even within the participant pool there were varying degrees of
differences. This was, of course, to be expected; as mentioned, learners are not monoliths, and
neither are professors. They come to a classroom (virtual or otherwise) with many internal and
external factors affecting their roles, identities, and functions. However, further research
allowing for additional exploration of more characteristics, conditions, perceptions, and insights
would undoubtedly go a long way to provide more insight into the questions surrounding what
the online learning — and teaching — experience is. This would go a long way to explore whether
postsecondary institutions can provide a virtual educational oasis that keeps its characters — and

future generations of characters - interested in engaging in “extended play” modes.



131
References

Abrica, E. J., Lane, T. B., Zobac, S., & Collins, E. (2020). Sense of belonging and community
building within a STEM intervention program: A focus on Latino male undergraduates’
experiences. Journal of Hispanic Higher Education, 1-15.

Allen, I. E., & Seaman, J. (2010). Class difference$: Online education in the United States, 2020.
The Sloan Consortium, 1-26.

Allen, E. & Seaman, J. (2014). Grade change: Tracking online education in the United
States. The Sloan Consortium, 1-40.

Allen, E. & Seaman, J. (2017). Digital Learning Compass: Distance education enrollment report
2017. Babson Survey Research Group, e-Literate, and WCET.

https://onlinelearningsurvey.com/reports/digtiallearningcompassenrollment2017.pdf.

Altschuler, G. C., & Blumin, S.M. (2009). The G.I. Bill: A new deal for veterans. Oxford
University Press.

Alqurashi, E. (2019). Predicting student satisfaction and perceived learning within online
learning environments. Distance Education, 40(1), 133-148.

Anft, M. (2017, January). A lab of her own. The Chronicle of Higher Education.

http://www.chronicle.com/article/A-Lab-of-Her-Own/238970.

Angelino, L. M., Williams, F. K., & Natvig, D. (2007). Strategies to engage online students and
reduce attrition rates. The Journal of Educators Online, 4(2), 1-14.

Angen, M.J. (2000). Evaluating interpretive inquiry: Reviewing the validity debate and opening
the dialogue. Qualitative Health Research, 10(3), 378-395.

Arbaugh, J. B. (2004). Learning to learn online: A study of perceptual changes between


https://onlinelearningsurvey.com/reports/digtiallearningcompassenrollment2017.pdf
http://www.chronicle.com/article/A-Lab-of-Her-Own/238970

132
multiple online course experiences. Internet and Higher Education, 7, 169-182.

Archibald, M. M., Ambagtsheer, R.C., Casey, M.G., & Lawless, M. (2019). Using Zoom
videoconferencing for qualitative data collection: Perceptions and experiences of
researchers and participants. International Journal of Qualitative Methods, 18, 1-8.

Ashcraft, M. H., & Krause, J. A. (2001). Working memory, math performance, and math
anxiety. Psychonomic Bulletin & Review, 14(2), 243-248.

Auster, C. J., & MacRone, M. (1994). The classroom as a negotiated social setting: An empirical
study of the effects of faculty members’ behavior on students’ participation. Teaching
Sociology, 22, 289-300.

Baber, L. (2012). A qualitative inquiry on the multidimensional racial development among
first-year African American college students attending a predominately White institution.
The Journal of Negro Education, 81, 67-81.

Bacow, L. S., Bowen, W.G., Guthrie, K. M., Lack, K. A., & Long, M. P. (2012, May 1).
Barriers to adoption of online learning systems in U.S. Higher Education. Ithaska S+R.

https://doi.org/10.18665/sr.22432.

Bailey, M., Ifenthaler, D., Gosper, M., & Kretzschmar, M. (2014). Factors influencing tertiary
students’ choice of study mode. In B. Hegarty, J. McDonald, & S.-K. Loke (Eds.),
Rhetoric and Reality: Critical Perspectives in Educational Technology (pp. 251-261),
31t Annual Conference of the Australian Society for Computers in Tertiary Education
ASCILITE.

Baker, C. (2010). The impact of instructor immediacy and presence for online student affective

learning, cognition, and motivation. Journal of Educators Online, 7, 1-30.


https://doi.org/10.18665/sr.22432

133

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory.
Prentice Hall.

Baumeister, R. F., & Leary, M. R. (1995). The need to belong: Desire for interpersonal
attachments as a fundamental human motivation. Psychological Bulletin, 117(3), 497-
529.

Baxter Magolda, M. B. (2001). Making their own way: Narratives for transforming higher
education to promote self-development. Stylus.

Baxter Magolda, M. B. (2004). Self-authorship as the common goal of 21%-century education.
In M. B. Baxter Magolda and P. M. King (Eds.) Learning partnerships: Theory and
models of practice to educate for self-authorship (pp.1-36). Stylus.

Baxter Magolda, M. B. (2008). Three elements of self-authorship. Journal of College Student
Development, 49, 269-284.

Bao, W. (2020). COVID-19 and online teaching in higher education: A case study of Peking
University. Human Behavior and Emerging Technologies, 2(2), 113-115.

Barnard-Brak, L., Paton, V., & Sulak, T. (2012). The relationship of institutional distance
education goals and students’ requests for accommodations. Journal of Postsecondary
Education and Disability, 25, 5-19.

Barr, R., & Tagg, J. (1995). From teaching to learning: A new paradigm for undergraduate
education. Change, 27, 12-15.

Bart, M. (2012). Online student engagement tools and strategies. Magna Publications.

Bastedo, M. N., Altbach, P. G., & Gumport, P. J. (2016). American higher education in the

21st Century: Social, political, and economic challenges. Johns Hopkins University



134
Press.

Beattie, G., Cohen, D., & McGuire, L. (2013). An exploration of possible unconscious ethnic
biases in higher education: The role of implicit attitudes on selection for university posts.
Semiotica, 197, 171-201.

Beilke, J. R., & Yssel, N. (1999). The chilly climate for students with disabilities in higher
education. College Student Journal, 33, 364-311.

Belanger, A. L., Joshi, M. P., Fuesting, M. A., Weisgram, E. S., Claypool, H. M., & Diekman,
A. B. (2021). Putting belonging in context: Communal affordances signal belonging
in STEM. Personality and Social Psychology Bulletin, 46(8), 1186-1204.

Belland, B. R., Walker, A. E., Kim, N. J., & Lefler, M. (2017). Synthesizing results from
empirical research on computer-based scaffolding in STEM education: A meta-
analysis. Review of Educational Research, 87(2), 309-344.

Benaquisto, L. (2008). Axial coding. In L. M. Given (Ed). The Sage encyclopedia of qualitative
research methods. Sage Publications.

Bennett, J., & Bennett, L. (2002). Assessing the quality of distance education programs: The
faculty’s perspective. Journal of Computing in Higher Education, 13(2), 71-86.

Berg, B. L. (1989). Qualitative research methods for the social sciences. Allyn and Bacon.

Berenson, R., Boyles, G., & Weaver, A. (2008). Emotional intelligence as a predictor for success
in online learning. International Review of Research in Open and Distance Learning,
9(2), 1-17.

Bettencourt, G. M., Kimball, E., & Wells, R. S. (2018). Disability in postsecondary STEM

learning environments: What faculty focus groups reveal about definitions and obstacles



135
to effective support. Journal of Postsecondary Education and Disability, 31(4), 383-396.
Bettinger, E., & Loeb, S. (2017). Promises and pitfalls of online education. Brookings.
Bettinger, E., Fox, L., Loeb, S., & Taylor, E. S. (2017). Virtual classrooms: How online
college courses affect student success. American Economic Review, 107(9), 2855-2875.
Birt, L., Scott, S., Cavers, D., Campbell, C., & Walter, F. (2016). Member checking: A tool to
enhance trustworthiness or merely a nod to validation? Qualitative Health Research,
26(13), 1802-1811.
Blackwell, L. V., Snyder, L. A., & Mavriplis, C. (2009). Diverse faculty in STEM fields:
Attitudes, performance, and fair treatment. Journal of Diversity in Higher Education,

2(4), 195-205. http://dx.doi.org/10.1037/a0016974.

Blickenstaff, J. C. (2005). Women and science careers: Leaky pipeline or gender filter? Gender
and Education, 17(4), 369-386.

Bolliger, D. U. & Martindale, T. (2004). Key factors for determining student satisfaction in
online courses. International Journal on E-Learning, 3(1), 61-67.

Bols, A., & Wicklow, K. (2013). Feedback — what students want. In S. Merry, M. Price, D.
Carless, & Taras, M. (Eds.) Reconceptualising feedback in higher education:
Developing dialogue with students (pp. 19-29). Taylor & Francis Group.

Booker, K. C., Merriweather, L., & Campbell-Whatley, G. (2016). The effects of diversity
training on faculty and students’ classroom experiences. International Journal for the
Scholarship of Teaching and Learning, 10(1), 1-7.

Bothma, F., & Monteith, J. (2004). Self-regulated learning as a prerequisite for successful

distance learning. South Africa Journal of Education, 24(2), 141-147.


http://dx.doi.org/10.1037/a0016974

136

Boton, E. C., & Gregory, S. (2015). Minimizing attrition in online degree courses. Journal of
Educators Online, 12(1).

Boud, D. (2000). Sustainable assessment: Rethinking assessment for the learning society. Studies
in Continuing Education, 22(2), 151-167.

Boud, D. & Falchikov, N. (2005). Redesigning assessment for learning beyond higher
education. Research and Development in Higher Education, 28, 34-41.

Bowden, J. L. H. (2013). “What’s in a relationship?” Asia Pacific Journal of Marketing and
Logistics, 25(3), 428-451.

Bowden, J., Tickle, L., & Naumann, K. (2019). The four pillars of tertiary student engagement
and success: A holistic measurement approach. Studies in Higher Education, 46(6).
10.1080/03075079.2019.1672647.

Bowen, W., Chingos, M., Lack, K., & Nygren, T. (2012). Interactive learning online at public
universities: Evidence from randomized trials. Ithaka S + R.

Boyatzis, R. (1998). Transforming qualitative information: Thematic analysis and code
development. SAGE.

Boysen, G. A. & Vogel, D. L. (2009). Bias in the classroom: Types, frequencies, and
responses. Teaching of Psychology, 36(1), 12-17.

Braun, V. & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in
Psychology, 3, 77-101. 10.1191/1478088706gp0630a.

Braun, V. & Clarke, V. (2013). Successful qualitative research: A practical guide for beginners.
SAGE.

Braun, D. C., Clark, M. D., Marchut, A. E., Solomon, C. M., Majocha, M., Davenport, Z.,



137
Kushalnagar, R. S., Listman, J., Hauser, P. C., & Gormally, C. (2018). Welcoming deaf
students into STEM: Recommendations for university science education. CBE Life
Sciences Education, 17(3), 1-8.

Braxton, J., Hirschy, A., & McClendon, S. (2004). Understanding and reducing college student
departure. ASHE-ERIC Higher Education Report, 30(3).

Brayboy, B. M. J. (2005). Toward a tribal critical race theory in education. The Urban Review,
37(5), 425-446.

Brazzell, J. C. (1996). Diversification of postsecondary institutions. In S. R. Komives, D. B.
Woodard, Jr., & Associated (Eds.), Student services: A handbook for the profession, (pp.
43-62). Jossey-Bass.

Brennan, J. (2021). Engaging learners through Zoom: Strategies for virtual teaching across
disciplines. Jossey-Bass.

Broadbent, H., Osborne, T., Mareschal, D., & Kirkham, N. (2018). Withstanding the test of
time: Multisensory cues improve the delayed retention of incidental learning.
Developmental Science, 22(1).

Brown, A. V. (2008). Effectively educating Latino/a students: A comparative study of
participation patterns of Hispanic American and Anglo-American university students.
Journal of Hispanic Higher Education, 7(2), 97-118.

Bryson, J. R., & Andres, L. (2020). COVID-19 and rapid adoption and improvisation of online
teaching: Curating resources for extensive versus intensive online learning experiences.
Journal of Geography in Higher Education, 44(4), 608-623.

Bunk, J., Li, R., Smidt, E., Bidetti, C., & Malize, B. (2015). Understanding faculty attitudes



138
about distance education: The importance of excitement and fear. Online Learning, 19(4),
1-11.
Buchbinder, E. (2011). Beyond checking: Experiences of the validation interview. Qualitative
Social Work, 10(1), 106-122.
Bull Schaefer, R. A. & Copeland, L. K. (2022). Performance reviews as an active method to
improve feedback and performance. Active Learning in Higher Education.

https://doi.org/10.1177/14697874221091898.

Bureau of Labor and Statistics (2014). STEM 101: Intro to tomorrow’s jobs. Occupational
Outlook Quarterly, Spring 2014, 1-11.

Candela, A. G. (2019). Exploring the function of member checking. The Qualitative Report,
24(3), 619-628.

Canning, E. A., Muenks, K., Green, D. J., & Murphy, M. C. (2019). STEM faculty who believe
ability is fixed have larger racial achievement gaps and inspire less student motivation in
their classes. Science Advances, 5(2), 1-7.

Caple, R. B. (1998). To mark the beginning: A social history of college student affairs.
American College Personnel Association.

Caprara, G., Vecchione, M., Alessandri, G., Gerbino, M., & Barbaranelli, C. (2011). The
contribution of personality traits and self-efficacy beliefs to academic achievement: A
longitudinal study. British Journal of Educational Psychology, 81(1), 78-96.

Carr, S. (2000). As distance education comes of age, the challenge is keeping the students. The
Chronicle of Higher Education, 46(23), A39-A41.

Cassidy, S. (2004). Learning styles: An overview of theories, models, and measures. Educational


https://doi.org/10.1177/14697874221091898

139
Psychology, 24, 419-444.
Ceci, S. J., Williams, W. M., & Barnett, S. M. (2009). Women’s underrepresentation in science:
Sociocultural and biological considerations. Psychological Bulletin, 135, 218-261.
DOI: 10.1037/a0014412.
Center for Educational Effectiveness [CEE]. (2019). Implicit Bias Series. Just-in-Time Teaching

Resources. http://cee.ucdavis.edu/JITT.

Centers for Disease Control and Prevention. (n.d.). Coronavirus (COVID-19).

https://www.cdc.gov/coronavirus/2019-ncov/index.html.

Cheryan S., Plaut V. C., Davies P. G., & Steele C. M. (2009). Ambient belonging: How
stereotypical cues impact gender participation in computer science. Journal of
Personality and Social Psychology, 97(6), 1045-1060.

Cheryan S., Meltzoff, A. N., & Kim S. (2011). Classrooms matter: The design of virtual
classrooms influences gender disparities in computer science classes. Computers &
Education, 57(2), 1825-1835.

Chevalier, A., Dolton, P., & Liihrmann, M. (2014). “‘Making it count’: Evidence from
a field study on assessment rules, study incentives and student performance.”
Institute for the Study of Labor, Working Paper 8582.

Chickering, A. W. & Gamson, Z. F. (Eds.). (1987). Seven principles for good practice in
undergraduate education. AAHE Bulletin: March: 3-7.

Cho, M.-H., Cheon, J., & Lim, S. (2021). Preservice teachers’ motivation profiles, self-
regulation, and affective outcomes in online learning. Distance Education, 42(1), 37-

54.


http://cee.ucdavis.edu/JITT
https://www.cdc.gov/coronavirus/2019-ncov/index.html

140

Cho, M.-H., Kim, Y., & Choi, D. (2017). The effect of self-regulated learning on college
students’ perceptions of community inquiry and affective outcomes in online learning.
The Internet and Higher Education, 34, 10-17.

Cho, M.-H. & Shen, D. (2013). Self-regulation in online learning. Distance Education, 34(3),
290-301.

Clark, T. (1993). Attitudes of higher education faculty toward distance education: A national
survey. The American Journal of Distance Education, 7(2), 19-33.

Cline, E. (2011). Ready Player One. Crown Publishing Group.

Cole, D., & Espinoza, A. (2008). Examining the academic success of Latino students in science,
technology, engineering, and mathematics (STEM) majors. Journal of College Student
Development, 49(4), 285-300.

Colle, B., & Lombardo, K. (2013). Doppler Radar for Education and Mesoscale Studies
(DREAMS). Final report, Earth Observing Laboratory/National Centers for
Atmospheric Research/University Corporation for Atmospheric Research.

https://www.eol.ucar.edu/system/files/files/field project/ DREAMS/DREAMS FinalRep

ort.pdf.

Collins, K. H. (2018). Confronting color-blind STEM talent development: Toward a contextual
model for Black student STEM identity. Journal of Advanced Academics, 29(2), 143-
168.

Collins, P.H. (1986), Learning from the outsider within: The sociological significance of black
Feminist thought. Social Problems, 33(6), S14-S32.

Collins, P.H. (2008). Black Feminist Thought: Knowledge, Consciousness, and the Politics of


https://www.eol.ucar.edu/system/files/files/field_project/DREAMS/DREAMS_FinalRep%09ort.pdf
https://www.eol.ucar.edu/system/files/files/field_project/DREAMS/DREAMS_FinalRep%09ort.pdf

141
Empowerment. Routledge.

Connolly, M. R., Savoy, J. N., Lee, Y.- G., & Hill, L. B. (2016). Building a better future STEM
faculty: How doctoral teaching programs can improve undergraduate education.
Wisconsin Center for Education Research, University of Wisconsin-Madison.

Cordero, E.D., Porter, S.H., Israel, T., & Brown, M.T. (2010). Math and science pursuits: A
self-efficacy intervention comparison study. Journal of Career Assessment, 18(4), 362-
375.

Creswell, J. W. (2013). Qualitative inquiry and research design. SAGE Publishing.

Crisp, G., Palmer, E., Turnbull, D., Nettlebeck, T., Ward, L., LeCouteur, A., Sarris, A., Strelan,
P., & Schneider, L. (2009). First year student expectation: Results from a University-
wide student survey. Journal of University Teaching and Learning Practice, 6(1), 11-26.

Cronin, C. & Roger, A. (1999). Theorizing progress: Women in science, engineering, and
technology in higher education. Journal of Research in Science Teaching, 36(6), 639-
661.

Crowley, W. H. (1949). Some history and a venture in prophecy. In E. G. Williamson (Ed.),
Trends in student personnel work (pp. 12-27). University of Minnesota Press.

Cuthrell, K., & Lyon, A. (2007). Instructional strategies: What do online students prefer?
Journal of Online Learning and Teaching, 3(4), 357-362.

Davis, C. S., Gingorio, A. B., Hollenshead, C. S., & Rayman, P. M. (Eds.) (1996). The equity
equation: Fostering the advancement of women in the sciences, mathematics and
engineering. Jossey-Bass.

De, S. & Arguello, G. (2021). Teaching and assessing college STEM courses online during



142
COVID-19: Evidence-based strategies and recommendations. FDLA Journal, 6(7), 1-11.
deJong, T. (2019). Moving towards engaged learning in STEM domains; there is no simple
answer, but clearly a road ahead. Journal of Computer Assisted Living, 35(2), 153-167.
De Leo-Winkler, M. A., Canalizo, G., & Wilson, G. (2016). Astrophotography, a portal for
engaging non-STEM majors in science. International Journal of STEM Education, 3(20)

https://doi.org/10.1186/s40594-016-0053-0.

Dean, D. J., & Koster, J. B. (2014). Equitable solutions for retaining a robust STEM workforce:
Beyond best practices. Academic Press.

Denzin, N. K. (2009). The elephant in the living room: Or extending the conversation about the
politics of evidence. Qualitative Research, 9(2), 139-160.

Denzin, N. K., & Lincoln, Y. S. (2011). The SAGE handbook of qualitative research. SAGE
Publishing.

Dewey, J. (1925). Experience and Nature. La Salle: Open Court.

Dewey, J. (1928). Social as a category. Monist, 38(2), 161-177.

Dibley, L. (2011). Analyzing narrative data using McCormack’s lenses. Nurse Researcher,
18(3), 13-19.

Douglas, T., James, A., Earwaker, L., Mather, C., & Murray, S. (2020). Online discussion
boards: Improving practice and student engagement by harnessing facilitator perceptions.
Journal of University Teaching & Learning Practice, 17(3), 2020.

Dziuban, C., Moskal, P., Brophy-Ellison, J., & Shea, P. (2007). Technology-enhanced
education and millennial students in higher education. Metropolitan Universities, 18(3)

75-90.


https://doi.org/10.1186/s40594-016-0053-0

143

Eberle, J., & Hobrecht, J. (2021). The lonely struggle with autonomy: A case study of first-
year university students’ experiences during emergency online teaching. Computers in
Human Behavior, 121, 106804.

Edmunds, J. A., Gicheva, D., Thrift, B., & Hull, M. (2020). High tech, high touch: The impact of
online course intervention on academic performance and persistence in higher education.
The Internet and Higher Education, 49, 1-10.

Eisenhart, M. A., & Finkel, E. (1998). Women s science: Learning and succeeding from the
margins. Chicago, IL: University of Chicago Press.

Elliott, M., Rhoades, N., Jackson, C. M., & Mandernach, B. J. (2015). Professional development:
Designing initiatives to meet the needs of online faculty. Journal of Educators
Online, 12, 160-188.

Eskey, M. T., & Schulte, M. (2010). What online college students say about online instructors
and what do online faculty members say about online instruction: A comparison of
attitudes. Journal of Online Education, 1-20.

Espasa, A., & Meneses, J. (2010). Analyzing feedback processes in an online teaching and
learning environment: An exploratory study. Higher Education, 59(3), 277-292.

Espinosa, L. (2011). Pipelines and pathways: Women of color in undergraduate STEM majors
and the college experiences that contribute to persistence. Harvard Educational Review,
81(2), 209-241.

Estrada, M., Eroy-Reveles, A., & Matsui, J. (2018) The influence of affirming kindness and
community on broadening participation in STEM career pathways. Soc. Issues Policy

Rev., 12(1), 258-297.



144

Fairweather, J. (2008). Linking evidence and promising practices in Science, Technology,
Engineering, and Mathematics (STEM) undergraduate education: A status report for the
National Academies. National Research Council Board of Education.

Ferguson, S. (2020). Attrition in online and face-to-face calculus and precalculus courses: A
comparative analysis. Journal of Educators Online, 17(1).

Figlio, D., Rush, M., & Yin, L. (2013). Is it live or is it internet? Experimental estimates of the
effects of online instruction on student learning. Journal of Labor Economics, 31(4), 763-
784.

Fink, A., Frey, R. F., & Solomon, E. D. (2020). Belonging in general chemistry predicts first-
year undergraduates' performance and attrition. Chemistry Education Research and
Practice, 21, 1042-1062.

Fisher, A. J., Mendoza-Denton, R., Patt, C., Young, I., Eppig, A., Garrell, R.L., Rees, D.C.,
Nelson, T. W., & Richards, M. A. (2019). Structure and belonging: Pathways for success
for underrepresented minority and women PhD students in STEM fields. PLOS One,

14(1), https://doi.org/10.1371/journal. pone.0209279.

Flowers, L. O., Raynor Jr., J. E., & White, E. N. (2013). Investigation of academic self-concept
of undergraduates in STEM courses. Journal of Studies in Social Sciences, 5(1), 1-11.

Fong, C. J.,, Dillard, J. B., & Hatcher, M. (2019). Teaching self-efficacy of graduate student
instructors: Exploring faculty motivation, perceptions of autonomy support, and
undergraduate student engagement. International Journal of Educational Research, 98,
91-105.

Franchetti, M. (2010). Retention and Recruitment Programs for Female Undergraduate Students


https://doi.org/10.1371/journal.%20pone.0209279

145
in Engineering at the University of Toledo, Ohio, USA. Journal of STEM Education:
Innovations and Research, 11, 25-31.

Frey, R. F., Fink, A., Cahill, M. J., McDaniel, M. A., & Solomon, E. D. (2018). Peer-led team
learning in General Chemistry I: Interactions with identity, academic preparation, and a
course-based intervention. Journal of Chemistry Education, 95(12), 2103-2113.

Fusch, P. I., & Ness, L. R. (2015). Are we there yet? Data saturation in qualitative research. The
Qualitative Report, 20(9), 1408-1416.

Gardner, H. (1983). Frames of mind: The theory of multiple intelligences. Basic Books.

Garrison, D. R., Anderson, T., & Archer, W. (2000). Critical inquiry in a text-based
environment: Computer conferencing in higher education model. The Internet and
Higher Education, 2(2-3), 87-105.

Gearing, R. E. (2008). Bracketing. In L. M. Given (Ed). The Sage encyclopedia of qualitative
research methods. Sage Publications.

Genet, K. S. (2021). The CURE for introductory, large enrollment, and online courses.
Scholarship and Practice of Undergraduate Research, 4(3), 13-21.

Giorgi, A. (1970). Psychology as a human science. Harper & Row.

Giorgi, A. (1997). The theory, practice, and evaluation of the phenomenological method as a
qualitative research procedure. Journal of Phenomenological Psychology, 28(2),
235-260.

Giorgi, A. (2000). Psychology as a human science revisited. Journal of Humanistic Psychology,
40(3), 56-73. doi:10.1177/0022167800403005.

Giorgi, A. (2012). The descriptive phenomenological psychological method. Journal of



146

Phenomenological Psychology, 43, 3-12.

Gnaedinger, A., Gurden, H., Gourévitch, C., & Martin, C. (2019). Multisensory learning between
odor and sound enhances beta oscillations. Scientific Reports, 9, 1-13.

Gobbo, K., & Shmulsky, S. (2014). Faculty experience with college students with autism
spectrum disorders: A qualitative study of challenges and solutions. Focus on Autism and
Other Developmental Disabilities, 29(1), 13-22.

Gobbo, K., Shmulsky, S., & Bower, M. (2018). Strategies for teaching STEM subjects to college
students with autism spectrum disorder. Journal of College Science Teaching, 47(6), 12-
17.

Goldin, C., & Katz, L. F. (1999). The shaping of higher education: The formative years in the
United States, 1890 to 1940. Journal of Economic Perspectives, 13(1), 37-62.

Grant, M. R., & Thornton, H. R. (2007). Best practices in undergraduate adult-centered
online learning: Mechanisms for course design and delivery. MERLOT Journal of
Online Learning and Teaching, 3(4), 346-356.

Grant, C., & Sleeter, C. (2011). Turning on learning: Five approaches for multicultural teaching
plans for race, class, gender, and disability. Indianapolis: Jossey-Bass.

Guest, G., Bunce, A., & Johnson, L. (2006). How many interviews are enough? An experiment
With data saturation and variability. Field Methods, 18(1) 59-82.
doi: 10.1177/1525822X05279903.

Hallett, R. E. (2013). Dangers of member checking. In W. Midgley, P. A. Danaher, & M.
Baguley (Eds.) The role of participants in education research: Ethics, epistemologies,

and methods. Routledge.



147

Hauge, A.L. (2007). Identity and place: A critical comparison of three identity theories.

Architectural Science Review, 50(1), 44-51.

Hayes, A.J. (1996). The cognitive style index: A measure of intuition-analysis for organisational
research. Journal of Management Studies, 33, 119-135.

Haynes, C. (2017). Dismantling the white supremacy embedded in our classrooms: White faculty
in pursuit of more equitable educational outcomes for racially minoritized students.
International Journal of Teaching and Learning in Higher Education, 29(1), 87-107.

Henderson, C., Beach, A., Finkelstein, N., & Larson, R. S. (2008). Facilitating change in
undergraduate STEM: Initial results from an interdisciplinary literature review.
Proceedings of the 2008 Physics Education Research Conference, AIP Conference

Proceedings 1064, 131-134.
Henslee, A. M., & Klein, B. A. (2017). Using brief guided imagery to reduce math anxiety and
improve math performance: A pilot study. Journal of STEM Education, 18(4), 32-36.
Herbert, B. (1998). Assessment of Web-Based Instructional Materials presented at the Working
Group for the Assessment and Dissemination of Web-Based Educational Materials on the
Earth Sciences. The Center for Distance Learning Research, Texas A&M University.
Hernandez, J.E., Vasan, N., Huff, S., & Melovitz-Vasan. (2020). Learning styles/preferences
among medical students: Kinesthetic learner’s multimodal approach to learning anatomy.

Medical Science Educator, 30, 1633-1638.
Hernandez, P. R., Schultz, P. W., Estrada, M., Woodcock, A., & Chance, R. C. (2013).



148
Sustaining optimal motivation: A longitudinal analysis of interventions to broaden
participation of underrepresented students in STEM. Journal of Educational Psychology,
105(1), 1-36.

Higher Education Research Institute (2010). Degrees of success: Bachelor’s degree completion
rates among initial STEM majors. Higher Education Research Institute at UCLA.

Hill, C., Corbett, C., & St. Rose, A. (2010). Why so few? Women in science, technology,
engineering, and mathematics. American Association of University Women.

Hofer, S. 1., Nistor, N., & Scheibenzuber, C. (2021). Online teaching and learning in higher
education: Lessons learned in crisis situations. Computers in Human Behavior, 121,
106789.

Holloway, I. & Todres, L. (2003). The status of method: Flexibility, consistency and coherence.
Qualitative Research, 3, 345-357. https://doi.org/10.1177/1468794103033004

Holloway, I., Brown, L., & Shipway, R. (2010). Meaning not measurement: Using ethnography
to bring a deeper understanding to the participant experience of festivals and events.
International Journal of Event and Festival Management, 1(1), 74-85.
doi: 10.1108/17852951011029315.

Hollowell, G., Brooks, R., & Anderson, Y. B. (2017). Course design, Quality Matters training,
and student outcomes. American Journal of Distance Education, 31(1), 1-10.

Holroyd, C. (2001). Phenomenological research method, design and procedure: A
phenomenological investigation of the phenomenon of being-in-community as
experienced by two individuals who have participated in a community building

workshop. The Indo-Pacific Journal of Phenomenology, 1(1), 2001.



149
Houston, A. (2013). Third University of Nebraska DOW Education and Outreach (UNDEO-3).
Final report, Earth Observing Laboratory/National Center for Atmospheric
Research/University Corporation for Atmospheric Research. Retrieved from

https://www.eol.ucar.edu/system/files/files/field project/UNDEQO%203/UNDEO-

3%20Final%20Report.pdf.

Humphrey, R., & Srock, A. F. (2016). The Mobile Atmospheric Research Vehicles for Enhanced
Learning Opportunities for Undergraduate Students (MARVELOUS) Project. Final
report, Earth Observing Laboratory/National Center for Atmospheric
Research/University Corporation for Atmospheric Research. Retrieved from

https://www.eol.ucar.edu/system/files/files/field project/ MARVELOUS/MARVELQUS

2016 Summary.pdf.

Humphrey, R., Wurman, J., & Kosiba, K. (2012, November). DOW Network in Education.
National Science Foundation Community Workshop on Radar Technologies, Boulder,
CO.

Humphrey, R., Wurman, J., Kosiba, K., & Pfeiffer, N. (2013, September). Use of DOW Mobile
Radars for University Education. AMS 36th Conference on Radar Meteorology,
Breckinridge, CO.

[loh, C. (2018). Not non-traditional, the new normal: Adult learners and the role of Student
Affairs in supporting older college students. Journal of Student Affairs, 27, 25-30.

Jett, C. C. (2018). The qualms and quarrels with online undergraduate mathematics: The
experiences of African American male STEM majors. Investigations in Mathematics
Learning, 13(1), 18-28.

Johnson, H., & Mejia, M. C. (2014). Online learning and student outcomes in California’s


https://www.eol.ucar.edu/system/files/files/field_project/UNDEO%203/UNDEO-%093%20Final%20Report.pdf
https://www.eol.ucar.edu/system/files/files/field_project/UNDEO%203/UNDEO-%093%20Final%20Report.pdf
https://www.eol.ucar.edu/system/files/files/field_project/MARVELOUS/MARVELOUS%09_2016_Summary.pdf
https://www.eol.ucar.edu/system/files/files/field_project/MARVELOUS/MARVELOUS%09_2016_Summary.pdf

150
community colleges. Public Policy Institute of California.

Johnson, H. C., Rhodes, D. M., & Rumery, R. E. (1975). The assessment of teaching in higher
education: A critical retrospect and a proposal. Higher Education, 4(3), 273-303.

Johnson, R. & Waterfield, J. (2004.) Making words count: The value of qualitative research.
Physiotherapy Research International, 9(3), 121-131.

Joosten, T., & Cusatis, R. (2020). Online Learning Readiness. American Journal of Distance
Education, 34(3). 10.1080/08923647.2020.1726167.

Jordan, K. (2015). Massive open online course completion rates revisited: Assessment, length,
and attrition. International Review of Research in Open and Distributed Learning, 16(3),
341-358.

Julien, H. (2008). Content analysis. In L. M. Given (Ed). The Sage encyclopedia of qualitative
research methods. Sage Publications.

Juwah, C. (Ed.) (2006). Interactions in online learning: Implications for theory and practice.
Routledge.

Kamimura, A. (2019). “Untying our hands”: A mixed-methods study of strengths-based
approaches to faculty recruitment and hiring practices in STEM for equity. [Doctoral
dissertation, University of Michigan.]

Kaplan, D. L., & Casey, M. C. (1958). Occupational Trends in the United States, 1900 to 1950.
Bureau of the Census Working Paper No. 5. G.P.O.

Kee, H. (2019). Phenomenological reduction in Merleau-Ponty’s The Structure of Behavior:
An alternative approach to the naturalization of phenomenology. European Journal of

Philosophy, 28, 15-32.



151

https://deepblue.lib.umich.edu/bitstream/handle/2027.42/151457/aurorak 1.pdf?sequence

=1&isAllowed=y

Keengwe, J., & Kidd., T. T. (2010). Towards best practices in online learning and teaching in
higher education. MERLOT Journal of Online Learning and Teaching, 6(2), 533-541.

Kentnor, H. (2015). Distance education and the evolution of online learning in the United States.
Curriculum and Teaching Dialogue, 17(1), 21-34.

Kilburn, A., Kilburn, B., & Cates, T. (2014). Drivers of student retention: System availability,
privacy, value, and loyalty in online higher education. Academy of Educational
Leadership Journal, 18(4), 1-14.

Kim, S., Beverly, S.P., & Ro, H.K. (2020). How many Latinas in STEM benefit from high-
impact practices? Examining participation by social class and immigrant status. In E.
Gonzalez, F. Fernandez, M. Wilson (Eds.), An asset-based approach to advancing
Latina students in STEM (pp. 75-94). Routledge.

Kinreich S., Djalovski A., Kraus L., Louzoun, Y., & Feldman, R. (2017). Brain-to-brain
synchrony during naturalistic social interactions. Scientific Reports 7, 1-12.

King, N. (2004). Using templates in the thematic analysis of text. In C. Cassell & G. Symon
(Eds.), Essential guide to qualitative methods in organizational research.

SAGE.

Kirwan Institute. State of the Science: Implicit Bias Review 2017.

Kryshko, O., Fleischer, J., Grunschel, C., & Leutner, D. (2022). Self-efficacy for motivational
regulation and satisfaction with academic studies in STEM undergraduates: The

mediating role of study motivation. Learning and Individual Differences, 93.


https://deepblue.lib.umich.edu/bitstream/handle/2027.42/151457/aurorak_1.pdf?sequence%09=1&isAllowed=y
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/151457/aurorak_1.pdf?sequence%09=1&isAllowed=y

152

https://doi.org/10.1016/j.lindif.2021.102096.

Kuh, G. D., Kinzie, J. L., Buckley, J. A., Bridges, B. K., & Hayek, J. C. (2006). What matters to
student success: A review of the literature, Volume 8. National
Postsecondary Education Cooperative.

Kumar, S., Martin, F., Budhrami, K., & Ritzhaupt, A. (2019). Award-winning faculty online
teaching practices: Elements of award-winning courses. Online Learning, 23(4), 160-180.

Kuo, Y.-C., Walker, A. E., Schroder, K. E., & Belland, B.R. (2014). Interaction, internet self-
efficacy, and self-regulated learning as predictors of student satisfaction in online
education courses. The Internet and Higher Education, 20, 35-50.

https://doi.org/10.1016/j.iheduc.2013.10.001.

Ladson-Billings, G., & Tate-1V, W. F. (1995). Toward a critical race theory of education.
Teachers College Record, 97(1), 47-68.

Lao, T., & Gonzales, C. (2005). Understanding online learning through a qualitative description
of professors and students’ experiences. Journal of Technology and Teacher Education,
13(3), 459-474.

Lawler, J., Joseph, A., & Greene, M. (2018). Diversity in information systems: Increasing
opportunities in STEM for capable students with developmental and intellectual
disabilities. Information Systems Education Journal (ISEDJ), 16(4), 13-26.

Lee, R. & Ahtone, T. (2020). “Land-grab Universities.” High Country News, March.

https://www.hcn.org/issues/52.4/indigenous-affairs-education-land-grab-universities.

Lee, S.M., & Oh, Y. (2017). The mediator role of perceived stress in the relationship between

academic stress and depressive symptoms among E-learning students with visual


https://doi.org/10.1016/j.lindif.2021.102096
https://doi.org/10.1016/j.iheduc.2013.10.001
https://www.hcn.org/issues/52.4/indigenous-affairs-education-land-grab-universities

153
impairments. Journal of Visual Impairment & Blindness, 111(2), 123-134.

Lent, R. W., Brown, S. D., & Hackett, G. (1994). Toward a unifying social cognitive theory of
career and academic interest, choice, and performance [Monograph]. Journal of
Vocational Behavior, 45, 79-122.

Lent, R. W., Brown, S. D., & Hackett, G. (2000). Contextual supports and barriers to career
choice: A social cognitive analysis. Journal of Counseling Psychology, 47, 36-49.

Lewis, G. S. (2010). I would have had more success if... Student reflections on their
performance in online and blended courses. American Journal of Business Education,
3(11), 13-22.

Lietz, C.A., Langer, C.L. & Furman, R. (2006). Establishing trustworthiness in qualitative
research in social work. Qualitative Social Work, 5(4), 441-458.

Lippmann, W. (1922). Public opinion. New York: Harcourt, Brace and Company.

Liu, X., Bonk, C. J., Magjuka, R. J., Lee, S., & Su, B. (2005). Exploring four dimensions of
online instructor roles: A program level case study. Journal of Asynchronous Learning
Networks, 9(4), 29-48.

Lyeva, L. A., Quea, R., Weber, K., Battey, D., & Lépez, D. (2020). Detailing racialized and
gendered mechanisms of undergraduate precalculus and calculus classroom instruction.
Cognition and Instruction, 39(1), 1-34.

Ma, Y. (2011). Gender differences in the paths leading to a STEM baccalaureate. Social Science
Quarterly, 92(5), 1169-1190.

Maguire, M., & Delahunt, B. (2017). Doing a thematic analysis: A practical, step-by-step guide

for learning and teaching scholars. All Ireland Journal of Higher Education, 9(3).



154

Marlin, C. L. (1988). Space race propaganda: U.S. coverage of the Soviet Sputniks in 1957.
Journalism Quarterly, 64, 544-549.

Martin, F., Budhrani, K., & Wang, C. (2019). Examining faculty perception of their readiness to
teach online. Online Learning, 23(3), 97-119. 10.24059/0lj.v23i3.1555.

Martin, F., Stamper, B., & Flowers, C. (2020). Examining student perception of readiness for
online learning: Importance and confidence. Online Learning, 24(2), 38-58.

Martinez, A. A. M., & Renn, K. A. (2002). Women in higher education: An encyclopedia.
ABC-CLIO.

McCarthy, J. (2017). Enhancing feedback in higher education: Students’ attitudes towards online
and in-class formative assessment feedback models. Active Learning in Higher
Education, 18(2), 127-141.

McCoy, D. L., Luedke, C. L., & Winkle-Wagner, R. (2017). Encouraged or weeded out:
Perspectives of students of color in the STEM disciplines on faculty interactions.

Journal of College Student Development, 58(6), 657-673. 10.1353/csd.2017.0052.

McDaniels, M., Pfund, C., & Barnicle, K. (2016). Creating dynamic learning communities in
synchronous online courses: One approach from the center for the integration of research,
teaching and learning (CIRTL). Online Learning, 20(1), 110-129.

McGee, E. O. (2020). Interrogating structural racism in STEM higher education. Educational
Researcher, 49(9), 633-644.

McGee, E. O. (2017). The troubled success of Black women in STEM. Cognition

and Instruction, 35(4), 265-289.



155

Melguizo, T., & Wolniak, G. C., (2011). The earnings benefits of majoring in STEM fields
among high achieving minority students. Res. High. Educ. 53, 383-405.

Merleau-Ponty, M. (1945). Phenomenology of Perception. Routledge.

Merleau-Ponty, M. (1964). The primacy of perception. In J.M. Edie (Ed.), The primacy of
perception: And other essays on phenomenological psychology, the philosophy of art,
history, and politics. Northwestern University Press.

Merleau-Ponty, M. (1969). The visible and the invisible. Translated by Alphonso Lingis.
Northwestern University Press.

Merriam, S. B., & Tisdell, E. J. (2016). Qualitative Research: A Guide to Design and
Implementation (4th ed.). Jossey-Bass.

Miller, J. D. & Kimmel, L. G. (2012). Pathways to a STEMM profession. Peabody Journal of
Education, 87(1), 26-45.

Misseyanni, A., Papadopoulou, P., Marouli, C., & Lytras, M. D. (2018). Active learning stories
in higher education: Lessons learned and good practices in STEM education. In A.
Misseyanni, M. D. Lytras, P. Papadopolou, & C. Maroulli (Eds.), Learning strategies in
higher education (pp. 75-105). Emerald Publishing Limited.

Mondisa, J.-O., Packard, B. W.-L., Montgomery, B. L. (2021). Understanding what STEM
mentoring ecosystems need to thrive: A STEM-ME framework. Mentoring and Tutoring:
Partnership in Learning, 29(1), 110-135.

Morton, T. R., Gee, D. S., & Woodson, A. N. (2019). Being vs. becoming: Transcending STEM
identity development through Afropessimism, moving toward a Black X consciousness in

STEM. Journal of Negro Education, 88(3), 327-342.



156

Morton, T. R. & Nkrumah, T. (2021). A day of reckoning for the white academy; reframing
success for African American women in STEM. Cultural Studies of Science Education,
16(2), 485-494.

Morton, T. R. & Parsons, E. C. (2018). #BlackGirlMagic: The identity conceptualization of
Black women in undergraduate STEM education. Science Education, 102(6), 1363-1393.

Moustakas, C. (1994). Phenomenological research methods. SAGE.

Mozahem, N., Ghanem, C., Hamieh, F. K., & Shoujaa, R. E. (2019). Women in engineering: A
qualitative investigation of the contextual support and barriers to their career choice.
Womens Studies International Forum, 74, 127-136.

Museus, S. D., & Iftikar, J. (2013). An Asian Critical Theory (AsianCrit) framework. In M.Y.
Danico and J. G. Goslon (Eds.), Asian American Society. SAGE.

Museus, S. D., Palmer, R. T., Davis, R. J., & Maramba, D. (2011). Racial and ethnic minority
student success in STEM education: ASHE higher education report. John Wiley & Sons.

Najmabadi, S. (2017, June). Does Redesigning Classrooms Make a Difference to Students? The
Chronicle of Higher Education.

http://www.chronicle.com/article/Does-Redesigning-Classrooms/240491

National Academies of Sciences, Engineering, and Medicine, (2020a). Promising practices for
addressing the underrepresentation of women in Science, Engineering, and Medicine:
Opening doors. Washington, DC: The National Academies Press.
doi.org/10.17226/25585.

National Academies of Sciences, Engineering, and Medicine, (2020b). The impacts of racism

and bias on Black people pursuing careers in science, engineering, and medicine:


http://www.chronicle.com/article/Does-Redesigning-Classrooms/240491

157
Proceedings of a workshop. Washington, DC: The National Academies Press.
doi.org/10.17226/25849.
National Center for Education Statistics, (2021). The Condition of Education 2016. U.S.
Department of Education, Institute of Education Sciences, National Center for Education

Statistics. https://nces.ed.gov/pubs2021/2021144.pdf.

National Science Foundation [NSF], National Center for Science and Engineering Statistics
[NCSES] (2013). Women, minorities, and persons with disabilities in science and
engineering: Special Report NSDF 13-304.

National Science Foundation [NSF], National Center for Science and Engineering Statistics
[NCSES] (2015). Women, minorities, and persons with disabilities in science and
engineering: Special Report NSDF 15-311.

National Student Clearinghouse (2021). Overview: Fall 2021 enrollment estimates. Current
Term Enrollments Series. Herndon, VA.

https://nscresearchcenter.org/wp-content/uploads/CTEE Report Fall 2021.pdf

Neuwirth, L. S., Jovi¢, S., & Mukherki, B. R. (2020). Reimagining higher education during and
post COVID-19: Challenges and opportunities. Journal of Adult and Continuing
Education, 27(2).

Nowell, L. S., Norris, J. M., White, D. E., & Moules, N. J. (2017). Thematic analysis: Striving to
meet the trustworthiness criteria. International Journal of Qualitative Methods, 16, 1-13.

Nuss, E. M. (1996). The development of student affairs. In S. R. Komives & D. B. Woodard
(Eds.), Student affairs: A handbook for the profession (3rd Ed). Jossey-Bass.

O’Reilly, M., & Parker, N. (2012, May). Unsatisfactory saturation: A critical exploration of the


https://nces.ed.gov/pubs2021/2021144.pdf
https://nscresearchcenter.org/wp-content/uploads/CTEE_Report_Fall_2021.pdf

158
notion of saturated sample sizes in qualitative research. Qualitative Research Journal,
1-8. doi: 10.1177/1468794112446106.

Orphan, C. M. (2018). Pubic purpose under pressure: Examining the effects of neoliberal public
policy on the missions of regional comprehensive universities. Journal of Higher
Education Outreach and Engagement, 22(2), 59-101.

Orphan, C. M., & McClure, K. R. (2019). An anchor for the region: Examining a regional
comprehensive university’s efforts to serve its rural, Appalachian community. Journal of
Research in Rural Education, 35(9), 1-19.

Padgett, D. K. (1998). Qualitative Methods in Social Work Research: Challenges and Rewards.
SAGE.

Parsons, E. C. (1997). Black high school females’ images of the scientist: Expression of culture.
Journal of Research in Science Teaching, 34, 745-768.

Pascarella, E. T. (2001). Cognitive growth in college: Surprising and reassuring findings.
Change, 33(6), 20-27.

Pascarella, E. T., & Terenzini, P. T. (2005). How college affects students revisited: A third
decade of research (Vol. 2). Jossey-Bass.

Pew Research Center. (2021). 2017-2019 STEM Jobs See Uneven Progress in Increasing
Gender, Racial and Ethnic Diversity, Pew Research Center, Washington, D.C.
https://www.pewresearch.org/science/2021/04/01/stem-jobs-see-uneven-progress-in-
increasing-gender-racial-and-ethnic-diversity/.

Pfeifer, M. A., Reiter, E. M., Hendrickson, M., & Stanton, J. D. (2020). Speaking up:

A model for self-advocacy for STEM undergraduates with ADHD and/or specific



159

learning disabilities. International Journal of STEM Education, 7(33), 1-21.

Phipps, L. (2013). Creating and teaching a web-based, University-level introductory Chemistry
course that incorporates laboratory exercises and active learning pedagogies. J. Chem.
Educ., 90(5), 568-573.

Picciano, A. G. (2017). Theories and frameworks for online education: Seeking an integrated
model. Online Learning, 21(3), 166-190.

Pichora-Fuller, M. K., Schneider, B. A., Daneman, M. (1995). How young and old adults
listen to and remember speech in noise. Journal of the Acoustical Society of America, 97,
593-608, 10.1121/1.412282.

Prince, M., Felder, R., & Brent, R. (2020). Active student engagement in online STEM classes:
Approaches and recommendations. Advances in Engineering Education, 8(4), 1-25.

Protopsaltis, S. & Baum, S. (2019). Does online education live up to its promise? A look at the
evidence and implications for Federal policy. George Mason University.

Puaca, L. (2014). Searching for scientific womanpower: Technocratic feminism and the politics
of national security, 1940-1980. Chapel Hill, NC: University of North Carolina Press.

Puzziferro, M. (2008). Online technologies self-efficacy and self-regulated learning as predictors
of final grade and satisfaction in college-level online courses. American Journal of
Distance Education, 22(2), 72-89.

Raelin, J. A., Bailey, M. B, Hamann, J., Pendleton, L. K., Raelin, J. D., Reisberg, R., &
Whitman, D. (2012). The Effect of Cooperative Education on Change in Self-Efficacy
Among Undergraduate Students: Introducing Work Self-Efficacy. Journal of

Cooperative Education and Internships, 45(2) 17-35.



160

Razon, N., & Ross, K. (2012). Negotiating fluid identities: Alliance-building in qualitative
interviews. Qualitative Inquiry, 18(6), 494-503.

Reed, S., Kreylos, O., Hsi, S., Kellogg, L., Schladow, G., Yikilmaz, M. B., Segale, H.,
Silverman, J., Yalowitz, S., & Sato, E. (2014). Shaping watersheds exhibit: An
interactive, augmented reality sandbox for advancing Earth Science education.
American Geophysical Union (AGU) Fall Meeting 2014.

Richardson, J. C., & Swan, K. (2003). Examining social presence in online courses in relation to
students’ perceived learning and satisfaction. Journal of Asynchronous Learning
Networks, 7(1), 68-87.

Ridgeway, C. L. (2014). Why status matters for inequality. American Sociological Review,
79(1), 1-16.

Riegle-Crumb, C., King, B., & Irizarry, Y. (2019). Does STEM stand out? Examining
racial/ethnic gaps in persistence across postsecondary fields. Educational Researcher,
48(3), 133-144.

Riva, G., Wiederhold, B. K., & Mantovani, F. (2021). Surviving COVID-19: The neuroscience
of Smart working and distance learning. Cyberpsychology, Behavior, and Social
Networking, 24(2), 79-85.

Roddy, C., Amiet, D. L., Chung, J., Holt, C., Shaw, L., McKenzie, S., Garivaldis, F., Lodge,

J. M., Mundy, & M. E. (2017). Applying best practice online learning, teaching, and
support to intensive online environments: An integrative review. Front. Educ., 21,
https://doi.org/10.3389/feduc.2017.00059.

Rodriguez, S., Cunningham, K., & Jordan, A. (2019). STEM identity development for Latinas:



161
The role of self- and outside recognition. Journal of Hispanic Higher Education, 18(3),
254-272.

Rollnick, S., Mason, P., & Butler, C. C. (1999). Health Behavior Change E-Book. Elsevier
Health Sciences.

Ross, M. E., Green, S. B., Salisbury-Glennon, J. D., & Tollefson, N. (2006). College students’
study strategies as a function of testing: An investigation into metacognitive self-
regulation. Innovative Higher Education, 30(5), 361-375.

Salas, R. (2019). Latino critical race theory (LatCrit): A historical and compatible journey from
legal scholarship to teacher education. In K.T. Han & J. Laughter (Eds.), Critical race
theory in teacher education: Informing classroom culture and practice (p. 59-70).
Teachers College Press.

Santelli, B., Stewart, K., & Mandernach, J. (2020). Supporting high quality teaching in online
programs. J. Educ. Online, 17(1).

Saunders, B., Sim, J., Kingstone, T., Baker, S., Waterfield, J., Bartlam, B., Burroughs, H., &
Jinks, C. (2017). Saturation in qualitative research: Exploring its conceptualization and
operationalization. Qual. Quant, 52, 1893-1907.

Sax, L. J., Lehman, K. J., Barthelemy, R. S., & Lim, G. (2016). Women in physics: A
comparison to science, technology, engineering and math education over four years.
Physical Review: Physics Education Research, 12.
10.1103/PhysRevPhysEducRes.12.020108.

Schmidt, S. W., Tschida, C. M., & Hodge, E. M. (2015). How faculty learn to teach online: What

administrators need to know. Online J. Distance Learn. Adm. 19, 1-10.



162

Seaman, J. E., Allen, I. E., & Seaman, J. (2018). Grade increase: Tracking distance education in
the United States. The Sloan Consortium, 1-49.

Seymour, E., & Hewitt, N. 1997: Talking about leaving: Why undergraduates leave the
sciences. Westview Press.

Shams, L., & Seitz, A. R. (2008). Benefits of multisensory learning. Trends in Cognitive
Sciences, 12(11), 411-417.

Shea, P., & Bidjerano, T. (2014). Does online learning impede degree Completion? A national
study of community college students. Computers & Education, 75, 103-111.

Siegesmund, R. (2008). Connoisseurship. In L. M. Given (Ed). The Sage encyclopedia of
qualitative research methods. Sage Publications.

Simon, R.A., Aulls, M.W., Dedic, H., Hubbard, K., & Hall, N.C. (2015). Exploring student
persistence in STEM programs: A motivational model. Canadian Journal of Education,
38(1), 1-27.

Smith, T. C. (2005). Fifty-one competencies for online instruction. The Journal of Educators
Online, 2(2), 1-18.

Song, L., & Hill, J. R. (2009). Understanding adult learners’ self regulation in online
environments: A qualitative study. International Journal of Instructional Media, 36(3),
263-274.

So0, D. (2011). Envisioning a regional role: Comprehensive universities and conceptions of
their regional contributions. [Doctoral dissertation: University of Pennsylvania]. Penn
Libraries, Publicly Accessible Penn Dissertations.

https://repository.upenn.edu/cgi/viewcontent.cqi?article=1741&context=edissertations



https://repository.upenn.edu/cgi/viewcontent.cgi?article=1741&context=edissertations

163

Spaniol-Matthews, P., Letourneau, L. E., & Rice, E. (2016). The impact of online supplemental
instruction on academic performance and persistence in undergraduate STEM courses.
Supplemental Instruction Journal, 2(1), 19-32.

Starks, H., & Trinidad, S. B. (2007). Choose your method: A comparison of phenomenology,
discourse analysis, and grounded theory. Qualitative Health Research, 17(10),
1372-1380.

Sternberg, R. J. (2014). The modern land-grant university. West Lafayette, IN: Purdue
University Press.

Stodden, R. A., Brown, S. E., & Roberts, K. (2011). Disability-friendly university environments:
Conducting a climate assessment. New Directions for Higher Education, 154, 83-92.

https://doi.org/10.1002/he.437.

Sullivan, J. R. (2012). Skype: An appropriate method of data collection for qualitative
interviews? The Hilltop Review, 6(1), 54-60.

Sutton, R. (2014). Unlearning the past: New foundations for online student retention. Journal of
Educators Online, 11(3), 1-30.

Tabata, L. N., & Johnsrud, L. K. (2008). The impact of faculty attitudes toward technology,
distance education, and innovation. Research in Higher Education, 49, 625-656.

Tatum, H. E., Schwartz, B. M., Schimmoeller, P. A., & Perry, N. (2013). Classroom
participation and student-faculty interactions: Does gender matter? Journal of Higher
Education, 84(6), 745-768.

Tenenbaum, L.S., Anderson, M.K., Jett, M., & Yourick, D.L. (2014). An innovative near-peer

mentoring model for undergraduate and secondary students: STEM focus. Innovative


https://doi.org/10.1002/he.437

164
Higher Education, 39, 375-385.

Terry, G., Hayfield, N., Clarke, V., & Braun, V. (2017). Thematic analysis. In C. Willig & W.
Stainton-Rogers (Eds) The SAGE Handbook of Qualitative Research in Psychology (2"
edition, pp. 17-37). Sage Publications.

Thelin, J. R. (2011). A history of American higher education. Johns Hopkins Press.

Thurston, L. P., Shuman, C., Middendorf, B. J., & Johnson, C. (2017). Postsecondary STEM
education for students with disabilities: Lessons learned from a decade of NSF funding.
Journal of Postsecondary Education and Disability, 30(1), 49-60.

Tichavsky, L. P., Hunt, A. N., & Jicha, K. (2015). “It’s just nice having a real teacher”: Student
perceptions of online versus face-to-face instruction. International Journal for the
Scholarship of Teaching and Learning, 9(2).

University System of Georgia, (2006). eCore Fact Book: 2001-2006. University System of
Georgia

van Soom, C., & Donche, V. (2014). Profiling first-year students in STEM programs based on
autonomous motivation and academic self-concept and relationship with academic
achievement. PLOS ONE, 9(11), 1-13.

Vansteenkiste, M., Simons, J., Lens, W., Sheldon, K. M., & Deci, E. L. (2004). Motivating
learning, performance, and persistence: The synergistic role of intrinsic goals and
autonomy-support. Journal of Personality and Social Psychology, 87, 246-260.
10.1037/ 0022-3514.87.2.246

Verduin, J. R. & Clark, T. A. (1991) Distance education: The foundations of effective practice.

Jossey-Bass.



165
Vilorio, D. (2014). STEM 101: Intro to tomorrow’s jobs. Occupational Outlook

Quarterly, Spring 2014. http://www.bls.gov/careeroutlook/2014/spring/art01.pdf.

Vygotsky, L. (1978). Mind in Society. Harvard University Press.

Waite, A. M. & McDonald, K. S. (2019). Preservice teachers’ experiences of STEM integration:
Challenges and implications for integrated STEM teacher preparation. International
Journal of Technology and Design Education, 29, 493-512.

Wang, M., Eccles, J. S., & Kenny, S. (2013). Not lack of ability but more choice: Individual
and gender differences in choice of careers in science, technology, engineering, and
mathematics. Psychological Science, 24, 770-775.

Waschull, S. B. (2001). The online delivery of psychology courses: Attrition, performance, and
evaluation. Teaching of Psychology, 28(2), 143-147.

Watts, L. I. (2016). Synchronous and asynchronous communication in distance learning.
Quarterly Review of Distance Education, 17(1), 23-32.

Willging, P. A., & Johnson, S. D. (2009). Factors that influence students’ decision to drop out of
online courses. Journal of Asynchronous Learning Networks, 13(3), 115-127.

Wilson, S. & Varma-Nelson, P. (2016). Small groups, significant impact: A review of peer-led
team learning research with implications for STEM Education researchers and faculty.
Journal of Chemical Education, 93, 1686-1702.

Winstone, N., & Carless, D. (2020). Designing effective feedback processes in higher education:
A learning-focused approach. Routledge.

Xie, Y., Fang, M., & Shauman, K. (2015). STEM Education. Annual Review of Sociology, 41,

331-357.


http://www.bls.gov/careeroutlook/2014/spring/art01.pdf

166

Xie, Y., & Goyette, K. (2003). Social mobility and the educational choices of Asian Americans.
Soc. Sci. Res., 32, 467-498.

Xie, Y, & Shauman, K. A. (2003). Women in Science: Career Processes and Outcomes.
Cambridge: Harvard University Press.

Xu, Y. J. (2018). The experience and persistence of college students in STEM majors. Journal
of College Student Retention: Research, Theory & Practice, 19(4), 413-432

Zendel, B. R., Power, B. V., DiDonato, R. M., & Hutchings, V. M. M. (2021) Memory deficits
for health information provided through a telehealth video conferencing system.
Frontiers in Psychology, 12, 604074.

Zenzen, M. & Restivo, S. (1982). The mysterious morphology of immiscible liquids: A study of
scientific practice. Social Science Information, 21(3), 447-473.

Zhang, Y. L. (2021). STEM persisters, switchers, and leavers: Factors associated with 6-year
degree attainment for STEM aspiring Community College transfer students. Community
College Journal of Research and Practice, doi: 10.1080/10668926.2021.1906784.

Zimmerman, B. J. & Schunk, D. H. (2011). Self-regulated learning and performance: An
introduction and an overview. In B. J. Zimmerman & D. H. Schunk (Eds.), Handbook of

self-regulation of learning and performance (pp. 1-12). Routledge.



167
Appendix A: Recruitment Email

Ready Pupil One: Online Learning Experiences of Undergraduate STEM Majors
Recruitment Email

Hello -

You are receiving this e-mail because | am currently seeking volunteers for a research project |
am conducting here at Long Lake University. This project will involve face-to-face, one-on-one
interviews (either in person or via Zoom) with undergraduate STEM majors who are currently
taking or who have already taken STEM-related, program-required online only courses at this
institution during the following semesters:

Fall 2016 through Spring 2021 (including summers)
Please note: At this time, this study will not include courses delivered during the Spring 2020
semester.

If you are aged 18 or older and are interested in sharing your story with me, please complete the
following survey (<Survey Link redacted>) by 30 September 2021 to determine your eligibility
to participate in this study. Eligibility is met if you are aged 18 or older, are a STEM major, and
have taken or are currently taking STEM-related, program-required, online only courses at this
institution between Fall 2016 and Spring 2021 (excluding Spring 2020.)

If you are eligible to participate in this study, I will then contact you so you and | can make a
time to set up an interview session that is convenient for you.

During the interview, I will ask you questions in order to learn more about what it’s like for
students to take online STEM courses here. As a “Thank You,” if, after our interview has
concluded, you agree to have your responses used as part of the study, you will automatically
receive a $10 digital gift card to Amazon.com.

Thank you for your time and consideration,
Rachel



Appendix B: Demographic Survey Questions
Ready Pupil One: Online Learning Experiences of Undergraduate STEM Majors

What is your age?
18 — 24 years

25 — 34 years

35 — 44 years

45 — 54 years

55 years or older
Prefer not to answer

What is your gender identity? Please select all which apply to you:
Man

Woman

Non-binary / Agender

Transgender

Prefer to self-describe

Prefer not to answer

What is your self-identified race/ethnicity? Please select all which apply to you:
African American/Black

East Asian

Hispanic or Latino/a

Indigenous/American Indian or Alaskan Native
Multiracial

Native Hawai’ian or other Pacific Islander
South Asian

White

Prefer to self-describe

Prefer not to answer

What is your academic major? Please write in the space provided below:
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What is your academic standing?
Freshman

Sophomore

Junior

Senior

Other (please specify)

Prefer not to answer

Have you taken an online course required for your major through this institution between
Fall 2016 and Fall 2019 and/or during the Fall 2020 semester? Please select either “Yes” or
“NO.”

Was this course delivered completely online? Please indicate “Yes” or No” in the space
provided below.

How many STEM-related, program-required courses have you taken online through this
institution? (A program-required course is a core course that is required for your major.)
One

Two or more

For this study, you will be allowed to use a pseudonym (a substitute name.) Please indicate
your preferred pseudonym below.
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Appendix C: Informed Consent Form

Ready Pupil One: Online Learning Experiences of Undergraduate STEM Majors
Consent to Participate

You are invited to participate in a research study about the experiences of undergraduate students
majoring in STEM programs at Long Lake University.

As part of the research study, you consent to participating first in an online survey, used to
collect demographic information as well as determine your eligibility. Eligibility will be
determined solely by whether you are 18 years of age and whether you are a STEM major who
has taken an online STEM class required for your major through this institution between Fall
2016 and Spring 2021, excluding Spring 2020. No other demographic information will be
considered when assessing eligibility for participation in the study interview. If you are eligible
for a study interview, | will contact you so we can arrange a time for you to answer questions
relating to your experiences as an undergraduate STEM major who has taken at least one
program-specific course through online delivery.

Benefits of the research: Through your answers, you will be sharing your experiences, allowing
me to learn more about the experiences of undergraduate online learners in STEM programs at
Long Lake University. Additionally, if, after our interview has concluded, you agree to have
your responses used as part of the study, you will automatically receive a $10 digital gift card to
Amazon.com.

Risks and discomforts: Though I anticipate no risks of physical harm resulting from your
participation in this study, you may feel discomfort or uneasiness discussing course-specific
practices with me, especially if it relates to practices undertaken by another faculty member.
While I will do my best to ensure that you do not feel such discomfort, as a participant, you can
choose to end the interview at any time.

All collected responses will remain strictly confidential. Your name will not be disclosed, nor
will identifiable direct quotes be used. During the interview, you may refuse to answer any
questions. After the completion of your interview, you will be given the opportunity to receive
your transcribed interview. At this point, if you wish to expand your responses or request
omissions, you may.

Participating in this study is completely voluntary. Your decision whether or not to participate
will not affect your current or future relations with Long Lake University, or the researcher. If
you decide to participate, you are free to withdraw at any time without penalty.

If you have questions about this research study, you may contact Rachel Humphrey at
rhumphrey@[redacted.edu] or [phone number redacted]. Results of the study can be requested
from the researcher. You may also contact my research advisor, Dr. Rachel Friedensen, at
refriedensen@[redacted.edu] for additional questions about the research study.
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Your signature indicates that you are at least 18 years of age, you have read the information
provided above, and you have consented to participate.

Signature Date
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Appendix D: Interview Guide

1. Please tell me a little bit about yourself — how long have you been at this university, what your
major is; anything else you would like to share with me about how you define/view yourself.

2. What got you interested in pursuing a degree in STEM?
3. What made/got you interested in pursuing a degree at this university?
4. Prior to coming to college, did you have any experience with online classes?

5. When you were considering coming here, were you expecting to take online classes (was that
part of the draw here), or did circumstances change in such a way that you’re “going with the
flow?”

6. How many online courses have you completed here? What were they?

7. Please tell me a little bit about what your online STEM class(es)-related experiences have
been / are like. (General experience; are they synchronous, asynchronous, lecture or lab-based,
etc.) If participant has completed more than one online STEM course at the university,
encourage them to compare/contrast.

8a. What are the first three words that come to mind when you think back to your online
course(s)?

8b. Please explain why you chose each word.

9. Please tell me what a typical/normal online class experience is like for you on a given day or
in a given week.

10. Can you tell me, specifically, what some positive aspects of your online STEM class(es) are?
For example, is there something that you do, or your peers do, or your instructor does that you
feel really positively about as a student? If participant has completed more than one online
STEM course at the university, encourage them to compare/contrast.

11. Can you tell me, specifically, what some of the more challenging aspects of your online
course(s) are? For example, is there something that you do, or your peers do, or your instructor
does that you feel really is challenging for you as a student? If participant has completed more
than one online STEM course at the university, encourage them to compare/contrast.

12. If you had any suggestions for students who were about to begin taking online STEM
course(s) — the one(s) you took — what would they be?
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13. If you had suggestions for instructors who were about to begin teaching online STEM
courses — the one(s) you took — what would they be?

14. Before we conclude this interview, is there anything else you would like to share with me?

15. Do you have any questions for me?
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