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Abstract

This paper explores and showcases the return of two middle-aged women to science, tech-
nology, engineering, and mathematics (STEM) learning, education, training and profes-
sions. We use the lenses of transformative learning theory and intersectionality to explore
STEM identity development among our participant women in midlife, despite being
‘leaked out’ of the so-called STEM pipeline. We employ a qualitative phenomenological
research design, conducting narrative interviews and employing thematic analysis to
identify key themes for discussion. The implications derived from this small-scale study
(n = 2) suggest the need for further research that may potentially be of particular interest
to scholars, STEM industries and policy-makers (i) to recognise and act upon stereotypi-
cal, inequitable and one-sided views of the ‘STEM pipeline’, primarily those associated
with gender and age, (ii) to acknowledge, appreciate and showcase midlife women’s en-
trance into STEM, thereby benefiting their own personal and professional STEM identity
development, and their contributions to the STEM community, indeed to society more
widely, (iii) to fund and create informal and community-driven STEM opportunities for
middle-aged women to re-engage them with STEM and (iv) to re-think on the limitations
proposed by the STEM pipeline metaphor and to focus their attention to a motorway junc-
tion metaphor, in which women enter and leave the STEM carriageway at many different
points along the way.

Keywords: midlife; STEM; transformational learning; identity; intersectionality; narrative
interviews

1. Introduction

There are several-decades-long demands from governments and industries world-
wide to develop workforces with the potential to support and build scientific and techno-
logical economies (Metcalf, 2010; Camilli & Hira, 2019). Meanwhile, the necessary scien-
tific and technological skills are widely reported as being inadequate, the ‘supply chain’
short-lived, all leading to well-established discussions of STEM skill shortages and the
impact of people leaving STEM industries (Smith & White, 2022; Huyer, 2015). One key
recommendation from policies and practices is to develop these scientific and technolog-
ical skills in schools and support this throughout children’s education and professional
development—with the intention of retaining these young people within the STEM pipe-
line through to adulthood (Smith & White, 2024, 2025). Consistent leakage from this
‘STEM pipeline” has been widely reported, involving especially the underrepresentation
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of girls and women in STEM education and careers. This begins with lower aspirations of
schoolgirls to pursue STEM subjects beyond school science, resulting in lower numbers of
women in STEM education at university level, and so, very few women scientists, tech-
nologists, engineers and mathematicians continue with a STEM career (Makarova et al.,
2016). Women are also reported to ‘leak out of’ this unidirectional STEM pipeline even
after securing a STEM profession (for example, Almukhambetova et al.,, 2023; Park, 2023).

Although progress in the recruitment and retention of women in STEM has been ev-
ident in recent reports (British Science Association, 2020), it remains slow, and gender un-
derrepresentation remains notable. For example, compared with men, women in the G20
countries constitute only 35% of STEM graduates and 22% of the STEM workforce
(UNESCO, 2024). Zooming in on the UK over the last three decades, there has been an
increase in the number of female students compared to male students accessing higher
education, although the underrepresentation of women in the STEM workforce persists,
and wage discrimination and the paucity of women in senior positions are still alive and
well (Savic, 2019). For example, ‘27.6% of the core STEM workforce, representing over 1.4
million women across the UK—an all-time high .... It's positive to see an upward trend in
several areas, but we should remain cautious; these increases are slight ..., and still way
off gender parity in STEM’ (WISE, 2024, np). This gender parity is important, as scientific
and technological advancements are hindered by the limited involvement of women's
knowledge and skills in the sector (Bell, 2009; Jones, 2020).

The above reports from the British Science Association, UNESCO, and WISE, along
with many similar ones, provide a platform for examining gendered underrepresentation
and parity. Still, these are limited to representing a unidirectional STEM pipeline, aligning
with the folklore parable of the ‘leaky STEM pipeline’, which describes how people, espe-
cially women, are lost from a STEM production line; this is so much more the case for
women than for men (British Science Association, 2020).

This pipeline route from STEM education to STEM professions is primarily viewed
as achievable for those with high STEM capital; in other words, people with family or
societal opportunities in STEM industry are most likely to persist and advance in STEM
professions. However, we view these interrelated concepts as inequitable assumptions.
First, it assumes who can and cannot continue to be successful in the long run; as in our
previous studies, we discussed that ethnically minoritised British women (who are stere-
otypically viewed as unable to persist in the STEM pipeline) have succeeded in STEM
education and professions (Salehjee & Watts, 2023). Second, people’s progress through
this ideal STEM pipeline is not always linear for all, with only one starting and ending
point, limited to well-known STEM professions, and free of failures (Skrentny & Lewis,
2022). Third, the literature suggests that when people, especially women, exit the STEM
pipeline at a particular life stage, they seldom return. For example, Speer’s (2023) findings
suggest the maximum fallout rate among women is leaking before, during, and after col-
lege-level studies (Speer, 2023). And some studies indicate the further fallout after the
twenties (British Science Association, 2020). So, the focus is on ‘plugging’ (Gregor et al.,
2023) and ‘fixing’ (Almukhambetova et al., 2023) the pipeline at various phases of educa-
tional and professional lives. For example, STEM training programmes are advertised,
such as the STEM ReCharge programme (UK Gov, 2024), and the UK Government fund-
ing offers for women who have left the industry due to caring responsibilities (UK Gov,
2023). But the metaphor for plugging the leak of a unidirectional pipeline is still central to
these training and funding programmes, where leaking out is viewed as a disadvantage,
and there is no clear indication of the women’s demographics taking advantage of (or not)
these programmes, any limitations associated with recruitment of women into these pro-
grammes, and whether (or not) there are any long-term impacts of these programmes on
women’s re-entry into the STEM industry. The intention of this paper is not to evaluate
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the successes or failures of government training and funding programmes, but to under-
stand how leaking out of STEM education and/or professions impacts women'’s personal-
ised journeys in re-entering the STEM industry. Hence, we are keen to learn about the
barriers, challenges, opportunities, and privileges these women experience when re-en-
tering STEM after a considerable period, i.e., in their mid-life.

The existing literature has identified a gap in data sets on women in STEM regarding
their intersectional characteristics, including age groups, ethnicity, race, social class, reli-
gion, and other factors (House of Commons, 2023). This paper focuses on the intersections
of gender and age because, to date, we have found little literature examining their inter-
play in women’s STEM re-entry. Although our focus is on gender and age, we are open
to any emergent social categories that our two participants, Maddie and Nina, have shared
with us. Our empirical study is limited to two White British middle-aged women; there-
fore, we intend not to generalise the findings to all middle-aged women STEM returners;
rather, we see this research as a springboard for future large-scale empirical research on
middle-aged women’s re-entry into STEM from diverse backgrounds. Aligning with the
gap in the literature on women’s personalised journeys and our intentions of showcasing
two stories to support our explorations, the theoretical underpinning of this paper is fo-
cused on the discussions of transformative learning as a ‘“process of becoming’, in other
words, a process that showcases the formation and transformation of self-Identity, here
STEM identity, during the mid-lives of women. Moreover, using the concept of intersec-
tionality, we will explore how the formation and transformation of STEM Identity inter-
sect with age, gender, and other identities that support our participant women’s re-entry
into STEM. In this way, we propose a theoretical underpinning on the development (for-
mation and transformation) of STEM identity and the role of transformative learning and
intersectionality in this development. Therefore, we look to address two broad questions:

e  How are STEM identities formed and transformed, particularly during the mid-lives
of women as they re-enter the so-called STEM pipeline?

e Inwhat ways do age, gender, and other intersecting identities play a role in women’s
successful return to STEM education and/or professions?

The methodological approach we take in this paper includes qualitative research that
presents the individual lived experiences of our two middle-aged participants, Maddie
and Nina, as they re-enter STEM in midlife. We call these lived experiences ‘STEM lives’.
Maddie and Nina’s STEM lives, along with the identification of key themes, are presented
later in the paper. First, we present background on midlife women in STEM and our the-
oretical stance for this research.

1.1. Mid-Life Women and STEM

There is no universal definition of the midlife period: it is ambiguous in any clear
beginning or apparent end. Midlife, or middle age, is commonly defined as ages 35 to 65
(Etaugh & Bridges, 2013) or 30 to 75 (Lachman, 2001). Over centuries, lifespans and age
expectancies have evolved in terms of when they begin, what they entail, and what this
phase of life implies for individuals and their immediate environment (Hutchison, 2019).
For example, Bordone et al. (2020) explore the perceptions of 828 Italians aged 65-74 years.
Most of their female participants did not view age 65 as an absolute age that marks old
age. Instead, these researchers found that the feeling of being old is ‘mainly influenced by
events, such as retirement and death of loved ones, hinting at the importance of the social
construction of ageing in addition to its biological dimension’ (p. 1669). Moreover, phrases
such as ‘forever young/’, ‘timeless’, ‘ageless’, and ‘ageing gracefully’ further support the
blurred boundaries between the start and end of midlife. In other words, biological ageing
of individuals is not the only predictor of ageing in adults; aspects of how individuals feel
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and perceive the self across different spaces and places also determine the ageing process.
However, in social media and mainstream platforms, midlife is often associated with an
inequitable stance of midlife crisis—including, for example, financial stresses, meno-
pause-associated concerns among women, and signs of physical and cognitive ageing.
Hence, suggesting a closure of the STEM pipeline, or even that it is impossible for women
to re-enter it.

In the UK, middle-aged women comprise the largest share of the female population,
with Millennials and Generation X taking the lead (ONS, 2023). Compared to men, how-
ever, women in general constitute only 29% of STEM and STEM-related professions (UK
Gov, 2023) and 27.6% of the core STEM workforce. One reason for this gender gap is that
more women than men take career breaks from STEM employment, including maternity,
health or stress-oriented breaks, especially after their twenties, and seldom return (British
Science Association, 2020). As “women are more likely than men to interrupt their careers
to fulfil childcare responsibilities, 47% of UK women in STEM had career interruptions,
compared with 17% of men, according to a 2022 survey by STEM Returners” (UNESCO,
2024, p. 37). Some 75,000 individuals, mainly middle-aged women, do seek to return to
STEM fields following a career break (UK Gov, 2023), where “66 STEM Returners partners
with STEM organisations to run short-term paid returner schemes as well as providing
career coaching, upskilling and mentorship opportunities” (UNESCO, 2024, p. 37). Our
aim is to explore this seemingly paradoxical picture of women leaving and attempting to
re-enter various STEM and STEM-related disciplines (Herman, 2015).

To better understand the challenges faced by adult women who either “never return”
or find it “hard to return” to STEM fields (Jackson, 2011; Jarvis, 2008), it is essential to
explore their lived experiences, with a particular emphasis on both formal and informal
STEM learning. Despite the significance of these experiences, as mentioned earlier, there
is a notable lack of literature that specifically addresses the lived experiences of middle-
aged women in STEM. These are women who may have left the STEM pipeline at different
stages—some departing early, i.e., just after school science and others, leaving later in life,
i.e., after a higher education qualification or even after a profession in STEM, but who
subsequently return (or are in the process of returning) to STEM-focused education, learn-
ing, and training during their midlives.

1.2. Transformative Learning

There is a growing body of work (for example, Elliott et al., 2023; Montgomery &
Fernandez-Cardenas, 2018; Zoller, 2015) focused on improving STEM education among
young and older adults. Our focus, however, is less on improving pedagogies in formal
STEM education and more on exploring the personalised learning and practices among
women, in this paper, Maddie and Nina, who re-enter STEM education and professions.
In doing so, we draw on Mezirow’s theories of transformational learning, looking for the
‘disorientating dilemmas’ and the ‘a-ha’ moments that herald change, new directions and
new possibilities. Mezirow was interested in people’s worldviews and what leads them
to reappraise these: he describes transformative learning as learning that transforms prob-
lematic frames of reference to make them more inclusive, discriminating, reflective, open,
and emotionally able to change (e.g., Mezirow, 1997, 2000). There is no doubt that change
can be uncomfortable and disorienting, but in transformative learning, exploring, trying
out, testing and working through new perspectives are keys to success.

Mezirow showecases transformational learning either through a single crisis or
through the accumulation of (smaller) disorienting dilemmas (Illeris, 2014; Salehjee &
Watts, 2020). These changes, rapid or slow, can act as ‘life-turning’ moments that occur
for particular reasons within the personal needs of individuals and their immediate envi-
ronment (Illeris, 2014). For example, in our own work, it is not uncommon to hear
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expressions such as ‘It is now important for me to engage with ...’, ‘It is high time for me
to ...”, 'l want to prove to my friends that I can...’, ‘I have never—but now I should...”
(Salehjee & Watts, 2020, 2023). These disorienting dilemmas lead to periods of self-reali-
sation and critical reflection on frames of reference shaped by different events, circum-
stances, and experiences —followed by self-recognition of shared experiences (Mezirow,
2000). In our case, we are interested in capturing some of these ‘moments of reflection’, of
Maddie and Nina, as a basis for discussing the formation and transformation of self-iden-
tity towards STEM —what we call ‘STEM-identity development’ (Salehjee & Watts, 2020,
2023).

Lear (2017), for instance, in Midlife Awakening: An Emergent Transformation of Self,
looks at developmental changes in women’s personalised transformative experiences.
Lear believes such developmental changes emerge within “third age” women as “per-
sonal growth and self-realisation of a more complete, balanced and fulfilled self” (p. 277).
Like Lear, we believe transformative learning in STEM happens in an individual’s every-
day life. This transformative learning in everyday life is mainly ‘free-choice learning’, a
self-directed, subjective process that occurs predominantly outside formal educational
settings (Falk & Dierking, 2012; Falk & Needham, 2013). Moreover, as with Deleuze’s and
Guattari’s (1987) notion of ‘rhizomatic’, free-choice learning has no specific order, struc-
ture, start or end point (Cormier, 2008), grows freely without specific direction, and fo-
cuses on “assemblages’ drawn from diverse learning experiences. These experiences vary
for different people as individuals agentically engage in a range of learning processes.
They are processes that evolve and are shaped by acquired experiences, self-motivation,
and individual needs (Lian & Pineda, 2014).

1.3. Intersectionality

Intersectionality is a broad sociological theory used as the ‘key analytical framework
through which feminist scholars in various fields talk about structural identities of race,
class, gender and sexuality” (Cooper et al., 2015, p. 1). Collins and Bilge (2020), for example,
use an intersectional lens to critically analyse macro-level sociological themes: relational-
ity, social context, social justice, complexity, and inequality bestowed by society’s estab-
lished powers. A smaller body of literature, especially in adult learning and education,
situates intersectionality at the individual level, drawing on personal ‘lived experiences’
from a variety of social and cultural backgrounds (Groener, 2011; Salehjee & Watts, 2023;
Rubenson & Desjardins, 2009). In doing so, scholars in the fields of equality, equity, inclu-
sion, and diversity tend to use intersectionality to explore the personalised lived inequal-
ities experienced by adult learners. This helps to understand better macro-level power
relations, inequalities, and marginalisations as directly experienced by adult learners
(Groen & Kawalilak, 2019; Shields, 2008). In a similar vein, we aim to explore the inter-
secting personalised lived experiences of our two middle-aged participants, Maddie and
Nina. Moreover, these personalised, intersectional lived experiences could entail person-
alised transformative experiences leading to transformative identities, as the intersections
of age, gender, ethnicity, race, and social class identities are not static; rather, identity for-
mation occurs and transforms at and across these intersections (Jeong & Vayrynen, 2018).
Within our exploration of midlife ‘'STEM lives’, we are interested in exploring STEM iden-
tity development (formation and transformation).

2. Materials and Methods

We use qualitative phenomenological research to collect and portray our participants’
STEM lives. This approach supports our intention to “dwell with the subjects” descriptions
in quiet contemplation’ (Parse et al., 1985, p. 5). A phenomenological approach provides
a platform for detailing, in this case, the lived experiences of Maddie and Nina
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(pseudonymised names), including the factors that shape their midlife decisions and
choices to return to STEM learning, education, training and professional practices (Wilson
& Chaddha, 2009).

Using opportunistic and snowball sampling, our inclusion criteria are that they all
are (i) British-born women aged between 30-60, (ii) from any part of the UK, (iii) belong
to any ethnic, racial, social class and home backgrounds, (iv) left STEM at any stage but
re-enter during the midlives, i.e., between the age frame of 30 and 60. Factors outside these
inclusion criteria included people who identify as men or women and are under 30 or over
60. This work is part of ongoing research on middle-aged women in Britain who return to
STEM through formal and informal means. Currently, we have recruited only two mid-
dle-aged women, Maddie and Nina, who are represented in this paper. Therefore, as men-
tioned earlier, the presentation of a small sample (n = 2) is not generalisable to all middle-
aged women re-entering STEM, but these two stories provide a platform for discussion
on the STEM pipeline metaphor and assumptions associated with middle-aged women.

Our research employs both deductive and inductive approaches. Deductive as the
theoretical underpinnings of transformative learning and intersectionality in relation to
STEM identity development were used to design the narrative interviews and conduct an
analysis of this study. And inductive, because the empirical evidence provides new in-
sights into the personal lives of Maddie and Nina, such as discussions of motherhood,
non-linear STEM trajectories, and the importance of informal learning in their STEM lives.

We conducted narrative interviews with Maddie and Nina individually through an
hour-long online interview and asked them to recall and recount their personal experi-
ences related to their STEM learning, education, training and profession. The three key
interview questions were: (i) about their previous and current entry, exit and re-entry into
STEM through formal and informal means, (ii) to recall the transformative triggers and
moments of self-reflection of their abilities and routes to STEM —influenced by certain
events, occasions and circumstances associated with the leaving and re-entry into STEM,
(iii) their self-recognition and identification with living a STEM life. We let Maddie and
Nina answer the questions above in detail, without our interference. At reasonable inter-
vals, we inquired further of our participants, only to clarify or elaborate on what they had
told us. Prior to this interview, during the recruitment stage, we had a 20-30-minute con-
versation about their involvement in STEM, educational backgrounds, and current pro-
fessional activities.

The analysis of our narrative data employed six steps. The process of the analysis
steps and ways these six steps are validated is discussed below:

1. Snapshots

We have written snapshots, i.e., an overall short description of Maddie and Nina,
individually and in third-person voice, including their biographical information and a de-
scription of Maddie and Nina with regard to the research questions on (i) the formation
and transformation of STEM identities and (ii) the role of age and gender in this formation
and transformation. In step 4, these snapshots were revised to include Maddie’s and
Nina’s direct quotes to support our interpretation, and these revisions were then validated
by the participants.

2. Thematic analysis (1)

For validation purposes, we individually identified codes and themes from Maddie
and Nina’s transcripts and later discussed them to finalise the themes. Examples of codes
and finalised themes are provided in the tables below (Tables 1 and 2). Moreover, during
the interview stage, we did not specifically ask participants about the role of gender, age,
social class, ethnicity and other social factors in their STEM lives- this was to eliminate our
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influence on data collection and subsequent analysis. Therefore, the data represents only

the social factors revealed by the participants.

Table 1. Maddie.

Codes

Themes

e  Maternity leave (short Ex)

e  Raising a young family, full-time house
mother- career break (Ex/RE).

e  COVID lockdown (Ex/RE).

¢ Interaction with primary school children (RE).

e Interaction with her own children (RE).

Triggers and reflections to exit (Ex) and re-enter (RE) in STEM
learning, education, training, and professions.

(Aligns with disorienting dilemma and critical reflection phases
of transformative learning)

e  Childhood affections for animals.

¢  Rural inhabitant.

e  SPCA animal carer.

e  Mother of two children.

e  Responsible adult

¢  Becoming a primary school teacher.

e  The ability to spread her passion for animal
care to the younger generation.

e Extended knowledge of wildlife and STEM.

Self- recognition and self-identification with STEM

STEM identity development (formed/transformed) and middle
age.

(Aligns with self-recognition with a transformed frame of refer-
ence, and identity development phase of transformative learning)

e Informal STEM talks with children. (IF)
¢ Local community STEM team. (IF)

e  STEM educational talks. (F/IF)

e  Teacher training course. (F)

e  Animal care education. (F)

Shared experiences: free-choice learning and practices

(Formal (F)/Informal (IF))

(Aligns with self-chosen practices to share experiences with oth-
ers, concept of transformative learning)

Table 2. Nina.

Codes

Themes

e  More interested in English and History —formal edu-

cation (Ex), exited from STEM at 16.
e  Zero-hour contract—surveying post (RE).

e  Opportunity to write a piece for Rolls-Royce about

her engineer father (Ex).

e  Working with on-site scientists and engineers (RE &

Retention).

Triggers and reflections to exit (Ex) and re-enter (RE) in
STEM learning, education, training, and professions.
(Aligns with disorienting dilemma and critical reflection
phases of transformative learning)

e  Trumpet for older women
o  STEM learner enthusiast

Self-recognition and self-identification during midlife

e  Recognition of what is achieved and the worth of it. ~ (Aligns with self-recognition with a transformed frame of

¢ Being an older woman in a man’s STEM world
counted as a minority.
e  Jack of all trades

reference, and identity development phase of transforma-
tive learning)

e Qualified aerobics teacher —helping friends and the

community. (F/IF)

e  Self-learning on the job, Google searches and reading

articles (IF).
e Attending courses (F).

Shared experiences: free-choice learning and practices
(Formal (F)/Informal (IF))

(Aligns with self-chosen practices to share experiences
with others, concept of transformative learning)

3. Thematic analysis (2)

We have used inter- and intra-categorical complexities (McCall, 2005) to collect and

analyse the interview data. This has specifically shaped the research design through ex-

isting analytical categories of age and gender. Simultaneously, we have been open to any
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emergent categories that the participants shared with us. We first individually identified
codes, then combined them to align them with social factors, for example, age, gender,
social class, and ethnicity, identified in the transcripts. Examples of these codes and inter-
sections (as themes) are provided in the table below (Table 3).

Table 3. Codes and themes with a focus on intersectionality.

Participants

Codes Theme: Intersectionality

Maddie

Motherhood

Scottish town of Dumfries, with a working-class
background.
A nurse mother, qualified but did not go to univer-

sity.

Mother (gender) and inhabitants (residency).
One of the parents has a science (nursing) back-
ground.

Father worked as an automobile worker with no
qualifications.

Growing older with more responsibilities (as a

mother), more experience and more freedom to

choose.

Women and middle-aged (gender and age).

Nina

Social class and an engineer father.

A middle-class White English family and an engi-

neer father.

Raising a young family- sacrificed a full-time job Motherhood and profession (gender and pro-
and a promoted post. fessional in stability)
Being an older woman in a man’s world counted as

a minority.

Gender and Age

4. Reviewing and amending step 1

After steps 2 and 3, we revisited the snapshots (step 1) to validate our interpretations
and amend them as required. At this stage, we also included direct quotes from the par-
ticipants to support our interpretations. After this step, transcripts and snapshots contain-
ing direct quotes were sent to the participants for member checking- suggested changes
were made. For example, Maddie asked us to include details about her children’s ages
and the varied influence of COVID on her professional pursuits. And Nina, asked to
change the term “interesting life” from one of her quotes to “rich life”, and emailed us the
explanation, which we included in the study.

5. Selecting and organising the events

The selection and organisation of events presented in this paper were mainly chron-
ological, as they occur in the participants’ lives, and also based on the importance partic-
ipants assigned to them. For example, Nina started her story with the written piece she
wrote about her engineer father rather than with her current work at the Environmental
Agency. So, we mentioned the importance of her written piece in our analysis. For valida-
tion purposes, the chosen sequence of quotes presented in this paper was sent to the par-
ticipants. Both Maddie and Nina gave us the go-ahead to present them in the order that
helps the reader understand their stories.

6. Thematic analysis (3)

Next, Maddie’s and Nina’s STEM lives were compared and contrasted, which led us
to identify three overarching themes focused on middle-aged women returning to STEM.
The three themes include: intersectional transformation, midlife STEM learning, and mid-
life STEM identities. In doing so, the theoretical underpinnings of this research were re-
visited and supported by the literature.

https://doi.org/10.3390/educscil6060879


https://doi.org/10.3390/educsci16060879

Educ. Sci. 2026, 16, 879

9 of 22

Maddie’s and Nina’s individual STEM lives (steps 1-5) are presented in the next sec-
tion of this paper. Step 6, which discusses the overarching themes, is presented in the
discussion section of this paper.

There is no denying that power-positionality is at play. We are both considered to
be—appropriately or otherwise —expert scientists and sources of authoritative answers
and explanations. We are evaluators, validators and eventual publishers of participants’
responses, albeit through permission-granted and ethically approved Brunel University
London’s research procedures. The participants were informed that (i) they have read and
understood the participant’s information sheet, (ii) they are free to withdraw from this
study at any time and without any reason, (iii) their choosing not to participate or with-
drawing will not affect them in any way (iv) their names, exact living locations and or-
ganisation names will be anonymised unless the participants would like to declare them.
In addition, participants were asked whether they agree (or not) to: (i) have their interview
audio and video recorded and discarded just after the transcripts have been obtained and
checked for accuracy with them, (ii) the use of non-attributable quotes when the study is
written up or published, (iii) the procedures regarding confidentiality have been ex-
plained, (iv) store and shared their anonymised data (transcripts) for a maximum of five
years with other researchers for use in future projects. Both Maddie and Nina volunteered
to take part in this study and agreed to all the above-mentioned statements. In addition to
obtaining written consent from our participants, as mentioned earlier, we employed mem-
ber-checking by sending them transcripts, snapshots, and our interpretations and se-
quencing of their direct quotes; any changes/modifications requested by Madie and Nina
were made in due course.

This study, like other seminal small-scale studies in STEM education, for example,
identity research by Carlone and Johnson (2007); Brickhouse et al. (2000), and Avraami-
dou (2020) e.g., works have provided guidance for conducting small-scale qualitative
studies that focus on stories (as cases) from a few participants. We also employ this small-
scale, storied approach to qualitative data collection. Though this paper has extensively
detailed the data-gathering and analysis process, it exhibits qualitative rigour, which will
be of interest to other qualitative researchers seeking to replicate the processes of con-
structing snapshots followed by a three-step thematic analysis in their own contexts.

3. STEM Lives of Maddie and Nina
3.1. Maddie

Maddie was born and raised in a White working-class home. Maddie and her family
have always lived in the rural Scottish town of Dumfries, with her mother a nurse and her
father working for an automobile company without any specific qualifications. From early
childhood, Maddie demonstrates a strong affinity for and identification with STEM
(STEM identity). Neither parent directly influenced her identification with STEM learning
or education, nor her professional decisions. But what really influenced her passion and
decision to pursue a career in animal care was her early childhood affection for animals,
she said, which was sparked by caring for her pet dogs. In addition, her life on a rural
Scottish farm gave her the opportunity to “be around farm animals and care for them”,
which eventually shaped her school and college STEM choices, especially biology, chem-
istry and mathematics. Over time, the formation of STEM identity, especially Wildlife and
animal care identity, grew stronger as Maddie, in her early 20s, completed animal care
studies at a university, and straightaway joined the Scottish Society for the Prevention of
Cruelty to Animals (SPCA) Wildlife Hospital as a trainee, followed by working as a qual-
ified animal rescue officer for almost a decade. During her time at the Scottish SPCA, Mad-
die lectured on Wildlife Rehabilitation and Nutrition at a college level.
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Maddie’s professional passion as an animal rescuer continued throughout her 20s
without any breaks. At the start of her 30s, she took maternity leave (a short temporary
exit) for her first child, then returned to the SPCA for a few years. That period ended dur-
ing the 2020 COVID lockdown—and with the birth of her second child at the age of 35.
From early 2020 through the summer of 2023, Maddie underwent her first major trans-
formative period in her professional life, leaving her “full-time” and a “very demanding”
career in animal rescues to become a full-time house mother. Recalling this period in life,
Maddie mentioned:

I didn’t mind growing older; it was kind of just like the more responsibilities of
being an adult, being a mother of two children. It was just intense.

While her life took this transformative turn, Maddie critically reflected on her real
passion for wildlife and animal care, and for a good five to six months, she engaged in
self-reflection on her abilities and explored ways to either re-enter the animal care profes-
sion or find alternative jobs that would suit her family life. During this self-reflective phase,
Maddie recalled her first interactions with primary school children, giving a talk to them
about animal rescue while at the SPCA.

I made PowerPoint presentations with lots of photos, and I just told all the sto-
ries about the different animals that were rescued and anything of interest. And
the kids’ questions were great! It was like, what was the biggest animal? What's
the scariest animal? And they were so enthusiastic because I get so excited when
I talk about these things. I think that helps. You know, I could talk about animals
all day.

This past event served as a trigger, prompting self-reflection on her abilities, passion
and alternative routes to fulfil her passion. In turn, Maddie realised that there is “hope
and opportunity to [for her to] provide better lives for animals,” and simultaneously deep-
ened her critical reflection on her role in spreading her passion to the younger generation.
This realisation was further strengthened by her involvement in teaching her children us-
ing family learning resources, as Maddie recounted that, during the enforced COVID lock-
down, a local community STEM team sent out educational packs to parents of young chil-
dren, like her, every week.

One week, we got bubbles, then we got massive dominoes. Another week, it was
finding reflective things and so my children were out looking on their bikes.
There was a bug-hunting kit and an explosive kit, which was fantastic. So, my
little girl absolutely loved that, and so did my little boy, who liked playing with
the bubbles. Yeah, they really enjoyed it all. I helped with the bubble-making
because it was a great kit with all the different shapes and things like that, in
different sizes to make all the different-shaped bubbles. I questioned and dis-
cussed with my children. Why is reflection important? Why do we have it? How
does it work? And the dominoes were for like buildings, you know, the big giant
wooden dominoes, so you could play dominoes, or you could build them, or
you could stack, do whatever. So we’re always doing things like that at home.
Lego is a big thing in our house, and we do Lego challenges —where we’ve to
build a certain thing. We do that as a family.

Overall, Maddie’s STEM identity shifted from specific wildlife to broader STEM
knowledge and practices as she went on maternity leave for her first and second children,
becoming a full-time mother, amid COVID-related limitations. These limitations in life
were viewed as challenges by Maddie, which were used as an advantage to strengthen
her STEM identity, as she said,
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My love and passion for STEM grew from my early, specific science knowledge
of wildlife to a wider and interlinked form of science, technology, engineering
and mathematics knowledge —although it [this growth into STEM] took a dif-
ferent direction.

Moreover, Maddie mentions that the move from a decades-long professional life at
SPCA to re-entering university pursuing a teacher training course and a career in primary
teaching was not easy, as it was out of her comfort zone:

Leaving the SPCA and enrolling at university to pursue a teacher training course

was a big move. However, I feel I am more useful as a teacher because I have

expertise in Wildlife Science and understand the needs of my community, espe-

cially children of families who have never attended university. I am more of an
insider [now].

As an insider who could be more useful to her immediate community in Dumfries,
Maddie pursued a teacher training course while also raising her young children, and her
self-confidence allowed her to understand STEM topics better than fellow student teach-
ers, with little or no STEM knowledge.

If we were ever stuck on STEM topics, we would just Google, but most of the
time, my peers consult me to understand the topic. When I was on my place-
ment, I remember my fellow trainees and the class teacher learned from me how
to plan and teach friction, so I did a little push experiment with the kids using
cars on different materials. And you know the chat the kids were having was
unbelievable. They were talking about how the car will move on the foil. If they
pushed it gently, it just went straight, but they pushed it too hard. If it’s been
like soft cardboard that was kind of on a hill, and they realised if they didn’t
push it hard enough, it would roll back. Minds were just working. And the class
teacher learned and appreciated my knowledge when we were sitting, talking
about it before and after doing the lesson.

Currently, Maddie is working as a full-time primary school teacher, and both chil-
dren, her 7-year-old daughter and her 5-year-old son, are in school, and Maddie ensures
that the family STEM learning and discussions continue, which are seldom planned and
generally occur in a variety of informal spaces, such as local parks, the car, and at home.

I'm always teaching my own children about animals and things like that, how

they should respect the environment that we live in. We do like ... going for

walks, and parks, and exploring nature with friends. My wee boy is a bit more

like me, I think he’s a lot more into animals than my little girl. She doesn’t mind,

but he loves being outside and loves exploring. He wouldn’t be afraid to get his

wellies and his waterproofs on a rainy day and go jumping in puddles. Actually,

before I dropped them off [at school], we saw a rainbow. And the conversation
didn’t just stop there, they know that if it'’s sunny and it’s been raining, chances

are we'll see a rainbow. He knows that it’s the sunlight reflected. And then,

when you see a double rainbow, it’s even more exciting. And they always want

to go to the end of the rainbow and see if they can see anything. But then it just

keeps moving with you.

So, in traditional terms, Maddie ‘leaked out’ of the unidirectional STEM pipeline, just
after leaving the SPCA career and entered primary school teaching, which is not typically
viewed as a STEM profession. All this change was needed from her to be a responsible
(middle-aged) adult and mother. However, during this so-called leaking out, Maddie
viewed her (i) STEM identity to be strengthened through engaging with a holistic STEM
learning (formal and informal) and shared these learning, knowledge and skills with her

https://doi.org/10.3390/educscil6060879


https://doi.org/10.3390/educsci16060879

Educ. Sci. 2026, 16, 879

12 of 22

own children and immediate community (other teachers, pupils, and their parents) as an
insider and (ii) Maddie believes that she did not so much leak out of the STEM pipeline
rather “just took a different direction”.

3.2. Nina

Nina, Somerset-born, belongs to a middle-class English family, is the mother of three
young adults, and has lived most of her life in London. Despite being accomplished in
school STEM subjects and having an engineer father, she relinquished those subjects at
age 16 in favour of English and history. Here we see an early exit from STEM formal ed-
ucation, and hence the careers followed were mainly in non-STEM areas. Nina has held
numerous roles in the early years of her career, including a senior management post at
British Airways. She then moved north to Cumbria in her late 20s, left her senior role at
British Airways, to start a family. In Cumbria, Nina was offered a senior post, which she
had to decline after becoming pregnant with her third child. This senior post required a
full-time commitment, so she started with a few part-time, junior-level, low- or no-salary
jobs while juggling work-life balance.

And although I still got a managerial role in Cumbria, it wasn’t a senior post,
and I ended up accidentally getting pregnant again. It was really difficult then;
I'mean, trying to find a part-time job in Cumbria. I didn’t want to work full-time
with three young kids. I actually worked for a while at an occupational health
company as an admin assistant and was then offered a surveying post, doing
evaluations. It was basically a zero-hour contract and, yeah, I didn’t have the
confidence to just go straight back in at a senior management level. I did apply
for a chief executive officer job but chickened out at the last minute because it
just didn’t feel like the right time.

Although well-paid, well-positioned jobs were offered to Nina, she decided to turn
them down because she believed it was impossible to work full-time while raising three
young children. The decision to continue with a zero-hours contract as a surveyor was the
first critical transformative move, serving as a stepping stone and a trigger point for Nina
to re-enter a STEM-associated profession at the age of 34 and to develop a STEM identity.

Nina is now in her late fifties and has worked as an estate surveyor for over two
decades. As a UK Environment Agency Senior Estate Surveyor in land strategy, she works
with scientists and high-tech industries to promote sustainable land management. For ex-
ample, she is currently working on-site with architects, engineers and environmentalists
to lead the Thames Barrier land strategy project, aiming to prevent flooding in London,
including at the London Gateway port. Unlike Maddie, she has no formal STEM education
after the age of 16, and much of her STEM knowledge on land surveying, analysis, man-
agement and standard checks of the land was gained on the job. In addition, Nina went
to seminars, conferences and CPD programmes which were STEM-focused, and they were
self-chosen by Nina out of interest:

I like getting to the bottom of things and often question things. I mean, it’s like
with building construction and sustainability and stuff, I've been interested in
trying to make buildings more energy efficient ever since I started as a surveyor.
Yeah, I remember going to talks and seminars by people —quite early on. The
career I'm in is actually very, very wide-ranging. We have to do 20 hours of
continuing professional development every year. So, I tend to go and learn
about something I don’t know anything about. Something interests me rather
than just, you know, doing more on evaluation, or whatever.

The desire to learn new topics and skills is not limited to STEM,; it also extends to
writing and singing skills, which Nina believes support her working life:
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I think I've got a bit of a butterfly brain. Probably I just like learning new things.
I had a boss once who thought I was too much of a Jack of all trades. I had just
too many interests. But I think that having all those different strands has some
relevance to my job. Yeah, I can write, so I can write reports. I can sing so I can
stand up and talk to people. So yes, I can communicate.

At various points in the interview, Nina mentioned her gender and age identity that
transformed over time, as she views herself as a “trumpet for older women”, “an older
woman in a man’s STEM world”, and “counted as a minority”, which does not bother her
anymore and women dropping out from the environmental sciences profession in 40s or
retiring at 60 does not appeal to Nina. As Nina mentioned, more women are entering the

surveying profession with an interest in environmental science. That said,

the number of women of my [middle] age within the surveying profession is
quite limited, and I think the statistics show that most women drop out after
about 40-45. I feel, in a way, that I must blow a bit of a trumpet for older women.
It’s interesting, isn’t it? In terms of culture? Because, actually, yes, I'm quite un-
usual, I've been a woman in a man’s world for a long time. And being an older
woman in a man’s world, or even an older woman in the workplace, actually
causes disruptions. Yes, I think most people think that by the time you’re 60,
you're going to be thinking about retirement. And I actually like using my brain.
You know, I still like learning things. I do think, yeah, I'm in a minority, and
sometimes, it really bugs me. But other times, actually, I've quite liked the fact
that I am counted among minorities!

Nina elaborated on the point above about age, noting that she has always been a self-
curious person, but she was more able to practice her self-curiosity in her late 40s outside
her full-time job. This curious disposition afforded opportunities in life that led her to
train professionally as a chef and an aerobics teacher, and to become a writer for Rolls-
Royce Magazine. One of Nina’s most memorable experiences upon re-entering STEM learn-
ing was writing for the Rolls-Royce Magazine. The editor of the magazine had initially ap-
proached Nina, around 25 years back, for a biography on her father, which acted as a
second and critical transformative decision of her life, strengthening her identification
with STEM further, which made her self-learn about automobile engineering informally
and in-depth:

My father worked for Rolls-Royce as an engineer, helped design the Concorde,

and also worked on the Harrier jump jet engine. He became quite a specialist in

the Harrier and got an award from some guys in America at one point, which

was quite prestigious. And Rolls-Royce Magazine wanted an article about him.

So, I wrote about my dad and his work. And then a second one for the Bristol

West Country Illustrated, and, actually, that was really interesting. I had to get

my head around the technical aspects of what he was talking about and translate

it into layperson’s language. I mean, obviously, the people reading the Rolls-

Royce Magazine would have had a deeper understanding, but for the local mag-

azine, you know, I had to do a sort of translation.

Her self-chosen informal routes to STEM-focused knowledge and understanding are
varied and extensive, demonstrating a continuous development of STEM identity that
originates from her everyday interests, such as being a keen fitness enthusiast who enjoys
running and cycling;:

I like knowing how bodies work. Actually, the other day, my friend was asking

how she could strengthen her triceps—and I could tell her. For me, it’s not just

going out running, but actually knowing what effect it's having on me. It’s basi-

cally sports science, isn’t it? After qualifying as an aerobics teacher, I did a
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summer school a year or two later, called Extending the Fitness Concept. And it
was very much about—yeah, different types of stretching, having different ef-
fects on muscles. And what’s happening in your muscles when you're stretching
or exercising or whatever?

Nina is always enthusiastic about the Internet and Google as a support medium for
purposeful informal learning in STEM, for example:

I quite often search on the Internet nowadays. I mean, I've got various books on
various subjects, but you know, I do think Google is great. I'll give you a specific
example. I've recently had a frozen shoulder, and it got worse....I read about
hyaluronic acid and that sort of thing. Then I read several in-depth medical ar-
ticles and research papers about it. Yeah, I wasn’t just reading the chat rooms, I
actually found some proper research papers. When I eventually saw the GP, I
said to him, “Oh, well, I think I need XYZ”, and he said, “Well, I've never heard
of that” (Laughs).

Nina’s story highlights transformative events in her middle-aged life that led her to
pursue STEM-focused learning, education, and professional development, despite having
‘leaked out’ of formal STEM education at 16. In addition, the mandatory on-the-job train-
ing to become a surveyor did not include in-depth STEM learning and educational oppor-
tunities. Nina’s free-choice learning attitude laid the foundation for in-depth STEM learn-
ing, knowledge, and skill-building. So, in general terms, Nina fell out of the STEM pipe-
line and never returned, as her qualifications and current profession title do not fall under
STEM professions. However, her story contradicts this, as she re-entered STEM in a non-
linear and non-conventional manner. Moreover, Nina contradicts the ideology that older
women’s working lives in environmental science, for example, are limited to 45, and their
learning lives to 60, further supporting the unconventional re-entry of middle-aged
women in the STEM pipeline.

4. Discussion on the Overall Findings

The three overarching themes gained from the STEM lives of Maddie and Nina are
discussed below.

4.1. Intersectional Transformation

People’s lives, unlike the unidirectional STEM pipeline, are rarely simple, straight-
forward and direct. We see Maddie and Nina as transformative intellectuals (Giroux, 1988)
who shape and change their own lives even as they are familiar with and subject to large-
scale social forces around them. Being reflexive in this way entails an ongoing process of
looking both inwards towards one’s beliefs, preconceptions, and practices, as well as out-
wards, towards the social world (Giddens, 1984).

Maddie and Nina are both White women and belong to very different households.
Maddie always lived in the countryside and came from a humble background, while Nina
lived in the city and came from a middle-class family, with her father, a renowned Rolls-
Royce engineer. With such a background, people like Nina are viewed in the literature as
having much more fertile opportunities than Maddie, who comes from a rural working-
class background, and so the interplay of identity and capital (cultural, social, and eco-
nomic resources) (Archer & Mendick, 2025) would possibly favour women like Nina more
than Maddie to remain in the STEM pipeline for long. But this is not the case here, as Nina
left STEM at 16, returned to it at 34, and did not mention her social class as a privilege that
supported her education, professional decisions, and informal STEM learning. Maddie
continued with STEM-related education and a profession until around 31 and returned
after a short gap of 4 years into primary teaching, which Maddie believed developed her
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STEM identity, in addition she maintained her connection with STEM, which she lever-
aged from her country life as an advantage and asset in her educational and professional
choices and informal STEM learning.

We find Mezirow’s (2000) theory of transformative learning useful for understanding
what we might call “intersectional transformation’—the ways that individual lives de-
velop and transform in accordance with, or going against, the “‘macro’ social forces. Nina,
for instance, discussed the gender inequitable reality of society towards which she previ-
ously accepted and ‘just went with’. However, we see her fighting against this by acting
as a role model for older women and reframing her minority status in a more positive
light. Maddie didn’t specifically discuss gender or age discrimination; rather, she dis-
cussed how her rural life influenced her educational and professional decisions to become
an animal carer, spreading awareness about animals and wildlife to the young generation
and also becoming a primary school teacher, as she wants to be useful not only to her own
children but also to the immediate community she lives in. Maddie and Nina never com-
plained about their life circumstances; instead, they reflected on their abilities and other
interests and pursued alternative careers, which were uncomfortable and disorienting at
the start but supported their work-life balance and eventually helped them develop per-
sonalised identities with STEM.

In the cases we discuss in this paper, the micro-changes for transformation, as out-
lined by Mezirow’s theory, are prevalent. For example, Maddie, it meant gaining access
to a ready-made audience for her ideas and activities: she was spurred to change by work-
ing with primary-age children, believing she could make a greater personal and profes-
sional impact through school teaching than through her work with the SPCA. Moreover,
Nina was driven toward change in part by her own insatiable curiosity and in part by
agreeing to the task of writing in both technical and lay languages, and by seeing that she
could achieve it. For both, it was a significant move in their lives; these were personal,
self-determined, life-changing decisions.

Similarly, having children was a major factor in both their lives. Maddie and Nina
experienced what proponents of transformational learning call a “deep, structural shift in
the basic premises of thought, feelings, and actions” (Morrell & O’Connor, 2002, p. xvii),
as they grew to understand themselves and their social location as middle-aged women.
Maddie and Nina had to rethink their career paths and found alternative routes to pursue
careers that suit their families’ interests. They both did this without complaint and did not
go against the social and cultural backdrop of motherhood, leading to carer disadvantages.
However, these stories illustrate how women with children are disadvantaged in the la-
bour market and that their motherhood negatively impacts their earnings and career re-
tention, which can be termed as ‘motherhood penalty” (Deming, 2022). For Nina, this
could mean struggling to maintain a foothold in the employment market while also rais-
ing her family. Maddie clearly felt that the COVID lockdown had been a seminal event,
not in itself entirely negative, but transformative for her educational and career choices.
Literature on the motherhood penalty in relation to COVID (Dias et al., 2020) could relate
to Maddie’s story to some extent, but not entirely, as Maddie did not view the COVID
lockdown as a penalty, but rather a time where she could spend more time with her chil-
dren and extend her holistic STEM identity through informal means, as she said:

[During COVID] my daughter’s nursery was really good about sending certain
activities to families, and one of them was to make up a ‘potion’. At that point,
my husband was off from work because of the lockdown, so he took the oppor-
tunity to do the back garden—which was a bit like a building site, full of soil
and rubble and all sorts. So, lots of nice walks to go and collect things for potions,
like grass, seeds, berries, flowers, mud, anything at all, anything at all was good
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to go in the garden when it was finished. She just loved it—we have pictures of
her in a little superhero outfit, mixing up potions.

4.2. Midlife STEM Learning: Free-Choice and Rhizomatic

As Ross (2023) points out, learning encompasses a wide diversity of practices. Be-
tween our two participants, Nina and Maddie, we can list participatory workplace learn-
ing in a rhizomatic, free-choice manner, through seminars and talks, nature explorations,
community engagement, writing, mentoring relationships, online videos, museums, gal-
leries, and much more. Biesta (2005) offers a view of learning as

A reaction to a disturbance... an attempt to reorganise or reintegrate as a result
of a disintegration ... responding to what is other or different, to what chal-
lenges, irritates and disturbs us, rather than as the acquisition of something that
we want to possess (p. 62).

Maddie and Nina’s confidence and independence in STEM learning gradually
formed and transformed the ‘frame of reference’ or shifts in mindsets, from their view-
point that they are only experts in particular STEM or non-STEM areas and not confident
in the others, to the value of transferable informal STEM learning. We see that confidence
and independence in curiosity-fuelled STEM learning seem to have shown progressive
STEM identity shifts during their midlives. There are probably many factors at play: the
ease of engagement with informal STEM learning aided by Google and the internet (Nina),
their self-motivation to support their community grew over time (Maddie and Nina), ca-
reer breaks that gave them the opportunity to be involved with the community, time to
self-evaluate their commitments and life expectations, and part-time jobs (Maddie and
Nina).

These progressive shifts in mindsets were cumulative, and some transformative trig-
ger points and life experiences challenged them to try out new roles and actions, such as
Maddie engaging with inquisitive questions from primary-school-aged children about
Wildlife and animal care, and Nina challenging herself to write her engineer father’s bi-
ography. These actions build their self-confidence to learn and practice STEM outside
their comfort zones, and success was felt in the process and in the outcomes of taking on
new, challenging roles, which were reinforced by further learning, planning, and actions.
Nina explained her view on STEM success as:

Professionally, I'd say I'm successful at the moment, because I'm quite well paid,
and I've got a good job. I sometimes think actually, I could be more senior. But
actually, do I really want to? And I mean. a little example of recent success. And
it didn’t take a lot of effort, I am now working on one of the most exciting pro-
jects I could [for] 2 days a week. Within the environment agency. I'm now work-
ing on the land strategy for the new Thames Barrier. which I just think is the
most amazing project to be involved with. So I suppose for me. Success is about
having a rich life. I don’t want to get to my deathbed regretting all the things I
didn’t do. I do feel the key thing about being human is to experience and learn
things, not just plod along. I just felt ‘interesting life’ sounded potentially a bit
negative, whereas ‘rich’ sounds more positive. Obviously, it’s all subjective—
some people are perfectly happy with a life which plods along, which is fine (for
them!).
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4.3. Midlife STEM Identities

Nina and Maddie, as middle-aged women, viewed life as a challenge and used their
creativity and imagination to design new midlife STEM identities by discerning alterna-
tive possibilities and different ways of living that were more personally rewarding. Both
women, as mentioned earlier, recounted vignettes of difficult times, conflicts, and de-
manding experiences that they reconstrued as challenges for developing new understand-
ings and interpretations. The transformation, for Maddie and Nina, was an inner change
in personal integration, fulfilment, and STEM identity development, an incidental out-
come of civic engagement (Nina), community activism (Maddie), higher education (Mad-
die) and informal STEM learning (Maddie and Nina). Implicit learning is an important
area of adult learning that needs more research, as the mode of learning described cannot
be learned from books, even though it is a fundamental part of identity development in
being and becoming at the personal and professional levels.

This paper presents the STEM lives of Maddie and Nina that exhibit a positive, trans-
formative shift in women’s STEM identity development during midlife. This positive shift
has supported our participants in realising their self-ability in STEM learning and prac-
tices and in demonstrating better control of their personal and professional lives. The bar-
riers, such as their biological age, gender, and family backgrounds, associated with these
transformative shifts, discussed by Maddie and Nina and in our view, have supported
rather than undermined their confidence in challenging stereotypical norms. Nina, as she
discusses her own career breaks, dips, and rises in career progression, shares some in-
stances where she went against the grain by strengthening her self-belief- a recommenda-
tion for women and mothers of young children:

I think self-belief. Be conscious of what you've achieved in the past, I mean [as]
an example ... once [I] saved Brent Council about a million pounds, which back
then was worth more than it is now. And not so long ago, I was talking about
this to a friend when I was applying for jobs. And I said, ‘Oh, you know, that
was a long time ago, do you think it’s worth mentioning it?” [in the job applica-
tion form]. And she said, ‘If you’d won a gold medal at the Olympics back in
1990 or 1995, you'd still put it down on your CV!" And I think it’s that sort of
thing that you have to remember and recognise what you have achieved.

5. Conclusions

In this article, we used the lens of life stories, as STEM lives, to identify what is en-
acted in the cases of Maddie and Nina. Our work recognises that people make sense by
construing theories of the world, of themselves, others, and events as they experience
them, with foundations in Dewey’s philosophical pragmatism and phenomenological
themes. We explored the following questions:

e  How are STEM identities formed and transformed, particularly during the mid-lives
of women as they re-enter the so-called STEM pipeline?

e Inwhat ways do age, gender, and other intersecting identities play a role in women’s
successful return to STEM education and/or professions?

The empirical insight gained in answering our first research question, as depicted by
Maddie and Nina, has many facets, with a key emphasis on STEM identity development
intersecting with motherhood identity. Maddie and Nina, with young families, took on
the challenge of supporting their families while remaining engaged and motivated in their
career progression. The second emphasis is on midlife STEM development, which com-
plements Lear’s (2017) belief that developmental changes, here STEM identity develop-
ment, emerge within ‘third age” women, or during midlives, through (i) self-recognition
of their own varied abilities and (ii) self-realisation of the ways they can live a complete,
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balanced and fulfilled self through supporting their own personal growth, along with
family and work-life balance and their community at large. Third, this development in
STEM identity required favourable, transformative life events. These life events demon-
strate a progressive, cumulative shift in Maddie and Nina’s mindsets, with some trans-
formative trigger points and life experiences challenging them to try new roles and actions.
As mentioned above, Maddie and Nina accepted these challenges, which were fuelled by
free-choice, informal, and rhizomatic learning in STEM, as explained by Falk, Deleuze,
and Guattari, supporting the building of their STEM identity.

The second research question complements our first question on STEM identity de-
velopment by analysing transformative learning attributes through the lens of intersec-
tionality, as ‘intersectional transformation’, with a focus on the intersections of age and
gender. First, both Maddie and Nina were aware of gender and age inequities, but they
took them as challenges by showing transformation in their mindsets, for example, by
accepting and progressing as a minority in a man’s world (Nina) and taking on the moth-
erhood and personal growth challenge as a middle-aged adult (Maddie). Second, acting
on these transformed mindsets, they willingly stepped out of their comfort zones and es-
tablished careers (e.g., British Airways (Nina), SPCA (Maddie)) to new roles and careers
(primary school teacher (Maddie) and Environmental Agency surveyor (Nina)) that were
disorienting at the start but necessary for the transformation and, in turn, the development
of a transformed STEM identity.

Third, a crucial point here is that Maddie and Nina, in midlife, viewed themselves to
be in a ‘prime age’ phase, when their self-confidence, intelligence, informal STEM learning,
and ability to take on challenges are at their peak. In this case, there is also a need to pay
greater attention to context and transformative learning, particularly the social dimension
and its implications for fostering change. The intersections of age and gender seemed pos-
itive for both Maddie and Nina. More research is required, but our small-sample study
suggests that progress in STEM does not follow a single path; instead, people take various
routes, much like a motorway with many entrances and exits.

Bringing back our discussion on the unidirectional STEM pipeline, while our study
is not exactly a rebuttal of the leaky pipeline, we are keen to illustrate the considerable
limitations of this overused metaphor and, in our view, it widens the equity gap by ignor-
ing the different, personalised journeys of women and their fluid movement in and out of
STEM. Thus, the metaphor has the potential to mislead the policy implications by shifting
the focus to the leakage of women at specific points in life, with a high likelihood of not
returning to STEM (Stefani et al., 2024). Similarly, the empirical insights from Maddie and
Nina’s STEM lives contradict the STEM pipeline metaphor as a simple, unidirectional in-
put-output model of STEM education and careers, as they both enter, exit, and re-enter
STEM willingly to support their personal and professional lives. As we see Maddie and
Nina enter, leave and re-enter STEM across many phases of life, the metaphor might be
more like a stretch of motorway between junctions: people, here Maddie and Nina, enter
and leave the STEM carriageway at many points along the way. For example, Nina left
STEM at 16 because she was not interested in STEM and wanted to continue with English
and history. Her initial career choices were in the managerial sector, but she later returned
to STEM through her work and involvement in free-choice and informal STEM learning
and associated practices. Maddie, for instance, continued with STEM education and pro-
fession much longer than Nina, even during the career break phase; she seemed to be
involved with informal STEM learning and associated practices and then returned to
STEM, in Maddie’s view, through involvement with primary school children.

Finally, it is important to note here that both Maddie and Nina are currently working
in non-conventional STEM workforce shortage list of careers, as, for example, they do not
fall directly into the engineering and technology sectors where women are mostly
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underrepresented, but as mentioned by Maddie, teachers with STEM knowledge and
skills are underrepresented in primary school teaching, and the literature on the work-
force shortage recommends better equipping primary school children with STEM skills
and knowledge, which, in turn, can support the development of a stronger workforce
(Kotsis, 2024). In addition, as Nina mentioned, women in land surveying are reported to
be underrepresented (Greed, 2022). More research on women re-entering non-conven-
tional STEM careers would support our findings.

Further research is needed that is potentially of particular interest to scholars, STEM
industries and policy makers and therefore, from this small-scale research, our recom-
mendation is to achieve the following:

e  Appreciate, acknowledge STEM identity development among the middle-aged
women who can undergo formation and transformation—in a positive direction—
because of their freedom of choice in STEM learning and their feeling of better control
of their personal and professional lives.

e  Empirically research middle-aged women from diverse backgrounds and showcase
their personalised STEM identity development through the lenses of transformative
learning and intersectionality.

e  Scholars and policymakers to reflect on the STEM pipeline ideology by focusing on
using a motorway junction metaphor, in which women enter and leave the STEM
carriageway at many different points along the way, Because STEM learning does
not always stop even when women are on career breaks, in their mid-career, or out-
side the so-called STEM pipeline.

e  Governments and STEM industries to fund and create informal and community-
driven STEM opportunities for middle-aged women to re-engage them with STEM,
which can potentially lead some of them to consider STEM-related training and a
career in the future.

There are limitations to what we infer from our data and analyses. First, although we
proposed in-depth qualitative research, our sample consists of only two middle-aged
women. Secondly, both women under study were White, although our focus in this study
was on age and gender, and the women participants were from different educational, so-
cial, and home backgrounds; still, women from diverse ethnic backgrounds have the po-
tential to bring different personalised stories of free-choice, formal and informal learning
needs and practices. Therefore, more research on middle-aged women’s re-entry into
STEM is needed to further develop empirically and theoretically, using the frameworks
of transformative learning, intersectionality, and the STEM motorway metaphor, to exam-
ine the development of STEM identity among midlife women from diverse backgrounds.
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