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1. Introduction 

Nowadays, employees have to take a more flexible and proactive approach to their working lives, 

involving the continuous management of their own employability, to meet  the  challenges  of  a 

global economy characterised by rapid change (Tomlinson 2007). Higher education institutions 

increasingly acknowledge their responsibility to guide students,  both  in  their  academic  growth 

and in their career development (Burke et al. 2017; National Academy of Engineering 2018). 

Consequently, the educational field is challenged to explicitly trigger students’ reflection on their 

professional future. 

1.1. Narrow view on engineering 

In engineering education, students’ perceptions of their professional future is a focus that deserves 

due attention. Research indicates that, even close to graduation, many engineering students remain 
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uncertain about what engineering is and what engineers do (Bennett and Male 2017; Lichtenstein 

et al. 2009; Matusovich et al. 2009). Moreover, some students predominantly consider engineering 

education and practice as primarily technical, and hold narrow perceptions of the professional 

aspects of engineering (Brunhaver et al. 2018). 

1.2. Mismatch 

These narrow future perceptions lead to a gap between the graduates’ expectations and their actual 

experiences (Chan, Zhao, and Luk 2017; Watson and Meiksins 1991) with significant negative 

correlations to job satisfaction (Jusoh, Simun, and Chong 2011). Employers, regardless of the field, 

also refer to this mismatch, indicating that there is still a skills gap and that they experience 

difficulties in finding graduates with the right set of competencies or  the  required  competency  

level  (IET 2016; Mourshed, Patel, and Suder 2014). The European report ‘Education to Employment’ 

(2014) documented a particular shortage of non-technical skills, such as communication skills, 

lifelong learning, teamwork skills, creativity or problem solving – further in this paper described 

as professional competencies. For many years now,  there  has been a  general  agreement  on the  

importance of these competencies in engineering education (ABET 2017; ENAEE 2015; Murphy et al. 

2016; National Academy of Engineering 2004), but it is also clear that the employability debate 

goes beyond devel- oping competencies. It also involves identity development (Tomlinson 2007). 

1.3. Lack of reflection 

Constructing a professional identity requires the ability to critically reflect on one’s thoughts and prior 

achievement, but also the ability to articulate one’s future aspirations in the engineering profession. 

The latter aspect presumes more awareness and a more realistic understanding of the engineering 

work and the competencies required (Yorke and Knight 2006). In response, engineering education 

has been adapting its learning methods. Interventions to expose students to authentic engineering 

experiences, for example in problem-based learning, are commonly used in engineering education, 

but the link to the engineering practice is not always clear (Bennett and Male 2017; Tymon 2013). 

Aspects like one’s beliefs and values are rarely included in  engineering  educational  activities 

which makes it difficult for students to construct an engineering identity (Morelock 2017). 

Several theories for career development, investigating the process and content by which a career 

identity is formed, underline the importance of awareness of both personality (e.g. interests, 

strengths and  weaknesses)  and  future career opportunities (Bridgstock 2009;  Brown and  Hirschi 

2013; Eccles 2011; Holland 1997; Oyserman et al. 2004) as more congruency between personality 

and career leads to increased employability, greater job satisfaction and success (Gottfredson and 

Johnstun 2009; Holland 1997; Yorke and Knight 2006). The reasoning implies the premise that 

students have enough information about (a)  their  own  competencies,  preferences  and  personality 

and (b) the educational, training or job requirements (Bimrose et al. 2004). 

It is recognised that there are different types of engineers – Nilsson (2010) suggests to use the 

concept of professional roles – and that the importance of professional competencies or the way 

engineers create value varies across job tasks and work contexts (Male, Bush, and Chapman 2011; 

Nilsson 2010; Trevelyan and Williams 2018). For example, an engineer working in an R&D department 

might need other competencies than an engineer working in maintenance. However, frameworks 



describing professional roles for engineers appear to be underexposed in the current literature. 

1.4. Purpose of this study 

This work contributes to the pivotal role of professional identity development in that it explores 

frameworks that can support career guidance of engineering students based on the needs of the 

professional field. Such frameworks might be valuable instruments to increase students’ awareness 

of the engineering practice, and foster reflection of the future self. As the early career experiences 

are a major influence on individuals’ career decisions, which affect their well-being, career 

development, and continuance in a profession (Korte, Brunhaver, and Zehr 2019), this study focuses 

on professional roles for early career engineers in particular. However, this article can also be a 

potential resource for research on career development in any stage of the engineering career. 

The paper is organised as follows. First, we explore the concept of professional roles in different 

fields. The research methodology is concerned in the second section as well as a description of the 

included papers of the systematic literature review. Section three analyses the results including an 

in-depth analysis of the studies that fulfilled all analysis criteria. To conclude, we discuss the results 

and draw out recommendations for further research. 

2. Professional role 

The term ‘role’ comes from a world that has nothing to do with engineering: theatre. Actors’ scripts 

were written on rolls of parchment in seventeenth-century France, and ‘rôle’ became shorthand for 

the set of actions and the character the actor was supposed to portray. Nobody expected actors to 

really be the persona of the play, but as ‘professionals’ they had to be able to fill their role and 

suspend disbelief in their audience (Paulsen 2011). 

Today, the term role evolved to a concept used to guide ideals and expectations of what to be and 

how to behave – think about gender-roles, age-roles and, in this study, professional roles. As such, 

professional roles belong to distinct professions, to groups of people who perform activities that 

are clearly distinguishable from other types of work. They are a cluster of more or less stringent 

expectations of a person in a certain position, and of what is demanded from this person by 

members of his or her working environment (De Jager and Mok 1999; Lunenberg, Dengerink, and 

Korthagen 2014; Paulsen 2011). 

When describing six roles for teachers, (Lunenberg, Dengerink, and Korthagen 2014) have pointed 

out that the concept of professional roles mainly focuses on position and expectations from the 

environment whereas the concept of professional identity mainly focuses on personal views and 

self-images. Despite an inconsistent use of terminology and a variance in explicit and abstract 

definitions, the researchers could identify different roles for teachers (teacher of teachers, coach, 

researcher, gatekeeper etc.) and define the critical features and role behaviours. 

In their international study on journalism competencies, Willnat, Weaver, and Choi (2013) argue 

that different views on professional roles have implications for competencies. For example, 

investigative reporting will be more necessary for a journalist in a critical watchdog role than in a 

neutral disseminator role. Of course, there will be some overlap in competencies needed to 

perform the different roles well. Another example in this regard is the CanMEDS framework, an 

internationally recognised framework in the field of medicine, that identifies and describes the 



competencies required for physicians to effectively meet the health care needs of the people they 

serve, thematically grouped under seven professional roles (Frank, Snell, and Sherbino 2015). For 

example, in the role of a communicator, a physician aims to facilitate the gathering and sharing 

of essential information for health care. Therefore, active listening and empathy with patients and 

their families are crucial competencies. For physicians in a role of health advocates, who work 

predominantly with communities or patient populations to improve health, competencies as 

continuing quality improvement and responsibility in using their position and influence are very 

important. 

In the context of engineering, literature on professional roles is scarce. Several terms such as 

(professional) profiles (Kubler and Forbes 2004; Lima et al. 2017) or sub-occupations (Brunhaver 

et al. 2013) are also mentioned, but a clear definition of the concept is often lacking. However, 

like in other fields, it is generally recognised that different types of jobs are associated with different 

demands and that the professional role is relevant for explaining the importance of professional 

competencies (Male, Bush, and Chapman 2011; Nilsson 2010). Brunhaver et al. (2013) refer to the 

significant limitation of one rather generic role for engineers since this requires the same balance 

of the same technical and professional competencies for all engineers. Nevertheless, most studies 

regarding professional competencies, employability or career guidance fail to address this variety in 

professional roles. 

Following Lunenberg, Dengerink, and Korthagen (2014, 6), in this review study we define the 

concept  professional  role  as  an  interpretation  of  a  position  based  on  expectations  from  

the  environment. In particular, we will focus on what the work field expects from early career 

engineers and what attributes are required to fulfil the position in a particular role successfully. As 

such, a professional roles framework can be a valuable instrument in professional identity 

development as it involves interaction between the expectations related to a specific  professional  

role  (from  the work field) and the needs and aptitudes to prepare for that role  (of  the  student)  

(Becker  and Carper 1956). To that end, we set out to address two research questions: 

RQ1 ‘What professional roles for early career engineers can be identified?’  

RQ2 ‘What attributes define the professional roles for early career engineers?’ 

 

3. Method 

A systematic literature review was performed, as it is the best method to identify, appraise and 

synthesise all the relevant studies on professional roles. We followed the recommendations and 

methodologies from previous literature reviews in the fields of engineering education and social 

sciences (Borrego, Foster, and Froyd 2014; Petticrew and Roberts 2006). In this section, we first 

describe the selected databases, search terms and inclusion criteria before elaborating on the 

analysis criteria. Third, we will provide a description of the included papers. 

3.1. Databases and search terms 

A systematic literature review was performed in September 2018. An appropriate set of 

complementary databases  was selected to get extensive and  broad coverage of the  literature  in 

education research in  order to increase the probability of finding highly relevant articles: Web  of  



Science, Scopus and ERIC – the Educational Resources Information Centre. Based on the background 

literature and after revision and feedback of the four researchers, the search term ‘engineer’ was 

combined with one of the terms: 

 

- role, profile, classification, function, value, expectation 

- career, career path, career guidance, career development, career management  
 

The search resulted in 952 potentially relevant studies. 

3.2. Inclusion criteria 

The aim of this research is to look for frameworks that can support career guidance of engineering 

students based on actual and future needs of the professional field. Therefore, recent studies are 

of particular interest. We noticed an increasing number of studies since 2008. Moreover, almost 68% 

of the studies were published in the last decade, so we decided to focus the review on the 

period between 2008 and 2018 resulting in 645 studies (Figure 1). 

The titles and abstracts of peer reviewed articles and book chapters written in English were 

screened. As the topic is underexposed in literature, peer reviewed conference proceedings were 

included also. Further screening discarded studies on gender roles, on the attractiveness or on 

persistence in STEM programs in middle or high schools, as well as studies focused on career shifts 

unless they explicitly described the starting point of this path addressing young graduates at the 

beginning of a career. 

The quality of the papers were appraised and assessed after which papers were excluded that 

seemed not methodologically sound (reliability, validity). Additionally, a  snowball  approach  was 

used to identify other relevant studies that had not shown up in the systematic literature search. 

This added 7 more papers to the collection. We ultimately identified 24 unique studies for further 

analysis. The search track of exclusion/inclusion is tabulated in Figure 1. 

 



 
Figure 1. Flowchart of filtering process and results 

3.3. Analysis criteria 

The previous section emphasised on the importance of creating awareness of both personality and 

future career opportunities when addressing the skills and expectations gaps. For example, engineering 

students should be aware of the fact that different (early career) jobs require different professional 

competencies, but also be aware of their strengths and weaknesses regarding these competencies. 

The reasoning above was converted into three analysis criteria, in particular, whether the studies 

were: 

(a) applicable to engineering graduates, entering the labour market (expectation management) 

(b) applicable  to  different  disciplines  or  fields  (to  expand  the  traditionally  narrow  focus  

beyond learning technical and scientific knowledge) 

(c) involve different  stakeholders from the professional field and higher education (bridging 

the gaps) 

3.4. Description of the included publications 

In order to describe the 24 publications, the studies are first are classified by terminology related 

to the concept of professional role. Second, we describe whether developing a framework was a 

research objective. The descriptive items are included in Table 1. 



Table 1. Results of the systematic literature review by different criteria. 
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Gemme and Gingras 
(2012) 

2 

academic, non-academic 
Career 

preference 
    ●     ●       ● 

Sinche et al. (2017) research-intensive, non-research-intensive Career trajectory     ●   ●   ●       

Betz (2014) 

technical specialist, (project) management 

Profile       ● ●   ●       
Hodgson, Paton and 
Cicmil (2011) 

Role       ● ●       ●   

Saunders-Smits and De 
Graaff (2012) 

Career path     ●   ●   ●       

Brunhaver et al. (2013) 

3 

engineering practitioners, consultants, 
managers 

Sub-occupations ● ●   ● ●   ●       

De Norre, Pinxten, and 
Langie (2016) operational excellence, product leadership, 

customer intimacy 
Role   ●   ●   ●       ● 

Hofland et al. (2015) Role ● ●   ● ●   ●       
Gerwel Proches, Chelin 
and Rouvrais (2018) 

technical, entrepreneurial, management 
Professional 

path 
  ●   ●   ●     ●   

Spinks, Silburn, and 
Birchall (2007) 

specialist, change agent, integrators Role ● ●   ● ●   ●       

Wilcox (2015) inventor, consultant, entrepreneur Role ●   ●               
Bignon and Szajnfarber 
(2015) 

4 

enablers, bridgers, researchers and 
intrapreneurs 

Work identities ●   ●   ●         ● 

Kamp and Klaassen 
(2016) 

specialist, front-end innovator, integrator, 
contextual engineer 

Role ● ●   ●   ● ●       

Van der Heijden, 
Brinkman, and During 
(2009) 

personal firm or life style entrepreneur path, 
professional entrepreneur path, managerial 
growth path, entrepreneurial growth path 

Career Type ● ● ●   ●   ●       

Choudhary and Jesiek 
(2015) 

5 

faculty job with focus on research, faculty 
job with focus on teaching, industry job with 
focus on research, government job with 
focus on research, job as an entrepreneur 

Career path   ● ●     ●       ● 

Fernandez-Sanz (2010) 
programmer, analyst, system technician, 
consultant, CIO or similar management 
positions 

Positions     ●     ● ●       



Kinoshita, Young, and 
Knight (2015) 

technical, supervisory , consultant, non-
technical, other (e.g. academics) 

Job function   ●   ● ●   ●       

Srour et al. (2013) 

Project Controls Manager, Project 
Management Track Position, Entry Level 
Technical Position, Medium Level Technical 
Position, Senior Level Technical Position 

Career path   ●   ● ●           

Itani and Srour (2016) 6 

technical engineer, technical and 
administrative engineer, general or 
nontechnical consultant, consultant in the 
technical field, opportunity involving 
management or supervisory training, job 
rotation program (position will be 
determined at a later stage) 

Job preference   ●   ●   ● ●     ● 

Lauwers, Bonte, and 
Vanmaercke (2013) 

8 

product, process and automation engineer; 
maintenance engineer; quality -, prevention-, 
environment- and safety engineer; project 
engineer; R&D engineer; planning and work 
preparation engineer, method engineer; 
commercial engineer 

Profile ● ● ●   ●   ●       

Medina et al. (2018) 

Project Management (PM); Production, 
Distribution and Logistics (PDL); 
Manufacturing and Process Engineering 
(M&PE); Supply Chain Management (SCM); 
Ergonomics and Human Factors (EHF); 
Strategic Planning (SP) and Financial 
Engineering (FE) 

Role   ● ●   ●           

Kinunnen et al. (2018) 9 

Software designer, project manager, 
entrepreneur, programmer, administrator, 
solving societal problems, researcher, 
teacher or educator, something else 

Professions /  
Job duties 

    ●     ●     ●   

Trevelyan and Williams 
(2018) 

14 
No roles defined, 14 ways of value creation 
in enterprises 

Role ●     ● ●     ●     

Smith, McClelland, and 
Smith (2017) 

15 
No roles defined, but 15 responsibilities on 
Corporate Social Responsibility 

Role ●   ●     ●   ●     



3.4.1. Terminology related to the professional role concept 

Eleven different terms were found for concepts that could categorise engineers in the work field 

(Table 1, column 4). ‘Roles’ (roles or job roles) was used most often (N = 9), followed by ‘career 

paths’ or ‘career trajectories’ (N = 5), ‘profiles’ (N = 2) and ‘job or career preferences’ (N = 2). Other 

terms appeared in only one study each, such as ‘career types’, ‘sub-occupations’, ‘positions’, 

‘professions’, ‘job functions’ or ‘work identities’. 

Only six studies described the concept they used as overarching classifications, addressing 

professional competencies (Hofland et al. 2015; Kamp and Klaassen 2016; Spinks, Silburn, and 

Birchall 2007) or motives and preferences (Bignon and Szajnfarber 2015; Itani and  Srour  2016).  

Wilcox (2015, 1) was the only author that explicitly defined the role concept in her study, namely: 

‘Roles do not necessarily  represent formal titles,  but identity-related  roles that can signify the 

motives with which [people] engage [in their work]’ . This definition is more related to what Lunenberg, 

Dengerink, and Korthagen (2014) describes as professional identity and less to the expectations of 

the environment. 

 

3.4.2. Research objective and methodologies 

In most studies (N = 16) engineering categorisations were predominantly used as a framework to 

elaborate on a specific topic like career preferences. For 10 out of 16 studies, developing a framework 

or categorisation was an explicit objective (Table 1, column 5). The latter frameworks were developed 

mostly based on mixed research methods. Interviews were used as a ground theory method to 

construct the categories and paired with a subsequent survey of engineers or company 

representatives (e.g. Brunhaver et al. 2013; Hofland et al. 2015; Spinks, Silburn, and Birchall 2007). 

In other studies, interviews were used to refine a framework based on vacancy analyses (Lauwers, 

Bonte, and Vanmaercke 2013) or role play (Smith, McClelland, and Smith 2017). Two frameworks 

were based on a literature (Trevelyan and Williams 2018; Wilcox 2015). Trevelyan and Williams 

performed a content analysis of data from earlier studies. Finally, one study conducted a design 

thinking method where a panel discussed what engineering students’ competencies should be in 

2030 (Kamp and Klaassen 2016). 

Although the studies aiming to develop a framework applicable to different engineering 

disciplines are of particular interest in our research, the other studies will be included in the 

analysis, as they can provide interesting insights into the study. By consequence, some studies will 

be discussed more in depth than others. 

 

4. Results 

An in-depth exploration of the 24 studies would go beyond the scope of this study. An overview of 

the details of the different studies is presented in Table 1. In the following paragraphs, we will 

elaborate on the most promising models according to the analysis criteria. We first examined the 

different roles in the studies; more specifically how many roles were included and how were they 

described (RQ1). The three analysis criteria (focus on young engineering graduates, independent of 

discipline and involving different stakeholders) were the guiding principle. Second, we examined 

which attributes identified the different roles (RQ2). 



 

4.1. What professional roles for early career engineers can be identified? (RQ1) 

The studies used a wide range of frameworks consisting of two to fifteen roles or ways to categorise 

different types of engineers. More than half of the studies described frameworks including two roles 

(N = 5), three roles (N = 6), or four roles (N = 3). Although different labels were used, we will 

systematically use the term ‘roles’ when referring to the different types of engineers in the work field. 

4.1.1. Focus on early career engineers 

Thirteen of the included studies specifically focused on early career engineers (Table 1, column 6). 

Other studies included frameworks that might also be applicable to young graduates as they do 

not explicitly refer to work experience (e.g. Bignon and Szajnfarber 2015; Fernandez-Sanz 2010; 

Kinnunen et al. 2018; Wilcox 2015). These studies agree that a more elaborate categorisation is 

needed for better engineering education or career development. When investigating career paths or 

tracks in career development, it can be noticed that there is only a differentiation in roles when 

progressing in the careers. For example, engineers can develop into a technical expert role or a 

managerial role (Betz 2014; Hodgson, Paton, and Cicmil 2011; Saunders-Smits and De Graaff 2012). 

However, these studies identified different professional competencies for the future professional 

roles that affect the professional success. 

 

4.1.2. Independent of disciplines 

Half of the studies focused on a specific engineering domain (N = 12), the other half focused on the 

broad field of engineering (N = 12) (Table 1, column 7 and 8). 

A specific engineering domain could be a specific engineering discipline, for example, aerospace 

(Saunders-Smits and De Graaff 2012), ICT (Fernandez-Sanz 2010; Kinnunen et al. 2018), 

electromechanical or industrial engineering (Lauwers, Bonte, and Vanmaercke 2013; Medina et al. 

2018). It could also be a particular area, such as research and academia (Choudhary and Jesiek 

2015; Gemme and Gingras 2012; Sinche et al. 2017; Wilcox 2015), entrepreneurship (Van der 

Heijden, Brinkman, and During 2009) or corporate social responsibility (Smith, McClelland, and 

Smith 2017) (Table 1, column 3 and 7). Some of these studies, like Saunders-Smits and De Graaff 

(2012) or Wilcox (2015) described professional roles that were not bound to the discipline and the 

categories reoccurred in more generic studies. However, often the specific focus was reflected  in  the  

professional  roles, which hindered transferring the roles to other domains. For example, Fernandez-

Sanz (2010) identified six roles for IT engineers, like programmer, analyst, system technician, etc. In 

their research on potential career paths of doctoral students, Choudhary and Jesiek (2015) 

distinguished three focuses: research (in faculty, industry or government job), teaching (in faculty) or 

entrepreneurship. Although the latter construct is not necessarily bound by one specific discipline, 

the framework for doctoral engineers does not cover all engineering professions. 

Studies identifying professional roles independent of discipline seemed to address quiet similar 

models, but varied in how detailed the roles were conceived (Table 1, column 3 and 8).  For example, 

Brunhaver et al. (2013) categorised engineers in practitioners, managers and consultants, whereas 



Gerwel Proches, Chelin, and Rouvrais (2018) identified technical, management and entrepreneurial 

roles. Itani and Srour (2016) referred to the entrepreneurial role more precise as general non- technical 

consultants and consultants in the technical field. Kinoshita, Young, and Knight (2015) also included 

a category other (e.g. academics). Although the authors did not give clear definitions for each role, 

it can be argued that these roles can be applied to different engineering domains or disciplines. 

An in-depth comparison of the frameworks was bounded by the fact that only three ‘generic’ 

frameworks applicable to early career engineers included well-described definitions of the identified 

roles (De Norre, Pinxten, and Langie 2016; Hofland et al. 2015; Kamp and Klaassen 2016; Spinks, 

Silburn, and Birchall 2007) (see Table 2 for full definitions). The three frameworks defined the roles 

by describing the different expectations related to operating in the work environment. Although 

they were categorised and labelled differently, three similar roles occurred: one role focusing on 

advancing and optimising technology which requires technical expertise (operational excellence, 

specialist), the second role focusing on innovation and developing new products (product leadership, 

change agent, specialist, front-end innovator), a third role focusing on the needs of the customer in 

different environments (customer intimacy, integrator, system integrator).  

 

Table 2. Overarching models with well-defined professional roles. 
 

Study Role 1 Role 2 Role 3 Role 4 

 
Hofland et 
al. (2015)  
 
De Norre, 
Pinxten, and 
Langie 
(2016) 

 
Operational 
Excellence 
 
organises and 
optimises processes 
 
focus on process 
efficiency and finding 
ways to achieving the 
best total cost 

 
Product Leadership 
 
develops new 
products/ 
technologies 
 
focus on new ideas 
and developing the 
best product 

 
Customer Intimacy 
 
provides solutions 
according to the 
needs of the 
customer 
 
focus on the best 
total solution for 
customers 

 

 
Spinks, 
Silburn, and 
Birchall 
(2007) 

 
Specialist 
 
recognises the 
continued need for 
engineers who are 
technical experts of 
world-class standing 

 
Change agent 
 
provides the 
creativity, innovation 
and leadership to 
shape the industry in 
an uncertain future. 

 
Integrator 
 
operates and 
manages across 
boundaries, be they 
technical or 
organisational in a 
complex business 
environment 

 

 
Kamp and 
Klaassen 
(2016) 

 
Specialist 
 
advances and 
optimises technology 
for innovations and 
better performance 
using scientific 
knowledge 

 
Front-end Innovator 
 
advances and apply 
knowledge and uses 
technology to 
develop new 
products for the 
benefit of people 

 
System Integrator 
 
brings together 
disciplines, products 
or subsystems into a 
functioning whole 
that meets the needs 
of the customer 

 
Contextual Engineer 
 
exploits diversity-in-
thought to advance 
and apply knowledge 
and uses technology 
in different realms to 
develop products and 
processes for the 
benefit of people in 
different cultures and 
context 

 

Kamp and Klaassen (2016) included a fourth role: the contextual engineer who understands 

complex societal, cultural, global, and professional contexts. They defined the role after a Think Tank 



discussion questioning what kind of engineers we need to educate to meet future challenges. Where 

Hofland et al. (2015) developed roles based on what industry needs today, Spinks, Silburn, and Birchall 

(2007) integrated both today’s and future challenges, such as globalisation, complexity in technology 

or sustainability within the role concepts itself. 

Unlike Brunhaver et al. (2013) or Gerwel Proches, Chelin, and Rouvrais (2018), none of these three 

frameworks included a managerial role. In the survey of Spinks, Silburn, and Birchall (2007), company 

representatives indicated that only 5% employ graduates (max. 2 years after graduation) in 

management roles, although graduates were likely to find themselves involved in project 

management. It seemed likely that there will be some managerial responsibility in all of the roles. 

This was also observed in the study of Hodgson, Paton, and Cicmil (2011) investigating the role of 

project manager. Kamp and Klaassen (2016) highlighted the collaboration between the different roles 

because ‘each role cannot realize a technological solution without the other and [each role] is needed 

to realize integrated solutions for complex problems’ (6). The model of Spinks, Silburn, and Birchall 

(2007) and Hofland et al. (2015) approached their framework differently. They both stated that 

engineers will more than likely focus on one of the roles, but may be equally able to operate in two 

or more and they might change roles in the course of their career. 

 

4.1.3. Stakeholder  involvement 

Table 1 (column 9 and 10) shows that  the work field or higher education  are the  stakeholders involved 

when examining engineering roles or engineering attributes. The work field is mostly rep- resented 

engineers in the field and alumni (N = 14). Three of these studies also involved company 

representatives and engineering recruitment agencies (Hofland et al. 2015; Lauwers, Bonte, and 

Vanmaercke 2013; Spinks, Silburn, and Birchall 2007). When higher education is involved (N = 9), 

faculty staff (researchers and staff) were mostly questioned (N = 7). Three studies engaged also 

students (De Norre, Pinxten, and Langie 2016; Gerwel Proches, Chelin, and Rouvrais 2018; Kamp 

and Klaassen 2016). De Norre, Pinxten, and Langie (2016) included both students’ and staff’s 

perspectives in a follow-up study of Hofland et al. (2015) who involved the work field. That means that 

only one frame- work was validated by both work field and education. 

In sum, when excluding engineering roles that are only applicable in specific disciplines or con- 

texts, there seems to be similar categorisations of engineers varying in detail (e.g. consultant vs 

different types of consultants). However, most of these studies lacked to give clear definitions of 

the roles and used a typology for other research purposes than developing a framework. A managerial 

role was often included whereas other studies infer that managerial tasks are essential in all the 

roles. A convergence occurred between the frameworks of Hofland et al., Kamp and Klaassen and 

Spinks et al. as the categorisations reflect similar expectations of the work field related to innovation, 

optimisation and customer needs. Only the first framework was validated by both the educational 

and work field. As these frameworks were developed to better prepare students for an engineering 

career, we need to know what the work field expects. At the same time, the frameworks should also 

be recognised by students and staff as it will be implemented in education. 

4.2. What attributes define the professional roles for early career engineers? (RQ2) 

Twelve studies indicated that different roles required different professional competencies. Ten studies 



did not focus on competencies but on preferences (N = 5), expectations (N = 3) and value creation (N 

= 2) (Table 1, column 11-14). They will be discussed in the following paragraph, after which we 

examine the results regarding the identifying competencies. 

 
4.2.1. Preferences (N = 5), expectations (N = 3) and value creation (N = 2) 

Eight studies approached the roles by analysing preferences and expectations of engineering students. 

For example, when comparing job preferences and learning outcomes (De Norre, Pinxten, and Langie 

2016); when studying the evolution of students’ preferences over time (Gemme and Gingras 2012) or 

the motivational dimensions of preferences (Bignon and Szajnfarber 2015); or when investigating 

students’ expectations from an engineering career (Gerwel Proches, Chelin, and Rouvrais 2018; 

Hodgson, Paton, and Cicmil 2011; Kinnunen et al. 2018). These results confirm that preferences 

might be malleable over time and that developing a range of professional competencies in education 

is important. They also indicate  that students should be equipped with the ability of self-management 

to make professional choices that are congruent with their personality. 

Two studies focused on value creation. Smith, McClelland, and Smith (2017) emphasised on a 

specific area, namely corporate social responsibility that implies the ethical challenges of an 

engineer’s future work. A more  generic approach was the research  of Trevelyan and  Williams 

(2018) who determined value creation as a key element to deepen their understanding of engineering 

practice in different contexts. They identified 14 ways in which engineers create value in the 

enterprise: from innovation and design, from engineering analysis, from due diligence, from technical 

collaboration, etc. These findings could support students to understand that all engineering jobs 

create value to the enterprise and society, also engineers working in roles with few, if any, 

opportunities for innovation. 

 
4.2.2. Professional competencies (N = 12) 

Twelve studies indicated that different roles require a different set of competencies, or at least 

different importance of the same set of competencies (Table 1, column 11). In an attempt to identify 

the distinct competencies, we were bounded by the variety of research methods, even when only 

focusing on the frameworks that described generic roles for early career engineers (N = 6). On the 

one hand, competency lists were drawn from existing literature or other sources (Brunhaver et al. 

2013; Hofland et al. 2015; Itani and Srour 2016; Kinoshita, Young, and Knight 2015). Unfortunately, 

every study administered a particular list. For example, Brunhaver et al. (2013) used a list of 20 

competencies based on competencies from ABET and Engineer2020 whereas Hofland et al. (2015) 

based their research on the 13 learning outcomes of the engineering curriculum of their university. 

On the other hand, important competencies were retrieved from interviews and discussions with 

industry (Kamp and Klaassen 2016; Spinks, Silburn, and Birchall 2007). This method  resulted  in 

specific engineering competencies that might be a role requirement, like customer awareness, but 

were not included in for example competency lists based on learning outcomes. 

Although these latter studies could provide us with examples of competencies that seemed to 

vary in importance when applied in different professional roles (Table A1, see Appendix), it should 

be highlighted that the studies rarely define the competencies in the study and different 

interpretations of a similar concept might have been occurred. By consequence, the lack of 



definitions hindered further analysis of, for example, the inconsistent results regarding 

communication skills and teamwork. For example, where communication skills (a very broad 

concept) were highlighted to vary according to roles, Kamp and Klaassen (2016) and Spinks, Silburn, 

and Birchall (2007) indicated that communication skills are core competencies for every engineer. 

Hofland et al. (2015) found the same reasoning regarding teamwork. 

In sum, the results confirmed earlier findings that the work field expects early career engineers to 

have specific (level of) professional competencies in order to be successful in a particular professional 

role. Due to a variation of competency lists and a lack of definitions, the outcomes of the studies were 

difficult to compare and only an overview of competencies that might be more important in some 

roles could be provided (Table A1, see Appendix). 

 

5. Discussion, limitations and further research 

This study aimed to contribute to the conversation of professional identity development of engineering 

students by exploring frameworks that categorise professional roles for early career engineers. Such 

frameworks might be valuable in engineering  education to create awareness  of the future career 

as a driving compass for reflection on the future self. To this end, we systematically reviewed literature 

from 2008 to 2018 and identified 24 relevant papers. In the following discussion, we will expand 

on the results and suggest future directions for research in career development in engineering 

education. 

5.1. Professional role concept 

The results in this systematic literature review confirm that literature on professional roles in 

engineering is scarce and characterised by an inconsistent use of terms. Very few studies defined 

the concept but there seems to be an agreement that professional roles are more than just jobs or 

function titles and reflect the expectations of the work field. Different characteristics such as cross-

disciplinary or the importance of non-technical competencies seem to support the definition of 

professional roles we used in this study (Section 2). Hence, in the context of engineering graduates 

entering the labour market, we may suggest to endorse the concept of professional roles for future 

research. 

5.2. Professional roles for early career engineers 

In our search for professional roles focused on early career engineers and applicable to multiple 

engineering disciplines, there seems to be a high degree of convergence between the models of 

of Hofland et al. (2015), De Norre, Pinxten, and Langie (2016), Kamp  and  Klaassen  (2016),  and 

Spinks, Silburn, and Birchall (2007). The models are  simple  and  clearly  describing  three  to  four 

roles for early career engineers (Table 2). These descriptions indicate that the work field seems to 

be looking for early career engineers who focus on (1) innovation, (2) optimisation, or (3) 

customisation.  While  Kamp  and  Klaassen  identified  a  separate  fourth  role  to  emphasise  the  

diversity  and different cultures or contexts, Spinks et al. incorporated future oriented aspects due to 

globalisation and rapid change within all roles. This high degree of convergence allows us to propose 

a model with only three professional roles embedded in a broader global or intercultural context 



(Figure 2). 

 

Figure 2. A flexible professional framework defining three professional roles for engineering graduates 

 

Furthermore, Spinks et al. and Hofland et al. and De Norre et al. both stress the flexibility of their 

framework in similar venn diagram visualisations, allowing to operate in two or more roles or to 

change roles in the career. This is in line with role models from other fields than engineering that 

also recognise that in practice several roles are often combined (Frank, Snell, and Sherbino 2015; 

Lunenberg, Dengerink, and Korthagen 2014; Willnat, Weaver, and Choi 2013). Since there is  a general 

need for a flexible interpretation of the professional roles, the venn diagram, allowing role overlap, 

is suggested to visualise the proposed threefold model (Figure 2). 

The framework of Hofland et al. and De Norre et al. was the only framework validated in a 

triangulation way by engineers and company representatives, faculty staff and students. A surprising 

result when addressing the skills and expectations gap. 

Further research investigating to what extent the model might evolve or expand can be valuable 

in the area of career development. The studies included in this review seem to suggest a manager 

role as a career ladder opportunity (Betz 2014; Hodgson, Paton, and Cicmil 2011; Saunders-Smits 

and De  Graaff 2012)  whereas engineering  graduates  will have  some  managerial  responsibility  in 

all roles (Spinks, Silburn, and Birchall 2007). It can be remarked that the studies which included a 

separate managerial role for early career engineers did not aim to develop categorisation but 



used predefined categories for other research purposes (Brunhaver et al. 2013; Gerwel Proches, Chelin, 

and Rouvrais 2018; Itani and Srour 2016; Kinoshita, Young, and Knight 2015; Srour et al. 2013). 

Although innovation is a crucial competence in the rapidly evolving world of technology, Trevelyan 

and Williams (2018) pointed out that most engineers work in roles with few opportunities for 

innovation. It would be interesting to further investigate how the three roles relate to each other 

in the work field and whether that might variate in different fields, or in large or small enterprises. 

Also, the model might be a potential framework for research on the attractiveness of engineering, 

as the roles make explicit that engineering is not just creating artefacts, processes or systems, but 

is also involving customer needs. By emphasising this, we might, for example, be able to attract 

more female students (Bairaktarova and Pilotte 2020). A study on role preference and gender or 

engineering discipline might contribute to this work. 

A limitation of this study is the focus on expectations from the work field. The work field in the 

included studies were companies or alumni. This excluded non-engineering career possibilities 

from the beginning or they were excluded due to low sample sizes (Kinnunen et al. 2018; Kinoshita, 

Young, and Knight 2015). The framework should be interpreted within these boundaries. 

5.3. Role attributes 

Only two studies investigated value creation in engineering. This is in line with previous findings 

indicating that value creation seldom intrudes on engineering education discourse (Alaksan 2018). 

Further research on how professional roles can be defined more specifically by creating value in 

different ways might contribute in enhancing engineering students’ reflection on the kind of engineer 

they want to be. 

The majority of the reviewed studies defined roles referring to professional competencies. That 

might not be surprising as higher education is competency based. The results of  this  review confirm 

that different roles require different (levels) of professional  competencies,  but  none  of them 

developed competency profiles that can help  educators to devise  more precisely activities for 

students. 

In an attempt to identify what competencies might be more required in different roles, we were 

hindered by the inconsistency of methods and measurements. Many of the reviewed papers failed to 

address the validity of the measures, which impeded the comparison of outcomes. Different pre- 

defined competency list were used to investigate which competencies might be more important. 

Although some competencies are rather  common  in  engineering  education,  other  competencies 

are usually not present in the repository of educational resources (e.g.  customer  orientation, results 

orientation) (Fernandez-Sanz 2010). In addition, very few studies defined the listed competencies. As 

research on career development or on professional competencies for engineers has gained a lot of 

interest in recent years, we might expect accurate definitions of concepts or variables to really move 

forward to a broader understanding in the field. There is substantial literature on competencies in a 

work place environment and on the personality dimensions related to specific competency domains, 

such as The Great Eight Competencies (Bartram 2005). Bartram showed that openness is, for 

instance, one of the determinants of creating and conceptualising. These studies can offer a solid 

ground for concepts and definitions that are well known in the repository of career development. 

Finally, several studies emphasise the need for differentiation in learning paths towards the 



acquisition of competencies that motivate the students (Kamp and Klaassen 2016; Male, Bush, and 

Chapman 2011; Spinks, Silburn, and Birchall 2007). Curriculum designers should be aware of the 

differences in professional roles and maintain flexibility so  that  graduates  know  how  to  choose 

from a variety of career options. Also, the impact of co-curricular activities on professional 

competencies should be recognised (Kinoshita, Young, and Knight 2015). Further research is 

recommended to refine the model and identify the role attributes so that the conceptual framework 

can evolve into a practical model in engineering education for curriculum designers, tutors, career 

counsellors, and even student recruiters. As such, the model can be a useful instrument to create 

professional and self- awareness, so that students can be adequately supported in minding the gap. 
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6. Appendix 

 
Table A1. Identifying competencies per role 

 

Study Sample Method Competencie
s retrieved 
from… 

Measure Role 1 Role 2 Role 3 Role 4 Role 5 

Brunhaver 
et al. 
(2013) 

N=543 
engineers 
(max. 4 years 
of experience) 

Questionnaire 20 
competencies 
from ABET 
Criterion 
2011-2012 
and 
Engineering 
2020 

Perception 
about 
importance of 
competencies in 
the current 
work 

Practitioners Managers Consultants     

  Business knowledge 
Leadership 
Management skills 
Engineering 
techniques/tools* 
Communication 
Managing uncertainty 

Design 
Planning and 
conducting 
experiments* 

    

Hofland et 
al. (2015) 

N=5 HR 
managers 
N=121 
company 
representative
s working with 
engineers 

Mixed 
method: 
interviews and 
survey 

13 KU Leuven 
Engineering 
Technology 
learning 
outcomes 
2014-2015 

Perception 
about 
importance of 
competencies in 
the professional 
roles 

Operational 
Excellence 

Product Leadership Customer Intimacy     

Problem analysing 
and solving 
Operationalisation 
Basic technical 
knowledge 
Basic scientific 
knowledge 

Design and 
development 
Basic scientific 
knowledge 
Specialised 
technological 
knowledge 

Professionalism 
Entrepreneurship 
(taking initiative and 
sense for business) 
Communication 
Basic scientific 
knowledge* 
Ethical responsibility 

    

Kamp & 
Klaassen 
(2016) 

N=12 full, 
associate and 
assistant 
professors, 
senior 
lecturers, 
programme 
directors, 
members of 
the 
valorisation 
centre and 
student bodies 
from all 
disciplines of 
the institution, 

Design 
thinking 

/ Unravel the 
capabilities and 
knowledge the 
future engineer 
in different 
scenario's 

Specialist Front-end Innovator System Integrator Contextual 
Engineer 

  

Fundamental science 
knowledge 
In-depth disciplinary 
knowledge 
Research and 
experimentation 
skills 
Problem defining 
skills 
Critical thinking skills 
Analytic engineering 
mind-set 
Independent 
Curious 
Language (e.g., 

Product knowledge 
and design process 
Customer and market 
trends knowledge 
Business economics 
knowledge 
Critical questioning 
skills 
Entrepreneurial skills 
Innovative skills 
Open-minded 
Empathic 
Explorative 
Creative risk-taking 
Language (e.g., 

Broad technical 
knowledge 
Complex systems 
knowledge 
Understanding 
engineering 
languages 
System thinking skills 
Structured project 
skills 
Integration skills 
Object oriented 
attitude 
Pragmatic 
Organised 

Role of the 
environment 
knowledge 
Cultural, legal and 
political knowledge 
Broad technical 
knowledge 
Networking skills 
Leadership skills 
Conflict and 
negotiation skills 
Resilient 
Visionary 
Perseverance 
Language (e.g., 

  



communication skills, 
design literacy …) 

communication skills, 
design literacy …) 

Responsible 
Language (e.g., 
communication skills, 
design literacy …) 

communication 
skills, design 
literacy …) 

Spinks et 
al. (2007) 

N=30 
(experienced 
industry 
practitioners) 
N= 28 (recent 
engineering 
graduates) 
N=444 
(engineering 
companies) 

Mixed 
method: in-
depth expert 
interviews, 
focus groups, 
and a large-
scale survey  

6 skills 
presented in 
the survey, 
based in 
results of 
interviews and 
focus groups 

Higher level 
synthesis of the 
findings of the 
research into a 
depiction of the 
engineering 
graduate of the 
future 

Specialist Change agent Integrator     

Technical expertise Creativity 
Innovation 
Leadership 
Managing uncertainty 

System thinking 
perspective 
(interdisciplinary 
thinking, commercial 
awareness, business 
awareness) 

    

Itani et al. 
(2016) 

N=306 senior 
engineering 
students 

Questionnaire 49 items (5 
questions) 
based on 
literature 
(Rynes (2017), 
Meier et al. 
(2000), ABET 
(2011), Lang 
et al. (1999)) 

Perceptions of 
soft skills 
between 
students with 
technical (TA) 
and non-
technical career 
aspirations 
(NTA)** 

Technical career aspirations Non-technical career aspirations 

Engineer in charge 
of mainly technical 
tasks (e.g., design, 
operations) 

Consultant in the 
technical field 

Engineer 
performing both 
technical and 
administrative tasks 

General or 
nontechnical 
consultant 

Opportunity 
involving 
management 
or supervisory 
training 

Engaging in self-development and 
continuous learning involving technical 
knowledge 

Communication and presentation skills 
Basic accounting/finance and basic marketing 
(Project) management 
Creativity and optimism 
Risk-taking propensity 

Kinoshita 
et al. 
(2014) 

N=1339 
alumni 
engineers 
(max. 3 years 
of experience) 

Questionnaire 4 skills: 1) 
engineering 
design, 2) 
teamwork, 3) 
communicatio
n, and 4) 
leadership 

Relative to the 
technical job 
function 
category (the 
reference): 
 
1. Perception of 
senior-year 
skills 

Technical 
 

Supervisory 
 
 
 
 
Design skills 
Communication skills 
Leadership skills  

Consultant 
 
 
 
 
Design skills 

Non-technical 
 
 
 
 
Leadership skills 
 

Other 
 



2. Perception of 
three years 
post-graduation 
skills, relative to 
the technical 
job function 
category (the 
reference) 

  Design skills* 
Leadership skills 

Communication skills Design skills* 
Communication 
skills 

Design skills* 
Communication 
skills* 
Teamwork* 

          

* significantly less important 
       

** Itani et al. (2016) excluded the category 'job rotation program' in this part of the research due to position will be determined at a later stage 
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