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An Australian study of possible selves perceived by undergraduate 

engineering students 

In this study we worked with second year engineering students at an Australian university to 

examine previously identified threshold concepts within the theoretical framework of Possible 

Selves. Using a workshop approach, students were encouraged to consider their future lives 

and work, including their engineering fears, expectations and aspirations. The findings 

revealed many students to have a poor understanding of the realities of engineering work. 

Moreover, perceived gaps between self-efficacy and the requirements of engineering work 

appeared to be motivating if students deemed it possible to reduce the gap, but demotivating if 

they identified a characteristic over which there was perceived to be no control. The study 

suggests that these engineering students needed more opportunities to explore both the roles of 

engineers and their own possible selves. Overall the findings indicate that higher education 

students may need encouragement and support to explore potential future roles, and they 

strengthen calls for further research in this area. 

Keywords  higher education; possible selves; identity; engineering education 
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1. Introduction 

Despite the global financial crisis, Australia experienced a resources boom that led to a well-

documented skills shortage in engineering (Australian National Engineering Taskforce 2010; 

Kaspura 2012; The Senate 2012; Yates 2012). The skills shortage has also been felt 

elsewhere; in the UK, which has suffered from economic downturn in recent years, a shortage 

of engineers was acknowledged as a risk to balanced economic recovery (Harrison 2012). 

The recruitment and retention of engineering graduates has been a key challenge for the 

supply of engineers in Australia, with research by Tilli and Trevelyan (2010) reporting that 

approximately 40% of engineering graduates do not go on to work in engineering-related 

roles. Alongside this is the problematic issue of attracting and retaining engineering students. 

Engineering undergraduate courses in Australia and elsewhere have high rates of student 

attrition, with attrition from Australian bachelor-level engineering programs standing at 

around 35% (Godfrey and King 2011). The high attrition is seen as not only “an excessive 

loss to the qualified workforce, but a loss of return on public investment” (Godfrey, Aubrey 

and King 2010, 1). The attrition of students and graduate engineers has led to concerns that 

students may enter engineering study without a sense of motivation and commitment, and 

without understanding the realities of either their degree program or engineering work.  

The study reported here sought to further understand these issues by exploring the 

thinking of undergraduate engineering students in relation to their future careers. To do this 

we extended previous research that had employed threshold concept theory in the discipline 

of engineering (Male  2012; Male and Baillie 2011; Parkinson 2011). The earlier research 

revealed three concepts that are critical to student achievement: namely, students’ 

understanding of the ‘roles of engineers’; students’ perception of the ‘value of learning’ new 

material; and the need for ‘self-directed learning’, both as students and into professional life. 

These concepts had been found to be troublesome for many students and also likely to be 

linked, such that greater understanding of the roles of engineers and the value of learning was 

seen to assist self-directed learning. We theorised that insights into students’ self-efficacy and 

the development of identity might provide further explanation. 

Identity salience can be thought of as ‘the probability that an identity will be invoked 

across a variety of situations, or alternatively across persons in a given situation’ (Stryker and 

Burke 2000, 286). Given that identity is socially constructed, “its content and the behaviors 

associated with it are likely to be shaped by what makes sense in the moment” (Oyserman and 

Destin 2010, 1005). The study drew attention to the need for students to develop salient 
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identities as a core component of their professional learning, and it raised the possibility of 

employing a future-oriented approach to achieve this.  

We note that this is an Australian study. Whilst it will contribute to a global picture, the 

findings are likely to contrast with those from concurrent studies in Europe. This is because 

engineering students in many Australian universities have little exposure to engineering 

practice in the early years of engineering study. Also, many Australian engineering educators 

lack experience that would help expose students to practice before their formal workplace 

learning experiences. This was acknowledged by Cameron, Reidsema and Hadgraft (2011, 

109), whose survey of 600 Australian engineering academics revealed the ‘relative lack of 

engineering academics with professional experience beyond four years’ and the lack of 

currency of professional experience, “which in most cases was gained many years prior to 

entry into the higher education sector” (109). Although we expect that the importance of 

exploring possible future selves and self-efficacy crosses international boundaries, the above 

factors indicate that students’ awareness and self-efficacy could differ across contexts.  

 

2. Theoretical framework and rationale 

2.1 Possible selves: our central theoretical framework for this study 

Described as “an evaluative and interpretive context for the current view of self” (Marcus and 

Nurius 1986, 962), possible selves are people’s projections about what they hope to become, 

what they expect to become, and what they fear becoming. The possible selves framework is 

closely related to Marcia’s (1966) identity status framework, which relates the formation of 

identity to levels of crisis and commitment. In practical terms the framework describes how 

individuals plan towards realising their future personas and achieving their career aspirations 

(Schnare, MacIntyre and Doucette 2012). 

Where much identity research is focused on antecedents to present identity, ‘possible 

selves’ concerns the planning and implementation of strategies towards the realisation or 

avoidance of possible future identities. This aligns with Sfard and Prusak’s (2005, 18) notion 

of actual and designated identities, the latter having “the potential to become a part of one’s 

actual identity”. The transition between actual and designated identities can be prompted by 

multiple factors including labels of giftedness, significant others, changes of circumstance, 

and education-related decisions such as those made prior to and during higher education. We 

hoped that the future orientation of possible selves would help explain the significance of the 
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previously identified threshold concepts and might encourage students to take an active role 

in developing future selves and considering these in relation to their learning.  

2.2 Threshold concept theory: the theory within which our previous research was framed 

The negotiation of actual or potential possible selves is often a threshold experience, and we 

built on the earlier threshold concept research to enhance understanding of engineering 

students’ thinking about self and career. In threshold concept theory, Meyer and Land (2003) 

propose that many disciplines have distinct concepts which are critical to students’ 

achievement as learners and as future workers. These concepts can be crucial gateways to 

students’ progress, and for many students they are troublesome and challenging (Harlow, 

Scott, Peter and Cowie 2011). Acknowledging that the features of threshold concepts continue 

to be debated, Quinlan et al. (2013, 586) describe ‘non-negotiable features’: namely that “all 

threshold concepts are epistemologically transformative and ontologically transformative … 

once a student has grasped the concepts they will ‘see’ the world differently—their way of 

knowing (epistemology) and related ways of being in the world (ontologically) will change”. 

The earlier research revealed that this change will prove troublesome for some students and 

not for others, and we employed the possible selves framework to help explain this.  

2.3 Identity-based motivation 

Adolescents are more likely to engage in learning when it is perceived as relevant to their 

future; however, Bennett (2012, 28) has suggested that higher education students are rarely 

encouraged to make these crucial links. As a result, “few students are accustomed to such 

open-ended, boundaryless thinking”. Similarly, Csikszentmihalyi (2007, xix) has advocated 

the need for educators “to help students find out what they truly love, and help them to 

immerse themselves in the domain – be it poetry or physics, engineering or dance”. 

The theories of threshold concepts and possible selves provided a framework to 

investigate whether and how students might find understanding the roles of engineers to be 

transformative and troublesome, but we also needed to consider whether this might be linked 

to their perception of the value and relevance of their learning to their future lives and work. 

Mindful of the role of motivation in identity formation and future-oriented thinking, we 

addressed this by incorporating aspects of Oyserman’s work (2007) on identity-based 

motivation (IBM). This model acknowledges that people favour ideas that make sense “in the 

moment” and that “identities are dynamically constructed in context” (1001).  
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Of particular relevance here is the motivation aspect of Oyserman’s work, which has 

shown that people “prefer identity-congruent to identity-incongruent actions. When action 

feels identity congruent, experienced difficulty highlights that the behavior is important and 

meaningful. When action feels identity incongruent, the same difficulty suggests that the 

behavior is pointless and ‘not for people like me’” (Oyserman and Destin 2010, 1001). With 

the three frameworks in mind, we devised a workshop that exposed perceived gaps between 

self and engineering professional; sources of information and knowledge about engineering 

work; and feared, expected and desired conceptions of self and career. 

 

3. Methodology 

This study explored the presage thinking of undergraduate engineering students in relation to 

their future careers. In line with Biggs (1989), presage in this context refers to what students 

have brought to their engineering studies. This includes students’ prior experience and 

knowledge of engineering and is influenced by elements such as their personal beliefs and 

values, age, and cultural background. The research sought to answer three key questions: 

1. What do students want to achieve as engineers? 

2. What are students’ perceptions of engineering practice? 

3. After considering their perceptions of engineering practice, what fears do students 

hold about their ability to achieve their career aspirations?  

The study hoped to highlight strategies through which educators could encourage students’ 

development of presage thinking in relation to their engineering futures, thereby informing 

the necessary development of their salient or discursive identities (Allie et al. 2009). We 

involved students in a variety of activities in which they thought creatively about possible 

engineering roles and their future lives and careers. We challenged them to think both 

subjectively (how they might see themselves as engineers and as individuals) and objectively 

(how others might see them in the future). 

3.1 Approach 

The study was situated at a large urban Australian university. Forty-nine undergraduate 

engineering students participated in a two-hour workshop conducted at the start of a 

foundation course (unit) on motion. The study was explained to students and their 

confidentiality was assured. Students completed a number of activities and reflections, which 

are presented along with the findings below. Students were invited to submit copies of their 

written responses for analysis by the research team, and 38 students returned responses to one 
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or more of the data collection instruments. The length of student responses ranged from short-

response answers to paragraphs of text, depending on question and activity. Although the 

sample was relatively small (38 students), the students contributed multiple forms of data 

including individual reflections, discussion observations and group responses.   

Participating students were in their second or third year of undergraduate engineering 

study and had a mean age of 18.4 years, which indicates that most had commenced university 

the year following high school completion. We note this because we would anticipate a 

different result from a cohort that included mature learners. Two participants did not identify 

their age. Five participants were female. The students’ disciplinary groups included 

chemical/petroleum, civil, electrical/electronic (hereafter referred to as electrical), 

environmental, mechanical/mechatronic (hereafter referred to as mechanical), and mining. In 

this paper we group student responses according to their proposed engineering discipline: for 

example, ‘mechanical students’ are students considering specialist study in mechanical or 

mechatronic engineering. Response rates for each activity are noted below with the findings. 

This was a transcendental phenomenological study (Creswell 2007) involving 

analytical procedures as described by Moustakas (1994). This approach emphasises belief in 

the data as reported by participants and begins with identifying key statements and clustering 

them into themes and meaningful units. Researchers not otherwise involved with the study 

coded the responses to remove identifiable data, after which the lead researchers 

independently coded the data. Coding was compared before final refinements were made to 

the codebook. NVivo qualitative analysis software was used for the coding and analysis of 

emergent themes. 

3.2 Materials 

Each workshop incorporated whole-class discussion, individual reflection, brainstorming, and 

group work in and outside discipline groups. The workshop was developed specifically for the 

engineering context and extended Parkinson’s (2011) work on threshold concepts by 

incorporating the revised threshold concepts described earlier. To establish their motivations 

we also asked students to consider their aspirations and goals, and in so doing we challenged 

students to adopt future-oriented thinking in which they imagined what they hoped to become, 

what they expected to become, and what they feared becoming. Finally, students were asked 

to identify perceived differences between themselves and an engineer. This enabled us to see 

whether these differences were identity-congruent or identity-incongruent features. 
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At the start of the workshop, students noted the ‘one thing they wanted to achieve’ as 

an engineer. Students were invited to share career goals with their peers, which many students 

did. This prompted discussion and the sharing of engineering goals and aspirations. Students 

then joined peers in the same engineering discipline. Students began the second activity by 

completing an individual self-reflection.  Later, having discussed their responses with other 

students, they created a group summary of engineering characteristics to share with the class. 

We include each question in full in the following section. 

 

4. Findings and analysis 

4.1 Activity 1: Career aspirations and desirable selves  

After an icebreaker activity, students were challenged to write down what they wanted to 

achieve as an engineer. This required a short-answer response in which students had to distil 

their thinking down to a single statement. Thirty-two students (65.3%) submitted their 

responses, and common themes concerned the desire for enjoyable work, making a difference 

to the lives of others, environmental concerns, and a desire to be well known. Eight students 

focused on intrinsic satisfaction with comments such having a ‘passion for creating and 

problem solving.’ 

Nine students linked their engineering goals to improving the lives of others or the 

environment, specifying broad goals such as: 

 

“Innovation/breakthrough in a particular chemical process that improves life/lives.” 

“I want to make a difference to the lives of people who are suffering.” 

“Build something that improves the average person’s quality of life, enjoyment of life.” 

 

We note that the engineering degree in which the students were enrolled included a course on 

engineering challenges within a global context. This may have heightened students’ 

awareness of engineers’ responsibilities and their potential value to society and the 

environment. Indeed, social justice emerged strongly throughout the students’ responses: 

 

“If water, help a village develop a waste management system… something that helps the 

wellbeing of people.” (civil) 

“To develop/enhance current technology that better humanity as a whole.” (mechanical) 
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A number of students volunteered to share their goals with peers, and this prompted further 

examples and discussion. Some students were able to explain what had influenced their goals, 

and two students described previous employment; however, the task of imagining career and 

career goals was new for a large majority of students. Given the pressing need to select an 

engineering discipline as their major study during the following weeks, this was troubling for 

both students and faculty.  

4.2 Activity 2: Career preview and possible selves 

Career preview relates to advance information about the characteristics of a career. It can also 

be referred to as a purview, or overview. The second workshop activity was titled ‘roles of 

engineers’ after one of the new threshold concepts that emerged from Parkinson’s (2011) 

earlier research. We added the dimension of possible selves by incorporating future-oriented 

questions. The activity was completed as an individual reflection that challenged students to 

consider a number of questions and issues around their individual perceptions of self and 

career. We hoped that the question about perceived difference would reveal something about 

identity congruence and incongruence.  

Students were seated in discipline groups, but they did not communicate with peers until 

they had completed the self-reflection. The questions, which are discussed in turn in the 

following section, were as follows: 

1. What does a _________ engineer look like? (Student inserted engineering discipline.) 

2. What differences are there (if any) between the above characteristics and you as a person?  

3. What do you see as the role of an engineer?  

4. What will your personal role be? 

5. How will the learning in this course contribute to your development as an engineer? 

6. Imagine yourself in 15 years’ time. 

a. What will you be doing? 

b. In a sentence, describe what you dream you will have achieved as an engineer over this time. 

4.3 Self reflection questions 

4.3.1. Question 1: What does an engineer look like?  

Students were asked to consider their preferred engineering discipline and respond to the 

question: ‘What does a _________ engineer look like?’ Thirty-seven students (75.5%) 

submitted their self-reflections for analysis. They used multiple terms to describe an engineer, 
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the most common being that engineers are creative (n=16) and knowledgeable (n=12). 

Engineers were also seen as intelligent (n=6), good leaders (n=5), independent (n=5), team 

players (n=5) and innovative (n=5). 

Differences in the characteristics described for each engineering discipline were evident 

from students’ responses: for example, no chemical engineering students identified creativity 

as a characteristic of engineers, yet over half of them noted knowledge. Conversely, 

knowledge did not feature strongly among any of the other disciplines. All six students who 

mentioned intelligence were from mechanical engineering. We do not attempt to generalise 

from this small sample, but it is a line of inquiry that deserves attention in future research.  

4.3.2. Question 2: Differences between self and engineering 

With a view to understanding students’ self-efficacy, the next question asked: ‘What 

differences are there (if any) between the above characteristics and you as a person?’ Thirty-

three students submitted their responses and they identified multiple differences relating to 

design, engineering knowledge, and teamwork or the ability to work with others. Chief 

amongst the differences was creativity. Further analysis found this concern to come almost 

exclusively from mechanical engineering students, of whom 65% were concerned about being 

uncreative or lacking innovation. We later discovered that students had watched a video on 

engineering practice during an orientation session for the same course, held the previous 

week, and that the video had emphasised the need for creative thinking. This highlighted that 

as educators we are often unaware of the concepts that are troubling for students, and that it is 

difficult to predict where scaffolding might be required.  

4.3.3. Question 3: Career preview: Roles of an engineer 

Following Parkinson (2011), students next considered the question: ‘What do you see as the 

role of an engineer?’ The responses to this question were again coded by engineering 

discipline. Not surprisingly, most of the responses linked to technical requirements and 

specialisations: for example, mechanical engineering students (n=13) wrote of the technical 

focus in their future roles: “To use knowledge of fluids, mechanics and thermodynamics to 

design systems and solve problems”. 

Design featured in 12 of the 13 responses, and three students mentioned project 

management and working as part of a team. The seven chemical engineering students 

mentioned design (n=2), technical processing (n=4) and testing (n=1), and all five civil 
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engineering students wrote of design and construction. There were distinct differences 

between disciplines in the terms used to describe the characteristics of an engineer. It is 

possible that students oriented towards the more discrete and technically complex disciplines 

identify more with the need for knowledge. Indeed, students often identified the specific type 

of knowledge required: for example, “good knowledge of electronics” (electrical); and 

“knowledgeable in chemical engineering” (chemical). 

Informed selection of an engineering discipline is an aspect of career choice that 

deserves further attention. This study was undertaken in a state with a strong mining industry 

and a growing oil and gas industry, and yet students’ descriptions of engineering practice 

were limited and in some ways inconsistent with employment in these local industries. 

Graduates are likely to find employment in operations and maintenance engineering; yet 

design and construction dominated students’ narratives. When identifying the roles of 

engineers in their chosen disciplines, the roles closest to operations and maintenance came 

from one mechatronic student who mentioned maintaining equipment, and one mechanical 

student who wrote: “monitor/improve current mechanical operations”. 

The lack of awareness of engineering roles in the resources industries could also explain 

low interest in some disciplines. Within the study cohort only two students nominated 

electrical engineering as their most likely specialist discipline, and they described the role of 

an electrical engineer as: 

 

“Building foundations of an electricity powered society.” 

“To engineer electrical stuff??” 
 

Within the study region there is much local employment for engineers in control and 

instrumentation. Process plants and mechanical operations abound with automated controls. 

Electrical engineers plan decision algorithms, write specifications, manage construction, 

commissioning and operations, and improve and decommission data acquisition and control 

systems. These systems are critical to safety and efficiency. Further research could explicitly 

explore students’ awareness of local or regional opportunities such as these, which were not 

mentioned by the cohort. 

4.3.4. Question 4: Imagining a personal role 

Asked what their personal role as an engineer might be, responses revealed the four 

overarching themes illustrated at Figure 1. Two students were unable to imagine a personal 
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role, with one student writing:  ‘No idea’, and another writing: ‘How can anyone answer this 

question??’ Three students failed to answer. The other 32 responses suggest that many desired 

personal roles are not directly aligned with students’ intended engineering discipline. As an 

example, none of the three students who envisaged an environmental role were studying 

environmental engineering. Students included both intrinsic and extrinsic factors in their 

responses, with extrinsic aspirations referring to things such as money and recognition, and 

intrinsic aspirations relating to personally important things such as relationships and career 

satisfaction. Students focused on work-life balance, enjoyable work and mental stimulation. 

 

[Figure 1: Student responses: Personal role as an engineer (% of coded responses)] 
 

This finding gives us an insight into the broader motivational drivers of the students, some of 

whom make explicit links between their broader passions (an interest in social justice for 

example) and engineering. For others the connection is unclear and perhaps unexplored, 

suggesting a diffuse (unexplored) identity (Marcia, 1966). This has obvious implications for 

the problematic issue of student and graduate attrition: as Coffey has argued (2012, 5), 

intrinsic motivation and commitment to career choice ‘have a more significant impact on 

retention than traditional and often short-term extrinsic rewards, such as the payment of 

bonuses or wage rises’. Making explicit links between students’ intrinsic motivations and 

engineering study and practice emerges as a crucial concern for educators. 

4.3.5. Question 5: How will the learning in this course contribute to your development as an 

engineer? 

The study was undertaken as part of a course (unit of study) titled ‘motion’, which is one of 

four core foundation courses with the engineering degree program. Asked what contribution 

the foundation course might make to their development as engineers, students identified 

knowledge, teamwork and technical skill development. Teamwork most probably featured 

highly because students were aware of the team-based, semester-long project that formed a 

major assessment item. They also mentioned that working on a practical project (in this case, 

building a rocket) would help them develop associated skills such as problem solving and 

communication: ‘Working in a team and contributing to a project will help in an engineering 

project with your job’ (mechanical). 

Students largely failed to mention the relevance of the course beyond its obvious 

application within mechanical engineering (‘Race cars are all about motion’), and even 
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among the mechanical engineers the relevance could be vague or dismissive: ‘Possibly 

through fluid motion, otherwise none’ (mechanical); ‘Probably how things move’ 

(mechanical). Some responses illustrate the low level of understanding as to why this 

foundation unit forms such an important component of the engineering degree: 

 
“I can’t really say until I have hindsight. I imagine group work is always positive in terms of 

improving my ability to work in a team.” (civil) 

“Well, I’m yet to find out.” (mechanical) 

“No idea. Don’t know what we’ll be doing yet.” (electrical) 

 

4.3.6. Question 6: ‘Looking back’ on a future career 

With a focus on possible selves, the final question challenged students to imagine themselves 

in 15 years’ time and write: i) what they would be doing at that time; and ii) what they 

‘dreamt’ of achieving as an engineer. The most common themes related to working on 

significant projects (n=15), having an impact on others (n=6), high income (n=6), and 

enjoyable work (n=6). As with the earlier self-reflection, the responses reflected both intrinsic 

and extrinsic drivers:  

 

“Working for a big company, travelling around the world building/designing structures.” (civil) 

“Rolling in cash because I’m the boss of a big mine.” (mining) 

“Job somewhere – hopefully one that I’m enjoying.” (mechanical) 

“I would love to have been part of a project that changed the lives of others in a really positive 

way.” (mechanical) 

“[To] be content with my job.” (mechatronic) 

 

Responses to the second part of the question most commonly concerned a high-level 

leadership role. Again, students included intrinsic and extrinsic factors in their responses. 

They mentioned work-life balance, enjoyable work and mental stimulation: 
 

“Maybe an engineer but I am also studying business so I hope to have completed an MBA and 

be moving up the corporate ladder.” 

“To enjoy my profession as well as to be living a good standard of life economically.” 

“Created my own company that provides a valuable engineering service in society.” 
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5. Discussion 

5.1 Imagining the career: engineering higher education and career preview 

The belief in one’s potential to realise a goal or an outcome – self-efficacy – is strongly 

aligned with student engagement and achievement (Bandura 1997). It presents distinct 

challenges for engineering educators when students need to look beyond what Minsky (1975) 

describes as stereotypical ‘default values’: namely, established perceptions of how something 

looks or behaves. These perceptions should be challenged from the outset, perhaps even 

before post-secondary study commences; as Godfrey and King (2011, 58) have argued, 

“Improving advising processes and early exposure to the engineering profession, appear to be 

a necessity, to prevent students entering engineering without a commitment to the course”. 

We have already noted that enhancing students’ career previews involves challenging 

established perceptions of engineering. These perceptions or misperceptions are many and 

varied (Trevelyan 2011; Trevelyan and Tilli 2007), and one of them is gender bias among 

both students (Du 2006; Faulkner 2007) and faculty (Fox 2008). Programs in renewable and 

environmental engineering programs attract higher percentages of women than other 

engineering programs; yet in this study both male and female students indicated that these 

applications of engineering were inspirational to them. It is likely that traditional engineering 

programs could be better aligned with the ambitions of such students by applying concepts in 

the contexts of environmental engineering or renewable energy. Traditional engineering 

disciplines such as mechanical, electrical and civil engineering all have applications in these 

aspects of engineering, and students may not understand or even be aware of these 

applications. This approach is already recommended as a way of improving gender inclusivity 

in engineering curricula (Mills, Ayre and Gill 2010). 

There are also frequent calls for engineering graduates to have capabilities in 

engineering for sustainability and social justice (Biswas 2012; Engineering Australia 2011; 

Engineering Council 2010; Kabo and Baillie 2009). The student responses in this study 

suggest that many engineering students hold motivations that are consistent with 

sustainability and social justice. Responsibility lies with engineering educators to guide and 

support students in developing the requisite capabilities for work in these areas alongside 

awareness of what types of work may be available.  

This study was implemented as part of the motion foundation course, and all 

engineering students must complete it before going on to study their specialist engineering 

discipline. It is possible that the mechanical engineering students considered the course to be 
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more directly relevant to their futures than did the other students, who struggled to define the 

relevance of the course. One civil engineering student questioned whether the Motion course 

had any relevance at all, given that buildings ‘don’t move’.  

The obvious implication here is that students may need guidance and examples in order 

to understand the relevance of learning which, to academics and course coordinators, is a 

central and unquestioned component of a degree program. Establishing relevance is key to 

“seeing the relevance of concepts, resituating the concepts [across, for example, different 

engineering disciplines and contexts], and integrating new knowledge” (Fischer, Boreham and 

Nyham 2004, 286), and it cannot be assumed. Establishing relevance enables students to 

make vital connections between self, learning and their intended field of work. The lack of 

such links among the students in this study highlights the emphasis on engineering science at 

the cost of socio-technical competencies and the application of knowledge and skills within 

engineering practice, which are concerns mirrored elsewhere (Faulkner, 2007; Sullivan, 

Sheppard & Macatangay 2009). 

One of the key questions asked in engineering over the past two decades is whether the 

focus on the science of engineering hinders the development of the skills required for 

engineering practice. It is largely agreed that since World War II the focus on engineering 

science in engineering programs has increased (Johnson 1996; Prados 1998), with the result 

that engineering has recently been labelled ‘socio-technical’ in nature (Leydens, 2012). 

Consistent with similar research in Europe and the US, competency factors identified for 

engineers graduating in Australia include technical, non-technical, and attitudinal 

competencies. These include “communication; working in diverse teams; self-management; 

professionalism; creativity/problem-solving; management/leadership; engineering business; 

practical engineering; innovation; contextual responsibilities; [and] applying technical theory” 

(Male, Bush and Chapman 2011, 161).  

The criticism of existing programs has been mainly concerned with closing the gaps 

between engineering graduates’ competencies and the competencies required for engineering 

practice (Bennett 2010). However, in a landmark review of engineering education, Sullivan, 

Sheppard and Macatangay (2009, 3) have raised the issue of identity development through 

exposure to practice, explaining that undergraduate engineering programs “struggle to 

transmit a base of technical knowledge even as it grows exponentially, leaving little room for 

students to develop the skills and professional identity necessary to meeting the 

responsibilities of engineering in this new century”.  
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The first and third of their four principles for redesigning engineering education have 

particular relevance here. The first is to provide a professional spine, which entails “engaging 

in increasingly practice-like experiences … [as] a central feature of engineering education” 

(3). The third principle is to integrate identity, knowledge, and skills through approximation 

to practice. Put simply, ‘students need to see what expert practice looks like” (Sullivan, 

Sheppard & Macatangay 2009, 3). This study helps explain the necessity for these principles 

by highlighting the need for students to understand and develop possible selves during a 

program that emphasises engineering science without sufficient opportunity for students to 

develop awareness of engineering practice. 

5.2 Imagining self: self preview 

As noted earlier, the study aimed to highlight strategies with which educators could encourage 

students’ development of presage thinking in relation to their future careers in engineering. It 

did this by adopting the theoretical lens of possible selves and incorporating aspects of 

identity-based motivation and threshold concept theory. Thinking about future professional 

roles is necessary for students in any discipline, so why might it be transformative for some 

students and troublesome for others? The explanation suggested by the theory and borne out 

in this study is that understanding the roles of engineers may be transformative if the roles are 

appealing and therefore motivating, but troublesome if they appear not to align with students’ 

personal values or self-efficacy. In line with identity-based motivation, these are particularly 

troublesome if students believe the misalignment to be unresolvable.  

At this point we do not know why creativity was so troublesome for the mechanical 

engineering students, but across the cohort there was a notable and important difference 

between students’ responses as they related to knowledge, teamwork or design, and those 

relating to creativity. Knowledge, teamwork and design were framed as competencies that 

could be developed during university study: for instance, learning to “utilise knowledge of 

chemistry and scientific processes in order to extract useful resources, and to communicate 

this knowledge” (chemical); or learning how to “design and build buildings and then work my 

way up to project management” (civil). In contrast, none of the students positioned creativity 

as a learned competency; rather, it was viewed as a personal characteristic and was often 

written of as a deficit. One student wrote simply that he was “maybe not the most creative 

person”. In line with Sfard and Prusak’s (2005) notion of congruent and incongruent identity 

states, there is an link here with Dweck’s (1999) assertion that performance-based education 

is more likely to lead students to blame innate inability rather than focusing on self-
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improvement strategies. Indeed, creativity stood alone as being categorised as an innate 

ability rather than a developable attribute or skill. In this sense it was a demotivating feature. 

The results suggest that a gap between self and the required characteristics of an 

engineer can be motivating if a student deems it possible to reduce the gap, but demotivating 

if a student identifies a characteristic over which there is perceived to be no control. This 

finding is deserving of further research to ascertain the extent to which students can be 

engaged in thinking and learning that is closer to the messy world of work, where they will be 

“performing work that is less focused on routine problem-solving and more focused on 

creative outcomes that involve new social relationships, novel challenges and the synthesising 

of ‘big picture’ scenarios” (McWilliam 2007, 5). 

This brings to the fore the importance of providing students opportunities to explore 

both themselves and their intended profession. It illustrates the need for new approaches, 

including enhanced opportunities to engage with and in industry, to develop students’ abilities 

to deal with the unknown not only in professional life but also within the personal and social 

domains (Baillie, Bowden and Meyer 2013). 

The thesis that engineering students and graduates experience the concept of ‘roles of 

engineers’ as troublesome, transformative and potentially motivating is evidenced in 

numerous studies. Trevelan (2011), for example, asserts that engineering educators encourage 

misperceptions about engineering practice, especially by emphasising technical over socio-

technical activities. In line with this, Faulkner (2007) suggests that engineers can experience 

conflict between their identities as technical people and the reality of their roles being largely 

about people. Blandin (2012) and Case (2007) have found that identifying with engineering 

was motivating for students, and Lindsay et al. (2008) recommend curriculum design to 

inspire students to identify as student engineers rather than engineering students.  

A logical response to this has been to expose students to engineering practice during 

their studies, and the benefits and challenges of these experiences are well documented. In 

Denmark, Du (2006, 39) took a novel perspective by focusing on the impact of project-based 

learning on students’ identity development, and found unsurprisingly that students’ 

professional identities are strengthened when working “in an actual practical engineering 

environment”. Mann, Price, Fons and Fae (2008), however, have questioned whether limited 

experience of the engineering professional gives students a false impression, warning that the 

risks of adopting a ‘one-size-fits-all approach’ must be acknowledged. Du’s (2006) focus on 

identity allays these fears with the observation that project-based learning helps students 
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develop a professional engineering identity and self-awareness with which they confront 

some of the established cultural and hierarchical perceptions of engineering. 

Engineering students have opportunities to be employed as interns or vacation students 

late in their engineering education. In Australia, the most common model is vacation 

employment before the final year of the engineering degree. In relatively rare ‘sandwich’ 

programs in Australia, students take internships after just three semesters of study. Our 

findings suggest that opportunities for professional experience early in engineering programs 

should be expanded, and that these need not be limited to experiences outside of the 

university (Davies and Rutherford 2012). It is feasible that students who are given space to 

explore possible futures without boundaries, even within the confines of the university, will 

consider roles beyond those presented to them or experienced by them. This includes 

consideration of the connections between engineering roles and broader individual interests. 

The activities in our study are just one example of strategies that could be implemented 

and linked throughout an engineering program to help students explore possible selves. Other 

strategies include professional- and peer-mentor programs, opportunities to interview and 

hear from panels of engineers, guest lecturers from industry, and the use of portfolios. 

Kilgore, Sattler and Turns (2012, 17) have worked with students to develop portfolios through 

which students made valuable connections between experiences within and outside of the 

classroom and within and outside of engineering. As the authors note, in “engineering 

education, as in most majors, students’ multiple selves are ignored in favour of the individual 

whose sole purpose is to logically progress toward some educated endpoint”. Their study is a 

prime example of engaging students in the construction of their salient identities by allowing 

them to bring multiple selves to the fore. Many of these opportunities exist within courses, but 

rarely are they linked together to form a cohesive focus on self and career development. 

6. Closing comments 

Combining the three frameworks of possible selves, threshold concepts, and identity-based 

motivation, was a new approach for us. Using all three frameworks enabled us to frame 

complementary research questions, to engage students in complementary learning activities, 

and to analyse the data through complementary lenses. Each approach contributed to 

improving our understanding of the problem and how it might be addressed, but perhaps the 

most exciting aspect of the study was that it showed us how a single well-planned workshop 

could reveal so much about students’ engineering fears, expectations and aspirations, and 

about their individual interests. Simply engaging students in thinking about their possible 
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selves prompted them to reorient their relationship with the learning that was discussed, 

strengthening Oyserman’s assertion (2010, 1029) that “subtle shifts in contexts including 

shifts resulting from small interventions can have big effects on outcomes when they 

instantiate identity-behavior links”. This powerful and unexpected finding has remained with 

the students and with us, and has driven our resolve to further develop this work. Future 

research might further interrogate issues such as gendered experiences and expectations; 

perceptions and misperceptions about the characteristics of engineering work; the sources of 

students’ perceptions about engineering; course and career choice; attrition; the role and 

impact of work-integrated learning; and pedagogical approaches to developing engineering 

identity. 
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Figure 1: Student response: Personal role as an engineer (% of coded responses) 
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