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Abstract
Background: Undergraduate research experiences are becoming essential for pursuing future opportunities in
science, but little has been done to identify what factors predict which students get to participate in research and
which students do not. In this manuscript, we propose “scientific research capital” and specifically “scientific
research cultural capital” as constructs to explain what students may need to know and do in order to successfully
engage in an undergraduate research experience. We begin to articulate what comprises one component of
scientific research cultural capital, embodied cultural capital, by identifying the knowledge that students may need
to have in order to obtain an undergraduate research experience at a large, research-intensive institution where
there are many more undergraduates vying for research positions than opportunities available. We interviewed 43
researchers, defined as undergraduates who had participated in research, and 42 non-researchers, defined as
undergraduates who were interested in participating in research but had not yet successfully obtained a position,
in a biology department at an R1 institution. We analyzed the data using inductive coding.
Results: We identified 10 “rules of research” or aspects of scientific research cultural capital that undergraduates
reported about finding and securing undergraduate research. We used logistic regression to test whether
undergraduate researchers were more likely than non-researchers to know particular rules. Researchers were more
likely than non-researchers to know rules about securing research opportunities.
Conclusions: Since researchers were more likely than non-researchers to know rules related to securing research,
educating students about how to secure research experiences and encouraging faculty to re-examine the criteria
they use to admit students into their labs may be a key step in leveling the playing field for students who are vying
for research positions. We propose that the construct of scientific research cultural capital can help publicize the
hidden curriculum of undergraduate research so that students can more equitably gain access to undergraduate
research.
Keywords: Undergraduate research experience, Undergraduate research, Capital, Cultural capital, Scientific research
capital, Embodied cultural capital, Rules of research, Hidden curriculum
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Introduction
The potential impact of undergraduate research on
students

Participating in undergraduate research is arguably one
of the most lucrative activities for a biology student to
engage in because of the wide array of benefits that research can provide (American Association for the Advancement of Science, 2011; National Research Council,
2003, 2012; Olson & Riordan, 2012). Students have reported that participating in undergraduate research
helps them gain an understanding of the research
process, develop tolerance for obstacles, understand how
knowledge is constructed, learn to integrate theory and
practice, become a part of a learning community, and
develop self-confidence (Lopatto, 2004, 2007). Further,
studies have demonstrated that participating in research
can enhance student learning (Brownell et al., 2015), as
well as students’ ability to think critically (Brownell
et al., 2015; Ishiyama, 2002) and students’ perceptions of
career options (Trott, Sample McMeeking, Bowker, &
Boyd, 2020). What is perhaps most impressive is the relationship between engaging in undergraduate research
and students’ persistence in science. Participating in
undergraduate research has been shown to positively influence a student’s persistence in undergraduate science,
technology, engineering, and math (STEM) degrees
(Hernandez, Woodcock, Estrada, & Schultz, 2018; Jones,
Barlow, & Villarejo, 2010; Rodenbusch, Hernandez, Simmons, & Dolan, 2016), as well as a student’s interest in
pursuing a STEM graduate degree (Carter, Mandell, &
Maton, 2009; Eagan Jr. et al., 2013; Russell et al., 2015;
Schultz et al., 2011; Seymour, Hunter, Laursen, & DeAntoni, 2004). Graduate students have reported that undergraduate research experiences helped prepare them for
graduate school (Huss, Randall, Patry, Davis, & Hansen,
2002), and several studies have shown a positive impact
of undergraduate research experiences, specifically on
the decisions of underrepresented minority students to
pursue graduate school (Espinosa, 2011; Hernandez
et al., 2018; Villarejo, Barlow, Kogan, Veazey, & Sweeney,
2008). Further, participating in undergraduate research
has been shown to increase students’ chances of entering
a STEM graduate or professional program (Carter et al.,
2009; Hathaway, Nagda, & Gregerman, 2002; Hernandez
et al., 2018; Russell et al., 2015; Seymour et al., 2004),
which is unsurprising considering undergraduate research is viewed as a valuable and sometimes required
prerequisite for selective science doctoral programs and
medical schools (Cooper, Gin, & Brownell, 2019; Olson
& Riordan, 2012).
Scientists have recognized undergraduate research as a
high impact practice and have called for a larger number
of undergraduate students to participate in research
(American Association for the Advancement of Science,
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2011; National Research Council, 2003; Olson & Riordan, 2012). However, the limited number of research experiences in faculty labs restricts the benefits of
undergraduate research to only a select group of students (Olson & Riordan, 2012; Wood, 2003). While
some elite universities, small colleges, and specialized
programs may have the ability to provide every undergraduate with a research experience, most degree programs within most institutions likely cannot offer each
student the opportunity to join a faculty member’s lab.
This gap is illustrated by a study of nearly 1000 students
spanning two research-focused institutions and two
undergraduate-focused institutions; 27% of students reported participating in research, while 45% of students
reported that they were not participating in research,
but wanted to (Mahatmya et al., 2017). While factors
that influence which students participate in undergraduate research have been hypothesized (Bangera & Brownell, 2014), few studies have specifically explored what
differentiates the students who do not get to participate
in research from those who do.

The path to becoming an undergraduate researcher

Before we can hypothesize about the factors that separate undergraduate researchers from students who want
to be doing research but are not, we need to articulate
the path to becoming an undergraduate researcher. Outlining this path allows us to identify points at which students may be thwarted from successfully obtaining an
undergraduate research opportunity. While we recognize
that students’ individual paths to becoming involved in
research vary, we outline a common path to undergraduate research for students who actively seek a research
opportunity (Fig. 1):
(1) Student must know what research is and that
participating in undergraduate research is a
possibility.
(2) Student must recognize possible benefits associated
with undergraduate research, particularly as these
benefits pertain to the student’s personal and
professional goals.
(3) Student must decide to pursue an undergraduate
research position. While the potential benefits of
doing undergraduate research may heavily influence
a student’s desire to do research, they must
outweigh the potential costs of participating in
research (Ceyhan & Tillotson, 2020; Cooper,
Ashley, & Brownell, 2017; Wigfield, Tonks, &
Klauda, 2009). Financial and time constraints may
limit a student’s ability to engage in undergraduate
research (Cooper et al., 2019; Mahatmya et al.,
2017).
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Fig. 1 Common path to obtaining an undergraduate research experience for students who actively seek a research opportunity

(4) Student must find an available research
opportunity. At institutions without programs that
place students into faculty labs, the onus is on the
student to identify available research opportunities.
(5) Once a student identifies an available research
opportunity, they must secure the research position.
This process is widely variable and often involves an
email or verbal exchange between a professor or
graduate student and the undergraduate student
interested in joining their lab, followed by an
interview.
There has been little research on what differentiates
students who do not participate in research from those
who do participate. Some research has explored the
pathways and motivational factors specific to students’
decisions to participate in undergraduate research
(Mahatmya et al., 2017). In this study, we chose to explore the pathway downstream of students’ motivation
and study a group of students who have already decided
that they want to do undergraduate research. Specifically, we draw from Pierre Bourdieu’s theory of capital
(Bourdieu, 1977, 1991) to explore what factors may be
influencing which students do and do not get to participate in research.
Scientific research capital: a construct to explain
differences in which students can obtain and succeed in
undergraduate research experiences

The notion of capital describes the valuable resources in
society that can generate social advantage within specific
fields, such as science (Bourdieu, 1977; Marx, 1999;
Marx & Engels, 1942). The distribution of capital represents the structure of the social world and determines
the chances of success in a particular field. Scientific
fields, such as biology, are thought to be particularly
competitive and defined by distribution of capital among
people and institutions, and as such, individuals with
more capital are predicted to accrue higher success and
status within a scientific field (Albert & Kleinman, 2011;
Bourdieu, 1991). Bourdieu (1986) described that capital
is what makes the “games of society” more complex than
simply games of chance. In fact, capital has been likened
to the “cards that one has” when playing a particular
game and one’s “knowledge of the rules of the game,”
which predict their ability to play the game as well as

their ability to win the game (Archer, Dawson, DeWitt,
Seakins, & Wong, 2015; Lareau & Horvat, 1999).
Capital can be organized into three primary forms
which include (1) economic capital or anything that can
be immediately converted into money (e.g., property),
(2) social capital or the resources gained through relationships, network associations, and group membership,
and (3) cultural capital or the knowledge, skills, education, and advantages that further one’s success in a particular field (Bourdieu, 1986). It is worth noting that
cultural capital is field-specific; that is, if someone has
cultural capital in a field, such as the field of science,
they have the dispositions to think and act in ways that
advance their position or trajectory in science (Edgerton
& Roberts, 2014). It is for this reason that one’s cultural
capital in one field, for example, in the culture of their
home community, may be misaligned with the cultural
capital of another field, for example, the culture of academic science. Bourdieu proposed that cultural capital
exists in three forms: embodied, objectified, and institutionalized (Bourdieu, 1986). The embodied state refers
to long-lasting dispositions of the mind and body. This
specialized knowledge accrues over time and is not necessarily easily transferred from one person to another.
The objectified state refers to cultural goods such as
books, instruments, and machines. These artifacts can
be physically given to someone else. Finally, the institutionalized state refers to credentials, including academic
credentials such as a degree or letter grade.
The term science capital was described by Archer and
colleagues as the social and cultural capital specific to
the field of science that is used to further K-12 students’
attainment, engagement, and participation in science
(Archer et al., 2015; Archer, DeWitt, & Willis, 2014).
Science capital has been shown to be a useful lens for
understanding uneven patterns in the degree to which
primary and secondary students identify with science
and plan to pursue science in the future (Archer et al.,
2015; DeWitt, Archer, & Mau, 2016). However, because
this construct was not conceptualized with regard to
university students, it did not encompass students’
knowledge of undergraduate research experiences.
Capital and undergraduate research experiences

We hypothesize that students’ economic, social, and cultural capital specific to scientific research contribute to

Cooper et al. International Journal of STEM Education

(2021) 8:6

whether a student is successful in obtaining a research
experience as an undergraduate. There is limited research exploring students’ capital with regards to obtaining undergraduate research positions and specifically
how capital influences uneven patterns in students’ participation in undergraduate research. In one study,
Thompson, Conaway, and Dolan (2016) explored how
students in undergraduate research develop capital
through their research experience. Specifically, these researchers explored the experiences of students who were
enrolled in a networked research experience, where the
students had the opportunity to develop relationships
with their faculty research mentors as well as with additional faculty and students working on the same research project at their own institution and at other
institutions. With regard to how students accessed the
networked research project, the study found that students leveraged cultural, social, and human capital, a
type of capital that was not presented in Bourdieu’s initial conception of capital (1986). Human capital refers to
skills and knowledge that are of value to employers. In
this study, students’ cultural capital allowed them to
recognize the value of research and seek it out; students
drew upon their social capital by networking with faculty
to learn about the research opportunity as well as asking
faculty for references and letters of recommendation
(Thompson et al., 2016). While this study provided important insight into how students drew on their existing
capital to access a structured research program, it did
not identify what capital is necessary for engaging in
traditional undergraduate research experiences where
students do not enroll in a class or sign up for a program, but instead seek to gain access to an individualized research opportunity without a formal application
process or structure to it. Another study of undergraduates who were participating in research found that students in mentoring triads, which differ based on whether
an undergraduate, a postgraduate, and a faculty member
interact with one another about the undergraduate’s research, attain different resources based on the social capital of their triad (Aikens et al., 2016). The study
identified that undergraduates who worked with both a
postgraduate and a faculty mentor realized greater outcomes than students who worked with only a postgraduate. Additionally, researchers have studied the role that
cultural capital plays in faculty recognizing students as
budding scientists (Thompson & Jensen-Ryan, 2018).
This study focused exclusively on students who had
already gained access to research experiences and found
that faculty more easily recognized students as science
people when students were interested in scientific research careers and did not have competing family responsibilities. Researchers have also explored which
students possess the capital necessary to maximize their
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research experiences; one study showed that being a
first-generation college student is associated with less effective acquisition and deployment of cultural capital
throughout the research process (Grineski et al., 2018).
The researchers hypothesized that first-generation students may not ask the “right” questions needed to develop capital in research; they also proposed that firstgeneration students may feel uncomfortable asking for
help, which may hinder them from accruing additional
capital in the research environment. Finally, Gazley et al.
(2014) explored the cultural capital, specifically institutional cultural capital and embodied cultural capital garnered by students in a postbaccalaureate program. Some
students in the study discussed garnering institutional
cultural capital through research in the form of letters of
recommendation, while others described wanting to engage in research to develop embodied cultural capital
because they were worried that they would not be perceived as the type of student to be accepted into a highly
competitive program. While these studies demonstrate
that students’ capital, particularly social and cultural
capital, affect students’ experiences in research, to our
knowledge no studies have explicitly explored whether
there are differences in capital between students who
obtain an undergraduate research experience and those
who want to do undergraduate research but have not
successfully obtained research positions.
Scientific research capital

We propose the novel construct of “scientific research
capital,” or the economic, social, and cultural capital that
influence students’ paths to engaging in undergraduate
research, as well as how students can succeed in their
experiences in undergraduate research (Fig. 2). Scientific
research capital is field-specific. That is, it is specific to,
or advantageous within, a specific field (science) within a
university environment and offers benefits to the potential careers of undergraduate students. Because the type
of capital required for entering undergraduate research
experiences is not well studied, we can only hypothesize
about the types of capital required to access research positions. We draw from existing research about the types
of capital required to maximize an undergraduate’s research experience in the construction of this idea of a
novel type of research-focused science capital.
Scientific research capital: economic capital

Undergraduate research labs may require students to
volunteer before they are able to be paid for their time;
thus, students who have more economic capital and can
afford to spend their time volunteering are probably
more likely to pursue a research position than students
who have to spend their extra time outside of school
working a job (Cooper, Gin, Akeeh, et al., 2019; Miller,
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Fig. 2 Scientific research capital describes capital that influence students’ paths to engaging in undergraduate research, as well as how students
can succeed in their experiences in undergraduate research. It is comprised of economic, cultural, and social capital as described in the squares.
There are three types of cultural capital—objectified, embodied, and institutionalized—as described in the circles. The focus of this study,
embodied cultural capital, is shaded

Hamel, Holmes, Helmey-Hartman, & Lopatto, 2013).
Further, some schools exchange course credit for participating in research (Cooper, Gin, Akeeh, et al., 2019).
This also may favor students with greater economic capital if students have to pay for additional credit to participate in research, if this additional course credit
interferes with the time needed for them to have a paying job, or if this lengthens the amount of time that they
take to complete their degree because they are doing research as opposed to completing other necessary
courses. Once students obtain a research position, economic capital partially governs which students persist in
research. Specifically, a national study of 768 undergraduate researchers from 25 public US researchintensive (R1) institutions found that over a quarter of
students reported that they considered leaving their
undergraduate research experience because they needed
to spend time making money instead of doing research
(Cooper, Gin, Akeeh, et al., 2019). Presumably, finances
also limit the amount of concentrated time that students
can spend in research each week; students with more
economic capital, in the form of more financial support,
may be able to contribute more hours to undergraduate
research experiences than those with less financial support. In both cases, students with greater economic capital would likely reap additional benefits from research
compared to their counterparts with less capital, since
studies have shown that the more time a student spends
in research, the more benefits they gain (Adedokun
et al., 2014; Daniels et al., 2016; Prunuske, Wilson,
Walls, & Clarke, 2013; Russell et al., 2015; Thiry &

Laursen, 2011). In fact, undergraduates from lowereconomic backgrounds have been shown to publish less
than their peers from higher economic backgrounds
(Grineski et al., 2018).
Scientific research capital: social capital

Undergraduates, graduate students, and faculty can play
an important role in exposing students to what undergraduate research is and notifying students of research
opportunities (Ashley, Cooper, Cala, & Brownell, 2017;
Cooper, Gin, & Brownell, 2019; Thompson et al., 2016).
Faculty members can recommend students to a research
position or they can write a letter of recommendation or
serve as a reference, which may be required for certain
types of undergraduate research programs (Thompson
et al., 2016). Graduate student teaching assistants can recruit students to work with them on their research or
can connect them to other graduate students who may
want to recruit an undergraduate. Undergraduates can
also advertise research opportunities to their friends.
Students who participate in clubs or bridge programs
that value undergraduate research may have increased
access to these individuals who can connect them with
research-related opportunities (Cooper, Ashley, & Brownell, 2018). We hypothesize that students who develop
social capital by forming relationships with undergraduates, postgraduates, and faculty are more likely to know
about undergraduate research, realize the benefits of
undergraduate research, and ultimately participate in
undergraduate research. Further, students with stronger
social ties may be better able to advocate for what they
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need in order to be successful in undergraduate research
(Pfeifer, Reiter, Hendrickson, & Stanton, 2020). Once
students obtain research experiences, they can leverage
their relationships with other undergraduates, postgraduates, and faculty to obtain benefits, such as publications, and such relationships will likely foster other
benefits, such as gains in students’ abilities to think and
work like scientists, their research self-efficacy, their science identity, and their career preparation (Aikens et al.,
2016; Morales, Grineski, & Collins, 2017; Thompson
et al., 2016).
Scientific research capital: cultural capital

Students enter their undergraduate careers with
knowledge and skills that help them navigate their
college experience (Conley, 2007; Hooker & Brand,
2010); some students will have greater cultural capital
that aligns with what is needed to succeed. We
hypothesize that students who possess embodied cultural capital related to scientific research are more
likely to obtain undergraduate research experiences.
Students have to be aware of what research is and
know that scientific research is different from what
they might have considered research to be for a class
project. They have to know that even though research
is not part of most standard undergraduate science
curricula, it is an activity that is recommended for
every undergraduate science major and that they
should seek it out (American Association for the Advancement of Science, 2011; National Research Council, 2003, 2012; Olson & Riordan, 2012). Students
need to be able to find research experiences; it is
likely important that students know how to access
and use university resources such as databases of potential research opportunities, how to craft professional emails, and how to learn the basic information
about the type of research conducted in a faculty
member’s lab before meeting with potential mentors
(Georgia Institute of Technology, 2019; Wang, 2019).
Once students enter a research experience, a different
set of knowledge and skills may be valuable. For example, students who know to spend a greater amount
of time in the lab, seek successful role models, emulate role model behaviors, know how to manage their
time well, and take initiative may gain more benefits
from undergraduate research compared to their peers
who do not adopt such behaviors (Hunter, Laursen,
& Seymour, 2007; Thompson et al., 2016; Wenderholm, 2004). Further, students may benefit from institutionalized capital, such as a prestigious research
award that others in their field will recognize, which
will help them advance in their field, or objectified
capital such as access to expensive equipment that
will help further their research goals.
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The tacit or unwritten nature of scientific research cultural
capital

While there is some evidence to suggest that students
with more economic and social capital may be more
likely to secure research experiences (Aikens et al., 2016;
Cooper, Gin, & Brownell, 2019; Thompson et al., 2016),
there is little known about what specific embodied cultural capital, or what specific information, predicts
which students get to participate in undergraduate research. Embodied cultural capital is often implicit in that
it is not written down and thus, not easy to transfer. For
example, Bourdieu explains cultural capital as tacit adherence to the “rules of the game” that is learned from
consistent exposure to a particular culture, such as the
culture of academic science (Bourdieu, 1991). Applied to
undergraduate research, this would suggest that some
students arrive at college knowing how to find and secure research positions, especially if they were exposed
to an academic culture growing up (for example, if their
parents were academics or if the culture of their high
school aligned with the culture of college). If access to
such knowledge would broaden and likely diversify who
gets to participate in science, specifically scientific research, why is such knowledge not made more available
to all students? Bourdieu posited that in the field of science, only a small number of individuals garner enough
cultural capital, or skills and knowledge, that allow them
to hold places of power in the academic scientific community (Bourdieu, 1991). If such knowledge were widely
distributed, it would likely dismantle the academic
power structure; privileged individuals who normally rise
to hold positions of power because their culture aligns
with the academic culture would no longer have the advantage. Therefore, individuals with the most capital
may be inspired to keep the cultural capital unwritten to
ensure their status. Additionally, cultural capital may be
unwritten because it is situational; for example, the
knowledge about what to do in a specific situation may
not apply to a similar situation at a later point in time.
Finally, cultural capital may be unethical; the knowledge
about how to get ahead or advance in a particular field
may be morally suspicious or corrupt and thus individuals may be even more inclined to keep such knowledge
hidden or only pass on this information to someone that
they trust not to advertise it more broadly. For example,
this could range from feigning interest in a specific research topic to exaggerating about proficiency or prior
experience with a particular technique to actively concealing one’s intention in going to medical school because faculty members may prefer to train someone
interested in pursuing a career in research. In sum, embodied cultural capital may be especially difficult for undergraduates to obtain because of its tacit nature.
Documenting the “rules of the game” related to
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obtaining an undergraduate research experience may
help undergraduates understand what is necessary to secure such a position.
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identify whether there were differences in which rules
were known by researchers and non-researchers.
Student interviews

Current study and context

The aim of this study is to examine scientific research
cultural capital: what embodied cultural capital is necessary to obtain a biology undergraduate research position
at a large research-intensive institution in the US? We
set out to begin to examine scientific research embodied
cultural capital by articulating information or so-called
rules that are known to students who secure undergraduate research positions, but that may not be known
by students who want to participate in undergraduate
research but have not obtained a research position. We
took an approach of intentionally collecting data from
one institution to establish the rules at that university; it
is possible that the rules may be different at different institutions, so we wanted to constrain the variation by focusing on a single institution. While we predict that
these rules would be generally similar across multiple institutions, we acknowledge that institutional cultural differences may impact the importance of certain rules. We
conducted in-depth, semi-structured interviews with students who were participating in undergraduate research
and students who were not participating in undergraduate research but wanted to. We identified some of the
knowledge necessary to “play the game” of finding and
securing an undergraduate research experience at a large
public R1 institution. We chose to refer to this set of
knowledge that is scientific research cultural capital as
rules of research to streamline our language throughout
the article. We predict that there are additional rules of
research related to fully maximizing a student’s research
experience that are not addressed within this study, so
we present these rules as a starting point rather than an
exhaustive list. To identify what knowledge about participating in an undergraduate research experience was
unknown to students who were not involved in undergraduate research, we compared the rules of research
that were described by undergraduate researchers to the
rules of research that were described by students who
wanted to do research but had not successfully obtained
a position to see if there were any differences. This study
illustrates that scientific research embodied cultural capital may be a previously unexplored factor influencing
who gets to participate in undergraduate research.

Methods
In this study, we took a mixed-methods approach to
identify scientific research embodied cultural capital. We
used qualitative analysis to identify potential rules of research and then used quantitative analysis, facilitated by
the large number of student interviews (n = 85), to

In spring 2016, spring 2017, and spring 2018, we recruited students for interviews from lower- and upperdivision biology courses at a large research-intensive
(R1) institution in the Southwest US. We chose to conduct this study at an R1 institution because of the large
number of students who engage in undergraduate research in faculty member labs at these types of institutions and because of how competitive getting into
research can be at these types of institutions; studies
have shown that a smaller percent of students participate in research at R1 institutions compared to students
at undergraduate-focused institutions (Hu, Kuh, &
Gayles, 2007; Mahatmya et al., 2017).
We sent emails to students inviting them to provide
us with feedback about their experience in the biology
department in exchange for a $15 gift card. Our recruitment materials specified that we were interested in talking with students who either were involved in
undergraduate research or were interested in becoming
involved in undergraduate research; both groups of students had the motivation to participate in undergraduate
research. We aimed to recruit a relatively similar number of students who were involved in research (referred
to as researchers from here forward) and students who
were interested in becoming involved in research and
who were actively looking for research but who were not
involved (referred to as non-researchers from here forward). In total, 85 students, 43 researchers and 42 nonresearchers, agreed and were eligible to participate in
the study.
We developed an interview script to identify the rules
of undergraduate research. Specifically, we focused on
two points in a student’s process of obtaining a research
experience: finding research opportunities and securing
a research position (Fig. 3). We conducted a series of
think-aloud interviews with six undergraduate researchers and six non-researchers in order to establish
cognitive validity of the interview questions before we
started the interviews with these participants (Trenor,
Miller, & Gipson, 2011). We iteratively revised the interview questions until no questions were misinterpreted
by students. We asked students how they had found or
how they would find an undergraduate research experience, and how they had previously secured or would secure an undergraduate research experience (See
Supplemental Material for student interview scripts).
Interviews were individually conducted by three researchers. The researchers conducted the think-aloud interviews as a group to ensure that their interviewing
techniques were as similar as possible. They also listened
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Fig. 3 Points along the process of obtaining an undergraduate research experience where we aimed to identify the rules of research

to each other’s recordings and discussed the interviews
to help recalibrate their interviewing approach throughout the interview process. Each interview lasted approximately 1 hour. At the end of the interview, students
completed a short demographic survey. Interviews were
transcribed and pseudonyms were given to students to
protect their identity.
Student interview analysis

All three authors began by identifying the rules of research or strategies that students described using or that
they would use in order to find and secure an undergraduate research opportunity. We individually reviewed
a set of the same four interviews and then came together
to discuss themes or rules we had identified. Together,
we used constant comparison methods (Glesne & Peshkin, 1992) to create a coding rubric that described each
rule that we had identified (See Table S1 for a copy of
the coding rubric). Specifically, we constantly compared
quotes within each theme to ensure that the student
quotes were not different enough from each other to
warrant the creation of another rule. This process was
repeated until no new themes were emerging and we
were confident that saturation had been reached (Guest,
Bunce, & Johnson, 2006). All rules of research were
identified when reviewing the first twelve interviews of
researchers. However, we continued to interview more
students, both researchers and non-researchers, to allow
for the quantitative analyses. In total, each person
reviewed 26 (31%) of the interviews. Two of the authors
(KMC and JMC) used the rubric to independently code
17 of the interviews (20% of all interviews) and their
Cohen’s kappa interrater score was at an acceptable level
(κ = .80) (Landis & Koch, 1977). Then, one coder (JMC)
coded the remaining transcripts using the rubric. We report out all the rules that we identified that were mentioned by at least 15% of all students.
Quantitative analyses

We used logistic regression to test whether researchers
were more likely than non-researchers to mention any
of the rules of research. To ensure that any differences
in knowledge of the rules between the two groups were
not accounted for by other factors, we controlled for
student gender, race/ethnicity, college generation status,
whether a student had transferred to the institution from

a community college, grade level, and grade point average (GPA) in the model. For each rule of research, we
ran the model: identified rule in the interview (Y/N) ~
researcher/non-researcher + gender1 (man/woman) +
race/ethnicity2 (non-PEER/PEER) + college generation
status (non-first gen/first gen) + transfer status (transfer
student/non-transfer student) + grade level3 (upperlevel/lower-level) + GPA. Because we ran 10 regressions,
a BH adjustment at the 0.05 false discovery rate level
was applied to the results (Benjamini & Hochberg, 1995;
Glickman, Rao, & Schultz, 2014). The full results of the
logistic regressions can be found in Table S2.

Results
Undergraduate researchers and non-researchers

Of the 85 students who participated in the interviews, 43
students were currently participating in an undergraduate research experience and 42 wanted to participate in
research but were not. A summary of the demographics
of researchers and non-researchers are presented in
Table 1.
Student interviews revealed 10 rules of research, four of
which were more likely to be identified by researchers
than non-researchers

From the student interviews, we identified 10 rules of research or student-reported factors that were important
for finding research and securing research.
Finding research

Students commonly described five ways to find a research position. Students suggested using online
1

We recognize that not all students identify as gender binary (man or
woman) (Cooper et al., 2020); however, there were too few students
who identified as non-gender binary to include this category in the
analysis.
2
We collapsed students who identify as Black or African American,
Hispanic, Latino/a or of Spanish Origin, and American Indian or
Alaska Native into one category, which we call Persons Excluded
because of their Ethnicity or Race (PEER) (Asai, 2020). These students
share the experience of being underserved by institutions of higher
education; we recognize that the experiences of these students are
different, but the small sample sizes necessitated that we pool these
identities as a single factor in our analyses.
3
We grouped students by grade level, students who were in their first
2 years of college were grouped as “lower-level” and students who were
in at least their third year of college of more were grouped as “upperlevel.”
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Table 1 Demographics of researchers and non-researchers who
participated in the interviews

Forty-two percent of students also described that in
order to secure a research position, one should do research to learn more about the faculty member’s lab and
the type of research they do before writing an initial
email or interviewing for the position and 39% of students recommended building a relationship with the primary investigator to increase their chances of being
accepted to a lab. Finally, 33% of students explained that
it is important to be engaged during an interview for a
research position and 27% of students highlighted the
importance of emailing multiple PIs about research opportunities, since securing a research position is competitive. See Table 2 for a description of each rule of
research and example quotes from researchers and nonresearchers.
We tested whether researchers were more likely to
know specific rules than non-researchers. The nature of
the open-ended interviews did not limit the number of
rules a student could mention and we did not specifically ask students about any rule. Therefore, it is possible
that a student who knows of a particular rule would not
think to mention it and we are underestimating the rules
that they know. However, we hypothesized that the students who secured research positions likely had more
embodied scientific research cultural capital than students who wanted to participate in research but were
not. Controlling for students’ gender, race/ethnicity, college generation status, transfer status, year in college,
and GPA, we identified four rules that were significantly
more likely to be known by researchers than nonresearchers. All four rules that were more likely to be
known by researchers than non-researchers were specific
to securing a research experience. Specifically, researchers were more likely than non-researchers to explain that in order to secure a research experience,
students should express interest in the research experience, do background research on the lab and research
conducted in the lab, be engaged during the interview,
and email multiple PIs at the same time about pursuing
a research position in their lab. The full results of each
regression testing to what extent researchers were more
likely than non-researchers to know a particular rule are
reported in the Supplemental Material and the p values
associated with whether researchers were more likely to
know each rule, which were adjusted using a BH correction for false discovery rate at the 0.05 level, are reported
in Table 3.
In sum, from our interviews, we identified 10 rules of
research, or strategies that may help students find and
secure undergraduate research positions (Fig. 4). We
found that four of the rules were more likely to be
known by researchers than non-researchers; all of the
rules that non-researchers were less likely to know had
to do with securing research. Therefore, knowledge of

Cooper et al. International Journal of STEM Education

Demographic

Non-researchers,
n = 42

Researchers,
n = 43

%

%

Woman

62

70

Man

36

30

Decline to state

2

0

Asian

19

28

Black

12

2

19

19

7

0

Gender

Race/ethnicity

Latinx
American Indian or Alaska Native
Other

2

2

White

38

47

Decline to state

2

2

First-generation

29

16

Continuing generation

67

84

Decline to state

5

0

Transfer

81

81

Non-transfer

17

16

Decline to state

2

2

First year

41

14

Second year

19

19

Third year

17

28

Fourth year or more

24

40

3.2

3.6

College generation status

Transfer status

Year in college

GPA
Average GPA

university resources (reported by 84% of students).
Sixty-eight percent of students said that one can find out
about research positions by talking with instructors, 29%
of students mentioned talking with academic advisors,
21% suggested talking with graduate teaching assistants,
and 21% suggested talking with peers about potential research opportunities. See Table 2 for a description of
each rule of research and example quotes from researchers and non-researchers.
Securing research

Students reported what they would do or what they did
do in order to secure a research position. Students
highlighted that it was important to express interest in a
research position, regardless of students’ actual interest
in the research topic (reported by 60% of interviewees).
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Table 2 Each rule of research described by interviewees about how to find a research experience and how to secure a research
experience
Rules of
research

Description

Percent of students who
Example quote from
reported each rule (n = 85) researcher

Example quote from nonresearcher

Finding research
Use online
university
resources

Students can use university
online resources (e.g., faculty
websites, databases to search
university research positions) to
find research opportunities.

84%

“I Googled [research
opportunities]. I wasn’t really
informed about it, I just wanted
to do research so I went out of
my way to look for it. (…) I
went on [the college website]
and each PI has their own
website so I went into those
and read about their
research.”—Sofia

“They have [information] on the
[college] website you go to. I
don’t know what it’s called. I
looked at it before and there’s a
ton of different things you can
do.”—Sarah

Talk with
instructors

Students can talk with
instructors about research
opportunities in their lab or in
other labs on campus.

68%

“For certain positions, I’ve had
to go and ask professors, ‘Are
you doing anything right now?
Can I get involved with you?’”—
Rene

“I would probably ask my
professors first [about how to
find research opportunities]. I
would probably ask [Professor
X] if she knew anything,
because I’m sure she could at
least direct me somewhere
even if she didn’t know of
anything.”—Emmy

Talk with
advisors

Students can talk with
29%
academic advisors about
research opportunities that exist
at the university.

“Well right off the bat when you “I think there might be an
come in freshmen year all of
advisor or somebody who can
the counselors are all, ‘Oh
lead you to research.”—Rayna
undergraduate research, here is
how to get involved in
undergraduate research.’”—
Luciana

Talk with
graduate
students

Students can talk with graduate 21%
teaching assistants about how
to find available research
opportunities.

“I talked to the lab TA about his
research. And then I kind of
asked how I could get
involved.”—Kelly

“I would probably talk to my
TAs in my bio class and ask
what they have heard about
[getting into research] and see
what they would direct me to
and go from there.”—Jamie

Talk with
peers

Students can talk with their
21%
peers about whether they know
of any ways to find
undergraduate research
experiences at their institution.

“[I got my current position
because] I was in class, I was
talking to a friend [about how] I
really like regenerative medicine
and for the longest time I
thought I wanted to go into
industry and my friend says, ‘I
know a great developmental
biologist, you should go talk to
him,’ so I sent him an email.”—
Mike

“There’s people working [in a
research lab]. Like other
students too. So maybe I might
know that student or a friend
might know that student, like a
connection.”—Lee

“I’d just [send an email and] say
I’m interested in whatever topic
they’re researching. I’m a
sophomore, I want to be
involved. I think I’d be a great
student for this research. Just let
them know you’re interested.
And then send it.”—Martricia

Securing research
Express
interest

When sending an email or
60%
during an interview, expressing
interest in the research position
can increase a student’s odds of
securing the research position.

“I let [the PI] know that I did
know what they did, and I was
actually interested in what they
were doing and that I didn’t
just pull their name out of the
[Biology Department] website
and be like, ‘Oh I want to
research with you.’ I wanted to
make sure that I was actually
interested in anything that I’d
be getting myself into and I
wouldn’t want to find out later
that I wasn’t interested in his
things and waste his time if he
had emailed me back.”—Becca

Do
background

Doing background research on
a lab and the specific research

“A [PI] sent out an email to the “I’d look into the lab myself.
[Biology Department] listserv [to They usually have websites

42%
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Table 2 Each rule of research described by interviewees about how to find a research experience and how to secure a research
experience (Continued)
Rules of
research

Description

research

going on in that lab before
sending an email or
interviewing for a position in
the lab can help students
secure a research position.

Build
relationships
with PIs

Building a relationship with a PI
by exchanging emails, visiting
during office hours, or getting
to know them as an instructor
can increase a student’s chance
of joining their lab.

Be engaged
during the
interview

Email
multiple PIs

Percent of students who
Example quote from
reported each rule (n = 85) researcher

Example quote from nonresearcher

fill an open research position]
and I applied for that, telling
them about what I know about
them, the research they’ve
published, and discussed that
and tried to make connections
between what they had done
research on and what I had
done research on to make me
look more employable.”—Logan

about what they’re doing, so I
would try to educate myself on
what they’re doing and before I
send an email [to the PI] and
then I’d hope to hear
something back from that
email.”—Gabriella

39%

“The PI [that I was interested in
working with] happened to be
also my professor for one of my
classes in the fall, so I got to
bug him in person and it
worked better. So I had to talk
to him in person a few times,
and that’s how we started.”—
Hannah

“Honestly, I’d probably go to my
professors I know [to get a
research experience]. I believe
that would be the best shot.
Especially they might know
something, if you’re lucky
enough to have found
someone that does research on
something that you are
interested in, I believe that
would be the best way to go
about doing it because it would
help you go through the
process.”—Max

During the interview, being
attentive, staying engaged and
asking relevant questions can
improve a student’s chances of
securing a research position.

33%

“[During the interview] I asked
[the PI] more questions about
his research. Finding out what
he’s working on and then as
soon as he said something that
sounded interesting to me, I
commented on it. Just keeping
a bit of a conversation going as
far as the interview went rather
than him just asking me a
question waiting for the next
question.”—Madison

“[During the interview, I would
show I’m qualified to do
research by] always asking
questions, showing that you
actually care what you’re
learning about instead of just
trying to get through it.”—
Brandon

Emailing more than one PI at
the same time when trying to
obtain a research position can
increase a student’s chance of
securing a research position.

27%

“I just spent like a few days, like,
I literally clicked every faculty’s
name and I looked at their
research and then I saved the
ones that I liked. And then I like,
um, I emailed 6 people initially,
like, I emailed a lot.”—Mia

“I figured out [which PIs] would
be a fit and which labs I would
want to get into, then I emailed
them. Like, if I send out ten
emails there’s a higher
chance.”—Daniel

scientific research cultural capital may be what separates
students who successfully obtain research positions from
students who want to do research but have been unsuccessful in obtaining a position.

Discussion
In this study, we set out to describe one specific aspect
of scientific research capital: the embodied cultural capital that would help students secure a scientific undergraduate research experience at one institution. We
aimed to explore whether there were differences in embodied cultural capital between researchers, or students
who participate in research, and non-researchers, or students who want to participate in research but had not
successfully obtained a position. As such, we interviewed

researchers and non-researchers regarding what they
know about how to find and secure an undergraduate
research experience. From these interviews, we established a potential set of rules of research, or the information needed to find and secure an undergraduate
research experience.
We argue that the rules of research that are more
likely to be known by researchers but unknown by nonresearchers represent important scientific research cultural capital that is currently unevenly distributed to students. That is, knowing this information is helpful to
students interested in participating in an undergraduate
research opportunity and may separate students who successfully obtain research experiences from those who want
to participate but struggle to obtain opportunities.
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Table 3 Percent of non-researchers and researchers who reported each rule during the interview
Non-researchers (n = 42)

Researchers (n = 43)

p valuea

Use online university resources

86%

81%

0.93

Talk with instructors

67%

70%

0.63

Talk with advisors

33%

26%

0.40

Rules of research
Finding research

Talk with graduate students

31%

12%

0.23

Talk with peers

14%

28%

0.21

43%

77%

0.04

Do background research

19%

65%

0.01

Build relationships with PIs

31%

47%

0.23

Be engaged during the interview

7%

58%

<0.01

Email multiple PIsb

9%

44%

0.01

Securing research
Express interestb
b

b

a

All p values have been corrected using the BH correction at the 0.05 false discovery rate
Researchers were statistically more likely to report a rule than non-researchers when controlling for gender, race/ethnicity, college generation status, transfer
status, year in college, and GPA

b

Researchers were significantly more likely to describe four
of the five rules about securing research. Specifically, researchers were more likely to describe that it is important
to express interest in research in an initial email or interview with a PI and to act engaged during an interview by
nodding along, asking questions, and generating conversation with the interviewer. They were also more likely to
highlight the importance of doing background research
about the research lab and about how finding a research
experience is difficult, so it is necessary to email multiple
PIs to increase one’s chances of finding research.
The rules of research may be part of the hidden
curriculum in undergraduate science

We propose that some of these rules of research that we
have identified are a part of the hidden curriculum of

Fig. 4 The rules of undergraduate research

undergraduate science at this institution. Hidden curriculum refers to information that is made available to
some students but not others and that is important for
determining student success (Margolis, 2002; Martin,
2010). Researchers have used the lens of hidden curriculum to examine the social functions of higher education;
students who have access to the hidden curriculum are
more likely to succeed while students who do not are
less likely to succeed (Margolis, 2002; Martin, 2010).
The hidden curriculum has been defined as values, dispositions, and social and behavioral expectations that
were valued by grade school instructors (Kentli, 2009;
Margolis, 2002). While the theory of hidden curriculum
was first applied to studies in primary and secondary
education, later studies aimed to further understand the
hidden curriculum of higher education (Astin, 1993;
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Bergenhenegouwen, 1987; Margolis & Romero, 1998). If
the rules of research are an important part of the hidden
curriculum for undergraduate science students because
such knowledge may determine who is successful in
obtaining scientific research experiences, should this
hidden curriculum be explicitly taught to all undergraduates to level the playing field and create a more inclusive scientific community? Further, an open question is
whether these specific rules should be taught to students
or if more general strategies to identify the rules should
be taught. Those students who become more conversant
in demystifying the code can realize advantages and benefits. If general strategies were taught, it would be applicable to a greater number of situations and thus have
a larger impact on the success of the student; alternatively, students would have to be taught each rule independently and it may be harder for them to transfer that
knowledge to new situations.
Revealing scientific research cultural capital: change the
students or change the system?

One strategy to diversify which students participate in
scientific research is to make the hidden curriculum related to undergraduate research more visible. That is, it
may be important to unveil the rules of research to all
students or help students who want to do research
understand that it is important to (1) explicitly express
interest in someone’s research when contacting them
about joining their lab, (2) do background research
about the lab they are interested in joining, (3) be engaged in an interview by coming prepared to engage in
conversation and ask relevant questions, and (4) reach
out to multiple faculty members about joining their lab
at the same time since it is difficult to secure a research
position. Cultural capital can be learned, although not
easily. As such, researchers have proposed that colleges
and universities can help students develop cultural capital to advance their positions in science. For example,
summer bridge programs and first-year success programs have integrated some of this knowledge into their
curriculum with the hope of increasing the number of
underrepresented and underserved students who participate in research (Ashley et al., 2017; Cooper et al., 2018).
One concern that this approach raises is that if the rules
are revealed, new unwritten rules may be created to
reinforce the existing hierarchy. That is, if revealing this
cultural capital threatens the positions of those in power
by leveling the playing field, new subtle rules may
emerge. This idea is congruent with the theory of effectively maintained inequality, which suggests that if a particular education level becomes saturated, those from
more privileged backgrounds will create or find a competitive edge to maintain their advantage (Lucas, 2001).
Additionally, the approach of unveiling the unwritten
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rules assumes that there is a disconnect between the culture of some students and the upper-middle class, white
culture of academia; further, it asserts that underrepresented and underserved students lack the cultural capital
necessary to succeed in science (Archer et al., 2015;
Ovink & Veazey, 2011). Researchers have critiqued this
view because it reinforces a student deficit model; it assumes that the students need to change in order to conform to the already successful system of academia
(Thompson et al., 2016; Yosso, 2005).
Indeed, we agree that the responsibility should be
placed on the system to change and not on the student.
In order to create sustainable change with regard to who
gets to participate in research, we posit that science faculty need to value scientific research cultural capital that
does not align with what is traditionally valued by academia (Thompson & Jensen-Ryan, 2018). We argue that
it may be unethical for faculty to rely on the unwritten
rules as a way to select students into their lab if such
rules are only available to a select, potentially more privileged, group of students. For example, instead of valuing students who take the time to read through lab
webpages and learn about research on their own, perhaps faculty members need to be more forthright in telling students to look at their webpages or to not expect
students to do so before having them join the lab.
Changes in what academics value should result in
changes in who is accepted into undergraduate research.
An additional systemic solution is to eliminate the need
for the rules of research altogether in order to participate in undergraduate research. For example, coursebased undergraduate research experiences (CUREs)
embed authentic research experiences in the context of
a lab course (Auchincloss et al., 2014; Brownell & Kloser, 2015) and as such, students may not need to know
any information to participate in research, they may simply need to enroll in the course. However, students may
still need to know why undergraduate research may be
beneficial to them, know what a CURE is, and identify
which courses, if any, in their department are CUREs in
order to participate. Yet, if CUREs are integrated into
the required undergraduate curriculum (Brownell et al.,
2015; Cooper, Blattman, Hendrix, & Brownell, 2019), it
could diversify which students participate in undergraduate research by eliminating the need to know any
rules of research in order to participate in research (Bangera & Brownell, 2014). However, we do not know if students currently acquire more cultural capital from
traditional undergraduate research experiences than
CUREs and this would be an important area of future
research. Further, it is important to acknowledge that we
do not currently know if graduate schools or medical
schools view CUREs as equivalent to traditional undergraduate research experiences, so the perception of these
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research experiences may still contribute to inequities in
how students can leverage the experience.
The systemic restructuring of the scientific enterprise
will be a lengthy process. Both changing the average faculty mindset and values, and integrating CUREs as required courses, will take significant time and resources.
As such, we recognize the need for more immediate solutions. Although teaching the rules to students does
adopt a student deficit model, we argue that it is a potentially viable and more immediate way to ensure that
students have access to undergraduate research, regardless of their cultural background. Further studies need to
be done to determine whether incorporating the rules of
research into undergraduate curricula affects which students succeed in obtaining research experiences. We encourage instructors to use the rules that we have
identified from students at one institution as a set of
guidelines and add any additional rules that they think
might be useful to know at their own institutions. These
guidelines could be incorporated into student orientation, summer bridge programs, and success courses for
first-year students or transfer students.
Additionally, faculty and graduate students can share
these unwritten rules with students in more informal
settings, such as during office hours. While this is likely
already happening, especially given the number of students in our study who said that they found out about
research experiences through faculty and graduate students, it is possible that faculty and graduate students
are only sharing this information with undergraduates
who already have high levels of cultural capital (for example, those who come asking about how to find undergraduate research or those who know to ask faculty
specifically about the research that they do). Thompson
and Jensen-Ryan (2018) suggested that faculty recognition and cultural capital operate in a positive feedback
loop, which can create consequences for students who
do not enter undergraduate science disciplines with
forms of cultural capital recognized by scientists. That
is, faculty are more likely to recognize students who possess cultural capital and facilitate students’ access to
additional opportunities, such as undergraduate research
experiences, which will in turn build additional scientific
cultural capital (Thompson & Jensen-Ryan, 2018).
Therefore, faculty and graduate students should consider
who they share information with about how to obtain
research experiences and consider broadening the network of students with whom they share this information.
Although it has been well-documented that firstgeneration students may not know the rules to navigate
college as well as continuing generation students (Collier
& Morgan, 2008), the rules of research may be unknown
to an even broader population of students. Scientific research embodied cultural capital may also not be known
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by continuing generation students who do not have parents who are scientists since research is not a concept
familiar to everyone who went to college. We propose
that faculty and graduate students be generous with
sharing scientific research embodied cultural capital and
actively be explicit about what they want students to
know before pursuing an undergraduate research
position.
While we could have taken a more theoretical approach to the “rules” and identify what the conceptual
underpinnings of a particular rule might be, we chose to
take a more pragmatic approach of identifying the specific rule that students mentioned because this is what
faculty members could explicitly say to students. Thus,
these 10 rules represent 10 concrete suggestions that
faculty members can give students who are interested in
an undergraduate research experience. We hope that
these rules could have immediate impact on potential
undergraduate researchers.
Limitations

This was an interview study and as such, we were limited in the number of students who participated and we
only inquired into their knowledge at a single timepoint
when they either were or were not doing research. In future studies, researchers could interview students who
just obtained a research position before they participate
in the lab to capture their cultural capital at that time
and compare it to the cultural capital of nonresearchers. This study design would control for whether
students learn any rules of research as a result of participating in research. We were unable to take this approach
because students at the institution where we conducted
our study join research programs at various times
throughout the academic year, and there was no feasible
way to identify a student who had just joined a research
program. Additionally, when we recruited nonresearchers for this study, we specifically identified individuals who wanted to participate in research but were
not currently participating. We did not explicitly ask students whether they had tried to find a research position,
although all students referenced trying to find a research
position at some point in their interview. Future studies
could capture the knowledge of non-researchers who
tried to find a research opportunity and compare it to
non-researcher who did not try to find a research opportunity; we predict that these students may have differential motivation to find a position.
A limitation to this study design was that we asked students open-ended questions about what they knew with regard to finding and securing undergraduate research
experiences. Therefore, it is possible that some students
knew about certain rules but did not talk about them in the
interview. We are certainly not capturing every rule, but we
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may be missing important rules or underestimating the
number of students who know a rule. A quantitative approach where students identify which rules they know
would potentially provide a more accurate assessment of
which rules students know. A survey study would also allow
for a larger sample size and inclusion of additional explanatory variables. However, once a student sees a rule in writing, they may recognize it as true even though they did not
know about it prior to reading it in a survey, so that is a
limitation of that design. We intended this study to be situated at a single institution and we do not make claims of
generalization beyond this institution. Given the paucity of
research in this area, we view this work as a critical first
step for articulating what comprises scientific research cultural capital; however, we encourage researchers to test
whether the rules of research that we found apply at different institutions to build on to this work.

Conclusion
We specifically identified scientific research embodied
cultural capital, or a set of rules of research that undergraduates may need to know in order to find and secure
an undergraduate research experience. We tested
whether there were differences in researchers’ and nonresearchers’ knowledge of the rules and found that
undergraduate researchers were more likely to know the
rules of research related to securing research experiences. Therefore, educating students about how to secure research experiences and encouraging faculty who
provide research experiences to re-think the criteria they
use to admit students into their lab may be a key step in
leveling the playing field for students who are vying for
research positions in an effort to create a more diverse
and inclusive scientific research community.
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