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Abstract

This study investigates the impact of a university female awards program (WiSTEM?D
Program) on female science, technology, engineering and mathematics students’ confidence
levels and career aspirations. Previous research suggests that positive self-efficacy,
confidence in academic abilities, and positive attitudes are important factors that affect the
persistence of women in STEM fields. Globally there is huge investment in initiatives that
support females in STEM, however few studies have focused on how these programs impact
females’ self-perceptions and career aspirations. Bronfenbrenner’s (1989) Ecological
Systems Theory was applied and conceptualised to identify the influences on participating
students. In this study, the spheres of influence are hypothesized to be society, university,
family and peers, and the individual learner. A case study approach was adopted, and
participants (30) completed surveys before and after engaging with the program. Focus
groups (n = 13) and interviews (n = 11) were also conducted. The findings suggest that
female students feel self-doubt, and that large class sizes and male dominated environments
negatively affect their confidence. Female students commented that engaging with the
WISTEM?ZD program developed their STEM career knowledge and facilitated the
development of their STEM networks. The findings provide support for female awards
programs at university level. As STEM initiatives now target groups underrepresented in this
domain, it is important the environments these students enter in higher education does not
limit their potential to succeed.
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Chapter 1 - Introduction and Research Problems

1.1 Introduction

Gender equality is a global issue in STEM education and careers at all levels (Ertl et al 2019).
The Irish Central Statistics Office estimates that fewer than 25% of STEM workers are female
(Daly et al 2018). Governments and industries are implementing measures such as short-term
initiatives to aid in tackling the challenge of the lack of females in the STEM workforce and
making STEM attractive for female students (Irish STEM Report 2017). In Ireland, the
Accenture study (2014) evidenced that there is fragmented information available about STEM
careers, which makes it difficult for students to evaluate options. Also, a disconnect exists
between industry’s skills and students’ subject’s choices for their leaving certificate exams.
This may be affecting students’ academic progression decisions such as pursuing STEM and

having a deep interest in STEM careers.

The gender inequality that remains present today is important to address due to the inequalities
that exist across several underrepresented groups. It is notable that equality should be for
everyone rather than one group. While this study focuses on females in STEM as a minority
group and investigates the impact of an award program on the participating female students, it
is crucial we pay attention to the other minority groups such as working-class adolescents,

travellers, or immigrant and refugee communities.

The Irish STEM Report (2017) put forward Ireland’s strategy for research and development
around STEM Education, where the report highlights the importance of excellence in STEM
education to ensure the continuous development of a pipeline of talent to support investment
from multinational companies and an active environment for start-up businesses. The Irish
STEM Education Report (2017) states that Ireland should aim to support collaborations
between education institutions and STEM-related industries across a broad range of activities.
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For example, the possibility of placements in STEM industries should be explored. It is
suggested that through these informal activities, females may develop a greater interest in

STEM (Irish STEM Report 2017).

This research study is based on investigating the impact of the Women in Science, Technology,
Engineering, Mathematics, Manufacturing and Design (WiSTEM?2D) Program on the
participants, focusing on three key areas: female students’ career aspirations, their influences
in pursuing STEM and their confidence levels. The WiSTEM?2D program is an awards program

that is run in the University of Limerick, Ireland, in collaboration with Johnson and Johnson.

While many initiatives have been developed to support females in STEM (Kelly and Goos
2020), few have investigated the impact of their initiative. This research aimed to explore and

understand the impact of the WiSTEM?2D program on the participants.

What is STEM?

The term ‘STEM’ was introduced in 2001 by scientific administrators in the U.S. National
Science Foundation (NSF). STEM stands for Science, Technology, Engineering and
Mathematics. There is a lack of agreement on what ‘STEM” means or what it is (McGarr and
Lynch 2015). Junior Cycle subjects in Ireland such as Applied Technology, Design and
Communication Graphics, Engineering and Materials Technology Wood are classified as being
embedded within the Technology discipline. In the Irish education system, as discussed by
McGarr and Lynch (2015), there is confusion and lack of understanding about the options from
engineering or technology subjects and they are often seen as less important when compared
to science or mathematics. In Ireland, engineering is combined within the technology subjects
on offer. However, in the United Kingdom the education curriculum offers Design and
Technology to both primary and post-primary levels. Design and Technology in the UK uses

skillsets similar to those used in the Irish Technology discipline subjects such as problem-
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solving, analysing projects and solutions, spatial skills along with practical skills with tools,

machines and drawing equipment.

STEM can be understood as a synergy between the STEM disciplines of Science, Technology,
Engineering and Mathematics which can be seen as an educational enterprise. While there is
an educational rationale for STEM (Irish STEM Report 2017)., there is also an agenda in
industry and government in Ireland and globally regarding having an equal workforce which

is driven by economic concerns (Briggs 2017).

Higher Education in Ireland

In Ireland, 48% of the students enrolled in all degrees at third level courses in the academic
year of 2015/2016 were female. Comparing Ireland to international figures, The Science in
Australia Gender Equity (2017) initiative reported that just 33% of STEM undergraduates
conferring with a bachelor’s degree are female. Similarly, in the US, The National Centre for
Education Statistics (2018) reported 35% of those who graduate with degrees are female, a

ratio that has remained steady since 2008/2009.

Focusing on dropout rates of females in STEM college courses, generally, females seem to
persevere and complete their degree rather than dropping out, unlike their male peers. HEA
Ireland released data focusing on the retention rates of male and female students over a 10-year
period. For example, in IT Blanchardstown, Dublin Ireland, 52 per cent of male students are
not completing their courses. However, the equivalent rate for female students not completing

their courses was 29%.

The Irish STEM Report (2017) reports on the significant gender differences in the selection of
science subjects at leaving certificate, with the ratios of male students to female students greater
than 3:1 for Physics and approximately 2:3 for Biology. Lower female participation in certain

science subject may deter females from pursuing STEM college courses. Research studies in
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the area of college participation in STEM indicate that students who engage with female
networking initiatives experience increased confidence levels, greater motivation to continue

research and interest in STEM disciplines and careers (Bauer and Bennett 2013).

The Johnson and Johnson WiSTEM?2D Program

The WISTEM?2D program was first rolled out in Ireland through a University of Limerick
partnership in 2016. The Johnson and Johnson WiSTEM?2D Program has partnerships globally
in countries such as Tokyo, Brazil, Australia, South Africa and United States. The overall aim
of the program is to provide female undergraduate students in STEM disciplines with
opportunities and supports to ensure female students are remaining in these STEM areas. The
program involves men and women in their STEM careers at various levels to work on the
program with the female awardees. This initiative aims to support the number of women
entering STEM career fields. Each program realises this aim in different ways. The University
of Limerick program includes student scholarships, social and academic events, networking
events, industry site visits, mentorship, peer networking, team projects, and career workshops.
The University of Limerick’s WISTEM Society is a separate entity to the program; however,
it was developed by members of the first iteration of the program. The society has over 200
members — both male and female. This society has regular social nights and organises study
groups where the students can aid each other by discussing questions and problems from their
college modules. The society is an informal network of students in STEM2D disciplines at the
university where they can have friends in various courses who may have similar interests and

experiences.
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1.2 Aims of this study:

This study addresses the following research questions in relation to participants who took part

in the WiSTEM?2D program:

Research Question 1: What changes are there in WiSTEM?2D participants’ confidence,

knowledge and understanding of STEM careers, and career aspirations?

Research Question 2: How do WISTEM?2D participants experience STEM, the specific

elements of the program (intervention), and their interactions with the WiSTEM Society?

Research Question 3: After completing the WiSTEM?2D program, what impacts do participants

believe the WiSTEM?2D Program has made on their pursuit of a STEM career?

1.3 Contributions of the Research

This research study addresses a gap in the literature because few gender interventions measure
the impact of a program on the participants in a robust way. This is the first research to be
conducted on the impact of the WiSTEM?2D program; it is also the first study of this nature in

Ireland.

It is important to measure females’ experiences at this point in their STEM career pathway to
identify if there are barriers to them engaging fully in STEM. These female students have
already made a big career decision to enrol in a STEM course, so therefore it is important to
investigate their experiences. Examining females’ experience at undergraduate level is critical
to understanding and replicating in practice the experiences and interventions that contribute

to their persistence in STEM majors and their pursuit in a STEM career.
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1.4 Thesis Overview

This thesis is comprised of four further chapters. Chapter 2 consists of a literature review in
which the published work of other researchers investigating STEM education, gender equality
in STEM, influences for female students, females’ self-belief and confidence and the higher
education learning environment experiences are presented. An examination of the rationale
behind the chosen mixed methods approach in this study as well as the underlying theoretical
framework are discussed in Chapter 3. A mixed method approach was employed which aligned
with the work of Creswell (2007). Chapter 4 describes the main findings, presenting the data
which were gathered by the means discussed in the methodology chapter. Finally, Chapter 5 is
where conclusions and recommendations are made to aid in future research around

interventions focused on gender equality at higher education.

Bronfenbrenner’s (1989) Ecological Systems Theory has been conceptualised and used to
identify the influences on participating students along with identifying if the WiSTEM?2D
program has an impact on these participating students. UNESCO focused on this framework
in their study on females in STEM education at post-primary level. They identified several
factors under this framework that influence girls’ participation: individual level, family/peer
level, school level and societal level. For this research study, the Bronfenbrenner (1989)
Ecological Systems Theory was adapted due to focusing on third level female students where
the focus was on the following levels: individual level, family/peers' level, university level,
societal level. There are factors within each level that affect an individual in different
environments such as self-belief and confidence at the individual level and media and

advertisements in the societal level.
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Chapter 2 - Literature Review

2.1 Introduction

This Literature Review provides insight into the research conducted on females in STEM and
their reported influences and experiences. The literature review is divided into sections that
cover the following topics which align with the findings in a later chapter; The influences of
family/teachers/peers/society in STEM participation, STEM stereotypes, females’ sense of
belonging, females’ self-efficacy/confidence, career aspirations, role models/mentoring
partnerships and global research projects. No research study has measured the impact of a

program such as the WiSTEM?2D on participating students in Ireland.

The meaning of STEM has been briefly explored in the introduction chapter. However, it is
important to delve into the interpretation of STEM taken in this study. The participants in this
study are STEM2D undergraduate students who have come from a variety of backgrounds and
experiences both in their post-primary education and personal interests in STEM. STEM for
each participant may be different: it may be an interest, a career opportunity or a passion. There
are challenges associated the interpretation of STEM is in Ireland, particularly in post-primary
education where greater issues exist (McGarr and Lynch 2015). It is important to note that
STEM is often viewed as an integrated whole; however, there are differences between its
constituent disciplines such as in the subcultures that exist (McGarr and Lynch 2015). These
differences are taken into account when analysing the literature and findings of this current

study.
2.2 The influence of family, peers, teachers and society

It is important to view the different spheres that affect an individual in their decisions and
experiences. In this case, the individuals are female students in STEM disciplines. Family,
particularly parents, are a key sphere for individuals. Hoferichter and Raufelder (2019)
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investigated the impact of parents’ role in adolescents’ performance in STEM. The authors
used self-reported data from 1088 8" grade students in Germany. Results from this study
showed that parents impact children’s self-belief, particularly their attitudes towards STEM.
The rationale for this lies within the General Expectancy-Value Model of Achievement
Choices in which Eccles (2014) explains that parents’ beliefs and behaviours toward the child
impact children’s motivation and interest in STEM. From an Irish context, the Accenture
(2014) study highlights that parents play an influential role for female students, particularly
mothers with regards female students” STEM participation. This study provides evidence that

parents play a significant role in young people’s decisions and attitudes.

As well as impacting educational choices of an individual, family and parents may also
influence career decisions. Kazi and Akhlaq (2017) discussed the factors affecting students’
career choices. They investigated 432 students from two universities in Lahore City. Evidence
showed that a crucial influence in decision making regarding career is the home environment.
The values of parents are transferred into the child. Bourdieu’s theory of habitus has been
extended to institutional habitus; however, little is known about how institutional habitus plays
out at school level. Since habitus has a cultural aspect, studies conducted in India and China
are in a very different cultural context from Europe and especially Ireland, but these studies do

highlight the need to consider the cultural context as well as family influence.

Liu and Morgan (2016) completed a case study, which explored factors influencing students’
decision making in postgraduate education at Guangzhou University in China. Their study
investigated the influences of families and teachers as well as the reasons for students’ choices
of subjects. Seven participants, whose parents attended higher education, mentioned the
positive influence of family and their teachers and how these motivated them in the learning
environment on their choice of subject for postgraduate studies. Teachers were also noted to
have a significant impact on students’ interest. Teachers’ personal beliefs and encouragement
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were found to be important in developing some students’ interest in certain subjects, which
further influenced the students’ choice of subjects at higher education. This provides evidence

that parents and teachers have a great influence on an individual’s decisions.

Peers have a strong influence on an individual, in this case women who are pursuing a STEM
degree at higher education where they often shape the interests of an individual. This is evident
in the Robnett (2012) study that examined 1163 female students at one higher education
institute in the US where the aim was to test a mediational model to identify if these students
associated themselves with stereotyping or traditional attitudes around gender. Results from
this study indicate that students’ academic achievement and goals can be shaped by their peers.
This exhibits that peers can influence an individual’s decision, for example regarding pursuing
a STEM career. Robnett (2012) argued that forming close, supportive bonds with peers is vital
for women’s retention in the field of computer science, as the example provided. Robnett’s
(2012) results provided evidence that peers influence an individual and often an individual
becomes interested in what their peer’s interests are which can guide their own in the long term.
This aids in understanding decision making and following peers’ trends and passions. The
benefits of peer support were evident in the study conducted by Zeldin and Pajares (2000). In
this study, Zeldin and Pajares (2000) analysed 15 narratives from professional women in STEM
fields. Results provided insight into what affects women’s self-efficacy where women
discussed factors that aided their progress towards high-level STEM careers, where peer-
support of STEM achievement was the main factor that the women mentioned. These findings
suggest that outreach programs aimed at increasing gender equity in STEM would benefit from
an emphasis on fostering social circles with peers to encourage support. Similar to the findings
of Zeldin and Pajares (2000), Espinosa (2011) conducted a study investigating how the
environments at college for female students, experiences before transitioning to college and

college experiences all affect female students’ persistence in STEM. Results provided evidence
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that peer relationships were a contributing factor in the female students’ persistence in their
college courses. Along with these social peer relationships, findings highlighted the key role
of participation in STEM-related clubs and how this may help women, particularly women of

colour, feel more connected to the STEM community.

Prior research suggests that male peers negatively influence females in STEM environments
(Varma et al 2006). Varma et al (2006) examined undergraduate students’ experiences in
Computer Science by conducting interviews with 40 participants from a variety of backgrounds
in the US. Findings showed that females receive negative comments from their male peers in
computer science and revealed the attitudes of these male students towards females in STEM.
Female students in this study felt that their male peers put themselves ahead of their female
colleagues due to thinking they were smarter and more capable. As the male and female
students completing the same college course had achieved good grades to get to this stage, it is
questionable as to why these males believed they are superior to that of their female peers.
These beliefs, attitudes, and experiences, although are not those of the majority, continue to
affect interactions in STEM college courses which leads to a lack in females’ confidence along

with feelings of isolation and self-doubt.

2.3 STEM Stereotypes

Several studies suggest that stereotypes influence females’ sense of belonging (Carli et al 2016,
Nassar-McMillan et al 2011) and STEM achievement (Nosek et al 2009). Nosek et al (2009)
investigated gender stereotypes in science and mathematics, focusing on achievement, where
a group of female science majors who saw a science conference video with 75% male
participants described how they felt. Findings showed that the female students felt less
belonging and less desire to participate in the conference. Nosek et al (2009) concluded how

reminding women of the math equals male stereotype is enough to weaken their performance
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on a mathematics or engineering exam. Similarly, Nassar-McMillan et al (2011) investigated
STEM stereotypes with undergraduate students with a focus on implications on women and
other minorities where they conducted focus group interviews and administered a questionnaire
to 2739 male and female students in the US. Findings provided evidence that stereotypes affect
students’ attitudes towards careers and can often deter an individual from pursuing a specific

career path.

Studies have shown that there is a connection between females’ STEM identity and stereotypes
that exist (Pronin et al 2004). Pronin et al (2004) discovered that women who are invested in
mathematics adopted a notion of disassociating themselves from feminine stereotypes.
Similarly, the study conducted by Archer et al (2016) provided evidence that young women
who identified with physics tended to describe themselves as unfeminine. Archer et al (2016)
discussed the idea that if physics and engineering are noted as masculine, this will have a
negative influence on many young women’s identification with these areas of STEM. Similar
to Pronin et al (2004) and Archer et al (2016) studies, Carli et al (2016) conducted two studies
where the goal was to assess the similarity between stereotypes about women and men and
stereotypes about successful scientists. The sample of 94 participants had to rate definitions
relating to scientists where this research has shown that there is consensus about the traits of
men and women. The beliefs and attitudes that are embedded in society influence female
students in STEM college courses (Carli et al 2016). Results from Carli et al (2016) study
highlighted that the existence of perceptions that females do not have the qualities needed to
be a successful scientist. These attitudes may create a pressure on female students to conform
to these stereotypes that society has put in people’s minds and may influence female students’
choices of subjects and careers. Considering the idea of a male or female scientist portrayed by
society or the media is important in identifying if this is impacting students and their attitudes

towards STEM. In this regard, Steinke (2017) discussed the literature and research available
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relating to gender-stereotyped media images of STEM professionals and examined theories
identifying factors that explain how and why these influence an individual’s identity formation.
Steinke (2017) believed that research suggests that media images of STEM professionals offer
culturally constructed views of STEM. Similarly, Hoffner et al (2006) conducted 132 telephone
interviews to identify if and how television impacts adolescents’ attitudes and perceptions
about different careers. Results provided evidence that television does shape adolescents’ work
perceptions. Findings showed that television characters influence adolescents’ work-related
values and aspirations, often serving as professional role models that introduce adolescents to

specific careers.

Research has shown that stereotypes can negatively influence an individual’s self-efficacy
(Ertl, Luttenberger and Paechter 2017). As mentioned previously, Ertl, Luttenberger and
Paechter (2017) investigated how stereotypes, school supports and parental support impact on
women’s self-efficacy. With regards stereotypes, findings showed that many people believe
that males’ success in STEM disciplines at various levels of education and career is due to
ability. While for female students, results showed these stereotypes can negatively impact
females by lowering a woman’s self-concept. This research looked at international comparison
studies (e.g., PISA), where several countries showed differences between males and females
in mathematics and science achievements favouring males. Many presume that stereotypes are
created and advertised by society, the media or television. However, as pointed out by Ertl,
Luttenberger and Paechter (2017), stereotypes are also communicated by significant others
such as parents or teachers. Stereotypical classifications of professions and subjects have strong
implications for females. Research has identified that females own negative perceptions of their
abilities in STEM as one of the main barriers that discourage female participation in STEM

(Weber 2012).
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2.4 Females’ Sense of Belonging

STEM Identity

STEM identity refers to an individual seeing themselves as an accepted member in a STEM
discipline (Kim et al 2018). Kim et al (2018) conducted a systematic literature review of
empirical research completed on female students in STEM and adapted a social identity theory
as a lens to view the experiences of female students. Findings indicated that great efforts
globally are being made to combat inequalities and negative STEM environments that exist for
female students. The authors found that students build their identity throughout their education,
particularly in higher education where they have friends with similar interests and are involved
in clubs and societies, where they form their personality and grow into themselves and are not
afraid to express who they are. Experiences with peers, family and in society all influence their
identity as well as their own beliefs and self-perceptions. Dou et al (2019) conducted a study
related to how family and friends influence student’s identity and interests in the US. A national
survey was implemented across 27 higher education institutes where the sample was 15,847
students (Dou et al 2019). Findings provided evidence that childhood experiences may
contribute to students’ STEM identity formation. Discussions about science with friends and

family had a significant-positive influence on students’ STEM identity.

Science identity is recognized as an important factor in students choosing to study STEM and
persisting in STEM careers (Steinke 2017). Steinke discussed the importance of developing
students’ identity as it is related to persistence in STEM. Steinke (2017) mentioned how the
research to date has argued that an identity lens provides the most comprehensive
understanding of STEM persistence and has suggested that assessing students’ science
identities may be critical in order to predict students’ choice of STEM careers while

encouraging student persistence in science and commitment to science careers. From a
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longitudinal perspective, Carlone and Johnson (2007) conducted a study that invited 15 women
of colour to make sense of their experiences over the course of their undergraduate studies and
their careers. The authors interviewed the women and six years later conducted a follow up
interview with them to discuss their science identity formation and experiences in science.
Carlone and Johnson (2007) believe there are three factors in science identity: competence,
performance, and recognition. An individual identifies as a scientist if they believe they are
capable at their subject. This competence is evident in their performance and their performance
is recognized by the science community. From the results of Carlone and Johnson’s study it is
evident that it is necessary to ensure female students are equipped with these three factors to

ensure they are developing their STEM identity and believe in themselves.

Focusing on the Irish context, Kelly et al (2019) investigated undergraduate students’ Science
Identity and attitudes towards STEM as well as females’ experiences studying in STEM-related
college courses. Findings from their study revealed that many of the female students stated they
were not as smart as scientists. However, female students felt they were more sociable, were
more creative and more family-oriented than scientists. This finding points to the fact that
undergraduate females pursuing STEM careers do not believe they have similar characteristics
as scientists and that they hold stereotypical views of scientists. This study also investigated if
males and females had similar views of scientists and their own identity. Findings provided
evidence of females’ thoughts about scientists, for example, females felt that scientists were
creative. Findings showed how females often feel isolated in STEM due to the male dominated
environments which may be impacting on their Science Identity. Similarly, Hazari et al (2013)
surveyed 7505 students enrolled in higher education institutes in the US where the focus of the
survey was on the students’ high school experiences, backgrounds, and science attitudes.
Findings reported that female undergraduate students had significantly lower self-perceptions

than males towards science. The researchers viewed social expectations through a social capital
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lens where it appeared that the effects of low science identity may influence a student’s belief

about their suitability in working or becoming a scientist.

2.5 Females’ Self-Efficacy and Confidence

Self-efficacy is defined as a judgement about one’s ability to organize and execute the courses
of action necessary to attain a specific goal — self-efficacy judgements are related to specific
tasks in a given domain (Bandura, 1997; Pajares, 2005; Zimmerman, 2000, pp. 305). Self-
efficacy refers to an individual's belief in his or her capacity to execute behaviours necessary

to produce specific performance attainments (Bandura, 1977, 1986, 1997).

Self-efficacy can have an effect on career pursuit and progression (MacPhee, Farro and Canetto
2013). MacPhee, Farro and Canetto (2013) conducted a study investigating students’ self-
efficacy and performance over a number of years until they graduated, while they were enrolled
on an awards program called the McNair program. Results from this study highlighted the
importance of focusing on self-efficacy within minorities, particularly females in STEM
disciplines where evidence showed the effects of self-efficacy from education to career
progression. The study showed that students doubt themselves, which affects their self-belief
in their abilities and may hinder their academic progression and interest. Focusing on ensuring
students are supported and their self-efficacy is promoted is important to ensure the retention
levels of female students are maintained. Self-efficacy has also been shown to be related to
positive outcomes in studying and pursuing careers in non-traditional fields. Marra et al (2009)
investigated female engineering students’ levels of self-efficacy in the US by surveying 196
undergraduate female students across a variety of higher education institutes. Marra et al
(2009) concluded that different institutions offer differing levels and types of support, and that
the potential relationship between institution and engineering self-efficacy is an important

aspect in understanding student satisfaction, achievement, and retention in engineering
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programs. Their study found that if women have high levels of self-efficacy, they are more

likely to persist in male dominated environments.

Educational supports such as access to professionals who can act as role models enhance
female students’ confidence and self-belief (Stout et al 2011). Stout et al (2011) discussed
females’ performance and how females can often out-perform their male peers; however, the
authors highlighted that performance and self-concept are not always connected. Women'’s
academic performance in STEM was also significantly better than that of their male peers
regardless of the gender of STEM experts they encountered. The benefit of female role models
for female students’ self-concept emerged most clearly in women’s implicit rather than explicit
self-conceptions, consistent with earlier self-concept research. From Stout et al (2011)
findings, it was clear that merely seeing a number of female engineers and scientists was not
sufficient to change women’s global stereotypes associating STEM with masculinity, however,
it did prevent women from applying those stereotypes to themselves and helped in preserving
their own career aspirations in STEM, which, in the end, had a positive impact on their self-
efficacy and confidence levels. Another study which shows the positive impact of role models
on students’ confidence and self-efficacy was conducted by Lockwood (2006), who examined
the impact of career role models on individuals by surveying 87 participants in a higher
education institute. This study was motivated by the negative stereotypes faced by women
regarding their competence in the workplace. Lockwood (2006) theorised that an individual
would benefit from the example of an outstanding woman who can show the possibility of
overcoming gender barriers to achieve success. Female and male participants were asked to
describe a career role model who had inspired them in the past. Results indicated that female
participants were more inspired by outstanding female than male role models and how these

role models aid in removing or breaking down barriers and feelings of inferiority.
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Research has shown that females’ experiences in STEM ultimately affect their self-efficacy
(Chemers et al 2011). Chemers et al investigated the role of efficacy and identity in science
career commitment among underrepresented minority students. The 665 participants, who were
undergraduate and postgraduate students, described their science experiences (research
experience, mentoring, and community involvement); psychological variables (science self-
efficacy, leadership and team and identity as a scientist) as well as the commitment to pursue
a STEM career, focusing on science research. The results showed that the effects of science
support activities on commitment to a career in science are enhanced when a student has strong

science self-efficacy and can identify as a scientist.

There are a number of factors influencing why women may leave STEM or not pursue a STEM
career, such as negative experiences with STEM from childhood and as adolescents, poor
attitude towards STEM, no exposure to STEM professionals or role models, and isolating
STEM environments (Blickenstaff 2005). Blickenstaff (2005) reviewed research regarding
programs aimed at retaining women in STEM, such as Girls in Science and Technology (GIST)
and Women in Science and Engineering (WISE). Studies showed that female students were
often working better or were better prepared than their male counterparts, however their self-
efficacy remained low. For example, Stewart (1998) found that of those students choosing to
study physics at A level (advanced study in the UK that prepares students for university) the
females were better prepared than the males, as measured by their course grades and scores on
national exams. In contradiction, although girls were strongly prepared, they still ended up
leaving science. Similarly, the study conducted by MacPhee, Farro and Canetto (2013), which
was mentioned earlier, had participants from a variety of backgrounds. One factor that was
very clear was that women perceived themselves as academically weaker than they perceived
men to be, despite similar academic performance which was impacting their self-efficacy and

confidence.
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2.6 Career Aspirations

A series of studies have indicated the key factors that shape females’ subject choice and
progression in STEM college courses and careers (Egne 2014, Singh et al 2013, Dresden et al
2018). A study conducted by Egne (2014) reported that to facilitate the development of female
career aspirations, there is a need to provide supports that centre around life skills and

establishing female peer networks.

A number of studies have shown that females’ experience in STEM environments are having
a negative impact on their retention in STEM (Dresden et al 2018, Schorr 2019). A study
conducted by Dresden et al (2018) explored the experiences of female students in male
dominated environments where reports suggest that approximately 30% of women who enter
engineering, a male-dominated field, leave the profession. In the United States, jobs requiring
engineering training are growing five times faster than other occupations (National Science
Foundation [NSF], 2014), but pre-college student interest in science and mathematics, which
is an essential preparation for an engineering college degree, has been eroding nationally,
among women and minorities, as well as in communities where a college education has not
been the norm. Schorr (2019) study provided evidence that girls’ interest in an ICT career is
impacted by their self-rated ICT abilities, their interest in computers and what they believe
their parents think about their ICT talents. These ICT-inclined female students started their
course of studies with less confidence, especially in terms of computer knowledge,
programming, and software. More often than their male counterparts, they commented that
they felt they were inferior despite good performances. Female students are doubtful about

their abilities in this subject.

It is noted by Beede et al 2011 and Francis et al 2016 that females often do not continue on to

a STEM career once graduated. Beede et al (2011) study showed that women who have earned
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a STEM degree are less likely than men to enter STEM occupations. This research was
conducted by looking at Computer and Mathematics workforce data where the presence of
women dropped 3% points from 2000 to 2009 in the U.S. A similar study by Francis et al
(2016) focused on the data from the ASPIRES 2 Project in the UK, which found differences
between males’ and females’ perceptions of factors influencing females’ career aspirations.
Less than one quarter of young men who participated felt that women are discouraged from
pursuing a career in Physics, and male adolescents who completed the survey answered that
there is nothing deterring women from remaining in these STEM fields. However, when males’
and females’ answers were compared, more than half of young women felt there were factors

that put women off such as gender discrimination and stereotyping.

2.7 Role Models and Mentoring Partnerships

Many initiatives have a mentoring aspect with a STEM professional, a person from industry,
an academic or a teacher (llumoka et al 2017, Dasgupta and Dennehy 2017). Bettinger and
Long (2005) discussed the role that female faculty members play in students’ lives. Their study
of 54,000 students estimated the impact of faculty on outcomes of students, with results
showing that less than one third of all faculty teaching introductory courses were female.
Bettinger and Long (2005) study results suggest female faculty members have the potential to

increase students’ interest in a subject.

A large number of existing studies in the broader literature have examined the impact of role
models on women in STEM (Drury et al 2011, Ilumoka et al 2017, Dasgupta and Dennehy
2017). Drury et al (2011) study provided evidence that same-gender role models are helpful
for women who are already in STEM fields, while also mentioning that STEM stereotypes are
a deterrent to women because they are perceived as masculine and not the norm for females.

The results in the Drury et al (2011) study show that changing current stereotypes of STEM
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may be more effective in recruitment of women than replacing male role models with female
role models. This is because both male and female role models were having the same positive

effect on female students in STEM.

Ilumoka et al (2017) investigated the impact of mentoring partnerships on students. Results
provided insight into students’ experiences, showing that students who participate in industry-
based mentoring are 55% more likely to demonstrate more interest and confidence in STEM
subjects as well as 25% more likely to show greater interest in pursuing STEM careers. When
it comes to promoting URM (under-represented minorities) interest in the area of engineering,
findings demonstrated that the person-to-person bond of motivation and encouragement that
an individual has in a structured mentoring relationship is a method for promoting interest in
areas like engineering. The outcomes from the mentoring program included increased interest
and confidence in STEM subjects in the students who participated in the program. Similarly,
Dasgupta and Dennehy (2017) conducted a longitudinal study that examined the impact of
female peer mentors on females studying in the engineering discipline in the US. Results
provided evidence that early in college, young women in engineering majors felt more
confident about their ability, had a greater sense of belonging in engineering, and were more
motivated and less anxious if they had a female rather than a male peer mentor. Results were
significantly positive and gave insight into the importance of role models for female students
who are quite often the minority in engineering. At the end of the first college year, 100% of
women students mentored by advanced female peers were still in engineering majors. Having
a female mentor maintained young women’s aspirations to pursue engineering careers by
protecting their sense of belonging and confidence. Dasgupta and Dennehy (2017) explained
that the single-sex gender initiative did not increase confidence or belonging. However, levels
of motivation, confidence and belonging did not fall, but were maintained at a steady level.

The study’s control group consisted of women with no peer mentor. These female students
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showed sharp decline in feelings of belonging in engineering, confidence in ability, motivation,
and interest in pursuing advanced engineering degrees. Generally, it seems it is important for
underrepresented groups such as females in STEM, often being a minority, to have a support
network or mentor as they progress. It may be valuable to consider how all students can access

mentorship across all disciplines in third level education.

2.8 Global Research Projects

Previous sections in this literature review investigated the challenges women in STEM face;
this section relates to the initiatives that aim to address these challenges. There are a number
of initiatives that aim to tackle the gender inequality that exists in STEM (Jackson et al 2013,
Gate and Parker 2014). Jackson et al (2013) found that women experience unique challenges
as students in STEM disciplines, and that being female in a male-dominated area can often
influence their career decisions. This effect is evident in the low presence of female industry
professionals, to the extent that there is a crisis for the workforce that lacks diversity and
skillsets needed in light of technological developments. The results from Jackson et al (2013)
focused on the impact of support systems among community college transfer students in
STEM. These results revealed that faculty members could have a positive impact on the
students’ experiences. However, negative interactions among students and faculty can
discourage participation both inside and outside of the classroom. Jackson’s results also
provided evidence that providing mentoring and career advice to students has a significant

impact on students’ experiences.

There are many global initiatives where females are provided with opportunities to aid in their
development to continue in STEM and with their STEM career aspirations. Everage et al
(2014) investigated the STEM POWER Camp based in the U.S., which focused on high school

girls. The authors highlighted the importance of female-only STEM initiatives or programs
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with results showing that projects like these benefit female students’ career knowledge and
aspirations as well as their self-belief. EUREKA! POWER CAMP and C-Tech are examples
in the US where female students are given opportunities to develop and learn about STEM
disciplines and careers. These global initiatives provide female students with the opportunity
to build confidence and learn about STEM careers and may motivate females to pursue STEM

studies and careers.

Gate and Parker (2014) investigated ALTC (Australian Learning and Teaching Council)
programs set up in the UK, US, and Australia to assist 1st year undergraduate students settle in
their college courses. Gate and Parker identified three main, inter-related points of transition
into higher education: Induction, Development and Becoming. Results provided evidence that
undergraduate women in STEM majors often report feelings of isolation, intimidation, and
even hostility from male peers as well as male professors, and they often have lower self-
confidence in STEM domains than men, despite equal or even higher levels of achievement.
The authors suggested that initiatives tackling these experiences may aid female students in
starting their third level course and transition into their settings comfortably. The authors
argued it is important to monitor transition of students as they progress through their studies
and that higher education institutes would benefit greatly from implementing supports around
these three stages of transition. The feelings reported by female students in this study are similar

to those of other female students in similar circumstances (Brown et al 2017).

2.9 Underpinning Model:

Bronfenbrenner’s (1989) Ecological Systems Theory was used in this study as the
underpinning model. Bronfenbrenner used this model to discuss and investigate children’s
development. The model suggests the interactions between the individual and their

environment are categorized into various systems, which shape their development over time.
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Bronfenbrenner concluded there were four ecological systems with which an individual

interacts, each nested within the others.

Figure 2.1 Bronfenbrenner’s (1989) Ecological Systems Theory
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The four ecological systems are as follows:

1. Microsystem: This is the most influential sphere since it is the immediate layer in the system.
This encompasses the individual’s human relationships, interpersonal interactions, and
immediate surroundings. This is the direct contact layer where interactions involve personal
relationships with family, classmates, teachers, and caregivers. Bronfenbrenner wanted to
investigate how all these factors interact with the individual and affect their development.

2. Mesosystem: this is the second layer out from the individual, surrounding the microsystem
and encompassing different interactions between characters of the microsystem. For an
interaction to be considered part of the mesosystem, it must be a direct interaction between two
aspects of the microsystem that influences the development of the individual. Bronfenbrenner
here focused on the linkages between home and school, peers, and family and finally, family
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and the community.

3. Exosystem: This is the third layer, which is focused on the indirect environment. This
contains elements of the microsystem, which do not affect the individual directly, but may do
so indirectly. At this level there are linkages between two or more settings.

4. Macrosystem: This is the fourth and outermost layer of the bio ecological model. It
encompasses cultural and societal beliefs and programming that influence an individual’s
development. This level is focused on children’s cultural patterns and values, specifically their

dominant beliefs and ideas as well as political and economic systems.

According to this theory, there are different spheres of influence on an individual within a
situation. These influences interact with each other, creating a complex web of effects that may
be different for each person. In this study, the spheres of influence are hypothesized to be
family, peers, society, university and the individual. This model was chosen because from the
literature it was evident that experiences at multiple levels influence an individual and their

decisions (UNESCO 2017).

The Bronfenbrenner (1989) model has been adapted by UNESCO in their Girls Cracking the

Code (2017) Report for second level female students.
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Figure 2.2 UNESCO (2017) Conceptualized Bronfenbrenner model — Inspiration for

study

Figure 36: Ecological framework of factors influencing girls’and women'’s participation, achievement and progression
in STEM studies
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In the present research study, the Bronfenbrenner (1989) model has been applied to third

level female students to investigate their experiences in STEM.
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Figure 2.3 Conceptualized Bronfenbrenner (1989) Ecological Systems Theory

Figure 36: Ecological framework of factors influencing girls’and women'’s participation, achievement and progression
in STEM studies
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Bronfenbrenner’s (1989) Ecological systems theory was adapted for use in this study due to
the spheres of influences in the model as well as the applicability of these influences with the
female students in the program. The Bronfenbrenner Ecological Systems Model (1989) is a
multi-level nested model where the behaviour and decisions of female students are influenced
by a series of factors that are not random. This model aids in recognising the factors that are
related and come together to form decisions and reasoning around females’ retention,
experiences, and attitudes in STEM. A great deal is already known from the above literature
about the barriers females face in STEM at university level experiences (Nassar-McMillan et
al 2011, Blickenstaff 2005, Dresden et al 2018). Using the adapted Bronfenbrenner model
makes it possible to see how the factors come together and to understand the influences and

experiences of female students who are the participants in this study.
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2.10 Chapter Summary

This chapter provided an overview of some of the educational research regarding females in
STEM and the many factors influencing their STEM education experiences, such as
confidence, influences and knowledge. The literature review focused on a number of themes
that were as follows: influences of family, teachers, peers and society; STEM stereotypes;
females’ sense of belonging; STEM identity; females’ self-efficacy and confidence; career

aspirations; role models and mentoring partnerships; and finally, global research projects.

Bronfenbrenner’s (1989) Ecological Systems Model is used in this study to investigate the
influences on female undergraduate students in the STEM disciplines with a focus on the
impact of the WiSTEM?2D Program. The Bronfenbrenner (1989) Ecological Systems Model is
used to attempt to answer the three research questions which will be discussed in the
methodology chapter under the spheres of influence within the model. The Bronfenbrenner
(1989) Ecological Systems Model spheres of the individual, peers and family, university and
society are used as an overarching mechanism for answering the research questions by
investigating the participant’ experiences in STEM and on the WiSTEM?2D program. This will
aid in the analysis and the understanding of the findings from both a researcher and participant

perspective.

The literature review provided insight into the research conducted regarding the influences on
female students and how these affect female students as they progress into higher education
and move on to their careers (Accenture 2014, Kazi and Akhlaq 2017, Robnett 2012). These
influences can be organised according to the Bronfenbrenner (1989) Ecological systems theory
that was adapted in the UNESCO (2017) research. The literature provides us with evidence
that family, peers, teachers and society have a strong influence on females’ decision making in

STEM education (Robnett 2012, Espinosa 2011). This literature review provides understanding
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of a vast amount of literature ranging from 2004 to 2020. Overall, there has been more emphasis
on supports for females in STEM as well as other underrepresented groups to ensure there is
an extensive expertise and experience globally in STEM to support technological changes in
society. In Ireland, a great deal of work has been done to identify methods to ensure STEM
education is successfully executed in second and third level education (see the Gender Balance

Steering group and the STEM Report, 2017).

Research conducted details how STEM stereotypes can have a negative impact on female
students and often weaken their performance (Nosek et al 2011). Specifically, stereotypes
negatively affect females’ confidence levels and turn them off from certain career (Nassar Mc-

Millan 2011).

Research reports that females traditionally avoid male-dominated STEM fields and question
their belonging in these fields. Recent studies show that women are adopting professions which
are conventionally male-oriented (Pronin et al 2004). However, students may question their
belonging in their STEM major as they encounter both positive experiences that affirm their
place in the major, and negative experiences that undermine their engagement (e.g., Eccles
2005; Eccles 2007). It is important for educators to support female students in these areas.
Female enrolment and retention figures have increased in STEM disciplines and careers in the
last number of years. However, this trend must continue for society and the workforce to meet
demands with regards technology and to continue with new developments in science and
engineering while developing innovative problem solvers and inventors. These masculine
associations with STEM have a negative influence on females” STEM identity (Pronin et al

2004, Archer et al 2016).

Previous literature shows that there are a number of factors that help females in STEM as they

attempt to complete their degrees. For example, creating an inclusive space where students are
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encouraged to share their beliefs, knowledge and experiences is critical for students’ identity
development as young people in society (Wright et al 2011). Experiences in STEM play a
significant factor in the confidence levels of female students (Chemers et al 2011). Having
supports within higher education level may aid in instilling confidence in women, since the
literature has shown that women are more likely to persist in STEM when they have high levels
of self-efficacy (Marra et al 2009). The research has also shown that role models act as a
support to females, often enhance confidence levels of students (Stout et al 2011, Lockwood

2006).

From reviewing the literature, there was evidence that providing supports for females studying
in STEM disciplines in higher education settings was an excellent point in ensuring they are
given opportunities to develop STEM knowledge, continue on their STEM career pathway,
and build their confidence in their abilities and themselves. From the literature presented in this
chapter, it is evident that positive experiences and people influence female students to remain

in STEM and persist with their STEM college course or into a STEM career.
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Chapter 3 - Research Design and Methodology

3.1. Overview

This chapter describes and justifies the methodologies used in this research study from the
initial stages of the research project to the conclusion. The chapter sets out the methodological
approach that was adapted, explains how this was a natural consequence of the research
questions and theoretical framework, describes and justifies the process of data collection and
analysis. Bronfenbrenner’s (1989) Ecological Systems Model played a key role in the design
of this study. The spheres of influence aided in the design of each data collection method, as
each of these methods would encompass aspects of the influences in the Bronfenbrenner
Model. This research was undertaken to explore the issue of gender equity in the STEM
disciplines at higher education while examining the impact of a gender-specific intervention
on female students — the WiSTEM2D Program. The study was situated within an existing
intervention program sponsored by a large multi-national healthcare corporation. The study

addressed the following research questions:

Research Question 1: What changes are there in WiSTEM?2D participants’ confidence,

knowledge and understanding of STEM careers, and career aspirations?

Research Question 2: How do WIiSTEM?2D participants experience STEM, the specific

elements of the program (intervention), and their interactions with the WiSTEM Society?

Research Question 3: After completing the WiSTEM?2D program, what impacts do participants

believe the WiSTEM?2D Program has made on their pursuit of a STEM career?
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3.2 The WIiSTEM?2D Program

WIiSTEM?2D Program is a one-year award program for 2" and 3" year female undergraduate
students studying in STEM disciplines. This program runs from September (applications and
advertisement) until May (final workshop and closing for summer exams). There are two
aspects to the WiSTEM2D Program: The Individual Awards (2" year undergraduate female
students only) and the Team Awards (2" and 3" year undergraduate female students only).
Interested students completed an application form, from which shortlisted students were
selected and interviewed. The participating students are from a range of STEM2D (Science,
Technology, Engineering, Mathematics, Manufacturing and Design) college courses in the
University of Limerick. The students who are awarded a place on the Team Awards are
required to complete a project in a randomly assigned team. The projects take the form of a
poster and video and are about topics in STEM. Examples include: How can STEM save the
world? and Stereotypes within the STEM disciplines. The Individual awardees provide some
feedback to these team award students as they progress. This programme is run after college
hours, mainly evenings to accommodate students’ study time and college timetables. Students
in both the Individual and Team Awards take part in STEM events such as Engineering
Showcases and International Women’s Day Conference. Students attend workshops
surrounding skill-building, enhancing career aspirations and building STEM career knowledge
as well as general career knowledge such as interview tips and presentations. As briefly
mentioned in the introduction chapter, this is a collaboration between the University of
Limerick and Johnson and Johnson. The rationale for the WiSTEM?2D Program is to provide
female undergraduate students in STEM disciplines with opportunities and supports to persist

into a STEM career.

| had multiple roles in the programme: researcher, co-ordinator and point of contact for students
and industry aspects. This was difficult to juggle at times due to playing multiple roles when
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organising and running workshops while also researching the participating students’

experiences.

The participating students are each assigned one mentor who works as a STEM professional
for Johnson and Johnson. The relationships formed vary from each mentor and student pairing.
Mentors are assigned by Johnson and Johnson. These mentors were from a variety of
backgrounds and experiences in STEM. For example, some were engineers, others were based
in Human Resources, others on production lines and some were experienced in software. The
aim of the mentorship aspect of the program was to ensure the female students were supported
sufficiently while having a contact they could approach for advice while an undergraduate

female student in STEM.

3.3 Researcher Positioning

My positionality on this topic was strong due to having lived the STEM education experience
similarly in the past. | studied a STEM course where | was in the minority as a female and
experienced isolation as the only female for more than two years of the course. | understand
the difficulties often experienced by females in STEM such as lack of support and isolation.
Distance is important as a researcher (Creswell 2017), but | needed to reveal myself in my
writing while also maintaining distance due to my position and presence playing the dual roles
of researcher and WIiSTEM2D program coordinator. | had to adopt professionalism as a
researcher and take a researcher’s perspective while taking care that the research was not being

impacted by my “other” role.

| wanted to adopt both interpretive and descriptive viewpoints to ensure that, as a researcher,
my literature and methodological training was evident, as this would make the data collected
clear (Creswell 2017). When interpreting data, having a close relationship with the participants

provided unique insights (Flick, Kardorff, and Steinke 2004), and this enabled me to be very
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thorough with formulating interview questions and following up certain aspects with the
participants. Throughout the research, | processed my thoughts through a methodological
journal. Recording my thoughts and ideas on paper supported the decision-making process,

implementation of methodologies, and my learning as a researcher.

My position was difficult with regards to validity issues, due to having close connections with
the female students where | was working as the WiSTEMZ2D program coordinator. This meant
that I was contributing to the running of the program for these students and developed relations
with them in an informal, social setting. The female students often approached me for advice
and supports. | was required to adopt a critical researcher position (Berger 2013) to maximise
the most successful results and step away from my role as program coordinator to researcher
on multiple occasions. This was challenging with regards to the relationship boundaries and
ensuring professionalism as a researcher was always obtained. However, there were also
benefits to having this informal, trustworthy relationship or insider position with the
participants (Berger 2013). This position gave me unique insights into the data due to knowing
the participants from the beginning and watching their progress over the course of the program.
Also, the participants were more comfortable and open in taking part in the data collection due
to having a close connection with me. Only someone in this position would have access to this

data and students.
3.4 Participants

This study focused on two cohorts of female students who had completed the WiSTEM?2D
program. The first cohort were students who had most recently completed the WiSTEM?D
program. Pre and post surveys were used to measure these participants’ experiences before and
after they engaged with the 2018 program (RQ1). Focus group discussions were used to

investigate (i) these students’ perceptions of their university learning environment, (ii) their
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experience of WiSTEM?D site visits and mentoring during their engagement with the program,
and (iii) how their involvement in the WiSTEM?D society has influenced their development
(RQ2). The second cohort of participants included students who had previously engaged with
the WiSTEM?D program. Telephone interviews were conducted with a sample of this cohort

(n=51) to investigate if the program had an impact on their pursuit of a STEM career (RQ3).

There are two main types of sampling: probability and non-probability (Cohen, Manion and
Morrison 2007). In a sample using probabilistic methods, everyone in the wider population
would have an equal chance of being selected. In a non-probabilistic sample, a group is
deliberately included or excluded (Cohen, Manion and Morrison 2007). Non-probability
sampling was used in this study. This method of sampling was chosen because the WiSTEM2D
program is an existing initiative with stringent inclusion criteria in that participants are selected
via written application and interview. Participants in the study were drawn from all students
who accepted a place in the first three years of this 1-year program (n=81). For the pre- and
post-survey, the sample was solely comprised of the year 3 participants of the program (n=30).
The focus groups were conducted with a sample of participants from year 3 only (n=13). The
telephone interviews were conducted with participants drawn from years 1, 2 and 3 of the

program (n=11). Table 3.1 summarises the sample sizes for each phase.
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Table 3.1 Sample Size drawn from each cohort

Year 1:
Female Students
(cohort of 21)

Year 2:
Female Students
(cohort of 30)

Year 3:
Female Students
(cohort of 30)

Research Question (1):
What changes are there
in WiSTEM2D
participants’
confidence, knowledge
and understanding of
STEM careers, and
career aspirations?

Pre and Post Surveys:
v (n=30)

Research Question (2):
How do WiSTEM?D
participants experience
STEM, the specific
elements of the
program (intervention),
and their interactions
with the WIiSTEM
society?

Focus Groups:

v (n=13)

Pre and Post Surveys:
v (n=30)

Research Question (3):
After completing the
WIiSTEM?2D Program,
what impacts do
participants believe the
WISTEM?2D Program
has made on their
pursuit of a STEM
career?

Telephone Interviews:

v (n=4)

Telephone Interviews:

v (n=5)

Telephone Interviews:

v (n=2)

These data collection methods were selected to achieve both a longitudinal and a cross-

sectional design. The longitudinal element involved monitoring the year 3 (2018) participants

from before beginning the program until after it ended to examine the impact of the program

on a series of factors. The cross-sectional element of the study involved using telephone

interviews to reach program participants from years 1, 2, and 3; that is, those who were now

pursuing careers or graduate studies who are previous participants of the program.
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3.5 Research Design

One of the most important aspects of any research study is the research design. This can have

a variety of forms. Research studies fall into one of the three categories of research design:

1. Quantitative
2. Qualitative
3. Mixed Method

(Creswell, 2010; Wiersma and Jurs 2009)

These design types should not necessarily be viewed as discrete categories but instead as a
continuum in which the mixed method operates as a halfway house approach to the qualitative
and quantitative approaches, which occupy either end of the spectrum (Newman and Benz

1998).

Quantitative studies involve survey research or experiments and the ability to mathematically
measure outcomes. Quantitative data have the advantage that ‘numbers register the departure
from theory with an authority and finesse that no qualitative technique can duplicate’ (Kuhn,
1961, p. 180). Qualitative studies focus on people’s values and opinions and are context
specific. Observations by those involved provide the focus rather than statistics. These
observations are analysed, and general themes emerge, which the researcher interprets within

this context (Creswell, 2010; Wiersma and Jurs 2009).

A mixed methods approach is a combination of qualitative and quantitative methods. It
involves collection of both qualitative (open-ended) and quantitative (closed) data in response
to research questions. It is quite a new methodology originating around the late 1980s and early
1990s based on work from individuals in diverse fields such as evaluation, education,
management, sociology, and health sciences (Cohen et al 2018). There were several periods of

development, including a formative stage. It enables a deeper understanding of difficult
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research topics (Firestone, 1987, Plano Clark, Creswell, O’Neill, Green and Shope, 1997).
Researchers who adopt the mixed-method approach tend to have a pragmatic philosophy: for
them the overwhelming concern of the study is a solution to the problem, rather than
committing to a strictly quantitative or qualitative methodology (Patton, 1990). Procedures for
both qualitative and quantitative data collection and analysis need to be rigorous (e.g., adequate
sampling, sources of information, data analysis steps). Two forms of data are integrated in the
design analysis through merging the data, connecting the data, or embedding the data.
Procedures are incorporated into a distinct mixed-method design that also includes the timing

of data collection (concurrent or sequential).

A sequential mixed methods approach was selected as an appropriate design for this study. A
mixed methods approach was the most appropriate design for this study because of the need
for developing insight and knowledge around the students’ experiences. The mixed methods
approach provided the opportunity to follow up with the female students and delve more deeply
into the impact of a program like the WiSTEM2D initiative. It allowed the female students to
provide an in-depth explanation on how they feel at this stage in their degree and career pursuit,
their experience in STEM to date and on the program in both an open and closed approach with
the three data collection methods of surveys, focus groups and telephone interviews. This
ensured the data collection was a rigorous method, having both open and closed aspects to
allow readers to better understand the female students. The mixed-methods approach allowed
readers to gain insight into both overall trends for a whole cohort (quantitative data) and the
unique experiences of individuals (qualitative data). In a sequential mixed methods research
design, quantitative and qualitative data collection are staggered so findings from one wave

could inform the next (Morse, 2003).

There are many strengths to using the mixed-methods approach. Creswell (2007) provides
examples, such as enabling explanation, clarification and extension of results using one
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research methodology. Conclusions related to various relationships between variables, group
differences and group dynamics (in a social setting) can be enhanced and extended via
collection of different types of data and analysis. The strengths of one type of data and analysis
can be used to offset weaknesses of the other. Integrating qualitative and quantitative data
allows a researcher to use strengths of each type while at the same time addressing aspects

considered as weaknesses and limitations.

The main data collection phases were around the 3 years of the program. There were 4 phases
of data collection; Pre-Survey, Post Survey, Focus Groups and Telephone Interviews. There
were different sub-groups of participants in each of these phases who provided rich data. Figure
3.1 provides a calendar listing of the overall research design highlighting when each data

collection was completed.
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Figure 3.1 Progression Plan for Thesis and Data Collection

Year 2018/2019/2020

Task

1(2018/19)

2 (2019/20)

Review of
literature/Writing Lit
Review
Survey (pre and post)
Design
Chairs Action: Ethics
Application
Administer Pre-Survey
Pre-Survey Data Analysis
Conduct Focus Group
Interviews

Sem 1:
Sept/Oct/Nov/Dec

Sem 2:
Jan/Feb/March/Apr

Sem 3:
May/June/July/Au

Sem 1:
Sept/Oct/Nov/Dec

Sem 2:
Jan/Feb/March/Apr

Sem 3:
May/June/July/Au

Administer Post Survey

Post Survey Data Analysis

Focus Group Analysis

Conduct Phone Interviews

Writing Introduction

Writing

Conclusion/Discussion

Writing Methodology

Writing Findings

1 Red Maroon Colour: Writing Stages; Green Colour: Data Analysis; Yellow Colour: Data Collection; Purple Colour: Ethics
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3.6 Data collection instruments and procedures

The data collection instruments were designed to examine participant perspectives on various
aspects of the program and their experiences in STEM and in higher education. Table 3.1 shows

the relationship between the study’s research questions and the data sources.
3.6.1 Pre and Post Survey

Pre and Post Surveys were used to investigate the female students’ development while
completing the program and the impact of the program. A survey was designed and
administered to the year 3 cohort of participants at the beginning and end of their program. The
survey investigated Research Question (1): What changes are there in WiSTEM?D participants’

confidence, knowledge and understanding of STEM careers, and career aspirations?
Survey Questions

The survey items were designed so they aligned with the spheres of influence of the
Bronfenbrenner Model: individual (at the core), family and peers, university, and society.
Categorising the survey into themes, taken from the Bronfenbrenner model spheres and the
aspects within these influences, aided in identifying where and how the participants were
affected and influenced by these spheres in their university experiences, STEM experiences

and personal development as a young professional.

The design of the survey used in this study was influenced by an earlier pilot survey that was
developed as part of the WiSTEM?D program where the aim was to collect baseline data
enabling understanding of male and female students’ experiences at university, particularly in
STEM. From literature on surveys completed, as well as researching a variety of methods to
administer surveys - for example face to face, email or doodle poll - face-to-face was chosen
as the simplest form to administer as participants were in the one setting, free from distractions

and could ask questions directly if needed.
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The pre- and post-survey had 21 items. The first 3 items sought demographic and background
information about female participants, around their membership in the WiSTEM society, and
what college course they were studying. The remainder of the survey was organised to align

with the Bronfenbrenner model.

Items 4-9 addressed confidence, by asking about participants’ confidence levels in situations
such as university environments (e.g., lectures). Other items looked at participants’ thoughts
on their own abilities and confidence from post primary to higher education. Two items invited
an open response, while a further three items sought a Likert response on a 10-point scale
ranging from 1 (lowest confidence) to 10 (highest confidence). Providing a 10-point scale made
it easier to see where there was/was not progress in the post survey. From these Likert scaled
questions, the goal was to have the participants rate their confidence in these environments and

discuss reasons for their responses in separate open-ended questions.

There were 15 open ended questions where a space was provided for further development of
answers. Themes were categorized to ensure participants were concentrating on completing
questions in a strategic manner — i.e., around one topic at a time. This ensured participants’

train of thought was on one theme.

Items 10-17 concentrated on the themes of STEM in academia and career aspirations. These
were all open questions where participants were provided with the opportunity to elaborate
where they felt necessary. The questions began with asking participants why they decided to
study a STEM course at university. This was intended to prompt participants to begin thinking
about their influences and their interests and how these are all linked. The survey questions
continued to focus on the female students’ perceptions of women in STEM and academia,
because these represented the participants’ own current experiences and future aspirations.

Through the WiSTEM?D program, the participants were exposed to several women in STEM
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careers in a variety of areas and often in an informal environment. This experience could have
a direct effect on the female students’ perceptions of STEM careers. Participants would also
have been reminded about the influences in their lives over the course of the program though

the various aspects.

Questions from 19-21 focused on reaching goals in participants’ careers, negative experiences,
participants’ belief in their abilities and expertise in their STEMMD area. Subsequent items
asked how confident and comfortable participants were in their abilities and knowledge in their
area, what affects participants’ level of confidence in their abilities and knowledge area,
whether participants ever hear comments made by male students or peers about females in their
STEM discipline relating to academic abilities and who is ‘better’? If participants answered
yes, they were asked to give examples of where and how these things occur. Participants were
given the opportunity to expand on answers through a comment box as these were open ended

questions.

Survey Procedure

The survey was trialled on 6 male and female postgraduate students who were completing PhDs
in STEM areas such as mathematics, science, and coding. These students were not in any way
connected to the WiSTEM?2D program. These postgraduate students, many of whom had some
research experience, provided feedback on the wording and intelligibility of questions and time
required for completion. Feedback received was around ensuring students were provided with
enough space to answer open ended questions and to break some questions into parts that asked
about influences from different spheres — society, friends, and family. These changes were

made to the final draft of the survey before it was administered.

The pre-survey was administered to the 2018 students who had been offered places on the

WISTEM?2D program. These students had not yet met one another and at this point, did not
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have any relationship with the coordinator. At the first meeting of the 2018 program, on the
university campus in a workshop room, all 30 students were asked face-to face, to complete
one survey each prior to the meeting beginning. The students were given approximately 20
minutes to complete the survey. The survey was completed anonymously and individually. The
students were provided with instructions to complete the survey and the Likert scales and
questions were explained. Students were given the opportunity to withdraw from completing

the survey at any time as their participation in the research was voluntary.

Post-surveys were completed at the end of students’ final meeting on the program. A similar
procedure applied: in terms of the workshop room, participants were asked face to face to
complete one survey each, anonymously. The post-survey was an exact replica of the pre-
survey. The same questions were asked in the pre- and post-surveys to investigate changes over
time in the following variables: confidence levels, STEM career knowledge, influences in

STEM and peer networks.

In both pre- and post-surveys, participants were emailed information sheets prior to these
meetings to explain why they were being invited to volunteer their time to complete the surveys
and the purpose of the research. The information sheet highlighted the confidentiality and
safety aspects of the data and anonymity involved. It explained participants did not have to

complete the survey if they were not comfortable doing so.
The survey data aided in developing questions for the focus groups that were post-program.

The full pre survey is provided in appendix 4 and the full post survey in appendix 5.
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3.6.2 Focus Groups

Focus groups are an informal method of interaction and discussion following with probing
questions and ‘why’ questions to find the reasoning behind feelings, thoughts, and experiences
(Onwuegbuzie 2009). It was important that steps were taken to ensure the students who
participated in focus groups had varied personalities and communication skills to ensure there
was no one person constantly talking or sharing their ideas in the focus groups. Morgan (1998)
advocates using focus groups in preference to one-to-one interviews in situations where
respondents may find face to face interaction intimidating. This advice was related to reasons
for using focus groups due to the informal and relaxed environment created as well as the
conversation-like data collection method. Focus groups may also encourage participation of
individuals who may otherwise be reluctant to talk about their experiences due to feeling they
have little to contribute to a research project (Kitzinger, 1995). The focus groups addressed the
following research question: (2) How do WiSTEM?D participants experience the university
learning environment, the specific elements of the program (intervention), and their

interactions with the WiSTEM?D society?

Similar to the survey items, the focus group questions and themes were designed so they
aligned with the spheres of influence of the Bronfenbrenner Model: individual (at the core),
family and peers, university, and society. Categorising the focus group interviews into themes,
taken from the Bronfenbrenner model spheres and the aspects within these influences, aided in
identifying where and how the participants were affected and influenced by these spheres in
their university experiences, STEM experiences and personal development as a young

professional.

A decision was made to conduct focus groups because this method of people learning from one

another by having an open discussion was important post-program (Onwuegbuzie et al 2009).
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Focus groups enable us to observe group dynamics and levels of consensus and to gather
information on contextual factors that may shape the implementation process (Krueger 1994).
Often, open discussion can lead to the participants supporting one another along with affirming
and validating ideas along with other participants. Compared with individual interviews, focus
groups as a data collection method are more effective in encouraging participants to share

experiences and engage in a fruitful discussion.

Focus Group Questions

Focus groups were conducted post-program to ensure quality data and powerful conversation
because it was the best way for the female students to express how they felt the program
influenced them or what they had learned and developed through the various aspects of the
program. It also highlighted if participants could identify any changes in themselves or if the
program had an impact on them. Focus groups focused on the following areas: career
aspirations, self-perceptions, confidence, influences, effects of the WiSTEM?2D program,
extent of impact from program, participants’ experience of the program, participants’

experiences at higher education in STEM, and their experiences with gender equality.

The list of focus group questions is provided in Figure 3.2. There are codes attached to each
question which indicate how the focus group questions align with one or more of the
Bronfenbrenner spheres of influence — University, Society, Family/Peers, and the Individual.
Such alignment exists in the text of this chapter, but this claim needs to be substantiated to
convince the reader it is true. Codes are the following: University (U), Society (S), Family (F),

Peers (P) and Individual (1).
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Figure 3.2 Focus Group Questions

1.

CoOoNoO RN

el el
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15.
16.

17.
18.
19.
20.
21,
22,

23.

24,
25.

26.
27.
28.

Focus Group Questions:

Think back to when you first began your STEM course here in U.L. What were your first impressions? What
stood out for you? (U)

Why did you choose STEM course at university? (1), (U)

Do you feel outnumbered in STEM? Boys vs. Girls (U)

Why apply for the WiSTEM2D program? (1) (U)

What skills do you feel you are developing through this program? (1)

What do you feel you are getting from this program? (1) (U)

How will this program influence your future career thoughts and decisions? (1)

Do you feel boys see you as a female peer who is equal or less? (P)

Do you feel equal with your male peers? (P)

. What difficulties/awkward situations/comments have you experienced generally concerning STEM? (S) (1)
. Have you experienced negativity in STEM? - Where? Who? How did this make you feel? (S) (U) (P) (F)

. Do you feel pressure to do better/achieve more than males in your course and generally? (1) (P) (U)

. Do you feel a pressure to comply with the societal norm of female? E.g., pink, maternal, ‘girly’(S)

. Do you think it is society/peers/family/yourself who has pressure to do well in STEM/Generally in life? (S)

PY(F) (M

Do you think you can be a STEM ambassador for future girls? (I)

Do you think there is a negative view on females who succeed in STEM careers? — E.g., ‘she got here because
she is a girl, she knows somebody’ (S)

Do you feel you are at an advantage about being a female in STEM — career and academic wise? (1) (U) (S)
How would you combat inequality in the workplace concerning females in STEM? (1)

Have any male peers commented on you receiving this award? If so, what? (P)

What affects your confidence and self-perceptions most? (1)

Being a female in STEM, how has this affected your confidence? (U) (1)

If you had the ability to change gender equality in STEM (positively) in higher education, what would you
do? (I)

If you had the ability to change gender equality in STEM (positively) in the workforce or career wise what
would you do? (I)

What do you think affects female students’ confidence in STEM? (I)

Is there anything we should have talked about, but didn’t, related to gender equality in STEM, STEM
Education, influences in studying STEM, career aspects of STEM, career aspirations?

Do you think the program had a positive impact on you? (U) (I)

What do you feel you got out of the program? (1)

What do you believe you developed or learned from participating in the program? (1)

These questions and themes were focused on because of the findings that arose from analysis
of the pre- and post-survey data, as there was a need to investigate these themes further. It was
important to get a greater insight into the participants’ experiences and attitudes in these areas
and discover if participants were developing from a positive impact of the WISTEM2D

program. These questions were broadly aligned with the Bronfenbrenner spheres of influence.
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The responses not only helped in answering the research question(s), but also provided more

information for the study and next stages.

Focus Group Procedure

The role of the focus group facilitator is to create a safe space for the participants to answer
and ask questions relevant to and informing research questions. There was a need to identify
relevant themes to ensure the extensive literature and theories involved with the research were
addressed along with meeting the goals of the focus groups. Along with this, it was important
to ensure everyone was given space to talk during the focus group. Managing dominant people
in the discussion was an aspect that was handled by ensuring everyone attained the opportunity
to share and join the discussion. Returning to the researcher’s positionality, this was of benefit
in this situation due to having built a relationship with the female students at this point and
knowing the participants’ names. Being aware of the group effect where the participants
prompt one another and give the focus group honest depth was important to ensure there was

rich data coming from the focus groups.

An important point considered was how the moderator may impact the data. The participants
needed to consider the moderator as trustworthy and someone they are likely to open-up to due
to shared experiences and background. This was evident and easy due to the experiences and
interactions | had with the students, as mentioned earlier. Non-verbal communication is very
important and can be highlighted in the focus groups, which allows the moderator to make
judgements, and can aid in the follow up questions. It was important for me to understand how
people form their views and whether their peers make a difference when it comes to opening
up and being more in the presence of peers who were in similar situations or had similar

experiences. (Morgan 1988) argued that focus groups excel at uncovering why people think as
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they do and make it possible to unpick processes of formation of views during focus group

exchanges.

The participants were recruited via email and face to face interactions at workshops in
conjunction with the WiSTEM?Z2D program. Participants were grouped to ensure no students in
the one college course were in the same focus group. The focus groups were explained to the
students as a collective, a few weeks prior to them taking place. All participants received
information sheets prior to participating in the focus groups and each participant signed a
consent form. The participants were familiar with these open discussions and chats about
STEM and careers from the WiSTEM?2D program in their groups and at workshops. Therefore,
this was an environment they were familiar with and were comfortable expressing their

thoughts and experiences.

The participants were made aware of house-keeping such as their protection, the data storage,
the next phase of data analysis, confidentiality of their identity as well as ensuring the
participants were comfortable. The participants had control in that if they were uncomfortable
or did not want to participate, they could turn the recorder off at any time. Along with this, the
participants were made aware of all elements of the focus group prior to starting to ensure they
develop a basis of trust with the moderator. Three focus groups took place in March and April
of 2019 when the students had completed the WiSTEM?2D program. These focus groups took
place during the day and were scheduled at times that were feasible for participants around
their university timetables. Each group ranged from 3-5 participants per focus group. The focus
groups were approximately 30-40 minutes in duration and were recorded using the moderator’s
phone and a Dictaphone. This was to ensure there was two copies of the recording in case one
of the recorders lost battery power. Both recording devices were tested to ensure they worked

clearly prior to completing the focus groups. The recordings were completed in a safe, private,
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and quiet space the participants were accustomed to, due to attending program workshops in

this room. This ensured a good quality recording.

The data from the focus group informed themes and questions for the follow up data collection

with telephone interviews.

The focus group questions and probes are provided in appendix 6.

3.6.3 Telephone Interviews

Telephone interviews were conducted as they were deemed the most appropriate method to
reveal factors relevant to the experiences described and highlighted by female students in the
surveys and focus groups. Telephone Interviews were conducted to answer research question
3: After completing the WISTEM2D Program, what impacts do participants believe the

WIiISTEM?Z2D Program has made on their pursuit of a STEM career?

Similar to the survey items and the focus group questions and themes, the telephone interview
questions were designed so they aligned with the spheres of influence of the Bronfenbrenner
Model: individual (at the core), family and peers, university, and society. Categorising the
telephone interviews into themes, taken from the Bronfenbrenner model spheres and the
aspects within these influences, aided in identifying where and how the participants were
affected and influenced by these spheres in their university experiences, STEM experiences

and personal development as a young professional.

Interactive probing through interviews permitted access to the unconscious and inaccessible
aspects that had a bearing on the tangible and intangible barriers women often face during their
experiences in STEM at higher education. Adopting a semi-structured and unstructured
mixture for the interview structure in this research study allowed a constant flow and
spontaneity of conversation between the interviewer and interviewee. There were questions

and general themes laid out prior to beginning the interviews as this allowed flexibility with
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how the responses came from the participant while giving plenty of time for the participant to
respond to questions. It was important to ensure questions were extensive and elaborative

without being restrictive in mentioning topics.

The decision was made to adopt multiple interview approaches to achieve different end goals.
Firstly, adopting a collaborative or interactive approach while interviewing minimised power
dynamics and ensured a comfortable, natural conversation (Creswell 2007). Allowing the
participant to have equal footing allows there to be a quality interview. Also, adopting a
pedagogical stance allowed empathy between the moderator and the participant due to having
common experience and expertise in these areas. The final stance adopted was the friendship
stance due to the participants knowing the moderator quite well before the research study. The
interview was intended to make interviewees feel comfortable and relaxed about being honest

as well as discussing their experiences in a variety of situations.

The purpose of the telephone interviews was to have an informal conversation with the female
students who had completed the WiSTEMZ2D program in its first, second and third years (2016,
2017, 2018) in order to identify the impact of the program, their thoughts about the WiSTEM
society and where the program had aided in their development and progression on to their

career.

Telephone Interview Questions

To identify if the program had an impact on participants who had since completed college or
were in their final year making career decisions, telephone interviews were conducted. This
allowed opportunities to follow up on themes or questions that emerged from survey or focus
group data that were essential to pursue. The telephone interview questions are provided in
Figure 3.3. There are codes attached to each question which indicate how the telephone

interview questions align with one or more of the Bronfenbrenner spheres of influence —
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University, Society, Family/Peers, and the Individual. Such alignment exists in the text of this
chapter, but this claim needs to be substantiated to convince the reader it is true. Codes are the

following: University (U), Society (S), Family (F), Peers (P) and Individual (1).
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Figure 3.3 Telephone Interview Questions
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Telephone Interview Questions:

What have you done since completing university? (U) (1)

Have you carried on to STEM career or not? — Why/Why not? (1) (U)

Has the WiSTEM2D program had an impact on your career decisions? (1)

Would you do the program again?

What does it mean to be successful to you as a woman in STEM? (1)

If a young girl told you they were avoiding/turned off/nervous about STEM, what
would you say? (1)

Did you find any difference between University and work? From your Co-Op, or
summer work or from chatting to the mentors during and after the program? (U) (1)
Did you have a positive experience at university? (U)

Did you ever have any negative experiences at university? If so, what were they? Why
did they happen? (U) (1)

Do you feel you have grown as a person since completing program and leaving
university? (1) (U)

Did you enjoy college? (U)

Do you think the WiSTEM Society is important? Why is it important? Does it have an
impact and how? Were you a member of the WiSTEM Society while at college? (U)
(S)

Why is there a need for the WiSTEM Society?

Do you think your confidence has grown? How and Why? (1)

What would you say to a female student considering applying for the WiSTEM2D
program?

What skills do you feel you developed through the WiSTEM2D program? (1)

[Now in the workplace,] Do you feel boys see you as a female peer who is equal or
less? — Why? (P)

First day - Why did you chose STEM course at university? (U) (1)

What difficulties/awkward situations/comments have you experienced generally
concerning STEM? (S) (U)

Since completing the WiSTEM2D program, do you see yourself as a STEM
Ambassador for future girls? (1)

Do you think it is society/peers/family/yourself who has pressure to do well in
STEM/Generally in life? (S) (F) (P) () (V)

Now after progressing onto your career and completing University, what affects your
confidence and self-perceptions most? (U) (1)

Looking at being a female in STEM, how has this affected your confidence? (I)

How would you make people more aware of the gender equality issue that exists in
STEM? (S) (F) (P)

Now progressing to final year, do you feel more confident? (I)

How do you feel about going into final year — any worries? Excited/motivated?
Since winning the award — do you feel better able for STEM career? — Why/why not?
Did you learn more about careers open to you/What you want to do?

What do you think influenced you to follow a STEM career or college course? (S) (F)

(P) (1) (V)

2 Questions highlighted in red were only asked of participants who had either completed their degree at
university or were moving into their final year.
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Like the focus group questions, the telephone interview questions were broadly aligned with
the Bronfenbrenner model due to the study revolving around the influences and factors within
this model. The survey and focus group data providing guiding points to look at for the
telephone interviews and highlighted areas to follow up with female students from the 1%, 2"
and 3" year of the program. Questions highlighted in red were only asked of participants who

had either completed their degree at university or were moving into their final year.
Telephone Interview Procedure

The telephone interviews, from the interviewer’s perspective, were conducted in a quiet office
in the university. These took place during August and September of 2019. Students from all 3
years of the program were invited via email to volunteer their time to take part in an interview.
Some of the participants were graduated from the university and so did not have their university
email address active. Some of the participants had their personal emails on file for contacting
them for activities like this and contact was made through this means of communication. Being
coordinator of the WiSTEM?2D program was beneficial in providing access to these alternative
email addresses. The female participants were advised to be in a quiet room while the telephone
interview was taking place. The telephone interviews lasted approximately 40 minutes each.
They were recorded via mobile phone recording system; a Dictaphone was also used as a
second means of recording in the case that a battery failed, or a file did not record successfully.
The phone call was played aloud via the speaker on the telephone. The volume was turned up
to the loudest setting to promote clarity for listening to the recording afterwards along with the
recorders being situated quite close to the telephone. Ensuring the environment was quiet was

key to ensure the recording was clear for data analysis afterwards.

Prior to the telephone interview, contact was made on several occasions to ensure participants

were aware of what the telephone interview entailed, and if they were comfortable to take part.
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The participants each received an information sheet on the purpose of the telephone interview
and what was involved. The participants were made aware of the data collection method (audio
recording), and it was explained that they could stop their participation at any time, where the
data would be stored, and they could ask the moderator any questions they may have on the
lead up, before or throughout the telephone interview. This ensured the participants were clear
on all aspects of the interview. It was important that the qualitative interview had a naturalness
where there was an openness to speak, and participants were comfortable. Chrzanowska (2014)
was a resource used to learn about good and poor-quality telephone interviews and was a useful
source of guidance on ensuring there was a constant flow in discussion and aided in the

development around hosting a telephone interview.

After each interview, | reflected on strengths and weaknesses and where improvements could
be made in subsequent interviews to ensure high quality data were collected. The focus was
always on the research questions being answered and Bronfenbrenner’s model. At each
telephone interview, ensuring the participants were understood and were being listened to was
important on the grounds of respect. The telephone interview enabled a greater understanding
of the participants’ experiences and attitudes due to the participant having the opportunity to

share their own lived context.

The Telephone Interview questions and probes are provided in appendix 7.

3.7 Data Analysis Procedures

3.7.1 Surveys

Each completed survey was assigned a numerical code to ensure the data were kept anonymous.
For each closed question, Likert responses on a scale of 1-10 were entered into an Excel
spreadsheet. Response option frequencies were tallied for each closed question which gave an

overall score for these questions. To compare pre- and post-data, t-tests were completed to
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compare confidence levels as well as STEM knowledge levels before and after the program.
This provided a clear indication on where participants’ growth occurred or did not. This
quantitative analysis was supplemented by qualitative analysis of responses to survey open

questions along with the focus groups and telephone interviews.

Responses to the open questions were read for each question in turn. Answers were copied to
a separate document for content analysis guided by the Bronfenbrenner model, looking for
relations between the spheres of society, university, family, and peers and how this impacts the
individual. As well as this, the factors that are involved within each sphere of influence were
important. Linkages were made between themes or comments in questions and areas where
there were significant comments in the data. Each answer was given a code that was recorded
in Excel, which allowed frequencies of similar responses to be tallied. After all open responses
were coded, a short paragraph was written about each to aid in the development of

understanding around the participants at these stages of pre- and post-program.

Analysing the pre survey and post-survey responses in this way allowed a comparison to be

made of the participants’ growth over the course of the program.

3.7.2 Focus groups

The focus groups recordings were listened to several times initially. The recordings were then
transcribed, and notes were also taken of important pointers for the thematic analysis that would
later take place. These notes also aided in the understanding of participants’ experiences and
attitudes in STEM, and suggested areas for follow up in the telephone interviews. The
transcripts were then manually annotated in two ways, to record research observations and

initial interpretations and to note aspects such as tone of voice and hesitation.

To analyse the focus group transcripts, the constant comparison analysis developed by Glaser

and Strauss (Glaser 1978, 1992; Glaser and Strauss 1967, Strauss 1987) was used. Constant
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comparison analysis was first used in grounded theory research. As (Leech 2007) and
(Onwuegbuzie 2008) have discussed, constant comparison analysis can be used to analyse
many types of data, including focus group data. Three major stages characterize the constant
comparison analysis (Strauss and Corbin 1998). During the first stage (Open Coding), the data
are chunked into small units. A code/descriptor was attached to each of these units. In the
second stage (Axial Coding) the codes are grouped into categories. The third and final stage
(Selective Coding) involves developing one or more themes to express the content of each of
the groups. (Strauss and Corbin 1998). According to Onwuegbuzie et al (2009) focus group
data can be analysed using this approach, particularly when there are multiple focus groups
within the same study. This process allowed for the assessment saturation in general and

across-group saturation.

Due to focus group data being analysed one group at a time, analysis of multiple focus groups
effectively serves as a proxy for theoretical sampling, which occurs when additional sampling
is undertaken to assess the meaningfulness of the themes and to refine these themes (Chamaz,
2000). This method of data analysis was applied to find the recurring themes throughout the
focus groups. A combination of inductive and deductive analysis was applied, from the themes
highlighted. With inductive analysis, themes were clustered together, and quotes were
extracted from the notes taken while listening to the recordings as well as from the transcripts.
This allowed tables to be created for each focus group, which, in turn, uncovered relations
between findings of participants. Each theme was colour coded as it arose in the data and was
transferred into the themed table. Each focus group was then summarised into a short
paragraph. An example of themed tables from one of the focus groups is provided in Figure

3.4.

With deductive analysis, the Bronfenbrenner (1989) Ecological Systems Theory influenced the
categories that were developed. The levels in this theory — individual, family/peers, university
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environment and society, acted as the broad categories of analysis. Using a combination of
inductive and deductive analysis allowed the data to speak to me while developing a richer

understanding of the broad categories from the Bronfenbrenner theory.

Figure 3.4 Summary of focus group themes findings

unication
Definitely. Obvioustylfor me, my main one was
like tallcing to people. And getting to know
people but, just like practical stuff, like doing the
poster. [ leamned tons of stuff about like, different
software, and same with the video and all that]
Yeah, big time, which I just wasn't expecting it.
And like even one of my lectures announced it i
clazz he was like, *Oh, [ heard someone 1
E:;':hﬂed in the WiSTEM program? And all th
were like it was just went through the room
They were like, why is there no men in STEM?
Why izn't there something for men? That didn”

friends said it as well And said it's like it's a littl
rantage now. But we are disadvan
it's just trying to even the playing fi
I probably compared myself to just yeah, s0 a lot
of stuff.
I knew a girl that did it last vear and she was
trying to get me to go for it And I remember [
filled it out and then I was like mavbe I won't
zend it. - [ won't be good enough when I just had
no confidence and I was like, I just thought
maybe this i3 why I should do it to like build my
confidence.

really thought about going into industry after the
career. [ sort of had this idea in mv head vou
know big pharma companies like you know,
theyv're just in it for the money. Whereas on the
site visit and like the people that were talking to
us that that actually felt like, Oh, these people are
going to work every day because they really
think they're going to make a difference in
people's lives.

One of my lectures told me to look into it. She
made it sound good. Yeah, veah. Okay, go for it
I mean, I was also talking to one of the third
years it our course and she did this last year.
And go she was like, Well. yeah zo for it
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3.7.3 Telephone interviews

A thematic analysis approach (Onwuegbuzie 2009, Hennink, Hutter and Bailey 2011) was used
to interpret telephone interview data. The telephone interviews were listened to multiple times
and were transcribed. This entailed listening to the telephone interviews repeatedly and typing
the conversation that took place in the interview as it played through the headphones. While
transcribing, it was important to ensure the environment was quiet for help with concentrating
on the data. While listening to the interviews and transcribing, notes were taken as important
themes or data emerged to highlight areas in each interview to revisit after all transcribing was
completed. These notes displayed pointers that were important as well as noting participants’

tone of voice or if there was any hesitation. An example is provided in Figure 3.5.

From the transcripts, tables were created where themes were listed and from notes taken and
reading the transcripts repeatedly, it was possible to extract quotes to illustrate each theme.
Once tables were created from each telephone interview, it was possible to identify from each
interview where there were cross-cutting themes as well as similarities and differences between
the participants’ experiences and descriptions when replying to questions and throughout the
discussion. A combination of inductive and deductive analysis was employed to develop
themes and examine relationships between them, like the process described for analysis of the

focus group interviews.
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Figure 3.5 Telephone Interview notes from raw data

Phone Interview: Lisa

Great insight into people and jobs in industry

Mice to talk to engineers about real life

If yvou see it then you can be 1t

WISTEM made me feel like T belonged and was wanted — removed bias and self-doubts
Diefinitely do program agamn

Network building — other students

Contacts made

Growtl as a person

Mlentor — friendship level

Girls think they are not good encugh

Confidence has grown from program

Communication skills developed

Professional manner

Eole model for vounger sister

Extra-curricular activities of promoeting STEM and being role model for young girls
Stigma about maths and STEM — too hard — but all so deable

Mlore able for STEM Career — learned 20 much about opportonities available
Stayving in STEM — Following o to a STEM Career

Enjoys STEM Environment from work and co-op

Advice looking at being a successful woman in STEM- Do not limit yourself - vou can go for it and
do anything

Family — stigma — influence on STEW

hctivated and inspired

Feels privileged to be in position to advocate STEM for women
A lot of pressure on females generally to conform

Expectation on girls to do well

Family listening and payving attention to media and sterectypes
Loved college

Eesponsibility/independent/learning friends

Aptitude tests showed my suitability with STEM

Yes member of wigtem society

3.8 Trustworthiness of the research

The use of multiple perspectives and triangulation enhances the study’s validity and reliability
(Jick 1979). Cohen et al (2007) identify two categories of validity — internal and external. Their
definition of internal validity is that the explanation offered is borne out by the data collected.

This is achieved by using multiple methods when accumulating qualitative data and the
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appropriate treatment of the quantitative data. In this study, this was achieved by completing
pre- and post-surveys along with focus groups and telephone interviews to ensure there was a
range of views collected that allowed a high quality of data that needed to be analysed

thereafter.

Reliability is concerned with accuracy and replicability. According to Cohen et al (2007 p.146),
research is reliable if “it were carried out on similar group of respondents in a similar context,
then similar results would be found.” 1, as the author, ensured there was a consistent approach
to data collection and analysis, due to taking training in these areas. If | did not understand
something in the data, I questioned it and followed it up; for example, if a participant said
something I did not understand in an interview, | probed to get more information to ensure
there was clarity on my part. This ensured there was accuracy around my interpretation of the

participants’ experiences, the literature, the data, the data collection methods, and data analysis.

The students, like myself, were also in dual roles where they were playing the student in the
WISTEM?2D program and the participants in the research. At the beginning, when the pre
surveys were administered, | had not formed any relationship with the female students. It is
possible, given the competitive process of gaining entrance to the program, and because the
program revolved around mentoring, gender equity and other relevant topics, that the
participants may have responded to the survey in ways such that there was a response bias.
That is, there may have been a social pressure to give responses that were expected.
Considering this, | had to interpret the findings with caution as it is possible in the pre-survey
that participants could have conformed to the stereotypes of lacking confidence and feeling
isolated. We do not know if this is the case or not but can only interpret the responses that were

given.
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One other issue regarding the reliability of the data is around the telephone interviews, which
were conducted sometime after most participants had completed the program. This time lag
can often lead to unreliable responses as participants may offer the story they tell about their
perspective, looking back. It may be the case that they were a little unsure of all details and
therefore their story and experience may not correspond fully to what happened. However, as
this is interpretive research it was important to gather their perspectives, since the interpretive
paradigm questions the existence of a single external reality and instead seeks to understand
the world from the participants’ perspectives. Nevertheless, information obtained from the
telephone interviews was checked against the focus group transcripts as a method of

strengthening the reliability of the findings.

3.9 Ethical considerations:

The ethical guidelines of the University of Limerick were adhered to as follows:

1. Ethical approval was granted by the University of Limerick (2016-06_28 EHS)

2. Permission was received from the female students taking part in the program to take part in
this research study.

3. Confidentiality of students was ensured.

4. Of most importance, was the fact that this research project should not in any way have a
negative effect on the participating students, particularly in terms of performance in their
University Programme/Course

5. Finally, the author must acknowledge the limitations of the study before making any claims.
The sample population of female students in this study is limited to two groups, which the
author herself has worked with on occasions. These groups are small and have a specific
contextual nature, which raises concerns over the external validity or the ability to claim that

the results can be generalised onto a wide population.
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3.10 Chapter Summary:

A mixed methods research approach was the most appropriate methodology to use in this
inquiry. This was due to the need to answer a broad range of research questions. Combining
qualitative and quantitative methods allows for the results of each to validate each other and

therefore, provide stronger evidence for a conclusion.

Using the Bronfenbrenner (1989) Ecological systems Theory allowed the focus on certain
factors that may influence the individual’s experience in STEM, particularly at higher
education. This informed the evolution around the themes and sub-themes involved in this
inquiry as well as the best possible methods of researching around these themes. The
Bronfenbrenner model was conceptualized to delve into the female students’ thoughts and
experiences as well as looking at the impact of the program. This contributed to a better
understanding of the methodologies required for successful data collection and understanding

the students.

The mixed methods research methodology enabled a move from identifying a problem, to
researching and intervening to solve the problem using the research as a support. The small
sample size does not limit any attempts to generalise the results beyond the specific female
students involved. The findings reached following these methods of evaluation will be

discussed in the following chapter.
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Chapter 4 - Findings

4.1. Introduction

This study investigated female students’ experiences at higher education. Bronfenbrenner’s
(1989) Ecological Systems Theory was used as a theoretical lens to explore influences that
affected female students’ decisions and interest in STEM. This chapter presents the findings
from this study’s data collection and analysis, while highlighting the key themes from the pre-
and post-surveys, focus groups and telephone interviews. The findings are presented according

to each research question and clustered into themes.

Themes within the findings were further categorised to communicate the main findings of the
study and highlight the impact of the program on female students’ reported feelings,
experiences, confidence levels, interactions with the WiSTEM society (as mentioned in the
introduction this is a student-led society run in the University of Limerick) as well as their

STEM career knowledge and career aspirations.
4.2 Demographic of participants

To gain some understanding about the demographic of the sample, the year 3 participants of
the WiSTEM?2D program (n =30) were asked to indicate in a survey, the type (single sex/mixed)
of school they attended at post primary school level. In total, 60% (n=30) of the participants
attended a mixed sex post-primary school. Participants were also asked to indicate if they were
a member of the WiSTEM Society, one third of participants stated they were. Neither being a

member of the WISTEM Society nor type of post-primary school correlated with the findings.

4.3 What changes are there in WiSTEM?D participants’ confidence, knowledge and

understanding of STEM careers, and career aspirations? (Research Question 1)

The data used for addressing this research question came from the pre- and post-survey
administered to year 3 participants in the WiSTEM?2D program (n=30).
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4.3.1 Changes in Confidence

In the pre-survey, 93.3% of participants described themselves as not confident asking questions
in a lecture. When participants were asked what they feel affects their confidence levels, the
three main factors mentioned were “male dominated environments”, “large class sizes” and
“self-doubt”. These findings imply females are more confident in environments not dominated

by males and/or in smaller classes or groups.

Participants were asked to rate their confidence levels in lectures with regards asking questions,
both before they engaged with the WiSTEM?2D program and again after they completed the
program (Figure 4.1). The post-primary school attended, STEM2D Discipline, or being a
member of the WISTEM society did not correlate with these findings. The graph displays an
increase in each students’ confidence levels. Findings showed that 57% of students exhibited
a substantial increase in confidence (+3 scale points). A paired t-test was run on the sample of
30 participants to determine whether there was a statistically significant mean difference
between their confidence levels before and after taking part in the WiSTEM?2D program (Table
4.1). Post-survey data revealed that there was a statistically significant increase in participants’
confidence levels in asking questions in lectures after engaging with the intervention (p=

0.0027).

Participants were asked to rate their confidence levels with regards asking questions in tutorials
on a Likert scale from 1-10 in the pre- and post-surveys — before and after completing the
intervention (Table 4.1). There was a statistically significant increase in post-survey scores
after participants took part in the WiSTEM?Z2D program (p = 0.00072). The p-values in the table
mean that there was a statistically significant change in an aspect of participants, in this case,

there was an increase in participants’ confidence levels where a p-value is (<0.05).

75



Figure 4.1 Participants’ Confidence levels Pre and Post for asking questions in lectures

Confidence Growth in WiSTEM2D Program
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Table 4.1 Pre and Post Questionnaire findings

Question item and T (p-value) Pre Post
Number

How comfortable do you 5.00 7.06

feel asking a question ina | (0.00072) 0.377 (SD) 0.321 (SD)
tutorial? (4)

How comfortable do you 2.70 4.62

feel asking a question in a | (0.0027) 0.288 (SD) 0.436 (SD)
lecture? (5)

How confident do you 6.80 8.00

feel in general University | (0.0015)

Activities (Academic and 0.211 (SD) 0.276 (SD)
Extra Curricular) would

you say you are now? (8)

Participants were asked what affects their level of confidence in their abilities and their
confidence in their knowledge in an open-ended question in pre- and post-surveys. The main
factors that were reported to negatively impact students’ confidence levels were self-doubt,
difficulty of course content and comparing themselves to their peers. Students explained that
they compare themselves to students of apparent higher abilities which in turn can lead to self-
doubt and negatively affect their performance. In pre-surveys, all participant responses used
negative language to describe their confidence in their abilities and knowledge. Examples of
negative responses were “being the only girl - isolated, afraid to ask for help/feel stupid”,
“Peers are more confident with knowledge and doubting myself”, “no confidence to ask
questions.” One participant (A) mentioned that she felt “reassured” about her capabilities to

work in STEM after her mentor experience during the program: “having been mentored by
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women that are already in industry they have definitely given me reassurance, mainly because

| have seen areas | will be working in and have been in contact with them.”

In the post-survey, responses to the open-ended question changed from the pre-survey with
only four out of 30 participants mentioning self-doubt affecting their confidence levels in their
knowledge or abilities. In total, 28 of the 30 participants commented that their confidence was
growing. This result offers insight into the positive change in participants’ confidence in their
own knowledge and abilities. The students commented that they learned that they do not have
to know everything right now. These comments indicate that the program had a positive impact

on participants’ confidence levels.

Student confidence levels were further explored in focus group discussions. Participants
reported positive changes in their confidence after their engagement with the program. The
participants stated that the program aided them by making them feel supported and included as
part of a STEM group. One participant (H) mentioned how her low confidence levels were a
reason she applied for the program. “I knew a girl that did it last year and she was trying to
apply. I remember 1 filled it out and then I was unsure about sending it. I thought to myself ‘I
won't be good enough.” When I just had no confidence and I just thought maybe this is why 1

should do it, to build my confidence.”

The participants commented that having a group of friends/peers increased their confidence
levels and made them feel empowered. Many of the participants had not met each other before
and had the opportunity to create a rich network of friends through participating in the program
through the social aspects such as workshops, events and mentoring. When discussing their
confidence levels, and what has helped improve these levels over the course of the program,
one participant (R) said: “speaking to other girls and seeing that we're all in the same boat

really helped. ”” Participants commented on their male peers and their own confidence levels in
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lectures and with answering questions. One participant (T) mentioned the following with all
other participants agreeing: “Looking at our course, the boys are always the ones who ask

questions. Even if [ know something, I would never say it.”

The participants had created a good bond with one another; particularly from discussions in the
workshops and from highlighting the importance of gender equality, the participants became
more aware of the gender disparity in the STEM workforce and in STEM disciplines in
education. The participants recognised their shared experiences regarding the isolation often
experienced by females in male dominated environments. With regards females experiencing

isolation, one participant (A) commented:

“There is definitely an inequality in certain courses like the engineering courses. There
is one engineering course and there are only two girls and so obviously that will be
isolating for those girls and they will feel out of place. I think our male peers take it for
granted that we fit in, they should be more inclusive.”

Participants commented on how their self-doubt affects their confidence when they are often
the minority. Participants mentioned how male dominated environments have a negative
impact on their confidence levels and self-doubt because they often make comparisons to their
male peers. One prominent feature to emerge from the focus group discussions was how self-
doubt about their abilities is affecting female students’ confidence levels. One participant (D)
mentioned that she always worries about preparing for college or academic work and how she
doubts her abilities: “Feeling that you're not prepared enough. That is always a big fear of
mine- that | could have done more to prepare. When really, you probably are fine, you have
done a lot of work, but that's something I would be caught up with.” Generally, the participants
felt this was a persistent issue over the course of the year but had found it worse in years

previous when they were in their first year particularly when transitioning to third level life.
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Participants mentioned feeling inferior to their peers and that they feel they are in competition
with them when completing college work or when receiving grades from exams or assignment
in their course. Participants reported that they compare themselves to their peers, particularly
their male peers, which again has a consequent negative effect on their confidence levels.
Outside of the academic aspects, participants commented that they compared themselves
upwardly to male students. Of the participants in the focus groups (n=13), 12 participants
agreed that they would not have applied for the program if it had been open to both female and

male students.

4.3.2 Changes to Knowledge and Understanding of STEM Careers

The pre-survey contained two questions that investigated changes to the female students’
knowledge and understanding of STEM careers. Participants were asked if they knew the
names of jobs they would be applying for when they graduated. In total, 40% of participants
reported that they knew the names of jobs they could apply for. In the post-survey, there were

positive changes since 82% of participants knew the names of jobs to apply for.

Question 15 asked participants if they knew what was involved in industry jobs that they will
be applying for. Pre-survey data revealed that 33.33% of participants know what is involved in
the industry jobs they will be applying for. Post-survey data provided evidence from the
participants’ responses that 67% of participants know what is involved in industry jobs they
will be applying for. This is a positive increase of career knowledge between pre- and post-

SUrveys.

Focus group discussions provided further evidence of changes in students’ knowledge and
understanding of STEM careers. The participants felt the WiSTEM?2D program aided them in
preparation for work placement and career decisions through the help of looking and listening

to other peoples’ experiences and stories. One participant (W) commented on the difference

80



between their initial views on the compartmentalised nature of STEM careers and the

adaptability that exists in industry:

“There were some careers that | wouldn't have thought of. The speakers were working
in different sections and going into areas that they did not originally start out in. | was
silly to assume that you had to go into one section. | learned to go and try different
things more. ”

These participants chose a STEM college course without having visited an industry or plant
site (all students in the participating university will have the opportunity to complete co-
operative work in their chosen field related to their college course before they finish their
degree during term time). The participants spoke about their surprise about how different the
industry plants/sites were in real life and that they were different from what they had initially
expected. Some of the participants had not thought about going into industry as a career as they
had stereotypical views about what working in STEM industry involved. They (1) explained
that from engaging with the program, they gained valuable insight into the roles and work
involved in industry on a variety of levels and were surprised on the significant impact these

roles have on the world today:

“I'd never thought about going into industry as a career. | had this idea in my head that
big pharmaceutical companies were just in it for the money. Whereas on the site visit
and the industry people that were talking to us throughout the program, it was easy to
see that these people are going to work every day because they really think they're
going to make a difference in people's lives.”

The participants expressed that they developed their knowledge of STEM careers and
opportunities available to them from meeting people at events, the program workshops, the
speakers and from their mentors in the program. Many of the participants (T) commented on
the positive experiences they had with their industry mentor and the informal relationship they

built with their mentor over the course of the program:
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“It definitely made me more confident to be working with very qualified
industry people and work in groups with these people. This helped to start
things and getting set up and knowing what is out there in my field. It was
very helpful. It is definitely something good to have on my CV.”

Participants noticed the positive impact on their knowledge and understanding of STEM
careers that they gained from the mentoring aspect of the program, particularly from how

relatable they found the mentors. One participant (L) commented:

“The mentors were a huge benefit to have. To have the contact of
someone if you need job advice or constructive criticism for jobs and
applications is great. It is nice to have the mentor to ask about jobs and
what is out there. They are relatable and | really thought that I could be
like these people one day.”

4.3.3 Changes to Career Aspirations

Career aspirations were explored using two survey questions related to participants’
perceptions on successful women in STEM and how they aspire to make a difference in their
STEM career. These issues revisited in focus group discussions. There are some differences
when comparing pre- and post-survey responses where the responses provide insight into the
participants’ changes around their career aspirations such as what perceptions they think exist
about successful women in STEM, which they aspire to be from studying a STEM course at
third level. Participants’ views around women being hard-working and determined did not

change, however, there were changes around women not being social or being seen as nerdy.

Table 4.2 displays participants’ pre- and post-survey responses to question 11: what

perceptions exist about successful women in STEM careers?
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Table 4.2 What perceptions exist about successful women in STEM Careers (pre- and

post-survey).

Frequency (pre-survey)

Frequency (post-survey)

Typical Response

8 3 Not Social

8 2 Nerdy

10 9 Hard-Working
10 9 Determined

10 6 Confident

10 1 Leadership Skills
9 5 Masculine

9 2 Self-Doubt

Question 16 asked the participants how they would make a difference as a female in a future

STEM career. When participants were asked this question in the pre-survey, the most common

factor, mentioned by two-thirds of the participants, was that they would “be a role model” for

younger girls in STEM. This is important and shows even before the students participated in

the program that they were aware of how critical role models are and the positive effect these

have on young women and men. Table 4.3 provides insight into the participants’ answers in

the pre- and post-survey. Post-survey data revealed that the same two-thirds of the participants

wanted to be a role model for younger females in STEM. There is no evidence that the program

increased participant’s commitment to be a role model, but this commitment was sustained

throughout the program,

Table 4.3 How participants would make a difference in STEM Career: Pre- and post-

survey

Frequency (pre-survey)

Frequency (post-survey)

Typical Response

21

17

Be a Role Model

4 9 Diverse Workforces
13 11 Promote STEM
12 6 Other
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Although survey responses might indicate little change over time in participant’s career
aspirations, focus group discussions yielded evidence that participants’ career aspirations were
strengthened and that participants developed a commitment to pursuing STEM careers. For
example, one participant (1) responded: “I feel like I can do it, seeing and hearing these
professional women make me feel good about following this STEM area.” All participants
commented they have a greater interest in continuing their STEM career pursuit since

completing the program.

Participants mentioned that meeting speakers in industry and academia increased their self-
belief and future STEM career aspirations. The participants explained that they were able to
relate to the speakers on a personal level and it allowed them to see that they too can have a
successful STEM career. The participants viewed these role models as inspiring motivators
who encouraged them to continue their pursuit of a STEM career. Meeting professionals from
industry and academia allowed the participants to see they too can achieve great things with
hard work, motivation, and not allowing self-doubt or negative experiences affect them. One
participant pointed out how she learned about the career options available after completing her
degree where she learned directly from the speakers and mentors about the various career paths
and options. In total, 11 of the 13 focus group participants commented that the industry
speakers showed them that they had varied career choices and flexibility with their future

STEM careers.

Participants in the focus groups highlighted the changes in their career aspirations and the role
the program played with this positive change. Participants (L) mentioned how “supportive
people around us influenced me” with their career aspirations. From the program, the
participants (N) highlighted how they have a “broad outlook on STEM careers.” The
participants mentioned how there was a change in their career knowledge about how industry
works and what different positions entail. One participant (D) mentioned they had a “passion
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for STEM” where they were very interested in learning more about industry and work their
way up the STEM career ladder. The participants mentioned a great change in their perceptions
of STEM opportunities and the scope of STEM. One participant mentioned that she had learned
“not to limit” herself to any specific area, but to take all the opportunities and work hard to
achieve her goals. Most of the participants were challenging the stereotypes in STEM when
asked about these stereotyped representations of females, such as wearing make-up or dressing
up, etc. They said that they can do both — have a STEM career and embrace their feminine
identities — and are not going to let apparent contradiction affect them just because society has
endorsed one picture of women. The participants said that everyone can do different things and

have different interests.

Discussion of Research Question 1 Findings

The findings presented in this section aimed to answer research question 1: What changes are
there in WiSTEM?D participants’ confidence, knowledge and understanding of STEM careers,

and career aspirations?

From the findings, it is evident that the participants’ confidence levels have grown after
participating in the program. The pre-survey data indicated that the participants had low
confidence in areas such as asking questions in lectures and tutorials. Low confidence levels in
females of this demographic are reported in research conducted by Gale and Parker (2014)
where female students were in minority. Similarly, Brown et al (2017) examined research on
females engaging in STEM and found that females’ self-efficacy in STEM was lower than that
of males. Brown et al (2017) stated a factor that affected participants’ confidence was self-
doubt. This conclusion resonates with the findings in the current research study based on the
WISTEM?2D program as participants mentioned self-doubt as a factor that affected their

confidence. Post-program, confidence levels rose, and self-doubt was not as prominent in
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participants’ answers. While it may be possible that maturation over the year may have
contributed to increases in confidence, it is arguable that the WiSTEM?2D program led to the
substantial increases in all, but two students shown in Figure 4.1. Receiving industry
mentorship may have supported this shift in confidence levels as Chemers et al (2011) reported
that mentoring and participating in initiatives that aim to develop student confidence positively

impacts students’ self-efficacy.

There was an increase in participants’ understanding of STEM careers between pre- and post-
surveys. Evidence of the participants having little STEM career knowledge highlights the need
for initiatives to provide opportunities for STEM career knowledge growth. The mentoring
aspect of the program was noted as a method for increasing understanding and knowledge
growth of STEM careers. There was no noticeable difference in participants’ experience with
the mentoring aspect whether their mentor was male or female. This is consistent with the
findings of Drury et al (2011), where both male and female role models had a positive effect
on students. Similarly, Dennehy and Dasgupta (2017) conducted a study investigating the
impact of mentoring on female undergraduate STEM students. Findings indicated that the
female mentors promoted STEM career aspirations and participants reported an increased in
belonging in STEM. Similarly, Hernandez et al (2017) investigated the impact of mentors on
undergraduate students’ career aspirations in STEM, specifically environmental science.
Results indicated that the mentoring had a positive impact on students where they developed

career knowledge and their career aspirations remained in the STEM areas.

Focus group analysis indicated that participant career aspirations grew over the course of the
WISTEM?2D Program. Participants felt motivated and empowered as females in STEM after
meeting female industry professionals over the course of the program and learning about the
varied options and opportunities available to them in STEM and industry. Throughout the
duration of the program, participants expressed interest in becoming role models for other
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females in STEM. Herrmann et al (2016) report that there is a lack of role models for women
in STEM and this may be an influencing factor concerning the low numbers of females in

STEM careers.

Returning to the research question, what changes are there in WiSTEM?D participants’
confidence, knowledge and understanding of STEM careers, and career aspirations? It is
evident from the pre- and post-survey data and focus group discussions conducted that the
participants’ confidence and career knowledge have developed and grown in support of

continuing their pursuit in STEM.

4.4 How do WISTEM?D participants experience STEM, the specific elements of the
program (intervention), and their interactions with the WIiSTEM society? (Research

Question 2)

The data used for addressing this research question came mostly from the focus group
discussions conducted with a sample of year 3 participants in the WiSTEM2D program (n=13).

Additional data came from selected questions on the pre-survey (n=30).

4.4.1 STEM Environment

Participants” STEM microsystems were explored by investigating the influences of (i) society
(i1) school environments (iii) university environment (iv) home environment (v) friends, using
data from the pre-survey which was survey question 18. (Figure 4.2). To summarise, 66.7%
experienced negativity in school environments, 60% experienced negativity in the university
environment, 66.7% experienced negativity in and from society, 40% experienced negativity

from family members and 36.7% experienced negativity from friends.
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Figure 4.2 Negative Experiences in STEM
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Participants in the focus groups discussed the need to be resilient and the need to ignore
stereotypes if one is to continue in one’s studies and pursuit of a STEM career. For example,
one participant (N) mentioned that she enjoys “getting dressed up and wearing make-up. ” The
participants in this focus groups discussed how females can still dress up and do practical work
such as in their labs or fixing parts of machines as this helps in challenging society’s
stereotypes. In total, 66.7% of pre-survey participants reported having negative experiences in
society. Participant explanations referred to other people’s negative attitudes and opinions, due
to social norms such as negative stereotypes associated with females in STEM. Examples
included their friends who have a negative attitude towards females in STEM, and the media
portraying females in STEM as non-social or masculine. The participants felt that media and
society directly influenced their family, friends, and others regarding their ideas about what a

female in STEM looks like or what it involves.
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School

Focus group participants expressed that when they were in post-primary school, others doubted
their suitability in particular STEM subjects, repeatedly reminding them of the level of
difficulty of certain subjects such as mathematics or physics. For example, their teachers had
attempted to direct female students in a different direction such as nursing or teaching instead
of Bioscience or Mathematics and Statistics. The participants had great interest in such subjects
and believed in themselves and ignored the negative attitudes and experiences they had at
school. One participant (D) commented “maths was always talked about as very difficult.”
Another participant (W) discussed her interest in mathematics at post-primary school and how
so many people told her: “how hard maths was and should make sure you are able for it. It
had me questioning like my own abilities and my interests. | always felt the boys were never

told this kind of stuff, it really made me question it all and my interest in maths.”

University

Females’ experiences regarding their peers at university level was investigated, via a survey
question that asked if they ever heard comments made by male students or peers about females
in their STEM discipline relating to academic abilities. In total, 43.3% of pre-survey
participants (n=30) mentioned they have heard their male peers commenting negatively about
females’ abilities in STEM. Focus groups allowed further insight into participants’ experiences
of the university environment in STEM. In focus groups, the participants © mentioned how
important female lecturers are for them in these disciplines: “I think it would make a big
difference if there were more female lecturers because there are mostly male. I haven't had a
female lecturer at all so far in any of my modules.” Some of the participants expressed they

have met some very helpful and inspiring female lecturers throughout their time in university.
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However, generally the participants have said they have no or few female lecturers in the STEM

disciplines.
Home

Participants mentioned several aspects with regards negative experiences with home and
parents such as unsupportive families, parents’ lack of understanding of STEM and parents’
lack of understanding of the opportunities in STEM careers. In total, 40% of pre-survey
participants reported experiencing negativity at home in STEM. Focus group data provided a
greater insight into experiences where participants mentioned their parents particularly had
little understanding about their STEM college course or the opportunities available to them in
co-op placement or careers. One participant (D) mentioned her father commented that she
would “have to know someone to be in with a chance of getting co-op (Work experience) in a
good company.” Similarly, the participants felt their parents were not aware of the careers and
opportunities their STEM course would afford them. Participants felt that their families were

wary of the experience their daughters would have in STEM careers after college.
Friends

Participants mentioned isolation due to friends not understanding their STEM interests. In total,
36% of pre-survey participants reported having negative experiences with friends with regards
to them studying and having an interest in STEM. Many of the participants mentioned their
male peers’ negative attitudes towards them both receiving the award and generally in STEM.
The participants described some of their male peers as jealous due to the opportunities they had
received as part of the WiSTEM?D program. They also stated that males also appeared jealous
if the females excelled in exams which created a competition-like atmosphere where female

students felt they had low confidence levels and increased self-doubt in these situations.
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4.4.2 Main Influences to study STEM Programme at Higher Education

The pre-survey question 13 asked participants what was their main influence for studying a
STEM course at higher education. Figure 4.3 shows the many influences that were identified
by the participants. In the pre-survey, 26.7% of participants said, “subjects and interest in
STEM”, while 26.7% of participants said “opportunities in STEM ™ was the reason they were
influenced into studying a STEM college course. Also, 33.3% of respondents said Teachers
were the influence for them to study a STEM college course, while 26.7% responded that
Family and Peers were the main influence. Note that these percentages add to more than 100%

because participants could suggest as many influences as were relevant to them.

Figure 4.3 Influences to study STEM Programme at Higher Education
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4.4.3 Interactions with the WiSTEM Society

To gain understanding of the students’ experience of the WIiSTEM Society, focus group
participants were asked to consider the importance, need and impact of the WiSTEM Society
for females in STEM at university. Participants generally discussed the WiSTEM society with
reference to how “supportive” the society is, particularly for female students in “mostly male
dominated courses.” Participants were asked if they were active members while attending
college and what their experience has been of the WiSTEM Society. All participants were
members at some stage during their degree up to this stage with some remaining active
members. Participants mentioned that their college workload affected their participation in
clubs and societies like the WIiSTEM society. The participants referenced the society when
they were discussing how beneficial the networking was for them, where one participant (L)
commented “great bonus being part of the society where you have like a group of friends who
are in lots of different courses, but all have same experiences.” The participants felt the
societies and clubs at the university were a great way of networking with those in differing
courses. The society has study sessions, events, and social nights for the members. The
participants (J, E) mentioned the “pizza nights are great fun, especially if you are new to the
society, it’s a real icebreaker.” All the participants felt the society was greatly needed and

beneficial for female students in STEM.

Discussion of Research Question 2 Findings

The findings aimed to answer research question 2; how do WiSTEM?2D participants experience
STEM, the specific elements of the program (intervention), and their interactions with the

WISTEM society?

Participants said they have had negative experiences in society in relation to STEM. Society’s

perceptions and norms affect people’s attitudes and can often affect students’ attitudes and in
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turn their self-beliefs and perceptions. This is evident in Veelen et al (2019) work where the
researchers argued that the socio-cultural norms embedded in society impose barriers on
females in STEM where these barriers affect females’ confidence, particularly building their
career confidence and their engagement in STEM. These ideas of STEM being masculine or
not social are similar to that of Ging (2007) work where it was reported that society has
embedded certain norms and attitudes for females such as females following traditional career
paths such as nursing, teaching and beauty. Students were also cognisant of society’s views of
females in STEM and the stereotypes often associated with females in STEM as being
“masculine” or “not social. ” Society has embedded stereotypes of masculinity associated with
STEM2D disciplines (Ging 2007) and these social norms associated with STEM2D may be
affecting the female students, encouraging them subconsciously to compare themselves to their
male peers (Veelen et al 2019). It is evidenced in the data that the experience of meeting
professionals in the WiSTEM society and other female students had a positive influence for
female students. Science Foundation Ireland (2014) found that “fitting in” was the greatest
influence affecting students when selecting a course. This finding highlights the importance of
providing social outlets for minority students, such as females, to interact in STEM, so they

feel part of a group.

Participants reported having negative experiences at home with family in relation to STEM.
This was an unexpected finding as research indicates that family are a significant positive
influence in adolescents’ decision making (Eccles 2014). When family express negative
attitudes about STEM, it may negatively affect the student’s thoughts around STEM (Espinosa
2011); similarly if family are supportive or acting as role models for the students this can have
a positive impact. The current study found higher negative family influence for the female
students, which does not align with Hoferichter and Raufelder (2019) study where the authors

discussed parents’ role in STEM performance with adolescents. Results from the Hoferichter
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and Raufelder (2019) study showed that it was prominent that children’s beliefs about
themselves, their ability and their attitude towards STEM education are strongly impacted by
their parents as primary agents of socialization. This was not the case in the present study as
the majority of participants reported negative family influence regarding career choice, while
few reported the positive influence of family. This finding warrants further research in the Irish
context to explore the role of cultural values on gendered STEM identify formation. However,
the current study does align with Ertl, Luttenberger and Paechter (2017) findings that negative

family influences lower a female’s self-efficacy.

Survey and focus group data provided insight into participants’ STEM experiences with their
friends, where participants reported some negative experiences with their peers. Peers’
negative attitudes may have an adverse impact on the participants’ decision making around
STEM careers and continuing in their field in STEM, because the participants mentioned that
their friends don’t understand STEM or are not interested in STEM. Robnett (2012) examined
the role peers play in females’ career pursuit in STEM areas and concluded peers play a
significant role in shaping academic achievement for students. Robnett’s study implies that the

females in the present study are at a disadvantage due to their lack of peer support.

Participants reported experiencing negativity in university. Participants reported feeling
uncomfortable and isolated in male dominated environments where a ‘“competition like
atmosphere” existed which they claimed has affected their confidence and self-doubt.
Participants questioned their ability and suitability in STEM. Kim et al (2018) reported on the
STEM environment and how it plays a significant part in the development of females in STEM.
They stated that school and educational settings are an important aspect to consider for identity
development. Participants did not discuss their responses to the negativity they experienced
while they mentioned they had a deep interest in pursuing STEM at third level and that nothing
would affect their interest in their STEM college course. The findings in this current study align
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with Kim et al (2018) findings, since the university STEM environment and female students’

experiences are impacting the participants in a negative way.

Viewing these findings through the lens of the Bronfenbrenner (1989) Ecological Systems
Theory, one would have expected that these students would not have attempted to pursue a
career in STEM as many of their spheres of influence offered negative elements. Where there
were instances of positivity within some of the spheres, it is inferred that these were very

important in supporting the female students in choosing a STEM career.

It is evident that the participants believe the WISTEM Society is important as it acts as to
increase confidence levels for female students due to the peer networks formed. Zeldin and
Pajares (2000) study, mentioned in the literature review, provided insight into how important
peer support and friendships are for STEM achievement and interest in STEM. Findings from
this study show that outreach programs that aim to increase gender equity benefit from social
aspects such as societies, social nights and gatherings as this greatly benefits the participating
females. The activities of the WISTEM society are similar to these social aspects as participants
have informal interactions with their peers and with industry professionals. It is evident from
the findings presented that the participants who engaged with the WiSTEM Society believe it
is a valuable and important network. Participants discussed how the WIiSTEM society is a
support network where females in STEM can build peer groups and attend events. Participants
discussed how the society aided them and other female students in believing in themselves and
overcoming barriers. Keup (2005) findings highlight the effectiveness of social aspects,
particularly for first year students as they build students’ feelings of personal success and help

in establishing peer networks and forging meaningful connections with faculty.

Returning to the research question, how do WIiSTEM?ZD participants experience STEM, the

specific elements of the program (intervention), and their interactions with the WiSTEM

95



society? It is evident from the pre- and post-survey data and the focus group discussions
conducted that the participants are influenced, often in a negative way, by the university

environment, their family and peers and by society.

4.5 After completing the WiSTEM?2D program, what impacts do participants believe the
WISTEM?2D Program has made on their pursuit of a STEM career? (Research Question

3)

The data used for addressing this research question came from the telephone interviews
conducted with a sample of WiSTEM?2D participants from year 1 (n=4), year 2 (n=5), and year
3 (n=2) of the program. These participants were from a range of STEM college courses such
as Bioscience, Design and Manufacturing Engineering, Pharmaceutical and Industrial

Chemistry, Computer Systems and Engineering.

4.5.1 Confidence and Self-Belief

The impact of the WiSTEMZ2D program on participants’ confidence was a common theme to
emerge from telephone interviews. A student (Al) stated the program was one contributing

factor in her increased confidence levels. She explained:

“I got the opportunity to do more public speaking through the program and through
my college course, where | gained a lot more confidence in myself. Initially, when 1
started in my course, | did not have that kind of confidence. But as | progressed through
university, my confidence has gone up. And like | say, it's credit to the program as
well.”

Participants mentioned how their mentors instilled belief in them. One participant (K1)
commented that “when you have your mentor, they instil more confidence in you by giving you
advice and career advice.” Another participant (G1) commented the following about their self-

belief, “my mentor made me realize that I could do it.”

Participants were positive about the beneficial effects of the program on their university

studies: Participant R1: “the program definitely helped me with my confidence and believing in
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myself, it had a knock-on effect on other areas in my studies.” Another participant (L1)
mentioned the award aspect of the program increased her confidence levels: “Before the
program, you're going through college, and you're getting your grades and everything, but

when you re awarded a place on a program like this, it really makes a difference.”

Students explained the career development aspect of the program increased their confidence
levels. One participant (O1) discussed the reason for this: “I definitely feel more confident
about my career because of being part of the program because we covered so much of it in the
program like with having to do mock interviews and having to network. Especially for me as |
was looking for co-op placement during it.” The participants felt the speakers and mentors
instilled a motivation and confidence in them where their self-belief has increased due to
hearing their stories and experiences. Participant D: “One female speaker made me realize that,

| could achieve great things. ”

4.5.2 STEM Career Persistence

All participants discussed how the support and encouragement they received during the
program positively influenced them to continue their STEM career journey. All participants
confirmed they were aiming to pursue or were currently in a STEM career. Fears of having
inadequate knowledge and skills when first beginning their STEM career was the main point
that came through in the data around STEM career persistence. Participants discussed that the
supports and encouragement they received made them feel that they were being true to

themselves following something they were interested in.

The program increased participants’ persistence as the mentors comforted the anxieties they
had about progressing into a STEM Career. The participants mentioned how supportive their
mentors were and that they developed a many useful skills regarding STEM careers such as

communication skills and aspects such as completing application forms. One participant (Al)
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mentioned that she was worried she may not know enough before entering her first industry
work experience but felt relaxed and comfortable when discussing her fears with mentors from
the program where they explained that everyone is learning continuously as all aspects of
STEM careers are constantly evolving. The mentors aided in developing students’ knowledge
of STEM careers. Participant D: “I had an idea of what it was like to work in industry from
talking with my mentor. I've definitely gained confidence in the career path that I'm going for

at the minute.”

The program increased participants” knowledge about STEM careers, which, in turn, increased
their confidence in pursuing a STEM career. Participants found the career workshops useful as
they received career information from those in industry who have the experience and who have
had similar experiences in STEM to these students. Participant J1: “The program was really
good for networking. The workshops with improving your CV, and presentation skills, and
practising were great. It was good for meeting like-minded people as well.” It is evident that
connecting industry and role models with these female students and providing them with
resources to develop their own knowledge, had a positive impact in them developing their

knowledge about future career opportunities; Participant G1.:

“I learned more about careers and especially about careers | didn't know existed. When
people came to talk from Jansen or Vistakon and they talked about things they're doing,
it was interesting because | didn’t know some of those careers incorporated different
things. It really did open my eyes to like how much there is.”

The program increased participants’ persistence as mentors motivated them to continue their
STEM journey. Through engaging with the program, participants mentioned they were
“motivated to keep going” on their STEM journey. They reported that meeting role models,
connecting with other females and taking part in program activities bolstered their self-belief

in choosing a STEM career. It was clear the participants persistence was impacted positively
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as they felt they were motivated to persist in STEM. One student (C1) commented “The
program really helped me career wise, you get to know so many of the girls that have similar
interests of you and like-minded people, it helped to reassure me about STEM careers through
working with the girls on the program.” Another student (N1) commented how meeting female

engineers through the mentoring, motivated her to persist in her field of engineering.

“The WISTEM program gave me great insight to what industry is like before I went on
my own internship. Especially when hearing the speaker’s personal stories. Especially
the engineers for me, as there are no engineers in my family. It was important for me
to hear from the female engineers. It was so nice to talk to them about industry and real
life and it gives you 20-20 vision of things, if you can see it you can be. From seeing
them, [ wanted to be like them.”

4.5.3 Increased Interest in STEM

Participants (A1, O1) mentioned the influence and impact the program had on their interest in

STEM:

“I'm definitely more confident in my knowledge of science and STEM. | think before |
was not too sure, | knew I really liked it. By being a part of the program has made me
aware | was more passionate about STEM than | thought before. Being around people
that all felt and thought the same really brought the passion and interest out in me.”

Overall, the participants were positive about STEM careers and industry. The participants
mentioned that they gained experience and knowledge about STEM careers through the
WISTEM?2D program. Participants (K1, R1) explained that they developed knowledge and
understanding of other disciplines in STEM other than their own and learned about

opportunities generally in STEM from the program.

“Johnson and Johnson speakers came and spoke to us and we got to meet them. There
is a lot of site tours, which are really helpful. I think the program broadened my view
of what was out there. It showed how my discipline crossed into another discipline and
how we were learning about what everyone else is doing and how that could be useful
to me.”
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4.5.4 Desire to be a STEM Role Model

All participants mentioned how influential the industry professionals they met throughout the
program were and how they (J1) “would like to think they too could be a role model for younger
girls and encourage them to take up STEM subjects in school and have supports and someone
to go to for advice.” Participants suggested that they would like to have more opportunities to
engage with primary or post-primary students to discuss STEM with them and to act as a
positive influence. All of the participants mentioned how they would love to “give back” and
aid in inspiring younger generations in whatever way they could in work and personal life as

they felt this was important to ensure younger girls were aware of females in STEM.

One participant (L1) discussed how she aided her sister and acted as a mentor by encouraging

her continue studying Mathematics at Higher Level for her Leaving Certificate.

“I would like to be a role model for younger girls. While | was in the program, | felt it.
A good example is my younger sister. She is two years younger than me and she works
hard, but with honours maths, she really did not want to study it, but | encouraged her.
She felt like she was not good enough. I helped her but she was getting really frustrated,
she felt she was not doing well enough and thinking she was not going to do well. The
results came out and she did so well and got her extra 25 points. | think that is why a
lot of girls don't do it, because they think they are not good enough. They just need an
extra supportive push.”

4.5.5 Increased STEM Network (Industry Professionals)

Participants discussed how engaging with the program facilitated them in networking and the
benefits of this, such as connecting with STEM professionals. The participants mentioned that
connecting to industry professionals added to the overall positive experience they enjoyed as
some participants are still in contact with STEM Professionals they met during their
engagement with the program. The participants mentioned key points they learned from the
speakers and mentors during their time on the program that impacted their progress positively

as well as their outlook on STEM. One participant mentioned how the STEM professionals
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they met, particularly the female STEM professionals, showed them how important it is to have
females in the STEM fields. These STEM professionals showed them that everyone is learning

and that it is important to connect to various people in industry to increase opportunities.

Participants discussed opportunities they have had from the connections they have made from
the program and how positive this has been for them. For example, one of the participants was
invited to speak at an industry meeting in the United States to discuss the importance of the

WISTEM?Z2D program and to promote gender equality.

4.5.6 Increased STEM Network (Other STEM Students)

The participants mentioned that the program increased their STEM peer group. Participant
(N1) “Ir was nice to get the connections with the girls who are doing similar stuff. A few of the

girls I got on really well with which was really nice.”

The participants mentioned the positives of having connections such as making friends and not

feeling isolated as they move forward in college and into a STEM career: Participant (Al):

“I've met lots of people that were in different courses to me. I think that by being part
of the team projects aspect of the program, it was great to work with like-minded
people.”
The participants in the telephone interviews (n=11) were all members of the WiSTEM society
at one stage during their time in college, with some contributing to the organisation of events
and others only attending events. All participants acknowledged the importance of the
WISTEM Society and mentioned the friendships formed. The society was described by one
participant as “great for making friends and attending events.” Participants felt there was

always “a positive atmosphere’” with the society. One participant (K1) mentioned that she felt

the society made her feel like part of a group.
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“I never felt isolated while attending events and stuff the society was organising. It was always

so fun, and I really enjoyed it while I was at UL and able to attend things. ”

Discussion of Research Question 3 Findings

The findings aimed to answer research question 3: Several years after completing the
WIiSTEM?Z2D program, what impacts do participants believe the WiSTEM?2D Program has made

on their pursuit of a STEM career?

After the participants completed the program, their change in confidence persisted positively.
The participants noticed how their confidence has grown immensely since participating in the
program previously, particularly now that they are in their careers in industry or in the final
year(s) of their studies. It is important that female students’ confidence levels are high as they
progress through university and into a career in their chosen field to ensure they have self-
belief that they can progress in their career. This claim is supported by the study of MacPhee,
Farro and Canetto (2013), which found that students’ confidence levels and self-belief
impacted the path they took. As discussed in section 2.5 of the literature review, there is much
research that reports females commonly have low confidence levels in STEM. Participants
discussed that they have greater confidence and self-belief in moving on in their STEM careers
due to the program and the mentors they engaged during and after the program. There are a
number of studies that have shown the long-term impacts of interventions on female students
(Handelsman et al 2005). Woodcock, Hernandez and Schultz (2016) investigated the impact
of the Research Initiative for Scientific Enhancement (RISE) Program over a six-year period.
Findings indicated that students on the RISE program were more likely to pursue a scientific
career after participating four and a half years post-graduation. Contact with successful experts
and peers may build resilience against stereotypes which may decrease self-doubt and increase

belonging. This aligns with the findings in this current study along with Dasgupta (2011) work,
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as mentioned earlier, regarding exposure to role models to aid in the decision making and
transitioning into careers for females. Furthermore, Demetry et al (2009) evaluated the long-
term impacts of Camp Reach in the US. Results indicated that contoured exposure to STEM-
related activities such as role models was important as it would ensure strong long-term
outcomes. Findings indicated the positive impact of the program on the female participants due
to its empowerment for female students. This aligns with the findings in the current study where
it is evident that the program had a long-term positive impact on the participants. Participants
identified the networking opportunities and mentoring by industry professionals provided by

the programme as having a positive long-term effect on their confidence.

The participants’ growth in confidence contributes to their persistence in STEM, as mentioned
in the findings reported in this section. The increase in participants’ confidence persisted
several years after engaging in the intervention and in some cases, after these females have
commenced in their STEM careers. This was expected due to the participants being exposed to
industry professionals who can act as role models (Drury et al 2011). Participants discussed
the motivation they feel to pursue STEM due to the support they received over the course of
their participation in the program and how this has greatly impacted their persistence (Dasgupta

and Dennehy 2017).

Several years on from taking part in the program, the participants still want to be role models.
The exposure of role models for these participants has established a desire to be a role model
and empower younger generations to pursue STEM interests. Participants described the impact
of the role models they met over the course of the program. They felt it is important that young
girls are exposed to industry professionals, as they felt inspired from the stories and
relationships they built and believe it would impact younger generations in a positive way

(Drury et al 2011). It is important to note that the participants did not mention any remaining
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negative influences. Similarly, the participants who had moved into their career stage did not

mention any negativity when entering the STEM workforce.

Returning to the research question; Several years after completing the WiSTEM?2D program,
what impacts do participants believe the WiSTEM?2D Program has made on their pursuit of a
STEM career? It is evident that the participants were positively impacted from the program.
Many of the positive impacts that participants reported after engaging with the program — such
as confidence growth, persistence in STEM, STEM knowledge growth and their desire to be
role models for younger generations — were still evident 1-3 years later. The participants are
motivated and empowered to persist in STEM, have high confidence levels and have a great

desire to be a role model.
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Chapter 5 - Conclusion and Recommendations

5.1 Summary of the study

This study aimed to shed light on the need for a gender intervention in STEM higher education
environments to support female students while providing opportunity for both personal and
career knowledge growth. The results presented indicate that there is a need for interventions
to aid and support female students as they progress through third level in education, particularly
those in STEM college courses where they are often in male dominated environments and can

feel isolated or experience self-doubt.
This study aimed to answer the following research questions:

1. What changes are there in WISTEM:2D participants’ confidence, knowledge and

understanding of STEM careers, and career aspirations?

2. How do WISTEMzD participants experience STEM, the specific elements of the program

(intervention), and their interactions with the WiSTEM society?

3. After completing the WISTEM2D Program, what impacts do participants believe the

WISTEM?Z2D Program has made on their pursuit of a STEM career?

The Bronfenbrenner (1989) Ecological Systems Theory was conceptualised to investigate the
influences and experiences of the female undergraduate students who were awardees on the
WISTEM?2D Program. The spheres of influence were conceptualised to University, Family,
Peers, Society and the Individual at the core. This was a case study where the Bronfenbrenner
(1989) Ecological Systems Model was applied. Using a mixed methods approach allowed for
an in-depth investigation of the experiences and influences of the female participants where

pre- and post-survey, focus groups and telephone interviews were used. The total sample
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worked from in this study (n=81) was the female participants over the three years of the

WISTEM?2D Program.

The main findings from this study focused on participants’ confidence levels, STEM career
knowledge, STEM career aspirations, their influences and experiences with the WiSTEM

Society and their environments around them.

Findings highlighted three factors impacting female students’ confidence levels which were
large class sizes, male-dominated environments and self-doubt. Female students’ confidence
levels were low in the pre-survey, however, the post-survey provides us with evidence that
after engaging with the intervention, there are statistically significant shifts in the participants’

confidence levels in these areas.

Female students’ STEM career knowledge was low prior to taking part in the intervention,
however, post-program data such as the surveys and the focus groups provided evidence that

the participants’ STEM career knowledge increased after engaging with the program.

Participants reported negative experiences in their pre- and post-surveys with their STEM
microsystems which were home, peers, society, school environment and university

environment.

This study indicated that females enrolled in a STEM college course do not have good

understanding of what STEM careers are or what is involved.

The mentorship aspect of the program positively impacted the participants. The telephone
interviews provided evidence that mentors comforted participants’ anxieties about being under-

prepared for a STEM career. This influenced the participants’ persistence in STEM positively.

The WISTEM Society was reported as great benefit for female students, particularly regarding

the aspect of connecting with peers and the social aspect of the society.
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These findings suggest an ongoing need for interventions to address female students’ perceived
barriers to STEM engagement and support their exploration of STEM careers and
opportunities. Such interventions can support gender equity in experiences and opportunities
at higher education and the STEM workforce and so enable much needed diversity inthe STEM
workforce. Initiatives like the WiSTEM2D program aid in increasing confidence, increasing

knowledge of STEM and STEM careers.

5.2 Significance of findings

Confidence rates amongst female STEM students are low at undergraduate level, but this study
provides evidence that they can be improved. Both previous literature and this current research
study provide evidence of female students reporting low confidence levels at this stage of their
career progression in third level. This is particularly evident when female students are in the
minority and are experiencing isolation where self-doubt is a factor in their low confidence
levels (Gate and Parker 2014; Brown et al 2017). This current study has similarities to the
Demetry et al (2009) study which is based on the Camp Reach, in the U.S. Demetry and
colleagues (2009) study found that there were positive long-term outcomes for the female
students after participating in a similar program, such as increased confidence levels and STEM
career aspirations. This mirrors the findings of the present study as evidence of increased
confidence levels after engaging with the intervention as well as increased STEM career
knowledge were reported. There may be alternative explanations for the changes in confidence
in participants, such as natural maturation as well as progressing in their academic studies and
social aspects of life. Female participants’ identity development may have been caused by
many factors beyond the program such as transitioning into adulthood and careers. However,
it can be argued that this development was linked to aspects of the program such as exposure

to academics and STEM professionals.
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This study builds on the UNSECO ‘Cracking the Code’ report where the Bronfenbrenner
(1989) framework was used to identify the sphere of influences on adolescent female students
in STEM. Findings from the present study demonstrated that students who have negative
elements in their spheres of influence can still choose to study STEM courses, which hints at
the complexities in understanding interactions between spheres of influence that seem to have
contradictory effects. Some students reported negative attitudes about STEM amongst their
family members, but this did not negatively affect female students’ career choice. This finding
is different from much of the literature that has mainly reported on family’s negative attitudes
negatively affecting female students’ development in STEM (Espinosa 2011) and Eccles
2014). This study confirmed previous literature with regards the findings around how society
influences female students in that it provided evidence that societal norms such as stereotypes
affect female students negatively in STEM. The embedded norms in society influence the
spheres of influence such as family and friends. This can be seen in previous research by Veelen
et al (2009) and Ging (2007) where social norms are discussed such as gender socialisation

with toys as children.

This study provided evidence that exposure to role models and mentoring positively impacted
the female participants in this study, particularly with promoting STEM careers aspirations.
There are similarities between this study and prior literature (Dennehy and Dasgupta 2017;

Dasgupta 2011; Hernandez et al 2017; Chemers et al 2011).

While most of the separate findings from the study confirm or elaborate on the results of other
published research, this study considers how these influencing factors come together and can
be understood within a broader framework (Bronfenbrenner). In taking this theoretical
approach, this study contributes to the limited literature on the impact of third level award
programs. This is the first research study of its kind to evaluate the impact of this particular
program (The WiSTEM?2D Program) in Ireland.
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5.3 Implications for practice

Universities, education institutes and other education centres could consider the findings in this
study by incorporating elements of this program such a STEM peer networks into their

orientation programs, or college societies.

Another possible implementation would be organising STEM programs so that they collaborate

with industries to provide mentoring, site visits or STEM career workshops.

There are wider implications of the study that extend to other underrepresented groups that
would benefit from similar award programs, for example, those from disadvantaged
backgrounds, working class adolescents, the Traveller and Roma communities. HEA policy is
aiming to widen participation and aid the socio-economically disadvantaged. These are other
groups that require support, and it is interesting to identify if or how initiatives like this study

could be implemented for their benefit.

5.4 Limitations of the study

As the WISTEM?2D program coordinator, it was both a challenge and benefit to be in this
position for the research. As mentioned previously in the methodology chapter, it was
advantageous to have access to these female students which made the data collection
convenient and easier in terms of having contact with the female students and building a
relationship with them over the course of the program. At all times, | was objective yet aware
of the students through building a close relationship with them over the course of the program.
There were advantages to adopting this dual role such as my familiarity with the program due
to co-ordinating all aspects. Also, understanding the experiences the female students had and
knowing the students on both a formal and informal basis aided in them revealing their
experiences and thoughts in data collection. It was important | assumed the role of researcher,

to ensure there was no discrepancies in the data collection, analysis, or interpretation of results.
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It is possible that my positionality would affect the research questions where I am looking
through a particular lens at the data and the participants, such that I may have been looking for
impact and change. However, | aimed to be systematic and analytical with the findings in this
study to maintain a distance in place as the researcher. Having these numerous roles in the
program was a challenge but | endeavoured to ensure the research would not be affected in any
way. Nevertheless, as the participants in this initiative were part of an award program, the
power dynamics may have affected student responses where participants may have exaggerated
the benefits of the program. This was considered in the design of the research instruments and

attempts were made to counteract this bias.

In hindsight, being a female researcher and having a background in STEM and STEM
education may have impacted this study and influenced me to look on a support awards
program in a positive light. Now, reflecting on the research study, | see that | was passionate
about the program and the students getting the most out of this opportunity, and consequently
| perhaps brought some of my personal and professional perspectives to this study. Therefore,
I may have made some unwarranted assumptions due to my involvement with the program and

the participants.

5.5 Further Research

The findings in this study point to some important directions for future research. It would add
value to focus on the female students who do not win a place on the WiSTEM?2D program and
identify how they feel, what their experiences are and how they feel regarding their confidence
levels and career aspirations. It would be important to investigate if there are shifts in their

confidence levels or other variables around STEM careers.

A longitudinal study could be conducted that would continue to investigate the experiences of

the female participants in this current study. This type of study could provide insight into the
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changes these females experience as they progress in their future careers, for example,
development of their STEM identities and pursuits, and their evolving understanding of gender
issues within STEM contexts. Such studies could also explore how variation in students’ STEM

experiences in higher education contexts impacts their STEM trajectories.

One area of future investigation could involve the introduction of short courses about STEM

careers at post-primary level. This would ensure greater knowledge of STEM careers.

5.6 Final Conclusions

The findings of this research highlight that females in this study face two main challenges; low
confidence levels and a poor understanding of the career types available to them when they
complete their STEM degrees. Clear findings have emerged, which highlight the need for
educators and policy makers to be responsive to the evidenced experiences and needs of female
students in STEM disciplines at higher education. Initiatives like the WiSTEM?2D program can
positively develop these shortcomings. The Department of Education in Ireland have invested
in many initiatives aimed at encouraging females to pursue STEM careers using outreach
initiatives from industry companies and others such as SFI Discover projects at primary and
post primary level (Irish STEM Report 2016). While these are positive initiatives to encourage
STEM participation, it is important that if females make the decision to pursue a career in

STEM, the environments they encounter in higher education are supportive.

The role of industry mentoring relationships emerged as a positive influence on participants.
While this present research is limited by its reliance on past experiences and hindsight as well
as sample size, some interesting issues emerged, which have some important implications for
institutions seeking to encourage the development and retention of women scientists and
technologists. The European Parliament’s Committee on Women’s Rights and Gender Equality

(2015) revealed Ireland has the highest gender gap in Europe for the number of students
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graduating in sciences, mathematics and technology, where only 20% were females. The results
from this study are important given the prevalence of this assertion in the literature on gender
inequality in STEM areas, particularly among those offering a rationale for why we should be
concerned about the gender gap in STEM workforces. Based on the conclusions in this study,
higher education institutions should consider industry partnership to support female students

in STEM.
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Appendix 1

Bronfenbrenner’s (1989) Ecological Systems Theory
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Appendix 2

UNESCO (2017) Conceptualized Bronfenbrenner Model — Inspiration for this study

Figure 36: Ecological framework of factors influencing girls'and women's participation, achievement and progression
in STEM studies
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Appendix 3

Conceptualized Bronfenbrenner (1989) Ecological Systems Theory:

Figure 36: Ecological framework of factors influencing girls’and women'’s participation, achievement and progression

in STEM studies
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Appendix 4

Pre- and Post-Survey consent form

EHSREC No: (2016-06 28 EHS)

UNIVERSITY of LIMERICK

OLLSCOIL LUIMNIGH

PARTICIPANT CONSENT

Title of Project: An investigation of the impact of an industry-focused gender
intervention on the self-perceptions and career aspirations of female undergraduate
students in the STEM disciplines

Should you agree to participate in this study please read the statements below and if you

agree to them, please sign the consent form.

o | have read and understood the participant information sheet.

e | understand what the project is about, and what the results will be used for.

e | understand that what the researchers find out in this study may be shared with others but that my
name will not be given to anyone in any written material developed.

o | am fully aware of what | will have to do, and of any risks and benefits of the study.

e | know that I am choosing to take part in the study and that | can stop taking part in the study at

any stage without giving any reason to the researchers.

| agree to the statements above and | consent to taking part in this survey as part of this study.

Name: (please print):

Signature: Date:

Investigator’s Signature Date:
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Appendix 5

Pre- and Post-Survey Information Sheet

EHSREC No: (2016-06 28 EHS)

UNIVERSITY of LIMERICK

OLLSCOIL LUIMNIGH

VOLUNTEER INFORMATION SHEET

An investigation of the impact of an industry-focused gender intervention on the self-
perceptions and career aspirations of female undergraduate students in the STEM
disciplines

Dear Student,

As part of my master’s Research Thesis in the University of Limerick, | am carrying out a study on the
WIiSTEM?D Program participants. This information sheet will tell you what the study is about.

What is the study about?

This study will extend the WiSTEM?D program by measuring the impact of the program on
participating students. The survey will be used to investigate students’ confidence levels, their
perceptions of their university learning environment, their level of STEM career knowledge
and their career aspirations.

What will I have to do?

Your involvement in the study will be during your WiSTEM?2D Program workshop. You will be asked
to complete a survey. The survey should take you approximately 15-20 minutes to complete. Each
participant completes the survey individually.

What are the benefits?

The findings of the study might help Higher Education Institutions and schools to provide more
initiatives and supports for female students in STEM Subjects and disciplines to ensure female students
have positive experiences for young people so that they might become active like you.

What are the risks?
You might decide that you do not want to answer a question. If this happens, you do not have to
answer any question you do not wish to.

What if | do not want to take part?

Participation in this study is voluntary and you can choose not to take part or to stop your involvement
in this study at any time.
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What happens to the information?

The information that is collected will be kept private and stored securely and safely on the researchers’
computer. The computers are protected with a password. Your name will not appear on any information.
You will be assigned a fictitious name when the information is being written in a report by the
researcher. The information that is gathered in the study will be kept for seven years. After this time,
it will be destroyed.

Who else is taking part?
The WiSTEM?D female students who have been on the program previously and are currently on the
program will be invited to take part in the study.

What if something goes wrong?

In the unlikely event that something goes wrong during the survey, the survey session will
immediately stop until the researcher and student(s) are ready to restart the session or the session
would be stopped completely.

What happens at the end of the study?

At the end of the study the information will be used to present results. The information will be
completely anonymous. No student’s name appears in any of the results. All data gathered from the
research will be stored securely and safely by the researcher (Tracey O’Connell) in their office for 7
years. Information that is stored on computer will be stored by Tracey O’Connell on a computer that
is password-protected.

What if | have more questions or do not understand something?
If you have any questions about the study, you may contact the researcher. It is important that you feel
that all your questions have been answered.

What happens if | change my mind during the study?
At any stage should you feel that you want to stop taking part in the study, you are free to stop and
take no further part. There are no consequences for changing your mind about being in the study.

Contact name and number of Project Investigators.

Tracey O’Connell

EPI*STEM Masters Student & WiSTEM?D Program Co-ordinator, School of Education. University
of Limerick, Tel (061) 234916

Email: tracey.oconnell@ul.ie

Thank you for taking the time to read this. | would be grateful if you would consider participating in
this study.

Yours sincerely,

Tracey O’Connell

This research study has received Ethics approval from the Education and Health

Sciences Research Ethics Committee (quote approval number).

If you have any concerns about this study and wish to contact someone independent, you may
contact:

Chairman Education and Health Sciences Research Ethics Committee

EHS Faculty Office

University of Limerick

Tel (061) 234101

128


mailto:tracey.oconnell@ul.ie
mailto:tracey.oconnell@ul.ie

Appendix 6

Pre-Survey

Pre-Survey: WiSTEM?2D Students 2018/19:

=

What is the title of your course?

2. What type of post primary school did you attend?
Mixed Sex Single Sex
3. Are you a member of the WiISTEM Society?
Yes No
Confidence:
4. On ascale of 1-10, how comfortable do you feel asking a question in a tutorial? (1 being
lowest)
1 2 3 4 5 6 7 8 9 10
5. Onascale of 1-10, how comfortable do you feel asking a question in a lecture? (1 being

lowest)
1 2 3 4 5 6 7 8 9 10

6. When solving a problem/question at college, do you prefer working with one peer, in a
group or avoid the situation? Give reasons for your answer:

7. In your own opinion, what factors affect your confidence at college most?
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8. On ascale of 1-10, how confident in general university activities (academic and extra-
curricular) would you say you are now? (1 being lowest)

1 2 3 4 5 6 7 8 9 10

9. Compare your confidence levels between now and when you just finished post-primary
school: Has it changed and if so, what has influenced this change?

STEM Careers and Thoughts:
10. Why did you decide you wanted to study a STEM Programme at University?

11. What perceptions do you believe exist about women that succeed in STEM Careers?

12. What perceptions do you believe exist about women that succeed in Academic Careers?

13. What was/is the main influence for you pursuing a STEM Career?
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14. Do you know the names of jobs you will be applying for when you graduate? If so list
them:

15. What do these positions involve?

16. How do you think you would make a difference as a female in a future STEM career?

17. How do you plan to achieve your career aspirations and reach your goals?

18. Do you think females experience any negatives when studying STEM Subjects —
Q) in society (ii) at school (iii) at University (iv) at home (v) with friends?
Please give examples relevant to your experience.

ElS

Ig

(V)
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19. How comfortable and confident are you in your abilities and knowledge in your area?

20. What affects your level of confidence in your abilities and knowledge area?

21. Do you ever hear comments made by male students or peers about females in your
STEM Discipline relating to academic abilities and who is ‘better’? If yes, give
examples of where and how this occurs.
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Appendix 7

Post-Survey

Post-Survey: WiSTEM?2D Students 2018/19:

1. What is the title of your course?

2. What type of post primary school did you attend?
Mixed Sex Single Sex

3. Are you a member of the WiISTEM Society?
Yes No
Confidence:

4. On ascale of 1-10, how comfortable do you feel asking a question in a tutorial? (1
being lowest)
1 2 3 4 5 6 7 8 9 10

5. Onascale of 1-10, how comfortable do you feel asking a question in a lecture? (1
being lowest)
1 2 3 4 5 6 7 8 9 10

6. When solving a problem/question at college, do you prefer working with one peer, in
a group or avoid the situation? Give reasons for your answer:

7. In your own opinion, what factors affect your confidence at college most?

133




8. On ascale of 1-10, how confident in general university activities (academic and extra-
curricular) would you say you are now? (1 being lowest)

1 2 3 4 5 6 7 8 9 10

9. Compare your confidence levels between now and when you just finished post-
primary school: Has it changed and if so, what has influenced this change?

STEM Careers and Thoughts:

10. Why did you decide you wanted to study a STEM Programme at University?

11. What perceptions do you believe exist about women that succeed in STEM Careers?

12. What perceptions do you believe exist about women that succeed in Academic
Careers?

13. What was/is the main influence for you pursuing a STEM Career?
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14. Do you know the names of jobs you will be applying for when you graduate? If so list
them:

15. What do these positions involve?

16. How do you think you would make a difference as a female in a future STEM career?

17. How do you plan to achieve your career aspirations and reach your goals?
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18. Do you think females experience any negatives when studying STEM Subjects —
(i) in society (ii) at school (iii) at University (iv) at home (v) with friends?
Please give examples relevant to your experience.

zEE"

(V)

19. How comfortable and confident are you in your abilities and knowledge in your area?

20. What affects your level of confidence in your abilities and knowledge area?

21. Do you ever hear comments made by male students or peers about females in your
STEM Discipline relating to academic abilities and who is ‘better’? If yes, give
examples of where and how this occurs.
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Appendix 8

Focus Group consent form

EHSREC No: (2016-06 28 EHS)

UNIVERSITY of LIMERICK

OLLSCOIL LUIMNIGH

PARTICIPANT CONSENT

Title of Project: An investigation of the impact of an industry-focused gender
intervention on the self-perceptions and career aspirations of female undergraduate
students in the STEM disciplines

Should you agree to participate in this study please read the statements below and if you

agree to them, please sign the consent form.

o | have read and understood the participant information sheet.

e | understand what the project is about, and what the results will be used for.

e | understand that what the researchers find out in this study may be shared with others but that my
name will not be given to anyone in any written material developed.

o | am fully aware of what | will have to do, and of any risks and benefits of the study.

e | know that I am choosing to take part in the study and that | can stop taking part in the study at

any stage without giving any reason to the researchers.

This study involves audio recording of the focus group sessions. Please tick the box if you agree:

o | am aware that the focus groups will be audio recorded and | agree to this.
However, should | feel uncomfortable at any time | can ask that the recording
equipment be switched off. | know that | can ask for a summary of the focus group
session, which will not include anybody’s name. I understand what will happen to
the recordings once the study is finished.

| agree to the statements above and | consent to taking part in this research study.

Name: (please print):

Signature: Date:

Investigator’s Signature Date:
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Appendix 9

Focus group information sheet
EHSREC No: (2016-06 28 EHS)

UNIVERSITY of LIMERICK

OLLSCOIL LUIMNIGH

VOLUNTEER INFORMATION SHEET

An investigation of the impact of an industry-focused gender intervention on the self-
perceptions and career aspirations of female undergraduate students in the STEM
disciplines

Dear Student,

As part of my master’s Research Thesis in the University of Limerick, | am carrying out a study on the
WIiSTEM?D Program participants. This information sheet will tell you what the study is about.

What is the study about?

This study will extend the WiSTEM?D program by measuring the impact of the program on
participating students. The focus group discussions will be used to investigate students’
perceptions of their university learning environment, their experience of WiSTEM?D site
visits and mentoring during their engagement with the program, and how their involvement
in the WiSTEM?D society has influenced their development.

What will I have to do?

Your involvement in the study will be during your college timetable at a suitable time. You will be
invited to take part in one forty-minute focus group sessions with some of your female peers who are
also in the WiSTEM?D Program. The focus groups will involve 5-6 students in a group setting being
asked questions about how the WiSTEM?D program experience was. The focus group will be audio-
recorded.

What are the benefits?

The findings of the study might help Higher Education Institutions and schools to provide more
initiatives and supports for female students in STEM Subjects and disciplines to ensure female students
have positive experiences for young people so that they might become active like you.

What are the risks?

You might decide that you do not want to answer a question. If this happens, you do not have to
answer any question you do not wish to.
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What if I do not want to take part?
Participation in this study is voluntary and you can choose not to take part or to stop your involvement
in this study at any time.

What happens to the information?

The information that is collected will be kept private and stored securely and safely on the researchers’
computer. The computers are protected with a password. Your name will not appear on any information.
You will be assigned a fictitious name when the information is being written in a report by the
researcher. The information that is gathered in the study will be kept for seven years. After this time, it
will be destroyed.

Who else is taking part?
The WiSTEM?D female students who are currently on the program will be invited to take part in the
study. 4 focus groups with 5/6 in each.

What if something goes wrong?

In the unlikely event that something goes wrong during the focus group session, the interview session
will immediately stop until the researcher and student(s) are ready to restart the session or the session
would be stopped completely.

What happens at the end of the study?

At the end of the study the information will be used to present results. The information will be
completely anonymous. No student’s name appears in any of the results. All data gathered from the
research will be stored securely and safely by the researcher (Tracey O’Connell) in their office for 7
years. Information that is stored on computer will be stored by Tracey O’Connell on a computer that
is password-protected.

What if | have more questions or do not understand something?
If you have any questions about the study, you may contact the researcher. It is important that you feel
that all your questions have been answered.

What happens if I change my mind during the study?
At any stage should you feel that you want to stop taking part in the study, you are free to stop and
take no further part. There are no consequences for changing your mind about being in the study.

Contact name and number of Project Investigators.

Tracey O’Connell

EPI*STEM Masters Student & WiSTEM?D Program Co-ordinator, School of Education. University
of Limerick, Tel (061) 234916

Email: tracey.oconnell@ul.ie

Thank you for taking the time to read this. | would be grateful if you would consider participating in
this study.

Yours sincerely,

Tracey O’Connell

This research study has received Ethics approval from the Education and Health

Sciences Research Ethics Committee (quote approval number).

If you have any concerns about this study and wish to contact someone independent, you may contact:
Chairman Education and Health Sciences Research Ethics Committee

EHS Faculty Office

University of Limerick

Tel (061) 234101
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Appendix 10
Focus Group Questions and Probes

Purpose: Draw upon respondents’ attitudes, feelings, beliefs, experiences, and reactions. It is
the collection information through group interaction. Focus Groups are composed of six to
twelve people, who are similar in one or more ways, are guided through a facilitated
discussion on a clearly defined topic, to gather information about the opinions of the group
members. The goal of a focus group is to promote self-disclosure among participants.
Because a group, rather than an individual, is asked to respond to questions, dialogue tends
to take on a life of its own. Participants “piggy-back” on the comments of others and add a

richness to the dialogue that could not be achieved through a one-on-one interview.
Moderator: Welcome Introduce moderator (Me)

Moderator: Our topic is looking at Gender Equality in STEM at Higher Education —
WIiSTEM?D Program: Before and after. The results will be used for looking at the effects of a
program like WiSTEM?D on female students. You were selected because you are the 2018/19

cohort of WiSTEM?D Program students.

Moderator: Have you all signed the consent form and read the accompanying information

sheet?
Participants: Yes/No...

Moderator: There are no right or wrong answers, only differing points of view. My role as

moderator will be to guide the discussion.

Moderator: Please feel free to share your point of view even if it differs from what others
have said. Keep in mind that we are just as interested in negative comments as positive

comments, and at times, the negative comments are the most helpful.
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Questions:

1. Think back to when you first began your STEM Course here in U.L. What were your

first impressions? What stood out for you?

(Crowds — Large — Male dominated — Friends — Social Aspects — interests — modules —

difficulty — confidence — abilities)

2. Why did you choose STEM Course at University?

3. Do you feel outnumbered in STEM? Boys vs. Girls
(Confidence — experiences — negative — positive — peer — equals)

4. Why apply for the WiSTEM?D Program?
(Opportunities — CV — Career — Peers — College — Skill development)

5. What skills do you feel you are developing through this program?
(Interpersonal — confidence — IT — Career Prep — communication)

6. What do you feel you are getting from this program?
(Positives/Negatives? — Skills — networking — peer group — real life — opportunities)

7. How will this program influence your future career thoughts/decisions?
(Networking — Opportunities — Contacts)

8. Do you feel boys see you as a female peer who is equal or less? — Why?
(Negatives)

9. Do you feel equal with your male peers? — Why/Why not?

(Negatives? — Peer group — Subjects — modules — faculty — influences — confidence)
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10. What difficulties/awkward situations/comments have you experienced generally

concerning STEM?

11. Have you experienced negativity in STEM? - Where? Who? How did this make you

feel?

12. Do you feel pressure to do better/achieve more than males in your course and

generally?

13. Do you feel a pressure to comply with the societal norm of female? E.g., pink,

maternal, ‘girly’

(Interesting — Link — Feelings because of this? — Expanding — why — where — where have you

seen it?)

14. Do you think it is society/peers/family/yourself who has pressure to do well in

STEM/Generally in life?
(Why? — Focus on which most? — Feelings)
15. Do you think you can be a STEM Ambassador for future girls?

16. Do you think there is a negative view on females who succeed in STEM Careers? —

E.g., ‘she got here because she is a girl, she knows somebody’.
(Experience — Who comments — males/females — why — thoughts)

17. Do you feel you are at an advantage about being a female in STEM — Career and

Academic wise?
18. How would you combat inequality in the workplace concerning females in STEM?
19. Have any male peers commented on you receiving this award? If so, what?

(Smart comments — jealous — isolation — hiding it — affecting confidence)
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20. What effects your confidence and self-perceptions most?

21. Being a female in STEM, how has this effected your confidence?

22. If you had the ability to change gender equality in STEM (Positively) in Higher

Education, what would you do?

(Examples — initiatives — supports — males and females — equality — peers)

23. If you had the ability to change gender equality in STEM (Positively) in the

workforce or career wise what would you do?

24. What do you think effects female students’ confidence in STEM?

(Own experience — myself — examples — after effect — career)

25. Is there anything we should have talked about, but did not related to Gender equality
in STEM, STEM Education, influences in studying STEM, career aspects of STEM,

Career aspirations?

26. Do you think the program had a positive impact on you?

(How/Why?)

27. What do you feel you got out of the program?

28. What do you believe you developed or learned from participating in the program?
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Appendix 11

Telephone interview information sheet
EHSREC No: (2016-06 28 EHS)

UNIVERSITY of LIMERICK

OLLSCOIL LUIMNIGH

VOLUNTEER INFORMATION SHEET

An investigation of the impact of an industry-focused gender intervention on the self-
perceptions and career aspirations of female undergraduate students in the STEM
disciplines

Dear Student,

As part of my master’s Research Thesis in the University of Limerick, | am carrying out a study on the
WIiSTEM?D Program participants. This information sheet will tell you what the study is about.

What is the study about?

This study will extend the WiSTEM?D program by measuring the impact of the program on
participating students. The telephone interview discussions will be used to investigate students’
perceptions of their university learning environment, their experience of WiSTEM?D site
visits and mentoring during their engagement with the program, and how their involvement
in the WiSTEM?D society has influenced their development.

What will I have to do?

Your involvement in the study will be during your summer holidays or else at a time suitable for you.
You will be invited to take part in one twenty-minute telephone interview sessions with the
WIiISTEM?ZD Program Coordinator (Tracey O’Connell). The telephone interview will involve a one-
on-one conversation between you and I, where you will be asked questions about how the
WIiSTEM?D program experience was. The Phone Interview will be audio-recorded.

What are the benefits?

The findings of the study might help Higher Education Institutions and schools to provide more
initiatives and supports for female students in STEM Subjects and disciplines to ensure female students
have positive experiences for young people so that they might become active like you.

What are the risks?
You might decide that you do not want to answer a question. If this happens, you do not have to
answer any question you do not wish to.

What if | do not want to take part?
Participation in this study is voluntary and you can choose not to take part or to stop your involvement
in this study at any time.
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What happens to the information?

The information that is collected will be kept private and stored securely and safely on the researchers’
computer. The computers are protected with a password. Your name will not appear on any information.
You will be assigned a fictitious name when the information is being written in a report by the
researcher. The information that is gathered in the study will be kept for seven years. After this time, it
will be destroyed.

Who else is taking part?
The WiSTEM?D female students who have been on the program previously and are currently on the
program will be invited to take part in the study. Between 7-11 phone interviews will take place.

What if something goes wrong?

In the unlikely event that something goes wrong during the phone interview session, the interview
session will immediately stop until the researcher and student(s) are ready to restart the session or the
session would be stopped completely.

What happens at the end of the study?

At the end of the study the information will be used to present results. The information will be
completely anonymous. No student’s name appears in any of the results. All data gathered from the
research will be stored securely and safely by the researcher (Tracey O’Connell) in their office for 7
years. Information that is stored on computer will be stored by Tracey O’Connell on a computer that
is password-protected.

What if | have more questions or do not understand something?
If you have any questions about the study, you may contact the researcher. It is important that you feel
that all your questions have been answered.

What happens if | change my mind during the study?
At any stage should you feel that you want to stop taking part in the study, you are free to stop and
take no further part. There are no consequences for changing your mind about being in the study.

Contact name and number of Project Investigators.

Tracey O’Connell

EPI*STEM Masters Student & WiSTEM?D Program Co-ordinator, School of Education. University
of Limerick, Tel (061) 234916

Email: tracey.oconnell@ul.ie

Thank you for taking the time to read this. | would be grateful if you would consider participating in
this study.

Yours sincerely,

Tracey O’Connell

This research study has received Ethics approval from the Education and Health

Sciences Research Ethics Committee (quote approval number).

If you have any concerns about this study and wish to contact someone independent, you may
contact:

Chairman Education and Health Sciences Research Ethics Committee

EHS Faculty Office

University of Limerick Tel (061) 234101
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Appendix 12

Telephone Interview Questions and Probes

Perspective of now completed program:

What have you done since completing University?

Carried on to STEM Career or not? — Why/Why not?

Has the WiSTEM2D Program had an impact on your career decisions?

Would you do the program again?

What does it mean to be successful to you as a woman in STEM?

If a young girl told you they were avoiding/turned off/nervous about STEM, what

would you say?

Influence/Impact of program

Any difference between University and Work? From Co-Op/Summer Work/

Chatting to mentors

Positive experience at University?

Negative experiences at university?

Do you feel you have grown as a person since completing program and leaving

University?

Enjoy College?

WISTEM Society — impact — members? Are/Were you a member
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Why is there a need for the WiSTEM Society?

Confidence growth — has it grown? How? Why?

What would you say to a female student considering applying for the WiSTEM2D

Program?

What skills do you feel you developed through the WiSTEM2D program?

[Now in the workplace,] Do you feel boys see you as a female peer who is equal

or less? — Why?

First day - Why did you chose STEM Course at University?

What difficulties/awkward situations/comments have you experienced generally

concerning STEM?

Since completing the WISTEM2D Program, do you see yourself as a STEM

Ambassador for future girls?

Do you think it is society/peers/family/yourself who has pressure to do well in

STEM/Generally in life?

Now after progressing onto your career and completing University, what effects

your confidence and self-perceptions most?

Looking at being a female in STEM, how has this effected your confidence?

How would you make people more aware of the gender equality issue that exists in

STEM?
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Now progressing to final year, do you feel more confident?

How do you feel about going into final year — any worries? Excited/motivated?

Since winning the award — do you feel better able for STEM Career? — Why/why

not?

Did you learn more about careers open to you/What you want to do?

148



