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ABSTRACT

Course-based undergraduate research experiences (CUREs) engage students in authentic
research experiences in a course format and can sometimes result in the publication of
that research. However, little is known about student-author perceptions of CURE pub-
lications. In this study, we examined how students perceive they benefit from authoring
a CURE publication and what they believe is required for authorship of a manuscript in a
peer-reviewed journal. All 16 students who were enrolled in a molecular genetics CURE
during their first year of college participated in semistructured interviews during their
fourth year. At the time of the interviews, students had been authors of a CURE publication
for a year and a half. Students reported that they benefited personally and professionally
from the publication. Students had varying perceptions of what is required for authorship,
but every student thought that writing the manuscript was needed, and only two men-
tioned needing to approve the final draft. Additionally, we identified incomplete concep-
tions that students had about CURE publications. This work establishes student-perceived
benefits from CURE publications and highlights the need for authorship requirements to
be explicitly addressed in CUREs.

INTRODUCTION

Course-based undergraduate research experiences (CUREs) provide students with the
opportunity to engage in research in the context of a course and can result in many of
the same benefits as traditional undergraduate research experiences in faculty mem-
ber labs (Auchincloss et al., 2014; Brownell and Kloser, 2015; Corwin et al., 2015;
Linn et al., 2015; National Academies of Sciences and Medicine, 2017). For example,
CUREs have been shown to enhance students’ critical-thinking skills (Jordan et al.,
2014; Brownell et al., 2015), improve students’ science identity (Bhatt and Challa,
2017; Cooper et al., 2020), bolster students’ abilities to navigate scientific obstacles
(Gin et al., 2018), and increase student persistence in undergraduate science (Roden-
busch et al., 2016). In addition, CUREs often have the potential to lead to student-au-
thored, peer-reviewed scientific publications, which could potentially benefit both
CURE instructors as well as CURE students (Shortlidge et al., 2015, 2017).

CUREs likely increase the number of students who will publish a peer-reviewed
journal article stemming from the research they conducted as an undergraduate
(Bangera and Brownell, 2014). While only a subset of students have the opportunity
to engage in a traditional undergraduate research experience due to the limited num-
ber of spots at most institutions (Wood, 2003; President’s Council of Advisors on Sci-
ence and Technology, 2012), even fewer undergraduates have the opportunity to
author publications. In a survey of 1,272 life sciences undergraduate researchers
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across 87 institutions, only 8.8% reported having been an
author on a peer-reviewed publication (Gin et al., unpublished
data). In fact, undergraduates do not list authoring publications
among what they expect to gain from undergraduate research
(Mabrouk and Peters, 2000). It is not surprising that so few
undergraduates publish. Publications authored by undergradu-
ates have been associated with students working for more than
one year on average with a faculty mentor (Morales et al.,
2017), and many students do not begin undergraduate research
until later in their academic careers. So, depending on the
length and stage of the project, there may not be time for them
to contribute enough to a project to become an author. How-
ever, other factors such as the scientific discipline, the advisor,
and the research project likely also contribute to whether a proj-
ect results in publication (Holliday et al,, 2014; Schmieder
etal., 2021).

CURE:s provide a potentially less competitive and time-con-
suming avenue to publication for undergraduates. In addition,
given the constraints of time and scope, CUREs are likely to be
more structured than individual mentored-research experi-
ences. Students often enroll in a CURE just as they would in any
regular science course, that is, they do not have to compete for
a limited number of spots as they often would for a traditional
undergraduate research experience in a faculty lab (Bangera
and Brownell, 2014). Additionally, CURE instructors are often
able to troubleshoot experiments before the course and outline
specific tasks that need to be accomplished to complete the
research project (Gin et al., 2018; Cooper et al., 2019a, 2020);
these factors likely expedite the time between an undergradu-
ate getting involved in a CURE and producing data suitable for
publication. While it is unknown exactly what percentage of
CURESs result in scientific publications, an interview study of 33
CURE developers found that 61% of participants reported that
a benefit of CUREs is that they can lead to publications, and
26% reported publishing a scientific research article that
resulted from their CURE (Shortlidge et al., 2015), though it
was not indicated whether CURE students were coauthors on
these publications. Publications stemming from CUREs with
CURE students as authors (referred to as “CURE publications”
henceforth) have been published across biology disciplines,
including genetics (Call et al., 2007; Olson et al., 2019), genom-
ics (Leung et al., 2015), nanochemistry (Pozun et al., 2011),
biotechnology (Umali et al., 2011), molecular biology (Hall
et al., 2010), plant biology (Lellis et al., 2010), cell biology
(Malone et al., 2008), and biology education (Cooper et al.,
2018, 2019b; Nadile et al., 2021).

Whether students in CUREs are able to contribute enough to
warrant being an author on a publication is debatable. The
length of a CURE is much shorter than most traditional under-
graduate research experiences, so some researchers are skepti-
cal that students have put enough “time” into the publication.
There are varying levels of student intellectual engagement in
CUREs; some CUREs have students follow prescribed protocols
to obtain novel, potentially publishable data, but students play
little role in the design (Jordan et al., 2014; Brownell et al.,
2015; Cooper et al., 2019a), while at the other extreme, stu-
dents in some CUREs come up with the research question and
methods (Kloser et al., 2013). Students in a CURE often have
the common experience of working on a shared research project
(Nadile et al., 2021) or parallel, related research projects
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(Shaffer et al., 2010; Cooper et al., 2020), but their individual
contributions can vary drastically.

Another aspect that makes authorship debatable is that
authorship guidelines vary by journal and publisher. A survey of
234 biomedical journals found that 41% provided no guidance
about authorship, 14% proposed their own unique criteria,
14% only stated that authors should approve the manuscript,
and 29% based their instructions on the criteria of the Interna-
tional Committee of Medical Journal Editors (ICMJE; Wager,
2007). The ICMJE declares that, in order for individuals to qual-
ify for authorship, they must 1) substantially contribute to the
conception and design of the study, or acquisition of data, or
interpretation of data; and 2) draft the study manuscript or crit-
ically revise it for important intellectual content; and 3) give
final approval of the version to be published; and 4) agree to be
accountable for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of the work
are appropriately investigated and resolved (ICMJE, 2019).
ICMJE further recommends that all individuals who meet the
first criterion should be invited to participate in the review,
drafting, and final approval of the manuscript.

A publication with over 900 undergraduate authors that
stemmed from a well-established CURE, the Genomics Educa-
tion Partnership (Leung et al., 2015), raised questions about
whether the CURE students had made substantial enough con-
tributions to be credited as authors (Woolston, 2015). In
response to these questions, one of the CURE developers argued
that it is sufficient for student authors in a CURE to read, cri-
tique, and approve the manuscript in addition to making a sig-
nificant intellectual contribution during the CURE itself
(Woolston, 2015). While most CURE papers have far fewer
authors, conversations about what students need to contribute
in order to be considered for authorship on a CURE publication
have been lacking.

The National Institutes of Health (NIH), the National Sci-
ence Foundation (NSF), and the National Academies of Science
and Medicine have called for training individuals to understand
responsible authorship and publication ethics (National Acade-
mies of Sciences, Engineering, and Medicine, 2017; NIH, 2019;
NSE 2020). However, it is unlikely that information about ethi-
cal authorship is being regularly integrated into the undergrad-
uate curriculum (Abbott et al., 2020). One study of 68 under-
graduates who were entering research programs in science and
engineering found that more than one-third of students were
unable to define the term “authorship.” Even after participating
in a workshop on responsible conduct in research (RCR), about
a quarter of students still struggled to define that term correctly
(Mabrouk, 2016). Additionally, an in-depth interview study of
18 undergraduate researchers found that authorship was not
routinely discussed in their research groups (Abbott et al.,
2020). Specifically in the context of CUREs, the Ethics Network
for Course-based Opportunities in Undergraduate Research has
recently called for integrating curricula related to the principles
of ethics/RCR into CUREs and highlighted authorship and
authors’ responsibilities as key topics that should be addressed
within RCR curriculum (Olimpo et al., 2017; Diaz-Martinez
et al., 2019).

Why should CURE instructors include students as authors on
publications? In addition to the ethical arguments for including
students who have contributed to a research project, authorship
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FIGURE 1. Timeline of CURE, CURE publication, and student interviews.

likely provides many benefits to students. Understanding how
students benefit from CUREs is a critical component of
second-generation CURE research, which aims to delineate
what elements of CUREs lead to specific benefits (Corwin et al.,
2015; Linn et al., 2015). Authoring a CURE publication may
prepare students for scientific careers (Hunter et al., 2007), and
students likely leverage CURE publications to further their
careers, given the importance that graduate and professional
schools place on publications (Cooper et al., 2019¢). Addition-
ally, CURE publications may be a source of external validation
for students, which has been suggested to further solidify their
role in the scientific community (Lave and Wenger, 1991; Cor-
win et al., 2015). Yet, despite these hypotheses, there are no
documented benefits of students authoring CURE publications.

Overall, there is little known about the experiences of stu-
dents who author CURE publications. Specifically, it is unknown
to what extent students perceive that they benefit from CURE
publications and how they view authorship, especially in the
context of a CURE. To begin to address these gaps in the litera-
ture, we conducted an in-depth interview study of students
enrolled in a CURE that resulted in a CURE publication (Turner
et al., 2018a). We interviewed every student enrolled in the
CURE just before the students graduated college, a year and a
half after their work had been published. We sought to further
understand:

1. How, if at all, do students perceive that they have benefited
from authoring a CURE publication?

2. What are student perceptions of what constitutes authorship
of peer-reviewed scientific publications?

METHODS

This study was done with an approved Institutional Review
Board protocol no. IRB-300005217 from the University of Ala-
bama at Birmingham.

Description and Timing of the CURE and CURE Publication
Sixteen students were enrolled in a molecular genetics CURE at
a research-intensive (R01) public institution in the United States
during their second semester of college in Spring 2017. The
CURE took place over a single semester. The data produced in
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the CURE were used to draft a manuscript during the Fall of
2017, with all students as coauthors. One instructor of the CURE
was listed as the first author followed by all students in the class
listed alphabetically by last name. Two students who served as
peer mentors were listed next, and the primary instructor of the
CURE was the last author. The manuscript was submitted to
bioRxiv as a preprint article in March 2018 (Turner et al., 2018b),
submitted for peer review in April 2018, accepted in June 2018,
and published online in December 2018 (Turner et al., 2018a).
Students were interviewed about the publication just before they
graduated during Spring 2020. See Figure 1 for a timeline of the
CURE, CURE publication, and student interviews.

The focus of the CURE was to introduce experimental
research to students using the CRISPR-Cas9 genome engineer-
ing system. Using a combination of bioinformatics and “wet
lab” tools, students designed, synthesized and analyzed CRISPR
reagents that effectively targeted specific sites within a zebraf-
ish gene of interest. Students used the zebrafish as a model
system to generate domain-specific mutations and understand
the structure—function of the ndr2 gene. A general overview
and curriculum of an earlier version of this CURE has been pub-
lished (Bhatt and Challa, 2017). The specific activities that stu-
dents engaged in during the CURE are outlined in Figure 2.
Each student worked on the design, synthesis, and analysis of
the guide RNA they identified within the target gene; every stu-
dent had to submit individual products resulting from labora-
tory experiments. However, students worked collaboratively in
teams (four students per team) and the larger class group (16
students) to perform and troubleshoot experiments and to dis-
cuss their findings. Beyond analyzing microinjected zebrafish
embryos for phenotypes, students primarily collaborated in
their teams and the larger class group. At the end of the semes-
ter, each team presented a poster at a university-wide research
exposition. A detailed chart describing each student’s individual
contribution to the research project and manuscript is included
in the Supplemental Material.

All students enrolled in the CURE were part of a university
honors program focused on science and technology. Students
had applied to the honors program before coming to college,
and the program selected high-performing students by consid-
ering a number of factors, including high school grade point
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Prepare figures, abstract, and posters for
research exposition and/or manuscript
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FIGURE 2. Specific activities that students engaged in during and
after the CURE. Boxes with a solid outline signify a required activity
and boxes with a dashed outline signify an activity that students
were invited to volunteer to participate in, but that was not
required as part of the course or to be an author on the CURE
manuscript. Shaded boxes indicate activities that occurred during
the semester of the CURE and white boxes indicate activities that
occurred after the CURE had ended.

average (GPA) and Scholastic Aptitude Test/ACT scores. In the
first semester of the honors program, students engage in a
course that introduces them to primary research articles from
scientific journals and enables them to read, analyze, and pres-
ent the findings from those published articles. In the second
semester, students enroll in a course in which they engage with
methods and skills involved in laboratory research; the CURE
was one option that students in the honors program could
choose during Spring 2017. Before the students’ second semes-
ter, they complete a series of online training modules for Occu-
pational Health and Safety on topics ranging from basic bio-
safety to personal protective equipment; however, students did
not complete any RCR training as part of the honors program.
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The CURE was taught by two instructors (the course direc-
tor and a graduate teaching assistant) who told students that
the research that they were conducting in the class could
potentially result in a publication due to the novel and broadly
relevant nature of the research question. As the CURE pro-
gressed and students’ work yielded publishable results, the
instructors explicitly told the students that the results would be
drafted into a manuscript and submitted for publication and
that they could be authors on the manuscript. The instructors
explained that the manuscript would be written after the
course had ended, primarily over the following summer and
fall, and that students would be invited to participate in the
writing of the manuscript. The CURE instructors did not dis-
cuss specific authorship requirements, such as the ICMJE stan-
dards, in the CURE. However, after the course was complete
and the manuscript was being drafted, they communicated
with students that, as authors, they should be able to explain
the project and their specific contributions to anyone. They
were also told they would need to read the manuscript, provide
feedback and edits, and approve the final manuscript before
submission.

In Summer 2017, the CURE instructors took the lead on
drafting the manuscript and invited all students to collaborate
on it using a shared Google Doc. On the first draft of the manu-
script, two of the 16 students contributed short write-ups in the
introduction and summary of the study that were approximately
two paragraphs each. Throughout this time, the two students
were still in the honors program and regularly communicated
with the rest of the 14 CURE students, who were aware of their
written contributions to the manuscript. The instructors of the
course revised the writing so that the manuscript would have
one voice, but maintained the ideas of these two students. When
the manuscript was at a final stage, it was circulated among all
students in the course, and the instructors explicitly requested
student feedback in the form of tracked changes and comments
on a Word document. Students provided varied levels of feed-
back on the manuscript. After relevant student comments were
incorporated, a final draft of the manuscript was sent to all stu-
dents. Students were explicitly told via email that they needed to
approve the final manuscript and take responsibility for the work
presented in order to be considered an author; this process
occurred twice, once before the manuscript was submitted as a
preprint and once before it was submitted to the peer-reviewed
journal. Reviewers for the journal requested minor revisions
before publication. The revisions were completed by the instruc-
tors of the course, and the revised manuscript was sent to and
approved by all students. The instructors of the course felt confi-
dent in their decision to include students as authors on the man-
uscript, given their contributions: 1) students made a substantial
contribution to the design of experiments and the acquisition,
analysis, and interpretation of the data, and presented their
work to faculty and students at a university-wide student
research exposition; 2) students revised the manuscript; 3) stu-
dents approved the final version of the manuscript to be pub-
lished; and 4) students agreed that they were accountable for
their contribution to the project as well as the final manuscript as
a whole. These contributions align with the ICMJE standards;
however, the instructors agreed that students’ feedback on the
final version of the manuscript varied in terms of the content
provided.
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Student Interviews

In Spring 2020, when students were completing their fourth
year at the university, the semester most students were expect-
ing to graduate, we reached out to all students who were ini-
tially involved in the CURE and invited them to participate in a
semistructured interview about their experience in the CURE.
All 16 students originally enrolled in the CURE consented to the
study and participated in an interview. We developed an inter-
view script to explore our research questions. Specifically, we
were interested in how, if at all, students perceived they had
benefited from the CURE publication, to what extent students
believed they personally deserved authorship on the CURE pub-
lication, and what students perceived constitutes authorship on
peer-reviewed publications broadly. To pilot our interview script
and ensure cognitive validity, or that each interview question
was clearly addressing what we perceived it to be asking, we
conducted think-aloud interviews with two students who had
authored publications as undergraduate researchers. Questions
were revised after each think-aloud interview until we felt that
no question was unclear or misinterpreted by the students
(Trenor et al., 2011). A copy of the interview script can be found
in the Supplemental Material. All interviews were conducted by
one researcher (A.N.T.). The interviews were approximately an
hour long, and students were incentivized with a small mone-
tary gift. All interviews were de-identified and transcribed
before analysis.

Interview Analysis

Two members of the research team (A.N.T. and K.M.C.) individu-
ally reviewed a different set of eight interviews and took detailed
analytic notes to explore each idea that a participant expressed
(Charmaz, 2006) and to identify recurring ideas throughout the
interviews (Birks and Mills, 2015). We then compared our notes
and created a rubric describing each recurring theme (Saldaiia,
2015). Together, we reviewed a random set of eight interviews
using the rubric to ensure that the rubric captured all themes and
that no new themes emerged. Using constant comparison
methods, we assigned quotes to each theme and constantly com-
pared the quotes to ensure that each quote fit within the descrip-
tion of the theme (Glesne and Peshkin, 1992). Data saturation
was reached within the first eight interviews (Guest et al., 2006).
Together, we revised the set of themes and defined a final set of
codes; we created a final codebook, which can be found in the
Supplemental Material. Once the final codebook was established,
we individually coded four randomly selected interviews (25% of
all interviews) using the coding rubric. We compared our codes,
and our Cohen’s K interrater score was at an acceptable level (k
= 0.81; Landis and Koch, 1977). One member of the research
team (A.N.T.) coded the remaining 12 interviews.

When examining the ways in which students perceived the
benefits from the CURE publication, we report out themes that
were reported by more than a quarter of CURE students. In
addition to examining students’ explicit responses to the ques-
tion asking how, if at all, they had benefited from the CURE
publication, we examined the interview as a whole for any
other benefits that students mentioned. We were most inter-
ested in benefits that seemed to be relevant for multiple stu-
dents; however, because these questions were open-ended, we
are likely underreporting the percentage of students who bene-
fited in a particular way.
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Publications Stemming from CUREs

When investigating the conditions that students perceived as
requirements for being considered to be an author on a peer-re-
viewed publication, we used deductive coding (Creswell, 1994)
to identify the presence of ICMJE authorship criteria (ICMJE,
2019). We chose to use the ICMJE to guide the analysis, as it is
the most commonly used set of guidelines for authorship in bio-
medical journals (Wager, 2007). Additionally, we also used
inductive coding (Thomas, 2003) to identify additional criteria
that students considered. Criteria that a student mentioned as
well as the percentage of students who mentioned each ICMJE
criterion are reported. When analyzing student definitions of
the term “intellectual contribution,” we report the most com-
mon student responses. Throughout the interviews, we also
noted incomplete conceptions that students held about author-
ship. We report out the most common incomplete conceptions
shared by students.

Inferences made about the importance of these themes can-
not be drawn from the percentage of students who reported a
particular theme (Maxwell, 2010). Further, with the limited
number of interviewees, it is not possible to examine whether
there were trends or correlations related to student demograph-
ics. Quotes were subtly edited for clarity by inserting clarifica-
tion brackets and using ellipses to indicate excluded text.

CURE Participants

Information about student demographics and their additional
experiences with undergraduate research were collected on a
survey provided to students after the interview (a copy of the
survey questions can be found in the Supplemental Material).
Student demographics and additional research experiences and
authored publications are summarized in Table 1.

RESULTS

Finding 1: Students Highlighted 10 Ways in which They
Perceived They Benefited from Authoring a CURE
Publication

When we asked students explicitly how, if at all, they benefited
from authoring the CURE publication, they highlighted an array
of ways in which they perceived that they benefited. There were
10 distinct benefits that were each mentioned by at least five
students (31.3%). Students highlighted each benefit with refer-
ence to the CURE publication specifically, as opposed to engag-
ing in the CURE broadly. The student-perceived benefits can be
organized into three overarching groups: 1) positively influ-
enced students personally, 2) positively influenced students
professionally, and 3) changed the way students think about
science and research (Table 2).

Personal Perceived Benefits of Authoring a CURE Publica-
tion. All of the students we interviewed highlighted that they
shared the publication with people in their personal lives, which
yielded positive exchanges between the student and the indi-
vidual(s) they shared it with. Students described sharing it with
their friends and acquaintances (often on social media plat-
forms), with other researchers who were friends, with past
teachers, and with family and significant others. Some students
described sharing it in order to prove to others that they had
been productive during their first year in college, while most
students shared this accomplishment with the intent to cele-
brate the good news with others in their lives. Some students
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TABLE 1. Participant demographics

N=16
% (n)
Gender
Woman 43.8 (7)
Man 50 (8)
Genderfluid 6.2 (1)
Race/ethnicity
Black or African American 6.2 (1)
Hispanic, Latinx, or Spanish origin 6.2 (1)
White 75 (12)
Asian 12.5 (2)
College generation status
First generation 37.5 (6)
Continuing generation 62.5 (10)
Engaged in traditional undergraduate research during college
Yes 93.8 (15)
Published manuscript stemming from traditional undergraduate research
Yes 254
Average GPA + SD 3.67+£0.29

shared how their parents had PhDs and fully grasped the
accomplishment of publishing, while others highlighted that
their family or friends had very little understanding of what a
publication is. Notably, all students who shared the publication
described a joyful experience regardless of the extent to which
others fully understood their accomplishment. Seven students
(43.8%) highlighted how becoming an author on a publication
gave them a sense of personal pride. Four of the seven students
who reported this were first-generation college students (66.7%
of the first-generation college students in the CURE). Specifi-
cally, these students highlighted that they were especially proud
of this accomplishment, because they recognized that this was
likely especially rare for someone who was the first in a family
to attend college. Finally, seven students (43.8%) highlighted
that having a publication increased their sense of belonging to
the scientific community. Some described that previously they
had felt as if they were on the periphery of the scientific com-
munity, but formally contributing new knowledge to science
made them more official members of the scientific community.

Professional Perceived Benefits of Authoring a CURE Publi-
cation. In addition to highlighting personal benefits stemming
from the CURE publication, students highlighted five ways that
they perceived they benefited professionally. All but one student
in the CURE reported leveraging the publication for a profes-
sional gain. For example, students described adding it to their
CV or talking about it in interviews with the intent to increase
their competitiveness for additional research opportunities,
scholarships, graduate school programs, and professional
school programs. Additionally, 13 students (81.3%) mentioned
that they believed that the process of becoming an author
equipped them with experience of publishing and the scientific
review process. Three-fourths of the CURE students highlighted
that the publication increased their confidence. Particularly, stu-
dents described how it gave them confidence in their ability to
do good research or to seek out research opportunities that they
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would have otherwise been too intimidated to pursue. In total,
all but one student highlighted how the experience of publish-
ing a paper provided them with clarity about the extent to
which they wanted to pursue a scientific career; nine students
(56.3%) explained that the opportunity to publish strengthened
their interest in a scientific research career, and six students
(37.5%) explained that the process of publishing a paper damp-
ened their interest in a scientific research career. Even though
some students learned that the process of conducting and pub-
lishing research was not what they were interested in, we con-
sider this to be a benefit, because students were able to experi-
ence this process relatively early in their academic careers and
had substantial time to explore additional career opportunities.

Perceived Benefits of Authoring a CURE Publication Related
to Science and Research. Students reported that their percep-
tions of science and research changed in a positive way because
of their participation in the process of publishing their CURE
research. Six students (37.5%) explained that the process of
publishing increased their appreciation for science and research.
Specifically, students explained that they gained a deeper
understanding of what science entails, which in turn strength-
ened their appreciation for the process of science. Additionally,
five students (31.3%) highlighted that the publication helped
them realize the importance of seeing the “bigger picture” in
research. That is, students explained that the publication helped
them understand how specific experiments fit into a larger
study or aid in answering an overarching research question.
Specifically, students often described how this experience
helped them contextualize their contributions in future research
projects that they went on to conduct in faculty member labs.

Finding 2: Students’ Perceptions of What One Needs to
Contribute for Authorship Varied and Did Not Include
Some of the Requirements Outlined by the ICMJE

In the interview, students were asked what they thought one
needs to contribute in order to be an author on a peer-reviewed
scientific publication. Students’ responses often described
more than one requirement (Table 3). All 16 CURE students
highlighted that it was necessary that an author write a part of
the manuscript. Additionally, 14 students (87.5%) mentioned
that collecting data or performing experiments was necessary.
Interestingly, students rarely mentioned the importance of
intellectually engaging with the project as a requirement for
publication. Specifically, six students (37.5%) highlighted the
need to have a deep conceptual understanding of the project,
and two students (12.5%) highlighted the need to conceive
and design the study, interpret the data, “intellectually contrib-
ute” to the project, or provide a substantial idea that had the
potential to influence a project. Notably, only two students
mentioned that authors need to approve the manuscript, and
no student mentioned the need to critically revise the manu-
script for important intellectual content or the need to be
accountable for the work.

When discussing authorship, the term “intellectual con-
tribution” is often evoked in literature on authorship
(Helgesson, 2015; Boffito et al., 2016; Patience et al., 2019)
and likely in informal conversations by CURE instructors
(Woolston, 2015). For example, when defending student
authorship on the paper resulting from the Genomics
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TABLE 2. Ten student-perceived benefits of authoring a CURE publication

Publications Stemming from CUREs

Theme Theme description % (n) Example student quote Example student quote
Personal benefits of authoring a CURE publication
Built social Students described using the 100 (16)  “Right after we got the confirmation of ~ “[I shared the publication] definitely
support CURE publication to the publication I told my parents for [with] my family and my
demonstrate productivity to sure. [ was like ‘I'm not just messing boyfriend. I posted it on Facebook
others, to gain social status around in school, I'm doing and was like, ‘Look, it’s a thing I
among peers, and to important things and I'm doing did.”—Student 6
celebrate with others in their really interesting things.”
personal lives. —Student 12
Developed Students viewed the publication  43.8 (7)  “It was more like [the publication] is “Being able to say Tm published,’
personal as a personal accomplishment something that I've accomplished helped me tremendously, because
pride that they are proud of. and I'm the first one in my family to I actually get to look at my name
do something like that. I never really and see my own accomplish-
thought that little me would be able ment.” —Student 13
to do something like that.”
—Student 6
Increased Students described that being an  43.8 (7) “I think it’s like a personal competence  “Yeah, I could read all the scientific
belonging to author made them feel like thing. Just being able to search a articles that I want, I could
the scientific they are a part of the construct in PubMed and see that understand them all [ want, but I
community scientific community. there’s an actual publication that I wasn'’t really a part of that

Professional benefits of authoring a CURE publication

Built a Students described putting the
professional publication on their CVs/
profile résumés or mentioned that

they have used the publica-
tion to gain a scholarship,
research position, job, or to
get into graduate/profes-
sional school.

Increased Students described that they
experience gained experience in writing,
in the communicating science, or
process of became more familiar with
publishing the peer-review process

through participating in the
process of publishing the
CURE manuscript.

Increased Students described that

confidence publishing gave them

in ability to
do research
or publish in
the future

confidence in their ability to
engage in research or to
publish papers in the future.

Provided career Students described that being an

clarity: author clarified their career
increased intentions, in that it moved
interest in them toward wanting a
research career in research.

career

93.8 (15)

81.3 (13)

75.0 (12)

56.3 (9)

can reminisce about and know how
I contributed, I think that just helps
solidify my role in the scientific
community for sure.”—Student 8

“Putting [the publication] on my CV
has helped me get sort of more
recognition in some application to
grad schools.”—Student 9

“I guess [publishing the CURE
manuscript] gave me more of an
idea of how the process of
publishing a manuscript works as
far as what all goes into it and the
steps that are taken.”—Student 11

“I think knowing that I have contrib-
uted to [the CURE publication] has
made me more willing to be like, ‘I
can do this. I can write [my
undergraduate research thesis].”
—Student 2

“Having the publication has made me
realize I want to do some research,
because I really do like it. So, I
definitely want to get involved in
medical research when I do become
a physician.”—Student 3

community. By doing the CURE
publication [it] allowed me to be
a part of the community I
contributed to that science as a
whole.”—Student 12

“It was on my med school application
and I got into med school, so I'll
say [having a scientific publica-
tion] definitely helped [me get
into medical school].”—Student 1

“[The publication was a benefit in
terms of] learning exactly how
the review process works. I think
that was very, very insightful.” —
Student 9

“My mindset before getting published
in this class was that undergrads
don’t get published. Like, it’s
impossible. Journals aren’t going
to accept articles with under-
grads’ names on them. [The
CURE publication] just com-
pletely collapsed that mindset.
(...) With that collapse of that
mindset, I was motivated to just
publish, so I set my mind to
that.”—Student 14

“I think [the process of publishing
the paper] just reinforced my
desire to go into academia.”
—Student 14

(Continues)
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TABLE 2 Continued.

Theme Theme description % (n)

Example student quote Example student quote

Provided career  Students described that being an  37.5 (6)

clarity: author clarified their career
Decreased intentions, in that it moved
interest in them away from wanting a
research career in research.

career

“The publication showed me the side of
research and the side of science that
I didn’t really want to be a part of. I
didn’t want to be necessarily
completely research focused.”
—Student 12

“I think I learned that the world of
academic research and this paper
writing might not be what I want
to do with the rest of my life.” —
Student 16

Benefits of authoring a CURE publication related to perceptions of science and research

“[Publishing] definitely strengthened
my appreciation for science and
what researchers do. It deepened
my love for science in general and
very much [gave me] a healthy

“[The publication] made me
appreciate research a little more
and, most importantly, under-
stand the importance of it.”
—Student 4

respect for researchers.”—Student 1

Developed an Students described that the 37.5 (6)
appreciation publication gave them an
for research appreciation for science and/
and science or research.

Helped students Students described that the 31.3 (5)

see the big publication allowed them to
picture of see how the different parts of
research research fit together to form

the project as a whole.

“[Throughout the publication process],
I just started understanding more of
the research we did and how it
applied and that paper helped me
figure out that the bigger picture is
also important when we do those
experiments.”—Student 11

“I think [the publication helped me
see a bigger picture]. I think
without the level of understand-
ing that [ had about what goes
into a publication, I wouldn’t
have been able to connect the
dots [in research]. Without the
dots to connect, you can'’t really
see the full picture.”—Student 10

Education Partnership CURE (Leung et al., 2015), the CURE
developer highlighted that it was sufficient for students to
intellectually contribute to the project in addition to read-
ing, critiquing, and approving the manuscript (Woolston,
2015). As noted earlier, two students mentioned the need to
“intellectually contribute to the project” as a requirement for

TABLE 3. Student-perceived necessary contributions for
authorship of a peer-reviewed publication®

Student-perceived necessary contribution

for authorship % (n)®
Write part of the manuscript 100 (16)
Data collection/experimentation 87.5 (14)
Have a deep conceptual understanding of the project 37.5 (6)
Perform data analysis 31.3 (5)
Put time and effort into the project 31.3(5)
Provide data that go into a figure in the manuscript 25.0 (4
Read and provide minor edits on the manuscript 18.8 (3)
Conceive of and design the study 12.5 (2)
Interpret the data 12.5 (2)
“Intellectually contribute to the project” 12.5 (2)
Provide a substantial idea 12.5 (2)
Approve the manuscript 12.5 (2)
Critically revise the manuscript for important intellectual 0.0 (0)
content
Be accountable for the research presented in the paper 0.0 (0)

2Shaded themes coincide with ICMJE recommendations for authorship. All ICMJE
recommendations are included in the table regardless of whether they were men-
tioned by students.

*Students often provided multiple criteria that they perceived were necessary in
order to be considered an author on a publication, which is why the percentages
add to more than 100.
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authorship. Given how ubiquitously this term is used in dis-
cussions pertaining to authorship, we wanted to reveal stu-
dent perceptions about what others meant when they made
references to “intellectually contributing” to a project. When
we explicitly asked students what they thought the term
meant in relation to a research project, students commonly
mentioned four ways in which one might intellectually con-
tribute to a project (Table 4). Specifically, 13 students
(81.3%) reported that intellectually contributing involved
data collection or experimentation. Eleven students (68.8%)
perceived that it involved coming up with ideas about the
research question or experimental design, and six students
(37.5%) mentioned that it entailed asking a question to
challenge or further the research project. Finally, six stu-
dents (37.5%) reported that intellectually contributing
involved writing part of the manuscript.

Finding 3: Students Held Incomplete Ideas about Author-
ship, Specifically about Authoring a CURE Publication

In addition to probing what students perceived was necessary
for authorship in general, we asked students to what extent
they felt they deserved to be listed as an author on the CURE
manuscript. From this question, we identified incomplete con-
ceptions that students held regarding authorship in general and
authorship related to the CURE.

Students Perceived That Significantly Contributing to the
Writing of the CURE Manuscript Was Integral for Deserving
Authorship. In alignment with students’ assumptions that
writing a significant portion of the manuscript is required for
authorship, 68.8% of students highlighted that they did not
contribute to the writing of the paper, which they perceived
meant they were less deserving of authorship.
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TABLE 4. Student perceptions of what “intellectually contributing”
to a research project entails

Theme % (n)?

Data collection/experimentation 81.3 (13)

Formulating ideas about the research question or 68.8 (11)
experimental design

Asking questions to challenge or further the 37.5 (6)
research project

Write parts of the manuscript 37.5 (6)

aStudent perceptions of “intellectual contribution” included multiple factors,
which is why the percentages add to more than 100.

Student 5: “I get hung up on including [my name as an
author], because I didn’t necessarily help write it. (...) My
name is on it and I helped do the research, but I didn’'t help
write it.”

Student 12: “Yes, I did do a lot of the work in the lab setting to
get [to the publication], but I didn’t help out with the paper
itself. So yes, I feel like I did earn it with doing the work and
getting the results, like the pictures we took and seeing the
results, but I didn’t really do much on the paper.”

Even the few students who explained that writing might not
be required in order to be an author expressed how they grap-
pled with what not writing the paper meant with regard to
authorship. For example, both Student 2 and Student 3 high-
lighted how they recognized that one could still be an author
even without contributing to the writing of the manuscript, but
that this wasn’t a conclusion they came to easily.

Student 2: “I did the experiments, I was there, I was active, but
I did not assist in actively writing the paper. I felt very ashamed
that I didn’t help. (...) I didn’t do enough to earn being on that
paper, and me not assisting and writing it really just kind of
cemented it. But now that I'm older I'm looking on it like, ‘no,
I feel like I deserved to be there.”

Student 3: “I still have in my head, you're a coauthor, you're
writing things. So that's why part of me feels like coauthors
should contribute to the writing as well. But I don’t think that’s
a necessity for [CURE] coauthors, because you can contribute
a lot to the work without necessarily writing it. It’s just stuck in
my head.”

Students Perceived That They Deserved Authorship Not
Based on What They Directly Contributed to the Research,
but Based on the amount of Work They Did in Compari-
son to the Amount of Work Done by Their Classmates in
the CURE. In addition to considering their contribution to
the writing of the manuscript, students supported their opin-
ions about the extent to which they earned authorship by
comparing what they accomplished to what others in their
class accomplished. Forty-four percent of students compared
the amount of work they did to the amount of work done by
their classmates when explaining the extent to which they
felt they deserved to be an author on the CURE manuscript.

CBE—Life Sciences Education « 20:ar46, Fall 2021
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In the CURE, students had the option of going in on the
weekends to learn and assist with the microinjection of their
designed, synthesized guide RNAs and Cas9 protein into the
zebrafish embryos. Students often referenced this time as
something that set them apart from the other students in the
class and made them more deserving of authorship.

Student 8: “I remember going into the lab on weekends and
putting in outside class work on the project. I think that rela-
tive to other classmates that puts me a little bit above average
[with regard to deserving to be on the publication] in that
sense.”

Student 1: “Yeah, I definitely did contribute some data to it and
I spent probably more time than a lot of the students in that
class did. Not anything on them. I just had the time to do it. I
probably spent a lot of time outside of that class working on
these projects, so I feel I actually contributed a solid amount.”

Other students felt that they did not do as much as others in
the course and subsequently were unsure of whether they
deserved to be considered an author.

Student 9: “I think that [other students] might have contrib-
uted more, which is why I'm not as sure that I did or did not
deserve [to be an author].”

Student 13: “[Considering authorship], I'm always a person
that I feel like I can do more. (...) I remember talking and
watching especially, [another student in the CURE] and think-
ing, ‘Oh, I really [want to do more like them.]”

Students Expressed Concerns That Novice Students Were
Not Deserving of Being Listed as an Author on a Manu-
script. Students (43.8%) also highlighted that they were only
in their first year of college when they contributed to the CURE
research that resulted in the paper. Students such as Student 1
and Student 4 highlighted their year in college as a way of
explaining why they may have been unqualified to contribute to
a particular activity, such as writing, that they considered
important for authorship.

Student 1: “I wish I had been more involved [in the writing],
but also as a freshman I didn’t know what to do.”

Student 4: “I think as a freshman you’re missing [the] sort of
knowledge of how to write scientifically. How to word things
properly and make sure that you don’t use any kind of lan-
guage that’s not scientific or anything like that. I think sort of,
it’s a lack of experience with scientific writing.”

Additionally, 62.5% of students described that they per-
ceived publication expectations to be different in a CURE com-
pared with being in a traditional undergraduate research expe-
rience in a faculty member’s lab. Specifically, students, like
Student 10, perceived that a CURE is meant for learning,
whereas a faculty member’s lab is focused on research. Students
often questioned whether one can deserve to be on a publica-
tion if one is still learning.
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Student 10: “I contributed as much as I could have to the
paper. However, I don’t think that in a normal research lab,
that was not a CURE, that it would have been enough. (...)
The CURE environment is specifically to teach students how to
be effective in research versus actually being in [a traditional
undergraduate research experience] where the biggest goal is
research and publications. Within a research lab setting, your
job is to contribute to the research of the lab, your job is to
contribute to the paper. And so, I think to be a coauthor on a
paper your responsibility level needs to be higher versus if you
were in a CURE environment where you’re coming in as a
freshman in college, you don’t have any research in high
school. So, I think it’s going to be a different kind of require-
ment to achieve an authorship in a CURE setting.”

Students had preconceived notions about how independently
undergraduates work in traditional research experiences. Stu-
dent 8 highlights how students in a CURE take direction from
instructors and they assume that students in traditional research
experiences make more decisions independently.

Student 8: “I think in a typical lab setting, at least what I expe-
rienced is that once you learn the ropes, youre eventually
handed off a specific project and you work on that more inde-
pendently. And so once it comes time to publication, it’s you
who’s done most of the head work on that. And then I think
there’s a difference in the [CURE] because a lot of the ideas
and everything, because we didn’t really know a whole lot
about the background at that point. So, we just learned along
the way in that sense. We were taking direction, whereas I
think working in a traditional lab environment, you’re making
the direction.”

DISCUSSION

To date, there has been no research examining student percep-
tions of publications stemming from CUREs. In this study, we
interviewed every student who enrolled in a CURE a year and a
half after the students had authored a publication stemming
from that CURE. We aimed to identify student-perceived bene-
fits from the CURE publication and to further understand stu-
dents’ perceptions of what constitutes authorship.

Students in these interviews identified an array of perceived
gains that stemmed from being authors on the CURE publica-
tion. We found that students in the CURE reported using their
publication as a way to bolster their familial and peer support.
Building such support is particularly important for undergradu-
ates; studies have shown that having family and peer support is
positively related to student adjustment, performance, and
retention in college, especially for first-generation, Black, and
Latinx students (Dennis et al., 2005; Nicpon et al., 2006; Yazed-
jian et al., 2007; Baker and Robnett, 2012). Students also cited
the publication as a source of personal pride. Such pride likely
boosts  self-esteem, which protects against loneliness
(McWhirter, 1997) and positively predicts student grades and
retention in college (Munro, 1981; Napoli and Wortman, 1998;
Nordstrom et al., 2014). Additionally, students reported that the
CURE publication bolstered their sense of belonging in science,
which highlights the magnitude of the impact that authoring
publications may have on undergraduates, given the positive
relationship between belonging in science and students’ aca-
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demic motivation and achievement, well-being, and persistence
in college (Hurtado and Carter, 1997; Anderman and Freeman,
2004; Trujillo and Tanner, 2014).

We found that the students perceived that the CURE publica-
tion helped them clarify and achieve their professional goals.
Given that CURE: likely allow a more diverse group of students
to author publications at the undergraduate level (Bangera and
Brownell, 2014), that graduate and professional schools value
publications (Cooper et al., 2019¢c), and that students indeed
leverage CURE publications for professional gains, CUREs
resulting in publications may be helping to create a more diverse
and robust scientific workforce (Intemann, 2009). However,
more research needs to be done to further understand how
graduate and professional programs evaluate CURE publica-
tions compared with publications from traditional undergradu-
ate research experiences.

In addition to identifying potential benefits of CURE publica-
tions, we found that the students in this CURE had varied per-
ceptions of what is required in order to be considered an author
on a peer-reviewed publication. Although there is not a univer-
sal set of authorship guidelines that the scientific community
has agreed upon, the ICMJE provides the most widely used set
of requirements in the sciences (Wager, 2007). When asked
what someone needs to contribute in order to be an author on
the manuscript, all students reported the need to write part of
the manuscript. This was interesting, given that only two CURE
students contributed to the first draft of the CURE manuscript.
Notably, the ICMJE highlights involvement with the writing of
the manuscript as one of the four requirements for authorship
but distinguishes that, in order to qualify for authorship, an
individual must draft the study manuscript or critically revise it
for important intellectual content (ICMJE, 2019). This is a par-
ticularly important distinction for potential student-authors in a
CURE, given that few single-term CUREs could provide stu-
dents with the time needed to contribute to the conception and
design of the study, acquire data, or interpret data (the first
ICMJE requirement for authorship consideration), and contrib-
ute to the writing of the manuscript (the second ICMJE require-
ment). However, it is more reasonable to assume that students
could contribute to the conception and design of the study,
acquire data, or interpret data during the CURE, with the expec-
tation that they would provide substantial edits to the manu-
script after the CURE is complete. It would be possible to have
a multi-term CURE to enable all students to participate in the
writing process or to allow individual students to enroll in addi-
tional research credit focused on contributing to the preparation
of the manuscript. It is unlikely that all students would be able
to volunteer and contribute significantly to the writing of the
manuscript outside the CURE. However, CURE instructors
could structure their CUREs so that students have the opportu-
nity to contribute to the writing of aspects of the manuscript,
especially sections such as materials and methods, that may be
partially written before analyses are complete. Asking every stu-
dent in a CURE to contribute to the writing of a manuscript can
be logistically difficult, but asking students to provide individ-
ual edits on the draft versions of the manuscript may be more
feasible. Given the importance students placed on writing,
allowing students to engage in some aspect of the writing of a
CURE manuscript may enhance their science identities, but
additional research is needed to explore this further.
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Additionally, only two students mentioned the third ICMJE
requirement for authorship consideration, viz. approving the
manuscript, and no students reported the need to critically
revise the manuscript or take responsibility for the content of
the article. Although all students in the CURE provided edits on
the manuscript, approved the final version of the manuscript,
and agreed to take responsibility for its contents, it became
clear that they did not view these steps as integral to their status
as authors. These data revealed that it is imperative that CURE
instructors identify their own standard for authorship before
the course and explicitly share these requirements with stu-
dents. Otherwise, students may view steps such as approving
the final manuscript as something that the CURE instructor
expects of them, but unrelated to authorship. Not only will this
help students better understand to what extent they are deserv-
ing of being an author, but it may also motivate students to
accomplish authorship requirements, such as providing sub-
stantial edits to the manuscript.

Defining the term “authorship” is difficult for undergradu-
ates (Mabrouk, 2016), and in this study we established that this
is true even for students who are published authors. Because
authorship is not routinely discussed in research groups (Abbott
et al., 2020), CUREs provide a potentially powerful way to edu-
cate students about authorship, which is a concrete step toward
meeting the explicit goal of CURE developers to integrate prin-
ciples of ethics/RCR into CUREs (Olimpo et al., 2017; Diaz-Mar-
tinez et al., 2019). When discussing authorship with students,
we urge CURE instructors to be mindful of the language they
use when describing their standards for authorship. Specifi-
cally, we found that students had widely variable interpreta-
tions of what it means to intellectually contribute to a project.
However, scientists may also have varying perceptions of what
it means to intellectually contribute to a research project. For
example, relatively recent publications that focus on the rela-
tionship between intellectual contribution and authorship dis-
cuss the idea of intellectual contribution differently. One study
uses the term “intellectual contribution” but never explicitly
defines it (Patience et al., 2019). The term is used throughout
the paper to describe the activities that authors of papers report
engaging in, such as developing research questions and super-
vising the research project. A second article defines “intellectual
content,” as “including writing, manipulating samples, writing
programs, and analyzing data” (Boffito et al., 2016, p. 1133),
and a third article highlights the ambiguity of the term “intel-
lectual involvement” and does not provide a definition (Helges-
son, 2015). Further, to our knowledge, no studies have exam-
ined scientists’ perceptions of the concept of intellectual
contribution. Given how ubiquitously this concept is referenced,
and the ambiguity of its definition to both scientists and stu-
dents, it is important to be as transparent as possible with stu-
dents about what is meant by terms such as “intellectual contri-
bution” or “intellectual involvement.” This will help ensure that
instructors do not unintentionally alienate students who may
not be familiar with common research-related terms and that
students do not interpret a term differently than the instructor
who is using it.

This study also provided unique insight into incomplete
conceptions that students may have about authorship and spe-
cifically authorship on CURE publications. We acknowledge
that the assertion that students have incomplete conceptions
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of authorship could be considered a student deficit statement
(Yosso, 2005). However, we perceive students’ incomplete
conceptions to be a result of inadequate instruction about
authorship in the CURE; we hypothesize that such incomplete
conceptions may have been remedied by more explicit instruc-
tion about authorship. For example, instead of focusing on
what they directly contributed to the research project when
considering their roles as authors, students tended to focus on
the amount of work they contributed (e.g., how many hours,
whether they went in on weekends) and compared it with
their perception of the amount of work done by other students.
This is especially disconcerting, because students who may not
be able to put in work outside the class expectations, such as
students who have part-time jobs or those with familial obliga-
tions, may be most likely to feel like they do not deserve
authorship, which may deepen the perception that they do not
belong in science. As such, this presents another reason for
CURE instructors to highlight authorship standards early on in
a CURE. Explaining that any student who meets those expec-
tations will be listed as an author on potential subsequent pub-
lications may assuage concerns of students who may not be
able to put work into the project beyond what is required.
Additionally, students highlighted that they felt as though they
did not know enough as first-year students to contribute to
aspects such as writing a publication, and some expressed con-
cern that they may not truly be contributing to the research
while they are novices learning science. This is likely a concep-
tion harbored by many entering undergraduates. Instructors of
CURESs directed at entry-level college students may benefit
from explicitly highlighting the importance of legitimate
peripheral participation (Lave and Wenger, 1991). Explaining
that students, as new members of the scientific community,
become more experienced by participating in simpler tasks
that are still important to the overall work being done may
help students understand that what they are doing is simulta-
neously helping them personally advance as scientists while
also advancing the field of science. This could help students
conceptualize how individuals at different points in their
careers (e.g., first-year college students and full professors)
can be authors on a publication.

Limitations and Future Directions

We chose to conduct an in-depth interview study because
there is very little research on student perceptions of publica-
tions stemming from CUREs. The current results cannot be
generalized beyond this specific CURE, conducted at a large
RO1 institution with high-performing honors students. How-
ever, our findings do provide a foundation for developing
future surveys that can be given to students across different
CURE:s to examine the extent to which students’ beliefs about
publications reported here are shared by students publishing
CURE data across different disciplines from other institutions.
Notably, the students in the CURE were honors students;
future studies could explore whether honors student sections
of CUREs are more likely to lead to publication than non-hon-
ors student sections. However, we do not perceive that these
students’ honors status influenced whether their work in the
CURE lead to a publication. From a scientific point of view, the
novelty of targeting a gene and phenotype in a structure—func-
tion study using a new technology made this work publishable.
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Additionally, there are examples of CUREs with non-honors
students that have led to publication (Pope et al., 2011a,b;
Cooper et al., 2019a, 2020). We hope to build on this study
with a quantitative study to examine the impact of publica-
tions on students, which will allow us to control for whether
students are in an honors program. We acknowledge that our
sample size is relatively small. However, in alignment with
qualitative guidelines stating that saturation of the data is usu-
ally reached within six to 12 interviews (Guest et al., 2006),
we reached saturation of our data within the first eight inter-
views with no new themes emerging thereafter. Additionally,
doing an in-depth interview study of all students in a large
CURE or from multiple CURES who have published is logisti-
cally challenging. Given the time that often lapses between
finishing data analyses and writing of the manuscript and
between submitting the manuscript for review and final accep-
tance for publication, it is unlikely that students who take a
CURE during college can be easily reached for an interview
and make time for an interview after their manuscript has
been published. In our case, because students participated in
the CURE during their first year at the university, we were able
to reach all 16 students enrolled in the CURE and obtain their
consent to participate in the study during their final year of
college. Relatedly, because students engaged in the CURE
during their first year of college, and published in their second
year, they had a year and a half to experience the perceived
benefits of the CURE publication. Students who engage in
CUREs later in their college careers may not perceive that they
experience as many benefits. When the CURE was offered, the
CURE instructors were not sure whether the data collected
and analyzed in the CURE would definitely result in a publica-
tion, or when it would be published, and did not foresee
examining the impact of the publication on students. As such,
we did not collect any data about what was explicitly said in
the CURE about the publication. We relied on the memories of
the CURE instructors about what was said; overall, the instruc-
tors recalled that there was very little discussion about author-
ship during the CURE. Yet, we are unable to assess how stu-
dents developed their individual perceptions of what comprises
authorship. We hope that future studies can more systemati-
cally assess how integrating RCR curriculum into CUREs
affects students’ perceptions of authorship and the benefits of
CURE authorship; collecting data during the time when the
publication is being prepared will allow conclusions to be
drawn about how the CURE specifically affects students’ per-
ceptions of authorship. Finally, all but one student participated
in a traditional undergraduate research experience in a faculty
member’s lab, and four students authored a peer-reviewed
publication resulting from such an experience. We focused our
interviews explicitly on students’ experiences in the CURE and
on the CURE publication and did not probe how students’ tra-
ditional research experiences further impacted their percep-
tions of the CURE publication, because we hypothesized that
the variability among research experiences would have made
it difficult to draw conclusions. However, understanding how
traditional research experiences affect student perceptions of
authorship is an important area of further research. For exam-
ple, future studies could compare the experiences of CURE
students and non-CURE students who did and did not go on to
participate in undergraduate research.
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CONCLUSION

In this interview study of 16 student authors of a CURE publi-
cation, we examined 1) how students benefited from the CURE
publication and 2) student perceptions of authorship. Students
perceived that the CURE publication provided them with per-
sonal and professional benefits that are positively related to lon-
ger-term benefits such as academic performance and retention
in college. Additionally, students held varied conceptions of
what was required to be considered an author on a peer-re-
viewed publication. Although every student did view writing
the manuscript as integral to being considered as an author, no
student reported that critically revising the manuscript or tak-
ing responsibility for the contents of the article was necessary.
Finally, we identified incomplete conceptions students held
about CURE publications. Namely, that the extent to which they
deserved to be authors on the CURE publication was dependent
on how much work (e.g., time outside class) students put into
the project compared with the work put in by their classmates,
as opposed to what they actually contributed (e.g., collected
data, analyzed data). Additionally, students had doubts that
novice students were deserving of being listed as authors on
CURE publications as they were still learning science. To help
students maximize their gains from a CURE, instructors can
explicitly highlight CURE research products, such as publica-
tions, as something that can benefit students. Additionally, we
encourage CURE instructors to outline their own standards for
publication, being intentional about using language that all stu-
dents understand. Integrating this information into CUREs is a
concrete way to begin to integrate principles of ethics/RCR into
CURESs and to help all students understand what is expected of
them.
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