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ABSTRACT  

Issues associated with the shortage of engineers continue to persist and have led to 

a proliferation of work focused on understanding the factors involved in students’ 

decisions to pursue engineering studies and careers. Such work highlights the range 

of interrelated actors and factors which inform study and career choice, as well as 

the diversity in terminology employed in published work. Progress in the area relies 

upon shared understanding of attractiveness, and the concepts involved. 

Accordingly, this work in progress focuses on identifying and synthesising existing 

terms and concepts used in relation to study and career choice more widely, with the 

aim of enhancing mutual understanding of attractiveness and allowing identification 

of research gaps. In so doing, we describe several existing study and career choice 

theories to provide a holistic understanding of the factors involved in study and 

career choice by situating them within the context of engineering. We then discuss 

the extent to which academic institutions and industry may influence each factor. We 

conclude by presenting a proposed methodology for the remainder of the project, for 

discussion and feedback from the wider community.  
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1 INTRODUCTION  

The significant labour shortages within engineering continue to be highlighted by 
policymakers (e.g., European Commission, 2023), with shortfalls being attributed, in 
part, to the lack of interest young adolescents show in engineering studies. Such 
trends are particularly worrying given the number of societal challenges to which the 
engineering profession need contribute, and have led to a proliferation of work focused 
on understanding the factors involved in students’ decisions to pursue an engineering 
career (e.g., Cruz & Kellam, 2018; Dias, 2011; Godwin et al., 2016; Main et al., 2021; 
Matusovich et al., 2010).  
To this end, in 2010, SEFI established a Special Interest Group (SIG) focused on 
enhancing the attractiveness of engineering education, with ‘Attractiveness of 
Engineering’ being one of the thematic strands at its Annual Conference.  
Progress in this area relies upon shared understanding of attractiveness, something 
which is complicated by the number of influencing factors and actors involved. At an 
individual level, students are impacted by intrinsic psychological and behavioural 
motivation (Atman et al., 2010; Sheppard et al., 2010), personal values, goals and 
needs (Matusovich et al., 2010), interest and attainment in the subject matter (Painter 
et al., 2017), self-efficacy beliefs (Jones et al, 2010), as well as extrinsic and financial 
motivations (Atman et al., 2010; Sheppard et al., 2010). Choice is also informed by 
experiences and those within students’ lives. For example, Schrey-Niemenmaa & 
Jones (2011; 2015) highlight the role of quality STEM education, teachers’ 
understanding of engineering, the presence of role models, and the perception of 
engineering within society, with Painter et al. (2017) describing the role of family and 
prior experience with engineering activities, for example through interventions and 
outreach (e.g., Gumaelius & Kolmos, 2016). 
Other work has highlighted the role of education systems (Wint et al., 2024) in 
determining the available pathways to studying engineering, as well as the appeal of 
university programmes (Cronhjort et al., 2022). More widely, decisions to study 
engineering can be shaped more generally by availability of degree programmes 
locally, financial considerations, and institutional factors such as reputation (von 
Steinaecker & Serôdio, 2024; Gille et al. 2021; Serôdio et al., 2021; Widiputera et al., 
2017).  
The attractiveness of engineering thus appears to be influenced by a diverse range of 
interrelated factors whose significance varies, for example with age and geographical 
context. However, studies in the area of attractiveness tend to focus on the role of a 
limited subset of influences, making it difficult to obtain a holistic understanding of the 
situation at a systems level.  
As argued by Ashwin (2009), no one theory can capture all aspects of higher 
education, and engineering education research typically makes use of multiple 
theories from a variety of disciplines, resulting in challenges associated with 
differences in disciplinary paradigms and terminology. Lönngren et al. (2023) label the 
resultant lack of conceptual clarity as problematic and highlight the need for 
conceptualisations to be explicit, thus allowing readers to interpret and judge results 
and for transfer between contexts.  
In keeping with a need for conceptual clarity and to find underlying reasons for the low 
attractiveness of engineering studies, this work in progress contributes to a wider study 
focused on the following objectives: 

- identifying and synthesising existing concepts and theories used in relation to 
study and career choice, and which can be applied to the attractiveness of 
engineering, 



   

 

   

 

- developing a framework which consolidates existing concepts, and which 
includes actors and factors influencing study and career choices at different 
ages, 

- assessing the need to adapt the framework for use specifically within the 
context of engineering.  

In this initial paper we focus on the first objective by introducing a range of study and 
career choice theories in Section 2 with the aim of collating the key concepts involved 
in Section 3. We then present the proposed methodology for the remainder of the 
project in Section 4, for discussion and feedback from the wider community. The value 
of this work lies in the conceptualisation of a framework enhancing mutual 
understanding of attractiveness at systems level and allowing identification of research 
gaps for the SEFI and extended engineering education community. The framework 
will lay ground for the Attractiveness SIG to define focus points leading to concrete 
actions that will help to increase the attractiveness of engineering.  

2 STUDY AND CAREER CHOICE THEORIES 

Attractiveness of engineering is a complex concept that can only be described using 
extensive multidisciplinary approach. However, reviewing all systematically literature 
related to attractiveness of engineering is beyond the scope of this work. Instead, we 
begin by considering several existing study and career choice theories that cover a 
range of disciplinary perspectives for a holistic understanding of the ways in which 
study and career choices are conceptualised. The theories included in this paper build 
upon those previously used in attractiveness interventions as identified in an ongoing 
literature review study of 41 articles, in which the social and socio-cultural theories 
described in Sections 2.1 and 2.2 are most often mentioned (four times each). These 
were supplemented with the theories presented in Sections 2.3 and 2.4 . The theory 
presented in Section 2.3 adds a developmental perspective, while the theory of 
Section 2.4 is often used in existing study orientation instruments. 
The following subsections include short summaries of the selected theories with a 
focus on presenting the central concepts. We then describe our efforts in synthesising 
these terms as well as identifying potential impacts stakeholders, such as industry and 
academia can exert over each factor.  

2.1 Social Cognitive Theory (SCT) and Social Cognitive Career Theory (SCCT) 

Social Cognitive Theory (SCT) (Bandura, 1986) is a psychological learning theory 

previously employed to investigate engineering study choice (e.g., Fletcher et al., 

2024; Katz et al., 2024; Kim et al., 2025), with Goncher et al. (2023) highlighting its 

prevalence within engineering education research. It involves a tripartite system of 

interacting personal/cognitive factors (e.g., attitudes, values), behavioural factors 

(e.g., skills, practice, actions), and environmental factors (e.g., social norms, access 

to resources). It posits that individuals learn from observation, paying attention to 

behaviour and its consequences, being more likely to imitate behaviours for which they 

expect to be rewarded based on vicarious reinforcements. It thus emphasises the role 

of self-efficacy and agency in deciding whether to reproduce modelled behaviour, and 

the physical and behavioural ability to do so. The central concept of SCT is reciprocal 

determinism and thus, personal factors enable individuals to initiate and sustain 

behaviours that translate to effects on the environment/actions. Equally, reflection on 

actions and their impact feeds back to the person and can, in turn, influence their 

sense of self-efficacy. With respect to engineering attractiveness, this theory points 



   

 

   

 

towards the benefit of suitable and diverse role models, as well as the presence of a 

perceived reward associated with studying engineering. There is also a need to foster 

a supportive environment in which engineering work is perceived to be valued and 

which expose students to knowledge, skills and resources which support the 

development of cognitive and behaviour factors associated with engineering.  

Social Cognitive Career Theory (SCCT) (Lent et al., 1994) is an extension of 
Bandura’s SCT, and an attempt to unify and explain central processes and 
mechanisms of (a) development of career and academic interest, (b) career-relevant 
choices, and (c) achievement of performance outcomes, with a focus on late 
adolescence and early adulthood. The theory highlights the direct and indirect 
influence of self-efficacy beliefs, outcome expectations, personal goals and 
performance attainment for each of these three processes. Career-related interests 
are then formed through self-efficacy and outcome expectations and influence both 
educational and occupational choice goals. The model recognises that the interests 
are more likely to influence study and career choice in the presence of a supportive 
environment, and that barriers (e.g., finances, caring responsibilities) may result in a 
need to compromise interests. Lent and colleagues (2002) see an important role for 
educational institutions to support students in engaging in career exploration. Activities 
like job shadowing or internships but also extracurricular activities enable students to 
clarify their interests, values and competencies in relation to engineering. A key feature 
of the SCCT model is the inclusion of ‘person input’ (including ethnicity, gender etc) 
and contextual factors. Gender can thus be understood as a ‘person input’ which 
moderates the role of background contextual influences, socialisation processes, and 
learning experiences, which in turn contribute to self-efficacy and outcome 
expectancies. SCCT has been used to investigate engineering study choice (Lent et 
al., 2008, Liu et al., 2014, Wint, 2022) and career retention (Mozahem et al., 2019, 
Singh et al., 2013).  
The Career Self-Management (CSM) model (Lent & Brown, 2013), a more recent 
theory in the stream of career development learning approaches, builds on SCCT by 
incorporating conscious self-directedness or self-management. The latter is required 
so that students can use their knowledge, experience, and emotions in choosing a 
career in a context of uncertainty and change, helping them to develop clear ambitions 
or concrete outcome expectations. In the context of engineering education, this is only 
possible when students can identify with engineering and envision themselves as 
future engineers.  

2.2 Expectancy-Value Theory (EVT) and Situated Expectancy-Value Theory 

(SEVT) 

Expectancy-Value Theory (EVT) is based on research by Tolman (1932), Lewin (1951) 
and Atkinson (1957) and addresses the psychological and social/cultural determinants 
that influence people's motivation and affect the way they make their performance-
related decisions (Lin et al. 2016). The theory states that a person's motivation to 
undertake a task is determined by two main components: expectancy beliefs (i.e., 
confidence in one’s ability to be successful in the task) and the subjective value they 
place on the task (i.e., the perceived importance, usefulness, or enjoyment of the task) 
(Eccles & Wigfield, 2020). According to this model, the value of a task is divided into 
four components: performance value, intrinsic value, utility value and cost (cf. Flake et 
al., 2015). The expectancy-value model states that the expectations of success and 
the value of the task are determined by a combination of factors. These include 
personal characteristics and environmental influences (Urhahne & Wijnia, 2023). For 



   

 

   

 

example, within engineering, beliefs around value may depend on the image and 
status of engineering within society, information regarding renumeration.  
Situated Expectancy Value Theory (SEVT) (Eccles & Wigfield, 2020) extends EVT by 
incorporating a situated perspective and recognising that motivation is not always 
static but instead develops in a dynamic way through immediate social, cultural and 
contextual influences (Urhahne & Wijnia 2023). SEVT is more adequate than EVT in 
current times whereby individuals are influenced on a daily basis through social media. 
It considers how expectancy beliefs and subjective values are shaped by concrete 
experiences, specific learning environments and societal expectations. This fits in with 
the widening participation rhetoric that engineering educators are trying to promote to 
establish a more diverse workforce. 

2.3 Gottfredson’s Theory of Circumscription and Compromise (GTCC) 

The theory of Gottfredson (1981) proposes a framework for the development of 

young people's study and career choice, focusing on the evolution of their perception 

of available occupations. Within this, circumscription involves eliminating career 

options which appear to be incompatible with an individual’s self-concept and 

involves several stages: orientation to size and power (age 3-5), where children 

admire authority figures; orientation to sex roles (age 6-8), associating occupations 

with gender stereotypes; orientation to social values (age 9-13), understanding social 

status and prestige; and orientation to internal, unique self (age 14+), where 

adolescents define their desired place in society based on their values, interests, and 

attributes. 

The second phase of the process is compromise which involves the alignment of 

occupational aspiration to the external reality. As part of this, individuals may reject 

roles which more strongly align with their self-concept, in favour of those which 

appear to be more accessible. A variety of factors can then impact accessibility 

including knowledge acquisition and availability of training, labour market conditions, 

social networks etc. In relation to the attractiveness of engineering, this model 

highlights the role that the status and image of engineering play from an early age, 

and efforts should focus on the use of diverse role models and overcoming gender 

stereotypes associated with the profession. It also points to a need to make 

engineering more accessible, for example by providing different development 

opportunities, as well as information about the routes into the profession. 

2.4 Person-Environment (P-E) Fit Theory (PEFT) and RIASEC 

Within the context of study and career choice, P-E fit theory (French et al., 1982) 

proposes that congruence between individuals and their occupational environment 

results in positive outcomes. The theory encompasses both person-job fit, and person-

organisation fit. Within this, person characteristics may include needs, values, goals, 

abilities, and personalities, all of which are non-static, whereas environmental factors 

may include intrinsic and extrinsic rewards, demands of a job or role and 

organisational culture. The focus on the working environment means that application 

of the theory may be more suited to work which considers retention of engineers within 

the workplace. However, it does highlight a need to help students further understand 

their needs, values and abilities and explore how they may align with the diverse roles 

available within the engineering sector. Holland’s RIASEC model (1997) is a well-

known example of a model based on P-E fit theory. Holland developed his theory on 



   

 

   

 

the idea that career choice is based on personality, resulting in six personality types. 

People will search for environments where they can use their competencies and 

express their values and attitudes. For example, an investigative type who is likely to 

be precise, analytical, curious, and intellectual, will more likely be happy to work in an 

investigative environment that matches these competencies. Although P-E fit theories 

are still relevant, these choice theories also have a narrow focus on career choice that 

implies a more or less stable society and they rather overlook the process of career 

decision. To increase attractiveness, it is important to present the diversity in 

engineering roles, required competencies and values, so that diverse pupils/students 

may perceive a fit with their personality. 

3 SYNTHESIS OF MODELS 

Several factors which influence attractiveness are included within the presented study 
and career choice theories, which converge in several key areas, as summarized in 
Table 1 together with whether academic institutions and industry may influence each 
factor. In this section we review these factors, while also situating them within the 
context of engineering and identifying possible leverage points.  
 
Table 1: Overview of key concepts from different theories, with explanation and 
malleability (M) by industry and/or academia. Three categories of factors were 
included, following SCT theory: personal (P), Environmental (E) and Behavioural (B).  

 
Figure 1 shows a schematic of ways in which the various concepts included within the 
theories interact, this being summarised by the points below:  

• Person inputs (e.g., gender, ethnicity, social class) or characteristics and 
background (e.g., hometown, birthplace) are considered in both social cognitive 
and expectancy-value theories and appear to mediate factors including learning 
experiences. For example, it is likely, particularly when considering GTCC, that 

Factor Theory Explanation Malleable 
Self-efficacy beliefs SCCT People's judgments of their capabilities to organize and execute courses of action required 

to attain designated types of performances
x

Expectancies for success EVT Individual beliefs about the likelihood of performing successfully on a specific task 
influenced by past experiences, feedback, and perceived difficulty. 

x

Academic self-concept EVT, GTCC A learner’s relatively stable perception of their own academic abilities (formed over time 
through experiences, social comparison, and feedback)

x

Outcome expectations SCCT Personal beliefs about probable response outcomes: social, material, and self-evaluative x
Cost EVT Competition with other goals x
Intrinsic value EVT, PEFT Personal enjoyment x
Attainment value EVT, PEFT Importance of doing well x
Utility value EVT, PEFT Perceived usefulness for future goals x
Vocational interest SCCT Patterns of likes, dislikes and indifferences regarding career-relevant activities and x
Person inputs SCCT, EVT E.g., gender, ethnicity, social class, culture, health/disability status
Personality traits PEFT RIASEC theory: Realistic, Investigative, Artistic, Social, Enterprising, Conventional
Circumscription GTCC Process of eliminating career options which appear to be incompatible with an individual’s 

self-concept, in different stages
x

Person-environment fit PEFT Both person-job fit, and person-organisation fit / objective and subjective x
Compromise GTCC Process of alignment of occupational aspiration to the external reality x
Social and societal SCCT E.g., family, peers, mentors, personal career network contacts, role model exposure, x
Economic SCCT E.g., financial stability, resources x
Institutional SCCT, 

PEFT
E.g., access to training, opportunities, task exposure, demands of job role, organisational 
culture (workplace)

x

B Performance attainment SCCT Level of accomplishment and indices of behavioral persistance

P

E



   

 

   

 

stereotypes regarding who is viewed by society as being an engineer, mediate 
the experience of underrepresented students during learning experiences.  

• Learning experiences are varied and include both curricular and non-curricular 
(e.g., hobbies, summer camps, work placements) activities which expose 
students to engineering work and tasks. The ability for students to access such 
opportunities will depend upon contextual and environmental factors such as 
opportunity, supportive family, as well as finance. Whether such learning 
experiences result in increase in self-efficacy and change of self-concept, or 
increased expectations of success depend on aspects such as the quality of 
such experiences.  

• Both person inputs (e.g., culture) and environment (e.g., family pressure, public 

perception of engineering) are likely to impact upon values. Expectancy value 

theories describe how intrinsic value (enjoyment), attainment value (importance 

of success) and utility value (usefulness for future goals), as well as perceived 

costs (e.g., time) influence the desirability of a career path. The presence of 

intrinsic value assumes that students are exposed to engineering related 

learning experiences that they find enjoyable. Meanwhile, the utility value 

reflects that they are informed about the pathways to engineering such that they 

value the need to study engineering or value the engineering profession as 

providing what they desire of a job (e.g., pay, security, impact).  

• Both P-E fit theory and, to a lesser extent, GTCC, consider the congruence 
between the individual and job roles or organisations. A key distinction here is 
the difference between objective fit and subjective fit, the former referring to 
actual/measurable characteristics of the person and the environment and the 
latter on perceptions of the individual and their fit. Subjective fit is likely to be 
influenced by a variety of factors including public perception, family support, 
presence of role models. The existence of differences in objective and 
subjective fit has several implications. For example, people may choose not to 
pursue engineering because of a perceived lack of congruence. Both GTCC 
and SCCT include the need to compromise interest and fit, for example 
because of barriers (e.g., finances, caring responsibilities, lack of 
opportunities). This results in the individual pursuing a career less suited to their 
values, interests and attributes.  

Both CSM and SEVT extend pre-existing models (SCCT and EVT respectively) to take 
account for dynamic adaptation and development across an individual’s career, by 
taking account for factors such as self-regulatory behaviours, the influence of 
experience and changing values and environments.  

4 PROPOSED FUTURE WORK AND RECOMMENDATIONS 

In this paper, we explored several study and career choice theories to identify overlap 
and potential differences and to identify factors determining attractiveness of 
engineering. We established factors that appear across the study and career choice 
theories and analysed them in the perspective of engineering and in view of which 
factors can be influenced by academia and the industry. As such this was the first step 
of establishing a framework of attractiveness of engineering that will help guide future 
efforts in the area.  
 
 



   

 

   

 

 
Figure 1: Schematic showing aspects influencing attractiveness of engineering 
derived from study and career choice theories. 

4.1 Proposed future work 

The next phase of our work in progress involves further consolidation of existing 
theoretical constructs and extending them through a scoping literature review. The 
literature review will help establish relevant theory-derived factors for building a holistic 
framework of attractiveness. Additionally, the review will allow for identification of 
research gaps and opportunities for alignment with ongoing or future research projects 
of the Attractiveness SIG or beyond.  
The future work will also include a study whereby experts help to identify relevant 
actors, such as educators, peers, families, industry representatives, academics, and 
policy makers. Additionally, the expert feedback will involve assessing whether there 
are factors specific to engineering that are not fully represented/reflected in existing 
theories, and reflect on how to adapt and implement the framework to/in the 
engineering context.  

4.2 Recommendations for industry and academia to enhance the 
attractiveness of engineering 

Identification of future practice and research work, and the roles different actors can 
play in this, is an explicit part of the future phases. Nevertheless, based on this work, 
we can propose several ways in which practitioners and researchers may contribute 
to work in the area of attractiveness of engineering: 

• Focus on ways in which engineering can be introduced into the school 
curriculum, thus allowing universal exposure to learning experiences, tapping 
into students’ (changing) interests and values, which may foster self-efficacy 
and an understanding of the work engineers do. 

• Evaluate learning experiences aimed at attractiveness of engineering to ensure 
they result in increased self-efficacy and expectation of success.  

• Work to overcome stereotypes associated with engineering and improve the 
image of engineering in society and perceived fit with engineering. 

• Develop mentoring and role model programmes which reflect the diversity of 
engineers.  

• Ensure the accuracy and diversity of information pertaining to engineering roles 
and employers. 

• Focus on understanding the barriers that students face in studying engineering 
or entering the engineering profession. 
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