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Abstract 

Background STEM minority participation programs have been widely implemented in higher education with the 
goal of diversifying the global STEM workforce. Informed by research highlighting the potential of targeted explo-
ration of STEM roles and reflection on the self in relation to STEM (identity exploration), this work examines how 
engagement in a government funded STEM minority participation program shaped these processes in current 
students and program alumni.

Results Epistemic network analysis (ENA) was used to visualize conceptual connections between identity themes 
that emerged from interviews with present and past program participants. Network models were developed for cur-
rent students and alumni for cross-group comparisons. Differences were found in how participants at different stages 
of their careers enact and describe their identity exploration processes. Summative network models highlighted how 
students discussed action-taking (sometimes through participation in STEM minority program initiatives) as they 
explored less-certain possible future STEM roles, while alumni integrated more diverse and holistic facets of their 
identities when conceptualizing their futures. To close the interpretive loop, a qualitative interpretation of interview 
discourse was used to give context to network patterns.

Conclusions Results highlight the differences between novices’ and professionals’ conceptualizations of their future 
selves and illustrate how minoritized individuals describe their long-term patterns of identity exploration related to 
STEM majors and careers. Implications for future STEM identity research and practice, including higher education 
programming as a tool to support students’ STEM identity exploration processes, are discussed.

Keywords STEM minority participation, STEM majors and careers, Identity exploration, Possible future selves, 
Epistemic network analysis

Introduction
There is a growing need for a more qualified science, 
technology, engineering, and mathematics (STEM) work-
force, both in the United States (Fayer et  al., 2017) and 
worldwide (Burrell, 2020). This concern is exacerbated 
by a representation gap in terms of STEM minority 

participation (Camilli & Hira, 2019), which suggests a 
large potential untapped resource of minoritized indi-
viduals who can and should, but currently do not suc-
cessfully attain STEM majors and careers. In addition 
to supporting equity for all STEM learners, research 
also highlights the benefits of a diverse workforce on 
STEM outcomes: more creative solutions to problems 
and increased productivity due to unique perspectives 
from team members of heterogeneous identities (Ely & 
Thomas, 2020). To address this persistent, global issue 
of equity and to advance diversity in STEM, research-
ers have stressed the need for initiatives that can help 
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to sustain, enlarge, and diversify participation in the 
STEM pipeline (e.g., Doerschuk et  al., 2016; Smith & 
Garcia, 2018). Given that college experiences have been 
highlighted as an influential part of the development of 
underrepresented minority (URM) students’ interests 
and choices in STEM (e.g., Gasman et al., 2017; Marco-
Bujosa et  al., 2020), one way to achieve this is through 
programming at the postsecondary level that encour-
ages URM youth to declare STEM majors and provide 
institutional-level support throughout their completion 
of STEM degrees. A long-standing example in the United 
States is the Louis Stokes Alliance for Minority Partici-
pation, which funds college-level programming aimed at 
increasing the number of students successfully declaring 
and completing degree programs in STEM disciplines.

In higher education contexts, research aimed at under-
standing how to best support STEM minority participa-
tion often emphasizes identity exploration as a way to 
(a) encourage student self-efficacy in STEM (e.g., Syed 
et  al., 2019), (b) support intentional self-awareness and 
self-authorship in STEM fields (e.g., Morton & Parsons, 
2018), (c) sustain long-term engagement and motivation 
to persist in STEM (e.g., Destin & Williams, 2020; Her-
nandez et  al., 2013), and (d) enhance skills in self-mon-
itoring and self-regulation toward the achievement of 
STEM goals (e.g., Park et al., 2019). These interconnected 
cognitive, affective, behavioral, and self-definitional fea-
tures in identity scholarship are more broadly defined as 
identity exploration, or the “deliberate internal or exter-
nal action of seeking and processing information in rela-
tion to the self” over time (Flum & Kaplan, 2006, p. 100).

From this perspective, we conceptualize STEM learn-
ing as a process of identity exploration over time, or a 
gradual enculturation into contextually specific STEM 
discourse and practices (Foster, 2014; Foster & Shah, 
2021). An important part of this long-term process is 
learner reflection on possible future selves in STEM, 
or the roles and characteristics an individual hopes or 
expects to 1-day embody (Markus & Nurius, 1986; Oys-
erman, 2015). Intentional reflection on possible future 
selves has been shown to play a key role in academic 
development, engagement, retention, and career cer-
tainty (e.g., Apple et  al., 2020; Kang et  al., 2019; Syed 
et  al., 2019; Verdin et  al., 2018). For example, a learner 
might enact identity exploration around an engineer-
ing role by repeatedly choosing to engage with authentic 
engineering knowledge and skills, values and interests, 
behaviors and choices, all with a possible future self of an 
“engineer” in mind.

While identity-focused research has become increas-
ingly prevalent, more nuanced examinations of long-
term STEM identity exploration, particularly as related 
to possible future selves, are needed (Fan et  al., 2022). 

Existing identity-focused research tends to explore learn-
ers’ current STEM identities (e.g., Atkins et  al., 2020, 
Seyranian et  al., 2018), and despite the known benefits 
of intentional reflection on possible future selves, there 
has been less consideration of the reflective meaning-
making process of possible future identities in STEM (i.e., 
what a learner wants or expects to be in future; Foster, 
2014). Extant research on identity exploration also trends 
toward samples of student cohorts at early stages of their 
STEM careers (i.e., K-12 and college students) (e.g., Des-
tin & Williams, 2020; Kim et  al., 2018; Martin-Hansen, 
2018). While valuable, this body of research only eluci-
dates how learners navigate one phase of STEM engage-
ment rather than providing insight into the broader 
evolution of STEM identities over time. For example, 
research is limited that compares identity exploration 
processes between students and alumni from minoritized 
backgrounds. To compound this limitation, longitudinal 
studies of identity exploration in STEM that are available 
often draw from large-scale survey or questionnaire data 
(e.g., Estrada et  al., 2018; Hernandez et  al., 2013; Park 
et  al., 2018), which are less likely to capture nuances in 
how learners describe and discuss their identity explora-
tion in their own words.

The purpose of this study is to add to scholarly knowl-
edge on the long-term outcomes of higher education 
STEM minority programs in terms of identity explora-
tion with a focus on possible future identities in STEM. 
We offer in-depth examinations of how minoritized indi-
viduals at different stages of their STEM professional 
journeys (students and alumni) engage in identity explo-
ration around their possible future selves. The pathway 
was explored based on participants’ own reflection on 
their STEM trajectory—how participants described their 
processes of working toward STEM degrees or career 
goals. To help capture reflective nuance in participants’ 
conceptualizations of self, we leveraged quantitative eth-
nographic techniques (Shaffer et  al., 2016) to visualize 
associations between inductively derived identity codes 
in interview discourse. The research question asks, “How 
do minoritized students and alumni describe their iden-
tity exploration processes when asked to reflect on their 
possible future selves in STEM?”.

Overview of literature
STEM minority participation and programming
Women and members of historically marginalized groups 
remain underrepresented in STEM majors and careers 
(Habig et  al., 2020). This speaks to the long-standing 
issue of equity that often manifests as systematic obsta-
cles and challenges faced by minoritized individuals in 
STEM, such as structural racism (McGee, 2020), nega-
tive stereotypes (Payton & Berki, 2019), alienation, lack 
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of same-race support networks, and lack of pre-college 
STEM preparation (Rottinghaus et al., 2018). While spe-
cific contexts may differ, concerns over equity and repre-
sentation in STEM have been highlighted in scholarship 
based on the US and many other countries (e.g., Ho et al., 
2020; López-Aguirre, 2019; Ro et al., 2021; Timms et al., 
2018). Diversifying and sustaining the STEM pipeline has 
been highlighted as a key to broadening participation in 
STEM (Doerschuk et  al., 2016; Smith & Garcia, 2018). 
The concept of a STEM pipeline, while criticized over the 
years for implying a singular pathway into STEM (e.g., 
Petray et al., 2019), has utility for framing STEM partici-
pation as a long-term pathway of identity exploration that 
involves intentional and repeated process of encultura-
tion into authentic STEM practices over time. From an 
equity perspective, this conceptualization has value for 
elucidating, understanding, normalizing and supporting 
the long-term lived experiences of minoritized groups as 
they pursue majors and careers in STEM.

There is evidence that STEM minority participation 
programs and initiatives, particularly those that foster 
facets of identity exploration, can effectively broaden 
participation and advance equity in STEM fields. Craw-
ford et  al. (2018) noted a reduction in the achievement 
gap between underrepresented/female participants 
and majority males in a STEM scholarship program 
when interventions such as early engagement in STEM 
research and an emphasis on STEM “self-image” were 
implemented. When assessing the impact of extra-cur-
ricular workshops and other interventions provided by 
a STEM-career-focused university program, Slovacek 
and colleagues (2019) found increases in student inter-
est and confidence around STEM academics and careers, 
as well as an increasing sense of belonging. College pro-
gramming such as career counseling also contributes to 
minoritized students’ knowledge and retention in STEM 
(Belser et  al., 2018). From such studies, we learn that 
STEM programming at an institutional level that sup-
ports students’ identity exploration process, whether 
directly through specific initiatives or indirectly through 
cultivating a supportive campus environment, can facili-
tate URM learning and retention in STEM fields.

On the other hand, some research suggests that some 
existing STEM programming may not optimally sup-
port robust identity exploration processes. McGee (2020) 
argues that many universities design and institutionalize 
their diversity mentoring programs mostly to “assimi-
late” underrepresented students of color into STEM, 
despite calls for programming that celebrates URM self-
authorship in STEM contexts (Morton & Parsons, 2018). 
Similarly, Armstrong and Jovanovic’s (2017) examination 
of STEM programming across 18 universities reveals a 
lack of holistic approaches in these programs to support 

intersectional identity. Ultimately, these findings under-
score the need for research grounded in identity theory 
and informed by URM participants’ self-directed reflec-
tions that connect to the STEM roles, goals, and charac-
teristics in the process of identity exploration.

Identity exploration in STEM
Identity exploration (Flum & Kaplan, 2006; Kaplan et al., 
2020) is broadly conceptualized as an intentional and 
self-directed activity that has foundations in develop-
mental identity literature (e.g., Erikson, 1959; Marcia, 
1966), in that how a learner self-reflects in one moment is 
meaningfully built upon their prior experiences and prior 
conceptualizations of self. As defined by the Projective 
Reflection framework (Foster, 2014; Foster et  al., 2019), 
identity exploration often unfolds through reflection on: 
(1) cognitive features of the self, or what STEM skills or 
knowledge the individual may possess, (2) affective fea-
tures such as an individual’s interest and valuing of the 
STEM topic or career, (3) behavioral features of the self, 
or processes of goal-setting, self-monitoring, and regula-
tory actions an individual enacts to achieve their STEM 
goals, and (4) self-definitions and self-perceptions, or 
assessments of the individual’s own confidence, charac-
teristics, and roles they embody or hope to 1-day enact 
(see Kaplan & Garner, 2017; Kaplan et al., 2020).

Research suggests that facets of identity exploration 
play a significant role in URMs’ engagement with STEM 
in terms of future major/career aspirations and choices. 
These facets correspond to the identity exploration fea-
tures discussed above, including (1) motivational con-
structs such as the interests and values one associates 
with STEM topics (e.g.,Gottlieb, 2018; Lv et al., 2022), (2) 
STEM self-efficacy (e.g., Jiang et  al., 2020; Turner et  al., 
2022), and (3) self-perceptions, or the ways a learner sees 
themself in STEM (e.g., Collins, 2018; Morton & Par-
sons., 2018). These identity-related constructs can be 
fostered by external factors such as social influences from 
family, friends, or mentors (e.g., Atkins et  al., 2020; Tey 
et al., 2020), pre-college experiences with STEM (Miller 
et al., 2017; Phelps et al., 2018), exposure to STEM career 
knowledge (Blotnicky et  al., 2018; Murcia et  al., 2020), 
and campus environment (Castellanos, 2018).

These examples of scholarship in identity and identity 
exploration in STEM tend to focus on a single phase or 
stage within the STEM pipeline, including K-12 (e.g., 
Foster et al., 2019; Steinke, 2017), higher education (e.g., 
Duran & Jones, 2020; Ortiz et al., 2019), or the workplace 
(e.g., Alfred et al., 2019; Ross et al., 2017). This contrasts 
with the growing body of identity literature that under-
stands identity exploration as a long-term, developmen-
tal process. Kelly and colleagues’ (2020) comparison 
of university students and professionals’ professional 
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STEM identity status, for example, used Professional 
Identity Status Questionnaire (PISQ-5d) to understand 
differences across cohorts, but responses were limited 
to structured, pre-determined constructs rather than 
more open-ended reflection that demonstrated reflec-
tive nuance. Examining STEM identity at different stages 
within the STEM pathways, by means such as comparing 
novices’ (students) and professionals’ (alumni) conceptu-
alization of self, may help illuminate the nuanced changes 
that emerge across the pathway of identity exploration 
exacted by minoritized individuals in STEM.

Future selves in STEM
Existing identity-focused research often connects current 
STEM identity (i.e., seeing the self as part of the STEM 
community) to improved outcomes in STEM learning 
and increased likelihood to choose a STEM career (e.g., 
Atkins et al., 2020; Norman et al., 2021; Seyranian et al., 
2018). However, evidence suggests that having a current 
identity and values in STEM may not always be predic-
tive of STEM career success more than 4 year post-
graduation (Estrada et  al., 2018). This disconnect could 
be representative of research that emphasizes reflection 
on the current self as a STEM community member over 
reflections on a possible future self in a STEM career. 
From a developmental perspective, learners craft possi-
ble future selves from an awareness of what they would 
like, expect, or in some cases fear becoming in the future 
(Markus & Nurius, 1986). As a result, robust identity 
exploration processes can and should include intentional 
reflections on future selves (Oyserman, 2015). This high-
lights the necessity to move beyond only discussions on 
current identity and to include possible future selves in 
STEM learning.

While examples do exist that explore the benefits of 
intentional reflection on possible future selves (e.g., 
Apple et al., 2020; Kang et al., 2019; Syed et al., 2019; Ver-
din et al., 2018), fewer works focus on how this reflective 
process manifests. An examination of nascent research 
on this topic also reveals an emphasis on pre-college stu-
dents. For instance, Allen and Eisenhart (2017) found 
that young women of color in high school had to repeat-
edly fight for ideal future selves in STEM amid discursive 
and social relations that threatened to position them dif-
ferently, usually in the negative light. Self-perception in 
relation to science was found to be the strongest predic-
tor of identification with STEM-related careers among 
middle-school girls of color (Kang et  al., 2018). These 
example investigations into URM students’ possible 
future selves remain limited in both number and scope, 
highlighting the need for identity research at post-second-
ary and professional levels. A systematic review of STEM 
identity literature suggests adult participants were in 

the least investigated grade/age bands (Simpson & Bou-
hafa, 2020). In addition, studies that explore differences 
in reflections on possible future selves at different stages 
within the STEM pipeline may contribute needed nuance 
to theoretical understandings of identity exploration. 
The current work seeks to contribute to these areas by 
examining reflective processes on possible future selves 
enacted by postsecondary students and professionals 
from underrepresented backgrounds in STEM.

Examining identity exploration
Given the complexity of identity exploration as a long-
term reflective process, research methods for investigat-
ing this process should facilitate this complexity. Existing 
longitudinal studies of STEM identity exploration tend 
to be questionnaire- or survey-based (e.g., Habig et  al., 
2020; Hotle & Katz., 2018; Jelk & Crain, 2020), which can 
support the modeling of causal or correlational relation-
ships between identity constructs and STEM with large 
populations. Despite these benefits, these commonly 
used data collection techniques tend to limit the vari-
ability of student reflection to brief, controlled prompts. 
As such, they may not offer insight into the complex and 
unique STEM identity exploration as conceptualized by 
URM individuals across their lives and careers.

To address this, quantitative ethnographic approaches 
such as epistemic network analysis (ENA) have been 
highlighted as a useful tool for “identifying and quanti-
fying connections among elements in coded data and 
representing them in dynamic network models’’ (Shaf-
fer, et al., 2016, p. 9). Quantitative ethnography involves 
the systematization of complex or large-scale data (often 
qualitative discourse), so that underlying patterns and 
connection-making may be visualized and interpreted 
(Shaffer, 2018), while ENA serves as a mathematical tech-
nique for visually and statistically comparing patterns 
across groups. Compared to traditional non-network 
methods such as surveys, quantitative ethnographic 
methods such as ENA features a more grounded 
approach that allows meaning-making patterns to emerge 
from situated, conversation-based discourse (Andrist 
et al., 2015; Kaliisa et al., 2021). This is why ENA works 
particularly well with semi-structured interviews (as in 
this case) and collaborative learning logs. A systematic 
review found that a majority of empirical studies in edu-
cation using ENA over the last decade utilized data from 
online discussions (23.7%), followed by interview tran-
scripts (21.1%), and learners’ interactions (17.1%); those 
based on interview transcripts typically explored epis-
temic networks in the communities of practice, games 
and assignment interviews, students’ sense-making of 
feedback and reading strategies (Elmoazen et al., 2022).
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Our prior work has leveraged quantitative ethno-
graphic techniques to examine identity exploration tra-
jectories among middle school science students (Foster, 
2014; Foster et  al., 2019) and longitudinally in online 
engineering gaming communities (Barany & Foster, 
2021). This study extends this line of inquiry through 
a quantitative ethnographic examination of identity 
exploration using student and alumni interview reflec-
tions on their possible future selves as they engaged with 
Northeast AMP. ENA was used to visualize connections 
between identity themes at different stages of partici-
pants’ lives and careers.

Methods
This work is a part of a larger NSF-sponsored project 
that funds programs intended to increase the number of 
underrepresented minority students earning baccalau-
reate degrees in STEM. The Northeast regional alliance 
of the Louis Stokes Alliance for Minority Participation 
(Northeast AMP, pseudonym) represents a diverse alli-
ance of public and private, 2 and 4 years, research and 
non-research, Historically Black Colleges and Universi-
ties (HBCUs), community colleges, and majority insti-
tutions in the Northeast United States. Programming 
funded by Northeast AMP varies by institution to best 
meet the needs of each school population, but broadly 
consists of (a) counseling opportunities (e.g., career 
counseling), (b) academic support (e.g., tutoring), (c) 
mentorship opportunities (e.g., research apprentice-
ship), (d) financial support, (e) professional opportuni-
ties (e.g., workshops, job fairs), and (f ) other support and 
enrichment (e.g., student organizations, volunteer oppor-
tunities). While the full research project involves the 
collection and analysis of multiple sources of data from 
participating institutions, leaders, and participants (stu-
dents and alumni), this work examines individual inter-
view data with current and former Northeast AMP 
participants, who were contacted via email to complete 
a survey and subsequently invited to participate in a fol-
low-up interview.

Participants
Out of 129 participants who responded to an identity 
survey designed for Northeast AMP participants in the 
Academic Years 2020–2021 (see Fan et al., 2022), 25 par-
ticipants agreed to participate in follow-up interviews. 
Twenty-one interviewees explicitly discussed facets of 
their identity exploration process as it related to their 
possible future selves, which formed the final sample 
representing four different Northeast AMP participat-
ing institutions. The sample consists of eleven students 
and ten alumni from various STEM disciplines. Sixteen 
participants chose science-related topics and five chose 

engineering-related topics. Examples of specific STEM 
disciplines represented include mechanical engineering, 
civil engineering, and biochemistry. Participants also 
identified themselves at different stages within the STEM 
pipeline, ranging from Freshmen in college to interns/
associates and senior leaders in their STEM careers. 
Alumni in the sample represented those who graduated 
as early as 1995 to those who recently graduated in 2021. 
Excluding two participants who did not report their exact 
year of enrollment/years since graduation, the average 
years since postsecondary enrollment among all partici-
pants was approximately 13, and the median was 6. Four-
teen participants identified as female, and seven as male. 
Fifteen participants identified as African American, three 
identified as Latinx, one as Asian American, one as bira-
cial, and one chose not to report race or ethnicity.

Data collection
Interviews were conducted via zoom for approximately 
an hour of semi-structured discussion and reflection on 
their identity exploration processes as they related to 
participation in Northeast AMP programming. Interview 
processes were loosely guided by two interview protocols 
(one for alumni, one for students) that were developed 
collectively by the research team based on STEM identity 
theories and relevant literature, as well as specific inquir-
ies from institutional leaders. Protocol differences con-
sisted largely of changes in the tense or framing of some 
questions, but not the overall content (e.g., students were 
asked “where do you see yourself on your academic and 
career trajectory?” and alumni were asked “where do you 
see yourself on your career trajectory?”), while the major-
ity of prompting reflective questions remained the same 
(e.g., “How do you think your participation in Northeast 
AMP influenced you as you worked toward your STEM 
major and career?”). All interviews were recorded and 
transcribed verbatim for analysis.

To explore participants’ discussions of identity explo-
ration-related specifically to conceptualizations of their 
possible future selves, a subset of each interview was 
then developed for the final data set, consisting of par-
ticipant responses to questions pertaining to these top-
ics. This resulted in 107 lines/sentences of interview data 
for analysis. For example, participant responses to inter-
view prompts such as “what career would you like to 
have in the future” and “Do you feel like you are on track 
for success? Why or why not” were included in the final 
data set for analysis, while responses to prompts such as 
“Has there been a situation where you felt you needed 
help or support as you explored your STEM topic” were 
excluded, because the former subset tended to more 
directly reflect participants’ conceptualizations of possi-
ble future selves.
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Data analysis
A priori themes were selected by the researchers using 
an inductive thematic analysis (Creswell, 2015), involv-
ing the identification and iterative development of top-
ics that emerged based on an open-ended review of the 
transcripts (see Table 1). While the process of code devel-
opment was inductive based on the content of interview 
discourse, codes were framed based on the theoretical 
positioning of identity exploration and possible future 
selves research discussed above. Some of the identity 
constructs, particularly self-efficacy and self-definition, 
were defined in alignment with past identity literature 
(see, for example, Foster, 2014; Bandura, 1977, 1986; 
Erikson, 1958; Flum & Kaplan, 2006; Oyserman & James, 
2011; Oyserman, 2015), while others were developed 
mainly inductively.

Once codes were identified, they were deductively 
applied to the interview data using a binary approach, 
where each sentence of participant reflection was coded 
for the occurrence (1) or non-occurrence (0) of each of 
the 12 identity-related codes. At this stage, all interview 
segments were randomized, and codes were applied blind 
to individuals and student/alumnus groups. Interrater 

agreement across two coders was reached using social 
moderation (Herrenkohl & Cornelius, 2013), during 
which researchers reconciled their codes line by line to 
address any discrepancies.

To understand differences in the ways that cur-
rent Northeast AMP students and alumni conceptual-
ized their processes of identity exploration and their 
possible future selves, we applied epistemic network 
analysis (ENA) (Shaffer, 2017). ENA is a quantitative 
ethnographic technique used to model the relationships 
between constructs in discourse that functions under the 
following assumptions: (a) that it is possible to systemati-
cally identify meaningful features in data (codes); (b) that 
the data have local structure (conversations); and (c) that 
an important feature of the data is the way that codes are 
connected to one another within conversations (Shaffer 
et  al., 2016). ENA generates network visualizations of 
the co-occurrence of codes within a moving stanza win-
dow, which means that code connections are measured 
both when they co-occur in the same sentence, and also 
when codes are applied a few sentences from each other 
(in this case 3 sentences, as recommended by Siebert-
Evenstone et al., 2017). This process is appropriate given 

Table 1 Codes related to northeast AMP participants’ possible future selves in STEM

Code Definition Exemplary Quote

Current Interest Current individual/personalized preferences (liking or enjoy-
ment)

“I really love looking at the way plants and animals do things.” 
(Student 9, Mechanical Engineering)

Current Valuing How a topic, domain, behavior, task, choice, career, etc. is 
personally useful or valuable

“I would like to be involved with students teaching, mentoring 
and like spirituality or counselling, because that forms a big 
basis in my life.” (Alumni 5, Chemistry)

Self-Efficacy Confidence in one’s own ability to achieve intended results/
goals (Bandura, 1977, 1986)

“I’m a problem solver, and I’m a critical thinker, and that’s what I 
want to do.” (Alumni 3, Biomechanics)

Self-Definition Elements of one’s current identity or self-concept (Oyserman & 
James, 2011)

“I’m one of those weird engineers who does not mind reading 
regulations.” (Alumni 7, Civil Engineering)

Taking Actions Actions or steps one is currently taking or is about to take to 
achieve intended results/goals

“I’m pursuing a program, where you just do a 1-year research 
program and then you can become a physician–scientist later 
on.” (Student 1, Molecular Biology)

Future Career Role Roles or positions one expects or desires to take on in the 
future

“I’m looking at professorship.” (Student 2, Biomechanics)

Future Career Field Fields or disciplines in which one expects or desires to work in 
the future

“I chose to be a bio major, because I want to go into the med 
field, or I want to go to med school and work in the medical 
field.” (Student 4, Biology)

Future Skills Used Skills one expects to have and/or use in future careers “As far as promotion…it would be an operations manager that 
chiefly manages the personnel and the overall big picture.” 
(Alumni 9, Civil Engineering)

More Certain Future Certainty and/or specificity in one’s future career role, field, or 
skills

“I definitely want to stay in tech.” (Student 11, Electrical Engi-
neering)

Less Certain Future A lack of certainty or specificity in one’s future in STEM “As far as what I want to do at the end of the program, honestly 
I’m not really sure.” (Student 11, Electrical Engineering)

Career Change Intentions or plans to change (or not to change) major or 
career in the future

“I honestly do not feel like doing that [position], because…
it becomes more of a business administration.” (Alumni 9, Civil 
Engineering)

Role Models Individuals who have inspired one’s future major or career 
choices

“I’ve had mentors talk to me about like the MD route and then 
go and do PhD or starting with PhD.” (Student 1, Molecular 
Biology)
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the conceptualization of identity exploration as a devel-
opmental process of change, where self-reflection in one 
moment builds upon prior conceptualizations of self iter-
atively over time.

To generate the epistemic networks, the units of anal-
ysis were set as the alumni and student groups, subset 
by each participant in the sample. Conversations were 
segmented by each interviewee and any breaks in their 
interview data (i.e., two parts of the interview between 
which off-topic discussion had been removed), to ensure 
that connections were not generated across student data 
or across statements made at different points in time. 
ENA compares the student and alumni networks simul-
taneously, so that they can be compared visually and 
statistically. Network comparisons can include tests of 
statistically significant difference between group means 
(student versus alumni), as well as numerical compari-
sons of the strength of associations between codes across 
models. For example, a connection strength of 0.4 in the 
student model would be twice as strong as a connection 
strength of 0.2 in the alumni model.

To identify the strength of associations between codes 
applied to the data, ENA creates a set of adjacency 
matrices, where each matrix represents, where codes 
co-occur across lines in a stanza (in this case, each line 
and the prior three lines of interview data per student 
to account for topical connections over time). Then, 
ENA sums the adjacency matrices to create a cumula-
tive matrix, where each pair of codes co-occur. This is 
converted into an adjacency vector that exists in a high 
dimensional space, containing all unique co-occurrences 
of each code summed across all the data stanzas. Spheri-
cal normalization is then applied to the adjacency vec-
tors to account for units of data that are different sizes 
(i.e., more or fewer lines of data from each interviewee), 
before a dimensional reduction is performed on the 
high-dimensional space using singular value decompo-
sition. This process results in relative frequencies of co-
occurrence between each code—what we call strength 
of associations (see Shaffer et al., 2016 for further detail). 
Nonparametric Mann–Whitney U tests (assuming non-
normal data) were conducted to test whether differences 
between student and alumni discourse were statistically 
significant along the X-axis, as a means rotation was used 
to maximize variance along one axis. Network findings 
are supplemented with a discussion of the qualitative 
and thematic findings to help close the interpretive loop 
(Shaffer, 2016).

Results
The epistemic network model had co-registration cor-
relations of 0.97 (Pearson) and 0.97 (Spearman) for the 
first dimension and co-registration correlations of 0.99 

(Pearson) and 0.99 (Spearman) for the second. These 
measures indicate strong goodness of fit between the 
epistemic networks and the underlying patterns in the 
data. A nonparametric Mann–Whitney U test also 
showed that the alumni network (Mdn = 0.81, n = 10) 
was statistically significantly different (alpha < 0.05) from 
the student network (Mdn = − 0.54, n = 11, U = 108.00, 
p = 0.00, r = − 0.96), suggesting meaningful differences 
in their patterns of connection-making across identity 
themes in their interviews. This is an important point 
of illustration between studies addressing only cur-
rent undergraduate students and those addressing the 
more nuanced undergraduate and alumni experiences in 
STEM.

Student identity exploration
Figure 1 shows the epistemic network of associations that 
students made across the 12 identity constructs over the 
course of their interviews. Student discourse was primar-
ily driven by connections between the process of “tak-
ing action” and codes such as a “less certain future” self 
or role (0.24),1 discussions of their “current interests” 
(0.17), discussions of a “future field” they hope to engage 
in (0.14), a specific “future career role” or job title they 
aspire to (0.13), and “current valuing of a topic” (0.11). A 
relatively robust connection also manifested between dis-
cussions of students’ current interests and their current 
values in STEM (0.15).

A visual examination of the student model (Fig.  1) 
also reveals “taking action”, “less certain future”, “current 
interest” and “future career field” as more heavily con-
nected constructs compared to other constructs in the 
network, suggesting an emphasis by current students 
on active action taking to explore their emerging inter-
ests in STEM without clear future career goals in mind. 
Interpretive examination of student data confirms a nar-
rative pattern of student discourse, where they would 
first detail STEM-related steps they were taking as part 
of their major or academic program, and then follow-
up with a discussion of general or “less-certain” roles for 
which these actions were intended. For example, one stu-
dent alternated discussions of her current activities with 
potential, less-certain roles:

Line 1: I was trying to do a gap year at [company 
name], best company, you know, they might have 
semiconductor research. (taking actions)

1 The numbers in parentheses represent connection strengths between iden-
tity themes in the interview discourse, normalized across participant data.
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Line 2: This was going to depend on COVID you 
know kinda set all of this stuff, so you know I, I want 
to keep my options open. (less certain future)
Line 3: I’m even considering, you know, working as 
a professor, and I recently participated in—what was 
it—a faculty exploration in [Northeast AMP loca-
tion]. (less certain future, taking actions)
Line 4: So yeah I kinda want to keep my options 
open. (less certain future)

Relationships between discussions of interests and tak-
ing action also represent taking action as a form of more 
open-ended explorations of multiple different roles or 
topical interests, such as the student who described look-
ing for different research positions or jobs in biomimicry 
to satisfy her individual passion. In some cases, students 
knew that the experiences in which they engaged and the 
actions they took in the present were working toward 

future participation in a general STEM field but had not 
settled on a specific career or role. Others described tak-
ing actions to explore multiple potential career roles. As 
one student put it, “As far as what I want to do at the end 
of the program, honestly I’m not really sure. I’m hoping 
the program helps me figure it out.”

These findings illustrate how engagement in STEM-
focused programming at students’ respective AMP-
affiliated schools may have at least tacitly encouraged 
students to take actions to explore facets of different 
STEM interests and career fields, but that student con-
ceptualizations of their future selves in STEM had often 
not coalesced around specific or concrete future roles or 
career titles. This pattern of open-ended STEM identity 
exploration was relatively consistent across different stu-
dent reflections, suggesting a more uniform experience as 
they engaged in the exploration or possible future selves 
in STEM as supported by Northeast AMP. This narrative 

Fig. 1 Epistemic network of associations between identity themes for student interviews
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consistency and clustering across student units in the 
sample is exemplified by the narrower confidence inter-
val around the network mean (blue square) for students 
compared to the network mean for alumni (red square) 
(see Fig. 2).

X- and Y-axes for each model represent the boundaries 
of the high-dimensional space in which adjacency vec-
tors are visualized and normalized. In this case, a means 
reduction was applied to maximize variance between stu-
dent interviews (blue points) and alumni interviews (red 
points) along the x-axis. This view highlights the ways 
in which patterns of association between students and 
alumni are most separable. Student network means (blue 
points) are skewed left toward taking actions in the left 
quadrants, while alumni network means (red points) are 
dispersed across multiple quadrants, representing more 
diverse patterns of connection-making.

Alumni identity exploration
A visual inspection of the epistemic network for alumni 
discourse, on the other hand, reveals a more balanced 
pattern of association across a variety of identity themes 
represented in the model, rather than discourse center-
ing around any single identity code (see Fig. 3). Similar 
to students, alumni regularly discussed their process of 
“taking action,” but were more likely to connect this to 
discussions of self-efficacy (0.13) in their chosen STEM 

career. Alumni were also relatively likely to discuss a 
“less certain future” in terms of their careers and STEM 
identities, but were more likely to connect this to a dis-
cussion of the “future skills used,” or the tasks or skills 
they hoped to leverage in future STEM roles (0.13), 
as well as to their “current interests” in STEM (0.12). 
Other slightly more robust connections in the alumni 
model included discussions of “taking action” in rela-
tion to descriptions of a “future career field” in which 
alumni hoped to work in the future (0.12). This suggests 
a possibility that compared to students at the beginning 
of their STEM pathway, as past URM program partici-
pants progressed in their individualized STEM career, 
they may feel less of a need for open-ended exploratory 
actions in STEM, since they may have already devel-
oped a more distinct understanding of their identities 
(e.g., what they like, what they are good at) as well as 
certain knowledge about the state of their specific 
STEM role or field (e.g., specific skills required moving 
forward).

Another way to interpret the alumni model is through a 
visual examination of the weighted size of each construct 
node, which shows “taking action,” “less certain future,” 
“self-definition,” “future skills used,” and “self-efficacy” 
as the most heavily connected constructs. Interpretive 
examination of alumni reflections confirmed that they 
were more likely to integrate a variety of different facets 
of their identity exploration processes in their interview 
discussions. In addition, reflection on possible future 
selves tended to be more diverse across alumni in the 
sample, with different participants making different con-
nections in unique ways. Consider the wider confidence 
interval around the alumni network (red square) in Fig. 2, 
which suggests that unit means for alumni are less clus-
tered and, therefore, more diverse in terms of their pat-
terns of connection-making.

Compare the following interview examples from two 
alumni from different STEM roles:

Line 1: But career goals… I would like anything that 
could pay me well and keep me using my engineer-
ing brain and my lawyer brain. (current valuing, self-
definition, future skills used)
Line 2: Even my LinkedIn says, I’m an engineer, I’m 
a lawyer and I’m a problem solver and I’m a critical 
thinker and that’s what I want to do. (self-efficacy, 
self-definition)
Line 3: It’s kind of general, but so I’ve no plans on 
leaving my current employer unless I found like a 
better deal, like something that still allows me to do 
what I’m doing. (current valuing, future skills used, 
less certain future)

Fig. 2 Confidence intervals around network means (square) for 
participant units (circles)
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Line 1: That [career] is a little bit more up in the air. 
(less certain future)
Line 2: I’m trying to get hired with a process or a 
scale-up commercialization sort of role, because 
I want primarily to be able to get a couple of years 
of industry experience. (taking action, future career 
role)
Line 3: Because the positions that I’m really looking 
at—so working with—let’s say sustainability units 
within chemical manufacturers… (future career 
role)
Line 4: I’ve recently started to understand this space a 
little bit more, the startup space. (self-efficacy)

While both alumni reflected on a less-certain future 
and affirmed confidence in facets of their own knowl-
edge and abilities (i.e., self-efficacy), the first alumna 
connected these themes to her current self-definition 

as a lawyer and engineer and her valuing of features in 
her current STEM job. The other alumnus connected 
these themes to his current actions and a specific 
desired future career he was working to attain. These 
findings suggest that not only are alumni discussions 
more likely to integrate a variety of different facets of 
the self in a more complex and detailed way, but that 
the pattern of reflection for each alumnus may be more 
thematically and conceptually distinct in terms of their 
socio-cultural situation: alumni 1 and 2 differ in terms 
of the specific job they currently have, their STEM 
experiences since graduation, the skills they use, and 
the amount of time that had passed, since they engaged 
in the Northeast AMP programming at their alma 
mater. Ultimately, these features place them not only 
on unique STEM career paths, but at different points in 
their STEM professional identity exploration.

Fig. 3 Epistemic network of associations between identity themes for alumni interviews
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Discussion
This work explores how minoritized students and alumni 
describe their identity exploration processes when asked 
to reflect on their possible future selves in STEM. Find-
ings help to build on existing research on identity explo-
ration processes to illustrate what and how URM learners 
and professionals in STEM connect to facets of their 
future possible selves. First, findings highlight the value 
of examining STEM identity exploration over time from 
the perspectives of URM learners themselves. Despite 
affirming more diverse and nebulous STEM interests, 
roles, and topics, students routinely connected these 
aspects of their STEM futures to their academic choices 
and processes in the present. This suggests that even stu-
dents with a more exploratory or undetermined future 
in STEM are aware of how their current actions and per-
spectives play a valuable role in defining that future. This 
aligns with identity researchers such as Kaplan and col-
leagues’ work (Flum & Kaplan, 2006; Kaplan et al., 2017, 
2020) in their affirmation of identity exploration as a val-
uable part of twenty-first century success. In such cases, 
the URM self-authorship in STEM called for by Mor-
ton and Parsons (2018) is unfolding in intentional and 
targeted ways, underscoring the value and necessity of 
holistic university programs that promote identity explo-
ration (Armstrong & Jovanovic, 2017).

This work also provided a valuable opportunity to 
interrogate theoretical conceptualizations of identity 
exploration through the lens of what URM AMP par-
ticipants found relevant to their STEM professional and 
academic development. While inductive examination of 
the data revealed themes related to cognitive, affective, 
behavioral, and self-definitional aspects of the self (Fos-
ter, 2014), different themes may prove particularly rele-
vant for intentional reflection at different points of URM 
learners lives and STEM careers. For example, students’ 
emphasis on exploration of possible future selves through 
engagement with various STEM-related activities (taking 
action) aligns with previous scholarship (Burwell-Woo 
et  al., 2015; Foster et  al., 2019). The fact that students’ 
active action-taking was heavily connected to their cur-
rent interests in STEM also supports the key role of 
motivational factors such as personal interests in STEM 
participation (Gottlieb, 2018; Lv et al., 2022).

Other emergent factors such as influential others/role 
models (Atkins et al., 2020; Tey et al., 2020), self-defini-
tion/perception (Collins, 2018; Morton & Parsons, 2018) 
and self-efficacy (Jiang et  al., 2020; Turner et  al., 2022) 
were highlighted by past literature as important for stu-
dents choosing and persisting in STEM. While close 
qualitative examination did reveal instances of reflection 
on these factors, they were not as strongly connected 
in the student ENA model. This is not to suggest that 

these elements are not influential to learner experience, 
but that they may not be experienced universally. Fur-
ther school efforts to support and connect to these ele-
ments of identity may result in new identity exploration 
patterns, and potential improved outcomes for URM in 
STEM.

Alumni reflections revealed both more holistic and 
integrated discussions of self, with more unique career 
and context-specific discussions of their identity explora-
tion processes seen in the overall more balanced network 
model for alumni (Fig. 3). This differs from the more uni-
form pattern of open-ended exploration featured in the 
student model. We hope that this examination of diver-
sity of alumni reflections in our findings can further 
serve to contradict existing misconceptions of long-term 
URM professional pathways in STEM—both that there 
is only one valid pathway to STEM success (see Petray 
et al., 2019), and that meaningful exploration of a possi-
ble future self in STEM stops later in a learner’s profes-
sional career. While alumni also highlighted a less certain 
future in some instances, this was less connected to dis-
cussions of their current actions, and more connected to 
future skills and current interests. Instead of the students’ 
more preliminary exploration of possible future selves in 
STEM, alumni were more explicitly aware of their situ-
ated STEM interests and the skills they employ as they 
move forward in their careers.

Alumni reflections on possible future selves tended to 
be more diverse across the sample compared to students, 
meaning that different alumni make connections among 
identity constructs in more unique, complex ways. Quali-
tative interpretations of interview data suggest that 
alumni’s reflecting on themselves, which diverged into 
more individualized patterns, may be related to their 
post-graduate experiences. Discourse findings across 
alumni may help to explain the 4-year drop-off in meas-
ured impact of school-supported interventions related 
to identity exploration in alumni published by Estrada 
and colleagues (2018). As alumni move further along 
their increasingly unique STEM trajectories post-gradu-
ation, they tend to develop socio-culturally distinct and 
contextually valid patterns of growth and self-reflection 
over time. As alumni become more immersed in spe-
cific careers, these socio-culturally situated contexts will 
shape their increasingly unique STEM trajectories and 
patterns of exploration over time.

Self-definition and self-efficacy were more prominent 
identity constructs when alumni reflected on their pos-
sible future selves, which differs from the student model. 
Given the shifting and unpredictable nature of the STEM 
workforce (Savickas et  al., 2009), specific future career 
movements may be hard to predict for some alumni with-
out more specific examination of their post-graduation 
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experiences. Nonetheless, most alumni in this situation 
can clearly identify what they want or care about in their 
STEM career, and what skills they will need to master 
to continue to succeed compared to their student peers, 
as seen in their more explicit discussions of the self in 
STEM. This does not indicate that those in STEM careers 
necessarily have more established STEM identities (Kelly 
et  al., 2020); but that professionals tend to draw from 
knowledge of themselves and confidence in what they 
can achieve when envisioning a future in STEM. These 
findings also emphasize the importance of continued 
examination and support of later-career STEM iden-
tity exploration with URM alumni (Norman et al., 2021; 
Simpson & Bouhafa, 2020).

Implications
While this scholarship seeks to explore the complexities 
of identity exploration, and not to evaluate the efficacy of 
STEM minority programming, these exploratory findings 
nonetheless offer implications for practitioners aiming 
to encourage minority participation in STEM. First, stu-
dents described a process of open-ended exploration of 
STEM roles, topics, and fields driven by current interests. 
Higher education programming can support this process 
by maximizing student exposure to broad and diverse 
STEM majors and career experiences (Hall et  al., 2011) 
while promoting existing interests in STEM (Slovacek 
et  al., 2019). Student-cited examples of such program-
ming may include engagement with URM student organ-
izations, co-op opportunities, early research exposure, 
mentorship, and career workshops. Second, this work 
reveals that participants’ identity exploration processes 
grew increasingly specific to unique STEM contexts over 
time (Foster & Shah, 2021; Foster et al., 2019). To facili-
tate these long-term shifts, connection-making between 
current students and alumni/professionals through men-
toring, networking, or guest-speaking events might prove 
valuable. These initiatives could contribute to students’ 
open-ended exploration of STEM career paths by pro-
viding them with valuable insider information about the 
state of the field from the perspectives of alumni who also 
come from minoritized backgrounds.

Set in the context of Northeast AMP program as a 
STEM minority participation program, findings point to 
the reflective processes on possible future selves enacted 
by STEM novice and STEM professionals from a minor-
ity participation program as part of their identity explora-
tion. While findings have implications for understanding 
and supporting these processes as discussed above, this 
research did not systematically establish any precise 
relationships between the identity exploration patterns 
and any one initiative or experience offered by North-
east AMP. Future work could examine how participation 

in different kinds of STEM minority programming may 
have differential or compounding impacts on identity 
exploration in the short and long term (e.g., funding ver-
sus peer mentorship, etc.).

The current study focuses on cross-group comparison 
between underrepresented STEM alumni and students 
at different stages of their majors and careers, but it does 
not explore the differences by institutional affiliation, 
STEM discipline, academic or career performance, or 
cross-group demographics. In-depth future research into 
the long-term patterns of identity exploration enacted by 
specific individuals, racial or cultural groups, employee 
cohorts, or specific STEM majors may help to parse out 
the unique patterns of connection-making in relation to 
possible future selves over time.

As a cross-sectional examination of participant self-
reflections through a one-time interview, this work does 
not track how individual conceptualizations of possible 
future selves may evolve over time; this work instead 
examines how participants describe and conceptualize 
their own trajectories of change from past to possible 
future. Future works can track identity exploration pro-
cesses of the same cohort of participants (within-group 
change) as they progress from college to the STEM work-
place. Such a longitudinal approach bears merits as the 
next step for deepening theoretical understandings of 
long-term evolution of STEM identities in minoritized 
individuals, as well as the role of STEM minority pro-
gram participation throughout the process.

Overall, this study contributes to research on STEM 
identity exploration and minority participation by high-
lighting patterns of connection-making enacted by past 
and current participants and suggesting how individual 
career journeys might differ post-graduation. The focus 
of this study moves beyond current STEM identities of 
students in school—as typically seen in identity-focused 
research—to future identities conceptualized by minor-
itized populations at different points along their STEM 
pathways. Through characterizing STEM identity explo-
ration processes as related to possible future selves in 
minoritized students and alumni, this scholarship offers 
some program-level implications regarding supporting 
this newcomer-to-professional process in underrepre-
sented populations as a way to further equity in STEM. 
By representing the alumni population, the study con-
tributes to the limited scholarship on STEM identities at 
the professional level (Norman et  al., 2021; Simpson & 
Bouhafa, 2020). This work also demonstrates the utility of 
quantitative ethnographic techniques such as epistemic 
networks for elucidating patterns of identity exploration 
in STEM, supported by in-depth, qualitative interpre-
tations and thematic analysis. The grounded approach 
based on interview discourse sets this work different 
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from more structured survey/questionnaire design com-
monly used for longitudinal STEM identity exploration 
(e.g., Estrada et  al., 2018; Hernandez et  al., 2013; Park 
et  al., 2018). Future work may extend the exploratory 
application of ENA in this study to larger student and 
alumni data sets or to secondary sources to understand 
identity exploration in these contexts with even greater 
nuance.

Conclusion
This work examines the conceptual patterns that emerge 
in interview discourse as present and past participants 
(students and alumni) of one STEM minority participa-
tion program reflected on their possible future selves 
in STEM and the extent to which patterns of thematic 
connection-making differ between participants at dif-
ferent stages within their STEM pathways. Informed by 
scholarship on identity research and identity exploration 
theory, the researchers employed inductive thematic cod-
ing of selected interview data and established epistemic 
network analysis models capturing themes surrounding 
possible future selves. The characterizations of students 
and alumni were achieved by measuring their model dif-
ferences as well as interpretative examination of inter-
view data. Results highlight the differences between 
novices’ and professionals’ conceptualizations of their 
future selves and highlight the unique ways they concep-
tualize their pursuit of STEM majors and careers in the 
past, present, and future. This work has implications for 
future STEM identity research and practice, including 
higher education programming as a tool to support stu-
dents’ STEM identity exploration processes.
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