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Chemistry Experiences that Matter: Understanding Self-
Identified Influential Experiences at Different Academic
Stages

Devin Pontigon*? and Vicente Talanquer?

This exploratory qualitative study examines the chemistry-related experiences that individuals at different academic stages
describe as influential to their current academic and professional positioning within chemistry. Rather than eliciting
predefined categories of experiences, participants were invited to share the moments, interactions, and contexts they
deemed important, which were primarily situated within chemistry-related settings. Using these participant-selected
narratives as the primary data source, transcripts were analyzed with a coding framework that characterized each
experience by affective tone (positive, negative, neutral), role positioning (being a student or being a professional), and
emergent experience type (curricular, co-curricular, extracurricular). Analysis revealed patterned differences in how
participants described influential chemistry experiences across contexts, affective framings, and role positioning. Curricular
experiences were more prominently described using frustration, challenge, or neutrality and were often framed through a
student role, whereas co-curricular experiences, such as research and internships, were associated with mixed affective
tones of uncertainty and empowerment and relatively more professional positioning. Extracurricular experiences were
primarily described as sites of social connection and emotional support, particularly in early undergraduate stages,
supporting persistence within coursework rather than disciplinary contribution. Taken together, these analyses trace how
affective, contextual, and positional dimensions come together in the chemistry experiences participants interpreted as
significant. By comparing participants within different academic stages, the study examines how chemistry-related
experiences are framed as influential and highlight the importance of designing learning environments that account for
differences in how participants engage with, frame, and prioritize chemistry-related experiences.

continuous reconstruction of experience through the interaction of
individuals and their environments. From this view, the quality of any
experience, its emotional tone, its contextual features, and the

Understanding what shapes individuals’ engagement with chemistry
requires attention not only to achievement or instructional practices
but to the lived experiences that accumulate across educational and
professional contexts. Early work on STEM attrition framed
persistence primarily as an outcome of ability, performance, or
pedagogical structure (Seymour & Hunter, 2019). Although
informative, these perspectives offered limited insight into how
individuals experience chemistry and how those experiences are
interpreted and narrated across contexts. More recent chemistry
education research has emphasized the importance of examining
emotional, social, and intellectual dimensions of experience as they
are articulated within diverse settings (Villafafie & Lewis, 2016; Xu,
Lewis, & Lopez, 2021). This shift reflects a broader move toward
understanding engagement in chemistry as situated and
experiential, rather than solely as an outcome of performance or
persistence.

Dewey’s (1938) Theory of Experience provides a generative
foundation for this perspective by conceptualizing education as a
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individual’s understanding of their role within it, shapes how future
experiences are interpreted and enacted. Contemporary STEM
frameworks extend these ideas by identifying mechanisms through
which experiences contribute to identity formation, participation,
and long-term engagement. Science identity frameworks (Carlone &
Johnson, 2007; Hazari et al., 2010) highlight how recognition,
competence, and performance shape how individuals understand
their participation within scientific contexts. Belonging and
motivational perspectives underscore the affective and relational
qualities of interaction that signal inclusion or alienation within
disciplinary spaces (Goodenow, 1993; Walton & Cohen, 2007).
Situated learning and Communities of Practice (Lave & Wenger,
1991) further emphasize participation in social practices; such as
classrooms, research groups, and teaching environments, as
contexts in which individuals negotiate their roles as learners or
professionals. Consistent with Dewey’s view of experience as
situated, relational, and inseparable from context, this study treats
experiences as units of analysis shaped by interaction and
interpretation.

Yet three notable gaps remain. First, most studies focus on a
single academic position: undergraduate, graduate, or faculty,
limiting comparative insight into how experiences are framed and
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interpreted among different academic roles. Second, research often
centers on one type of setting (e.g., coursework or research) rather
than examining how experiences across multiple contexts are
described and situated in relation to one another. Third, while affect
positioning is acknowledged as an important component of
experience, few studies systematically analyze how the emotional
tone of experiences and an individual’s positioning as a student or
professional shape how those experiences are interpreted across
academic contexts.

The present study addresses these gaps by examining the
chemistry-related experiences that participants at different
academic stages describe as influential to their current academic and
professional positioning. Rather than prompting participants about
specific settings, the study invited participants to describe the
experiences they viewed as important, primarily situated in
chemistry-related contexts. This experiential approach foregrounds
how individuals interpret and frame their experiences in chemistry,
offering insight into recurring patterns of interaction, role
positioning, and context at different academic stages. Together,
these analyses provide a comparative account of how chemistry-

related experiences are described and situated within the discipline.

Literature Review

In recent years, questions about what drives students’ engagement
in chemistry have expanded beyond achievement to include the
experiences within the discipline. Early work on STEM attrition
characterized persistence primarily as a function of ability,
performance, or pedagogy (Seymour & Hunter, 2019; Chen &
Soldner, 2013). While influential, these approaches often treated
persistence as an outcome to be explained, offering limited insight
into how individuals describe and interpret their experiences in
chemistry. More recent research has emphasized that engagement
is shaped not only by instructional design or academic success, but
also by the affective, social, and contextual qualities of learners’
interactions across educational settings. Drawing on Dewey’s (1938)
view of experience as situated and relational, this body of work
foregrounds how individuals interpret experiences, respond
emotionally within them, and connect interactions to their sense of
participation in disciplinary contexts.

Traditional classroom environments; lectures, discussions, and
course-embedded laboratory components constitute many
students’ first sustained interactions with chemistry strongly shape
how they experience participation, belonging, and agency within the
discipline. These settings, while central to disciplinary training, have
often been described as rigid, hierarchical, and performance-driven
(Galloway & Bretz, 2015; Ferrell, Phillips, & Barbera, 2016). Students
frequently report feelings of detachment or competitiveness in such
contexts (Seymour & Hunter, 2019), reflecting environments that
evaluation

prioritize correctness and curiosity and

collaboration. Reform efforts that integrate inquiry, reflection, and

over

peer interaction have demonstrated how altering the structure of
experience can promote engagement and self-concept. Cooper,
(2018) showed that student-centered

Stowe, and Brownell
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instructional design, whether implemented in the lectyre hall or the
laboratory, helps learners perceive themselvie9hd @étive/ partieiparitrs
rather than passive recipients of information. Similarly, studies of
affect and motivation in chemistry classrooms (Villafafie, 2016; Xu,
Lewis, & Lopez, 2021) reveal that emotions, from curiosity to anxiety,
mediate students’ confidence, control, and willingness to engage
with chemistry. Broad-scale analyses of active learning (Freeman et
al., 2014) demonstrate improved student achievement and reduced
failure rates in STEM courses. From a Deweyan perspective, these
classroom and laboratory encounters highlight how the emotional
and structural qualities of experience shape how learning situations
are interpreted, positioning chemistry as either inviting or alienating
for students within formal educational contexts.

Beyond formal coursework, co-curricular experiences such as
research and internships, are frequently described as sites where
disciplinary learning becomes personally relevant and socially
situated. Prior work has often framed these experiences in
developmental terms. For example, Hunter, Laursen, and Seymour
(2007) offered a comprehensive examination of undergraduate
research as a developmental process, documenting how students
learned to navigate uncertainty, design experiments, and present
findings. These experiences fostered self-efficacy and belonging by
combining cognitive challenge with collaboration and recognition.
Similarly, Aikens et al. (2017) empirically showed that mentoring
relationships among undergraduates, graduate students, and faculty
provide layered access to expertise and social capital, supporting
students’ participation and sense of belonging within scientific
communities. Empirical studies of course-based undergraduate
research experiences and applied internships further document how
authentic inquiry, iteration, and dissemination support students’
confidence and engagement (Brownell et al., 2016). Complementing
this empirical evidence, Corwin, Graham, and Dolan (2015) offer a
framework for understanding how such experiences function as sites
of identity-relevant participation rather than as isolated instructional
interventions. Collectively, this body of work highlights research and
applied experiences as contexts in which intellectual challenge, social
interaction, and affective engagement intersect.

As students move into graduate and early professional stages,
teaching and mentoring experiences become prominent contexts for
participation in chemistry-related work. Graduate teaching
assistantships, for example, often act as transitional spaces in which
individuals negotiate their dual roles as learners and professionals.
Mutambuki and Schwartz (2019) found that structured professional-
development programs for chemistry GTAs fostered pedagogical
confidence and agency, allowing participants to view teaching as
integral to their identity rather than peripheral to research. Similarly,
Goodwin, McConnell, and Cooper (2021) described how recognition,
feedback, and collaboration within research groups shaped graduate
students’ evolving sense of belonging and legitimacy. Together,
these studies illustrate how teaching and mentoring experiences
provide opportunities for role negotiation and participation within
academic communities of practice (Lave & Wenger, 1991; Wenger-
Trayner & Wenger-Trayner, 2015).

This journal is ___
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Chemistry learning and identity-related experiences also occur in
co-curricular and extracurricular spaces that foster community,
belonging, and shared purpose. When students participate in
mentoring networks, outreach initiatives, or disciplinary
organizations, they encounter chemistry as a social practice situated
within larger communities. Hernandez et al. (2018) showed that
informal mentoring networks among women in STEM created spaces
of affirmation and shared identity, helping participants imagine
themselves as scientists within supportive communities. Wilson et al.
(2015) similarly found that participation in student organizations
strengthened belonging and academic integration by connecting
interpersonal relationships to disciplinary commitment. Extending
these insights, Otero, Pollock, and Finkelstein (2020) demonstrated
that in physics empowered

underrepresented students to sustain confidence and interest

inclusive learning communities
through collective support. Together, these studies suggest that
experiences of community beyond coursework cultivate the social
and emotional continuity essential for identity formation in
chemistry, reminding us that engagement in STEM is not only
intellectual but deeply relational.

Across educational and professional contexts, prior research has
often framed engagement in chemistry and related academic work
in developmental or longitudinal terms. Austin and McDaniels (2006)
described graduate socialization as an apprenticeship through which
observation, mentoring, and practice foster readiness for academic
and professional roles. Similarly, research on faculty work suggests
that professional fulfillment is shaped through ongoing negotiation
of roles, values, and practices within departmental and disciplinary
communities rather than through the completion of a fixed
developmental trajectory. Gunter et al. (2023), for instance, show
how university instructors construct intelligible professional
identities by aligning their teaching practices, values, and self-
presentations with collectively recognized norms in their academic
communities. Overall, this literature emphasizes experience as
situated and relational, emphasizing how influence arises through
interaction with context.

Collectively, this body of research portrays chemistry education
as constituted by a range of experiential contexts in which
participation, reflection, and connection shape how individuals
engage with the discipline. Across classrooms, laboratories, research
settings, internships, and mentoring relationships, experiences
provide opportunities for individuals to negotiate identity, agency,
and belonging within specific situations. What remains less
understood, however, is how individuals in undergraduate, graduate,
and faculty roles describe and frame these experiences, and what
patterns emerge in how experiences are discussed across academic
contexts. The present study builds upon this foundation by
examining chemistry-related experiences through their contexts,
affective qualities, and role framings, offering a comparative account
of how individuals describe and position their participation in

chemistry at different academic stages.
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This study is grounded in John Dewey’s (1938) Theory of Experience,
which provides a philosophical foundation for understanding how
chemistry-related experiences are situated within particular settings
and roles. This study draws on Dewey’s principles of interaction and
continuity to emphasize the situated and relational nature of
experience. Interaction highlights the dynamic relationship between
the individual and their environment, recognizing that the impact of
an experience emerges through engagement with specific contexts,
activities, and social arrangements. Continuity, as used in this study,
refers to how participants link and reference experiences within their
narratives, rather than to developmental progression over time.

Although the emphasis on person-environment interaction is
shared across multiple theoretical traditions, Dewey’s Theory of
Experience offers a distinct analytic orientation. Rather than focusing
on motivation, preference alignment, or predictive outcomes,
Dewey conceptualizes experience as a process through which
individuals engage with and respond to their environments through
ongoing interaction. This perspective foregrounds how individuals
retrospectively make sense of their experiences, whether routine,
emotionally neutral, or transformative, without assuming stable
values or linear developmental trajectories. For the present study,
Dewey’s framework is particularly generative because it treats
experience itself as the unit of analysis, allowing participants’
narrated accounts to be examined as interpretive acts shaped by
current roles, contexts, and relationships.

Contemporary frameworks in STEM education extend Dewey’s
attention to experience by articulating how experiences are
interpreted, recognized, and positioned within disciplinary contexts.
Science identity frameworks (Carlone & Johnson, 2007; Hazari et al.,
2010), for example, emphasize competence, performance, and
recognition as key dimensions through which participation in science
is made intelligible. Rather than treating persistence as the
cumulative outcome of experiences over time, this work examines
how participants describe experiences as supportive or challening in
relation to one’s role within the discipline.

Identity also can be understood as situationally constructed, in
which individuals draw on past experiences, anticipated futures, and
normative expectations to present a coherent sense of self in a given
context (Holmegaard et al., 2014). From this perspective, identity is
continuously reconstructed in response to changing circumstances,
even as individuals experience and narrate it as stable and enduring.
To further account for the dimensions of identity and recognition,
Holland et al.’s (1998) concept of figured worlds provides a useful
lens. Figured worlds describe socially and culturally constructed
realms of activity in which particular roles, values, and forms of
participation are recognized as legitimate. From this perspective,
identities are not fixed traits but are enacted and made intelligible
through participation in normative practices, helping explain how
individuals present a coherent sense of self while navigating different
chemistry-related contexts. Recent work has applied this framework
to science and higher education contexts, illustrating how individuals
position themselves relative to collectively valued norms while

Chem. Educ. Res. Pract. 2025, ##, ## | 3
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navigating tensions between expectation and practice (Gunter et al.,
2023). In this view, identity is shaped not only by personal experience
but by alignment with, or resistance to, the norms that define
intelligible participation within disciplinary spaces. Importantly,
these norms provide a shared backdrop against which individuals’
identity claims become recognizable and credible, even as
participants experience their identities as coherent and stable.
Identity narration can be understood as a form of situated self-
presentation shaped by disciplinary norms of recognizability (Gee,
2000; Goffman, 1986), through which individuals construct accounts
that appear coherent and legitimate within a given community.

These perspectives emphasize that science identity is not formed
in isolation but is enacted and recognized within social contexts
shaped by shared norms and expectations. Building on this view,
science identity frameworks further highlight recognition and
competence as central dimensions of participation, constructs that
are inherently social because opportunities for recognition depend
on the quality of individuals’ interactions with others. Theories of
belonging make this social and affective dimension explicit by linking
motivation and engagement to students perceived inclusion within
their learning environments. Goodenow (1993) described belonging
as the feeling of being accepted, valued, and supported in a
classroom or disciplinary community, a construct that strongly
predicts motivation and academic effort. Later work by Walton and
Cohen (2007) demonstrated that even brief interventions designed
to affirm belonging can produce lasting improvements in
achievement and persistence among underrepresented students in
STEM. Within a Deweyan framework, belonging can thus be
understood as a manifestation of the interaction principle: the
emotional and relational quality of an individuals engagement with
their environment. Feelings of inclusion, recognition, or exclusion
reflect the quality of those interactions, reinterpreting Dewey’s
notion of “quality of experience” as a social and affective construct;
where positive affect signals inclusion and growth, and negative
affect signals alienation or belonging uncertainty. Similarly, situated
learning and Communities of Practice (Lave & Wenger, 1991) offer a
complementary lens by emphasizing participation in social practices
as a defining feature of learning contexts. Chemistry laboratories,
research groups, and teaching environments can be viewed as
communities in which participation, interaction, and role
negotiation are made visible. Dewey’s emphasis on experience as
relational and contextual resonates with this view of learning as
socially situated and practice-based.

These complementary perspectives position Dewey’s Theory of
Experience as a generative and integrative framework for examining
how chemistry-related experiences are interpreted, valued, and
situated within disciplinary contexts. Dewey’s principles of
continuity and interaction provide the philosophical grounding that
links individual experience to social environment. Extensions from
identity and belonging frameworks highlight

and affective inclusion shape how

science how

recognition, competence,
experiences are framed as affirming or alienating within chemistry.
Situated learning and Communities of Practice perspectives further

clarify the social organization of these experiences, framing
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laboratories, classrooms, and research groups Vas, Ar%ig{ggmgg
participation in shared practices where roléXCand expeeratisistare
negotiated. Together, these perspectives support an analytic focus
on experience as relational, contextual, and interpretive.

While Dewey conceptualized continuity and interaction
philosophically, he did not specify how these principles are enacted
across different academic contexts or how they are reflected in
individuals’ descriptions of disciplinary experience.The present study
extends Dewey in three ways.

First, by operationalizing experiences through context, affect,
and role positioning, this study translates Dewey’s abstract principles
into analyzable dimensions that capture how individuals interpret
their participation within chemistry. Second, while Dewey articulated
continuity philosophically, it has rarely been examined empirically as
a relational construct among different academic roles. By comparing
accounts from undergraduates, graduate students, and faculty, this
study highlights differences in how experiences are described across
academic contexts. Third, although Dewey acknowledged the
emotional qualities of experience, he did not specify how affect
might be analytically examined. This study treats neutral, positive,
and negative affect as indicators of experiential quality, illustrating
how emotional tone shapes how experiences are interpreted as
affirming or alienating within chemistry. Together, these
contributions position Dewey’s Theory of Experience as an analytic
framework for examining how chemistry-related experiences are
interpreted, valued, and situated within disciplinary contexts.

The present study operationalizes Dewey’s framework across
four analytic dimensions: context, capturing curricular, co-curricular,
and extracurricular environments where interaction occurs; affect,
reflecting the emotional connection of experiences as positive,
negative, or neutral; role, examining how individuals position
themselves as students or professionals; and academic stage, used
to compare how experiences are framed among undergraduate,

graduate, and faculty roles (Figure 1).

Role

Context v

\

s P

**| Interaction | **

f

| Continuity |

qranas

Affect

Figure 1. Conceptual Framework Connecting Dewey’s Theory of Experience
to the Present Study

In this study, the term experience is used in two related but
distinct ways. At the empirical level, experience refers to
participants’ narrated accounts of events, activities, or situations

they identified as influential. At the analytic level, these narrated
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accounts are interpreted through Dewey’s (1938) conception of
experience as a process defined by interaction between individuals
and their environments. While participants describe experiencesin a
colloquial sense, Dewey’s framework provides a theoretical lens for
attending to how experiences are framed, interpreted, and valued
within specific contexts, without assuming temporal sequencing or
developmental linkage among them.

Research Goals and Questions

This study sought to characterize influential chemistry-related
experiences that participants among different academic stages
identified as significant. Rather than assuming specific contexts or
outcomes, participants were invited to describe the experiences they
viewed as important within educational and professional contexts.
Using semi-structured interviews and an experience-based coding
framework, this study examined how these participant-selected
experiences varied in their context (curricular, co-curricular,
extracurricular), affective framing (positive, negative, neutral), and
role positioning (being a student or being a professional). By
analyzing these dimensions among undergraduate, graduate, and
faculty roles, the study aimed to trace patterns in how individuals
describe their participation across academic and professional
contexts. While participants span multiple academic stages, this
study adopts a cross-sectional, narrative design. Accordingly,
comparisons across stages are not used to infer developmental
trajectories, but to examine how chemistry-related experiences are
narrated and made influential from different institutional positions.
Guided by this experiential framing, the study addressed the

following research questions:

1. What chemistry-related experiences do participants at different
academic stages describe as influential to their current
academic and professional positioning within chemistry?

2. How do the chemistry-related experiences participants identify
as influential vary among different academic stages, and what
patterns emerge in how these experiences are described?

3.  How do participants position themselves within the chemistry-
related experiences, and how does this positioning vary at
different academic stages?

Methods

Context and Participants
This investigation was conducted at a large public research university
in the southwestern United States. Participants represented three
populations within the chemistry community: undergraduate
chemistry/biochemistry majors (N = 18), chemistry graduate
students (N = 8), and chemistry faculty (N = 3). Recruitment occurred
through departmental listserv announcements, physical flyer
invitations, and course announcements.

Due to the difficulty of recruiting individuals to participate in
interview-based studies, especially among various academic stages,

all individuals who expressed interest were included in the study.

This journal is __
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Although we initially aimed for balanced representation  across
groups, the final numbers reflect both thEvoNREEAP TRUIEcTf
participation and the practical constraints of recruiting within a
single department. All participants received a small compensation,
as a gift card, as an acknowledgment of their time and contribution.
Compensation was provided only after the interview was completed.

Undergraduate participants included students from early and
advanced stages of their majors, graduate students represented a
mix of early and late-stage doctoral researchers, and faculty included
both tenure track and non-tenure track instructors (Table 1). Across
all participant groups, individuals represented a range of identities.
All identifying information was anonymized, and to protect
participant confidentiality, pseudonyms were replaced with stage-
based labels (e.g., Freshman 1, Sophomore 2, Graduate Student 3),
which are used solely for organizational clarity and do not imply
ranking or progression.

Table 1. Participant Distribution by Academic Stage and Gender

Academic Stage Female Male Total
Freshman
Sophomore 1 4 5
Junior 2 5 7
Senior 1 5 6
Graduate 2 6 8
Faculty 2 1 3

The sample size for this study was guided by qualitative
depth and
conceptual saturation rather than numerical representation. For

methodological standards emphasizing analytic
undergraduates, a larger sample (N = 18) ensured variability between
academic years (freshman-senior) and provided sufficient breadth to
examine early-stage experiential differences in coursework, research
access, and affective framing. Graduate students (N=8) represent a
smaller departmental population, and this number aligns with
recommendations for semi-structured interview studies aimed at
identifying developmental patterns within a relatively homogeneous
group. Faculty participants (N=3) were intentionally fewer, as their
inclusion was not intended to represent faculty populations, but to
incorporate a faculty institutional perspective that complements
student accounts. Including faculty enabled examination of how
chemistry-related experiences are framed from a faculty role,
providing analytic contrast among institutional positions rather than
population-level comparison.

In addition to gender, participants were asked to self-report their
ethnicity during the informed consent process. The sample included
students and faculty who identified as White, Hispanic/Latinx, Asian,
Black/African American, Multiracial. These data were collected to
ensure awareness of the diversity represented in the study; however,
demographic variables were not used as analytic categories, as the
purpose of this project was to examine experiential patterns at
different academic stages rather than to conduct intersectional or
demographic-comparative analyses. Since recruitment across all
academic levels was challenging, the demographic distribution
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reflects voluntary participation rather than purposive demographic
sampling. Future work will build on these findings by integrating a
more explicit intersectional analysis of lived experiences within
chemistry.

Ethical Considerations

This study was approved by the UA Institutional Review Board (IRB)
(IRB Protocol #: STUDY00003737) and adhered to all ethical
guidelines for research involving human subjects. Informed consent
was obtained from all participants prior to data collection, ensuring
their voluntary participation and the confidentiality of their
responses. All data were anonymized to protect participant privacy,
and no identifying information was included in the analysis or
reporting of results.

Data Collection
Data for this study were collected through semi-structured
interviews designed to elicit participants’ experiences within
chemistry across educational and professional contexts. Interviews
were chosen as the primary data source because they allowed
participants to reconstruct their experiences and reflect on
important moments within academic and professional contexts.

The interview protocol (see Supplementary Information)
included prompts oriented toward past, present, and anticipated
experiences in order to support participants in recalling a broad
range of chemistry-related experiences. These temporal prompts
were used solely as elicitation tools and were not treated as analytic
categories. Each interview began with a broad, open-ended
invitation (e.g., “Can you tell me about your journey in chemistry so
far?”) and was followed by targeted questions that prompted
reflection on specific experiences within curricular, co-curricular, and
extracurricular settings. Participants were asked to describe what
these experiences involved, how they felt during them, and how they
understood their relevance to their engagement with chemistry at
the time of the interview.

Follow-up questions invited clarification and elaboration on
specific events or contexts, such as classroom or research settings,
collaborative projects, or extracurricular activities. The goal was to
capture the range and character of experiences participants
considered influential rather than to elicit predefined categories.
Affective tone, role positioning, and experience type were not
directly prompted but were instead identified later through analysis
of participants’ narratives and language use.

Interviews were conducted one-on-one by the lead researcher
between Spring and Summer 2024 semesters. Each session lasted
approximately 45-75 minutes and was held via Zoom. All interviews
were audio-recorded with consent and transcribed verbatim.
Immediately following each session, the interviewer composed brief
analytic notes to capture impressions, and non-verbal observations.

This design allowed participants to narrate a broad range of
experiences they considered influential, rather than responding to
isolated or predefined events. The combination of open reflection
and targeted prompts produced detailed descriptions of affective,
relational aspects of participants’

contextual, and chemistry

6 | Chem. Educ. Res. Pract. 2025, ##, ##

experiences, providing a rich foundation for subsequent, coding and

analysis. DOI: 10.1039/D5RP00465A

Data Analysis
Analysis proceeded through iterative coding cycles designed to
capture how participants described their chemistry experiences
across different academic and professional contexts. A structured
coding framework was applied that combined both deductive and
inductive approaches. Deductive codes were informed by Dewey’s
Theory of Experience, particularly his notion of interaction,
understood as the reciprocal relationship between individuals and
their environments and continuity as the ways experiences were
framed and valued within participants’ accounts. Inductive insights
emerged through close reading of interview transcripts, allowing
patterns in context, affect, and role positioning to surface from
participants’ narratives.

In this study, the unit of analysis was a participant-described
experience, defined as any event, interaction, or moment that
individuals identified as influential. Experiences were identified by
segmenting transcripts at points where participants shifted to
describing a specific incident, using linguistic markers such as
temporal cues (“there was this one time...”), evaluative statements
(“that really helped me...”), or contextual anchors (“in my lab
course...”). Each experience included what occurred, the context in
which it occurred, how the participant felt about it, and how they
positioned themselves (as a student or a professional). Defining the
experience in this way allowed us to analyze each unit across the
three dimensions reflected in our research questions.

Coding was conducted through a structured, multi-step process,
refined through constant comparative analysis to ensure internal
coherence. Each participant account was segmented into discrete
experiences, which were then coded by activity type, affective
framing, and role positioning.

1. Activity Type: Each experience was categorized as curricular (C),
co-curricular (Co), or extracurricular (EC) to differentiate
between formal coursework, adjacent learning environments
(such as research or workshops), and broader community-based
or personal engagements.

Curricular included formal,

experiences credit-bearing

components of chemistry education such as lectures,
recitations, and laboratory courses. These experiences were
typically structured by institutional requirements and were
often described as routine, evaluative, or foundational.
Examples included completing assignments, attending lectures,
and performing laboratory experiments as part of course
sequences.
Co-curricular ~ experiences  encompassed research
involvement, internships, mentoring programs, conferences,
teaching assistantships, and workshops, settings adjacent to
coursework that provided authentic disciplinary participation.
These experiences often involved autonomy, collaboration, or
professional recognition.
Extracurricular experiences included outreach events,
student organizations, clubs, athletics, and informal study

groups. While some of these activities were directly connected

This journal is ___

Page 6 of 31


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5rp00465a

Page 7 of 31

oNOYTULT D WN =

—
(9]
cence

wm\fh% aficldistedhed uriter € Rative ortindis Kﬁrﬁb’mﬁngo\?n&rté [k

o uubdsdSSDS SN pOpenfceRssRtigerublisiedan 25 REPNaK20R6. ROWH eadad,0R2/R6/3026.11.44:08 PM
SN PWN=2SOH»I O D

to chemistry (e.g., outreach or discipline-related organizations),
others were not. Regardless of disciplinary focus, participants
described these experiences as influential to their experiences
as students because they provided community-based
engagement and affective support outside formal academic
structures. These contexts contributed to experiences of
and coping strategies and were

belonging, motivation,

therefore included as influential experiences within
participants’ accounts, particularly among undergraduates.

2.  Affective Framing: Each described experience was assigned an
affective tone, positive, negative, or neutral, based on the
participant’s evaluative language and emotional descriptors.
This step provided insight into the emotional valence of
chemistry participation among academic stages.

Neutral affect was operationalized as descriptions of
experiences in which participants did not convey any clear
positive or negative emotional evaluation. Linguistically, neutral
affect was identified through matter-of-fact phrasing, routine
descriptions (“I went to lecture,” “I completed the assignment”),
or statements framed as structural requirements rather than
emotionally influential moments. Neutrality was distinguished
from low-intensity positive or negative affect through coder
discussion: if participants assigned any evaluative tone, even
subtly, the experience was coded as positive or negative. Coding
neutrality allowed the analysis to capture experiences
participants described as stable, routine, or obligatory, without
presuming the absence of relevance or importance.

Positive affect included experiences described with
enthusiasm, accomplishment, or confidence (e.g., “/ finally felt
like a chemist,” “I loved that project”). Negative affect captured
experiences characterized by frustration, discouragement,

”ou

confusion, or alienation (e.g., “/ felt lost in lecture,” “Research
made me doubt myself at first”). Coding positive and negative
affect provided insight into how participants emotionally
interpreted chemistry experiences and how affective appraisal
varied across academic contexts.

3. Role Positioning: Experiences were also coded for how
participants positioned themselves relative to the discipline, as
being a student (BS) or being a professional (BP), revealing
moments of agency, growth, or dependency in their experience.

BS (Being a Student) codes were applied when participants
positioned themselves as learners operating within structured
instructional contexts, emphasizing dependence, guidance, or
externally defined expectations. The term student was used
intentionally to reflect this role-based positioning rather than as
a general descriptor of learning, as learner would not capture
the institutional constraints and power relations implied in
these accounts. Linguistic indicators included phrases like “I had
to,” “I was learning,” or “I didn’t know what | was doing yet.”
Student positioning often appeared in descriptions of

coursework, early laboratory work, or unfamiliar research tasks.
highlighted experiences characterized by
dependence, guided participation, or structural constraint.

BS coding
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BP codes were applied when participants, described
themselves as contributing membeér®!: F. 10 Ddraidtry
community, acting with autonomy, expertise, or responsibility.
Indicators included references to mentoring others, leading
research tasks, presenting at conferences, teaching, or making
decisions independently. Statements such as “/ felt like a real

” u

chemist,” “I trained new students,” or “I contributed something

new” signaled enactment of a professional role within
chemistry-related contexts. BP codes captured moments in
which participants described participation characterized by
agency, contribution, and disciplinary belonging.

The distinction between Being a Student and Being a
Professional was intentionally framed as a role-based,
institutionally grounded contrast rather than a learner—expert
distinction. While all participants continue to learn at different
academic stages, the student role captures a particular
institutional positioning characterized by externally defined
expectations, evaluation, and limited authority. In contrast, the
professional role reflects participation marked by autonomy,
contribution, and  responsibility  within  disciplinary

communities. This role-based framing allowed the analysis to

attend to how participants positioned themselves relative to
institutional structures and normative expectations, rather than
to their epistemic status as learners.

When participants’ accounts reflected both student and
professional role framings within a single experience, both
codes were applied. Coding decisions were guided by
participants’ linguistic emphasis and evaluative framing, with
attention to whether the experience was narrated primarily as
compliance with instruction or as contribution and agency. This
approach preserved the complexity of role negotiation while
allowing aggregate patterns in role positioning to be examined
at different academic stages.

All data were organized and analyzed in MAXQDA qualitative
software, which facilitated hierarchical code organization, cross-
tabulation, and data visualization. A subset of transcripts (7 of 29;
approximately 24%) was independently coded by another researcher
to ensure consistency and interpretive reliability. Discrepancies were
discussed collaboratively until consensus was achieved, leading to
refinement of code definitions and increased alignment across
coders.

All interview transcripts were coded using an interpretive,
consensual coding approach. An initial subset of transcripts was
independently coded by two members of the research team to
support coder familiarization and calibration with the coding
framework. Coding differences were then discussed in regular
analytic meetings, during which code definitions were refined and
applications were negotiated until consensus was reached.

Following this calibration process, the remaining transcripts
were coded using the refined codebook, with ongoing discussions
used to address ambiguities and ensure consistency in
interpretation. Coding decisions were thus finalized through

consensus rather than through numerical measures of agreement.
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After initial coding, pattern analysis was conducted to explore
how context, affective tone, and role positioning intersected among
participant groups (undergraduates, graduate students, and faculty).
Comparative matrices were constructed to identify points of
convergence and divergence among groups. These results were
visualized through bar graphs representing the relative frequency
and distribution of codes among participant groups, providing a
descriptive overview of trends in affect, role positioning, and
context. For each academic group, values are reported as
percentages representing the average proportion of coded
experiences within the academic group, rather than the percentage
of participants who mentioned a given experience type, or raw
counts of experiences. This normalization was used to account for
variation in the total number of experiences described by individual
participants and to support comparison between groups of different
sizes. Accordingly, the visualizations are intended to illustrate
patterns in experiences across contexts, rather than to represent
population-level prevalence or developmental change. Although the
number of participants in each group was small, the proportional
analyses reflect distributions across hundreds of coded experience
segments within each group, allowing for comparison of patterned
narrative emphasis rather than population-level prevalence.

Results

Findings are organized around three analytic dimensions: (1) the
context and nature of chemistry experiences, (2) their affective
framing, and (3) participants’ role positioning. Each dimension
integrates quantitative patterns with qualitative narratives to
capture systematic trends alongside how participants framed
experiences as influential across contexts, affective tones, and role
positionings. Quantitative summaries illustrate how coded
experiences were distributed between participant groups, while
interview excerpts provide depth and context by showing how

participants interpreted those experiences within specific contexts.

m Curricular
80

u Co-Curricular

esearch ar
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This integrated presentation allows patterns in context, affect and
role positioning to be examined alongside 1partieIHIM)0CWA
accounts.

Context and Nature of Experiences

Among all groups, participants described a wide range of chemistry
experiences spanning curricular, co-curricular, and extracurricular
contexts. Quantitative coding revealed that curricular experiences,
such as lecture and laboratory coursework, dominated within all
academic stages but was less common among more advanced
academic stages (Figure 2). For early undergraduates, nearly 70% of
all coded experiences were situated within formal coursework and
course based laboratories, reflecting a learning environment
structured primarily by institutional requirements. This proportion
dropped to roughly 50% among graduate students and faculty,
indicating a shift toward more autonomous and professionally
oriented forms of engagement.

Figure 2 illustrates these patterns, showing how the relative
frequency of curricular, co-curricular, and extracurricular
experiences varied at different academic stages. Among participant
groups, curricular contexts were referenced less often among faculty
than among undergraduates, while co-curricular experiences,
particularly research and internship, were emphasized more often.

While
prominent (Figure 3), participants often characterized them as
passive or routine:

“Lecture was something to sit through; | was there to take notes

non-laboratory curricular experiences were more

and hope | passed.” (Sophomore, 2)
Laboratories were often described as stressful but occasionally
rewarding, as one student reflected that:
“The labs stressed me out a ton, like every week | was nervous I'd
mess something up. But when it actually worked, it was like, ‘Oh
wow, okay, | did that.’ It felt like a real win.” (Junior, 3)

= Extra-Curricular

60

40

20

% of Coded Experiences

FRESH/SOPH (N=5)  JUNIOR (N=7)

SENIOR (N=6)

GRADUATE (N=8)  FACULTY (N=3)

ACADEMIC STAGE

Figure 2. Distribution of experience contexts at academic stages. Values represent the percentage of coded experiences within each academic group

assigned to each context.
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Figure 3. Distribution of curricular subcontexts at academic stages.
Values represent the percentage of coded curricular experiences within
each academic group assigned to each subcontext.

Graduate students often described laboratory contexts as spaces
where both learning and contribution occurred, emphasizing
responsibilities related to training and mentorship. One graduate
student reflected:

“Helping new students in lab was the first time | felt like | was

teaching chemistry.” (Graduate Student, 5)

Faculty reflected on these settings retrospectively, contrasting their
own negative student experiences with efforts to make their current
teaching more engaging.

“I remember sitting in those huge lectures as an undergrad and

just... hating it. So now I really try to make my own classes more

interactive because | don’t want my students feeling the way |

did..” (Faculty, 2)

In contrast, co-curricular experiences, including research and
internships, showed the greatest variation in frequency and
emphasis among different participant groups (Figure 4). These
experiences began as infrequent mentions among early
undergraduates (below 20%) but became more frequent among
juniors and seniors, peaking near 40% among graduate participants.
Juniors and seniors more commonly described research as their first
exposure to authentic scientific practice and articulated these

mResearch =Worksh = Confi =S = Internship
80
60
w
8
]
=
g
X 40
°
3
Q
(5]
s
2 20
FRESH/SOPH JUNIOR SENIOR GRADUATE FACULTY
(N=5) (N=T) (N=6) (N=8) (N=3)

ACADEMIC STAGE
Figure 4. Distribution of co-curricular subcontexts at academic stages.

Values represent the percentage of coded co-curricular experiences
within each academic group assigned to each subcontext.
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experiences as influential in how they positioned themselyes within
the field. Graduate students emphasized re5édréR- Ehd/conferentces
as central to their professional recognition and belonging, with one
participant noting that “presenting at ACS wasn’t just about my
poster it was about realizing | belonged in the field.” For faculty
participants, co-curricular experiences involved activities such as
supervising research, conference participation, and professional
service, that shaped their engagement with chemistry outside the
classroom.

Internship experiences were referenced more often by juniors
and seniors than by earlier cohorts, highlighting differences in
engagement with applied and career-oriented contexts within
participant groups. These findings indicate that co-curricular
experiences function as vital sites of participation outside formal
coursework, where participants described opportunities for
contribution, recognition, and connection to chemistry-related
practice.

Extracurricular experiences, though less common overall,

consistently contributed to participants’ involvement in the
chemistry community. Undergraduates described outreach, student
organizations, and even athletics as spaces that fostered connection
beyond coursework (Figure 5). One participant shared that “the
chemistry club was my space to feel connected outside of class.” For
several students, these activities evolved into opportunities for
leadership and mentorship, as one undergraduate reflected that
“running the club made me realize | could organize and support
others in chemistry.” Graduate students and faculty mentioned
outreach primarily as a form of professional service, highlighting a
shift from social involvement to disciplinary contribution. A graduate
student explained:

“Teaching chemistry to high school students made me feel like |

was really giving back as a chemist.” (Graduate student, 4)
The reduced emphasis on extracurricular experiences among faculty
reflects differences in the types of activities participants described
when discussing their engagement with chemistry-related
communities. This pattern may also reflect the timing of the

interviews, as faculty participants were less likely to be actively

uClubs & Societies = Outreach = Athletics
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FRESH/SOPH JUNIOR SENIOR GRADUATE FACULTY
(N=5) (N=7) (N=6) (N=8) (N=3)

ACADEMIC STAGE
Figure 5. Distribution of extracurricular subcontexts at academic stages.

Values represent the percentage of coded extracurricular experiences
within each academic group assigned to each subcontext.
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involved in extracurricular activities at the time of data collection,

given the demands and structure of their professional roles.
Accounts from  undergraduates highlighted

classroom-based coursework, while participants in graduate and

frequently

faculty roles more often described co-curricular and professionally
situated engagements such as research, mentoring, and service.
From a Deweyan perspective, these patterns highlight the principle
of interaction, emphasizing how the environments participants
described shaped the kinds of chemistry experiences that were
related within their accounts. The findings illustrate how different
institutional contexts structured opportunities for engagement with
chemistry at different academic stages.

Affective Framing of Experiences

The distribution of affective framing (positive, negative, and neutral)
across curricular, co-curricular, and extracurricular experiences is
Figures 6 (curricular), 7 and 8
Curricular experiences were more frequently

shown in (co-curricular),
(extracurricular).
associated with neutral or negative affect among undergraduates,
while participants in graduate and faculty roles more often described
these experiences in positive terms. Co-curricular experiences were
characterized by a wider range of affective framing between
participant groups; research and internship were described as
emotionally engaging and affirming, but also as sources of stress or
within  participants’
experiences, though referenced less frequently among advanced

uncertainty accounts.  Extracurricular
participants, were consistently described in positive or neutral terms,
often in relation to community, support, or personal grounding.
Affective framing was not evenly distributed across experience
types, with clear differences emerging by context and participant
group. Curricular experiences were more prominently described with
positive affect, although negative affect was more prominent among
graduate students, who often characterized coursework as stressful,
detached, or procedural student

(Figure 6). One graduate

summarized, “It was just something | had to push through.” Yet many
participants also described coursework as routine and expected
rather than explicitly negative, reflecting a steady presence of

neutral affect that persisted throughout different academic stages.
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Figure 6. Distribution of positive, negative, and neutral curricular
experiences at academic stages. Values represent the average percentage
of coded curricular experiences within each participant group.

10 | Chem. Educ. Res. Pract. 2025, ##, ##

These experiences, completing assignments, attending, lectyres,
preparing for exams, were often recounte@!: 39 .1888¢9saRP Gteps
toward progression rather than as influential learning moments.
Positive affective moments were more frequent and were often
transformative; as one junior explained:

“Finally understanding spectroscopy made me feel like | was

actually good at chemistry.” (Junior, 2)
highlighting how even isolated successes could influence confidence.
Negative affect was less common among later academic stages, for
instance a faculty, reframed earlier struggles as productive in
hindsight, with one recalling:

“At the time, organic chemistry felt brutal, but looking back, | see

how it prepared me for everything else.” (Faculty , 3)
Turning a negative experience into one that has an overall positive
effect.

In contrast, co-curricular experiences, including research and
internships, were characterized by greater variability in affective
framing, with a more balanced distribution of positive and neutral
affect (Figure 7). Juniors and seniors described research as both
demanding and empowering, emotionally charged but also marked
by periods of neutrality associated with the repetitive or technical
nature of lab work. One senior noted:

“Over time it became the place | felt like a real scientist,”

(Senior 3)

Other participants described stretches of “routine data collection” or

“waiting for reactions to work”. Graduate students echoed this
duality, portraying research and conferences as spaces of recognition
and belonging while also acknowledging uncertainty early in their
graduate career. As one graduate student reflected:

“Working with my advisor made me realize | could contribute

something new, that was exciting.” (Graduate Student, 1)
yet elsewhere described feeling “numb” during cycles of failed
experiments. Among faculty, co-curricular activities such as research
and professional service were framed as deeply fulfilling but often
routine, reflecting how neutral affect signified comfort and stability
in established professional roles. This balance of affective tones
highlights how co-curricular participation encompasses a range of

mPositive =Negative = Neutral

o Co-Curricular
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Figure 7. Distribution of positive, negative, and neutral co-curricular
experiences at academic stages. Values represent the average percentage
of coded co-curricular experiences within each participant group.
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emotional experiences, from excitement and engagement to routine
professional involvement.

Extracurricular experiences were less frequent but consistently
positive, particularly for undergraduates who found community and
enjoyment through outreach, clubs, and athletics (Figure 8). One
student shared:

“The chemistry club was where | met people who cared about

the subject”. (Freshman, 2)
Even here, however, neutral affect appeared in the form of social
familiarity, activities described as “fun,” “regular,” or “just part of my
week.” For graduate students and faculty, extracurricular
engagement declined as professional commitments grew, yet those
who continued outreach described it as both steady and affirming. A
graduate student explained, “Working with younger students
reminded me why | chose chemistry, it reconnected me to the joy of
discovery” illustrating how routine service became an emotionally
sustaining element.

When comparing academic stages, neutral affect functioned as
an important marker of continual participation representing neither
disengagement nor enthusiasm, but rather stability and sustained
participation within chemistry. Positive affect was commonly
associated with accounts of accomplishment or satisfaction, while
negative affect appeared in narratives describing difficulty or
challenge. Neutral affect was frequently used to describe routine or
taken-for-granted experiences at different academic stages.

This journal is __

ARTICLE

From a Deweyan perspective, these affective pattgrns illustrate
how emotion functions as a qualitative featuF&of ExperiénegPshdped
by the interaction between individuals and the contexts in which
participation occurs. Neutral affect often reflected routine or
obligatory engagement, while positive and negative affect marked
moments of heightened emotional salience within participants’
accounts. Overall, affective framing varied across experience
contexts, with curricular, co-curricular, and extracurricular settings
supporting different emotional interpretations.
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Figure 8. Distribution of positive, negative, and neutral extracurricular framinas
experiences at academic stages. Values represent the average yants’

percentage of coded extracurricular experiences within each
participant group.

Role Positioning: Student vs. Professional

Taking all participants narrratives into account, the participant
groups positioned themselves differently in relation to chemistry-
related experiences. Undergraduate participants more commonly
described their experiences through a Being a Student (BS) lens,
emphasizing structured learning environments, guidance, and
compliance with external expectations. In contrast, upper-division
undergraduates, graduate students, and faculty more frequently
articulated experiences through a Being a Professional (BP) lens,
highlighting autonomy, contribution, and engagement in disciplinary
practices. These differences reflect variation in role positioning
associated with participants’ institutional roles.

Figure 9 presents the distribution of Being a Student (BS) and
Being a Professional (BP) framings among participant groups. BS
positioning was most prominent among first- and second-year
undergraduates, while BP positioning was more frequent in graduate
student and faculty narratives. In particular, BP framings emphasized
autonomy, contribution, and mentorship, whereas BS framings
emphasized structured learning and externally defined expectations.

Although graduate students and faculty demonstrated the
highest relative proportion of Being a Professional (BP) framings,
Being a Student (BS) framings remained prevalent even at advanced
stages. This pattern indicates that professional participation does not
replace student positioning but coexists with it at different academic
contexts.
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Figure 10. Distribution of Student (BS) and Professional (BP) Role Framings within Curricular, Co-Curricular, and Extracurricular experiences at academic

stages. Values represent the percentage of coded experiences within each context and academic group assigned to each role category.

By context, BS and BP codes indicate the relative prevalence of
student and professional framing across experience types (Figure
10). In curricular contexts, student positioning remained most
prominent, particularly in coursework and laboratory instruction,
although professional framings appeared more often when
participants described instructional or mentoring responsibilities
such as teaching assistantships or discussion leadership. In co-
curricular contexts, including research, conferences, and internships,
participants mainly framed their experiences in professional terms.
These environments were described as providing opportunities for
autonomy, recognition, and contribution within chemistry-related
practice. One graduate student described this transition vividly:

“Leading a workshop for new students was the first time |

realized | wasn’t just learning chemistry, | was helping shape how

others learn it.” (Graduate Student, 5)

In contrast, extracurricular contexts, such as clubs, outreach, or
athletics, were more prominently referenced in undergraduate
accounts and were commonly framed in relation to student identity
and community belonging. Graduate student and faculty participants
referenced these experiences less often; however when present,
they were typically described retrospectively as sources of
connection and support rather than as sites of professional
participation.
their
accounts in the student role, particularly within coursework and
laboratory settings. One sophomore explained, “l was there to learn

Undergraduate participants consistently anchored

and get through the material, not to add anything new.” In contrast,

upper-division undergraduates more frequently described
experiences in which they positioned themselves in professional
terms, particularly in research and presentation contexts. A senior
reflected, “Presenting at the regional conference felt like stepping
into the role of a chemist, not just a student taking classes.” These
accounts illustrate variation in role positioning across contexts, with
research and presentation settings more often associated with
professional framing than classroom-based activities.

Graduate students exhibited more fluidity in role positioning,
often toggling between student and professional identities
depending on the context. Within coursework and teaching assistant
roles, participants reverted to student-like framings, describing
themselves as “still figuring things out” or “learning how to teach.”

Yet in research or mentoring, their accounts focused on professional

12 | Chem. Educ. Res. Pract. 2025, ##, ##

self-concepts. One participant remarked, “In my research group, | felt
like a real chemist contributing something new, but in class | was just
another student trying to keep up.” This oscillation between learning
and expertise highlights how graduate participants described
navigating both student and professional role expectations within
chemistry-related contexts.

Faculty’s accounts of professional framing involved, leadership,
mentorship, and contribution to the discipline. However, many
referenced their own student experiences as touchstones for
guidance. One faculty member recalled, “I remember being
completely overwhelmed as an undergrad, so | try to make sure my
students feel supported in ways | didn’t.” These reflections illustrate
how faculty participants drew on student-centered experiences
when describing their mentoring practices, linking personal
recollections to their current approaches to supporting others.
Faculty commonly referenced prior undergraduate or graduate
experiences when describing moments that shaped their current
professional roles. In these cases, Being a Student functioned as a
narrative lens through which participants interpreted their present
professional identity. While some faculty described ongoing learning
in their professional roles, these accounts were typically framed as
professional growth rather than institutional studenthood.

Overall, the results illustrate variation in how participants
positioned themselves across different contexts and at various
institutional roles. Professional framings were more commonly
articulated in co-curricular settings such as research, mentoring, and
conferences, while student framings remained prominent in
coursework and instructional environments. Rather than tracing a
developmental continuum, the findings show how different
chemistry contexts supported distinct ways of participating,
contributing, and making sense of one’s place within the discipline.

Discussion

This study explored how individuals at different academic stages in
chemistry; undergraduates, graduate students, and faculty,
described and interpreted chemistry-related experiences they
identified as influential to their current academic and professional
positioning. By examining the contexts of these experiences,
affective framings, and role positionings, the analysis highlighted
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differences in how chemistry participation was described across
settings.

The patterns observed support Dewey’s contention that the
importance of experience emerges through the interaction between
individuals and their environments, while extending his framework
by specifying affect and role positioning as analytically useful
dimensions for examining chemistry-related experiences. Although
Dewey emphasized the quality of experience, he did not articulate
how emotional tone or disciplinary role shape how experiences are
interpreted and remembered. In this study, positive, negative, and
neutral affect functioned as indicators of experiential quality,
aligning with prior work showing that emotion mediates
engagement, control, and persistence in chemistry learning
environments (Villafaiie, 2016; Xu, Lewis, & Lopez, 2021). Similarly,
distinctions between student and professional role positioning
resonate with identity frameworks that emphasize recognition,
competence, and performance as described by Carlone and Johnson
(2007) and Hazari et al. (2010), while adding analytic depth by
illustrating how role positioning varied across contexts. In this way,
the study complements prior research on undergraduate research
participation (Aikens et al., 2017) and graduate socialization (Austin
& McDaniels, 2006) by foregrounding experience as an interpretive
unit of analysis rather than as evidence of developmental
progression.

When comparing between academic stages, experiences varied
in degree of structure, autonomy, and professional alignment. Early
undergraduate accounts were dominated by curricular contexts,
which were often characterized as procedural, evaluative, or
disconnected from broader participation in chemistry, findings
consistent with prior work documenting student detachment in
traditional chemistry courses (Galloway & Bretz, 2015; Ferrell,
Phillips, & Barbera, 2016). At the same time, these structured
environments were described as providing sustained exposure to
disciplinary practices and expectations. Rather than serving as
developmental precursors, curricular experiences functioned as
stable contexts against which participants later interpreted more
autonomous and professionally framed engagements (Goodwin,
McConnell, & Cooper, 2021).

Co-curricular experiences, including research, conferences, and
internships, were consistently described as influential at different
academic stages, but were framed differently depending on
participants’ academic position, ranging from tentative exposure
among undergraduates to sites of contribution, recognition, and
mentoring among graduate students and faculty. Prior work has
shown that undergraduate research and authentic inquiry support
confidence, belonging, and professional identity formation (Hunter
et al., 2007; Corwin, Graham, & Dolan, 2015). The present study
extends this literature by illustrating how participants occupying
different roles in chemistry described these experiences in distinct
ways. Undergraduates often framed research as tentative
participation and exposure to disciplinary practice, graduate
students emphasized recognition and contribution, and faculty
highlighted mentoring, service, and stewardship of the discipline.

Extracurricular experiences such as outreach and clubs were
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primarily discussed in relation to community and emotjonal suppart,
particularly by undergraduates, and were less@requéiityreterereed
by graduate students and faculty, reflecting differences in
institutional roles and forms of engagement. From a Communities of
Practice perspective (Lave & Wenger, 1991; Wenger-Trayner &
Wenger-Trayner, 2015), patterns
participation is shaped by context and role positioning.

these demonstrate  how

Affective patterns among participants’ accounts illustrate how
emotional tone varied across chemistry-related experiences and
contexts. Curricular contexts were more often described using
frustration, anxiety, or neutral affect, reflecting tensions between
external expectations and constrained agency. Rather than

indicating disengagement, neutral affect often characterized
experiences participants viewed as routine, stable, or obligatory. This
interpretation aligns with work showing that challenge and struggle
are common features of chemistry learning environments and are
not inherently detrimental when situated within supportive
instructional contexts (Goodwin et al., 2021). Neutrality in this study
appeared to signal sustained engagement within structured practices
rather than absence of importance. Attending to neutral affect
therefore expands existing affective models in chemistry education,
which have largely emphasized high-arousal emotions such as
interest, anxiety, or frustration (Villafafie, 2016; Xu, Lewis, & Lopez,
2021).

Co-curricular environments elicited the most varied emotional
patterns in participants’ accounts. Research and internship
experiences were described as both empowering and uncertain,
reflecting the inherent ambiguity of authentic scientific practice.
These affective dualities align with prior work on scientific self-
efficacy, confidence, and belonging in research and applied settings
(Aikens et al., 2017; Hernandez et al., 2018). Undergraduates often
emphasized uncertainty and exposure, whereas graduate students
and faculty more commonly framed similar experiences in terms of
contribution, responsibility, and support of others.

Differences in Being a Student (BS) and Being a Professional (BP)
framing captured how participants positioned themselves in relation
to chemistry across contexts. Undergraduates predominantly framed
themselves as students navigating structured expectations, though
moments of professional alignment emerged through research
participation, presentations, and peer mentorship. Graduate
students oscillated between student and professional framings,
consistent with literature on their liminal identity status (Austin &
McDaniels, 2006). This interpretation is consistent with work by
Bhattacharyya (2008) and Bhattacharyya and Bodner (2014), who
showed that professional identity in chemistry emerges through
engagement with disciplinary epistemic practices rather than
through the attainment of fixed roles, with even advanced
practitioners continuing to position themselves as learners as they
encounter new problems, methods, and expectations. While faculty
participants exhibited a relatively higher proportion of professional
framings than student groups, they nonetheless continued to
describe many experiences using student-oriented language. Faculty
commonly their

experiences when discussing mentoring and teaching, illustrating

narratives more referenced own student
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how BS and BP framings coexist within professional roles and how
past student experiences inform current approaches to supporting
others.

The relatively low proportion of professional role framings
among graduate students and faculty may appear counterintuitive at
first glance. However, this pattern reflects the situational and
institutional nature of role positioning rather than a lack of
professional identity. Participants narrated experiences in which
they were learning new practices, responding to evaluation, or
navigating externally imposed expectations, conditions that elicited
student framings even at advanced stages. From this perspective,
Being a Student does not signify novice status but an institutional
positioning marked by accountability, constraint, and ongoing
learning. This finding aligns with sociocultural accounts of identity as
contextually enacted rather than cumulatively acquired, where
individuals draw on different role framings depending on the
demands of the situation. Thus, the persistence of student framings
among faculty and graduate participants highlights the fluidity of
professional identity and underscores that participation in chemistry
involves continual movement between learning and expertise.

When comparing groups, participants drew on recognizable
ways of speaking about competence, struggle, contribution, and
belonging, reflecting expectations about what it means to present
oneself as a chemist. This interpretation aligns with life-story and
narrative approaches to identity, which emphasize that identities are
constructed and reconstructed through storytelling in relation to
figured worlds and normative expectations (Gonsalves et al., 2016;
Gonsalves et al., 2019). From this perspective, participants’ accounts
do not transparently reflect developmental trajectories but instead
represent situated identity work, through which individuals present
themselves as coherent and intelligible members of a discipline
despite changing roles and circumstances.

Taken together, the findings position chemistry education as an
experiential system in which identity, emotion, and participation are
shaped through individuals’ interactions with disciplinary
environments. By examining how participants at different academic
stages described their chemistry experiences, this study shows that
disciplinary engagement is reflected not in isolated moments of
success, but in how experiences across coursework, research,
mentoring, and extracurricular contexts are framed and prioritized.
Identifying affective framing and role positioning as central analytic
dimensions extends Dewey’s Theory of Experience by specifying how
the quality of experience can be examined empirically within
chemistry education. In particular, recognizing neutral affect as an
important mode of participation challenges common assumptions
that engagement must be emotionally intense to be productive.
Together, these insights offer a framework for thinking about
that
participation, belonging, and interpretation of experience,
emphasizing learners’ ongoing relationships with the discipline.

chemistry learning environments support  sustained

Implications

Findings from this study offer several implications for chemistry

curriculum design, departmental structures, and mentoring
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practices. First, the predominance of curricular experjences amaong
early undergraduates highlights the neéP!td) . 1ESIPAERITE OHIW
coursework fosters influential engagement. Prior research has
shown that traditional lecture and lab environments can promote
performance-oriented rather than meaning-oriented participation
(Galloway & Bretz, 2015; Ferrell et al., 2016). Consistent with calls for
inquiry-based and student-centered practices (Cooper et al., 2018),
instructors can embed opportunities for agency and reflection, such
as reflective writing, design-based lab tasks, or problem-based mini-
projects, to help students connect coursework to authentic scientific
practice.

Second, the prominence of co-curricular experiences among
participant groups highlights their central role in supporting
influential engagement with chemistry. Empirical studies of
undergraduate research and internship participation demonstrate
that authentic scientific involvement is associated with increased
self-efficacy, belonging, and identity-related outcomes (Hunter et al.,
2007; Aikens et al., 2017). Complementing this empirical work,
Corwin et al. (2015) offer a conceptual framework for understanding
how undergraduate research experiences may function as contexts
for identity negotiation and participation within scientific
communities. Rather than positioning these opportunities as merely
supplemental, this perspective highlights their potential role in
shaping how students interpret and position themselves within the
discipline. Expanding structured mentorship programs, providing
equitable access to research experiences, and scaffolding conference
participation may therefore support earlier and more sustained
engagement with disciplinary communities.

Third, the affective findings highlight the importance of designing
learning environments that attend to the emotional dimensions of
chemistry participation. Emotions such as anxiety, frustration, and
uncertainty, long documented in early chemistry coursework
(Villafafie, 2016) should not be interpreted merely as barriers but as
elements of learning that require contextual support. Departments
can support students by creating mentoring networks, peer
discussion groups, and reflective activities that help normalize the
emotional complexities of scientific work. When instructors share
their own formative experiences, including moments of struggle or
uncertainty, they can help students contextualize difficulty as part of
the learning process and help students build belonging and
confidence (Hernandez et al., 2018; Goodwin et al., 2021).

Ultimately, these results suggest that chemistry education
should be viewed not simply as a sequence of isolated instructional
experiences, but as a dynamic system. One in which identity,
emotion, and participation evolve through the interplay of
structured environments, authentic practice, and social connection.
Designing for continuity, by integrating research, mentoring, and
reflective practice at different stages, can help learners move not just
through chemistry, but into it, as full and enduring members of the
disciplinary community. These insights call for chemistry programs to
intentionally design curricula, co-curricular opportunities, and
mentoring structures that support long-term growth rather than
short-term performance outcomes.
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Limitations

Several limitations should be considered when interpreting the
findings of this study. Although participants represented three
academic stages, the sample was drawn from a single institutional
context, limiting the generalizability of findings to other types of
institutions, disciplinary cultures, or demographic groups. Future
research should include participants from a wider range of
universities and subdisciplines to capture broader variability in how
chemistry experiences are described and interpreted.

This study is limited in its ability to examine how gender, race,
class, or other positionalities shape the experiences described.
Although participants represented diverse backgrounds, the sample
size and analytic focus did not support systematic comparisons
across demographic groups. As a result, the findings speak to broad
patterns in how chemistry experiences are described at different
academic stages and across various academic contexts, rather than
to how structural inequities or identity-based dynamics shape access
to, interpretation of, or participation in chemistry experiences.
Future research should purposefully center positionality by using
larger, more demographically balanced samples or study designs that
foreground intersectional experiences.

Since the study relied on retrospective, self-reported interview
data, participants’
interpreted and narrated at the time of the interview. These

accounts reflect how experiences were
accounts were shaped by memory, current perspective, and personal
framing, and may differ from how the same experiences would be
described at another point in time. Participants often blended past
and present perspectives, which may have introduced selective
emphasis or omission. Future research could integrate longitudinal
or multi-method approaches, such as repeated interviews, reflective
journaling, or observational data, to examine how interpretations of
chemistry experiences focus on moments of reflection.

Additionally, the cross-sectional design limits claims about
developmental causality. The patterns observed at different stages
represent comparisons between participants at different points in
their trajectories rather than within-person change over time.
Longitudinal approaches would allow for deeper insight into how
affect, role positioning, and contextual engagement unfold through
continuity of lived experience.

Finally, while the coding framework captured major dimensions
of experience (context, affect, role positioning), it may not have
captured all nuances in participants’ narratives. Expanding future
frameworks to include additional relational or epistemic dimensions,
or incorporating participant validation, could enhance interpretive
depth and validity.

Concluding Remarks

This study examines how individuals at different academic stages in
chemistry describe and interpret experiences they identify as
influential. By examining experiences through affective framing,
contextual features, and role positioning, the findings highlight that
participation in chemistry extends beyond coursework to include
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research engagement, mentoring, and community, involvement.
These findings emphasize interaction betweleR!iAdividaghs anePtvéik
environments, showing how the quality of participation was shaped
by the contexts in which experiences occurred and the roles
participants enacted within them. Taken together, the study
suggests that chemistry learning environments that foster
connection, reflection, and opportunities for participation across
contexts may better support sustained engagement with the
discipline. Addressing the limitations identified here and extending
this work can further inform how chemistry educators design
environments that support influential participation among academic
stages.
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Data Availability Statement

Due to ethical confidentiality requirements, the recorded data have not been made publicly
available. Our research participants have consented to share their data only with the researchers
directly involved in this project.
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SI-1.Interview Protocol

Note: These interview questions are intended to guide the conversation, but interviewers should
feel free to ask follow-up questions or probe deeper into specific topics as appropriate during the
interviews. (do not constrain timeframe, but guide throughout time)

Intro:

Thank you so much for taking the time to join me today. I am really excited to learn more about
your experience and perspective within the chemistry community as well as outside the
chemistry community. Our conversation today will cover different aspects of your academic and
professional journey, ranging from the past to the present and looking ahead to the future. Please
know that there are no right or wrong answers and this is a space for you to express yourself
openly.

UNDERGRADUATES/GRADUATES/FACULTY:

To kick things off, I’d like to encourage you to share your story in a way that feels natural to
you. Feel free to take me through your academic journey from your early days to your current
position. With that said let’s begin could you please start be telling me about your early
experiences (and influences) that led you to pursue a career in chemistry?

Past: Reflection on Academic Journey
1. Introduction and Background
a. Can you tell me a little about your journey in the field of chemistry?
b. Was there any specific experience or moment that led you to choose the path that
you choose?
c. Was their anyone that played a role in your motivation and passion?
d. Why not other subjects? Why specifically chemistry?

2. Experiences and Influences
a. Looking back on your academic career, are there specific moments or individuals
that stand out as having had a profound impact on your approach and perception
of chemistry,
i. If so why did the moments stand out?
ii. If so who influenced you?
iii. Did they change your way of thinking/or why were they influential?
b. Classes
i. Difficult classes
ii. Easy classes
iii. Types of teachers
c. Extracurriculars
i.  What consisted of free time?
ii. Any events?
d. Community
1. What was your friend group like?
ii. Who did you identify with? Certain groups/people?
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Have you ever attended chemistry related events?
i. Was this a positive or negative experience?
ii. If more than one did one have more of an impact on you?
iii. Why?
iv. What was your role within the event?
Can you recall a specific event or situation from your past where you felt your
background or personal characteristics significantly influenced your experience or
perspective?
i. How do you think this experience has shaped your current outlook on
similar situations?
(Imagine you're part of a group project where you're the only student from a
minority background).
i. How would you ensure that your voice is heard and your contributions are
valued by your peers?
ii. How would you handle any situations where you feel excluded or
overlooked due to your background?
Among your experiences in the past would you say that you have witnessed a
support for diversity within your academics? Or how about within the field of
chemistry?
i. What was the event?
ii. How has the experience shaped your views of the role of diversity in
chemistry (or science)?
Among your experiences have you witnessed equal opportunities within the
chemistry community?
i. If yes, then where was this at?
ii. How was it equal?
iii. Ifno, then is there a lack of equal opportunities?
iv. Why do you think this is?
Among your experiences, have you been offered the same opportunities as your
peers?
1. If yes, what were these opportunities?
ii. If no, What was the differentiating factor? Age? Gender? Race?
Among your experiences have you ever felt excluded by age? How about by
gender? Now how about race? in the chemistry community? How about overall in
your academic journey)
1. Ifso, how?
ii. How did this experience shape your current perceptions of the role of
inclusion?

3. Challenges and Triumphs

Reflecting on your experiences in chemistry, what are some of the challenges you
have encountered in chemistry,

1. Why was it challenging?

ii. How have you managed or overcome them? What strategies were used?
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iii. Did overcoming this led to any shifts in your perspective of chemistry or
of the field of chemistry?
iv. Would you do anything different?
b. Were there any personal struggles or challenges that have had profound impact on

you?
i. Did these struggles ever interfere with your academics?
ii. How?

iii. How were these resolved or overcome?
4. Extra:
a. Ifyou had to give personal/or academic advice to your prior self what advice
would you give?

Now that we’ve discussed your academic journey and past experiences, lets shift our focus to
some of your present experiences. I’m interested in hearing why you chose your current path...

Present: Current Perspectives

1. Background
a. So, what led you to choose University of Arizona?
i.  Which field of chemistry are you in? Why that field?
ii. OR which field of chemistry are you interested in? Why?
b. Has your Current motivation/passion/drive changed compared to your initial
interest?

2. Experiences
a. Classes
1. What type of difficult classes have they had?
ii. What has been their favorite classes?
iii. What types of professors have they had? Have these been good/bad
experiences?
b. Extracurriculars
i. What do they do in their free time?
c. Have you attended any chemistry events while being at University of Arizona? If
not are there any events that you would like to attend?
1. Which ones?
ii. And why?

d. As ofrecent has there been any influential moments or individuals that has made
an impact on your view of chemistry?

i. Who?
ii. How? Why?
iii. What?

iv. How does it compare to before? How big of an impact compared to some
of the influential moments that occurred in the past?

v. What did this have an impact on? Views? Academic Success? Personal
Well-being? Professional Development?
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e. In your current role or environment, do you feel that your background or or
personal attributes have a noticeable impact on how you navigate certain
situations or interact with others?

i.  Can you provide an example of this?

3. Current Struggles
a. Are there any current academic struggles that you are dealing with?
i. If so how are you dealing?
ii. Why is it a struggle?
iii. Which resources are you utilizing?
iv. Or any individuals that are helping?
b. Are there any current personal struggles that you are dealing with?
i. Do you believe this is influencing your success in your academics?
ii. How are you overcoming this? Any strategies?

Having gained insight into your current experiences, lets now explore some of your future
aspiration and goals.

Future: Aspirations and Vision
1. Aspirations

a. What are your future aspirations? (or career goals)
i.  Where does this come from? (Why?)
ii. How will you achieve this? (do you have a plan)
iii. Do you have any resources you are using to help achieve this?
iv. How about individuals helping you to achieve this?

b. Do you have any long-term academic or personal goals for yourself?
i.  Where does this come from? (Why?)
ii. How will you achieve this?
iii. Do you have any resources or individuals you are using to aid you?

As we discuss your future aspiration, lets connect it back to your experiences. How do you see
your past experiences helping you to achieve the goals you’ve set for yourself?

2. Experiences

a. How do you see your future in chemistry?
i. Do you think chemistry will be important to you in the future?
ii. Why?
iii. What do you hope will change in terms of the field of chemistry?
iv. What do you believe will change in terms of the field of chemistry?

b. How do you think the chemistry community could do a better job of representing
diverse populations or diverse perspectives?
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c. AS we consider the future, how would you recommend creating an environment
that is fairer in providing equal opportunities?
i.  What specific actions might be beneficial?
ii. Potential challenges getting In the way?
d. How do you think the chemistry community could improve on creating an
environment where everyone feels equally supported?
i. Do you think there are certain obstacles?
ii. What role do you see yourself playing?

Outro:

Thank you so much for sharing your valuable insights and experiences with me today. Your
journey Is truly fascinating, and I appreciate your openness. Before we conclude, I want to make
sure you’ve had the chance to share everything you wanted to. Is there anything else youd like to
add regarding your experiences or any of the broader topics we discussed?

I genuinely appreciate your time and willingness to participate in this conversation. Your
perspectives are incredibly value and will contribute signifyingly to our understanding of the
diverse experiences within the chemistry community.

If there’s anything else you’d like to share in the future or if you have any questions feel free to
reach out. Once again, thank you, and I wish you continued success in your endeavor.
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1
2
2 SI-2.Coding Framework/Codebook
5 . .
6 1. Affective Framing Codes
; These codes capture the emotional tone participants used when describing each experience.
9
10. Code Label Operational Definition Inclusion Criteria Exclusion Example Quote
1 1% Criteria
O
825 + Positive Experience described Clear emotional tone Statements “I felt really
R with positive emotion, indicating pride, joy, escribing events accomplished after
3335 it positi ; indicating pride, joy.  deseribing plished af
i“% growth, accomplishment, confidence, without emotional ~ my presentation at
§ 53 enjoyment, excitement, or motivation, evaluation. the seminar.”
Q62 fulfillment. accomplishment.
7%
g8
8%
goé - Negative Experience described Language referencing  Neutral statements “I struggled to
%15 with frustration, anxiety,  difficulty, fear, stress, about difficulty keep up during the
QjZé discouragement, feeling lost, or self- without affect. lecture, and it
§3§ confusion, or negative doubt. made me feel
%45 emotion. lost.”
W
B
62
5 & / Neutral Experience described Routine activities, Any phrasing I attended the
g e factually or routinely descriptions without indicating positive workshop...”
= Og without clear positive or emotion, matter-of- or negative affect.
% 1g negative emotion. fact statements.
S0
? 2. Role Positioning Codes
g These codes capture how participants position themselves relative to the discipline in each experience.
3=
3(E
39 Code Label Operational Inclusion Criteria | Exclusion Example Quote
40 Definition Criteria
41 BS Being a Participant frames Receiving Teaching, “I attended a
42 Student themselves as a instruction, mentoring, or lecture on
43 learner subject to attending class, taking on quantum
44 instruction, doing required expert roles. mechanics.”
evaluation, or coursework,
45 .
46 structured following lab
47 expectations. protocols.
48 BP Being a Participant frames Mentoring, Passive “I prepared
49 Professional | themselves as an teaching, learning grant proposals
expert, contributor, presenting, situations. to secure
50 o :
or agent within the independent research
g; discipline. research, writing funding.”
proposals.
53
54
55
56
57
58
59

(o))
o
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3. Experience Type Codes (Context Categories)

These codes categorize the type of experience based on its relationship to formal academic structures.

Code Label Operational Inclusion Criteria Exclusion Example Quote
Definition Criteria

C Curricular Academic courses or | Lecture courses, Research, “In my organic
labs tied directly to required labs, for- | internships, chemistry lab, I
degree requirements. | credit activities. workshops, learned

clubs. titrations.”

Co Co-Curricular | Activities adjacent to | Research, Athletics, clubs, | “I attended a
coursework that seminars, unrelated workshop on
support disciplinary workshops, volunteerism. scientific
development but are | conferences, writing.”
not required for internships.
academic credit.

EC Extracurricular | Activities outside Outreach, student Academic or “I participated
academics, often organizations, co-curricular in a sorority
socially or personally | sports, leadership experiences. outreach
meaningful. roles. event.”

4. Subcontext Codes

These codes specify the setting of each experience within its broader category.

4.1 Curricular Subcontexts

coursework.

Code Label Operational Definition Example Quote
T Traditional Traditional lecture-style “My general chemistry
instruction. lecture was very fast-
paced.”
La Laboratory Laboratory courses tied to formal | “I was nervous every

week in lab, but when an
experiment worked, |
felt proud.”

4.2 Co-Curricular Subcontexts

Code Label Operational Definition Example Quote

R Research Research experiences applying “Working in the lab
academic knowledge to scientific | helped me see myself as
inquiry. a chemist.”

Se Seminar Seminars attended or participated | “I went to a seminar
in. about medicinal

chemistry.”

W Workshop Workshops designed for skill- “I attended a workshop

building. on scientific writing.”
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Cf Conference Conferences for presenting or “Presenting at ACS
learning. made me realize |
belonged in the field.”
In Internship Internships in applied or “My internship showed
professional environments. me what industrial
chemistry looks like.”

4.3 Extracurricular Subcontexts

Code Label Operational Definition Example Quote
o Outreach Research experiences applying “Working in the lab
academic knowledge to scientific | helped me see myself as
inquiry. a chemist.”
Or Organization Seminars attended or participated | “I went to a seminar
in. about medicinal
chemistry.”
Sp Sports/Athletics Sports or athletic participation. “Being on the soccer
team taught me
discipline and balance.”

Overview of Code Breakdown:

l Positive, Negative, or Neutral |

Being a Student or Being a Proffessional
(BS or BP)
)
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Experience

5 l Co-Curricular l Extracurricular
Curricular (C) (C (Ec)
T 1

I T L] 1 I L]
l Traditional (T) | lLaboratory(La)I l Research (R) | l Seminar (Se) | Con{(e:rf?nce lWorkshop (W) | l Internship (In) | l Outreach (O) | l Orga;l(i;a)tions l Sports (Sp) |

S D
AW

N
«

A b~ D
0 N O

[o )N, BNV, RO, RO, BV, RN, N0, B0, RO, I, BN
VWO NOOULID WN-=OULV
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SI-3.Coding Directions

Step 1: Deciding if the experience is positive/negative/neutral

- Is the experience described as positive, negative, or neutral?
- Look for keywords or sentiments in the data to categorize this.

Examples:

- Positive: "I felt really accomplished after my presentation at the seminar."

- Negative: "I struggled to keep up during the lecture, and it made me feel lost."
- Neutral: "I attended the workshop..."

Codes:
Positive: +
Negative: -
Neutral: /

Step 2: Deciding if they are being a student (subject to) or being a professional (subject of)

- Determine the role: Is the individual describing this experience as a student or as a
professional?

- Look for clues about their stage in education or career, e.g., undergraduate
coursework vs. faculty research.

- Keep in mind that some experiences have both

Examples:

- Student: “I attended a lecture on quantum mechanics.”
o BS = Learning within a lecture a setting
o Vs. BP=Teaching within a lecture setting

- Professional: “I prepared grant proposals to secure research funding.”
o Think about whether a student would experience

Codes:
Being a student (BS)
Being a professional (BP)
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Step 3: Categorize the experience type

- Curricular:
o Academic courses or labs tied to a degree.

- Co-Curricular:
o Activities adjacent to coursework, such as research, seminars, workshops, and
conferences.

- Extracurricular:
o Activities outside academics, such as sports, outreach, or clubs.

Examples:
- Curricular: "In my organic chemistry lab, I learned titrations."

o Apart of curriculum for degree
o Usually for letter grade

- Co-Curricular: "I attended a workshop on scientific writing."
o Experiences that occur alongside formal coursework but are not required for a
class
o Usually related to degree subject (or to aid in experience/skills)
o Usually not for letter grade (research work study is a special case)

- Extracurricular: "I participated in a sorority outreach event."
o Not necessarily related to degree subject

Codes:
Curricular (C)
Co-Curricular (Co)
Extracurricular (EC)
(Personal/Unique experiences = not categorizable within C, Co, and EC)
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Step 4: Identify the Context of the Experience

- Ask:

What is the specific context or situation surrounding the experience?
Consider details like location, purpose, and duration.

Each categorical experience has unique contexts.

Examples:

- Curricular:
o Traditional:
= Standard classroom instruction and structured coursework
environment.
o Lab Class:
= Includes hands-on experimental learning, data collection, and practical
application of concepts.

- Co-Curricular:
o Research:
= Involve applying academic knowledge to new investigations,
developing research skills, working closely with faculty or research
teams, and engaging in scientific inquiry beyond the traditional
classroom.
o Seminar:
= Structured learning experiences outside of regular coursework where
individuals attend talks, discussions, or panels. Focused on specific
research topics or career development.
o Conference:
= Formal gatherings, often regional, national, or international, where
individuals present their work, attend presentations, network, and
engage with the broader professional or academic community.
o Workshop:
= Interactive designed to build specific skills, expand knowledge, or
foster professional growth through activities, discussions, or training.
o Internship:
= Structured, short-term work experiences that allow students or early-
career individuals to apply academic knowledge in real-world
professional settings, often offering hands-on exposure to industry,
research, or other career-related environments.

- Extracurricular:
o Outreach:
= Engaging with the broader community (often outside the university or
formal education setting) to promote science awareness, inspire others,
and share knowledge. These activities are voluntary and contribute to
community building and science communication skills.


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5rp00465a

Page 31 of 31 Chemistry Education Research and Practice

View Article Online
DOI: 10.1039/D5RP0O0465A

o Organization:
= Participation in student-led, academic, professional, or social
organizations that are outside the formal curriculum but often support
personal, academic, or professional development. These experiences
build leadership skills, and networks through involvement, service, or
leadership roles.
o Sports:
= Organized athletic activities (intramural, club, or varsity sports) that
occur outside the formal academic curriculum. Sports involvement can
shape personal development by fostering teamwork, leadership,
resilience, discipline, and time management skills.

Codes:

Curricular:
Traditional, or lecture style (T)
Lab class (La)

Co-Curricular:
Research (R)
Seminar (Se)
Workshop (W)
Conference (Cf)

Extracurricular:
Outreach (O)
Sports (Sp)
Organizations (Or)
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