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Being in the first generation to access Higher Education (First Gen) is a barrier to academic success. First
Gens face difficulties transitioning into, completing, and attaining competitive grades in undergraduate
studies despite intervention strategies. Triangulating data across studies, we reveal the unique challenges
resulting from being First Gen in science and show how these persist at every stage of a career in

academia. We propose that invitation practices, i.e. behaviors that encourage, guide, and/or affirm
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Accepted 28th April 2025 others, need to be intentionally directed towards First Gens throughout their career journey to
successfully support their retention and progression in science. As First Gens are overrepresented in
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Introduction

Being First Gen, that is, being in the first generation of a family
to access Higher Education, is widely recognised as an obstacle
to academic success." First Gen students are less likely to receive
or pursue career guidance,>® more likely to struggle with the
transition from school,* have a higher risk of dropping out of
university,” and are less likely to attain competitive grades.®
These discrepancies are thought to be due to factors such as
worries about finances” and lack of family support.®* While there
are different definitions of what constitutes First Gen,® T there is
broad agreement that First Gens are disproportionately identi-
fied within underrepresented racial and/or ethnic groups and
those from low-income backgrounds.'®'* In order to address the
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underrepresentation of diversity in academia, supporting these
individuals has been the subject of many institutional pro-
grammes and initiatives across the globe.” However, for the
most part these initiatives focus on known challenges that
impact all First Gens," such as supporting the transition into
Higher Education,” or the successful completion of a first
degree.” They do not address or differentiate between specific
disciplinary contexts and rarely support First Gens as they
navigate an academic career beyond obtaining their first degree.
Building on the success of current global initiatives,"**® we
believe that achieving diversity in science demands more than
just supporting an individual to obtain their first degree.
While there is a plethora of advice for would-be academics in
general,"?*® few studies have been conducted that specifically
focus on building a career in science.** There is a notable gap in
the literature when it comes to developing academic identity
and a successful career in science, particularly for underrepre-
sented groups. In addition, there are a range of disciplinary
specific challenges that cannot be generalised. For example,
thriving as a successful scientist almost always demands
continuing study in the form of graduate degree(s).>* Post-
graduate (PGR) study is known to be a period that is particularly
challenging to navigate for individuals from groups historically
underrepresented in academia.”” A scientist seeking to obtain
an academic scientific position must normally obtain a PhD,
followed by securing post-doctoral researcher position(s),
fellowship(s), and/or successfully obtain grant funding>?* in
addition to maintaining a stellar record of research publica-
tions and collaborations to achieve success.”” There are well
recognised barriers for women,*® Black,”” those with a minority
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racial and/or ethnic background,® disabled,” and LGBTQIA+*°
scientists. It is no surprise that underrepresented groups report
feeling isolated, suffer from imposter syndrome, and feel they
do not belong.”®** Given the overrepresentation of First Gens
within these groups, individuals are likely to experience com-
pounding intersectional barriers to achieving academic
success.*” However, due to the conflation in many studies of
being First Gen and being an individual with protected char-
acteristics, the barriers specific to being First Gen for those
wanting to establish or continuing an academic career in
science are less understood.

Retention and progression of underrepresented groups in
science is essential to achieve a diverse and inclusive scientific
community.**** To support retention and progression of First
Gens within science, it is essential to first understand the
distinct ways in which First Gen scientists perceive and expe-
rience intersectional barriers to building their research career.
From this unique vantage point, we can determine what is
needed to build a more inclusive scientific community. Within
the study presented, we seek to:

(1) Understand the unique ways in which First Gen scientists
perceive and experience intersectional barriers to building their
career and development;

(2) Identify features necessary for successful support inter-
ventions introducing the notion of ‘invitation’ as a practice for
the continued support of First Gens throughout their academic
careers.

Herein, we present findings from a semi-systematic review of
literature on First Gen chemists and scientists together with the
first data on a mixed cohort of researchers across multiple
career stages involving over 300 international scientists who
predominantly identified as supramolecular chemists. Supra-
molecular chemistry is a somewhat unusual field within
chemistry as it encompasses physical, inorganic, and organic
chemistry.® In addition, supramolecular chemistry is adjacent
to other physical science and bioscience disciplines,*** and
collaboration and movement between these disciplines is
common.*®" As such, supramolecular chemistry can be viewed
as a microcosm of scientific disciplines and representative of
some of the more challenging conditions for retention and
progression of underrepresented groups. Our sample had an
overrepresentation of participants who identified as having one
or more protected characteristic(s) (36%), and an over-
representation of women across all career stages. Women are
generally considered to be underrepresented in chemistry and
science and this underrepresentation is known to increase with
career stage.*

Experimental

Building an inclusive scientific community necessitates novel
approaches that instigate cultural change.* This paper trian-
gulates findings from three studies: a semi-systematic literature
review; a community-led online survey; and community-based
in-person creative and reflective workshops. Embodied
Inquiry was used as the conceptual framework and theoretical
approach for this research.** See Section S2t for an overview of
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this approach and details of the combination of methods used
within each study. The theoretical framework for this research
is Embodied Inquiry,* which is a theoretical and methodolog-
ical approach to research design, data generation, capture and
analysis. When used as a theoretical framework, Embodied
Inquiry enables rigorous research through gathering robust
data for a mixed-methods analysis whilst encouraging reflec-
tion, emotional engagement, and connection so that research is
with rather than on participants. This study builds on previous
work developed to support underrepresented groups in supra-
molecular chemistry,***** and biology based doctoral
students.”” The focus on the lived and embodied experiences of
First Gens arose from community led discussions on the
barriers and obstacles for specific groups identified within
a collaborative autoethnography.** Here we use a selection of
creative and embodied methods with the community to gather
multi-layered data, facilitate meaningful participation, build
trust, allow people to share and process experiences and the
emotional impacts of barriers, and reflect on how they might be
overcome or ameliorated. Throughout all the studies the data
were analysed iteratively and reflexively with themes identified
as a result of the data analysis. This enabled the community to
raise the themes which impacted on them, as opposed to the
research leads introducing predetermined themes.

Study 1: semi-systematic literature review

In order to obtain a broad overview of the current state of
research on First Gen scientists and identify areas for further
exploration, we conducted a semi-systematic literature review.
This combined a systematic approach to surveying and select-
ing literature®® with a written discourse* to allow for a diversity
of ways of understanding or “plurality of knowing”.*® The aim
was to identify literature sources concerned with First Gens and
chemistry, though our search was widened to include more
general literature encompassing First Gens, wider science
disciplines, EDI (equity, diversity and inclusion), chemistry,
outreach, and widening participation. This broad search led to
identification of 156 sources. After applying inclusion and
exclusion criteria 10 sources were excluded, 136 were cat-
egorised as background literature which was still analysed and
coded, and 10 sources were selected for inclusion (Table S27).
Of these published works, half measured the success and/or
impact of various interventions for undergraduate (UG) First
Gen chemists. Five considered transitions into Chemistry UG
programmes and/or introductory courses to UG Chemistry for
First Gens.*7*%2 Two examined the experiences of First Gen
chemistry UGs.”** One included doctoral Chemistry students
in addition to UGs and measured levels of satisfaction with
financial aid and peer support for minority and First Gen
students.*® One source focused on high school students and
beliefs around maths and science.*® The final source explored
the impact of a professional development programme for
faculty on inclusion of First Gens.”” Our review confirmed
significant gaps in the literature relating to:

(1) First Gen experiences of building a career in scientific
research;

© 2025 The Author(s). Published by the Royal Society of Chemistry
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(2) Identification and inclusion of challenges specific to First
Gens in science as part of intersectional inclusion and support
initiatives.

In contrast, the key areas of interest identified through
inductive and reflexive thematic analysis of the background
literature included general barriers experienced by First Gens,
a lack of capital or knowledge, and a lack of support and/or
access to resources (Tables S3 and S471). A survey, Study 2, was
subsequently designed to explore how these key areas of
interest were experienced by the scientific community.

Study 2: community-led online survey

A survey containing questions informed by Study 1 was
completed online by 136 international participants from the
scientific community. The questions were designed to elicit
mixed data to enable both qualitative and quantitative analysis
(Table S47). The structure was modelled on previous successful
community-led surveys from the International Women in
Supramolecular Chemistry (WISC) network.**** It was open to
participants of all genders and career stages, whether they
identified as First Gen or not. The data were cleaned then
analysed in three stages; (i) categorisation of answers to
demographic questions before simple descriptive statistical
analysis, (ii) reflexive thematic analysis of long-text answers,
and (iii) categorisation of coded long-text answers for regression
analysis.®® This mixed-methods analysis allowed us to identify
broad patterns and then ascertain whether these patterns were
statistically significant. The participants were broad in terms of
geographic spread, career stage, gender, and caring responsi-
bilities (Fig. 1). The survey questions were designed to better
understand First Gen experiences, and whilst our sample was
skewed towards First Gens, 33% of participants identified as
non-First Gen, enabling comparison between these two groups.
The majority of respondents were born and/or raised in Europe.
Participants originated from six continents, although now only
resided in five. Of the total number of survey participants; 45%

Sample demographics (n = 136} A0

36% self-
identified

with at least one
protected

characteristic 26.5% 80

had caring

First Gen non-First Gen

55.9%
women

66.9% First Gen

" oo B ° 2? F
* 4 T4 1

Aﬂ? ,? . ?? IE
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9 *UGT ’PGRI 'Ecﬂi *MCRi *LCRT

Percentages of First Gens, non-First Gens, and
gender at each career stage

Fig. 1 Survey sample demographics (n = 136) showing numbers of
respondents across continents, proportion of women, First Gens,
people identifying with at least one protected characteristic (e.g. race,
ethnicity, disability, sexuality), and caring responsibilities for a child
and/or others. UG = Undergraduate, PGR = Postgraduate Researcher,
ECR = Early Career Researcher, MCR = Mid-Career Researcher, LCR =
Late Career Researcher.
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were PGR researchers completing Masters or PhD studies, 19%
were mid-career stage (MCR), 13% UG, 9% were classified as
late-career stage (LCR), and 8% early-career (ECR). Most stated
they had no caring responsibilities, though 18% reported caring
for a child or children, 5% caring for an elderly person, and 2%
a mix of caring responsibilities (see Section S3.21 for full
descriptive statistics and demographics).

Study 3: reflective workshops

Finally, in-person creative research approaches were used in
three workshops held as part of disciplinary conference events.
The workshops were designed to facilitate an environment
where participants were encouraged to reflect, process, and
share their lived experiences, including the experience of being
First Gen. Although students of the physical sciences are not
routinely taught to reflect as part of the curriculum, when given
the opportunity this approach has proved effective at building
a sense of community whilst gathering robust data.** Within
these workshops 108 pieces of hard-copy data and two online
notice boards (individual and group responses) were collated
and analysed using reflexive thematic analysis. When reporting
on these data where a participant clearly stated their demo-
graphics, these have been included, otherwise not.

Results and discussion

Study 1 was used to guide the questions asked in Study 2.
Studies 2 and 3 were used to generate data enabling insight into
the experiences of First Gen scientists and identify where those
experiences were specific to First Gens as well as where they
connected and overlapped with experiences of other underrep-
resented groups, and where they were common to many indi-
viduals in science. As previously reported,’® some Study 2
participants commented that being First Gen was not always an
identity they had considered:

“I didn't really think about this in the beginning. Only when I
started my PhD.” First Gen, man, LCR, white.

Others owned their First Gen identity completely:

“It means a lot to me and is a thing of pride/joy” First Gen,
woman, PGR, black.

For many, the idea of being First Gen was complicated, or
they were conflicted about their status (Fig. 2). When catego-
rising participants in our analysis, five were labelled First Gen
as their parents had not successfully completed a course of
Higher Education study. The sixth, who said he was the first to
study chemistry, was not.

Having identified the complex nature of First Gen identity,
we report and discuss our findings under three broad themes:

(1) Capital;

(2) Barriers, with sub-themes,

(a) Financial burden,

(b) Isolation,

(c) Imposter syndrome;

(3) Access, with sub-themes,

(a) Invitation,

(b) Community.

Chem. Sci.


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5sc00205b

Open Access Article. Published on 30 April 2025. Downloaded on 5/12/2025 10:01:16 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Chemical Science

Complex First Gen Identity
“My father did an

apprenticeship as a carpenter,
and | don’t[sic] really know if

“My father started a
study but only for one
term, then he quit.

5 this counts as higher
“My parents didn't education.” So | think I'm still
g0 to university, but | think the first?”
that | would consider their
“l am the first to study

education level university
level. | never really
thought about it.”

Study 2, UG, Study 2, PGR,

Chemistry. My parents
studied Microbiology and
Biology”

man, white,
no caring.
responsibilities

man, white,
no caring responsibilities

Study 2, UG,
man, white,
no caring responsibilities

“My older sister was the first
of my direct family, but we're the
same generatlnn. I am not so sure

for my more distant family,
to whom I don't have much of a
contact, so | wouldn't count
them”

Study 2, MCR, woman, white,
cares for a child/children

“My dad did go to university but dropped out; my
mum went to some sort of post-school college -
maybe drama? - but not degree awarding.”

Study 2, LCR, man, white, no
caring responsibilities

Study 2, PGR, woman, white,
no caring responsibilities

Fig. 2 Quotes from individuals that illustrate the complexities of First
Gen identity. Quotes from individuals categorised as First Gen are
shown in orange, non-First Gen are shown in green. The study that
generated these data are also provided alongside details of the indi-
vidual that provided the quote.

Capital

This theme directly relates our findings to the existing literature
around First Gen experiences in Higher Education. A well-
established barrier for First Gens, as reported by Gangitano,*
Uche,” and corroborated from the data here, is a lack of social
and cultural capital.®* Social and cultural capital refers to the
understanding and knowledge of norms and systems in society
that are afforded to someone through their networks. It “is
acquired over time...It can enable an individual to navigate a field,
knowing the ‘rules of the game”.®> For most people our family
form our primary network and source of building capital prior
to adulthood. Families therefore play a huge role when it comes
to choosing a career or life path and understanding how to
navigate it. Beyond the family, an individual's peers and
colleagues are likely the next port of call to build social and
cultural capital. Please see ESI materials Section S1t1 for more
context on Bourdieu's conceptualisations of social and cultural
capital.

Study 2 data showed First Gens are 10% more likely than
non-First Gens to say they had no support at all- from family or
elsewhere. Unsurprisingly, First Gens were also 26% less likely
to say they had family support than non-First Gens (Table S8ct).
This lack of family support was not found to be significantly
compounded by gender, having a protected characteristic,
caring responsibilities or moving country (Table S8dt). One
respondent said:

“I have felt slightly disadvantaged or like I am a step behind
everyone else as I can't really go to my parents for advice or help as
they don't fully understand the higher education system or how it
works etc. So I've had to spend a lot of time finding out this infor-
mation myself, which obviously puts me behind other people who
have people in their life that have been through the university
experience.” Study 2, First Gen, PGR, woman, white, no caring
responsibilities.

While others used family networks to receive support from
university faculty:

“I went to talk to a professor at the chemistry Dep because my
dad knew her personally” Study 2, non-First Gen, MCR, woman,
white, cares for a child/children.

Chem. Sci.
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“I remember my PI bringing his son to work along with us in the
laboratory so that he could have his first experiences in the lab.”
Study 3 participant.

Non-First Gens described how family networks supported
them emotionally and financially:

“[In response to sources of support] My bank account my parents
did for my studies” Study 2, non-First Gen, UG, man, white, no
caring responsibilities.

“My parents encouraged me to apply to University” Study 2,
non-First Gen, PGR, man, white, cares for parents.

The advantages of social and cultural capital can manifest in
many areas of academic life such as being pre-exposed to the
academic environment or having confidence navigating the
systems and social networks necessary for career advancement.
A deficit of social and cultural capital can lead to intense feel-
ings that last throughout even a successful scientific career:

“My whole career has been a surprise- I have landed on my feet
so far, but not because I knew what I was aiming for!” Study 2, First
Gen, LCR, woman, white, no caring responsibilities.

Being First Gen often intersects with lower socioeconomic
backgrounds, leading to a demonstrable discomfort and lack of
capital around ‘middle class’ social interactions as well as
research specific activities:

“The whole thing, start to finish. Trying to understand influence
networks, the old boys club, how funding works, social interaction
in the middle class, etc.” Study 2, First Gen, ECR, man, white, no
caring responsibilities.

As seen in Study 1, current research on or with First Gens is
skewed towards UG or PGR cohorts and their experiences of
transitioning into Higher Education. Here, we show that the
landscape, networks, and environment in scientific research
can be equally difficult to navigate for First Gens throughout
their career. A full Professor shared:

“I am still learning the nuanced ways the career of others can be
advanced by a strong pedigree and a good mentor (Who advocates
and promotes their former co-workers). The majority of careers in
the field spring forth from a relatively small number of (big) groups,
and having never been part of this can feel quite isolating some-
times. If the field is a river, those main currents are quite distant,
and being a first generation researcher is akin to being a small pool
on the bank. One spends an inordinate amount of time clearing
boulders and debris in an attempt to become an acknowledged part
of the main flow.” Study 2, First Gen, LCR, man, white, cares for
a child/children.

Overall, the data captured and generated as a result of our
embodied inquiry supports and extends understanding of how
a lack of social and cultural capital can be linked to barriers
around networking, guidance and expectations, accessing
resources, and feeling isolated or alone in Higher Education
and research environments.

Barriers

All the participants in Studies 2 and 3 were asked about the
barriers and opportunities they experienced in Higher Educa-
tion and through their academic careers. Examples of their
responses are provided in Fig. 3a. Many of these, such as “bias”,

© 2025 The Author(s). Published by the Royal Society of Chemistry
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“sexism” and “unhelpful P.Is [Principal Investigators]” suggest
that underrepresented groups in particular feel the impact from
a lack of role models, supportive networks, and low levels of
diversity within the scientific working environment. First Gen
participants also identified barriers specific to being First Gen
including financial burden, isolation, and a lack of guidance
resulting in not knowing what to expect, reduced feelings of
confidence and belonging, and an inability to network.

When asked explicitly about the barriers First Gens might
face, two-thirds of non-First Gen participants either did not
provide an answer or indicated that they did not feel there were
significant challenges for this group. Of the non-First Gens who
did understand there were particular challenges for First Gens,
86% were postgraduate or undergraduate students. This indi-
cates awareness of the unique experiences of First Gens
amongst people early in their careers in Higher Education and
science:

“I believe they had to work against more[,] most likely. Rather
than being assumed to go into a bachelors or graduate degree, they
likely had to motivate themselves to continue through it despite
family potentially feeling like it is unnecessary or a waste of time.”
Study 2, non-First Gen, PGR, woman, white, cares for a child/
children.

a) Barriers b) Do you feel a financial burden? sy, First cen, Par,
study2, woman, white, no Caring
First Gen, LCR, responsibilities
woman,

white, cares for
achité/childran

“Yes | just didn’t
know what resources
‘were avallable ”

*I worked full time
alongside my
undergraduate study and
continua to work
- additional part time roles
e “I definitely worry abaut money  alongside my funded PhD”

more than my non-1st Gen
colleagues. I also worry about paying my students -
my colleagues seem more laissez-faire about this. It
does have disadvantages because you can definitely
see where name or family recognition helped someone
-Sexism get a job or a fellowship. They atso know more about
-Pis that don’t help where 1o go to school and how to
-Socioeconomic frame proposals”
struggles
-Being away from
family
-Mental health
| -Not having enough
people with similar
struggles in the field

“White males dominate-

no afternative role
odels’

“Blind faith
n

i
meritacracy”

Lack of skills
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this is still a career
path “When will you
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and still has a really big impact = expressing feelings of
on my fears about my field and  beingan
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a company. In addition, the facta
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fixed term and not permanent ...
is quite a worrying thought.”

"FIRST GEN
MEANS
UNCERTAINTY"
"-No example to follow

-Have to figure
everything out alone

A=)

non-First | -
en
First Gen

"My main fear is to not be good enough and also
to not have people who understand my problems
or people with whom I can discuss my doubts. In
my professional future, | fear to not be able to
combine my personal life with academia."

First Gan,PGR, woman, white, no caring responsibilitias

Fig. 3 Quotes and drawings from participants of Studies 2 and 3. Data
from First Gens are shown in orange, Non-First Gens are shown in
green. (a) Illustrates key barriers to Higher Education and/or research
careers shared by participants of Studies 2 and 3. (b) Quotes from
Studies 2 and 3 relating to feelings of financial burden. (c) Quotes from
Study 2 relating to participants’ imposter feelings. (d) First Gen
reflections on belonging and isolation from Study 3.
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However, we believe that unless they are themselves First
Gen, many senior scientists with the authority and resources to
support, guide, or mentor early career researchers are likely to
remain largely unaware of barriers for this group.

Financial burden. First Gens are reported to feel an
increased financial burden compared to non-First Gen peers or
other underrepresented groups.”** Our data corroborates this,
and uniquely demonstrates the long-lasting impact that finan-
cial burden places on First Gens throughout a scientific career,
not only during transition into or completion of UG study. In
Study 2, analysis showed First Gens were 28% more likely to feel
a financial burden compared to their non-First Gen counter-
parts, with double the proportion of First Gens mentioning
financial burdens as non-First Gens. This correlation was not
confounded by gender, protected characteristics, caring
responsibilities or by the participant moving country. In fact,
the impact of being First Gen increased in the presence of these
variables, staying significant and rising to 28.6% (Tables S8a
and S8bf). First Gens are often international students or first-
generation immigrants,” resulting in intersecting financial
barriers. For example, one participant described coming from
a middle class Pakistani family who could not offer financial
support whilst she studied in the UK. The comparison between
groups was striking. Non-First Gens commonly referred to
sources of additional family support and accumulating various
types of financial aid. They demonstrated knowledge of systems
and scholarships as much as familial support. Conversely, very
few First Gens included within Studies 2 and 3 mentioned
sources of financial support. Whilst efforts have been made in
the UK and other countries to set up scholarships, grants, and
bursaries to ‘widen participation’ in Higher Education and
support underrepresented groups,'®'’*>** the individuals
requiring these resources seemed largely unaware of them. The
majority of our First Gens described working one or multiple
jobs whilst studying to finance education and living costs. As
indicated by the literature reviewed in Study 1, our data show
First Gens experience a greater financial burden than non-First
Gens. We hypothesise this is in part due to a lack of knowledge
and/or guidance on how to access resources.

Isolation and imposter syndrome. The concepts of imposter
syndrome, self-confidence, and belonging are closely related
and often used interchangeably.’*” Imposter syndrome is
defined as a behavioural health condition resulting in depres-
sive tendencies, harsh self-criticism and social anxiety.
Sufferers attribute success to luck, timing, or even charm rather
than their own competence." Many of these behaviours, such as
self-criticism, are associated with low self-confidence.
Discourses on student experiences of belonging often refer to
connectedness and socialisation leading to better education
and life outcomes.**** Essentially, a sense of belonging is the
opposite to isolation. Feelings of isolation result in low self-
confidence and other mental health challenges.®® Imposter
syndrome, self-confidence, and belonging have been shown to
have varying effects on student experience.***® However, they
are neither well explored in relation to First Gen status, nor well
investigated in the research community beyond UG and PGR
study. In order to shed light on First Gen experiences we
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included questions within Study 2 relating to fears, apprehen-
sions, and general experiences of studying and researching.
Where participants expressed fears of being an outsider, inad-
equacy and/or fraudulence, the data were coded to ‘imposter
feelings’. Twenty-nine Study 2 participants described experi-
ences categorised as imposter feelings, for example:

“I'was worried when 1 got to college I would be out of my league.”
Study 2, First Gen, MCR, woman, white, cares for a child/
children.

We also found a significant correlation between feelings of
isolation and feelings of imposter syndrome, though imposter
syndrome was more widespread across the sample. Whilst the
majority of expressions of imposter syndrome (72%) were from
First Gens, non-First Gens were not exempt from feeling as
though they did not belong (see Fig. 3c). In all, 23% of First
Gens spoke about feeling like an imposter, compared to 2% of
non-First Gens. Participants in both Studies 2 and 3 used terms
such as “exposed’ and “not good enough” to describe academic
life. Workshop participants from Study 3 reflected on their
experiences (see Fig. 3d). One participant wrote “you had to be
part of the “club” in this group (to get a chance to speak at meetings
for example)”. The use of the word ‘club’ emphasises the expe-
rience of being an outsider without an invitation to join the
exclusive inner circle who are afforded additional respect or
privilege. They continued: “Women or members of other margin-
alised groups would have a harder time breaking in.” The phrase
‘breaking in’ implies a wall, barrier, or separation that must be
overcome if individuals are to participate fully, even within
a research group. Similar sentiments are seen in another
participants’ drawing showing individuals (un)intentionally
denied access to an institution or identity through a building
housing figures with the same shape head with others excluded.
First Gen participants shared a unique sense of isolation
resulting from a lack of family support, understanding, or other
supportive networks:

“Understand that many of us do not have networks of friends
and supporters in what we do. Many of us also carry heavy financial
burdens into careers if from poorer backgrounds, so self-funding
internships, conferences and events is often impossible.” Study 2,
First Gen, ECR, man, white, no caring responsibilities.

“There's no one in your immediate family whom you can look up
to” Study 3.

“Have to figure out everything alone” Study 3.

It is well documented that supportive familial and/or social
networks and interactions are vital for well-being.**”® Given the
level of isolation First Gen participants described experiencing,
it is likely they will encounter significant negative impacts on
their wellbeing and mental health throughout their career.

Access

Those from underprivileged backgrounds have less access to
good quality resources and guidance, particularly around
careers advice.” A lack of guidance or expectations was the most
frequently mentioned challenge in Study 2 for both First Gens
and non-First Gens. We defined ‘guidance’ to include sign-

posting towards resources, options, and opportunities.
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Expectations were defined as being exposed to or told directly
what to expect and/or how to navigate upcoming experiences
specifically related to academic progression. As shown in Fig. 4,
participants across Studies 2 and 3 described challenges around
career paths and reflected on the scarcity of resources and
guidance.

Interestingly, when it came to accessing resources, we found
men were 12% less likely to use online resources than women
and other minoritized genders. This could be connected to the
additional barriers and increased feelings of isolation experi-
enced by women in science: Women are less likely to be credited
for their contributions in science.” They are less likely to be
confident even when they are competent,” and with fewer role
models to look up to and be guided by, it makes sense they
would be more likely to source resources online than risk being
seen as incompetent or needing help. However interestingly, we
found no relationship between being First Gen and accessing
resources online. Being First Gen is a hidden identity, and
unless explicitly disclosed, it would not necessarily be obvious
from the outside. In Study 2, First Gens frequently expressed
experiencing inadequate guidance and lack of expectations as
they described persisting in and completing study, or progres-
sion through an academic career. They used phrases including
“never encouraged”, “clueless” and “I hadn't considered continuing
down the academic route”.

As seen in the sub-theme ‘financial burdens’, a lack of access
to information and opportunities compounds other barriers.
Our analysis has led us to believe that the key to understanding
and addressing disparities between the experiences of First
Gens and their non-First Gen counterparts is recognizing that
First Gens experience a deficiency of invitation behaviors
compared to their non-First Gen counterparts.

Invitation. This sub-theme was identified through analysis of
data from Studies 2 and 3. Invitation in this context can be
defined as a direct message of encouragement, support, guid-
ance and/or validation extended from someone within the
academic community to someone either outside of it or less
experienced than themselves. Invitation practices or behaviours
are deliberate actions that extend these messages either directly

Access and guidance “l knew about
academic
careers as my

dad was an

“I didn’t understand the requirements or ‘workings’ of academia.
b It was hard to find information. | did my undergrad through Open
University, so also didn't have ‘easy access’ to chat to tutors’

\‘ “First Gen challenges

academic”
“When | think about it | feel how much
e " less priviliged | was in my journey of Study 2, non-First Gen,
* getting information to Science” Y Y e
them cares fora
- opportunities - | didn't i
know about undergrad “Coming into academia I think | was quite h‘;‘:_?‘:;“?-
research until my senior naive and didn’t really understand the kind of navigate

career progression etc. however non First Gen

year"of Undergrad people probably would have already

= starting faculty I had no =need network

N ) understood this before entering the field of to point you

idea how to do anything.  academia and so would be at an advantage as towards

| have been a step or two they wouldn’t be spending as much time Fh,zs,et.
mitiatives

behind on every stage of my
career because of a lack of
knowledge”

figuring it out”
Study 2, First Gen,
ECR, woman, white,
no caring responsibilities

~>doesn’t reach
the correct
group”

Fig. 4 Reflections from First Gens (Study 3) and quotes from Study 2
participants on access and guidance. Quotes provided by First Gens
are shown in orange, those from non-First Gens are shown in green.
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or indirectly. Many Study 2 non-First Gens shared how an
academic figure had been influential to them:

“My mentor supported me in pursuing a PhD” Study 2, non-
First Gen, MCR, woman, white, no caring responsibilities.

“University careers advice centre and members of the university
lab I worked in after my degree (because I did a vacation placement
in a uni lab)” Study 2, non-First Gen, LCR, woman, white, cares
for a child/children.

In other words, these individuals were ‘invited’ onto the
pathway of a career in scientific research, which emphasises the
positive influence of invitations and interactions with faculty.
This also highlights how much more common it is for non-First
Gens to access the kind of positive relationship with a faculty
member that will facilitate an invitation both into and then
within Higher Education. Being ‘invited’ when a student is in
secondary education is incredibly influential.” It is well estab-
lished that invitation behaviours, although not defined as such,
are key for encouraging underrepresented groups to progress
into Higher Education.””® Teachers are recognised as signifi-
cant players in raising the science capital of their students.”
Invitation makes people aware of their potential, affirms their
capabilities and aspirations, and directs them towards oppor-
tunities and resources to guide their journey. Our data corrob-
orate these findings. Many First Gens described invitation
behaviours from teachers and education practitioners in their
secondary education that positively influenced their choices,
see Fig. 5.

In addition, our data demonstrates how First Gens were
successfully supported transitioning into science and Higher
Education through invitation behaviours that allowed them to
build self-confidence and develop capital. However, when
reflecting past this transition point, there was little mention of
invitation behaviours. We propose intentionally implemented
invitation behaviours within Higher Education practiced
throughout the academic career is the key to providing targeted
support for First Gens and other underrepresented groups in
science. Intentional invitation behaviours will increase the
chances of First Gens and other underrepresented groups to
initially pursue and later thrive in a career in scientific research.

First Gen, MCR, man, white,
no caring responsibilities

Invitation in education

“Largely through
experiences at high school,
| enjoyed chemistry and

“My chemistry teacher
suggested | go to uni. Mostly
found out about from UCAS

and teacher. Supported by
teacher and family to a certain
extent”

was OK at it. | got some
encouragement from my
chemistry teacher (though
this was a low decile school
and he didn’t have a
chemistry degree either)”
First Gen,
LCR, man, white,
no caring responsibilities

SCHOOL
|| ghe

Dug

“I chose the subject that most
interested me at A-level and
also a subject that | was good at.
My teachers were confident |
was capable and supported my
decision”

First Gen, MCR, man,
white, cares fora
child/children

. “My science teachers  FirstGen, )
“My high school teacher who had an helped me greatlyand PSR woman, white,
industry job in R&D before allowed me to plan out  responeibitities
becoming a teacher supported my my future career path.”

choice”

First Gen, UG, woman, white,
no caring responsibilities

Fig.5 First Gen participant responses from Study 2 demonstrating the
impact of invitation from teachers and school staff. "UCAS” mentioned
by one participant is the University and College Admissions Service,
operating in the United Kingdom.
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Our conceptualisation of ‘invitation’ requires the inviter to be
embedded in academia. However an ‘invitation’ can take many
forms. It might be asking an UG student if they have considered
graduate study, and/or pointing them towards scholarship
opportunities. It could be a group leader ‘inviting’ a post-
doctoral fellow to consider applying to a fellowship or lecture-
ship, or a post-doctoral fellow complimenting the research
abilities of a PhD student and encouraging them to continue,
alerting them to opportunities to do so. For anyone wanting to
practice invitation behaviours, thoughtful consideration and
reflection on unconscious bias is vital to ensure particular
demographics or groups are neither prioritised nor neglected.
These practices must reach beyond immediate circles of
colleagues and be intentionally targeted towards historically
underrepresented groups to help create a more diverse and
inclusive scientific community.

Community. Students and ECRs are often advised to find
a community for support, particularly if they are from a histor-
ically underrepresented group.*’*’®”® For example, finding
a trusted network of peers and mentors is vital for the retention
and progression of women in science.*** The importance of
a community or network as a means of sharing lived experi-
ences, disciplinary specific support, and signposting guidance
was clear for the participants of Studies 2 and 3. They used
networks to find and connect with peers and mentors. This was
even more important for those without family support such as
First Gens:

“Use your network, your chosen family for help if you don't have
it in your family.” Study 2, First Gen, ECR, woman, white, cares
for a child/children.

“Networking is your friend and will only help you in your future
endeavours. The more people you interact with in the field the more
you can develop working relationships for example working with
others on a project or getting ideas and thoughts from them” Study
2, non-First Gen, PGR, white, no caring
responsibilities.

Guidance is essential to navigate career progression in
scientific research, with the positive impact of mentors for
underrepresented groups?® well recognized (see Fig. 6):

“My grad student that I worked with and my undergraduate
research mentors helped me with choosing a grad school. My
dissertation mentors helped me with a postdoc and career choice.
My parents and now spouse always supported me. My PhD advisor
sometimes was like “ok if that's what you really want to do - I'll
help.” Study 2, First Gen, MCR, woman, white, no caring
responsibilities.

“I needed a mentor that would explain their career journey, offer
other career paths and introduce me to other people they may know
on other career paths for me to meet and question.” Study 2, First
Gen, ECR, woman, white, no caring responsibilities.

“Get mentors—several of them and listen!” Study 2, First Gen,
MCR, woman, Black, no caring responsibilities.

Networks and mentors are particularly key for First Gens
who lack social and cultural capital and are unable to access
information through family networks. Study 2 participants
advised other First Gens to establish their own networks if they
did not already have them:

woman,
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Study 2, First Gen, ECR, woman,
white, no caring responsibilties

Mentors and networks
Study 2, First Gen, MCR, woman,
white, no caring responsibilities

“lam the first who got a degree in my family.
When | started university nobody could give
me any advice about this
my family doesn’t understand my needs when it
comes to education. Anyway, especially my
parents very supportive, even if they don’t know
anything about what I do. I think they are
convinced it’s like I'm still in school”

“Understand that many of us do not have
networks of friends and supporters in
what we do. Many of us also carry heavy
financial into careers if from
poorer backgrounds, so self-funding
internships, conferences and events is
often impossible.”

Study 2,
First Gen,
ECR, man,

white,
no caring
responsibilities

«

My men(or. “I never really discussed my
supported me in ti ith ily-
pursuing a PhD” career options with my family-

academia is a very alien system

Study 2, o e

non-First Gen,  t0 anyone unfamiliar with it!

MCR, woman, white,

no caring responsibilities. ;’;‘w idv 3 Fi

Study 2, First Gen, LCR, man, white,
no caring responsibilities.

“Often by the time you learn what you should have been
doing its already too late - you are at a disadvantage. Some
people discriminate against you, or assume you are less “To a supervisor, be
capable than you are... [we need] a pack of advice about some w:llmg to m"‘ 'to What can be
of the 'unwritten rules' about what helps you do well in

academia, and advice, that could be made available and given students and answer \ done? @

out to people at early career stage. The hidden curricula questions at bout
stuff. The things that if you are not first gen you already careers”

know, but that if you are first gen you can pick up too late.’ “One mentor isn't enoug h

Fig. 6 Quotes from participants reflecting on their experiences of
having mentors and guidance. Quotes provided by First Gens are
shown in orange, those provided by non-First Gens are shown in
green.

“Contact people already in the system, postgraduate students,
academics, support staff. People are typically very happy to help or
provide advice. If you don't feel confident approaching such people,
write them an email.” Study 2, First Gen, ECR, man, white, no
caring responsibilities.

Communities and networks provided opportunities to share
lived experiences with people who had been through something
similar. They provided safer spaces to connect and helped
ameliorate feelings of isolation and loneliness:

“A safe space to ask questions, guidance on the different paths
available within academia- and also information about alternative
career paths.” Study 2, First Gen, LCR, woman, white, no caring
responsibilities.

“Understand that it will be extremely overwhelming at first, but
it really does get better with time. You'll get used to how the system
works and what's expected of you over time. Having a routine and
keeping a list of all of your responsibilities and expectations defi-
nitely helps” Study 2, First Gen, PGR, man, white, no caring
responsibilities.

“You are not alone. You are not the only one” Study 2, First
Gen, LCR, man, white, no caring responsibilities.

Not all community has to be academic. Despite many First
Gens reporting feeling alienated and alone because their
families did not understand the challenges they faced, many
others spoke of strong support systems and pride from their
families, akin to pride associated with other marginalisations.
Whilst a lack of capital meant families were unable to share
information or set expectations about Higher Education, First
Gens gained emotional support and encouragement as they
persevered through studies and careers (Fig. 7). One Study 3
participant drew an image of interlocking hearts, labelling it
“interlocked emotionally e[heart] catenane”. A catenane is
a supramolecular molecule consisting of two or more inter-
locking macrocycles- in this case represented by the two
interlocking hearts.

Communities and networks are also vital for raising aware-
ness about the hidden needs of underrepresented groups. This
research stems from and was supported by the international
Women in Supramolecular Chemistry (WISC) network. WISC
itself grew from peer support established by a small group of
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Study 2, First Gen, MCR,
‘woman, white, no caring
responsibllities

Pride “| am very aware of this
and how proud they are

about this. This brings a bit

A/

“My parents of pressure with itin that |
don't want to mess anything
are super
nter'ocked proud of up or to revert to a non
science job as they might be
disappointed”

»
emot'ona"y themselves!
_e[heart]catenane R Hed
P articiy
“l am really proud of what | have achieved. |
lost my parents in the first few years of my
undergrad, but they were really proud too. My
husband, son, in-laws and friends are all very
proud of me too and have said that | am an
inspiration. | feel really happy that | have found
something that | feel really passionate about
and that, even if much later in life, | am pursuing
my dream.”
FIrst gen, ECR, woman, white, no caring responsibllities

“lam quite glad that they are proud of
me, but now considering an academic career
path seems to them quite alien and they
sometimes wonder why I'll keep up with so
much effort considering the long time to get
towards real permanent positions. | am still
glad to maintain a good connection

to them.”

Study 2, First Gen, MCR, man, white,

no caring responsibilities Study 2,

Fig. 7 Quotes and an illustration highlighting First Gen reflections and
expressions of pride, including a ‘catenane’ shaped as two interlocking
hearts.

women who felt isolated, to become an international commu-
nity with its own mentoring programme and community
events.* Within Study 2, participants were asked how initiatives
(specifically WISC) could support First Gens. Many responses
mentioned the positive impact of raising awareness:

“Raising awareness that academic careers are a greater chal-
lenge for 1st generation scientists is already a great start and I very
much appreciate it, since so far I think barely any colleagues have
considered this fact. This might partially be related that most of
them actually came from families with at least one member having
academic background. 1 hope in future this initiative will lead to
additional support in terms of funding for scientists in later career
steps or at least provide early guidance to 1st gen students in terms
of what they are going to face and how they should be prepared for
this.” Study 2, First Gen, MCR, man, white no caring
responsibilities.

“The more conversations we have and the more people involved
the better” Study 3, online noticeboard.

“WISC could organize seminars to mentor specifically 1st Gen
supramolecular chemists or guest edit a special issue!” Study 2,
non-First Gen, MCR, woman, cares for a child/children.

Raising awareness is necessary while people still remain
unaware of the specific challenges facing groups such as First
Gens, for example the isolation due to a lack of family support
and the obstacles to accessing guidance and resources such as
mentors:

“I do not think there are disadvantages as long as they (First
Gens) have supporting mentors and families” Study 2, non-First
Gen, MCR, woman, white, cares for a child/children.

As previously discussed, positive influences and guidance from
mentors and communities are known to be of particular benefit to
First Gens and other underrepresented groups.”*** However, our
data indicate a clear disparity between the experiences of First
Gens and their non-First Gen counterparts when it comes to the
ability of First Gens to identify, access, and use support from
networks, communities and mentors to benefit their career.

Conclusions

Barriers to retention and progression such as discrimination,
bias, and imposter syndrome impact many groups historically
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underrepresented in science. First Gens face unique and
intersecting challenges. The impact of these challenges lasting
throughout career journeys has been clearly demonstrated by
the data capturing the embodied and lived experiences of First
Gen scientists at different career stages. In addition to being
more likely to come from an underrepresented group, First
Gens lack social and cultural capital, family support, are less
likely to access guidance, resources or make informal networks,
and feel isolation and financial burden more than non-First
Gens. Being First Gen is invisible and complex, complicating
effective signposting, identification, and eligibility for targeted
initiatives. Reduced access to career guidance together with
a lack of capital suggests First Gens are less likely to feel part of
communities, networks or pull on those they do have to advance
their career than non-First Gens. We have evidenced that even
First Gens who are well established and senior within their field
remain aware of the persistent and negative impact of barriers
to their progression: First Gens remain “a step or two behind” at
every stage.

The overrepresentation of First Gens in other underrepre-
sented groups means effective, targeted, and intersectional
interventions from individuals at established events such as
conferences could help build a more inclusive scientific
community. Intervention is needed to address First Gens' lack
of access to the guidance, resources, supportive networks and
mentors that facilitate feelings of belonging, career satisfaction,
retention, and progression. Given the impact of invitation
behaviours for initiating First Gens into Higher Education,
practicing simple, affirmative, and intentional invitation
behaviours towards First Gens and other underrepresented
groups should become commonplace for all people working
within scientific research. Feeling ‘invited’ by mentors and to
networks throughout an academic career offers the best chance
for progression and success. However, invitations must be
personal or come from a supportive community, not be a ‘tick
box’ approach. Successful mentoring requires a mentor inves-
ted in their mentee's success. Successful networks facilitate
authentic connections and a sense of belonging to a commu-
nity. Both ameliorate the feelings of isolation and imposter
syndrome endemic in First Gens and other underrepresented
groups.

In order to initiate the cultural changes that are needed to
diversify chemistry and science, action needs to come from
professional bodies and Higher Education institutions as well
as individuals. As a first step, raising awareness and recognising
the impact being First Gen can have on progression and careers
is vital. Acknowledging the existence of different types of
barriers immediately extends discourses around diversity and
inclusion to include groups who might not conventionally be
considered to be marginalised (such as white men from low
socio-economic backgrounds). Similarly, widening access to
initiatives that have been implemented to support specific
groups will embrace intersectional identities. Secondly, it is
important that institutions and professional societies practice
scaled-up invitation practices. They can do this by taking
responsibility for inviting and welcoming individuals into
different spaces without assuming that everyone knows what to
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do or how to behave. Clearly stating what is expected without
a sub-text or ‘hidden handbook’ known only to those familiar
with academia would help First Gens and other underrepre-
sented groups make the most of academic conferences, talks,
question and answer sessions, open days, or social events.
Institutions and professional societies can easily facilitate the
expansion of people's existing academic networks and relevant
knowledge and therefore play a role in raising social and
cultural capital for students and faculty at all stages of their
career. Invitation practices are a simple yet potentially trans-
formational means to facilitate inclusion so everyone has the
opportunity to achieve success within the chemical sciences.
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