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Abstract

Background Studying science identity has been useful for understanding students’ continuation in science-related
education and career paths. Yet knowledge and theory related to science identity among students on the path

to becoming a professional science researcher, such as students engaged in research at the undergraduate, postbac-
calaureate, and graduate level, is still developing. It is not yet clear from existing science identity theory how particular
science contexts, such as research training experiences, influence students’science identities. Here we leverage exist-
ing science identity and professional identity theories to investigate how research training shapes science identity. We
conducted a qualitative investigation of 30 early career researchers—undergraduates, postbaccalaureates, and doc-
toral students in a variety of natural science fields—to characterize how they recognized themselves as science
researchers.

Results Early career researchers (ECRs) recognized themselves as either science students or science researchers,
which they distinguished from being a career researcher. ECRs made judgments, which we refer to as “science identity
assessments’, in the context of interconnected work-learning and identity-learning cycles. Work-learning cycles
referred to ECRs' conceptions of the work they did in their research training experience. ECRs weighed the extent

to which they perceived the work they did in their research training to show authenticity, offer room for autonomy,
and afford opportunities for epistemic involvement. Identity-learning cycles encompassed ECRs' conceptions of sci-
ence researchers. ECRs considered the roles they fill in their research training experiences and if these roles aligned
with their perceptions of the tasks and traits of perceived researchers. ECRs'identity-learning cycles were further
shaped by recognition from others. ECRs spoke of how recognition from others embedded within their research train-
ing experiences and from others removed from their research training experiences influenced how they see them-
selves as science researchers.

Conclusions We synthesized our findings to form a revised conceptual model of science researcher identity,
which offers enhanced theoretical precision to study science identity in the future. We hypothesize relationships
among constructs related to science identity and professional identity development that can be tested in further
research. Our results also offer practical implications to foster the science researcher identity of ECRs.
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Introduction

Science identity, or the degree to which one recognizes
themselves as a “science person’, is a major interest of
STEM education researchers (Carlone & Johnson, 2007;
Gee, 2000), and for good reason. The rich history of sci-
ence identity scholarship shows that how students see
themselves in relation to science matters. Students with
robust science identities are more likely to intend to pur-
sue a career in science (e.g., Chemers et al., 2011; Estrada
et al., 2011; Robnett et al., 2015), and to follow through
on these intentions (Estrada et al., 2018). Yet, while the
importance of supporting students’ science identity
development is broadly recognized, we are still develop-
ing knowledge about the meaning of science identity and
specific factors that affect its formation and evolution.

The prevailing science identity model

Carlone and Johnson’s (2007) canonical study of sci-
ence identity established a model of “being a science
person” that encompasses three factors: performance,
competence, and recognition. This model posits that
individuals who see themselves as scientists perform
science—meaning they use the tools and language of
science, feel competent—meaning they perceive them-
selves as knowing and understanding science content,
and are recognized—meaning they see themselves as
science people and perceive that “meaningful” others also
see them this way.

Hazari and colleagues built upon this model through
a series of studies examining science identity in a range
of STEM disciplines (Ambrosino & Rivera, 2022; Cribbs
et al., 2015; Dou et al., 2019; Godwin et al., 2016; Haz-
ari et al,, 2010, 2013; Mahadeo et al., 2020). They found
that interest in physics and recognition by others as a
“physics person” predicted undergraduates’ identify-
ing as a physics person (Hazari et al., 2010). Additional
research confirmed the importance of interest and rec-
ognition by others in mathematics and physics identity
(Cribbs et al., 2015; Godwin et al., 2016). These studies
also revealed that performing work in the discipline and
feeling competent in doing work were integral to science
identity because students must perform to be recognized
by others and feel competent in order to express inter-
est (Cribbs et al,, 2015; Godwin et al., 2016). Collectively,
this research enabled refinement of the science identity
model to comprise interest, performance-competence,
and recognition by others (reviewed in Potvin & Haz-
ari, 2013). The contributions from Carlone and Johnson
(2007) and Hazari and colleagues generated a model that
guides much of the current research on science identity
(e.g., Lockhart et al., 2022). We refer to this model as the
“prevailing science identity model’, which encompasses
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interest, performance-competence, recognition of self,
and recognition from others.

Theoretical limitations in the prevailing science identity
model

The prevailing science identity model has afforded broad
insights into the science identity of students, yet even
developers note that it needs further refinement (Carlone
& Johnson, 2007; Hazari et al., 2020). For a full account-
ing of the limitations in the prevailing science identity
model, we refer readers to recent discussions of science
identity theory (e.g., Danielsson et al., 2023; Lockhart
et al., 2022). Here, we highlight just three specific oppor-
tunities to enrich the prevailing science identity model.

First, although the prevailing science identity model is
useful for conceptualizing what dimensions encompass
“science identity” in a variety of settings (e.g., formal and
informal science settings, K-12 and higher education,
classrooms and research training experiences), it lacks
descriptive power to theorize how science identity might
change when individuals are embedded within a specific
science setting (Danielsson et al., 2023). For example, the
prevailing model does not account for contextual influ-
ences, such as how opportunities to grow in interest,
performance-competence, or recognition might differ
between the context of an introductory biology labora-
tory course and a biology research training experience.
The qualities of these science experiences are likely to be
quite different in terms of what students do, with whom
they interact, and whether and how they engage in activi-
ties that facilitate their own recognition of self as a sci-
ence person and recognition from meaningful others. To
understand science identity and its contextual influences,
science identity should be examined with respect to its
context.

Second, the prevailing science identity model is argu-
ably removed from established identity frameworks that
delineate various identity meanings, which precludes
precise definitions about what identity is and what forms
it can take (e.g., Danielsson et al., 2023; Lockhart et al.,
2022). For instance, identity theory (e.g., Burke & Stets,
2022) conceptualizes identity as the constellation of
meanings someone makes for themselves about who
they are. Identity theory considers any individual’s iden-
tity to possess several simultaneous “bases” These bases
include the “person” (“me’, or the characteristics that
makes someone unique compared to other people), the
“role” (“me as role”, or the expectations someone can
assume when functioning in a social group), the “group”
(“we’, or the social group someone sees themselves as
part of), and the “social identity” (“us’, or the demograph-
ics that society uses to categorize people, such as citizen-
ship, race, ethnicity, gender, class, etc.). Although bases
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of identity can function simultaneously within a person,
context imparts an effect. For example, while person-
level identity is thought to persist across situations, role
and group identities are thought to be most salient when
someone is functioning within a certain group and inter-
acting with people embedded within that group (Burke
& Stets, 2022). The prevailing science identity model has
been theorized primarily at the person- and group-levels
(Hazari et al.,, 2010), with some attention to social iden-
tities such as race and gender identity (e.g., Carlone &
Johnson, 2007; Hazari et al., 2013). Yet, the model does
not attend to role-level identities or theorize about the
contextual influences of group-level identity.

Finally, the prevailing science identity model is dis-
connected from knowledge and theory regarding how
identities evolve in professional settings. Some science
students seek out research training in pursuit of a sci-
ence research-related career. They join a group of science
researchers who function as “professionals’; as “an organ-
ized group” that “holds knowledge with economic value
when applied to societal problems” (Pratt et al., 2006,
p. 235). As a result, their science identities may take on
qualities of a professional identity (a group and/or role
identity). Research on professional identity indicates that
the work individuals do, their perceptions of how the
work is done, and the people with whom they interact
while doing the work all influence how they recognize
themselves as professionals (e.g., Ashforth & Kreiner,
1999; Ibarra, 1999; Pratt et al., 2006; Wrzesniewski &
Dutton, 2001). We expect that similar aspects of a pro-
fessional research setting influence how science students
come to see themselves. However, these factors, are not
yet specified within the prevailing science identity model.

With these theoretical limitations in mind, we sought
to generate a refined science identity theory by conduct-
ing a qualitative study of science identity in the context
of science research training experiences. We elected to
focus on research training experiences because of their
prominent role in preparing the next generation of sci-
ence professionals (National Academies of Sciences,
Engineering, and Medicine, 2017). Below, we provide a
high-level overview of what is currently known about sci-
ence identity in research training.

Science identity in research training experiences

Research training experiences in higher education are an
important venue for students to explore interests in sci-
ence research and, if they desire, to train to become a
professional researcher. Undergraduates who participate
in science research report learning to think and work like
a scientist, increased confidence in their ability to carry
out research tasks, and stronger identification as a sci-
entist (Adedokun et al., 2013; Estrada et al., 2011; Frantz
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et al,, 2017; Hernandez et al., 2018; Robnett et al., 2015;
Thiry et al., 2011). Similarly, studies of science identity
among postbaccalaureate and graduate students show
that students can further identify as a science person after
engagement in research training experiences (e.g., Gazley
et al,, 2014; Maton et al., 2016; Remich et al., 2016). Many
of these studies treat research training experiences like a
singular experience, with little or no attention to the fea-
tures of a research experience that may influence particu-
lar science identity outcomes. However, it is becoming
increasingly clear that aspects of one’s research training
can and do impart effects on science identity (Camacho
et al, 2021; Goodwin et al., 2022; Limeri et al., 2019;
Remich et al., 2016; Robnett et al., 2018; Rodriguez et al.,
2022; Thiry et al.,, 2012; Tuma et al., 2021).

Multiple studies have revealed that research mentors
can influence students’ science identities (Alston et al.,
2017; Atkins et al., 2020; National Academies of Sciences,
Engineering, and Medicine, 2017; Robnett et al., 2018).
For example, undergraduate researchers who are men-
tored by both a faculty member and a graduate or post-
doctoral researcher identify more strongly as a scientist
than those with only one mentor (Aikens et al., 2016),
but the mechanism of this effect has not been deline-
ated. Thompson and Jenson-Ryan (2018) found that fac-
ulty members who mentor undergraduates in research
may under-recognize undergraduates as “science people”
when students do not conform to what faculty think of
as a “science person” Faculty could mistake exposure to
science and previous experience doing science as signs
of being a science person. Particularly, faculty recog-
nized students as “science people” if they expressed
interest in science that related to what faculty were
interested in, espoused science-related education and
career aspirations, described science-related family atti-
tudes and familial exposure to science, and had trained
with other prominent researchers. Notably, these traits
reflected students’ cultural capital, or “an enculturated
set of norms, values, and preferences” (Thompson et al.,
2016, p. 962), rather than students’ scientific abilities.
Even when students recognized themselves as a science
person, were highly interested in science, and had been
working in a faculty member’s research group for years,
faculty could misinterpret or under-recognize a student’s
science identity if the student did not share the same sci-
entific interests as the faculty and if the student engaged
in science-related work that faculty do not consider to be
“research” For some students, when faculty overlooked
their science identities, they started to see themselves
less like a science person. This study demonstrates that
faculty who mentor undergraduates may misinterpret or
under-recognize the science identity of undergraduate
researchers, inadvertently discouraging undergraduates
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from continuing in research (Thompson & Jensen-Ryan,
2018).

Postbaccalaureate and graduate students’ science
identities are also affected by aspects of their research
training experiences, including their interactions with
research mentors. Research experience features, such as
sufficient time to work on a research project and clear
expectations from mentors, help support postbaccalau-
reate students’ science identity development (Remich
et al,, 2016). Graduate students whose faculty mentors
prevent them from making presentations at conferences
take this as a sign their work is unworthy of recognition,
potentially hindering a student’s science identity (Tuma
et al., 2021). These findings underscore how aspects
of an individual’s research training experience, such as
how research is accomplished and interactions with oth-
ers in the research environment, have the potential to
affect their science identity. Thus, while it is known that
research training experiences can influence students’
science identity, theory about which aspects of research
training experiences have influence and how this influ-
ence occurs has yet to be developed.

Rationale for our study

In this study, we aimed to further develop science iden-
tity theory to better account for the influence of context
on science identity in research training experiences. We
sought to understand how the ways in which research
is done and with whom students interact while doing
research influences their science identity. Given this
goal, it was imperative that we collect a sufficient depth
and variety of student data. We needed to develop rich
knowledge about how students conceptualize their sci-
ence identities and how students perceive factors of their
research training experiences to influence how they see
themselves in relation to science.

To accomplish this, we opted to interview a cross-
sectional sample of undergraduate, postbaccalaure-
ate, and doctoral students who had been engaged in a
research training experience in the natural sciences for
at least two months. We surmised that a cross-sectional
sample could offer insights about variations in science
identity across levels of research experience that were
more nuanced than “more” or “less” like a science per-
son. We collectively refer to our cross-sectional sample
as “early career researchers (ECRs)” because research
training at the undergraduate, postgraduate, and/or
doctoral levels often serve as credential for being a
“legitimate” scientist, or science person in research
contexts. We opted to include students who span the
continuum of research experience from undergradu-
ate to doctoral levels because undergraduate research is
generally considered a requirement for admissions into
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doctoral training in the natural sciences, with postbac-
calaureate research as an alternative or additional ave-
nue for gaining research experience in preparation for
pursuing doctoral training (National Institute of Gen-
eral Medical Sciences, 2023; National Science Founda-
tion, 2022).

Pratt’s professional identity development model

Because we sought to enhance science identity theory in
the context of research training, which we define as the
stage of transition from being a science student to being
a science professional, we identified a model of profes-
sional identity development that we could use in tandem
with the prevailing science identity model (Danielsson
et al, 2023; Greene et al,, 2022). Specifically, Pratt and
colleagues (2006) developed a model of professional
identity development through a longitudinal study of
medical residents engaged in primary care, radiology,
and surgery training tracks, which we refer to as “Pratt’s
professional identity development model” or “Pratt’s
model”. Pratt and colleagues (2006) found that the work
medical residents were assigned and the professionals
with whom they interacted affected their professional
identity development. Like the prevailing science iden-
tity model, Pratt and colleagues (2006) found that perfor-
mance-competence and recognition played an influential
role in whether residents saw themselves as medical pro-
fessionals. Beyond the prevailing science identity model,
residents described how their professional identities
evolved through two interconnected cycles: work-learn-
ing and identity-learning. Specifically, residents experi-
enced work-learning as they engaged in assigned work
and made assessments of how that work aligned to their
notions of work in their field (i.e., what work primary care
physicians, radiologists, and surgeons do and how they
do it). In addition, residents received informal feedback
through interactions with other healthcare profession-
als, which influenced their perceptions of their perfor-
mance-competence through an identity-learning cycle.
When residents found that the content and process of
their work did not align with their notion of work in their
field or when they saw themselves as incompetent, they
reconceptualized their professional identity from being a
doctor to being a “baby doctor’; meaning that they were
not yet a fully fledged physician even though they had
completed their medical degree and were called “Doc-
tor”. Given the potential parallels between residency as
training in the practice of medicine and research train-
ing experiences as training in the practice of research, we
surmised that Pratt’s model would offer a useful frame-
work for elaborating theory of science identity in the con-
text of research training.
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Scope of our current study

We use theoretical insights from both the prevailing sci-
ence identity model (interest, performance-competence,
recognition of self, and recognition from others) and
Pratt’s professional identity development model (work-
learning and identity-learning cycles) to investigate the
science identity of ECRs (undergraduates, postbaccalau-
reate, and doctoral students) engaged in research training
experiences. Our study was broadly designed to address
the research question: how do ECRs recognize their sci-
ence identity?

Methods

We designed our study to intentionally query science
identity across undergraduates, postbaccalaureate, and
doctoral researchers—early career researchers (ECRs)—
in the context of research training. ECRs had completed
at least 2 years of undergraduate education in a natural
science discipline and been engaged in a research train-
ing experience in a faculty member’s research group for
at least two months. Because we wanted to understand
nuance in the factors affecting science identity in research
training, we conducted a qualitative study using semi-
structured interviews. Our study was deemed exempt by
the University of Georgia’s Institutional Review Board
(PROJECT00000870 and PROJECT00005063).

Table 1 Summary of interview participant characteristics
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Participant recruitment

We recruited ECRs from several natural science disci-
plines (e.g., life sciences, geosciences, oceanography,
environmental sciences) in spring 2022 using purpose-
ful and snowball sampling. We identified potential
participants by contacting research training program
directors and principal investigators (PIs) associ-
ated with science and technology centers funded by
the National Science Foundation. We emailed study
information to potential participants and made brief
presentations about the study during research group
meetings. We asked individuals interested in partici-
pating to complete a screening survey about their cur-
rent level of research training, program or institutional
affiliation, research focus, demographic information,
and contact information (see Additional File 1). A total
of 57 individuals completed the screening survey. We
invited 35 for interviews and 31 completed an inter-
view: seven undergraduate researchers, seven postbac-
calaureate researchers, ten doctoral students who had
not yet advanced to candidacy, and seven doctoral can-
didates (see Table 1). One interview was not analyzed
due to problems with recording quality, bringing the
final sample to 30 participants. Participants were com-
pensated with a $25 gift card. All participants provided
informed consent.

Sample size (N=30) Sample
percentage

Research methods primarily used

Bench (including fieldwork) 13 43%

Computational 10 33%

Both 7 23%
Institution type

Private doctoral university, very high research activity 11 37%

Public doctoral university, very high research activity 17 57%

Private baccalaureate 1 3%

Public doctoral university 1 3%
Race and ethnicity

Asian 4 13%

Black 2 7%

Latine 5 17%

White 16 53%

Indicating two or more races/ethnicities 1 3%

Prefer not to disclose 2 7%
Gender

Nonbinary, transgender, or third gender 2 7%

Woman 14 47%

Man 14 47%
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Interview protocol development

Our interview protocol was informed by findings of a
separate and larger study of undergraduate research
training experiences. In this study, undergraduate stu-
dents were conducting life science research either as an
intern in a faculty member’s research group or as part
of a course at one of nine universities across the United
States. From open-ended survey data collected during fall
2020, spring 2021, and fall 2021 we made initial observa-
tions of ECR science identity that informed the questions
of the semi-structured interview for the present study.
Undergraduates responded to the prompt: “Has this
research experience made you feel more or less like a sci-
entist? Please explain” A total of 548 students responded
to the prompt. Demographic characteristics of survey
respondents are provided in Additional File 1. Student
responses ranged from a few words to several sentences.

Initial observations of science identity

In survey responses, students described how they
thought about their own science identities. Intriguingly,
some responses differentiated being a “science student”
from being a “researcher” or “scientist” We provide
example responses in Additional File 1. These data sug-
gested that undergraduates involved in research hold
a more nuanced understanding of their science identity
that is not fully captured in the prevailing science iden-
tity model. That is, instead of seeing science identity as an
all or nothing identity, responses described gradations or
nuances within student conceptions of science identity.
With this insight in mind, we decided to focus our inter-
view study on understanding science researcher identity
in ECRs (as opposed to “being a scientist” or “being a
science person”). We provide a detailed rationale for our
choice of the term “science researcher” in Additional File
1.

In addition, students’ responses showed that, when
they assessed their own science identities, they consid-
ered aspects within and outside themselves as influential
factors, such as the type of work they were doing in their
experience and whom they were interacting. These initial
observations helped us to select Pratt’s professional iden-
tity development model as a supplement to the prevailing
science identity model (Pratt et al., 2006). We anticipated
that the “work-learning” and “identity-learning” cycles
from Pratt’s model would help us generate enhanced
theoretical understanding of science identity. Thus, our
initial observations from undergraduate open-ended
surveys, Pratt’s professional identity development model
(Pratt et al., 2006), and the prevailing science identity
model (Carlone & Johnson, 2007; Hazari et al., 2010; Pot-
vin & Hazari, 2013) were used to develop our interview
protocol.
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We created an initial interview protocol with 12 ques-
tions to query ECRs about their research training expe-
riences, their views of science researchers, their views
of the work that science researchers do, and how they
see themselves with respect to these views. We also
inquired about how their views had changed, if at all,
during their research training experiences. After the
first few interviews, we added two questions to enhance
elicitation from participants. Specifically, we asked par-
ticipants to describe what, if any, work they did that they
do not consider to be the work of a science researcher,
and to explain how the culture of their lab group affects
their science researcher identity, if at all. These ques-
tions helped us understand how ECRs perceived their
work and the influence of their lab environment on their
identities.

The final interview protocol included 14 questions.
In Additional File 1, we share our final interview protocol
and describe the rationale for each interview question so
that readers can follow how we developed each question.
The first author (M.A.P.) conducted all interviews over
ZOOM™ using a semi-structured approach. Interviews
lasted ~1 h.

Data analysis

Interview recordings were transcribed by a professional
transcription service (Rev.com). We checked each tran-
script for accuracy and then we analyzed the interview
data using a three-step process: initial coding, first-cycle
coding, and second-cycle coding. First, we reviewed and
made analytic memos regarding our impressions of the
data with the research question and ideas from the sci-
ence identity model (i.e., performance-competence, rec-
ognition of self, recognition from others, and interest)
and the professional identity model (i.e., work-learning
and identity-learning cycles) in mind. Then we iteratively
developed our qualitative codebook.

Given the nature of the data, we used an eclectic coding
scheme. We generated our initial codes using a variety of
coding types: in vivo codes that use participants’ verba-
tim language in the code name, descriptive codes that use
nouns to capture the topic of the data segment, process
codes or gerunds to summarize actions described in the
data, and versus codes (Saldafia, 2016). Versus codes use
dichotomous terms to reflect tensions individuals exhibit
within themselves (Saldafia, 2016), such as belonging
versus being excluded. We applied our initial codes to
subsets of the data, and then met as a group to discuss
the codes and associated data. During these discussions,
we revised code definitions as needed and resolved any
coding disagreements, producing the next iteration of
the codebook. We applied the refined codebook to a new
subset of data until the codebook stabilized.
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With our stabilized codebook we then coded all data
to consensus. At least two researchers applied the final
codebook to all of the data and agreed on the application
of the codes. At the end of this first-cycle coding process,
we engaged in pattern and axial coding. We grouped the
codes into larger, more abstract categories and themes
while connecting them to the science identity and profes-
sional identity models guiding the study to address our
research questions. First, we identified categories that
summarized groups of related first-cycle codes. Then
we grouped related categories into themes. As needed,
we referred to existing literature sources and theories
to make sense of the ideas emerging from the analysis.
We found that we also needed to draw from elements of
identity theory to interpret our findings coherently (Stets
& Serpe, 2016). Descriptions of the resulting themes and
sub-themes are included in Additional File 1 as a code-
book that could be used for the purpose of replication.

In presenting our findings, we have lightly edited quote
data for readability. Brackets indicate words added to
enhance clarity. Ellipses represent words or phrases
removed for conciseness. ECRs are assigned pseudonyms
to protect confidentiality.

Trustworthiness and positionality

We endeavored to conduct and present a trustwor-
thy qualitative study. We provide descriptions of how
we collected data and highlight key analytic decisions
and processes used to arrive at the themes and catego-
ries we propose (Tracy, 2010). Throughout the course of
our study, we wrote analytic memos and detailed each
decision we made along with our rationales for these
decisions (Charmaz, 2006). We engaged in forms of tri-
angulation by coding data to consensus with multiple
researchers (Krefting, 1991). During our analysis, we
presented our findings to researchers unfamiliar with
our data corpus. We also engaged in a form of member
checking by presenting a summary of our findings at a
research meeting where ECRs in the study could view
and comment on our results (Krefting, 1991). Questions
and comments from these sessions helped us to clar-
ify the findings and implications of our study as well as
enhance their trustworthiness.

Another component of trustworthiness is acknowl-
edging our positionalities that may influence how we
interpreted our data (Suddaby, 2006). As a research
team, we represent perspectives of faculty, postdoctoral
researchers, graduate students, and undergraduate
researchers familiar with research training experi-
ences in the natural sciences. We engaged in bracket-
ing as a tool to recognize our positionalities. Bracketing
helps researchers identify and reflect on how their own
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experiences of the topic they investigate may manifest
during the research process and complements analytic
memo writing as a form of reflexivity (Tufford & New-
man, 2012). Specifically, we wrote responses to the
questions: (1) How do I see my own identity as it relates
to science and/or research? (2) In what ways, if any,
am I like “an insider” to the ECRs in this study? (3) In
what ways, if any, am I like “an outsider” to the ECRs in
this study? (4) How could my own views and perspec-
tives influence data analysis? A summary of researcher
responses to the bracketing exercise are provided
in Additional File 1. By coding to consensus as well as
clarifying and revising findings based on feedback from
the member check and researchers unfamiliar with the
data corpus, we strove to mitigate the effect of any indi-
vidual researcher biases.

Limitations and transferability

Several aspects of our study have the potential to limit
the transferability of our findings. ECRs volunteered to
participate in a study regarding research training expe-
riences and science identity. Thus, our sample is likely
enriched with individuals with a relatively robust sci-
ence researcher identity, or who may otherwise feel
comfortable discussing their science identities. We
purposefully selected ECRs to optimize the diversity of
our sample in terms of amount of research experience,
research type, race/ethnicity, and gender. Our sample is
relatively representative of the national population of
undergraduate and graduate students in terms of race,
ethnicity, and gender (National Science Foundation,
2021).

We did not prioritize participant selection by institu-
tion type. Most of the ECRs are from institutions with
very high research activity. ECRs must have completed
at least 2 years of an undergraduate degree in the nat-
ural sciences to be eligible to participate in our study,
which could mean that our findings may not reflect the
experiences of first or second-year undergraduates. All
data were self-reported by participants, no observa-
tions or interviews with research mentors or research
group mates were conducted. During interviews, we
asked participants about their science researcher iden-
tity directly. We explain our rationale in making this
decision in Additional File 1. As detailed in our results,
some ECRs reported not seeing themselves as a science
researcher. In these interviews, ECRs further discussed
what other identities, or roles, they use to describe
themselves that do not necessarily relate to a science
identity (i.e., being an artist, a parent, a partner, etc.).
Because these data do not directly address our research
questions, they are not included here.
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Results and discussion

We structured our “Results and discussion” to align with
the major themes and sub-themes that emerged from our
qualitative analysis. We begin by detailing ECRs’ science
identity assessments. Then we describe how these assess-
ments were shaped by factors from the prevailing science
identity model and by work-learning and identity-learn-
ing cycles. As we present our findings, we connect our
results to relevant literature. We close by synthesizing
our findings in our emergent conceptual model and pre-
senting the implications of our study and directions for
future research.

Science identity assessments

In our study, early career researchers (ECRs) were pre-
sented with multiple opportunities to engage in what
we term “science identity assessment” Science iden-
tity assessments occurred when ECRs considered how
they viewed themselves with respect to being a “science
person” We considered science identity assessments to
reflect the science identity factor “recognition of self”
When making these assessments, ECRs conceptual-
ized science identity as having three forms, science stu-
dent, science researcher, and career researcher, which
relied on their views of the purpose of their daily work
and the tasks typically executed by individuals at each
level (Fig. 1). ECRs who recognized themselves as “sci-
ence students” tended to call themselves science majors
or science graduate students and saw the purpose of
their daily work as learning about research or learning
to conduct research. ECRs who recognized themselves
as “science researchers” tended to see their daily work
as addressing research questions or testing hypotheses.
ECRs in our study described themselves as different from
a “career researcher” because they perceived the daily
work of career researchers to be securing funding, set-
ting big-picture research goals, and mentoring a team of
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researchers. For example, Andrew indicated he saw him-
self as different from a career researcher, explaining:

If I can be called a science researcher and [my prin-
cipal investigator (PI)] could be called a career
researcher our lives look a lot different. [They're]
managing the lab and keeping it afloat, doing a lot of
administrative stuff, writing grants, reviews, keeping
up with the literature, and looking at the things that
[the entire research group is] doing and trying to
synthesize, and know where everyone’s at and have
the big picture in mind... My day-to-day is just—
I'm down in the weeds. I'm not worrying about try-
ing to write grants... My job is pretty much [having
research] questions that I need to answer.

Like other ECRs, Andrew noted that his daily work dif-
fered from the daily work of his research advisor and thus
he did not see himself as a “career researcher”

Performance-competence

ECRs’ science identity assessments were shaped by their
“performance-competence” beliefs from the prevailing
science identity model. ECRs explained that they saw
themselves as science researchers because they felt confi-
dent in their research skills and abilities. Valerie reflected
on how her science identity changed over the course of
her research training, “I learned a lot of things along the
way, I've gained experience. Now I'm at that point where
I feel like, yes, I am sure in my knowledge and my abili-
ties...So I do feel like a researcher today” Because Valerie
views herself as performing research and competent as
doing so, she sees herself as a science researcher.

Another ECR, Danielle, described how she did not see
herself as a science researcher because she did not feel
competent, explaining that “at [the beginning of research
training], I had no idea where to start. I was learning
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Fig. 1 ECRs'science identity assessment as a continuum. ECRs in our study conceptualized science identity broadly as being a science student,

a science researcher, or a career researcher. ECRs defined each point in the continuum by the purpose of the work they associated with each
identity. ECRs conceived that being a science student meant doing work for the purpose of learning to be a researcher. Being a science researcher
meant doing work focused on addressing a research question or testing hypotheses. Being a career researcher meant doing work in the pursuit

of one’s own research agenda. To place themselves on this continuum, ECRs considered factors from the prevailing science identity model (Carlone
& Johnson, 2007; Hazari et al., 2010; Potvin & Hazari, 2013) and work-learning and identity-learning cycles (Pratt et al,, 2006)
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how to [computationally] code. I wouldn’t say I was a
researcher because I was in training—just training how
to code” As Danielle continued to work, she began to
“feel comfortable with just the terminal [coding] envi-
ronment and looking up things when I didn’t understand
them... I would say it took maybe two semesters for me
to finally get the answer to that first [research] question”
When asked when she began to see herself as a science
researcher, Danielle replied, “It was when we finally fig-
ured out how to answer our first [research] question. We
had results that we could show [our PI and our research
group]” She interpreted her ability to generate results as
evidence that she was moving beyond learning how to do
research to competently performing it.

ECRs described reminding themselves of their perfor-
mance-competence when they doubted their identities
as science researchers. For instance, Max shared that
at some points he “looks down on” himself and thinks
“maybe I'm not good at research” When he has these
thoughts, he described how he will “look back at previous
versions of my CV [curriculum vitae] and look to my CV
now. And it’s like, you have done a lot...Look at all this on
my CV. I have done all this...I am a science researcher”
Collectively, these findings illustrate how ECRs’ science
identity assessments rely on their self-evaluations of
performance-competence.

Interest

ECRSs’ science identity assessments also relied on their
self-evaluations of “interest’; meaning their scientific
curiosity or desire to conduct research. All ECRs in our
study described being highly interested in their research,
which is unsurprising given that all ECRs were engaged
in some form of research training. ECRs spoke about
how their robust interest in research affected their sci-
ence identity assessments. For example, Mitchell stated:
“I see myself as a science researcher...I am using science
to do the thing that I have wanted to do for my whole
life, which is like save the world, you know? I think that
this is a very raw expression of who I am.” Mitchell per-
ceived his deep interest in research as an instantiation of
recognizing himself as a science researcher. Several other
ECRs described their interest as a “passion’, an aspect
of themselves that informed and reflected their science
identity assessments. Lynn explained that, early in her
research training, she did not view herself as a science
researcher partly because she felt very concerned by how
“the world” perceived her. Lynn grew to consider herself
a science researcher partially because of her “passion for
science” and that this passion is evident to other people.
Lynn continued by saying, “I'm not [as] worried [any-
more] about how the world perceives me, because I just
want to make my mark [on the world] by doing science”
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We interpreted Lynn’s statement, “I just want to make
my mark [on the world] by doing science” as interest,
which influences her science identity.

Collectively, these findings illustrate that ECR sci-
ence identity assessments (recognition of self) draw
from factors in the prevailing science identity model:
performance-competence and interest. Yet, ECRs also
assessed their science identity by evaluating the align-
ment between their own work and their conceptions of
the work researchers do through a work-learning cycle.
Furthermore, ECRs assessed their science identity by
evaluating congruence between their own traits and their
conceptions of the traits of researchers through an iden-
tity-learning cycle. We detail the work-learning and iden-
tity-learning cycles of ECRs in the following sections.

ECR work-learning cycles in research training

In assessing their science identity, ECRs considered their
typical work during their research training and whether
they found this work to reflect authenticity, autonomy,
and epistemic involvement. Although ECRs held dif-
ferent conceptions of what constituted authenticity,
autonomy, and epistemic involvement in research, all
assessed whether their own work or experience aligned
with their conceptions in recognizing themselves as sci-
ence researchers. ECRs described how their concep-
tions of their research changed as they gained research
experience and how they evaluated and re-evaluated this
alignment in a work-learning cycle (Pratt et al., 2006). We
describe ECRs’ perceptions of authenticity, autonomy,
and epistemic involvement in the following sections.

Authenticity

When assessing their science identity, ECRs considered
whether their work was authentic, meaning that they
perceived the activities they were doing in their research
training were “real” science. This notion of the authen-
ticity of work in research training being emergent rather
than the work being pre-authenticated is consistent
with prior research in other science education settings
(Rahm et al., 2003). If ECRs perceived their own work
as aligned with their conceptions of research—meaning
they viewed their own work as real research—they rec-
ognized themselves as science researchers. If ECRs per-
ceived a misalignment such that their own work differed
from what they conceptualized as real research, they
hesitated to recognize themselves as science researchers.
One ECR, Talia, described the shift from a misalignment
to alignment:

In undergrad, 1 felt like, even when I was doing
independent research projects, I didn’t feel like the
research I was doing was like real, necessarily. So,
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the transition [to seeing myself as a researcher] prob-
ably happened somewhere when I was doing work
that I felt like was part of a larger project. Something
that, at least in theory, could be publishable some-
day. Something that could maybe enter a broader
conversation than just my own education.

Talia noted that, even when she engaged in work that
ostensibly could be considered “real” research, she did
not see herself as a science researcher. It was only when
Talia’s perceptions of her work aligned with her own con-
ceptions of real research, which meant being publishable
and relevant to others, that she began to see herself as a
science researcher.

Phoebe had a different conception from Talia of what
constituted research, yet she similarly emphasized how
the misalignment between her work and her concep-
tions of research kept her from identifying as a science
researcher. Phoebe conducted computational research.
Early on in her training, she did not consider computa-
tional research to be authentic: “I wouldn’t have consid-
ered [the work] I do ‘science research’ a couple years ago”
because she was not aware “that computational research
was even a realm of research”” She elaborated:

My view of computational research is certainly
broadened [through my research experience]. I knew
that people used code to solve problems, but I didn’t
ever realize you could seriously apply it to science
questions. In my head I thought it [bioinformatics]
was a way of just displaying data and analyzing
data. 1 didn’t ever think about fully using it to solve
the problem as well. So that has definitely shifted.

Phoebe engaged in a work-learning cycle in which
her conceptions of research broadened to include com-
putational research, which then allowed for alignment
between her work and her conceptions. Through this
work-learning cycle, Phoebe explained, “I [now] consider
myself, yes, a science researcher”

Autonomy

ECRs’ science identity assessments also depended on
whether they perceived they had autonomy in their
research. ECRs’ descriptions of “autonomy” resembled
the notion of operational autonomy, or “the freedom,
once a problem has been set, to attack it by means deter-
mined by oneself, within given resource constraints”
(Bailyn, 1985, p. 134). ECRs who reported having opera-
tional autonomy described having freedom to carry out
research tasks on their own, set their own hours, decide
with whom they work, and, for some types of research,
choose where they conducted their research. For exam-
ple, Lisa described how she came to understand that
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being a researcher means learning to navigate the opera-
tional autonomy that is inherent to her work:

[As an undergraduate researcher] I was kind of
helping someone else. Someone else was guiding me
and providing help. [Now] I have to decide what I'm
doing on a day-to-day basis. I get to decide what
time I come into work and when I leave.

Other ECRs talked about experiencing operational
autonomy because their research advisors were “hands
oft’, implying that they could decide how to execute their
research. For instance, Shae talked about how her PI was
available if she needed help, but she could otherwise
work independently:

If I'm trying to run a specific experiment or work
through this protocol, they're not standing over my
shoulder making sure that I'm doing everything
properly. They're hands off in the sense that they let
us try things ourselves and if something is not work-
ing and we ask them for help, then they’ll step in.

ECRs explained how they developed greater opera-
tional autonomy as they gained more experience, as Har-
ris described:

In your earlier days of grad school, you can’t choose
who you are going to work with, especially if your PI
assigns a certain mentor to your research. As a sen-
ior graduate student, 1 feel like I have more freedom
in choosing who I want to work with.

All of the ECRs in our study indicated that their
research decisions and directions were still guided
and approved by their PIs, at least to some extent. Sky-
lar explained that, as he gained research experience, he
worked more independently, but he would still consult
with his PI at key points in the research process:

I've progressed and sort of gotten more of that auton-
omy. I'm just kind of out in no-man’s land for about
a month [without much communication with my PI]
just working on my own stuff and I come back and
[check in] with them. It’s like, “This is what I've done,
and this is where I, we, need to go next””

Thus, none of the ECRs in our study appeared to have
strategic autonomy, or “the freedom to set one’s own
research agenda” (Bailyn, 1985, p. 134). Rather ECRs
described having strategic autonomy as unique to being a
career researcher, as stated by Jane:

I don’t have the freedom of creativity that I would
think that a typical [career] researcher would have
in terms of making my own project. But I am a [sci-
encel researcher in the sense that I am actively doing
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research and contributing to projects...[I'm] just not
at the top level yet.

Some ECRs acknowledged in their science identity
assessments that they would feel more like a researcher
once they experienced full strategic autonomy, as Claire
described:

I think I will feel more like a career researcher when
I get to the point of fully creating my own project
and answering questions from scratch because, up to
this point, 1 still need some guidance. I think that is
really common in [starting ECRs]. I was never going
to walk in and be like, “I want to do this” Especially
with my first project, it'’s building off of others. I have
this dataset and a lot of direction... when I get to the
point where I can direct my own research, regard-
less of what it is, I think that’s when I'll feel like a
researcher.

For Claire, “directing” her own research and thus hav-
ing strategic autonomy would be the point at which she
would consider herself a full-fledged career researcher.
Regardless of the focus of their operational autonomy
(e.g., which tasks to do, where, when or how to do them),
ECRs gauged their level of autonomy in assessing their
science identity.

Epistemic involvement

The more experienced ECRs in our sample described
how they were building towards full strategic autonomy
by engaging in epistemic involvement or taking intellec-
tual responsibility for the research (Burgin et al., 2012).
Burgin and colleagues (2012) found that the extent to
which high school students perceived epistemic involve-
ment in research influenced their science identities. Stu-
dents with limited epistemic involvement may perceive
themselves as having fewer opportunities for perfor-
mance, having less competence, and being underrecog-
nized as a science person. Similarly, ECRs in our study
who felt they had limited epistemic involvement, such
as being responsible for just “executing protocols” with
little knowledge of the purpose of their work or limited
involvement in data analysis, tended to see themselves
more as science students. ECRs who reported having
greater epistemic involvement, such as being responsi-
ble for formulating research questions, refining research
questions, or troubleshooting unexpected results, iden-
tified more as science researchers. To see themselves as
science researchers, ECRs described the need to con-
tribute beyond “collecting data” For instance, Skylar
described how he did not feel like a researcher when he
was working as a technician for a government agency
before graduate school because, “I just felt more like a
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gear in a larger machine... out there, collecting data and
then handing off all that data to somebody else to ana-
lyze and draw conclusions from.” Skylar felt more like
a researcher when he was able to design aspects of his
research project himself, as he explained: “I get to kind
of design what I do, but definitely with some [input] from
my advisor. So, it’s not just my world, but I've been free as
in terms of developing questions”

Justin echoed Skylar’s views, describing how hav-
ing more epistemic involvement in his current research
experience would help him see himself as a science
researcher:

I do participate in research, but in terms of the
actual assay development and the thought processes
behind this stuff, I'm not as involved as I was in
my previous research [experiences] [in] undergrad.
[There] I had full autonomy on my project. [Now] I
basically just process samples and get stuff done. I
don’t have to think too deeply about what I do out-
side of how to be consistent and how to make sure
things are in place so that people can do their jobs...
I'm not involved in the decision-making for the pro-
jects.

ECRs described additional ways they were epistemically
involved. For instance, Levi saw himself as a researcher
when he contributed intellectually to troubleshooting:

I do make suggestions, and sometimes those sugges-
tions are right. One time I made a bunch of agar
with a different, a new brand of agar, and nothing
grew on it. I wrote everything down, but [my mentor]
didn’t realize that I had to use the new brand since
we were out of everything else. I was like, “Oh, this
is probably the agar that’s the issue” We did another
test because of what I found out, and it was indeed
the agar.

Levi elaborated why this made him feel like a
researcher, “I think I add my own ideas to what’s going
on. I'm not just doing the program and doing the pro-
tocol; I'm definitely adding value to the research” Other
ECRs also described their epistemic involvement as evi-
denced by their contributions, as Hazel expounded:

[The research I do], it’s not totally independent. 1
do have supervision from the grad student I work
under, but it’s like I've grown to be more independ-
ent in what I'm allowed to do. [Another undergradu-
ate researcher and I] led a project where we came up
ideas we would present to [to our graduate student
mentor], [Saying] like, “Hey, we wanna do this. Or
we think that we should test this” Then she would
use her expertise [to] veto or okay [our ideas].
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ECRs in doctoral programs displayed epistemic
involvement when designing their dissertations. Skylar
expressed that he was trying to design his chapters in a
way that addressed his own research interests and the
interests of his PI, “[I am] just trying to find some link
between what my advisor wants me to do and what I like,
to sort of dovetail and merge paths” For ECRs, “merg-
ing” their own interests as well as their thoughts about
the systems they investigate with their PI's interests and
thoughts supported their science researcher identity.

Interestingly, ECRs exhibited varied reactions to being
epistemically involved in their research. Justin stated that
he felt “relief” in his current role where he is not involved
epistemically, although his work would get “monotonous
sometimes” Other ECRs found epistemic involvement,
operational autonomy, and the potential for strategic
autonomy appealing, as Harris explained:

One aspect of why I chose to go to grad school and
took this career path is that it really allows me to
be an independent person and to form my own pro-
jects that Id like to work on. I get to set my own plans
instead of someone else setting them for me.

Even though Justin and Harris experienced epistemic
involvement differently, they both emphasized the rel-
evance of epistemic involvement in making their science
identity assessments. In addition to the work-learning
cycle, ECRs discussed aspects of their identity-learning
cycle in the interview, which we describe in the next
section.

ECR identity-learning cycles in research training

In assessing their science identity, ECRs reflected on their
conceptions of the roles of researchers. Stets and Serpe
(2013, p. 38) define “roles” as “the shared expectations
attached to social positions” When discussing the roles
of researchers, ECRs considered the work or tasks, in
which researchers engaged and the traits that research-
ers possessed. ECRs described how their conceptions
of researchers’ roles evolved through their training and
their perceived fit with these roles in an identity-learn-
ing cycle (Pratt et al., 2006). Overall, if ECRs perceived
alignment between themselves and their conceptions of
researchers’ roles, they recognized themselves as science
researchers. If ECRs did not see such alignment, they
hesitated to identify as science researchers. We detail our
findings of how tasks and traits inform roles in the fol-
lowing sections.

Tasks inform roles
All of the ECRs in our study described their concep-
tions about the roles of researchers, meaning the
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expectations they had for the kinds of work research-
ers do, in gauging whether they recognized themselves
as science researchers. Some ECRs described how their
conceptions of researchers’ roles became more complex
over the course of their research training. For example,
Jane shared that, when she first wanted to do environ-
mental research, they thought they would be outside
most of the time. Jane stated:

It’s super easy to kind of glamorize environmental
science and be like, ‘I'm gonna get paid to be out-
side all day. And it’s super fun” ... Over time, I've
kind of realized that a lot more of [being an envi-
ronmental researcher| is paperwork and house-
keeping and the literature review and the final
presentation of the data...Maybe 10% of the time
you're actually out in the field.

Skylar experienced a similar shift in his understand-
ing of the work he would do as a science researcher in
the environmental sciences.

When I was younger, I would’ve expected a science
researcher to just be in the field the whole time...
But I spend like 95% of my life at a desk. When
I first got into this, I imagined that Id be in the
field—I don’t know, like Steve Erwin (a conserva-
tionist) or something—every day, like just chasing
around animals and having a blast.

Skylar’s identity-learning cycle is evident in how he
described coming to understand there are differences
between being a science researcher and being a conser-
vationist, and he saw himself as the former rather than
the latter.

ECRs in our study emphasized identity-learning
related to the notion that researchers do much more
than collect data. In fact, most ECRs in our study
viewed data collection as just a small part of their over-
all research work. For instance, Iris described:

I've realized how much [of research work] is stuck
in setup. When you're in a teaching lab in under-
grad [as a science student], all of the actual wash-
ing and most of the reagent mixing and stuff is
done for you. You're not trying to locate things in
a lab that hasn’t been organized in years. So much
of my work [now] is doing that. Then I'll spend an
hour actually pipetting things into vials before
then finally getting the data out.

Iris recognized that her conceptions of the roles of
researchers had shifted during her training, from hav-
ing others set up experiments to doing all of the prep-
aration herself. This shift informed her recognition of
herself as a science researcher.
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Again, the nature of ECRs’ conceptions of research-
ers’ roles mattered less in their recognition of self than
whether their conceptions aligned with their personal
roles. For example, Valerie questioned whether her
administrative work of ordering supplies was science
research, but then she reflected on how administrative
work was a necessary part of being a researcher:

I feel like that’s the reality, you know. To have
things you need to pay for them. And you're always
gonna have to talk to someone [in administration]
about that. Science is expensive, it's so expensive
to be able to do [research]... [When you asked the
question] I wanted to say, ‘No [administrative work
is not research]; but I think actually the deeper you
are in science, the more you do have to deal with
that side [of the work].

In making this assessment, Valerie compared the
administrative work she was doing to the work of her
PI. She continued, “I [initially] wanted to say no, [those
tasks are not research], but then I think about my PI. I
don’t know how much time [they] spend just on grants,
finding resources” Valerie compared the role she was
taking on with her PI's role of procuring funds for
research, which supported her recognition of her role
as that of a researcher.

This pattern of identity-learning was also evidenced
by Cindy. When asked if there were any tasks she did
now that she did not consider to be research, Cindy
replied:

That gets tricky because obviously there are roles
[researchers have]. Educational roles, for instance,
that people take on when they’re working in sci-
ence. Because, for instance, a lot of grad students
are teaching assistants. A lot of Pls are also pro-
fessors and teach classes. I guess I would say it’s
not research but it’s part of what we do in sharing
science with other people... There’s also diversity,
inclusion, and equity work, which a lot of people in
science do. That type of work is also valuable...

Table 2 ECRs'descriptions of the work (roles) researchers do
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Cindy identifies as a researcher when she uses the first-
person pronoun “we” as she considers the many roles of
science researchers beyond addressing research ques-
tions. Although she did not necessarily consider some of
the work she does to be “research’, she still saw engaging
in this work as consistent with her own meaning of what
a science researcher is.

Nearly all ECRs in our study readily identified a range
of tasks that constituted their day-to-day work (Table 2).
Drawing from social psychology identity theory (Stets
& Serpe, 2013), we hypothesize that, as ECRs learn the
tasks researchers do, they begin to associate these tasks
with various roles a researcher can fill. As ECRs engaged
in more research training, they described being exposed
to more researcher roles, which then influenced their sci-
ence identity assessments. For example, Iris stated, “I've
realized how many roles there are...I just didn't know
[these roles] existed until I started talking to different
people, either at conferences or just friends that have
gone in different directions [in science]” When asked
how this realization affected how she saw herself as a
researcher, Iris replied, “I think it just means that there
are more open doors for me. If I want to go different
ways.” In the context of her full interview, Iris appeared
more confident in identifying as a science researcher now
because she recognized there were many possible roles
she could fill as a researcher.

Traits inform roles

ECRs also spoke of the traits that researchers possess.
Some ECRs reflected on how, when they first began
their research training, they tended to hold stereotypi-
cal views of what it meant to be a science researcher.
ECRs described identity-learning cycles related to the
traits they perceived to be characteristic of researchers
and the qualities that they felt individuals must possess
to be a “science researcher” ECRs then used these traits
as fodder for their science identity assessments. Mitchell
explained:

If you asked an earlier version of myself to draw a

Type of work

Description (Tasks undertaken in the pursuit of...)

Administrative
Coursework
Mentoring
Outreach
Research
Service
Teaching

Preparing for or facilitating research

Taking classes and doing assignments for the purpose of classes
Providing support to other researchers

Communicating science to the public

Addressing research questions or testing hypotheses

Engaging in committee work

Instructing students including preparation, teaching, and assessment
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scientist, or science researcher, I'm sure I would
draw a white man in a lab coat, whereas now that’s
changed. Now, I think of a researcher primarily by
certain personality traits, like being inquisitive and
creative and critical.

Harris also described how his ideas of who science
researchers are changed through his research training:

There’s a diverse range of people, that’s what I've
learned, in terms of both their personalities and
backgrounds. Not everyone falls into that scientist
stereotype... all sorts of different people can and
should become science researchers, but it's something
you have to really experience and learn from inter-
acting with people in your field to actually get a feel
for it.

Both Mitchell and Harris emphasized that they learned
researchers’ traits by doing research themselves alongside
other researchers. ECRs described science researchers as
people who are passionate and interested in a certain sci-
entific topic and who will carefully collect data to address
research questions that advance knowledge in some
way. ECRs also described how the ability to navigate the
frequent failures inherent in research was a key trait of
researchers. Talia noted, “science involves just failing a
lot” Hazel elaborated on how she has learned to navigate
failure, “I know [now] that [doing research] is a lot harder
than I thought it was. Like emotionally, continuing to
give it your all when things have continued to fail over
and over and over” From her experiences of failure, Hazel
came to understanding that an expectation of researchers
is to persist in these circumstances, which she referred to
as “resilience”. She continued, “You still have to keep try-
ing new things and problem solve’, which reflects deter-
mination, another trait that ECRs perceived researchers
to have.

Some ECRs, like Phoebe, espoused that attributes such
as interest, resilience, and determination were the only
traits necessary to be a science researcher:

I feel like science researchers could honestly be any-
one. Of course, you have to have some interest in sci-
ence, but if you have an interest that’s strong enough
for you to pursue an answer [to a research question],
no matter what happens, you're going to get no’,
you're going to get mistakes. If you can pursue past
that, then you can be a science researcher.

Other ECRs commented that certain qualifications
were necessary to be a “science researcher” and reported
tension in calling themselves a science researcher if they
had not yet earned those credentials. This tension was
most evident with Claire, who described how she was
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still actively deciding if she considered herself to be a
researcher:

I don’t feel like earning a master’s was enough [to
call myself a science researcher] ...I didn’t necessarily
feel like I was a researcher before I came here [to my
PhD program], even though I had done some [simi-
lar types of research] work. ...I think I'm just now
grappling with what that label [science researcher]
means and if I can accept it or not.

The question of whether to “accept the label” of science
researcher was also evident with other ECRs. Andrew
called himself a science researcher because he did “sci-
ence on a daily basis’, but he did not see himself as a
career researcher (yet) because he did not have certain
qualifications, explaining, “I'm not necessarily a profes-
sional with a PhD yet”

When discussing their science identity, ECRs also
spoke about what they learned about the work habits of
researchers in their labs, departments, or fields and how
those insights influenced their own science identity. Shae
reflected:

When 1 first started my undergraduate thesis, I was
working directly under a PhD student that worked in
the lab. I learned a lot from working directly under
him. It really shaped my initial perception of what
being a researcher looked like. I think that also kind
of goes back to initially not really thinking of myself
or seeing myself as a science researcher because I saw
how long he worked and all the skills that he knew
obviously being a senior PhD student. So, I was like,
“I'm not a researcher unless I'm working this many
hours or unless I know all of these things.

Shae assessed her prior science identity (not a science
researcher) based on her observation of the work habits
of someone she considered more of a science researcher,
consistent with Bandura’s social learning theory (1986).
In other words, the PhD student portrayed what Shae
perceived to be stereotypical behaviors of a researcher,
which she then used as a “benchmark” against which to
assess her science identity. She continued, describing
how her work habits evolved and then affirmed her iden-
tity as a science researcher:

Then I [started] participated in a lot of the rituals
of that lab, like going to lab meetings. I would have
one-on-one meetings with the PL Just having those
experiences, I started to learn, okay, this is what it
looks like to be a science researcher. You have meet-
ings, and you have presentations, and you read
papers and you do research...I guess just over time
I've started to do more things that I would consider
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a researcher to do. So, then I just naturally fell into
that role.

In summary, ECRs described identity-learning cycles
related to their conceptions of the traits of researchers.
As they worked alongside additional researchers, ECRs
shifted their perceptions of researchers’ traits, which
shaped their own identity assessments. It was also evi-
dent in our findings that ECRs’ science identity assess-
ments were influenced by “recognition from others’,
which we considered to be part of the identity-learning
cycle. Findings reflecting “recognition from others” are
detailed in the following subsection.

Recognition from others

ECRSs’ science identity assessments were shaped by rec-
ognition from other researchers, reflecting the “recogni-
tion from others” factor of the prevailing science identity
model (Carlone & Johnson, 2007). ECRs described prox-
imal recognition through one-on-one social interactions
with other researchers, who recognized their work as
“research” (or not). ECRs also described distal recogni-
tion in the form of interactions outside of their imme-
diate research groups or departments, as well as their
perceptions of how society broadly viewed them as sci-
ence researchers. We observed that both proximal and
distal recognition from others could be positive (i.e., sci-
ence identity supporting) or negative (i.e., science iden-
tity limiting), as described below.

Proximal recognition from others

ECRs shared how positive and negative recognition
through one-on-one social interactions with other
researchers affected their science identity. These inter-
actions primarily centered on whether other research-
ers recognized the ECRs’ work as “authentic” research.
When ECRs experienced proximal recognition (other
researchers seeing the ECR as a researcher) their sci-
ence researcher identity was bolstered. Skylar explained
that, even though he struggled to call himself a science
researcher, the endorsements of others prompted him to
consider himself a science researcher:

Have I earned the right to call myself a science
researcher at this point? You know, I think it’s some-
thing that a lot of students struggle with, but I do
see myself as a science researcher. I was just talk-
ing this past semester to a faculty member about
this [struggle]. They told me, “If you think about it,
you're probably in all regards an expert in whatever
field you're studying, even though you're a graduate
student. You're an expert in that specific thing that
you're studying. So, feel free to call yourself a science
researcher because you are.
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This positive, proximal recognition helped Skylar see
himself as a science researcher. ECRs reported this type
of recognition not only from faculty but also from peers.
For example, Lisa described how her benchwork could
become tedious, prompting her to lose site of the pur-
pose of her work and undermining her science identity.
Lisa reported how talking with members of her research
group supported her maintenance of a science researcher
identity by emphasizing the authenticity of her work:
“My peers ground me a bit and make me take a step back
and realize that I'm performing experiments that could
be in a paper”

Not all ECRs in our study experienced positive recog-
nition. Sutton described experiencing negative, proxi-
mal recognition of their computational research work,
the goal of which was to make tools to help onboard
new members of the research team. Sutton viewed their
work as important because it enabled research. Sutton
learned during interviews for graduate school that not all
researchers considered their work as affording epistemic
involvement and therefore did not consider their work to
be “authentic”:

One of the terms that people use that is derogatory
in programming or [computer sciences] is [the term]
‘code monkey.” [It means] someone who just is given
a task and [told] to go code it, without any creative
input. [During my interview] I was asked, “Are you
doing modeling work for them? Or are you just like a
code monkey in this lab?”

In this exchange, Sutton felt their “creative input” was
questioned and that the interviewer (a faculty member at
a different institution) did not see them as a “real” science
researcher. As a result, Sutton began to question their
researcher identity. When asked how the social exchange
affected them, Sutton replied “It’s unfortunate, perhaps,
to an extent [that this happened to me], but it is some-
thing that I'm keeping in mind now... Now, I'm work-
ing on what this person might consider to be science,
anyway”

The absence of positive, proximal recognition also
influenced ECRs’ science identity assessments. Jane
explained that in her previous research training envi-
ronment she experienced more positive recognition
than she does now: “I knew everybody and knew exactly
what my role [in our research group] was and where my
place was and what I was good at [in terms of research]
and what people needed me for” Jane explained that
in her previous lab she was known to be the resident-
expert in a specific type of research technique. Her col-
leagues would seek her out to ask her questions, which
made her feel more like a researcher. This notion of
being recognized for expertise in research methods was
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also shared by Valerie. Valerie explained that in her lab
she is seen as the “queen” of a particular technique and
that “everyone now comes to me. I've dealt with just
about any sort of sample that can [undergo this certain
technique]” For Jane and Valerie, being seen by other
researchers in their group as the expert in a particular
aspect of research supported their science identities.

For Jane, the transition to her new research group
affected her science identity assessment. She explained
that she “honestly barely gets any interaction... A lot of
it is solo work. It’s very, very hands off” Because she is
“flying solo”, she does not experience frequent recogni-
tion from others from her peers and her science iden-
tity appears to be languishing as a result. “I don’t really
feel like anyone, no one really relies on me here yet. I'm
trying to build that. To be like a go-to person for a cer-
tain thing” Jane reported that she was actively seeking
more collaborative projects in her current lab, presum-
ably so she would experience more positive proximal
recognition from others, which would support her
identity as a science researcher.

Distal recognition from others

ECRs also described how recognition from others out-
side of their immediate research contexts shaped their
science identity assessments. ECRs who spoke about
distal recognition primarily emphasized positive forms
of recognition. For some ECRs, positive distal recog-
nition stemmed from the reputation of their research
groups. Skylar shared that he recently completed his
master’s research experience in a “humble” research
group. Although he conducted similar research in
his doctoral studies, the reputation of his doctoral
research group changed how he sees the “validity” of
the research he does and helped him see himself more
as a researcher:

Now I'm in this lab where it’s like super flashy... my
lab mates, they’re on [National Public Radio]... [The
renown of the lab] makes [research] feel even more
serious and more high stakes... [the reputation] of
your lab group can shape how you see yourself as a
researcher.

For Skylar, the prestige of his research group bol-
stered his self-assessment as a science researcher. ECRs
described other forms of positive distal recognition,
including public views of “environmental scientists as like
heroes” and doing science “an admirable pursuit” as well
as positive recognition from family, friends, and com-
munity groups (e.g., when ECRs participated in outreach
programs) and through involvement in prestigious aca-
demic and research training programs.
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A conceptual model of science researcher identity

From our findings, we generated a conceptual model that
highlights how ECRs engage in science identity assess-
ments (Fig. 2). We consider the propositions of our model
to be tentative, reflecting relationships that should be
explored and tested through further research rather than
as causal claims. Nonetheless, the model defines and con-
nects the inputs and processes that inform ECRs’ over-
all science identity assessment, which reflect the themes
and sub-themes of our qualitative analysis. ECRs made
science identity assessments in which they recognized
themselves as science students or science researchers,
but not (yet) as career researchers (Fig. 2 central box with
dashed edges, depicted in detail in Fig. 1). In recogniz-
ing themselves as science students or science researchers,
they drew on factors from the prevailing science identity
model (Fig. 2 blue boxes)—namely, their perceptions of
their performance-competence in research and their
research interest. ECRs’ science identity assessments
were informed by work-learning and identity-learning
cycles (Fig. 2 gray boxes) from Pratt’s professional iden-
tity development model. In their research training con-
texts, ECRs’ work-learning encompassed learning about
the authenticity, autonomy, and epistemic involvement
of their research work (left). Their identity-learning
reflected learning about the roles of researchers, driven
by learning about researchers’ tasks and traits, as well as
learning about recognition from others (right). The ques-
tions associated with each component in the model sum-
marize what ECRs asked themselves as they recognized
themselves as science researchers.

Implications

Science identity scholars have called for refined science
identity theory that: (1) clarifies definitions in science
identity investigations; (2) better accounts for the influ-
ence of context on an individual’s science identity; and (3)
better leverages existing theory, models, and findings to
support the cumulation of knowledge about science iden-
tity across investigations (Danielsson et al., 2023; Hazari
et al.,, 2020; Kim & Sinatra, 2018). We explain how our
conceptual model attempts to respond to these calls in
the following sections.

Clarifying definitions

We aimed to clearly define science identity in our study
by characterizing how ECRs themselves defined science
identity. ECRs defined their science identities along a
continuum of science student, science researcher, and
career researcher (Fig. 1), revealing nuance in how ECRs
recognize themselves. We contend that this nuance is
not fully understood because psychometrically sound
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Fig. 2 Conceptual model of science researcher identity in research training contexts. ECRs recognized themselves by engaging in “science identity
assessments” (Carlone & Johnson, 2007) that relied upon their assessments of their performance-competence and interest (center) (Carlone &
Johnson, 2007; Hazari et al., 2010; Potvin & Hazari, 2013). ECRs made these assessments in the context of work-learning and identity-learning

cycles (Pratt et al, 2006). Specifically, ECRs engaged in work-learning cycles through which they assessed alignment between their conceptions

of research and perceptions of their own work, including its authenticity (Rahm et al., 2003), its affordance of autonomy (Bailyn, 1985), and their
level of epistemic involvement (Burgin et al,, 2012). ECRs also engaged in identity-learning cycles (right), assessing alignment between their
self-perceptions and their conceptions of researchers'roles (Stets & Serpe, 2013) and recognition from others (Carlone & Johnson, 2007). Blue
boxes with white text indicate constructs from the prevailing science identity model (Carlone & Johnson, 2007; Hazari et al., 2010; Potvin & Hazari,
2013), and gray boxes with black text indicate the work- and identity-learning cycles (Pratt et al., 2006). Questions embedded in the model are

the questions ECRs considered as they recognize themselves as science researchers

measures of science identity have not been designed to
measure across this continuum. Measures created for
studying science identity among high school or under-
graduate students with limited previous exposure to
research may not be well-suited to understand science
identity among ECRs who are still in training but have
engaged more in research (Lockhart et al., 2022). In at
least one study, existing measures of science identity fall
short of passing tests of measurement invariance over
time (Hess et al., 2023). That is, as students report more
research training experience, they respond differently
to survey items about their science identity (Hess et al.,
2023). Our findings could be used to further develop or
refine measures of science identity to better capture this
range and inform research on science identity develop-
ment and its antecedents, correlates, and outcomes dur-
ing this important phase of research career development.

Accounting for context

By using our findings to integrate the prevailing sci-
ence identity model with professional identity cycles of
work-learning and identity-learning, our model speci-
fies factors in ECRSs’ research training environment that
shape their science identity assessments. These contex-
tual factors include ECRs perceptions of their work (i.e.,

authenticity, autonomy, and epistemic involvement),
conceptions of researchers (i.e., researchers’ tasks and
traits), including their proximal and distal recognition
from others. Furthermore, we detail the questions with
which ECRs contend with as they recognize themselves.
These questions make more explicit how ECRs consider
and reconsider the meaning of contextual factors as they
iteratively assess their science identities during research
training.

Leveraging existing theory and knowledge

Danielsson and colleagues (2023) described a rapid
expansion of novel science identity theories. They also
noted how these theories often do not build from one
another, limiting the potential to draw wider conclusions
about science identity per se and the factors affecting sci-
ence identity broadly. Rather than propose a new theory,
we leveraged existing theories to generate a refined model
of science identity useful for understanding the transition
during research training from being a consumer of sci-
ence to a producer of science. Specifically, we integrated
existing theory of science identity from science education
(Carlone & Johnson, 2007; Hazari et al., 2010; Potvin &
Hazari, 2013), professional identity theory from organi-
zational psychology (Pratt et al., 2006), and identity
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theory from social psychology (Stets & Serpe, 2016).
When salient, we used existing literature to make mean-
ing of our findings [e.g., emergent notion of authenticity
from Rahm and colleagues (2003), operational and strate-
gic autonomy from Bailyn (1985), epistemic involvement
from Burgin and colleagues (2012), learning from mod-
els from Bandura’s social learning theory (1986)], and we
used our findings to propose novel relationships among
constructs and processes identified in this disparate lit-
erature. Our approach of using multiple theories and
relevant findings from previous investigations to create
a new theory aligns with recommendations for engaging
in rigorous theory development (Greene, 2022; Suddaby,
2006). By proffering fresh theoretical insight into sci-
ence identity, our model suggests directions for future
research, which we describe next.

Directions for future research

Our findings suggest directions for future research aimed
at understanding the interplay between work-learning,
identity-learning, and being a science researcher, which
we discuss below. We close by discussing recommenda-
tions for practice based on our study’s findings.

Understanding the interplay between work-learning

and being a science researcher

Notably, ECRs in our study could be engaged in
“research’, but not see themselves as science research-
ers. This finding adds to a growing body of knowledge
indicating that, when studying science identity in the
context of research training, scholars should consider
individual ECRs’ conceptions of their work as authen-
tic (Rahm et al, 2003), autonomy-affording (Bailyn,
1985), and epistemically involved (Burgin et al., 2012),
rather than assuming that “research” is predefined and
pre-authenticated or that research training experiences
are uniform or self-similar. Our findings could serve as
the basis for developing robust and valid ways to meas-
ure ECRs’ conceptions of their work or refining existing
measures of similar constructs. For instance, undergrad-
uates doing research as part of a science course are
more likely to perceive that their work could generate
scientific discoveries than undergraduates taking tra-
ditional “cookbook” lab courses where they are primar-
ily learning techniques (Beck et al., 2023; Cooper et al.,
2019; Corwin et al.,, 2015). In course-based undergradu-
ate research experiences, students’ experiences with
failure and iteration as well as having opportunities to
engage in scientific practices and make relevant discov-
eries bolstered their perceptions that their research was
authentic (Goodwin et al., 2021). Future research could
examine the relationships among ECRs’ perceptions that
their work could lead to discoveries, their view of their
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work as authentic, and their identification as a science
researcher. Similarly, the construct of project owner-
ship has been studied in undergraduate research training
experiences. Items thought to measure project ownership
resembled questions ECRs considered as they gauged
their epistemic involvement in their research (Hanauer &
Dolan, 2014; Hanauer et al., 2012). Future research could
examine whether ECRs’ sense of ownership for and epis-
temic involvement in their research can be distinguished
empirically, or are one and the same and thus could be
integrated to connect bodies of research on science iden-
tity and the design of research training experiences.

Students’ autonomy in the form of agency to make deci-
sions has been studied in science contexts. These studies
have focused on decision-making about science careers,
about socio-scientific issues, and about lab course tasks,
but not to our knowledge about the influence of research
decision-making in the context of research training (e.g.,
Fouad & Santana, 2017; Halverson et al., 2009; Holmes
et al., 2020). Some research indicates that graduate stu-
dents experience a lack of autonomy in their research
as negative (Tuma et al., 2021). Yet, endorsement of this
view may be influenced by how much research experi-
ence students have and thus how prepared they are to
operate autonomously in their research. Longitudinal
research is needed to understand ECRs’” autonomy devel-
opment during research training, to identify factors that
afford or constraint ECRs’ autonomy, and to examine
how autonomy and its affordances or constraints relate to
ECRs’ identification as science researchers.

Understanding the interplay between identity-learning

and being a science researcher

Identity theories underscore that identities are learned
through socialization processes (Griffin et al., 2020;
National Academies of Sciences, Engineering, and Medi-
cine, 2019). Yet, the prevailing science identity model
does not specify how characteristics of “being a science
person” are learned by individuals engaged in research
training. We used insights from identity theory (Stets
& Serpe, 2016), along with Pratt’s professional identity
development model (Pratt et al., 2006), to locate “roles”
as part of the identity-learning cycle affecting the sci-
ence identity of ECRs. Consistent with Bandura’s social
learning theory (1986), our findings show that, as ECRs
learn about the identities of researchers through inter-
actions with research mentors, who are the more expe-
rienced researchers providing guidance to ECRs on their
research.

Multiple studies have shown that research men-
tors, including faculty research advisors for graduate
students and graduate or postdoctoral researchers for
undergraduate students, influence the extent to which
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researchers-in-training endorse a scientific identity (e.g.,
Atkins et al., 2020; Estrada et al, 2018; Robnett et al.,
2018; Thiry et al., 2011). Our findings add to these results
by revealing the process through which this occurs and
illustrating how exposure to a diversity of researchers can
shift ECRs’ identity assessments. Future research could
explore whether learning about a diversity of research-
ers’ traits and tasks could advance ECRs’ science iden-
tity assessments. Such research could be accomplished
through longitudinal research that follows ECRs through
research training experiences that vary in their exposure
to diverse groups of researchers, such as standard train-
ing programs and training programs specifically designed
to expose ECRs to diverse research career paths. Alterna-
tively, research could examine the effects of curricular or
programmatic interventions designed to engage ECRs in
learning about or working with diverse researchers. Some
research has already demonstrated the potential for such
curriculum to expand science students’ views of who can
be a scientist (e.g., Hernandez et al., 2020; Schinske et al.,
2016) but have not to our knowledge focused on research
training or research career paths.

In our study, ECRs made judgments about their iden-
tities as a science researcher based on their perceptions
of their research mentors’ tasks and traits. Yet, it was not
always evident that ECRs had access to information that
would allow them to create a more complete picture of
their research mentors’ tasks and traits. Interestingly,
research on youth mentoring indicates the importance
for mentees of mentors disclosing information about
their school, work, hobbies, beliefs, self-esteem, and other
personal details (Dutton et al., 2019). Such self-disclosure
allows youth to see their mentor as “human” In contrast,
research in work settings indicates that mentee self-dis-
closure is influential, while mentor self-disclosure is not,
because learning about the mentee allows the mentor to
provide more tailored guidance and support (Wanberg
et al., 2007). Future research is needed to understand
whether and how research mentor self-disclosure shapes
ECR mentees’ views of researcher traits and tasks and
their science identity self-assessments. Some research
has already begun to test the potential for self-disclosure
interventions between female STEM major mentees and
female scientist mentors to expand mentees’ networks of
mentoring relationships, strengthen mentees’ scientific
identity, and bolster mentees’ STEM career intentions
(Hernandez et al., 2017).

Recommendations for practice

If future research supports our model, practical steps
can be taken to afford opportunities for ECRs to
reflect on and grow in their science researcher iden-
tity. Research mentors can consider the extent to
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which they provide opportunities and support for
ECRs to have greater operational autonomy and epis-
temic involvement in their research tasks, especially
as they gain experience. Mentors can explicitly affirm
how ECRs’ work is authentic research that fits into a
larger scientific picture and make efforts to recognize
how ECRs’ work is a research contribution. Research
mentors and research training programs can work
to ensure ECRs have opportunities to interact with
diverse groups of researchers. Connecting with affinity
groups locally and nationally, such as through profes-
sional societies and at conferences, could broaden ECR
conceptions of researchers’ tasks and traits. As noted
above, curricula such as Scientist Spotlights (Schin-
ske et al., 2016) and social media-based affinity groups
(e.g., @BlackinMarineScience, @DisabledinSTEM) may
also be useful for expanding ECRs’ conceptions of who
science researchers are. These resources may be espe-
cially beneficial if they highlight counter-stereotypical
models of who researchers are and endorse a diversity
of researchers’ traits and tasks. Mentors and programs
can also encourage ECRs to reflect on and recognize
their growth as researchers through the use of individ-
ual development plans and competency-based assess-
ments that are revisited annually to reveal change over
time (Chang & Saw, 2021; Kuniyoshi, 2021; Verderame
et al., 2018). As the interplay between work-learning,
identity-learning, and science researcher identity is
better understood, the field will be better positioned
to intentionally design research training experiences
and evidence-based supports to foster ECRs’ science
researcher identity.

Conclusion

This qualitative examination of early career researchers’
(ECRs) science identity assessments reveals nuance in
how ECRs conceptualize their science identity that has
implications for studying science identity development
in research training contexts. Our findings integrate the
prevailing science identity model with a model of pro-
fessional identity development and identity theory in
a coherent conceptual model of science identity assess-
ment in research training contexts, illustrating how
ECRSs’ evaluate their own work, roles, and recognition in
the context of their evolving perceptions of research and
researchers. Our findings also suggest practical actions
research mentors and research training programs can
take to support ECRs in developing their identities as sci-
ence researchers.
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