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Abstract

Introduction to Primary Literature (IPL) courses can be early-career precursors to undergraduate research
experiences, whereby students can become familiar with potential mentors and their research toward
better alighment with student/faculty interests and goals. IPL courses have been shown to increase
student science self-efficacy and understanding of the nature of science to levels congruent with students
entering Course-based Undergraduate Experiences (CUREs) and Faculty-Led Research Experiences
(FLREs), which may increase the number and diversity of students engaging in these high-impact activities.
Further research is needed to understand how an IPL course can impact students’ science identity, defined
as the extent to which one relates to science, which has been associated with student success and
persistence in STEM degree programs. This study employed a quasi-experimental, mixed methods
approach to explore the impacts of engaging with the products of research through reading primary
research articles, communicating scientifically, and interacting with scientists of various levels on the
science identities of undergraduate students enrolled in a seminar-style biology IPL course at a large,
private, research-intensive institution in the Northeastern United States. Pre- and post-course surveys, as
well as a focus group interview, were used to collect student information and measure the science identity
of participants. Interpretation of the quantitative data and themes drawn from the qualitative responses
are presented herein, notably that students became more confident in their abilities to understand
science and scientific literature and in their competence as scientists in training.
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Undergraduate Research Experiences (UREs),
such as Faculty-Led Research Experiences
(FLREs) and Course-based Undergraduate
Research Experiences (CUREs) are often a
student’s first introduction to the true nature of
science. Participation in UREs has been
associated with increases in science self-efficacy
and a strengthening of science identity which
can help orient students towards graduate and
professional programs in STEM (Chemers et al.,
2011; Egan et al., 2013). URE participation has
also been associated with increased student
persistence and interest in pursuing research
opportunities amongst students from
underserved populations (Reig et al., 2018).

Despite their many benefits, UREs are often
limited due to a lack of funding, staffing, or

physical space (Frantz et al., 2017). To compound
this issue, students from underrepresented
groups and low-income households are often
tasked with navigating existing barriers to
research experiences, such as a lack of
representation in the field, insufficient academic
preparation, and historical barriers
(Pierszalowski et al., 2021). STEM enrichment
programs have been designed and implemented
to introduce students to the research
environment and provide opportunities for
faculty mentoring (Merolla & Serpe, 2013).

Introduction to Primary Literature (IPL)
courses have been recommended by the
National Academy of Sciences (2017) as a
steppingstone to help students access UREs by
familiarizing students with potential mentors
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and their research, allowing for better alignment
with student/faculty interests and goals, and the
efficacy of this practice has subsequently been
shown by Schmid, Hall & Wiles (2023). IPL
courses often follow a seminar-style format in
which students read, discuss, and write about
primary literature in order to familiarize
themselves with the products of science and
scientific methods of communication (Brownell
et al.,, 2013; Sandefur et al., 2016; Schmid &
Wiles, 2019). IPL courses have been shown to
increase student science self-efficacy and
understanding of the nature of science to levels
congruent with students entering UREs (Carter
et al.,, 2017; Schmid, Dunk, & Wiles, 2021;
Schmid, Hall, & Wiles, 2023). However, further
research is needed to understand how an IPL
course can impact students’ science identity.

Science identity can be described as the
extent to which one relates to science (Carlone
& Johnson, 2007). Having a strong science
identity is important for undergraduate STEM
students because it has been associated with
student persistence in STEM degree programs
and interest in scientific careers (Chang et al.,
2011; Perez et al.,, 2014). Participation in IPL
courses could strengthen undergraduate
students’ science identities in several ways.
Practice with reading, writing, and discussing
scientific research could improve students
competence and performance, which are key
components of science identity. Being exposed
to the products of science and exploring current
hot topics in science could also pique students'
interest in science and students’ interest in
pursuing graduate programs in science
(Kozeracki et al., 2006; Hathaway et al., 2002).
Additionally, being exposed to diverse scientists
could also help students find relatable scientific
role models (Fairlie & Robert, 2014).

Understanding how early exposure to
research affects students’ science identity will
support the development and implementation
of IPL courses, which may increase the number
and diversity of students engaging in high-
impact activities like UREs. For this study, we
used a quasi-experimental, mixed-methods

approach to explore the impact of participating
in an IPL course on undergraduate students’
science identities, at a large, private, research-
intensive (Carnegie R1 designation) university in
the Northeastern United States. We aim to
address the following research questions:

1. Does participating in an IPL course impact
undergraduate students’ science identity?
If so, how?

2. Does participating in an IPL course impact
undergraduate students’ interest in
conducting biological research? If so, how?

Carlone and Johnson (2007) described three
main ways to strengthen a science identity: (1)
by fostering knowledge growth, (2) by providing
opportunities to display scientific knowledge and
practices in the presence of others, and (3) by
being acknowledged as a science person by
oneself and meaningful others. Therefore, we
expected that participating in an IPL course
would strengthen our students' science
identities by helping them to gain knowledge
about scientific practices and by giving them the
opportunity to practice communicating about
science with their peers. We also expected that
interacting with diverse members of the
scientific community would combat harmful
stereotypes our students may have encountered
about who is and is not a scientist, providing
them a space to begin envisioning themselves as
scientists. We also expected that exploring the
breadth of research being conducted in the
biology department would increase the
likelihood of connecting with an area of research
of specific personal interest.

Methods

Setting and Recruitment

The seminar-style biology IPL course was similar
to other iterations of an IPL course designed to
introduce students to research in our
institution’s biology department (Carter & Wiles,
2017; Humphrey & Wiles, 2021; Schmid and
Wiles, 2019; Sloane & Wiles, 2020). A novel
addition to our iteration of the IPL course was
that students had opportunities to engage with
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potential faculty research mentors through an
interview assignment and to engage with near-
peer graduate researchers by attending their
departmental research talks.

Students were recruited for the IPL course
from among those who had taken the
university’s Introductory Biology course during
the previous semester. The Introductory Biology
course is primarily populated by first-year
students, and it is required for Biology majors
while also serving students from many other
related and non-related majors. Ahead of the
registration period for the following semester,
the introductory course instructor presented the
IPL course as an elective offering that could help
prepare students for joining a faculty lab as an
undergraduate researcher.

Data Collection

Students in the IPL course were given class time
during the beginning and end of the semester to
complete online surveys comprising Chemers
and colleagues’ (2011) science identity
instrument, demographic questions, and open
ended questions about students’ career goals,
interest in research, and reasons for taking the
course. Chemers and colleagues’ (2011)
instrument contains seven items to which
students respond using a five-point Likert scale
(1 being strongly disagree, 5 being strongly
agree). Pre- and post-course responses to the
science identity scales were converted to
percentages for graphical representation.
Chronbach’s alpha was .975 for the science
identity scale, which indicates very good internal
consistency of the instrument.

On the last day of class, students
participated in a discussion led by the course
instructor (Author 2). The instructor presented
the discussion as a metacognition activity and
the purpose and benefits of metacognition were
explained. All students completed an informed
consent form to be recorded and to have their
contributions used for research purposes. During
the class discussion, students were asked to
write down their responses to a series of
discussion questions which were projected on

the classroom screen during the session. After a
few minutes of quiet reflection, students were
invited to join a discussion sharing their thoughts
and feelings regarding the discussion prompts.
The discussion questions were open-ended and
intended to elicit students’ thoughts about how
the course may or may not have influenced their
interest in conducting biological research and
their science identity. For research purposes, this
discussion group was treated like a focus group
interview. This method was selected in lieu of
individual interviews in order to maximize the
number of students participating.

The group discussion was recorded via Zoom
and transcribed using an online transcription
service. The software NVivo was used to analyze
qualitative data. Author 1 and Author 2 coded
the data using a mix of predetermined codes and
codes that arose based on the data, then
compared codes until they reached 95%
agreement. The responses of individual students
of interest were then examined to find common
themes regarding the change in science identity.

This research was conducted following a
protocol approved by the Institutional Review
Board of the study institution’s Office of
Research and Integrity and Protections (IRB#: 20-
353).

Participants

Fourteen students initially enrolled in the
course. One student (S12) dropped the course
before the end of the add/drop period because
of a change in schedule. Eleven of the students
completed both surveys and agreed to have their
information used for research purposes. One
student (S13) only completed the post-course
survey, and another student (S14) did not
complete either survey. All remaining students
participated in the focus group discussion. Of the
12 students whose demographic information
were collected, nine identified as women, two
(S5 and S13) identified as men, and one (S4)
preferred not to disclose their gender identity
(Table 1). Three students (S1, S3, and S13) were
considered underserved marginalized (URM)
students based on their self-reported race and
ethnicity. All students were majoring in biology
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Table 1. Demographics and majors of students enrolled in the IPL course.
Student Category
ID
Gender Hispanic, Latin*, or Ethnicity Major
Spanish Origin?
S1 Woman No Black or African Biology
American

S2 Woman No White Biology and
Entrepreneurship

S3 Woman Yes | prefer not to say. | Biology

S4 Prefer notto | No White Biology

disclose

S5 Man No Korean Biology

S6 Woman No Korean Biology

S7 Woman No White, Chinese Biology

S8 Woman No White Biotechnology and
Health Humanities

S9 Woman No White Biology and
Neuroscience

S10 Woman No White Biology

s11 Woman No White Neuroscience and
Biotechnology

S13 Man Yes Black or African Biotechnology

American
S14 Undisclosed Undisclosed Undisclosed Undisclosed

and/or a biology-related major like neuroscience
or biotechnology.

Results and Discussion

Pre- to post-course, five students saw increases
in their science identity score, five remained the
same, and one saw a decrease (Figure 1).
Inferential statistics were not performed
because of the small sample size, although there
was a small upward trend in science identity
changes pre- to post-course for students who
started with a science identity score of about
50% or higher. The median science identity score

started at 63% (SD = 22%) and increased slightly
to 69% (SD = 31%) by the end of the course.
Three of the five students who saw increases in
their science identity scored 100% on the post-
course survey (S5, S9, and S11), and one student
(58) scored 100% on both the pre- and post-
course surveys.

Recordings of student responses to
questions asked during the metacognitive
discussion were used to produce a codebook.
Codes frequencies were based on the transcript.
The code frequencies are meant to highlight the
most relevant aspects of the discussion. It is
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important to note that though some codes like
“science identity” have relatively low
frequencies, some of these codes represent
complex constructs that the students may not
have been metacognitively aware of. Definitions
of the codes and exemplar quotes have been
provided for clarity and potential replication
purposes (Table 2). The codebook consists of 16
codes designed to assist the researchers in
organizing the experiences and responses of the
participants of the course during the
metacognitive discussion.

Exposure to “real science” increases
competence and interest in conducting
research

Student views of what a scientist looks like can
influence the extent to which they see
themselves in the field and whether they choose

to continue pursuing STEM degrees (Cheryan et
al. 2015). Though not directly engaged in the
research themselves, students in our course
were exposed to aspects of “real science”
through discussions of primary literature and
interacting with a diverse array of scientists.
Examining primary literature has been
associated with increases in undergraduate
understanding of the nature of science
particularly, the iterative nature of scientific
research (Schmid et al, 2021). Our course aimed
to provide students with an opportunity to
engage with scientists and the products of
science in a more accessible manner when
compared to more traditional research
experiences. Students shared that before
participating in the IPL course science seemed
intimidating, to the point where some students
guestioned their ability to succeed in their
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Table 2. Group interview codebook for qualitative analysis.

pursuing of STEM. S10 explained, “[Science] was
really daunting at first because | didn't think that
| was good enough to be able to get into it.” S9
said, “Science can be really intimidating,
especially when you're just getting into it.” S14
said this course “made [science] seem less
daunting. There's not as much of a learning curve
as | thought there would've been to get into

research.” Some students even described
specific science assignments as being scary, like
S4 when they said,

When | first found out about the literature
review assignment, | was really scared. | was
dreading it. But then | found a topic that |
really liked, and | thought, okay, | know I can
actually do this.
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The fear students felt surrounding science
could be in part due to having a novice
understanding of the nature of science. Students
mentioned that this course provided exposure to
the nature of science (“real science”), something
that doesn’t happen in more traditional types of
courses like lectures or laboratories. S9 said,
“This course has provided a lot of exposure to
real science. | don't get the same sort of
experience in lectures or labs.” S11 shared,
“Before this class, | didn’t really understand what
happened with research.” S14 stated, “Most of
our experience in science so far has been as a
student in the classroom. Reading the literature
felt like something an actual scientist would do.”

Learning about the nature of science by
engaging with the products of science,
conversing with research teams, and touring the
spaces in which science is conducted helped
students understand what it is like to conduct
biological research and improved students'
confidence in their ability to understand and
communicate about science. S11 shared, “After
reading the literature and touring the lab |
understand research a lot more.” S10 shared a
similar sentiment when they shared that reading
the articles, “made me believe that | can actually
learn the material, even though it's tricky and it
may not come easy at first.” S10 also shared that
they had a change in perspective about getting
into science, stating, “I realized it just takes time
and understanding. Everyone starts from
somewhere.” Although they did not directly use
the word competence, S14 described an increase
in their competence with regards to reading and
understanding literature when they said,
“Thinking about the stuff that we talked about
during the discussions when | was reading the
article on my own helped me understand them.”
In addition to having a better understanding of
“real science”, students may have a better idea
of how to pursue FLREs as a result of this course.
S8 shared, “I knew | was interested in doing
research before this class, but | didn't know
where to start. This class did a really good job of
explaining how you would try to be in a research
lab.”

Overcoming the intimidation around science
and feeling greater competence made students
more interested in joining a research group. S11
shared, “I definitely want to join a research lab
now.” S9 summed up this theme well when she
shared:

Reading the primary literature articles ...
really paid off because I'm much more
confident in my ability to read and
understand primary literature. And that
understanding has allowed me to
overcome the intimidation that | have
around science. And therefore, it has
made me much more interested in
pursuing research.

The students who experienced increases
(and even some who stayed neutral) in their
science identities clearly had overcome their
intimidation around science, felt more
competent in their ability to understand and
communicate about science, and as a result, felt
more inclined to pursue research opportunities.

Science identity versus other professional
identities

Professional identity refers to the ways in which
a student views themself as a professional
member of a career pathway (Wilson et al.,,
2013). Professional identities, such as a science
identity, or medical identity, or law identity,
represent a students’ beliefs about what it
means to be a good professional in a specific
career as well as the manner in which the
student believes they should behave as a
professional in a specific career (Coulehan,
2005). So, for the purpose of this article, science
identity, medical identity, and law identity
represent a students’ thoughts about themself
being and behaving as a good scientist, medical
professional, and legal professional,
respectively.

Of the twelve students in the course, nine
(75%) were interested in a medical profession,
five (50%) were interested in a research career,
and three (25%) were interested in a law career
(students could report being interested in
multiple professions; Table 3). The large
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Table 3. Career aspirations of students
enrolled in the course. Letters in parentheses
next to student IDs represent increases (), no
change (N), or decreases (D) in science
identity scores pre- to post-course. Students
are organized by magnitude of change with
largest increases on the top, and largest
decreases on the bottom. S13 and S14 did
not complete both surveys.

Student | Career Aspiration

S5 (1) Medical and Research

S9 (1) Medical and Research

S11 (1) Medical and Research

S1(l) Medical Only

S10 (1) Medical Only

S2 (N) Medical Only

S4 (N) Law Only

S6 (N) Research Only

S7 (N) Law Only

S8 (N) Medical Only

S3 (D) Medical and Research

S13 Law and Research

S14 Medical Only

proportion of medically oriented students is not
surprising, considering many of the students in
the introductory biology course from which our
IPL students were recruited are medically
oriented, especially those from underserved
backgrounds. Additionally, professional identity
formation often begins before career-specific
education, especially for medically oriented
students (Wilson et al., 2013). Factors that
influence medical identity before career specific
education include having a family member who
is a medical professional; the backgrounds,

experiences, and values that students held when
starting their medical education; or even
learning about medical professions by watching
medical television dramas (Baernstein et al.,
2009; Cavenagh et al., 2000; Weaver & Wilson,
2011).

Science identity has not been well studied
among populations of students who are
interested in becoming a medical professional
(Dou et al., 2021). Understanding the extent to
which medically oriented students identify with
science is important considering most of them
start their undergraduate degree as a STEM
major but fewer than half (41%) are accepted
into medical school (Dou et al., 2021). One study,
conducted by Dou and colleagues (2021), found
that STEM majors on a pre-med/health track
were more likely to have a stronger science
identity than STEM majors who were not on a
pre-med/health track.

The results of the current study supplement
Dou and colleagues’ (2012) findings, in that all of
our students who saw increases in science
identity were medically oriented. Additionally,
one of two medically oriented students who did
not see a change in science identity (S8) pre- to
post-course started and ended with a score of
100%. However, we also found that medically
oriented and research oriented students saw
changes in their science identities in similar
proportions. For students who reported interest
in a medical profession, 63% (5/8) saw increases
in their science identities, 25% (2/8) stayed the
same pre- to post-course, and 13% (1/8) saw
decreases. Similarly, for students who reported
an interest in a research career, 60% (3/5) saw
increases in their science identities, 20% (1/5)
stayed the same, and 20% (1/5) saw decreases.
For students who were interested in both
medical and research careers, 75% (3/4) saw
increases in their science identities and 25%
(1/4) saw a decrease. In fact, the three students
who saw the largest increases in their science
identities were all interested in both a medical
career and a research career.

Although our students’ career aspirations
did not change pre- to post- course, those who
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were interested in medicine or law showed more
interest in conducting biological research as an
undergraduate student as a result of our IPL
course. S4 shared that as a result of this course,
“I'm definitely more interested in doing research
and | do want to volunteer in a research
laboratory as an undergraduate student.”
Additionally, some of our medically oriented
students may move towards incorporating
research as a part of their career goals and
identities. S9 shared:

| want to be a physician. This course
hasn't changed that, but rather added to
what | want to do. | was not really aware
about the research sides of medicine. I'm
very interested in going into surgery. And
| think just attending this course, let alone
the effort that | put into this course, has
allowed me to realize the diversity of
topics | could pursue within research, or
in the surgery-side. And my mind's just
sort of going in all of these places, like
what kind of clinical trials | could explore
one day, what kind of drugs | could
research with. So, this course has led into
this enormous amount of exposure [to
real science], and I'm really excited to
keep going.

This increased interest in research could be
because students believed that research would
prepare them for their future profession. S1 who
wants to be an anesthesiologist wrote,
“Scientific research will help prepare me for the
medical field by expanding my knowledge and
helping me get experience.” S10 who wants to
be a physician shared, “[Scientific research]
could help me get into medical school and also
help me grow my interest for science.” The
students who aspired for a law career also
believed that understanding biological research
would help them in their careers. S4, who is
interested in patent law, shared “l want to learn
how to interact with researchers, how research
labs work, and how to read research papers so
that | can get a better understanding of the

people | will most likely be working with.”

Gender differences in criteria for being a
scientist

One study that explored gender differences
among undergraduate students who were
participating in FLREs found that while 100% of
male participants identified as scientists, only
30% of women did (Schmid & Wiles, 2022). This
disparity was, in part, attributed to women
having different self-imposed criteria for calling
themselves scientists than did men. We found
similar results in the current study. Many of our
women students reported an increase in their
competence, or that they saw themselves as
more of a “science person” as a result of
participating in this course, but that they did not
yet consider themself a “scientist”. For example,
S1, a woman URM student, felt like the IPL
course improved her ability to read and write
scientifically but that her improvement in those
areas wasn’t enough for her to qualify as a
scientist. She shared “I wouldn’t say | feel like a
scientist, but | definitely feel more
knowledgeable in certain research topics, how to
write a literature review, and how to read
papers.”

S9, who is also a woman, felt like this course
strengthened her science identity because she
had a better understanding of what type of
research she would like to do. She said, “I think
that it's easier to consider myself more of a
science person when | understand what | want to
do once I'm in the field.” Despite feeling like her
science identity was strengthened, she would
not consider herself a scientist yet. She shared,
“Taking this course has reassured me that I'm
not a scientist yet, and that's okay. I'm going
through this journey to get there. So, while I'm
confident that [my science identity] increased, |
still would call it neutral.” These findings are
interesting considering S9 scored 100% on the
science identity scale on her post-course survey.

One of the male students, S5 held a differing
opinion: one can be a “science person” simply by
learning about science. He shared “Not knowing
stuff doesn't stop me from identifying as a
science person.” However, S13 a man URM
student, felt more similar to the women
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students, sharing “I feel like conceptually, I'd
have to learn more [to identify as a scientist].”
This finding was particularly interesting
considering this student also shared that they
were currently participating in a FLRE.

S14, whose gender identity was not
disclosed, shared “I don't really feel like a
scientist until | publish a paper or something like
that.” However, they also shared that they “feel
a little closer” to being a scientist after reading
biological literature.

Limitations

Limitations of this study include that the group
discussion was led by the course instructor. This
may have made students less likely to volunteer
negative experiences with the course, feelings of
having a weak science identity, or opinions
having to do with a lack of interest in biological
research or scientific careers. The instructor
made an attempt to minimize this potential bias
and encourage all students to share their
thoughts before the discussion by reminding
students of the experimental nature of the
course. More specifically, the instructor
explained that while it is important to hear
positive feedback about the course, it is equally
if not more important to hear negative feedback
in order to make effective changes to future
iterations of the course.

Another limitation of this study is that we
were not able to control for factors that were
external to the course that may have influenced
students’ science identity. Our students were
likely participating in other STEM courses which
may have influenced their identification with
science.

Conclusions

Our findings support the implementation of IPL
courses as a steppingstone to UREs. The
experimental course includes interactions with
scientists of all levels ranging from
undergraduate  researchers to  principal
investigators, and our data indicate that these
interactions were beneficial to undergraduates.
Notably, students articulated that participating

in the IPL course increased their science
identities in by increasing their interest in
pursuing FLREs, their self-recognition as a
scientist, and their competence in reading and
understanding scientific content. Scaling up the
methods used in this IPL course to the context of
a larger enrollment introductory biology course
could increase the number of students
benefiting from early exposure to biological
research, generating a larger impact.
Underrepresented students and students from
low-income communities have historically not
been afforded access to early undergraduate
research experiences and may experience
greater benefits. We hope to use these results to
inform scaling-up efforts as well as other UREs to
increase the population of undergraduate
students who might benefit from these
interventions.
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