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Abstract
Women are underrepresented in the science, technology, engineering, andmathematics
(STEM) workforce. Whilst this is a worldwide phenomenon, there are differences in
how this manifests in different countries. In order to understand this more deeply in
a particular context, this study investigates the employment intentions of university
STEM students in Scotland and China, analysing and comparing the intentions and the
reasons behind them affecting young women in the two regions. The data represented
747 students from the University of Edinburgh, a large Scottish university, and Nankai
University, a large Chinese university. The data showed that women are less likely to
enter STEM careers than their male peers in both regions. In general we found that
women in China had more hesitations about entering STEM careers than women in
Scotland, but that Chinese women studying in Scotland had more similar responses to
Chinese women studying in China than they did to other women studying in Scotland.
Following an initial questionnaire, a semi-structured interviewwas designed to explore
why the factors that affect women in different regions differed. Finally, combining the
results of the quantitative and qualitative research, a number of recommendations are
made that could encourage more young women into STEM careers.

Keywords Women in STEM · Career intentions · International comparison · China ·
UK

Introduction

Under-representation of women in STEM is a global problem, but there are significant
differences between different cultures (UNESCO, 2019). Various factors contribute to
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this, such as the leakypipeline theory,wherewomendropout ofSTEMcareers at higher
rates thanmen at all levels of seniority (Grogan, 2018, 11). This happens throughout all
stages of education and employment. This study is particularly interested in exploring
the leaky pipeline theory at a particular junction: women moving from STEM degrees
into careers. We explore how attitudes to STEM careers vary for women in different
cultures, and what the underlying factors that influence those aspirations may be.

Whilst the data is clear that there are significant differences in women’s uptake
of STEM careers based on country, there is not much existing research about the
differences between women in STEM specifically in China and UK. However, cultural
theory would suggest that cultural differences between countries is likely to lead to
different aspirations and behaviour (Hofstede et al., 2010), and the cultural differences
between China and the UK are significant.

Both societal influences and education policy vary widely, and it is plausible that
thiswould factor into the feelings of youngwomen around career options. For example,
the influence of Confucian thought, with its emphasis on filial piety, is still influential
in China (Yeh et al., 2013). Chinese students also have to make a decision in high
school as to whether to be examined in Natural Sciences or Social Sciences, forcing
students to choose whether to engage with STEM at an early age, whereas students in
the various education systems in the UK have more flexibility and are able to make
decisions later in their educational journey.

Chinese students who choose to study in the UK are an interesting subgroup: they
will have received the same cultural influences growing up, but the motivations in
their decision to study abroad may indicate differences, such as a more privileged
upbringing and a stronger focus on careers (Cheng et al., 2017).

This study looks at this issue from a multi-national point of view, and specifically
through a Chinese and UK lens. This is motivated by the desire to understand more
deeply how cultural differences influence women’s decisions to go into to STEM
careers andby the significanceof bothChina and theUK in theglobal STEMmarket. To
this end, we have conducted research in two universities: the University of Edinburgh
in Scotland and Nankai University in China - both large, highly-ranked universities of
similar size and status.

The student population of the University of Edinburgh is highly international and
includes a large number of Chinese students who are only in Scotland to study for
their current degree; Nankai University is highly racially homogeneous and consists
almost exclusively of students who are ethnically Chinese and raised in China. The
leads to three distinct groups that we are comparing:

• Group CHI/CHI (260 women) - students attending Nankai University, who are
overwhelmingly both ethnically and nationally Chinese.

• Group SCO/UK (198women)- non-Asian students in the University of Edinburgh,
made up of a variety of nationalities, but predominantly UK nationals.

• Group SCO/CHI (53 women) - Asian students who are attending the University
of Edinburgh. Whilst there is some diversity in this group, the vast majority of
the students in this group are ethnic Chinese students who are in Scotland only to
study for their degree. Because of this dominance within the group, we refer to
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this group as SCO/CHI, but readers should bear in mind that there will be some
responses from non-Chinese Asian students within this group.

Based on the theoretical framework discussed above we therefore theorise that
career aspirations towards STEM careers will differ in young women studying STEM
in China and the UK, and between Chinese students studying in the UK and in China,
and that the impact of gendermay be different in these contexts. Our research questions
are as follows:

• Is it the case that female STEM students are less likely to aspire to STEM careers
than male STEM students in these different contexts?

• What are the attitudes towards STEM careers of female STEM students in our
three groups, and how do these differ between the groups?

• What are the factors that influence these aspirations, andhowdo theydiffer between
women in the three groups?

The study is conducted using a mixed methods approach, following an explanatory
sequential design. The aim of the quantitative study is to understand trends around
aspirations to STEM careers and factors that influence that across three populations.
The aim of the qualitative study is to develop a richer understanding of factors that
appeared from the quantitative study to be particularly interesting or significant, in
order to develop a more complete understanding of how the data answers the research
questions and how our work develops the theory in which the research is based. The
combination of the two approaches allows us to generate integrated support for a
theory on the different choices young STEM-focused women are making about their
careers in the UK and in China.

Under-Representation ofWomen in STEM and Global Differences

The data from the UNESCO Institute for Statistics (UNESCO, 2019) shows very
markeddifferences in the participation ofwomen in science research anddesign around
the world, with certain countries actually showing more women participating than
men. There are some regional patterns with, for example, Eastern Europe, South-East
Asia and South America showing good gender balance, but overall there is significant
variation within most areas and few countries close to gender balanced. Whilst the
UK is largely in line with surrounding Western European countries, the countries
surrounding China are much more mixed, with many experiencing levels of science
uptake in women that are similarly low to China, but Myanmar and Mongolia in
particular having much high levels of participation. This data does not provide the full
picture: it covers only science rather than the full spectrum of STEM, and focuses only
on one aspect of participation in science. Nevertheless, it is helpful for understanding
the huge variationswe see across theworld. There is far from a complete understanding
of why this is, but doubtless cultural attitudes and pathways to STEM influence this
significantly.

The majority of research in this area has focused on the US. Whilst Scotland is a
different environment to the US, statistics around uptake of STEM degrees and STEM
careers for women are similar - for example, 26.9% of the STEM workforce in the
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UK are women1, with 27% of the STEM workforce in the US 2, and the culture is
to some extent shared - for example, through television and films - so we may expect
insights in a US context to have some relevance to Scotland. One study in the US
found that an important factor in the under-representation of women in STEM careers
was the low number of female students in STEMfields during the school (K-12) years.
This suggested that increasing the number of women who were doing STEM degrees
could be effective in improving the lack of women in STEM careers (Sassler et al.,
2017). Studies also suggest that STEM jobs could be difficult to balance with family
life, an issue that is also identified as an issue for Chinese women (Yao, 2023). As
women were promoted in STEM industries, this issue can become more pronounced
(Glass et al., 2013). Familymembers also had an impact onwomen’s work aspirations:
women with brothers or fathers in STEM fields were conversely less likely to enter
STEM careers than other women (Oguzoglu & Ozbeklik, 2016).

To the best of our knowledge, there has not been a study published directly com-
paring Chinese students to those from a UK-based international university. There is
some existing work comparing STEM education in China with other countries. For
example, Loyalka et al. (2021) describes how the outcomes of learning in universi-
ties differ significantly between China and the US, with students from both countries
starting with similar skills in critical thinking, but students in US universities making
considerable advances in these skills throughout university, whilst this improvement
was not observed in the Chinese students. The research did not disambiguate on the
basis of sex, nor did it include students in the UK or Scotland, so is not directly relevant
to our work; however, the choices and intentions of female students in Chinese uni-
versities needs to be interpreted with the understanding that they are in very different
educational environments.

Cultural Theories Around Career Aspirations

According to the Global Gender Gap Report 2020 published by the World Economic
Forum, the UK is ranked 21st, while China is far behind the UK at 106th (World
Economic Forum, 2020). The report measured the global gender gap through four
lenses: economic participation and opportunity, educational attainment, health and
survival, and political empowerment. In particular, economic participation and oppor-
tunity includes labour force participation rate,wage equality for similarwork, educated
earned income legislators, senior officials and managers and professional and tech-
nical workers, with professional and technical workers being highly correlated with
STEM industries. In each of these areas of economic participation and opportunity,
UK women were ranked significantly higher than Chinese women (World Economic
Forum, 2020).

These wider country-based differences are likely to be influencing career choice
in young people. Various of Hofstede’s work-related cultural dimensions, such

1 https://www.wisecampaign.org.uk/updated-workforce-statistics-june-2022/#:~:text=The%20latest
%20government%20workforce%20data,December%202021%2C%20to%2026.9%25.
2 https://www.forbes.com/sites/markkantrowitz/2022/04/07/women-achieve-gains-in-stem-
fields/?sh=1bf365f75ac5)
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as masculinity-femininity, individualism-collectivism and cultural values (Hofstede
et al., 2010) are clearly relevant to young women’s career choices. Whilst these were
formulated some time ago and cultural differences betweem the UK and China are
not static, more recent research indicates that this framework can still account for
significant differences between Eastern and Western cultures (Wu, 2006; Chun et al.,
2021).

The ways in which culture affects STEM engagement can be non-obvious and
hard to understand. For example, the well-known Gender Equality Paradox in STEM
(Stoet & Geary, 2018) illustrates the counter-intuitive fact that, in general, the more
gender-equal a society, the less likely women are to be in STEM careers, with, for
example, the Nordic countries as places where gender equality is very high, but female
participation in STEM is amongst the lowest in the world. There is therefore much
value in exploring data around STEM career aspirations in Chinese and UK women,
and what the factors affecting these are.

Societal Influences and Educational Policy in the UK and China

It is well documented that women experience more sociocultural impediments and
stereotype threat to pursue STEMcareers, and since these are environmentally-related,
it is plausible that this differs between women in different social contexts and cultures
(McKinney et al., 2021). There are various theories that describe factors that influence
women’s career choices, such as the five-factor model (Costa & Paul, 1996), and
Holland’s theory of personality and vocational choice (Super, 1967), which focus
on individual personality type and how that influences factors such as self-efficacy.
Social Cognitive Career Theory (Lent et al., 2002), an extension of Bandura’s Social
Cognitive Theory (Bandura, 1986), highlights the importance of environmental factors
as well as other factors such as self-efficacy, all of which can be influenced by cultural
upbringing.

Research focusing primarily on China has already indicated lower parental expec-
tations for girls’ careers as opposed to boys’, and highlight cultural gender stereotypes
as factors in the low participation of women in STEM in China (Yang & Gao, 2021).
Similar, though often less pronounced, patterns in women’s employment and social
status exist in the UK: in both environments, social influences discouraging women
from seeing themselves as suitable for a STEM career influence career aspiration.
However, although these patterns are similar at a high level, there remain significant
cultural differences between the two countries, built on their different histories (see,
for example, Talhelm and English 2020), which may lead to differences in the extent
of these social impacts and the way they play out in women’s lives and career choices.

Self-efficacy is an issue for women in both environments. Some studies have shown
that women’s self-efficacy improves as they study STEM, but is consistently lower
than that ofmen, withMacPhee et al. (2013) illustrating this in theUS andChan (2022)
in China. Whilst female students tend to perform in all subjects as well as their male
counterparts, young women can still have highly gender-stereotypical self-efficacy
beliefs, which further contributes to women being less interested in STEM fields
than men (Tellhed et al., 2017). Additionally, the stereotypes of STEM fields reduce
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women’s sense of belonging to STEM fields, and the lower the sense of belonging, the
lower the interest of women in STEM (Cheryan & Plaut, 2010; Thoman et al., 2014).

Research highlights the impact of culture on women’s choices within a European
context (Caprile et al., 2012); given the greater cultural differences between aEuropean
country and China, it is plausible that this will be more extreme. For example, Buckley
et al. (2023) showed that country has some impact on how male and female students
perceive engineers andwhether they are likely to picture them asmale or female, which
could plausibly factor into career choice and issues such as self-efficacy. Research
within the US illustrates that lower uptake of STEM by minoritised young women
is correlated with lower self-efficacy in maths (Butler-Barnes et al., 2021), another
indication that environment is an important factor.

The importance of role models to women in STEMhas been widely studied, but has
mostly focused on aEuropean context (see, for example,Microsoft 2018, Taylor-Smith
et al. 2022), developing a comprehensive framework for delivering activites to support
women in STEM, focusing on role models3, but this has been much less explored in
an Asian context (Chowdhury, 2023). The increasing numbers of women in STEM in
Chinamean there is increasing potential for youngwomen to find rolemodels but there
are fewer organised activities to facilitate this, and we will be exploring the impact of
this in this study.

Methodology

Researchers and Participants

The researchers were based in the University of Edinburgh when the research was
being undertaken. The second author was previously a student at Nankai University
and is ethnically Chinese and a Chinese speaker. The first author is non-Chinese.

The participants were all students of either university. They were recruited by email
and on social media channels related to their university, and asked to complete our
questionnaire. Students that filled in the questionnaire were invited to leave an email
address if they wished to participate in the interview phase. Interview candidates
were chosen at random from the pool of those who did this and were available to
attend the interview, were women studying STEM degrees and were either Chinese
or British (the small number of respondents in the three categories who did not match
the main ethnic/location profile were not included in the interviews). No participants
received any incentives for participating in this research. The participants included
undergraduate, taught postgraduate and research postgraduate students.

As explained above, the labels SCO/CHI and SCO/UK are intended to indicate
the primary make-up of the groups and is not exclusive, as the SCO/CHI group con-
tains a small number of non-Chinese Asians and the SCO/UK group contains a small
number of non-Asian, non-UK students. Whilst this mix to some extent weakens the
conclusions we are drawing about the two environments, we believe the dominance

3 https://ada.scot/participant-centred-planning-framework/
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of the referred to groups within the category means the our inferences are still valid.
Candidates for interviews were chosen to match the group descriptions fully.

This research was approved by the ethics board of the School of Informatics at the
University of Edinburgh, in which the research was primarily carried out.

Developing the Questionnaire and Interview Questions

Prior to the formal survey, eight volunteers participated in a pilot study: three students
in the SCO/UK category and five in the CHI/CHI category, ensuring some feedback
from speakers of both languages. The questionnairewas then refined on their feedback.
The questionnairewas sent outwith a covering email explaining its purpose and thatwe
were only interested in STEMstudents. Additionally, studentswere asked to categorise
their degree as STEM, non-STEM or unsure, after having read an explanation of what
is meant by the term, within the questionnaire in case students erroneously filled it
out. The data for students who categorised their degree as non-STEM or unsure was
discarded.

We extracted from the literature factors that influence women’s intentions to enter
STEMcareers, including stereotypes of STEMfields, ability stereotypes and perceived
bias, role models and self-efficacy (Cheryan et al., 2017; Barker & Aspray, 2006;
Saucerman & Vasquez, 2014), and used them to build a 53-item questionnaire4. This
consisted of various questions:

• Demographic questions: gender identity, ethnic group, age, parents’ educational
backgrounds, whether they are in a long-term relationship and whether they have
children. The last twowere included because the literature highlights that concerns
about family life were a factor in aspiring or not to a STEMdegree (e.g., Yao 2023)
so it is possible that students’ current family set up could be an influence.

• Questions about their degrees: their degree programme, confirmation that they are
in a STEM subject, their average grade band over the last year overall and their
average grade band over the last year in mathematics.

• A movable slider allowing them to choose values between one and ten as to how
much they want to work in a STEM field in the future.

• Three questions with multiple sub-questions focusing on:

– their beliefs about stereotypes of the STEM field. Stereotypes of STEM fields
are beliefs about the field that are shared culturally amongst the general public
within a particular culture (Fiske, 2010). The more stereotypes of gender in
STEM fields are evident, the less sense of belonging women have in STEM
fields (Makarova et al., 2019), as these stereotypes tend to focus heavily on
STEM practitioners being male (Master et al., 2016; Ceci & Williams, 2015;
Picker &Berry, 2000). Sense of belonging is a key factor in how youngwomen
choose employment (Cheryan et al., 2015). Stereotypes of STEMfields include
stereotypes around who goes into and works in STEM, value judgements,
stereotypes of balance between work and family, and stereotypes of work

4 The full questionnaire, together with the interview questions, can be found at https://osf.io/3qv6t/?view_
only=7b40f625777942aabd0c2e3dfbedb6bb.
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(Cheryan et al., 2017). Value judgements also have a significant impact on
women’s employment intentions, as students’ judgements about whether the
industry is valuable will influence their career choices (Gino et al., 2015).
Additionally, some studies have shown that the balance between work and
family and stereotypes of work are the other two reference conditions for
women’s career choices (Cheryan et al., 2017; Ceci et al., 2009). Stereotypes of
work consist of three components: what is the scope for personal development
within the career (Gino et al., 2015),whether only peoplewith natural talent and
outstanding abilities can enter STEM fields (Leslie et al., 2015) and whether
the work environment is friendly (Diekman et al., 2010).

– the importance of rolemodels to them.The number and gender of rolemodels is
one of the factors that appears to influence women’s entry into STEM careers.
Some studies have shown that female role models or mentors can increase
women’s interest and participation in the field (Cheryan et al., 2017). However,
little research has explored what the degree of influence of male role models
on women is.

– their self-belief in their own abilities and skills. Self-efficacy can have a sig-
nificant impact on women’s willingness to enter STEM fields. It is the degree
to which individuals are confident in their ability to learn and complete tasks
(Concannon & Barrow, 2009). Women’s assessments of their own abilities
may be more realistic, whereas men may overestimate their abilities (Bench
et al., 2015). Since the proportion of men in STEM industries is greater than
the proportion of women, it is possible that low female representation in the
STEMindustry is a result of lower self-efficacy.WeusedFarro’smodel andThe
What I AmLike (WIAL) scale tomeasure participants’ self-efficacy (MacPhee
et al., 2013). TheWIAL scale ismore comprehensive than other scalesmeasur-
ing self-efficacy because it measures participants’ self-evaluation through four
dimensions: academics, communication skills, creativity, and intelligence.

Each of these questions asked them the extent to which they agreed with a set of
statements and used a seven-point Likert scale. The questions around each of these
issues contained, respectively, seventeen, five and nine statements.

• A question about negative stereotypes they may have come across about women
in STEM, asking them whether they had heard these statements never, rarely,
sometimes, often or always.

The key factors the questionnaire explores, together with example questions for
each element, are encapsulated in Table 1. The Cronbach’s alpha values for each scale
were above 0.70, indicating that this quantitative survey was reliable.

The Semi-Structured Interview

The semi-structured interviewwas designed after analysing the data from the question-
naire. The aim of this study was to focus on how negative factors influence women’s
willingness to enter STEM fields, whether there is an interplay between these factors,
and what methods can help break down these constraints.
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Table 2 Demographic characteristics of survey respondents

Characteristic Total Scotland China
N=747 n1=364 n2=383

Gender

Male 31% 29% 32%

Female 69% 69% 68%

Ethnic group

White 33% 69% 0%

Mixed/Multiple ethnic groups 4% 5% 0%

Asian, Asian Scottish or Asian British 63% 21% 100%

Black/African/Caribbean/Black British 1% 1% 0%

Other ethnic group 2% 2% 0%

Educational background

Undergraduate degree 42% 44% 40%

Taught postgraduate degree 28% 27% 29%

Research postgraduate degree 30% 29% 31%

Of the 68 participants who left their contact details, 48 were female. Although
the analysis of the female sample indicated that young women from different regions
showed different levels of willingness for STEM careers, there were significant differ-
ences in the factors that influenced the preferences of SCO/UKwomen and SCO/CHI,
with similar results between the SCO/CHI and CHI/CHI women. This may be due to
the fact that the majority of SCO/CHI women are in Scotland only for their degree
studies, having been educated in China prior to coming to Scotland for further study,
hence sharing their cultural upbringing with CHI/CHI women5; we therefore com-
bine these groups for the interview stage. For the interviews, we therefore focused on
two groups: UK women, based in the Scottish university (women from the SCO/UK
group, but with any non-UK women excluded), and Chinese women, based in either
the Chinese and the Scottish university (a mix of the SCO/CHI and CHI/CHI group,
excluding any non-Chinese Asian students).

Seven Chinese women and seven UKwomen were selected randomly for interview
in this study tomeet the sample representativeness requirement (Bechhofer&Paterson,
2012). The interviewswere conducted over Teams and Tencent and data was recording
using the tools’ transcription functions.

Participants’Data

Table 2 reports the summary statistics of our survey data for the full sample. The final
valid data was 364 from Scotland and 383 from China, with a total of 513 females and
227 males. Whilst the main focus of this research is on women and uses only female
data, we also collected data from male students to help us answer our first research

5 We believe this through informal interactions with interviewed students and with other students in the
SCO/CHI group; it was not a question we asked formally in this research.
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question. The female data of this questionnaire consisted of a sample of 513 young
Chinese and Scottish females, representing 69% of the total sample size. It is worth
noting that this does not indicate that females make up a majority of students in STEM
fields. Because the study focused on extending an invitation to young women during
the sample collection process, it is reasonable that women make up the majority of
this data. Specifically, of the total female sample, 252 (49%) were in Scotland and 261
(51%) were in China. Table 3 illustrates the demographics of the female samples.

Results and Analysis

Impact of Gender of STEM Career Aspirations

We conducted multiple linear regression analysis on all data from all participants.
However, the only result of interest to us for the full sample was the extent to which
gender influenced intention to go into STEM; other questions were explored using
only the female data.

Table 4 presents the results of the multiple linear regression analysis for the overall
data.

The results show that the coefficient of determination, R2, of the model is 0.450,
meaning that the independent variables explain 45.0% of the dependent variable,
indicating that the fit is statistically significant. The Durbin-Watson value is 2.078,
which is approximately equal to 2. This value indicates that the auto-correlation of the
independent variables in this model is not significant and the model was reasonably
well designed. The model p<0.001 indicates that less than 0.1% of the variables in the
sample could be associated by chance and lead to different results from the experiment.
This indicates that the model is highly statistically significant.

Table 3 Demographic characteristics of female samples

Characteristic Total Scotland China
N=513 n1=252 n2=261

Ethnic group

White 35% 70% 0%

Mixed/Multiple ethnic groups 2% 3% 0%

Asian, Asian Scottish or Asian British 62% 23% 100%

Black/African/Caribbean/Black British 1% 1% 0%

Other ethnic group 1% 3% 0%

Educational background

Undergraduate degree 48% 46% 50%

Taught postgraduate degree 26% 27% 25%

Research postgraduate degree 26% 27% 25%
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Althoughwepresent the full results for the interest of the reader, and could do further
comparison of different facets of overall responses compared to female responses in
future work, our current concern is just with the impact that gender has on intention
to study a STEM career. As illustrated in Table 2, gender was a significant factor
in the willingness to go into STEM careers, with a standardized cooefficient β of
-0.66 and a p-value of 0.05. This suggests that participating males are more willing
to work in STEM fields than females. This validates multiple existing research on
this phenomenom (for example, STEMWomen, 2020) and reminds us that the female
brain drain in STEM fields will continue.

It is also worth noting from this data that the region was also significant: the β value
of -0.215 indicating that students studying in Scotland were more likely to aspire to
STEM careers than students studying in China. When we are considering more deeply
the attitudes of female students in China as opposed to Scotland, we need to bear in
mind that this is happening against a backdrop of differences in aspirations of students
as a whole in the different regions.

Table 2 suggests many potential areas of interest - for example, β values for educa-
tional qualifications is very high, and degree programme is also high, indicating that
conversion from STEM degree to STEM career is higher in some STEM subjects than
others - perhaps indicating employment opportunities. However, our interest in this
particular research is on how gender and region influence STEM career choices, and
how known factors around that such as stereotypes are influencing women in different
regions, so we leave this for further work.

Factors that Influence Female Aspirations in STEM

In the rest of the analysis, we consider only the data from our female respondents,
illustrated in Table 5.

Interest in STEM

The survey asked what the students’ interest in going into a STEM career was, and
showed that there are concerns for women in all categories around their likelihood of
dropping out of STEM, with interesting variations between the groups.

During the interviews, we discovered a bit more about the choices that students had
made around their STEM studies. Both Scottish and Chinese interviewees felt that
they were treated equally within their families and friends and that these close people
respected their career choices. 93%of themwere interested inworking in STEMfields.
Interestingly, almost all of the Scottish respondents identified their career goals at the
age of 10-13, became interested in STEM subjects such as physics, maths or biology
at a very young age and continued to work towards their dream career throughout their
subsequent years of study. In contrast, five out of seven of Chinese interviewees did
not have clear goals for their future career plans.

86% of Chinese interviewees said they chose the natural-science-oriented area
because they were better at it when they were in high school, not because they were
interested in a STEM subject from a young age. 71% of Chinese interviewees said
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they became interested in their current major after they entered it. This is significantly
different from non-Chinese respondents in that all non-Chinese women interviewed
had their career goals before the age of 14, whereas Chinese women only developed
the idea of entering a STEM field recently, and some Chinese women studying STEM
subjects are still wavering in their career choice.

Stereotypes of the STEM Field

For the independent variables related to stereotypes of STEM fields, stereotypes of
gender, stereotypes of the value of the field and stereotypes of promotion all have a
positive and significant effect on young women’ intentions: that is, women with fewer
gendered stereotypes about the STEMfield are more likely to aspire to a STEM career.
Stereotypes of gender did not appear to have a significant effect on SCO/UK women,
yet remained a consideration for both CHI/CHI women and, especially, SCO/CHI
women. The absolute value of β for SCO/CHI women was much greater than that of
CHI/CHI women, implying that SCO/CHI women are more likely to be negatively
influenced by the stereotypes of gender. Stereotypes of the value of the field was sig-
nificant for all three groups, indicating that all women in the study placed a high value
on STEM fields. Stereotypes of balance between work and family was an influential
factor in SCO/CHI women’s attitudes towards employment in STEM fields. Interest-
ingly,β was -0.551, suggesting that themore SCO/CHIwomen felt that work in STEM
fields could not be balanced with family life, the more likely they were to choose to
work in STEM fields. Potential reasons for this are also discussed below.

In addition, both SCO/CHI and CHI/CHI women were significantly affected by
stereotypes of promotion, and both are positively correlated, while SCO/UK women
were not. This could suggest that personal development in STEM fields is more of
a consideration for Chinese women, and that Chinese women who perceive better
treatment and promotion in STEM fields are more likely to want to work in STEM
fields. However, we cannot conclude from this that these things are not important to
SCO/UK women: the fact that stereotypes around promotion do not put them off may
indicate that these stereotypes are not negative rather than implying that they are not
motivated by promotion. Furthermore, whether the work environment in STEM fields
is friendly to women only had a significant and negative impact on CHI/CHI women:
surprisingly, the more they perceive the STEM work environment to be unfriendly to
women, the more they wanted to enter the STEM industry, which is explored below.

In the qualitative analysis, a key finding is that women talk less about their own
stereotypes of STEM than those of their family and those around them. Non-Chinese
parents tend to be more supportive towards their daughters’ STEM ambitions. How-
ever, 2/7 UK interviewees said that their parents were very traditional and felt that
staying at home and looking after the family was a better option for women. These UK
women did not accept their parents’ views and were adamant that choosing a career
that they love was the better choice. There were more Chinese interviewees whose
family members did not support their choice, with 4/7 Chinese respondents saying that
their family members were not supportive of them going into STEM careers. Instead,
their families still wanted them to choose a “stable" and “non-challenging" career.
These family members felt that STEM as a highly male-dominated industry was too
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competitive and that women would not be able to compete with men for promotion.
Two Chinese respondents said that their families believed that getting married and
having children was the most important thing in life and that a woman’s career was
optional compared to the former. One Chinese interviewee said:

“My mother, who was an accomplished engineer before she got married, quit
her job to become a stay-at-home mom after she got married. She respected my
future career choice, but other family members always told me that taking care
of the family was what a woman should do."

These Chinese women who were discouraged by their families did not give up on
their current career pursuits; they still chose to enter the STEM industry because they
“liked it" (4/7 of interviewees), for “better personal development prospects" (3/7 of
interviewees), and “wanting to make the industry better by entering it myself" (3/7
of interviewees). All of the interviewees said that they would stay in STEM if they
could improve the gender bias of the industry and attract more women into STEM
industry. This attitude may go some way to explaining the confounding findings that
SCO/CHI women were more likely to enter the STEM workforce if they believed it
was detrimental for family life, and that CHI/CHI women were more likely to aspire to
STEM careers if they felt the work environment to be hostile to women. These women
have had to show commitment and resilience to discouragement to persist in their
STEM aspirations and are keen to improve the environment for the better; hence the
worse they consider the environment to be, theymore theymay feel their contributions
can bring about change, despite the personal cost to them. However, this remains an
interesting finding that we would like to investigate further.

In addition to the impact of upbringing on women, many respondents were con-
cerned about the current gender gap in STEM. 79% of respondents (both Chinese
and UK) felt that women getting married and pregnant could affect their careers.
They believed that because STEM fields are associated with cutting-edge technol-
ogy, a characteristic that requires workers to be constantly learning, pregnancy and
maternity could affect their learning efficiency and productivity. These concerns were
more prevalent amongst Chinese students. In particular, 86% of Chinese respondents
believe that leaders may be more likely to choose to promote men above similarly
qualified women. Compared to non-Chinese women, women in Chinese societies are
more likely to be given the responsibility of looking after the family, while men are
indoctrinated to think that almost all they have to do is to earn money (Xiaolu, 2007).
This outdated gender norm means that Chinese women are expected to give more of
their time to raising children and taking care of household chores. Our interviewees
were concerned that STEM companies would consider that women entering the work-
force will not be able to devote themselves to their work due to their families, giving
better development opportunities to their male colleagues. Some Chinese interviewees
have even found STEM companies that put “men only" directly on their job postings
when looking for internships. Although this is illegal in both Scotland and China,
“men only" job postings occasionally appear in China as there are no serious penalties
to stop this practice. One Chinese interviewee who was about to graduate said:

123



Journal for STEM Education Research

“Many years ago, most couples in China were only allowed to have one child.
Women without children were often seen as a ‘ticking time bomb’ as maternity
leave affected the efficiency of the sector.The company therefore breathes a sigh
of relief when a female employee gives birth to a child. Since the implementation
of the three-child policy in 2021, STEM companies may further squeeze women’s
space in the workplace, as the duration of the “time bomb" has been tripled."

Sense of belonging in a male-dominated environment is an issue for many women,
with 86% of all respondents saying that the under-representation of women in STEM
sectors left themwith a lack of sense of belonging.All interviewees expressed concerns
about STEM fields, “It can be difficult to fit in as a woman in a male-dominated
industry"(11/14 of interviewees), “Workplace sexual harassment is more likely to
occur in more male-dominated industries" (2/14 of interviewees), and “Male leaders
will not understand the difficulties ofwomen" (3/14 of interviewees). It has been shown
that women often report feeling that they do not belong in STEM because of various
threats to their social identity, including gender discrimination, stereotype threat, and
concerns about inclusion (O’Brien et al., 2015). This qualitative study also validates
this view. The desire for more female colleagues and leaders in STEM industries was
consistent across all respondents; we did not see different patterns emerging from the
three groups on this point.

Ability Stereotypes

Ability stereotypes do not appear to have a statistically significant impact on the
likelihood of women to aspire to STEM careers. The most likely explanation for this
is that these stereotypes - such as Women’s prospects in STEM fields are not as good
as men’s - do not resonate with female students in any of the groups, who believe they
have an equal chance with men, and hence they are not held back by them. Whilst
this is a positive finding, we know that barriers do exist in the STEM field for women
(Arredondo et al., 2022), and discovering this during their career could be one of the
reasons for the leaky pipe phenomenon.

In the interviews, we discovered no shortage of opposition to women entering
STEM careers in the educational environment in which they grew up. 4/7 of Chinese
respondents said they had been told by relatives before they started university that
women were not appropriate to STEM subjects. 2/7 of them said they had heard
teachers say that “girls are worse at maths than boys" or that “girls don’t think as
well as boys in science". A similar phenomenon is prevalent globally, where some
teachers tend to attribute the success of female students in mathematics to effort and
their failure to ability. For male students, on the other hand, they attribute success to
ability and failure to lack of effort (Fennema et al., 1990; Thacker et al., 2022). 3/7 of
the Chinese respondents reported that they had female friends close to themwho really
thought they were not suited to learning STEM skills because of the gender-biased
ideas spread by their teachers. One respondent said:

“I often heard the argument that girls aren’t appropriate for STEM subjects,
and my physics teacher said the same thing, but I was determined to show them
that girls can do well in STEM subjects. After I got into computer science at
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university, my close female friend said I had done things that she could not do.
But she was just influenced by sexism and thought she really couldn’t learn, even
though she hadn’t tried to study these subjects once."

Such views were much less reported by the UK interviewees, who experienced less
direct experience of blatant bias in their education.However, 2/7 of theUK respondents
had similar experiences of teachers giving higher marks to male students for the same
answer in a test. This unconscious bias of teachers for male students created a great
deal of frustration for these female students. Some studies have shown that at the
higher education level, male students are more likely to get a response from STEM
professors than emails from female students, and to do somore quickly (Milkman et al.,
2015). This could have a significant impact on women’s confidence in studying STEM
subjects. This may explain why the results of the analysis in the quantitative part of
this study showed that ability stereotypes and perceived bias are no longer influencing
women’swillingness into STEMfields: all our respondents had already chosen to study
STEM degrees and had thus proved their ability to persevere in STEM despite this
discouragement; perhaps students more vulnerable to such bias have already dropped
out of STEM.

Although research shows that teachers in STEM being prejudiced towards boys is
a global phenomenon (Fennema et al., 1990; Thacker et al., 2022), it is notable that
such experiences were much less common in interviews with UKwomen. The cultural
context is perhaps such that a teacher would not feel as free to express these sexist
comments, which is surely a positive thing for their female students. However, they
may still be exhibiting biased behaviour, whether conscious or unconscious, that could
impact their students.

Role Models

Among the independent variables related to role models, the number of role models in
STEM fields that participants were familiar with had a significant effect on CHI/CHI
women only, with a positive correlation. The gender of role models had a significant
effect on all Chinese female participants, and both CHI/CHI and SCO/CHI believed
that female role models would be more encouraging to their STEM employment
intentions compared to male role models. In contrast, SCO/UK women did not seem
to be so impacted by the visibility or gender of role models.

Some studies suggest that an increase in the proportion of female faculty members
in faculties does not attract more women to major in that field (Canes & Rosen, 1995;
Price, 2010). The quantitative research in this study showed that same-sex role models
had a significant impact on Chinese women’s intention to be employed in STEM
industries. Furthermore, 100% of the UK respondents mentioned in the interviews
that female role models had a positive impact on their willingness. All respondents
said that if there were more female role models in STEM industries, they would be
more likely to enter STEM careers.

Chinese women and UKwomen have different visions of what a female role model
should look like. 71% of Chinese women believed that they expected female role
models in STEM fields to be able to balance a family career with a rich life of their
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own. These interviewees felt that if many role models in this field gave up other social
identities for their careers, it would in turn them off the profession. UK respondents
did not have similar requirements for images of female rolemodels, perhaps indicating
a better approach to work/life balance in Chinese students, or perhaps indicating that
they took for granted that a decent work/life balance would be possible, and therefore
weren’t explicitly looking for it. This may be related to the needs of the Chinese
community as discussed earlier. Compared to the more liberal social role choices of
UKwomen, Chinese women havemore of the shackles of outdated gender stereotypes
and face a greater risk of leaving the workplace.

Additionally, 79% of all respondents suggested that if a STEM company had more
female leaders it would make them more likely to work for the company.

The importance of seeing other girls interested in STEM and being able to access
opportunities to engage with STEM was highlighted in the interviews. One Chinese
female who had been studying in Scotland since high school said:

“I once attended a career guidance event in Scotland run by STEM Women. At
first the class drew lots to choose who would go to the event and because the
male student base was larger, it was all guys and not me. But the event organiser
told our class leader to please let girls come to the event if there were any in the
class, and that made me feel better about the STEM industry. The STEM industry
would make me look forward to working there even more if they showed they
were inclusive of women."

Self-efficacy

From the group that we analysed here, there was no clear impact of self-efficacy with
intention to enter STEM careers. The results we might expect from this is that low
self-efficacy decreases their willingness to enter STEM careers, as they might worry
they will not have the skills to succeed. We hypothesise that the fact that all students
are studying at highly selective universities, and thus plausibly have high levels of
self-efficacy, may be a reason for why we are not seeing such effects.

Because of the low correlations between self-efficacy and interest in STEM careers,
we did not focus on this subject in interviews, and none of our interviewees highlighted
factors around self-efficacy as a concern for them in deciding whether or not to enter
STEM.

Suggestions for Change

As well as asking questions around the factors we considered in the questionnaire, we
also asked interviewees for their ideas about how we could improve women’s access
to STEM careers.

Combining the quantitative and qualitative analyses from this study, we found that
if a respondent wanted to enter a STEM industry out of interest, she was more likely
to want to pursue STEM careers than other respondents for whom other reasons were
more important. All of the UK interviewees became interested in STEM fields as
children, either because they had family members who worked in STEM fields or
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because they were exposed to STEM subjects and found them enjoyable. Almost no
Chinese respondents were exposed to STEM fields before high school, and almost all
of them learned about STEMknowledge and theSTEMindustry after they entered their
major field of study in college. 100% of the respondents agreed that their willingness
to enter the industry would have been stronger if they had been exposed to STEM
knowledge earlier.

A Google search for “Scotland STEM activities" showed 7,800,000 results. Baidu6

(China’s largest search engine) produced four times as many results and over 1/3 of
the first page was from other countries. There are currently 940 million internet users
in China, 257 times more than Scottish internet users (statista.com, 2022), indicating
that we would expect the number of Chinese hits to be significantly larger if there
were equal opportunities. Additionally, none of the respondents based in China had
received any promotional emails about activities to encourage women into STEM
careers, while all of the respondents based in Scotland had received such emails, and
many of them learnt a lot from the event.

The UK also has many websites to promote STEM women’s employment, for
example, ‘STEM Women’7, which provides a wealth of information on employment
for students already in STEM fields, but there is no similar websites in China. All
Chinese respondents said that if their country had a website like STEMWomen, they
would have a better chance of finding out about STEM companies and would be more
willing to enter the STEM industries.

In summary, core ideas from our interviewees are introducing STEM to young
people earlier, both in school and external events, and ensuring there is information,
activities and role models around STEM careers aimed at young women.

Discussion

The keymotivation for this researchwas to understandmore deeply whywomen are so
underrepresented in STEM careers by looking at the intentions of the next generation
of potential female STEM workers and getting some understanding into the factors
encouraging or discouraging them from entering STEM careers in different contexts.
We know that the percentage of women in STEM industries varies across the globe
(UNESCO, 2019), and that the cultural issues that impact such decisions differ across
different cultures, and we hoped to gain more insight into similarities and differences
by exploring this in two different locations and largely between two clear subgroups
- Chinese and British women. These groups were chosen not just because that is
where our personal experience lies, but because both China and the UK are significant
players in STEM industries, with China producing more STEM graduates than any
other country, and because there is little comparative work between the two countries.

The results are thought-provoking, with women in both location having profound
concerns around the stereotypes of STEMcareers held by themselves and those around

6 Baidu is similar to Google in China as Chinese internet users cannot use Google due to the Chinese
internet “wall".
7 https://www.stemwomen.com/; multiple other websites with similar aims are available.
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them. Note that when we refer to stereotypes, wemean simplified or generalised views
of a field and do not mean to dismiss these views as incorrect or meaningless; often
there is considerable truth in stereotypes. We did not find that the students we worked
with agreed with the limited stereotypes around abilities in STEM - perhaps because
they themselves had already proved them to be untrue - but many were surrounded by
others, including family and teachers, who did buy into them. No doubt there were
many girls with STEMpotential who were dissuaded from pursuing STEM because of
this. Rolemodelswere viewed as important, especially for Chinese students, whom the
interview data suggested may have less access to role models. This correlates with our
investigations in to opportunities to connect with role models in the two countries. Our
research did not find any correlation between self-efficacy and likelihood of entering
a STEM career, but we do not conjecture that this is therefore not an issue. Rather,
this may be a factor of the highly academic women this research targeted. This is an
important subgroup to study as the potential STEM leaders of the future are likely to
fall into such a group, and it is good news that we have not found issues around this
for women. However, if we are looking at women in STEM more broadly, we cannot
dismiss this as a potential factor.

A finding that came up repeatedly in this research, both in the survey and in the
interviews, is that both British and Chinese women have similar concerns around
entering STEM, but that these tend to be more pronounced for Chinese women. Dis-
cussions in the interview suggested this is often caused by social attitudes in China
which, whilst still existing in Britain, have become less prevalent, and also around
practice in industry which is similar in both countries but where Britain has seen
greater improvements than China has yet experienced. The UK students interviewed
appeared to be less aware of and concerned by stereotyping around STEM. This is
good news: there have been considerable efforts to improve STEM stereotypes in the
UK which, as evidenced in the interviews, is much less common in China, so these
appear to have had some impact. This suggests that similar changes are possible in all
places, if the will to implement them is there.

With China appearing far lower than the UK in the World Economic Forum’s
Global Gender Gap Table (106 to 21), and the interviews with the female students
highlighting the traditional expectations on women that are common in countries with
lower gender equality, a natural assumption might be that this would lessen Chinese
women’s engagement with STEM. However, the gender-equality in STEM paradox
(where percentage of female workforce is lower in STEM the more gender equal a
country is)may lead us to supposewewould seemorewomen enteringSTEMinChina,
which does not seem to be the case. Of course, the paradox illustrates approximate
global trends and we would not expect to see close correlation for all countries, but
this research helps us to look a bit deeper into this phenomenon by exploring contexts
in which it does not appear to hold. Whilst this research in isolation can’t tell us
very much about the correlation between gender equality and women in STEM, it can
highlight some interesting results and bases for further study.

Revisiting the research goals of this study, we come to the following conclusions.

• Is it the case that female STEM students are less likely to aspire to STEM careers
than male STEM students in these different contexts? As expected, we found that
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women were less likely than men to aspire to STEM careers. Interestingly, we
found that Chinese students as a whole were less likely to aspire to a STEM career
than UK students.

• What are the attitudes towards STEM careers of female STEM students in our three
groups, and how do these differ between the groups? We found that whilst many
of the women in our study had high aspirations for their STEM careers, there were
many concerns about the reality of these careers and many environmental factors
that are putting women off STEM careers, as discussed in detail above. We found
that these views were broadly similar across all three groups, but that all factors
tended to bemore pronounced in Chinese students, whether studying in their home
country or inScotland.Wedid not explore reasonswhyChinese studentsmay chose
to study abroad rather than at home and whether they represent demographical or
other differences and we would like to explore this in more detail.

• What are the factors that influence these aspirations, and how do they differ
between women in the three groups? For the students in our study, negative stereo-
types around their own abilities and self-efficacy were not a factor even though
many of them had been exposed to seriously negative views around the suitability
of women for STEM careers, but stereotypes around STEM careers, and particu-
larly how these affected life/work balance were. Role models were demonstrated
to be important, as was early exposure to information about STEM subjects and
careers, especially with a focus on how women can thrive in them.

This work contributes to the theory by providing additional evidence both for (i)
the similarity of experiences of young women in STEM across the globe, as many
of the views expressed both across the populations and in our richer qualitative data
were similar for women in China and in the UK, but also for (i i) the impact of cultural
differences in smaller but potentially impactful ways. In particular, the culture of a
country and within the industry in a country, and the expectations families put on
young women, differs in different environments and can contribute meaningfully to
young women’s aspirations. Our data suggests that women who travel abroad to study
retain attitudes that are largely in line with those of their own country, and do not
appear to differ in attitudes towards STEM careers to those who studies in their home
country. However, we only explored populations of women from elite institutions
in both environments, so cannot generalise these findings beyond that. Differences
in education systems are one factor that could explain some of the differences we
encountered; however, we do not have sufficient data to draw conclusions on that
point. Our data also explored the importance of STEM role models to Chinese women,
which has not been explored much in detail, and found these played an important role
- even more so than for the UK women.

Limitations

Whilst we believe this provides important insights into the attitudes of young female
STEM students to STEM careers, and in particular how this varies across two different
locations, there are limitations to this work. Firstly, we only looked at one institution in
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each of the locations. To get a clearer idea of the differences, we would like to extend
the research to more universities in these countries.

It is tempting to extrapolate general ideas about differences in attitudes of women
to STEM careers in westernised countries versus Asian countries. Our qualitative
research indicates that cultural believes are a key factor in these attitudes, and we
might expect countries with similar cultural backgrounds to exhibit similar patterns.
In order to get a clearer idea about this, we would need to conduct similar research in
several different countries.

Due to the phrasing used in the questionnaire, there is also some ambiguity in
our data around Asian vs Chinese students, and non-Asian vs UK students. Whilst
we know that a significant majority of the Asian survey respondents in the Scottish
university are Chinese, and the group is thus referred to as Scottish Chinese students, it
is likely that there are some non-ChineseAsian students included in the numberswhich
could be slightly skewing the data. Likewise, we know that a significant majority of
the non-Asian students are from the UK (predominantly Scotland, but with significant
numbers of English, Welsh and Northern Irish students). In future we would ensure
absolute clarity on this point. This is only a factor in the survey; the students in the
interviews were all either Chinese or British.

In this study, we lumped together women at different stages in their academic
journeys: undergraduate, taught postgraduate and research postgraduate. Given what
is known about the leaky pipeline, it would be interesting to disaggregate the data to
explore differences at different levels. Whilst we would be able to do this with our
existing data, it would leave us fairly small numbers in each group, so we would like
to collect more data to do this in a more robust way.

Finally, although the number of participants involved in the study is respectable,
the results would be more robust with a broader range of subjects, both in the surveys
and the interviews. However, we feel that the patterns emerging from the survey
respondents are clear and the interviews appeared to be reaching saturation; that is,
new interviewees were echoing sentiments already expressed by others rather than
bringing in new views. We therefore think it unlikely that this would have a significant
influence on the findings.

Conclusions

Stereotypes of the STEM field and gender bias not only make women waver in choos-
ing a STEM career, but their development in the STEM workplace is also negatively
affected (Eaton et al., 2020). Based on previous research on the under-representation
of women in STEM, this study combined the findings from questionnaire data and
interviews to help us understand career intentions and the factors influencing that in
three groups of young women studying STEM degrees: Chinese women in a Chi-
nese university, Chinese women in a Scottish university and UK women in a Scottish
university, to help explore the influence of women’s cultural contexts on their career
choices. Women’s upbringing in all environments are influenced by family expecta-
tions on the one hand and the prejudices of teachers in schools on the other, which often
differ from the expectations on men. Young women nowadays are subjected to these
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frustrations while being motivated by positive images of ‘trailblazers’ and working
towards their childhood dreams. Accordingly, this research suggests ways to increase
women’s willingness to pursue STEMcareers by introducingmore female rolemodels
and developing more STEM activities. In addition, stricter penalties should be intro-
duced to enforce confirming to legislation around gender equality, which some of our
data suggests is happening more in the UK than in China. Achieving gender balance
in STEM fields requires everyone’s recognition that women have the same level of
STEM skills and talents as men.

Some of our key findings were as follows:

a.) Compared to Chinese women who did not learn about STEM fields until high
school, British women had an earlier and stronger desire to enter STEM careers.

b.) Chinese women face greater discrimination in the work place and the home envi-
ronment than British women, and perhaps because of this they are more likely to
want more female role models to emerge to inspire them.

c.) Ability stereotypes and perceived bias did not have a significant impact on STEM
women’s employment choices, and this may be because young women who are
able to studySTEMdegrees at university are able to dealwith the negative effects of
prejudice. Those women who are significantly affected by ability stereotypes and
biasmay have been discouraged fromSTEMfields before university. Additionally,
we may find changes in these views once women are in the workplace.

d.) The interviews revealed that some Chinese women have a high sense of social
responsibility and believe that by joining the STEM industry they will be able to
work towards making it more equal, and that this is a key reason why they are
willing to enter the STEM industry.

Many years ago, women were excluded from university education and most STEM
careers. Now, these male-dominated workplaces are opening their doors to women,
but to work towards a better gender balance will take teachers, STEM companies
and everyone else to put aside their prejudices and address this social challenge. The
research in this paper highlights some ways in which this could be approached.
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