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Staying or Leaving: Contributing Factors for U.K. Engineering

Students’ Decisions to Pursue Careers in Engineering Industry
This sequential, explanatory mixed methods study examined students’ intentions
to stay in or leave engineering industry careers upon graduation. We gathered
survey data from 128 second-year engineering students about their intentions and
attitudes. The participants were enrolled in a two-week interdisciplinary
engineering summer course at University College London called How to Change
the World. From this survey, we also interviewed 15 students, eight intending to
stay and seven intending to leave, about their intentions and experiences that
informed those decisions. We found that students’ perceptions of future
(motivation), expectations, experiences at university, confidence in their ability to
succeed in engineering courses, and sense of belonging in engineering industry
were the main contributors to their decisions to stay or leave. The two data
streams combined provide a richer picture of how students may be better
supported during and through their engineering degree programmes.

Keywords: retention; motivation; belonging; engineering pathways; mixed
methods

Introduction

Students who enter engineering degree programmes often have high motivation
for engineering study yet, many do not pursue engineering jobs upon graduation.
Numerous studies have investigated reasons students may persist or leave engineering
programmes during undergraduate education (Geisinger and Raman 2013; Ohland et al.
2008; Seymour and Hewitt 1997). These studies highlight consistent trends for why
students may persist or leave the discipline including an unwelcoming environment, low
academic performance, lack of self-confidence in developing skills or preparation,
particular interests and career goals, and demographic factors, namely gender and
ethnicity. Additional studies explored students’ pathways post-graduation, particularly
Smith and Gayles (2017) noted that ‘one-third of STEM students choose non-STEM

paths after graduation’ (p. 1201, citing Garibay et al. 2013; Lichtenstein et al. 2009;



Rayman and Brett 1995). Often students make decisions about their careers for two
general reasons: (1) pragmatic, financial decisions and (2) self-expression, matching
occupational and personal attributes. In this study, we focus on the second reason that
students often choose to stay or depart from their engineering career pathways.

We note that most of the studies that have examined students’ decisions to stay
in engineering degree programmes or career decisions post-graduation come from a
U.S. context. These studies provide a starting point to better understand students’
decision making in a United Kingdom context; however, engineering programmes and
the considerations that students use to make career decisions may be different based on
their national (Downey and Lucena 2005) and institutional climates (Neumann 2001).
While the U.S. and U.K. contexts do share similarities in the history and development
of engineering, there are differences that may affect how students make career
decisions.

Downey and Lucena (2005) highlighted fundamental cultural differences and
histories of engineering in France, Germany, England, and the United States that have
led to varying national epistemologies in engineering education, and how those
differences manifest in the engineer’s value in their respective societies. The work
highlights that these differences affect and influence engineering students’ motivation to
choose engineering as a viable degree and future career option. Therefore, we do not
assume commonality across countries for engineering students’ motivations,
expectations of an engineering degree, or engineering identity. We posit that these areas
should be challenged and explored in different national contexts.

The United Kingdom Context
The United Kingdom is facing a shortage of individuals (especially from diverse

backgrounds) with engineering skills entering the workforce (EngineeringUK 2018). In



the EngineeringUK 2018 report, this shortage was especially true in the industrial
workforce rather than other possible engineering careers like health/medicine. There is
an estimated 36 percent shortfall in the number of engineering graduates versus open
positions in the industrial workforce, and this estimate does not include attrition in the
transition between higher education and those positions (EngineeringUK 2018).

In January 2018, the U.K. government launched a campaign called the “Year of
Engineering’ (U.K. Space Agency 2017). The goal of this campaign was to reshape the
public perception of engineering, inspire the next generation of engineers, and present
realistic descriptions of engineering careers. The public perception of an engineer is
often linked to a narrowly defined set of careers in construction and manual labour
sectors (Marshall, McClymont, and Joyce 2007). The term, ‘engineer’, can both be used
to describe someone with a bachelor’s degree in engineering that uses scientific and
technical concepts to solve complex problems and anyone who builds or fixes things.
This linguistic issue has created a context in the United Kingdom that makes defining
engineering careers and fostering awareness of and interest in the discipline difficult.

The United Kingdom has struggled not only with graduates entering engineering
industry but also participation from women, black and minority ethnic students, and
students originally born in the United Kingdom (Osborne and Javid 2015; Royal
Academy of Engineering 2016; Humphries-Smith and Hunt 2017). A longitudinal study
of U.K. youth found that engineering was seen as a masculine pursuit indicating
particular barriers for the participation of women (Francis et al. 2017). A study
commissioned by the Royal Academy of Engineering also found that women and
students from lower social classes often were less informed about what an engineering
career involved and had less well-developed ideas of engineering as a field (Marshall,

McClymont, and Joyce 2007). The lack of awareness of engineering career pathways,



especially for underrepresented groups, highlights a challenge faced by individuals in
forming engineering identities and being motivated to choose engineering career
pathways.

The difficulty of recruiting UK-born graduates into engineering careers, is
particularly striking because 71% of those entering a first degree in engineering and
technology in 2014/15 were of U.K. origin, 6% from other EU countries and 23% from
other nations (EngineeringUK 2017). Understanding the motivations of students who
are from the United Kingdom or European Union (EU) who choose engineering versus
students who choose engineering degree programmes from overseas are of particular
interest. While many U.K. educational institutions have successful engineering degree
programmes, the proportion of students from overseas (non-EU) nations is higher than
other STEM areas. Therefore the significant representation of international students in
the United Kingdom poses some concerns about the potential impact of changes in
future immigration policy and employment within the country to meet industrial needs,
especially with the shortfalls in engineering industry professionals outlined above. This
trend highlights a particular area for further investigation in this study.

The University College London Context

The national context is one component for studying students’ intentions to stay
in or leave engineering career pathways. The institutional context of this study also
informs students’ intentions. University College London (UCL) overall has high student
enrolment numbers (41,539, Full-time 83%, and Part-time 17% students), but its faculty
of engineering has the highest number of undergraduate students of all (3,345). UCL is
located in central London, and markets itself as ‘London’s Global University’, in fact,
32% of the entire student population is from outside the United Kingdom or EU, and

58% of the student population identifies as female. However, 69% of the faculty of



engineering undergraduates are male, and 48% of students are from outside the United
Kingdom and EU. All statistics reported are from the 2017-18 academic year (G. Smith
and Walsh 2018).
Purpose of Study

The specific contexts of the United Kingdom and UCL have sparked an interest
in studying students’ intentions to enter into the industrial workforce upon graduation
and to understand more deeply the factors that may contribute to staying or leaving that
pathway. In this sequential explanatory mixed methods study, we examine how
students’ engineering identities, future time perspective (motivation), personality,
beliefs about their ability to succeed in engineering degrees, and future goals may
influence intentions to stay in or leave engineering careers after graduation. We also
controlled for common demographic differences among students including gender and
ethnicity. We specifically focused on understanding if there are any differences between
students’ who were from U.K./EU countries and from overseas. We answer the
following research questions:

RQ1: What factors predict students’ intentions to stay in or leave engineering

industrial workforce positions upon graduation?

RQ2: Are these factors different for U.K./EU students and overseas students?

RQ3: How do U.K./EU students and overseas students describe their engineering

experiences and reasons for their intentions to stay in or leave the engineering

industrial workforce upon graduation?
Conceptual Framework

In our study, we draw on multiple theoretical frameworks that have been used to
either understand students’ persistence in engineering or align with understanding how

students’ self-expression and personal attributes may influence career pathways. We

examined students’ motivation, personality, identity, outcome expectations and career



goals. We describe each of the frameworks and how they have been used in prior
studies of engineering career interest and persistence below. We used these different
theoretical frameworks, which are based on existing theories, to inform our overarching
conceptual framework of student decision making and pathways as well as the analysis
of the data in this study. We distinguish between these existing theories as ‘theoretical
frameworks’, which have rich histories, traditions, and use in engineering education
literature, and our combination of these frameworks in a ‘conceptual framework’. This
conceptual framework links together these different theoretical perspectives to
understand the core questions of this study: students’ intentions and pathways upon
graduation (Imenda 2014).

Motivation: Future Time Perspective

We utilised Future Time Perspective theory in measuring students’ motivation.
This theory examines motivation based on how students formulate distant motivational
goals and develop long-range behaviours to achieve those goals (Shell and Husman
2001). This measure is particularly appropriate for understanding how students’ current
perceptions of engineering align with and dictate their future career pathways.

These motivational profiles are called future time perspectives (FTPs) and are
defined by a set of psychological factors: expectancy (belief one will do well in their
courses); connectedness (tying current tasks to future goals); instrumentality (current
tasks are useful for my emerging identity as an engineer); value (value of future goals
over present goals); and perceptions of future (domain-specific valuing of the future).
The development of these factors specifically for engineering students are described in
more detail in other studies (Benson, Kirn, & Faber, 2014; Hilpert et al. 2012; Husman
& Shell 2008; Shell & Husman 2008). It is important to emphasise that motivation is

contextually dependent, so using motivation theories and measures developed for



engineering students provides a better understanding of how current attitudes and
beliefs affect goals and actions.

This framework incorporates two of the commonly used measures to frame
motivation, expectancy and value (Brown, McCord, Matusovich, & Kajfez 2015), while
also including other, more engineering-specific factors (i.e., instrumentality, perceptions
of future, and connectedness). Instrumentality is how students’ perceive present tasks as
useful for their future. Perceptions of the future is the value a student places on a
specific future goal, like becoming an engineer. Connectedness is the specific
connections made between present tasks and future goals.

Prior research in engineering education links students’ FTPs with self-regulated
learning in post-secondary settings (Nelson, Shell, Husman, Fishman, & Soh 2015),
predicts student use of knowledge building strategies (Hilpert et al. 2012; Husman,
Hilpert, & Brem 2016), and positively influences students’ problem solving strategies
(Benson, Kirn, McGough, & Faber 2015; Kirn & Benson, 2018). Perceptions of the
future, especially, has been linked to motivation to stay in an engineering degree
pathway (Kirn & Benson 2018). This framework provides an understanding of students’
values and motivation in the present as linked to their future goals.

Big Five Personality

The Big Five personality dimensions capture five different personality traits:
openness (open to change, new experience, imaginative, insightful); conscientiousness
(reliable, hardworking, trustworthy, dependable, orderly, thorough); extraversion
(sociable, talkative, impulsive, energetic, assertive); agreeableness (cooperative, helpful,
likeable, sympathetic, kind); and neuroticism (anxiety, personal insecurity, tension,
hostility, irritability; Judge et al. 1999). This framework for characterising personality

has been studied extensively; researchers generally agree that the Big Five personality



dimensions validity capture the structure and concepts of personality (Barrick & Mount
1991). Personality is relatively stable, unlike other frameworks used in this study, and it
has been shown to distinguish engineering students from other students (Scott and
Sedlacek 1975). Among engineering students, personality distinguishes those students
who choose particular engineering disciplines (Verdin, Godwin, Kirn, Benson, & Potvin
2018) or degree pathways (Moses et al. 2011).

Additionally, personality has been shown to differentiate engineering students
who persist from other students (Hall et al. 2015). Conscientiousness, especially, has
been shown to influence engineering students’ persistence in their degree paths and it is
the most consistent predictor of the five dimensions of personality for academic success
(Corker, Oswald, & Donnellan, 2012; Noftle & Robins 2007; O’Conner & Paunonen,
2007; Vianello, Robusto, & Anselmi 2010). High conscientiousness indicates a desire to
do a task well, and to take obligations to others seriously (Barrick & Mount, 1991). This
personality trait is related to the types of goals, study strategies, and other academic
behaviours that may indicate particular markers of individual differences for pathways
upon graduation.

Identity

We define engineering role identity as the ways in which students describe
themselves and are positioned by others in the role of being an engineer. This definition
of identity is consistent with Gee (2001) who defined identity as, ‘being recognised as a
certain “kind of person,” in a given context...” (p. 99). It is also consistent with the body
of engineering education literature over the past two decades (Morelock 2017). Our
definition of identity emphasises that recognition is both from an individual as well as
important others (i.e., parents, instructors, peers) as individuals tell stories about who

they are and act in congruence with these stories (Holland et al. 2001).



In engineering education, identity development has been linked to many
important outcomes including students’ learning trajectories (Allie et al. 2009),
belonging (Hughes 2010; Kraus 2006), motivation to learn and pursue engineering
careers (Kajfez, Matusovich, & Lee, 2016), choice of engineering in the transition from
secondary to post-secondary education (Godwin, Potvin, Hazari, & Lock, 2016), and
persistence in engineering (Patrick, Borrego, & Prybutok, 2018; Perez, Cromley, and
Kaplan 2014; Pierrakos et al. 2009). Identity is a core aspect of individuals that informs
their internal states as well as actions in the world; it has significant explanatory power
in understanding student’s career pathways.

We used Godwin’s (2016) identity instrument to measure students’ engineering
identities in three dimensions: performance/competence beliefs (beliefs about one’s
ability to do well and understand engineering subject material and concepts), interest
(engagement with the subject), and recognition (feelings that others see you as the kind
of person who can succeed). Interest is an important part of student identity as it drives
decision-making and engagement with the subject (Renninger, Hidi, & Krapp, 2014).
Finally, students’ feelings of recognition are internalised beliefs that others (i.e., peers,
instructors, and parents) see them as the type of person who can do engineering work.
These three constructs have been used in a number of studies in science, mathematics,
and engineering education from secondary students to working industrial scientists. The
history and development of these three constructs of identity are described in more
detail in Potvin & Hazari (2013).

Social Cognitive Career Theory

Social Cognitive Career Theory (SCCT) has been widely used to understand

students’ engineering decision-making and career pathways (Lent, Brown, and Hackett

1994, 2000). This framework examines how basic academic and career interests
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develop, educational and career choices are made, and academic and career success is
obtained. It is particularly useful for our study because in addition to the personal
attributes (e.g., personality) and attitudes (e.g., motivation and identity) SCCT also
provides ways to better understand students’ goals and expectations for their future
careers. The theory incorporates a variety of concepts (e.g., interests, abilities, values,
environmental factors) that appear in earlier career theories and have been found to
affect carcer development. Students’ outcome expectations or beliefs focus on the
consequences or outcomes of performing particular behaviours. The choices that people
make about the activities in which they will engage, and their effort and persistence at
these activities, entail consideration of outcome as well as self-efficacy beliefs about
their ability to succeed in those activities.

Much of the research using SCCT has been conducted in the U.S.; however,
there are a growing number of studies that have used SCCT in other contexts. The
majority were conducted in Asian (e.g., China and Taiwan) and European (e.g.,
Portugal, Germany, and Italy) countries and tested the interest/choice and satisfaction
models in adolescent and university student samples enrolled in courses or degree
programmes related to STEM fields (Sheu and Bordon 2017). Research from European
countries did not produce consistent results in how students’ beliefs about their abilities
and goals influenced career outcomes and satisfaction. Additionally, many studies often
excluded outcome expectations as a part of the models (Sheu & Bordon 2017). In this
study, we examine students’ goals and outcome expectations to better understand their
intentions to pursue an engineering pathway upon graduation in a U.K. context.
Conceptual Framework

Together, these four theoretical frameworks provide valuable insight into

students’ career pathways. We used multiple frameworks to provide complementary
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perspectives on individual differences among students that may affect the perceived fit
and subsequent actions with particular occupational goals. Some of the frameworks
used are areas in which insight can provide ways to better support students’
development—identity and motivation. Others can indicate particular groups of students
who may be more attracted to a career pathway in engineering industry—personality.
Finally, SCCT provides a well-studied framing of how students’ goals for future careers
(outcome expectations) may shape their intentions to pursue particular pathways. These
different theories are interconnected and provide a more holistic perspective in the
measurement and analysis of how students’ beliefs and personal attributes influence
goal setting and behaviours.
Sequential Explanatory Mixed Methods Study

This paper describes a sequential, explanatory mixed methods study (Creswell
and Plano Clark 2011). A mixed methods approach was taken to answer the research
questions, which consist of both exploring what exists (RQ1 and RQ2; quantitative
questions) and how students describe their experiences (RQ3; qualitative questions).
These two streams of data give a general and rich picture of how students may make
decisions to stay in or leave engineering after they graduate from their engineering
degree programme. We sequentially collected the data (first quantitative data then
qualitative data) and then mixed the two data streams in the analysis and interpretation
of the findings. Below, we describe the quantitative methods and results and then the
qualitative methods and results. Then, we describe the synthesis of these two streams of
data in the discussion. We present the research this way to provide the results of the
quantitative analysis before the qualitative information as the quantitative data informed

the collection of the qualitative data in this study.
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Initially, a quantitative survey of students’ attitudes and career goals, aligned
with the conceptual framework for this study, was given to students in a two-week
summer course titled, How to Change the World (HtCtW). The data from this survey
were used to select interview participants. Participants were selected in a 2x2 design
focusing on students who were strongly committed to either staying in or leaving their
chosen university discipline upon graduation as well as students who were from the
U.K./EU versus students who were from overseas. At the time of the study, tuition fees
for U.K. and EU students in U.K. universities were the same and considerably lower
than tuition fees for overseas students before the completion of the U.K.’s exit from the
European Union. After the governmental change in affiliation, there are expected
implications for future enrolment demographics. Recently, typical UCL Engineering
Faculty cohorts have an approximately even split in U.K./EU and overseas students. All
research activities were conducted within ethics guidelines at the institution.

Study Context: HtCtW Course

In the academic year 2014-15, UCL Engineering launched the Integrated
Engineering Programme (IEP), an innovative teaching framework that intends to
address its motto Change the World by identifying that ‘to change the world, students
need to be taught differently” (Sorensen 2016). The IEP teaching framework
encompasses all students within UCL’s Faculty of Engineering with the aim of
producing engineers with an understanding of fundamental technical knowledge in a
work-related context as well as a wide range of professional skills. This outcome is
achieved through pedagogical approaches focused on multi-discipline and Scenario-
based project learning in the context of research, which addresses real-life problems

within global challenges or industrially relevant projects.
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This problem-based, interdisciplinary learning is immediately introduced to
students in the first week of the first year of study at UCL, through one of two five-
week team projects known as ‘Challenges’; one is discipline specific and the other is
interdisciplinary. After the Challenges, this scenario-style educationcontinues as
Scenarios dispersed across the first two years as six, week-long, industrially relevant,
mini-design projects in discipline specific teams. The focus of these Scenarios
complements learning form other modules being taught concurrently. The culmination
of the IEP after two years is the interdisciplinary, two-week intensive course HtCtW
taken by all students within the Faculty of Engineering at the end of their second year,
corresponding to 672 students in the year when this study was performed. A core
teaching team of UCL academics, teaching or research staff and postgraduate teaching
assistants develop and deliver multiple open-ended projects that address one of five
global challenges such as water, energy, or transport. Further teaching material and
support is provided by a wider team from the Science, Technology, Engineering and
Public Policy (STEaPP) department, coordinators of the HtCtW course, and the Faculty
of Engineering. Additionally, there is input and advice from public and private sectors,
and charity organisations in preparation and delivery of the scenario style two-week
intensive course, as well as two undergraduate teaching assistants supporting each core
teaching team in the delivery of the course.

During the two weeks, students work in interdisciplinary teams of 5-6
individuals to address real-life, global challenges such as water problems in rural or
over-populated areas in Asia, energy issues in global disaster spots and refugee camps
or the concept of smart cities. Teaching and student support take the form of lectures,

group workshops, and exercises and discussions with some input from external partners.
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The course culminates in a pitch and innovation showcase. Assessment is team-based
and varied including a team video, pitch, and the innovation showcase itself.

It is within this context that the current student motivation study was performed.
For further information on the IEP teaching framework and HtCtW, see Sorensen
(2016) and (Graham 2018). In the latter source, a report released by MIT School of
Engineering, UCL Engineering has been identified as one of four emerging leaders in
global engineering education, and thus, this context is particularly interesting for
understanding students’ pathways and career decisions in engineering.
Quantitative Methods and Results
Sample

During the HtCtW course, we administered an electronic survey instrument
consisting of questions about students’ current course of study, plans upon graduation,
motivation in engineering, personality, engineering identities, outcome expectations,
and demographic information. The electronic survey was sent to all students enrolled in
the HtCtW course (n = 672). Students were offered a chance to be entered in a draw for
one of two £20 Amazon Vouchers. A total of 128 students responded to the voluntary
survey (19% response rate). In comparison to the individual disciplines in which the
Faculty of Engineering students on the HtCtW course were enrolled, the electronic
survey responses were slightly overrepresented by chemical engineering and computer
science students (Table 1). Mechanical engineering, school of management, and
electrical and electronic engineering students were slightly underrepresented in their
responses, while biochemical and biomedical engineering students responded at a
similar rate to their enrolment in the course. For this study, we only used responses from

engineering and computer science students in the sample.
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Table 1. Breakdown by department of student responses to the electronic survey and
students enrolled in HtCtW.
Measurement

Students indicated their engineering discipline and degree classification on the
survey. They also responded to a question that asked them to, ‘Please rate the likelihood
of you choosing a career in each of the following fields.” Students were given eleven
different options for future career pathways: Academia (Higher Education), Engineering
Industry, Computer Science Industry, Entrepreneurship/Start a Company,
Government/Policy, Law, Medicine/Health, Non-profit/NGO, Finance (i.e., City of
London), Management Consultancy and Other. Students rated their likelihood of
choosing a career in all of these options on an anchored numeric scale from 1-‘Not at all
likely’ to 7-‘Extremely likely’. The responses from this question were used to examine
students’ intentions to stay or leave their disciplinary pathway upon graduation. A
normed index of likelihood of staying or leaving was created by examining students’
highest responses on the eleven different career pathways.

If students’ highest response on the eleven different careers was equal to or
higher than the choice corresponding to their degree programme, they were assigned a
1, and if not, they were assigned a -1. The sum of all rankings across the possible
disciplines was used to scale students’ intended career pathways after graduation by
both the absolute rating on the scale that corresponded to each of the eleven disciplines,
as well as the relative rankings students gave other non-disciplinary related paths. This
index was created to measure students who were strongly intending on leaving or
staying as well as capturing students who were undecided in their choice. The scale was
normed from -100 (extremely likely to leave) to 100 (extremely likely to stay) with O

indicating students who were perfectly undecided (ranked all options with the same
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likelihood). For example, a student who was enrolled in a chemical engineering degree
and marked a seven on engineering industry and a two on all other responses (indicating
a likely choice of an engineering industry pathway upon graduation) would score 81.5.
In comparison, a student who was enrolled in a chemical engineering degree and
marked a two on engineering industry and a four on all other responses (indicating an
undecided pathway but less likely to choose an engineering pathway upon graduation
than other choices) would score -11.1. When we examined all student responses, we
found a bimodal distribution of students who were intending on pursuing a degree-
related pathway upon graduation (Figure 1).
Figure 1. Histogram of the normed index of students’ likelihood of choosing a career
field consistent with their degree discipline.
Analysis

Because of the bimodal distribution of students’ self-reported likelihood to
remain in their disciplinary career path, we used a multinomial logistic regression
(Anderson and Rutkowski 2007) to examine the predictive factors for being in the
bottom tercile (leavers) and top tercile (stayers) versus middle tercile (undecided) in the
same model. This statistical method allows for multiple categorical outcomes and
allowed us to understand what made students more likely to be in the leave versus
undecided group in comparison to the stay versus the undecided group. Therefore, we
chose this method to compare the three different terciles of students’ intentions
simultaneously.

In this model, we controlled for demographic variables including students’ self-
reported race/ethnicity, gender, prior academic performance, and first-in-family status.
To test for the influence of different attitudinal variables, we added-in each block of

questions, in a stepwise fashion: controls and then the individual measures for theories
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in the conceptual framework. Adding in the demographic variables first allowed us to
control for differences between groups in career intentions. Then, we added in our
measurements for the four theories used—motivation (McGough, Kirn, and Benson
2016; Kirn and Benson 2015, 2013; Benson et al. 2016), outcome expectations for
future careers (Klotz et al. 2014), personality (Judge et al. 1999; Kauffmann et al.
2008), identity (Godwin 2016), and reasons for choosing degree. Finally, we tested for
an interaction effect between being from the United Kingdom/European Union versus
being from overseas. All quantitative analyses were conducted in R: A Language and
Environment for Statistical Computing (R Core Team 2018).
Quantitative Results

Our multinomial logistic regression revealed significant student attitudes that
predicted the likelihood of students to be in the leaving or staying terciles in comparison
to being in the undecided terciles. The results of the model are shown in Table 2.
Students Who Intend to Stay in Engineering Career Paths

The results from the multinomial logistic regression are logit estimates. The
standardised estimates (B) are the odds that the predicted variable (e.g., stay or leave, in
comparison with undecided) will occur with a one-unit increase in the student attitude
scale (Szumilas 2010). Students who intended to stay in their engineering degree paths
upon graduation were more likely to have clear perceptions of the future (f = 12.987; p
< 0.001). This result indicates that students who have a strong desire to be an engineer
in the future are more motivated to pursue that pathway in the present. Of all the
motivation constructs tested for this study, perceptions of the future was most closely
tied to students’ current and envisioned future selves and their goal setting and
behaviours. This process of goal setting behaviour aligns with existing work in

motivation (Raynor 1969) and self-concept (Markus and Nurius 1986; Oyserman 2004)
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that outline students with future goals or selves are more likely to set more proximal
goals to reach their desired future or self. In general, the further a goal is from the
present, the value of that goal decreases (Rachlin 1995). For students with strong
perceptions of the future, this decrease in value over a longer temporal distance is less
Table 2. Significant results for multinomial logistic regression of students’ intentions to
persist in degree to career path.

Note: * =p <0.05; ** = p <0.01; *** =p <0.001

impactful on current goal setting. Students with longer perceptions of the future can also
more easily anticipate the implications of their present activities for the more distant
future and elaborate longer behavioural plans or projects. Our finding may have
implications for how engineering students may be supported in developing motivations
that increase intentions to persist in their degree to career pathway.

Students who intended to stay were less likely to want to supervise others than
their undecided peers (B = 0.460; p < 0.01). This result may be related to a trend specific
to this U.K. institution that students want to enter finance within the City of London
rather than enter engineering degrees. Students who intended to stay in engineering

degree paths upon graduation may see supervising others as less important to their

careers when compared to their peers.

These students were also less likely to have personality traits of
conscientiousness (= 0.342; p < 0.05), agreeableness (p = 0.351; p < 0.05), and
openness (= 0.313; p <0.01), than their undecided peers. Previous literature has
shown that conscientiousness was the only personality trait of the Big Five measures
predictive of engineering students’ persistence (Atwood and Pretz 2016; Hall et al.
2015). These studies examined persistence in a degree programme rather than
persistence in an engineering pathway upon graduation, which may account for the

differences between our finding and prior findings. Other studies have shown that
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conscientiousness is one of the most significant predictors of grade point average (GPA)
at university. Corker et al. (2012) described that association between conscientiousness
and academic performance may be due to purposeful strategies including study
strategies, work habits, and goals that promote academic success. In students’ early
academic pathways, Atwood and Pretz (2016) found that extraversion and
agreeableness for engineering students were negatively correlated with academic
performance. This relationship may help explain the negative estimate for agreeableness
in our model. Extraversion was non-significant for students who planned to stay in
engineering upon graduation. Finally, students who intended to stay had lower openness
than their peers who were undecided. Openness is characterised by introspection,
intellectual curiosity, and a willingness to entertain novel ideas, attributes loosely
associated with creativity. Students further along in their engineering careers have a
demonstrated decline in creativity (Atwood and Pretz 2016; Sola et al. 2017).
Engineering education may reduce the likelihood of staying in engineering upon
graduation for students whose personalities are higher in openness.
Students Who Intend to Leave Engineering Career Paths

Students who intended to leave engineering upon graduation were less likely to
want a career that had hands-on work (B =0.412; p < 0.01). These students may have
less well-defined perceptions of what an engineering job entails. Many members of the
public perceive that engineers work in typical hands-on job sectors with the most
commonly mentioned including construction, manufacturing, mechanics, cars,
aeroplanes, trains, bridges, roads. Engineers were also described as ‘fixing things’ rather
than engaging in design or problem solving (Marshall, McClymont, and Joyce 2007).
Students who intended on leaving may not see themselves in the types of roles typically

described as careers in engineering industry.
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These students also had differences in personality from those who were unsure
of their intention to stay or leave. Students who intended to leave had higher openness
(B=3.438; p<0.01), lower extraversion (B = 0.445; p < 0.05), and higher neuroticism
(B=1.978; p <0.05). Students who had the highest levels of openness in our study were
most likely to leave. These results may be due to the reasons outlined above. Namely,
engineering education often reduces creativity (Cooper, Altman, & Garner 2002;
Cropley, 2015; Lumsdaine & Lumsdaine, 1995) and students who desire careers that
align with their personality may not see engineering industry careers as a viable option.

Finally, students who intended to leave were less likely to choose engineering
because they felt that that pathway would guarantee them a job ( = 0.442; p < 0.05).
Because this is a cross-sectional study, we cannot infer causal reasons for this
relationship. Students may not see engineering industry as a pathway that will guarantee
them a job or they may not value getting a job as a reason for choosing or not choosing
an engineering industry pathway. Our results do indicate that students who were more
interested in an engineering industry pathway were less likely to have chosen their
course of study because they believed an engineering degree would ‘guarantee a job’.
Overseas Students

We found some significant differences for overseas students in comparison to
their U.K./EU peers. Overseas students who were more conscientious were more likely
to intend to leave engineering (B = 8.093; p < 0.10). This result is in contrast to the
main effect that students with higher conscientiousness were more likely to be
undecided but not more likely to leave engineering. Conscientiousness may play a
particular role in the context of this study for students and have an even larger effect on
students’ intentions to leave engineering for overseas students than their U.K./EU peers.

Our results are an interesting contrast to the results of prior studies, often set in the U.S.,
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which indicate that conscientiousness predicts higher academic performance and
retention in engineering. This personality trait may have different effects within the
engineering university and cultural context of this study.

Students’ beliefs about their ability to understand engineering and do well in
engineering courses (performance/competence beliefs) were a negative predictor of
staying versus being undecided for overseas students ( = 0.228; p < 0.05). Our finding
may indicate that students who have higher beliefs about their abilities to succeed,
especially those from overseas, may be more interested in other career pathways upon
graduation. From a descriptive analysis of the data, we see that overseas students with
high performance/competence beliefs were more likely to want to enter academia or
medicine/health than their peers.

Our gquantitative results indicate that there are patterns of students' attitudes,
beliefs, identities that shape their desires and interest to continue in an engineering
industry pathway upon graduation. While we can understand general trends from this
analysis, we cannot understand how and why students indicate these responses. Our
qualitative follow-up study with students provides additional details on students’
decision-making processes.

Quialitative Methods and Results
Sample

Following electronic surveying, interviews were conducted to investigate trends
in the quantitative results and to understand more deeply students’ experiences that
influence their intentions to stay in or leave their chosen engineering discipline (RQ3).
Participants for interviews were selected after an initial analysis of the electronic survey
results with the aim of interviewing a balanced selection of students who were

representative of the demographics of the faculty’s student population, including equal
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representation of U.K./EU and overseas students. Additionally, students’ score on the
normed index of likelihood to stay in their career pathway coupled with their indication
of willingness to be interviewed was used to select interview candidates to represent an
equal split of students who indicated their likelihood to persist in or leave their chosen
discipline for their careers. All interviewed students were offered a £20 Amazon
Voucher for participating in their 30-45 minute interviews.

Interviews

Two interviewers conducted 15 individual student interviews. There was a 53:47
split between stay and leave participants. It should be noted that categorising students’
opinions as stay or leave is not as distinct as solely the interpretation of numerical
results from the electronic survey. For example, a couple of students identified as leave
in the electronic survey results gave an impression of being undecided based on
interview responses, or considered careers which could be classed as stay. In terms of
the splits between U.K./EU and overseas participants, a 67:33 split was represented,
slightly skewed towards the U.K./EU group compared to the greater faculty.

The aim of the interview was to investigate further student motivation and
reasoning for selecting their chosen university discipline, their current opinion and
reasoning of why they envisioned themselves staying or leaving their chosen discipline.
A semi-structured interview protocol was developed to ensure consistency between the
two interviewers and across all interviews. Interviews were recorded and then
transcribed to accurately capture the students’ responses collected. The interviews were
carried out within a week of completion of the electronic survey and during the two-
week HtCtW course. Students either chose or accepted their pseudonyms after the
completion of the interviews. Table 3 shows participants’ demographic information and

pseudonyms.
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Table 3. Interview participant self-identified demographics.
* Career intention from survey classified this student as Leave but from the interviews
they came across as stay or undecided.
Analysis

Following guidance on coding by Cohen, Manion, and Morrison (2013), an open
coding method was used for initial coding of the interview data. To establish a baseline,
each researcher coded the data in vivo to capture the essence of the transcript in
students” own words. Next, the authors developed an axial coding scheme through
discussion and consensus of the main themes present in the transcript. This coding
scheme, presented in Table 4, was used to consistently code the data across the

researchers.

Table 4. Codes developed inductively by the research team during analysis.

Qualitative Results

The qualitative portion of our study gave voice to students’ descriptions of why
they were interested in staying in or leaving an engineering career pathway. We found
the students who had expectations that were aligned with the work being done in their
chosen engineering discipline were more inclined to want to stay in their discipline.
Students’ experiences also provided critical incidents that they discussed as reasons,
sometimes leading to decision points, for their intentions to stay in or leave engineering
upon graduation. Students discussed parents and having specific qualifications most
often for influences that might have caused them to choose or stay in engineering.
Finally, students most often described a sense of belonging within engineering at
university as a reason for intending to stay in engineering. While some students
discussed their confidence in completing engineering subjects, most students focused on

belonging as a main affective reason for intending to stay.
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Expectations

From the general trends students who had a good understanding or appreciation
of their chosen discipline were significantly more inclined to stay in their discipline
upon graduation based on how students described their expectations of engineering and
the influence that these expectations had on their intentions to stay. For example, when
reflecting on what they had already learned at university in their first two years of study
in their chosen discipline students shared,

... The second year has developed a lot more into the specifics of the

discipline...I’m really happy about second year. (Paul)

...I mean there are subjects, modules, that I don’t think relate to what I want to do

but even then, they give me ideas of what | can do in the other modules. (Jade)

Furthermore, an understanding of the skills required within a chosen discipline
reinforced students’ intentions to stay within their chosen discipline, as reflected
upon by one student,

...I’'m confident in my abilities and all my skills that I’ve acquired until now...I
know that | [am] fit to work in the field on the actual jobs that | will have...
(Scott).
On the other hand, students who had a misunderstanding of their

engineering discipline and the skills that form part of the learning in their chosen
discipline were less likely to indicate that they were planning on staying in engineering
upon graduation. When reflecting on her understanding of the skills involved in her
chosen discipline whilst still at school, compared to her then current knowledge at the
end of the second year, one student shared, ‘I thought it was a lot of chemistry and maths,

but it’s actually more about physics and maths. So, it was a bit different than what I thought’

(Mona). While others showed a misunderstanding of the wider skills gained as part of

an engineering degree and did not see particular foci of the programme like
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communication and teamwork as ‘engineering enough’. When asked how confident
John was in his chosen discipline he reflected on the wider skills gained at university

and said,

It fluctuates. First year, I didn’t do anything. I wasn’t very motivated, because I
thought I was just going to do science. It turns out engineering involved so much
soft skills, especially [at] UCL, that it demotivated me. I didn’t do much in [my]
first year. | ended up repeating it, because | have two modules to do. This is
actually my second year, so | should be in third year right now. Yeah, | found it

demotivating how much soft skills we’re doing... (John)

Our results are consistent with prior work that shows that students’ current
motivation and intentions to persist in engineering are tied to their future goals and the
quantitative results showing perceptions of future as particularly important for
intentions to stay in engineering career pathways.

Students can feel that studying their chosen discipline has contributed to their
development despite not seeing their chosen discipline as a potential pathway for their
career. One student Kelly Baker shared,

...I still enjoy learning it, it’s just that I don’t see myself doing [engineering] for a

career, for the rest of my life.
When probed further about her decision, Kelly Baker shared

...Just the idea of having to do [engineering] every day for the rest of my life just kind

of puts me off. I think it’s also the fact that I have alternatives now...

She went onto to discuss her experience of a chemical engineering internship and the
UCL Global Citizenship Programme and that she was more interested in using her
knowledge of engineering in public policy.

Another student, Priya, also discussed a general interest in the subject, but the
inability to see engineering as a career. When asked about her confidence in her chosen

discipline she shared,
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I’'m confident that it was the right decision when I picked it, but I’'m finished my
second year of university, so ’'m in two minds as to whether I want to go into
chemical engineering when I finish. I’'m looking into it now. I’'m in the process of
looking for jobs to apply and things like that, but | don’t know if they will be
engineering related. I do enjoy the content, but I’'m not sure if [ have the passion,
the drive for it to go into a full career within engineering, if that makes sense....I'm
really glad I chose it because I learned a lot, but I don’t think it’s gonna be the best
thing for me as a career.... At the moment, [’'m looking at consulting, but that is
literally the first thing ’'m looking at. I’m still trying to work out what is out there
and what will suit me, and my personality, and my skills that | have from studying

engineering.

As these quotes indicate, while both women were considering leaving
engineering, they found their studies as valuable for their next steps. Students did not
necessarily view switching fields after university as a negative outcome. This finding is
consistent with research that shows that women navigate their engineering pathways
differently than their male peers (Hatmaker 2013). Women more often have to negotiate
their developing identities as engineers along with their gender identity within a
masculine engineering culture. Other work has shown that while women persist at the
same rate as men within university (Ohland et al. 2008), they often do not enter the
engineering workforce at the same rates (Burke and Mattis 2007).

Prior work has demonstrated the importance of students’ expectations of
engineering in retention. Besterfield-Sacre et al. (1997) found that students who thought
highly of engineering as a field had a higher first-year retention rate. More recent work
has demonstrated that interest and a perceived fit within engineering as a future career is
a key part of students’ decisions to stay in or leave engineering (Geisinger and Raman
2013). Grandy (1998) showed that student interest was more predictive of student
retention in university than grades. Most students leaving engineering reported that

other career pathways were more appealing than engineering rather than leaving for
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other reasons (Seymour and Hewitt 1997). Our results support prior findings, and
examine students’ expectations about engineering and the congruency of these
expectations with their own identities and interests as engineers in a U.K. context,
where it may be more difficult to identify as an ‘engineer’ based on cultural norms of
engineers not only including bachelor degree holders but also anyone who builds or
fixes things.

Experiences and Influencers

We found that students’ expectations of engineering curriculum and careers
were not the only major reasons students intended to stay in or leave engineering upon
graduation. Students’ experiences within engineering during their undergraduate
education were significant shaping forces for their intentions. Students also described
influencers, especially parents, who supported their intentions to stay in or leave
engineering upon graduation as important to their personal journeys.

Closer inspection of the experience code indicated that the top three contributing
experiences were university experiences, school experiences prior to university, and
work experiences in a student’s chosen discipline. However, analysis of the transcripts
indicated that it is overwhelmingly the experiences which students have at university
that contribute to their decision to stay or leave their discipline upon graduation. This
finding suggests that educators have a significant responsibility to ensure that a
student’s experience related to their discipline is positive, and so can encourage students
to stay within their chosen field.

When reflecting back on his course over the first two years Scott described his
experience, not only the challenges but also the enjoyment, on one of the IEP Scenarios,
which are completed in the first two years of the IEP prior to taking the HtCtW course

as:
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One [Scenario] we had that as a team to assemble robots and activating them
around. I actually work with the other guy the same team and really had enjoyed
working for it. | mean it was the only Scenario week | went to sleep in the night, |
woke up started working on it till the night, went to sleep again the whole week
and I enjoyed working on it. It was about some obstacles and robots going between
them based on subordinate. ...I enjoyed it, it wasn’t only about the grade or it’s

also about experience in what we learn. (Scott)

The project-based learning that students gained through the IEP Scenarios was
overwhelmingly popular with the majority of interviewees (thirteen out of fifteen) who
discussed positive comments with regard to the IEP Scenarios irrespective of their
overall viewpoint to stay or leave engineering.

The students’ positive view of team/group-based project coursework, which
reflects an important element of engineering practice in the workplace, contributed to
the formation of a positive attitude to stay for some students. This finding connects to
our quantitative results that indicate that students with stronger perceptions of the future
are more likely to stay in engineering upon graduation. Students who were able to see
how current activities connected to their future goals (instrumentality of experiences
and the ability to project into the future) described experiences that are more positive.
When one student was asked what part of her education she saw as relevant to her
future, she shared:

...I can appreciate the way [projects] help us to work in a group even if we don’t
like the people in that group. And just, you know, being able to reach deadlines
when you have other people to worry about, I think that’s a really necessary skill

for later on. (Jade)

When Paul was asked what his most challenging experience had been, he reflected
on the challenges of group work but also the benefits of practising other skills as a

result of challenges encountered in group work and shared:
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...Working with some of the people was very challenging. They wouldn’t show
up, they wouldn’t do any of the work and yet you have to find some way of
cooperating with them. I guess it was the up and down because it's going to make
the experience more rewarding when you found out you did really well managing

difficult people but it was really challenging at points as well. (Paul)

It is important to note that even amongst students who indicated an inclination to
leave their chosen discipline, the ability to make some connection as to what the

future would be in their chosen field of study was important, as one student shared:

...S0, it was an interesting topic and we’d gotten to actually go to an ice cream, |
don’t know if it’s an ice cream factory, it’s a factory where they make ice cream.
So, it was good to actually see the pilot plant and stuff and then relate that to what

we were doing. That was probably the most enjoyable. (Steve)

In fact, except for a desire for more high-quality feedback on papers and
assignments, the only code under the teaching method theme that had more negative
than positive comments was the traditional university teaching method of lectures. This
finding may be an aspect that educators have always encountered. However, the reasons
students have negative viewpoints on lectures were wide-ranging from lack of
motivation to confusion and frustration on lecture material content or desire for more
interactive learning:

...it’s not about waking up because I’m not that person, I wake up early in the

morning. It’s just that I lack motivation to go to lectures... (Scott)

| feel that the lectures could be better, people end up just skipping them learning it
by themselves, because they’re just not ... there’s a lot of stuff just stuffed into one
lecture. We don’t know what’s useless, what will we ever use, what should we
learn for the exam, what will even be in the exam, so people just don’t really
connect with the lectures...but again, if I just know the science and I don’t know

how to apply it there’s no point to it... (John)

30



What would help me learn? Like a more interactive way for me. Instead of
lectures, we can have like field trips as well and maybe a model would really help,
like modelling... a real model that would present how it actually works instead of
just telling us the theory of it, but we really see how it works. | think that would be

more exciting and we would learn more from it. (WW)

Lectures as a form of instruction have been repeatedly shown to be less effective
than collaborative and active learning strategies in reviews of the literature and a meta-
analysis examining the effect sizes of different teaching strategies for student learning
(S. Freeman et al. 2014; Prince 2004). However, despite the growing evidence for using
more collaborative and active strategies in the classroom, lectures remain the
predominant form of education (Kelly 2012). As already discussed in this work,
university experiences are a significant contributing factor leading students to decide to
stay or leave their chosen discipline.

Most students described positive influences when examining the Influencers
code. We note that the Influencer code was used much less frequently than that of the
Experience and Expectation codes in our analysis. It is also interesting that some
students credited themselves most often as the Influencer in their decision-making
process, exemplified by the following quote from Marc when asked about how he chose
his discipline, ‘I wasn’t really led down any path, I was just kind of left on my own and
made my own decisions.’

Most students who did describe influencers cited parents and other family
members as important in their decisions to stay in engineering. Students, who had
engineering parents or who were aware of engineering as a valuable field of study, more
often reported that their parents supported their decision to pursue an engineering

degree. For example, Doug shared,
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My parents liked the idea of engineering. My mom thought | would be better suited at
something more hands-on than just sitting there in maths all day.

While students reported a variety of influences on their decisions including
family, university faculty or staff, university website or literature, and secondary
teachers, the most common influencer reported was family. This finding is consistent
with prior literature that shows that students with family members in engineering,
especially parents, siblings, and other relatives are more likely to choose engineering
careers (Godwin, Potvin, and Hazari 2014). Families are critical to providing support
for student attainment through emotional as well as financial dimensions, from
purchasing textbooks to paying for university (Teachman and Paasch 1998; Seginer
2006). Parents shape their children’s attitudes, motivations, values, and aspirations
through a socialised family culture and are a locus of control in the education of their
children (Dorie and Cardella 2013; Dryler 1998).

Confidence

We found that students’ feelings of belonging were most important in both
saliency and frequency for students’ future career intentions based on students’
descriptions of the reasons for their confidence, or lack thereof, in their future
engineering pathway. For example, Alison, when recounting a story from her
engineering department concluded with the comment, *...[Quick replies to emails] just
helps so much. It makes you feel part of the department, everything like that...” Many
students who intended to stay in engineering, like Alison, reported social connections
within their department, especially with academics, as important for feeling like they
belonged.

Other students described belonging in terms of their ability to do the work
required for the degree programme and finding enjoyment or fulfilment in the projects.

For example, Matt shared,
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Just mainly because it’s something I’ve been interested in for a while... so | just
naturally feel like that helps me to fit in. That’s the one thing that unites any computer
scientist is a craving to learn more about the world, about computers and actually use

what they learn to solve problems.

Another student, WW did say that she would like a job in chemical engineering;
however, she also shared that she would not see herself as a chemical engineer until she
earned her degree and the knowledge and confidence to do a project by herself. When
asked if she felt she belonged WW acknowledged she did and again linked this feeling

to confidence by sharing,

I could tackle most of the questions, it’s just that in projects ... and working on
programs that I’m not so confident in it, but in other cases I am very confident in

myself.

Another student who intended to leave engineering described that she did not
feel like she belonged in her field, although her feeling of belongingness was different
within the university and industry context. When asked if she was planning on working
in chemical engineering when she finished Priya initially said ‘No, I don’t think so. |
mean | have to see how my next year of studying goes, but no.” Later in the interview
when asked if she saw herself as a chemical engineer she responded, ‘I see myself
becoming a chemical engineer. Regardless of whether I go into the career or not, | think
by having the degree I am, essentially one. Yeah.’ Finally, when asked if she felt like
she belonged in chemical engineering she considered university and industry settings
differently and responded, ‘At university, yes. In industry, or as a career, | don’t know if
I’d feel that way.” This set of questions indicates Priya’s struggle with deciding if a
chemical engineering industry career was something she wanted to pursue. Her survey
results indicated that she intended on leaving an industry pathway upon graduation but
her interview revealed more nuanced insight into her feelings about chemical

engineering as a course of study versus a career.
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This response indicates the importance that a sense of belonging brings to
students in forming opinions about their chosen discipline and equally how their
perception of belongingness can change depending on the setting, be it university or
industry. Belonging focuses on establishing membership and connectedness within a
student’s institution, within their chosen discipline and the links they can create with
potential future industry employers.

A lack of belongingness has been identified as one of the top reasons that
students leave a university (Geisinger and Raman 2013; Marra et al. 2009).
Belongingness is an essential part of a student’s educational experience, at both the
classroom and university levels (T. M. Freeman, Anderman, and Jensen 2007; Wilson et
al. 2015). Prior work has also found that beliefs about seeing oneself as the type of
person who can be an engineer had a positive effect on students’ sense of belonging in
the engineering field and classroom (Verdin et al. 2018). Students most often describe
belongingness as a feeling of comfort, specific skills or attitudes they possessed that fit
with their degree programme, or enjoyment of their subject (Rohde et al. 2018). Our
results indicate that belongingness plays an essential role in students’ decision making,
consistent with prior literature, and that belonging may be fostered through creating
connections between students and their peers as well as academic connections within
the institution. Confidence with subject material and enjoyment may be particular areas
of future work in promoting student belonging. Furthermore, this work indicates that
belongingness needs to be fostered for a career pathway into an industrial context so
that a feeling of belonging created within a university context is not lost as students

graduate and are ready to embark on careers in industry.
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Discussion

In this mixed methods study, our quantitative data collection and analysis
informed the selection of participants in the qualitative portion of the study. In this
approach, the qualitative data can provide richer insights into the trends found from
quantitative data (Johnson and Onwuegbuzie 2004).

From our quantitative results, we found that students’ perceptions of the future,
or their beliefs about their future goals and how far an individual projects those
thoughts, was the strongest predictor of intentions to pursue a career in engineering
industry upon graduation. The probability of students indicating that they planned to
stay in an engineering career pathway was 92.9% greater when students had higher
perceptions of future. We also found that students who were more open were less likely
to stay in engineering careers (23.8% less likely) and more likely to leave engineering
careers (77.5% more likely). Conscientiousness was also a negative predictor of staying
when compared to being undecided (25.5% less likely), but for overseas students,
higher conscientiousness was significantly predictive of intentions to leave (89.0% more
likely). These findings indicate that students’ motivation, as connected to their future
career goals, is more important than other attitudinal factors or background
characteristics.

Students’ personalities also predicted their intentions, with differential effects
for overseas students. This finding may indicate that engineering education in this
university context may not be perceived by students as congruent with students’
attitudes that are more creative, flexible, curious, and adventurous as well as for
overseas students with an orientation towards organisation, purposeful action, self-

discipline, and a drive to achieve.
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This result is noteworthy because the UCL Faculty of Engineering
systematically employs education research-based curriculum delivery that is targeted to
inspire and encourage creative and innovative engineering solutions. Several factors
may be influencing this finding. One possible factor is that engineering students might
not have the teamwork and professional skills necessary to focus on creativity rather
than overcoming interpersonal conflict in teamwork. This dynamic may be especially
true when students are placed in inter-disciplinary teams without a history of shared
ways of working. Additionally, engineering education projects often focus on getting to
the results rather than the creative process of design (Rodriguez-Simmonds et al. 2017).
This focus could suppress the creative process. Finally, typical tight deadlines for
project delivery of conceptually new material for students could be a barrier that
combined with the above factors could lead these students to feel stifled from
expressing their creative nature, ultimately discouraging their future self-perception in
engineering careers.

Our qualitative results give depth to some of the trends from the quantitative
results. Students’ who had a clearer understanding of the skills sets and expectations of
their role as an engineer in their discipline were more likely to stay. The students who
described leaving engineering career pathways upon graduation, more often referred to
a misalignment in expectations or an inability to see themselves in those roles in the
future. Our results indicate a need to communicate clearly not only what engineers learn
at university but also possibilities of what their role will be in their careers and society.
Student experiences at university overwhelmingly contributed to their decision to stay
or leave. Providing opportunities to connect future careers to current coursework may

increase students’ connectedness attitudes. This approach may also increase students’
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extension of the utility of a degree beyond just the point of graduation and into a future
career.

An important finding was the mode of teaching at the university had a
significant influence on students’ future intentions. Lectures were often cited as full of
information that students struggled to sift through compounded with uncertainty as to
what would be important for their future careers. Students discussed being demotivated
by lectures and described a stronger desire to apply the concepts they were learning in
‘real-life contexts’. Students also described how valuable industry experiences were to
their interest and motivation for a future career in engineering.

The emergent themes of teaching methods and experiences added to our
understanding of what may be influencing students’ attitudes that were important for
staying or leaving in the quantitative results. Teaching methods that mirror project work
that will be done in future engineering roles are very positive and can help support more
traditional methods such as lectures. We do not suggest the removal of lectures from the
university experience. Lecturing can be a useful way to convey information. Instead, we
encourage instructors to investigate innovative methods that can be employed within a
lecture environment such as flipped lectures, student involvement through interactive
quizzes and incorporation of lecture material within the context of project work such as
is the case in the IEP Scenarios. These approaches not only strengthen students’
learning as indicated by repeated research (Freeman et al. 2014; Prince 2004) but may
also improve their motivation in their coursework and strengthen intentions to enter the
engineering workforce upon graduation. It is important to point out that the HtCtW
course context was generally perceived by students to meet these needs; however, some
students felt that the experiences of this two-week course were not always the same as

their coursework throughout the rest of the programme.
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Finally, students’ feelings of belonging not only at the university but also in the
field of engineering were important for their intentions to stay in or leave engineering.
Most students felt like they belonged at university. However, some students indicated
that they felt they did not belong in engineering industry. This finding may illustrate a
facet of why students who were originally interested in engineering careers upon
entering the university may not want to continue in their degree pathway. Students’
descriptions of why they did not belong in industry—either a lack of interest,
connectedness, or confidence in their abilities to succeed—are similar to prior work that
found that positive engineering task and outcome expectations predicted positive job
attitudes, which was a negative predictor of turnover intentions (Singh et al. 2013). Our
results highlight that trends found for individuals’ intentions to leave engineering
industry once in the workforce may also apply to students earlier on in their careers.

We acknowledge that students deciding to leave their degree discipline is not
necessarily negative. Many engineers, after gaining a few years of design or operational
experience, will branch out into project management, commercial, management or
financial roles; this work merely indicates that some students are making this decision
sooner in their pathways without the initial experiences in engineering industry that may
shape better-informed decisions. Efforts to support students’ engagement with and
exploration of engineering industry careers may be useful to help them make decisions
about their pathways.

For students who have negative experiences that shape pathways, different
efforts can be made. Students who encounter lecture heavy, personally difficult
coursework, may have different experiences from what they imagined engineering
would entail during university and beyond, or a lack of perceived fit or belonging within

engineering industry based on brief experience and misinformed expectations. Based on
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our findings, we suggest supporting students’ motivation, especially clearer perceptions
of what a future engineering career would involve and how their current education in
class connects to that future.

Limitations and Future Work

This study is a starting exploration of students’, intentions to stay in or leave
engineering career pathways after graduation, in one U.K. engineering programme. We
acknowledge that this study is limited in its generalisability to a larger population. Our
results do indicate some particular areas for supporting students, including making
engineering career decisions clearer before entering university to align students’
expectations with the coursework required for the degree programme, moving away
from just lectures to other types of instruction, and providing opportunities for students
to envision futures that include them in an engineering career without requiring an
internship. These results provide additional insight into this particular context and
provide specific leverage points that are different than prior studies of students’
intentions in the U.S. context.

The mixed methods approach of both understanding general trends in the data
and more deeply exploring students’ experiences is a strength of this work; however,
there were some instances where the results of the quantitative work did not align with
student interviews. For example, two students indicated an intention to leave
engineering upon graduation on their surveys, but in the interviews, their decision was
less firm. In the survey data, they had indicated some other career pathway as higher
than their interest in an engineering career, resulting in a negative score in the intention
to stay index. This result indicates challenges of both quantitative measurements in fully
capturing students’ decisions as well as the nuanced discussions provided in the

qualitative interviews used in this research. Our future work will continue to refine how
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we measure students’ intentions to better understand how to capture this nuanced
outcome.

Our future work will also more deeply investigate stories within the qualitative
data. In this work, our focus was to synthesise findings across the quantitative and
qualitative data streams. We plan to examine the theme of decision points to better
understand how students form these decisions in context and draw similarities among
the students who intend to leave engineering versus those that intend to stay.
Conclusions

This study examined UCL students’ intentions to stay in or leave engineering
career pathways upon graduation. We found that students’ perceptions of the future, a
motivation construct, was the strongest predictor of students’ intentions to stay in
engineering. Additionally, students with higher openness scores were more likely to
leave engineering. We also found differences in overseas students’ beliefs about their
ability to do engineering work and a higher likelihood to leave engineering. The
interview data added additional context to some of these trends. If students had clear
expectations of what an engineering degree programme and career would be and those
expectations were aligned with their experiences at university, they were more inclined
to stay. Students also indicated a desire to have more practical or hands-on experiences
in their education rather than just focusing on technical content in lectures. Finally,
students described experiences of belonging within their degree programme but
expressed doubts about a fit with an engineering industry career. These results provide
ways that students may be supported in choosing engineering careers after graduation.
Specifically focusing on students’ connection of goal-setting with future career
pathways, setting clear expectations for what a university experience and future career

pathway in engineering industry entails through career exploration, and creating
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classroom experiences that support hands-on and active learning opportunities rather
than lecture may be particular ways to help students see engineering industry careers as
possible pathways for them. Our findings also add new insights into reasons why the
United Kingdom has particular challenges in developing engineers who enter the
workforce and may provide some ways to begin addressing that challenge.
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