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ABSTRACT

The study conducted by Lee et al. (2019) delves into the impact of exposure to
STEM learning on the participation and retention of women in engineering studies.
Building upon this research, this study explores the intricate relationship between
individuals' formative educational experiences and their career pathways,
investigating the factors that shape these decisions. Utilising online focus groups, the
research engages two distinct participant groups: practicing engineers and
individuals who diverted from pursuing a career in engineering. Thematic analysis
was employed to decipher the data, revealing multifaceted challenges such as
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confidence barriers, gender dynamics, and mismatches between academic theory
and industry demands. The study underscores the significance of holistic support
systems, practical learning experiences, and critical thinking skill development to
empower students and better prepare them for the complexities of the engineering
profession. It advocates for inclusivity, diversity, and hands-on learning initiatives
within engineering education, emphasising the importance of bridging the gap
between academia and industry. By prioritising the development of critical thinking
skills and fostering a culture of support and collaboration, we can ensure graduates
are adequately equipped to tackle engineering challenges effectively, thus
enhancing both educational experiences and the advancement of the engineering
field.

1 INTRODUCTION

Engineering education serves as the cornerstone of technological advancement and
innovation across diverse industries. The cultivation of skilled engineers is pivotal for
addressing complex societal challenges and driving economic growth. However,
despite concerted efforts to recruit and retain talented individuals in the field,
challenges persist in comprehensively understanding the multifaceted experiences
and decision-making factors within engineering education and careers. Scholarly
research such as that by Cheryan et al. (2017), Buckley et al. (2019), Ishikawa and
Newcombe (2021) and Lane and Sorby (2022) underscores the importance of
elucidating these dynamics to optimise educational practices, inform policy
initiatives, and foster a supportive environment conducive to the success of aspiring
engineers. Recent studies have highlighted various factors influencing the decision
to pursue engineering as a field of study. For instance, research conducted by Tyler-
Wood et al. (2018) explores human constructivist learning and how it influences
students’ attitudes, interest and performance in STEM (Science, Technology,
Engineering and Mathematics) education and their later career choices, emphasising
the importance of active engagement and learning in modern education.
Furthermore, findings from a longitudinal study by (Cheryan et al. 2017) underscore
the impact of stereotypes and societal perceptions on the underrepresentation of
certain demographic groups, emphasising the need for targeted interventions to
promote diversity and inclusivity within the engineering profession.

While existing literature provides insights into specific aspects of engineering
education, there remains a gap in comprehensively exploring the educational
experiences of practicing engineers and those diverging from engineering careers.
Understanding these experiences is crucial for addressing barriers, enhancing
support mechanisms, and fostering inclusivity. This study addresses this gap through
a thematic exploration of formative educational experiences in engineering, using
gualitative methods such as online focus groups with two distinct participant groups:
practicing engineers and individuals pursuing non-engineering careers. By
examining their narratives, this research aims to uncover the challenges, successes,
decision-making processes, and socio-cultural influences in their educational and
professional journeys. Exploring spatial thinking in engineering education and
careers is significant due to its profound impact on practice. Spatial thinking,
involving understanding and manipulating spatial relationships, is fundamental in
visualizing systems, designing structures, and solving spatial problems (McNea et
al., 2023). This study investigates how individuals perceive and apply spatial thinking



throughout their educational and professional paths in engineering, aiming to
underscore its importance and identify areas for improvement.

To summarise, this research seeks to shed light on three critical questions. Firstly,
we aim to explore the challenges and opportunities encountered by engineering
aspirants during their academic journey, and how these experiences influence their
career decision-making processes within the field of engineering (RQ1). Secondly,
by examining the insights garnered from this study, we seek to inform the
development of strategies and initiatives aimed at enhancing diversity, inclusivity,
and support mechanisms within engineering education and professional practice
(RQ2). Lastly, we aim to investigate how individuals perceive the evolution and
application of spatial thinking throughout their journey in engineering education and
career, unveiling the efficacy and importance of spatial thinking education and
training initiatives in the engineering domain (RQ3). Through addressing these
research questions, this study aims to contribute to a deeper understanding of the
challenges and opportunities within the engineering pipeline and to provide
evidence-based recommendations for fostering a more inclusive and equitable
environment within the engineering profession.

2 METHODOLOGY

Recognising the complexity and diverse nature of individuals' journeys in the
engineering profession, qualitative methods are chosen to capture the richness of
participants' narratives, perspectives, and insights. The research methodology
encompasses the following key components:

e Formulation of Research Questions: The research questions were carefully
formulated to address specific topics relevant to the study's objectives. They
were designed to be focused, feasible, and aligned with the study's scope and
purpose, as detailed in Section 1.

e Participant Recruitment: As a preliminary study, participants were selectively
chosen to ensure diverse representation relevant to the research goals. Eligibility
included practicing engineers or those who had considered engineering careers,
convenience sampling was used with small participant numbers due to this being
the pilot phase of the study. Upon meeting criteria, participants were assigned
time slots for online focus groups. Transparent communication channels were
established throughout recruitment to address inquiries promptly, ensuring
informed consent.

e Ethical Considerations were crucial in every stage. Participants provided
informed consent before data collection, understanding the study's purpose,
procedures, risks, benefits, and their rights. Confidentiality and anonymity were
strictly preserved to protect participants' privacy and sensitive information.
Identifiable data were pseudonymised during analysis to maintain confidentiality.

e Data Collection: Arrangements were made with all participants for synchronous
online discussions (focus groups) using Microsoft Teams. Prior to the sessions,
they were briefed on the objectives of the focus groups and provided with
necessary instructions for participating in the online environment. Throughout the
sessions, the principal investigator facilitated discussions, steering the
conversation toward predetermined topics or questions aligned with the research
objectives;



1. Can you share what influenced your decision (not) to pursue a career in
engineering? How did these expectations align with your actual experiences or
career trajectories?

2. Reflecting on your educational journey in engineering education, can you share
specific moments or aspects that surprised you, made your experience enjoyable,
or influenced your overall recommendation for others considering a path in
engineering?

3. How do you believe the engineering education system could be enhanced to better
prepare individuals for the challenges they may face in their careers? What advice
would you offer to someone currently navigating their path in engineering or
considering a different career direction?

4. Can you talk to me about your experiences with spatial thinking / learning
throughout your education and career?

All sessions were recorded with consent, allowing for a comprehensive capture
of verbal exchanges, non-verbal cues, and group dynamics. Following the
completion of each focus group, recordings were transcribed verbatim, ensuring
an accurate representation of participant dialogue. The transcriptions were then
subjected to thorough quality checks to maintain fidelity to the original
recordings.

e The Data Analysis process employed in this study was a theoretical thematic
analysis as described by Braun and Clarke (2006 and 2012) aimed at
uncovering the diverse and multifaceted narratives embedded within participants'
experiences in engineering education and careers. It consists of six steps:

Data Familiarisation

Initial Coding

Code Development and Organisation

Iterative Refinement

Theme Elaboration and Definition

Interpretation and Synthesis

ouahwnE

3 RESULTS

Table 1 presents the themes that emerged from the focus groups listed by the
theme’s appearance in transcriptions. These findings encapsulate insights from both
active engineers (n=7) and individuals who previously considered pursuing
engineering (n=3). Formulated meanings from each focus group were arranged into

LE 11 LE 11

clusters which resulted in six themes: “challenges”, “confidence”, “social dynamics &

influence”, “personal factors”, “opportunities & surprises” and “skills &
competencies”.



Table 1: Frequency Distribution of Themes across all 3 Online Focus Groups

FREQUENCY & VALID PERCENTAGES*
All Practicing Engineering
THEME Participants Engineers Contemplators

n=10) (n=7) (n=3)
Challenges 50 | (12%) 43 | {13%) 7| (5%)
Confidence 70| (16%) 27 | (8%) 43 | (32%)
Social Dynamics & Influence | 71| (16%) 44 | (14%) 27 | (20%)
Personal Factors 97 | (22%) 72 | (23%) 25| (19%)
Opportunities & Surprises 54 | (12%) 47 | (15%) 7| (5%)
Skills & Competencies 93| (21%) 87 | (27%) 26| (19%)

Total:

3.1 Emerging Themes

While a relatively small sample size, in the combined results (n=10), 'Personal
Factors' emerge as a significant influence, with both positive and negative aspects.
This theme encompasses various codes like "personal background," "interests,"
"lifestyle choices," and "expectations versus reality.” Among practicing engineers
(n=7), 'Skills and Competencies' such as "work experience," "cross-experience
collaboration," "critical thinking," and "spatial thinking" are highlighted as primary
influencers on their educational journeys. These factors often steer individuals
toward unexpected career paths. For former aspiring engineers (n=3), '‘Confidence’
emerges as the key influencer, with factors like "imposter syndrome," "self-belief,"
"fear of failure,” and "undermining" playing significant roles in their decisions. These
insights underline the complex relationship between personal confidence and career
aspirations.

3.2 Challenges

The results of the analysis provide a comprehensive understanding of the challenges
individuals encounter throughout their career trajectories. Despite proactive efforts,
participants faced limitations in job opportunities, suggesting potential mismatches
between skills and market demands. Communication hurdles, including difficulties in
professional presentations and articulating needs without conflict, emerged as
significant obstacles. Additionally, participants expressed dissatisfaction with the
theoretical nature of their education, particularly in engineering, longing for more
practical, hands-on experiences. Feelings of self-doubt and a lack of confidence
were prevalent, influenced by academic performance, gender dynamics, and peer
comparison. External influences, such as societal expectations, also played
significant roles in shaping career decisions. Furthermore, participants identified
challenges within the educational system, notably in navigating administrative
processes like the Irish Central Applications Office (CAO), adding complexity to
career planning. These findings highlight the multifaceted nature of career
challenges and underscore the importance of holistic support systems to address
them effectively, empowering individuals in their professional journeys.

3.3 Confidence

Participants expressed a variety of experiences and perspectives, illustrating both
positive and negative effects on their educational journeys. On one hand, confidence
was identified as a catalyst for enhanced engagement and enjoyment in engineering
coursework. Participants described how gaining a deeper understanding of concepts
or receiving support positively impacted their confidence levels, leading to greater



satisfaction with their studies and aspirations for future careers. Overcoming initial
apprehensions, particularly regarding the rigorous mathematical aspects of
engineering, contributed to a sense of personal growth and empowerment among
participants. Moreover, embracing mistakes as integral to the learning process and
fostering belief in oneself were identified as crucial factors in cultivating confidence
and resilience within the academic setting. Conversely, the discussions also
revealed the presence of social dynamics, particularly concerning gender, that could
negatively influence confidence levels among certain participants. Female students,
in particular, recounted experiences of feeling outnumbered, overlooked, or
underestimated in predominantly male environments, highlighting the challenges of
navigating gendered spaces within engineering education. Instances of
"mansplaining” and unsolicited advice further underscored the need for greater
awareness and inclusivity to mitigate gender biases and promote a supportive
learning environment for all students. Furthermore, participants shared personal
struggles with self-doubt and fears, particularly related to mathematics, a
cornerstone of engineering curricula.

“It was the fear of failing ... that fear put me down the route | am as
well (non-engineer)” (female)

Intimidation by perceived difficulty and pressure to excel in mathematical coursework
were identified as significant barriers to confidence and academic persistence.
These narratives underscored the importance of addressing psychological barriers
and fostering a culture that embraces failure as a natural part of the learning
process, thereby promoting confidence and academic success. While confidence
can fuel engagement and personal development, it's imperative to tackle systemic
barriers and cultivate inclusive environments to foster confidence and empower
every student to excel in engineering fields.

3.4 Social Dynamics and Influence

Role models, particularly those within families, profoundly influenced participants'
educational paths. Often family members with engineering backgrounds, these
figures not only inspired but also shaped career aspirations. Their guidance from a
young age instilled a passion for engineering, impacting decisions to pursue this
field. This influence extended beyond individuals, inspiring peers and colleagues to
follow similar paths. Teamwork emerged as fundamental in engineering education.
Collaborative efforts cultivated interpersonal skills, problem-solving abilities, and
collective responsibility. Group projects mimicked real-world workplaces,
emphasising effective communication and interdisciplinary cooperation. Diverse
team backgrounds enriched problem-solving, though challenges like communication
barriers were acknowledged, highlighting the need for ongoing interpersonal skill
development alongside technical competencies. Support systems were crucial in
nurturing individuals' growth. Peer interactions provided motivation and camaraderie,
spurring excellence in studies and projects. Mentorship programs and practical
experiences, like internships, offered guidance from seasoned professionals,
enhancing learning and skill development. Moreover, individuals influenced each
other, shaping experiences and decisions through peer interactions and collaborative
efforts, fostering a sense of community and propelling collective growth towards
shared goals and success.



3.5 Personal Factors

The exploration of participants' experiences in engineering education uncovered a
notable contrast between initial expectations and actual realities. Many were
surprised to find themselves drawn to aspects of engineering they hadn't initially
anticipated, such as software development or research, while others noted a
disconnect between academic theory and real-world engineering demands.
Additionally, participants emphasised the significance of teamwork, problem-solving,
and practical skills throughout their educational journey. These findings underscore
the necessity for a curriculum that harmonises theoretical knowledge with hands-on
experience to better equip students for the multifaceted challenges of the
engineering profession. Lifestyle decisions emerged as pivotal factors shaping
educational pathways in engineering. Participants cited personal considerations like
family responsibilities, career aspirations, and shifting values as influential in their
decision-making processes. Some pursued engineering education to advance their
careers or foster personal growth, while others altered their paths to align with
evolving priorities.

“t was primarily driven through a lifestyle decision. You know, young
baby on the way”. (male)

This highlights the intricate interplay between individual circumstances and
educational choices within the engineering realm. The analysis of participants'
personal backgrounds revealed diverse routes into engineering education, shaped
by prior qualifications or experiences in related fields such as teaching or software
development. Participants also discussed the influence of upbringing, ranging from
farming backgrounds to legal professions, underscoring the diverse influences
shaping individuals' interests and motivations in pursuing engineering. Overall, these
findings emphasise the multifaceted nature of personal backgrounds in shaping
educational experiences and career trajectories within the field of engineering.

3.6 Opportunities and Surprises

Participants highlighted how positive experiences, particularly from secondary school
projects like Formula One in Schools, sparked their interest in engineering
disciplines. Internships were pivotal in shaping career paths and providing practical
application of knowledge. Collaborative teamwork enhanced problem-solving skills.
The flexibility of educational programs, exemplified by internship opportunities,
influenced students' decisions to pursue engineering studies. Opportunities were
crucial in instilling confidence and fostering growth, advocating for early exposure to
practical learning experiences. Surprising elements, such as unexpected career
paths and challenges in transitioning between undergraduate and postgraduate
studies, underscored the importance of adaptability. Participants expressed
astonishment at the emphasis on teamwork and the level of detail in specialised
programs. Moreover, the absence of continuity between school-based initiatives and
higher education highlighted the need for greater integration of hands-on initiatives
throughout the educational pipeline to sustain interest in engineering disciplines from
school to college.

3.7 Skills and Competencies

Participants offered varied perspectives, with some praising the invaluable role of
internships in shaping their academic journey and career trajectory, while others



stressed the importance of practical learning in real-world engineering contexts.
Despite positive attitudes toward work experience, concerns were raised about the
disparity between academic studies and practical learning in engineering education.
Participants suggested integrating hands-on experiences into curricula to align better
with industry standards.

“The problem-solving skills, critical thinking that you will use on a
day-to-day basis are probably the lesser focused topics” (male)

Cross-experience collaboration was highlighted as vital, emphasising the value of
diverse perspectives and problem-solving approaches. Recommendations included
enhancing collaboration between educational institutions and industry partners to
cultivate critical thinking skills. Participants underscored the need to prioritise critical
thinking in engineering education and recommended incorporating more diverse
courses to prepare graduates for real-world challenges. Overall, there was a
consensus on the importance of balancing practical experience with critical thinking
skills in engineering education to adequately prepare students for professional
complexities. In light of the diverse perspectives on spatial thinking in engineering
education, there is a pressing need to prioritise critical thinking and problem-solving
skills to adequately prepare graduates for the complexities of the profession. While
spatial thinking plays a crucial role in engineering tasks, it is just one aspect of the
multifaceted challenges engineers encounter. By emphasising critical thinking and
problem-solving, engineering education can equip students with the ability to
approach problems holistically, analyse situations from multiple angles, and devise
innovative solutions. This broader skill set not only enhances their capacity to
navigate spatial challenges but also equips them to tackle the intricate socio-
technical problems prevalent in today's engineering landscape. Moreover, fostering
critical thinking cultivates a mindset of continuous learning and adaptability, essential
for engineers to thrive in an ever-evolving technological environment. Thus, by
integrating spatial thinking within a framework of robust critical thinking and problem-
solving skills, engineering education can better prepare graduates to tackle the
diverse and dynamic demands of the profession effectively.

4 DISCUSSION

This study aimed to explore the educational experiences within engineering
education and careers, with a focus on uncovering challenges, triumphs, decision-
making processes, and the role of spatial thinking in participants’ journeys. Through
online focus groups engaging practicing engineers and individuals who diverted from
pursuing engineering careers, valuable insights were gained into the multifaceted
nature of experiences within the field. In this discussion, we will analyse and interpret
the findings considering existing literature, addressing key themes such as “Personal
Factors”, “Confidence” and “Skills & Competencies”. Firstly, the narratives of
practicing engineers shed light on the practical aspects, dynamics, and factors
contributing to success within the engineering field. Their experiences underscore
the importance of practical learning, interdisciplinary collaboration, and ongoing skill
development in navigating the complexities of engineering careers. Additionally,
insights into the experiences of individuals who diverted from engineering careers
offer valuable perspectives on the diverse reasons and decision-making processes
guiding them away from their initial aspirations. By examining both groups'



narratives, we can gain a comprehensive understanding of the challenges and
opportunities present within engineering education and career trajectories.

The notion of students experiencing a disconnect between their initial expectations
and the realities of engineering education resonates with existing literature on the
mismatch between academic preparation and industry demands (Brunhaver et al.
2018; Trevelyan 2019). Research suggests that students often have idealised
perceptions of engineering careers, and the actual experiences may differ
significantly, leading to challenges in academic and professional adaptation (Eliot
and Turns 2011; Morelock 2017). The emphasis on teamwork, problem-solving, and
practical skills aligns with the literature advocating for hands-on, experiential learning
approaches in engineering education (Sorby et al. 2018; Van den Beemt et al. 2020;
Bower et al. 2022; Maker et al. 2023). Studies have shown that integrating practical
experiences into the curriculum enhances students' abilities to apply theoretical
knowledge to real-world challenges and fosters a deeper understanding of
engineering concepts (Ring et al. 2017; Lobovikov-Katz 2019; Dare et al. 2021; Le et
al. 2023; Nipyrakis et al. 2023).

The findings regarding the positive impact of confidence on academic engagement
and enjoyment in engineering coursework align with existing literature on self-
efficacy theory (Bandura 1997). Research suggests that students with higher levels
of confidence are more likely to persevere through challenges, actively engage in
learning activities, and experience greater satisfaction with their academic
experiences (Cheryan et al. 2017; Gagnier et. al 2022; Miola et al. 2023). The
identification of overcoming apprehensions about the mathematical aspects of
engineering as contributing to personal growth resonates with literature on
mathematical anxiety and its impact on STEM education (Close and Shiel 2009;
Shiel and Kelleher 2017; Delage et al. 2022). Studies have shown that students who
experience mathematical anxiety may exhibit avoidance behaviours and reduced
performance in engineering disciplines, highlighting the importance of addressing
these barriers to promote academic success (Sorby et. al 2018; Daker et al. 2021).
The discussion on gender dynamics and their influence on confidence levels among
female students reflects broader research on gender disparities in STEM fields
(Stoet and Geary 2018). Literature suggests that women in male-dominated
environments may experience stereotype threat, imposter syndrome, and
microaggressions, which can negatively impact their confidence and sense of
belonging in STEM disciplines (Cheryan et al. 2017). The discussion underscores
the need for inclusive environments to mitigate gender biases and promote
confidence among all students, which aligns with literature on diversity and inclusion
in engineering education (Scott 2020; Garcia-Holgado et al. 2021; Verdugo-Castro
et al. 2022) Research emphasises the importance of creating supportive learning
environments that value diversity, equity, and inclusion to enhance engagement,
retention, and success in STEM disciplines (O’Leary et al. 2020).

It is noteworthy that participants in the study struggled to provide a clear definition of
spatial thinking. This observation aligns with existing literature that acknowledges the
complexity and multidimensionality of spatial thinking, which encompasses various
cognitive processes such as mental rotation, visualisation, and spatial reasoning
(Newcombe and Shipley 2015; McNea et al. 2023). While participants may not have
articulated a precise definition of spatial thinking, their experiences and insights shed
light on its importance in engineering education. This aligns with literature



emphasising the significance of spatial thinking abilities in engineering tasks,
including the visualisation and manipulation of complex structures, analysis of spatial
relationships, and design of innovative solutions (Sorby 2009; Gagnier et al. 2017).
Moreover, the data highlights the necessity for a holistic approach to problem-solving
in engineering education. This aligns with literature advocating for integrative and
interdisciplinary approaches, recognising that addressing engineering challenges
requires students to consider multiple factors, perspectives, and constraints (Hegarty
2018). Critical thinking skills are essential for students to analyse problems from
various angles and develop effective solutions.

This emphasises the role of critical thinking in fostering a mindset of continuous
learning and adaptability, essential for engineers to thrive in an ever-evolving
technological environment. This aligns with literature highlighting the importance of
lifelong learning and professional development in engineering practice (Power and
Maclean 2013). Engineering graduates must be equipped with the skills to adapt to
rapid technological advancements and evolving industry trends. The integration of
spatial thinking within a framework of robust critical thinking and problem-solving
skills is paramount for adequately preparing graduates to tackle the multifaceted
demands of the profession (Gagnier et al. 2022). By prioritising these skills and
adopting interdisciplinary approaches, educational institutions can ensure that
engineering graduates possess the analytical acumen and problem-solving
capabilities necessary to succeed in today's rapidly evolving technological
landscape.

5 CONCLUSION

In conclusion, the study provides valuable insights into the challenges, experiences,
and opportunities encountered by individuals in engineering education and career
paths. It emphasises the importance of holistic support systems, inclusivity, and
practical learning experiences in empowering students to succeed in the engineering
profession. By addressing systemic barriers, fostering confidence, and promoting
critical thinking skills, educational institutions and stakeholders can better prepare
graduates to navigate the diverse and dynamic demands of the engineering
landscape.

It is essential to continue advocating for inclusivity, diversity, and hands-on learning
initiatives within engineering education. By prioritising the development of critical
thinking skills, fostering a culture of support and collaboration, and bridging the gap
between academia and industry, we can ensure that graduates are equipped to
tackle the challenges and complexities of the engineering profession effectively. This
comprehensive approach will not only enhance the educational experiences of
students but also contribute to the advancement of the engineering field as a whole.
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