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Dankwoord 

 
Eind 2007 werd het na 7 jaar werken als senior beleidsmedewerker bij de 

bestuursstaf van Fontys Hogescholen tijd voor iets anders. In een 

functioneringsgesprek met Jan Houben kwam mijn oude wens ter sprake om meer 

te focussen op het technisch onderwijs in combinatie met onderwijskundig 

onderzoek. De link met een promotietraject werd gelegd en gefaciliteerd vanuit 

het Fontys Stipendiumfonds [STIP Fonds]. De Raad van Bestuur van Fontys vond 

het destijds belangrijk dat het aantal gepromoveerde medewerkers bij Fontys zou 

toenemen. Zij had daarvoor naast STIP, een ambitieus promotieprogramma 

opgezet en jonge promovendi aangetrokken. Voor de uitvoering had ze samen met 

de TU/e de Eindhoven School of Education [ESoE] ingericht, waarin naast de 

eerstegraads lerarenopleidingen voor het Bèta domein, de Fontys promovendi 

werden ondergebracht.  

Na enkele verkennende gesprekken met Wim Jochems, hoogleraar directeur van 

ESoE, werd ik parttime promovendus en kon ik een projectvoorstel gaan 

schrijven. Een en ander naast mijn werkzaamheden als beleidsmedewerker en 

later als medewerker van de nieuwe Fontys Dienst Onderwijs en Onderzoek. Er 

volgden vier en een half jaar van hard werken en veel leren in deels nieuwe rollen. 

Het werd een tijd van continu schakelen tussen 2 typen werkzaamheden met hun 

eigen urgentie, benaderingswijze en dynamiek. Zeker in het begin raakte ik 

daardoor behoorlijk buiten mijn bestaande comfortzone, maar gelukkig kon ik de 

grenzen daarvan flink verleggen. Het laatste jaar kenmerkte zich overigens door 

de overgang van werktijd, promotietijd en vrije tijd naar overall te weinig tijd.  

 

Veel mensen hebben direct of indirect bijgedragen aan de totstandkoming van dit 

proefschrift. Ik bedank de Raad van Bestuur van Fontys Hogescholen die een 

vooruitziende blik had op de ontwikkeling van het beroepsgericht hoger onderwijs 

in Europees perspectief en de noodzaak van meer gepromoveerden bij Fontys. Zij 

maakte dit promotietraject mogelijk. 

 

Het Cluster Engineering, de daarin participerende hogescholen en hun 

engineering docenten bedank ik voor hun deelname, het motiveren van hun 

studenten de vragenlijsten in te vullen en de inspirerende gesprekken naar 

aanleiding van de resultaten. De engineering studenten bedank ik voor het 

invullen van de vragenlijsten en de informatieve gesprekken.  

 

Promotor Wim Jochems waardeer ik voor de prettige samenwerking, zijn scherpe 

analytische blik en kritische opmerkingen die richting gaven aan mijn onderzoek. 

Copromotor Liesbeth Baartman en in de eindfase Maaike Koopman, bedank ik 

eveneens voor hun scherpe blik, kritische opmerkingen, snelle tekstvoorstellen en 

de altijd positieve feedback. Ik heb veel van en door jullie geleerd. 



  

 

 

Verder bedank ik iedereen van de ESoE gang. Alle medewerkers waar de deur 

eigenlijk altijd open staat. De promovendi bedank ik voor de prettige, gezellige 

samenwerking van alle dag maar ook bij de winterschool, de colloquia, 

promovendibijeenkomsten en de borrels. De werk- en leeromgeving met jullie 

was enerzijds inspirerend, anderzijds relativerend. Inspirerend, omdat jullie nog 

veel willen en open naar de wereld kijken. Het herinnert mij aan de sfeer van 25 

jaar geleden bij de toenmalige vakgroep Onderwijskunde van de Rijksuniversiteit 

Utrecht. Relativerend omdat het zien van jullie stress mijn eigen stress behoorlijk 

in perspectief plaatste.  

 

Ook bedank ik mijn ouders die het belangrijk vonden dat hun kinderen gingen 

studeren. Jammer dat mijn vader mijn promotie niet meer heeft mee mogen 

maken. 

 

Last but not least, bedank ik José, die het hele traject van nabij heeft meegemaakt 

en me gelukkig mijn gang liet gaan, zonder zich daarover te beklagen.  

 

Zou ik nu terugkijkend, weer aan een promotietraject beginnen? Ja beslist, maar 

eerder en anders. Ik heb er veel van geleerd. 
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Chapter 1 

 

Introduction 

 
1.  

1.1 Introduction 

 

Professional engineers
1
 have a strong orientation to serve human needs. They 

focus on applying scientific and engineering knowledge on the design, building, 

operation, and maintenance of engineering artefacts such as bridges, machines, 

ICT networks and pace-makers. Therefore, engineering students acquire and have 

to demonstrate this professional orientation during their bachelor engineer course, 

for example during educational projects and a semester of workplace learning in 

industry. In the Netherlands this workplace learning in industry has a long history 

in bachelor courses. Students, teachers and industry generally are satisfied with 

the overall results. But the student process of becoming an engineer during 

engineering courses is not well understood, because the mechanisms for 

development, conditions, and the contribution of workplace learning have not 

been analysed well. The result is that in practice huge differences in learning 

development among students and a poor connection between the learning 

outcomes of workplace learning and the course design are observed. Therefore, in 

this research we wish to contribute to the improvement of the learning outcomes 

of workplace learning by investigating the models of student professional 

development during engineering courses with a special focus on student 

development during their internship period in industry. 

 

In this chapter we describe workplace learning from the perspective of the 

interested reflective practitioner who observes workplace learning in industry as a 

course element requiring improvement. In Section 1.2 we look at the workplace 

learning as a course element in Dutch higher education. In Section 1.3 we will 

describe the context: engineering education at universities of applied sciences. 

Then, in Section 1.4 the general problem statement for this study is proposed and 

in Section 1.5 the relevance of the study is explained. Finally, Section 1.6 presents 

the structure of this dissertation. 

  

                                                
1 In the Netherlands, profesional (application) engineers are educated at universities of applied 

sciences and they earn a Bacherlor of Engineering degree. The academic engineers are educated at 

technical reseach universities and earn a Master degree. 
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1.2 Workplace learning in higher engineering education 

 

Dutch universities of applied sciences educate professional engineers in a four 

years bachelor course including workplace learning. Workplace learning is 

perceived as a precondition for student preparation for professional practice, as it 

is the most authentic learning environment where students can position 

themselves towards the engineering profession (Tonso, 2006; Ibarra, 1999). 

Furthermore, placement in industry provides the students the opportunity to apply 

and fine-tune the acquired engineering skills and attitudes in professional 

engineering practice. Workplace learning is part of student preparation for 

professional (engineering) practice which consists of all course activities 

preparing students for the entrance of professional practice as competent novice 

professional engineers (Mertens, 1980; Schippers, 1989). Workplace learning has 

remained important since the start of engineering education in the beginning of 

the 20-th century and the engineering courses today still comprises a period of 6 

to 10 months of workplace learning in industry. Students and teachers perceive 

this workplace learning to be valuable as it connects theory with professional 

practice and contributes to the professional identity development of the student: a 

continuing process meeting the professional standards of the engineering 

profession and the identification with the profession (Geurts & Meijers, 2004). In 

addition, for most students workplace learning is the first extended working 

period in industry where they are submerged in the world of work and expected to 

behave as junior engineers. Industry is also interested in student workplace 

learning because it is an opportunity to assess and attract new potential staff. 

Furthermore the communication on workplace learning with the universities also 

gives access to expertise of universities and to synchronise expectations (Mertens, 

1980).  

 

Although student’s development process during workplace learning is not well 

understood, the developmental result of workplace learning overall is considered 

satisfying for students, universities and industry. Students in general value the 

orientation on the engineering practice and the engineering profession as they 

experience sense or meaning to the teaching and learning activities before 

workplace learning. The universities observe the results of workplace learning in 

student maturation and the student increased sense of self-directedness/self-

directed learning. Furthermore, student experiences during workplace learning 

will focus students’ orientation on the remaining part of the engineering course in 

a better way.  

 

However, not everybody is satisfied with student learning results and the 

organisation of workplace learning in engineering courses. Because workplace 

learning is perceived as essential in professional engineering education and takes 

a substantial part of course time, workplace learning gets critical attention, for 

example from the Inspectorate of Education (Bronneman-Helmers, 2006; 
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Inspectie van het Onderwijs, 1996) which highlighted the diversity of student 

learning outputs and the lack of its use in the consecutive final course phase and 

from the Dutch Flemish Accreditation Board (NVAO, 2010) which requires 

explicated aims for and assessments of the results of workplace learning. We 

describe them both briefly.  

 

With respect to the critical comments of the Inspectorate of Education, the 

diversity in student learning outputs of workplace learning is the consequence of 

the way student assignments for workplace learning are defined. In general, 

students do not perform standard assignments defined by their university in an 

industrial environment because in most cases the industrial supervisor will 

propose an authentic engineering task to be solved by the student during the 

internship, as this is the added value for industry. In addition, Nieuwenhuis & van 

Woerkom (2006) found out that educational and industrial objectives for 

workplace learning differ and therefore defining workplace learning tasks is 

usually a highly opportunistic process as it should meet minimum requirements 

from both sides. To guide this discrepancy to a certain extent, employers 

organisations and the association of universities of applied sciences have agreed 

on standards for workplace learning in industry (HBO-raad, 2006). The diversity 

in learning outcomes among students might be vast at first glance, but an 

important part of student learning outcomes consists of generic learning results. 

These outcomes are for example student maturation, increased sense of 

responsibility, better understanding of the profession and the labour organisation, 

development of professional identity, increased focus on their individual 

professional development and future career. But, students will also acquire 

specific learning outcomes because these are the result of student specific 

assignment and the workplace learning conditions such as the specific industrial 

context.  

 

With respect to the critical attention of the Dutch Flemish Accreditation Board 

[NVAO] we see that since 2004 a new system of accreditation in higher education 

is introduced and executed by this board. In this new system the course program 

structure has to be described in detail (NVAO, 2010) and the added value for 

reaching the obtained course goals has to be cleared for all course elements. 

Consequently, the contribution of workplace learning to the process of acquiring 

the course standards such as the professional orientation and tuning acquired 

professional skills to professional practice has to be made explicit. This is not an 

easy task as: 1) the function and practice of workplace learning has historically 

grown; 2) the functional connections with the course design are not always clear; 

and 3) the direct influence of the university on the quality of student learning 

during workplace learning is low. 

 

Given the acknowledged importance of workplace learning, the critical comments 

of Inspection, and the requirements for course accreditation from the NVAO we 
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can conclude that the improvement of workplace learning in engineering courses 

is required. But, because workplace learning in Dutch higher engineering courses 

has not yet been analysed well, there is little scientific knowledge about for 

example student development during workplace learning, the quality of workplace 

learning, about the conditions to be met, and ways to support improvements.  

Therefore, this study addresses the improvement of the learning outcomes of 

workplace learning in industry, as positioned in the third year of the bachelor 

engineering at universities of applied sciences.  

 

 

1.3 Engineering education at universities of applied sciences 

 

Until 2002, little national coordination existed among Dutch universities offering 

engineering courses, although all universities based their courses on the same 

(national) professional standards. Most engineering courses share the same 

educational format. Graduates earn a bachelor degree after a four year course, 

equivalent to a study load of 240 European credit points [ECTS]. The first course 

year is the orientation phase, concluded with the propedeutic exam. It is a year of 

acquiring basis subjects such as mathematics, mechanics and an introduction into 

the world of engineering. In the second course year the scientific and engineering 

knowledge foundation is expanded and taught and learned in theory lessons, 

projects-, and lab work. A compulsory 6 to 10 months period of workplace 

learning in an industrial firm is the main part of the third year. Universities that 

reduced the period of workplace learning from 10 to 6 months, offer their students 

an additional minor, preferably in another major. The engineering course is 

concluded with the fourth year program that usually consists of a five months 

specialization in engineering, followed by a final project on an authentic 

engineering assignment from industry. In principle, students do their final project 

in industry, supervised by their university.  

 

The introduction of the quality system of higher education based on course 

accreditation sensitized the universities of applied sciences offering engineering 

courses, to intensify their communication for two reasons. First, they all faced the 

same conversion challenge of their engineering courses to meet the new 

accreditation requirements. The course output standards had to be described and 

referenced to international peers for professional relevance and level. In addition, 

the output standards had to be referenced to the Dublin descriptors for the 

bachelor education level. Second, the introduction of the bachelor master structure 

in Dutch higher education led to the introduction of the bachelor degree in Dutch 

higher engineering education. This was a natural moment to reduce the amount of 

engineering courses to align with international practice, as in the 1990's the 

number of engineering courses had expanded rapidly in response of the emerging 

new technologies. The Association of Universities of Applied Sciences [HBO-

raad] supported the national approach to reduce the approximately sixty 
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engineering courses into four clusters leading to four specific bachelor degrees. 

The new degrees were named: Bachelor of Engineering; Bachelor of Built 

Environment; Bachelor of ICT; and Bachelor of Applied Science. The sixteen 

universities of applied sciences, offering courses in mechanical engineering, 

electrical/electronic engineering, industrial (design) engineering and related 

engineering programs founded the Cluster Engineering Board in 2005. In 2006, 

after one year of intensive discussions and consultations of stakeholders, the first 

version of the Dutch standards for the Bachelor of Engineering (Cluster 

Engineering, 2006) was issued. These national standards provided the guidelines 

for the design of the bachelor engineering programs within the engineering 

cluster, but the design of the courses was not prescribed as the universities are free 

to design the courses according to their educational concept.  

 

 

1.3.1 Enrolment in engineering education 

 

Table 1 shows some key figures of bachelor engineering education. In 2009, 

approximately 17.000 students enrolled in engineering courses and about 56 

percent of them graduated within five years, comparable to student overall 

average within the universities of applied sciences. Approximately 55 percent of 

the students enrol with a diploma of secondary general education diploma 

[HAVO] and 30 percent with a diploma from secondary vocational education 

[MBO] (HBO-raad, 2009). The remaining 15 percent hold a pre university 

diploma [VWO]. 

 

Table 1: Key figures enrolment in Dutch Engineering courses 

Year 1998 

 

2009 

 
 Persons % total* Persons % total* 

Enrolment total 14.767 19% 17.000 17% 

Diploma  

at 

enrolment  

 

General secondary 

education 
53%  55%  

Secondary vocational 

education 
27%  30%  

Awarded degrees 10.416 19% 10.202 15% 

*Of total enrolled students in bachelor courses at Dutch universities of applied sciences 

 

 

Although the table shows an increase in absolute numbers of enrolment in 

engineering courses over the years, the relative enrolment dropped from 19% to 

17%. A second issue in the enrolment in engineering courses is the rather low 

proportion of women’s participation (17%) compared to women’s participation in 

higher education in general (53%). Their low participation remained constant over 

the years. The relative drop in enrolment in engineering in general and the low 

women’s participation urged the Dutch government to start large scale projects 
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(for example, AXIS and Bèta Techniek, www.deltapunt.nl) to increase enrolment 

and simultaneously enlarge women’s participation. In the projects for example the 

motives of boys and girls to make a choice for a career in science and engineering 

were studied (YoungWorks, 2005) and experiments for the redesign of courses 

facilitated by the Bèta Techniek program. Workplace learning in industry as 

course element remained unchanged as it was not perceived as a core problem at 

that time.  

 

 

1.3.2 Research in higher engineering education 

 

In the Netherlands neither workplace learning in higher engineering education nor 

higher engineering education in general have been object of frequent scientific 

research. Two important studies are by Mertens (1980) who studied workplace 

learning in higher engineering education and Schippers (1989) who studied the 

emergence and development of engineering education at universities of applied 

sciences from the beginning of the 20-th century until 1986. Hereafter, research 

interest in engineering education was low until the late 1990s when the 

engineering sector was urged to investigate the continuous drop in student 

enrolment in engineering courses. In projects such as AXIS and Bèta Techniek the 

most important explanations for the drop in enrolment were highlighted as: low 

attractiveness of courses, old-fashioned way of teaching and learning, students’ 

perceived difficulty of the courses, a fuzzy image of the engineering profession, 

and competition with other more attractive courses in other sectors such as law, 

social sciences. The complete redesign of engineering courses was announced in 

the Bèta Techniek program, but workplace learning remained as it was. Geurts 

and Meijers (2004) developed guidelines for this course redesign and pointed at 

the development of professional identity as an important design feature for the 

engineering courses. Applied to the course design, students’ wishes (dreams) and 

capacities should be the departing point of development. To realise this, the main 

dimensions for the redesign were: 1) open programming resulting in more choices 

for the students; and 2) the change in pedagogical approaches such as: learning 

based on experiences; constructivist learning and less instruction. Consequently 

the teachers’ role changed. So, students’ development of professional identity 

could act as a compass for student self-directed learning, increase the student 

sense of meaning and relevance of the teaching and learning activities in the 

engineering course. The development of professional identity is required because 

students have to develop themselves to reflective practitioners at graduation. After 

graduations the junior engineers have to develop themselves further professionally 

and to contribute to the innovation of the engineering profession. Consequently, 

the engineering courses needed to be more professionally oriented and re-aligned 

with the tasks, knowledge, skills, and attitudes required by practitioners. Actually, 

most universities of applied sciences modernised their engineering courses and 

professional orientation was strengthened with for example the introduction of 
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career conversations
2
 (Geurts and Meijers, 2006). The position of workplace 

learning was reassured, but no further improvements were proposed. So, although 

the position (3-rd course year) and aim of workplace learning in industry 

remained, its course context changed.  

 

 

1.4 Problem statement and research questions  

 

This study addresses the improvement of the learning outcomes of workplace 

learning in industry, as positioned in the third year of the bachelor engineering 

courses at universities of applied sciences. Our overall research question is: How 

can preparation for workplace learning contribute to identity development during 

workplace learning? We therefore need to know: 1) the models of student 

professional identity development in the bachelor course, and 2) the design 

parameters of preparing professional practice that contribute most to students’ 

professional identity development during workplace learning. We formulated as 

leading research questions:  

 

1. How do bachelor engineering students at universities of applied sciences 

develop their engineering identity during the bachelor courses, especially 

during workplace learning?  

2. What are the design parameters of the preparation for professional practice 

that contribute most to the development of the engineering identity during 

workplace learning?  

3. How can the identified design parameters be used in the improvement of 

courses?  

 

 

1.5 Relevance of the study 

 

This study aims at contributing to the scientific knowledge of engineering 

education as well as at improving educational practice in higher engineering 

education. First, we want to contribute to the theory of student professional 

identity development during engineering courses. We want to provide insight in 

the models and conditions of student professional identity development during the 

engineering courses and more specifically during workplace learning. Secondly, 

based on this, design parameters for preparation for professional practice 

preceding workplace learning can be identified. Thirdly, in cooperation with 

                                                
2 In higher education, the career conversation was introduced to forster professional identity development. 

Kuijpers and Meijers (2008) describe the function of career conversation as a means to develop career 
competencies such as: 1) reflection on the capacities required for the job; 2) reflection on motives for the 
career; 3) exploration for work; 4) career steering; and 5) networking. Students have to connect education 
with their personal development. Others, such as Dekkers (2009), define career conversation in terms of 
getting a clear image of the self; the profession; the curriculum; and the personal development during the 
curriculum.  
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practitioners, we want to contribute to the improvement of the preparation of 

workplace learning in the engineering courses by finding course improvements for 

this preparation in the first two course years. 

 

 

1.6 Structure of the dissertation 

 

This dissertation consists of seven chapters (see Table 2). The theoretical 

framework for professional identity development and workplace learning is 

presented in Chapter two. Then, the Chapters three to six report on the three main 

research questions. Chapter three and four report on the first research question 

from two perspectives. Chapter three reports on an exploratory qualitative study 

of the perceptions of teaching staff with respect to the engineering student’s 

professional identity development during the four year programme. Therefore, 

teaching staff were interviewed to collect the data. Then in Chapter four a study 

into students’ professional identity development during workplace learning in 

industry from the student perspective is reported. For this empirical quantitative 

study, instruments measuring two aspects of professional identity were selected 

and instruments for measuring student development were constructed. The data 

were gathered in a repeated measurement design using questionnaires before and 

after workplace learning. Participants were students from mechanical and 

electrical engineering courses from six universities of applied sciences.  

 

On the second research question is reported in Chapter five. The relation between 

student appreciation of the preparation for professional practice during the first 

two course years and their professional identity development is described. 

Instruments for measuring students' appreciation were constructed and the data 

were collected using the same questionnaires as reported in Chapter four. Chapter 

six reports on the design consequences for the preparation in the first two years, 

the third research question. The participating universities were informed about the 

results of students’ identity development and their appreciation of the preparation 

and in semi structured interviews with staff possible improvements for the 

preparation were identified. Finally, Chapter seven (Conclusion and Discussion) 

presents a reflection on the conclusions of the whole research project.  

 

The Chapters three to six were written as independent journal articles. As a 

consequence there is some overlap in the theoretical sections of the Chapters 

three, four and five with Chapter two, the theoretical framework and the 

description of the data collection in Chapters four, five and six. 

Chapter three has been submitted and is accepted, while the Chapters four, and six 

have been submitted for publication.  



Chapter 1 

 9 

 

Table 2: Overview of the dissertation  

Ch Title Research questions, per study, derived 

from the three leading questions 

1 Introduction 

 

 

2 Theoretical framework 

 

 

3 Development of an engineering 

identity in the engineering 

curriculum in Dutch higher 

education 

 

      How do students develop their 

      engineering identity during the  

      engineering course ? 

4 Student engineering identity 

development during workplace 

learning in the bachelor course 

 

1. To what extent do bachelor engineering 

students develop their engineering 

identity during workplace learning in 

industry? 

2. How do students develop their 

identity? What are the developmental 

models?  

3. What is the influence of the workplace 

conditions? 

4. How do the variables of our research 

model influence identity development? 

 

5 Engineering student appreciation of 

the preparation for professional 

practice and their professional 

identity development during 

workplace learning  

 

1. How do students appreciate their 

preparation for professional practice? 

2. Does student appreciation of this 

preparation differ as measured before 

and after workplace learning?  

3. How does the appreciation of this 

preparation relate to professional 

identity development during workplace 

learning? 

4. Which aspects in the preparation need 

to be improved, according to the 

students? 

  

6 Design consequences for the 

preparation for professional practice 

in the first two years of the 

engineering course 

1. Does engineering staff recognise the 

results of the research so far? 

2. What are possible scenarios for 

improvement of the preparation in 

terms of curricular aims (what) and 

implementation (how) in the first two 

years? 

 

7 Conclusion and discussion  
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Chapter 2 

 

Theoretical Framework 

 
2.  

2.1 Introduction 

 

In Chapter one we described the position of workplace learning in higher 

engineering education and discussed the need for improvement. The professional 

identity of students should be the leading concept when designing improved 

courses. It is developed to the greatest extent within workplace learning in 

industry, although there are substantial differences among students.  

 

In this chapter we develop a theoretical framework for our research. We start with 

the concept of professional identity and the process of the development of 

professional identity in Section 2.1. Then, in Section 2.2, we focus on research on 

student development during workplace learning in industry.  

 

 

2.2 The concept of professional identity and its development 

 

2.2.1 Professional identity: public image versus the professional view 

 

Why do we recognize certain people as engineers? How do engineers recognize 

each other? Why do engineers perceive themselves as engineers? Why is a student 

not yet an engineer at the moment of enrolment? How do students become 

engineers anyway? 

 

These are five questions that refer to the professional identity of engineers and its 

development during engineering programs and careers of people. We will use 

these questions to characterise the concept of professional identity.  

 

People have a specific image of engineers and the engineering profession. This 

so-called “public image” consists of attributed characteristics of engineering and 

engineering professionals. It is the professional identity of engineers as perceived 

by the public. The NAE, the National Academy of Engineering (NAE, 2002) 

found out that the public has a simple, incorrect understanding of engineers and 

the engineering profession. The traditional public image tends to see engineers as 

stereotypes, in simple jobs such as builders, operators or maintenance engineers, 

and not as professional designers, creators or inventors. The NAE also found out 
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that the public image of engineers shifts over time and at the moment engineers 

are perceived as working exclusively with computers or computer systems. This 

misunderstanding of the engineering profession is broad and involves four areas: 

(a) the impact of engineering on our daily life; (b) the actual activities of 

engineers; (c) the absence of knowledge about the opportunities available through 

engineering education, and (d) the image of the engineering knowledge domain 

(NAE, 2002). Both adults and teenagers associate engineering strongly with 

mathematics and science related skills but do not associate engineering with 

problem solving, creativity, or having a positive impact on the world (NAE, 

2002).  

 

Another point that affects the image of engineering negatively is its relationship 

with science. Harris Interactive (2004) as cited in the NAE report, found in a 

regular 5-year poll (1998-2003), comparing scientists and engineers, that the 

public perceives engineers to be “less engaged with societal and community 

concerns and to play a lesser role in saving lives” compared to scientists. Nor is 

engineering visible in the media, an important means of correcting 

misunderstandings about the public image. The NAE, for example, carried out a 

survey of technology-focused articles published in the Science Times section of 

the New York Times over a period of five years and found that engineering and 

engineers were rarely mentioned. 

 

In contrast to their public image which is hard to influence, professional 

engineering organisations such as the NAE in the US and the European Federation 

of National Engineering Associations [FEANI] have full control over the 

professional identity they define for their professional group (FEANI, 2005). 

Professional identity is their description of both the profession and its professional 

standards and the social role the professionals wish to communicate to society as a 

whole. These professional groups have (re-)defined and developed the identity of 

the engineering profession over the years and described it through professional 

standards such as focus of engineers, educational level, knowledge, behaviour, 

societal orientation, and the core of professional values. If a person complies with 

these professional standards, they may call themselves an engineer and will be 

recognised by other engineers as such. Meeting the requirements of the social role 

of engineers is a prerequisite for becoming an engineer, but there is more. 

Engineers must also be committed to the profession and are expected to accept 

and behave according to a moral code of conduct (FEANI, 2006). So, the purpose 

of professional identity is to make visible those who are and those who aren’t 

professional, which consequently forms the basis for regulating access to the 

profession. In addition, professional identity is used to claim and affirm a position 

as a professional in society (Bilodeau, 2004; FEANI, 2005; Sullivan, 2004). 

 

We have seen that professional identity as defined by professional organisations 

does not necessarily match public image. Professional engineering organisations 
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like the NAE, FEANI and in the Netherlands KIVI-NIRIA, the Royal Dutch 

Association of Engineers, therefore face two issues that negatively influence their 

public position and prestige. Firstly, the public image is not correct due to 

misunderstandings about engineering and the engineering profession. Secondly, 

the profession is barely visible in the media. Finally we can conclude that 

professional identity is not only important for professionals, but also with respect 

to attracting students to engineering professions. Beam and Pierrakos (2009, p.1) 

state that “recent research suggests that student identification with engineering 

plays an important role in their decision to pursue engineering and to persist once 

they start with their professional education”. YoungWorks (2005) reached the 

same conclusion in their study among Dutch secondary education students. Others 

(Lindsay, Munt, Rogers, Scott, & Sullivan, 2008; Rouvrais & Chelin, 2010; 

Sullivan, 2004; Sullivan & Rosin, 2008) emphasize the importance of professional 

identity for students and their teachers as a frame of reference to guide their 

process of teaching and learning during a course. It is clear that we need 

theoretical models if we want to understand student identity development. 

 

 

2.2.2 Theories of professional identity 

 

Professional identity is widely discussed in literature, in general and in the context 

of engineering education. Although the theories are diverse, there are some 

overarching theories about professional identity and its development. First, 

professional identity is part of the complex multifaceted process of personal 

identity development. In this process students simultaneously develop several 

identities such as religious follower, partner, citizen and engineer (Beam & 

Pierrakos, 2009; Gee, 2001; Wenger, 1998). Secondly, professional identity is an 

ongoing construction process for becoming a professional (Beijaard, Meijer, & 

Verloop, 2004; Tonso, 2006b) and at the same time a state of being a professional 

(Bilodeau, 2004; Stevens, O'Connor, Garrison, Jocuns, & Amos, 2008; Sullivan, 

2004). In other words, professional identity is the continuous process of becoming 

a professional through stages as a junior professional, professional and senior 

professional. Thirdly, authors agree that the concept of professional identity has 

both a social and an individual dimension. The social dimension comprises the 

requirements associated with the engineering profession such as education, 

behaviour skills, knowledge and attitudes and is usually defined by the 

professional organisations. The individual dimension is perceived as an 

identification with or commitment to the profession: the feeling of being an 

engineer (Beam & Pierrakos, 2009; Ibarra, 1999; Sheppard, Macatangay, Colby, 

& Sullivan, 2008; Stevens, et al., 2008; Sullivan, 2004; Tonso, 2006a). The 

intensity of this identification can range from a strictly functional and normative 

identification up to emotional identification with the profession (Gee, 2001; 

Giddens, 1991; Wenger, 1998).  
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Some authors focus on just one dimension, others describe both. Beam and 

Pierrakos (2009) describe professional identity as how closely an individual 

relates to a particular field, profession or occupation. This is an example of a 

theory focusing on the social dimension of identity. Ibarra (1999, p. 2) defines 

professional identity as “ ...the relatively stable and enduring constellation of 

attributes, beliefs, values, motives and experiences in terms of which people 

define themselves in a professional role”. This is an example of a theory focusing 

on both the individual and social dimension. Tonso (2006a) focuses also on both 

dimensions and perceives professional identity to be a result of complying with 

the standards of the profession (the social dimension) and in addition, 

identification with the profession (the individual dimension). Tonso (2006a, p. 

273) states: “... identity production was a complicated process that bound up 

thinking about oneself as an engineer, performing as an engineer self and 

ultimately being thought of as an engineer” (Italics by the author). So the process 

of professional identity development has been successful if someone: 1) meets the 

requirements of the social role – acts as an engineer and is recognized by others as 

an engineer – and 2) has identified with this role – believes he is an engineer.  

 

Beam and Pierrakos (2009), Ibarra (1999), and Tonso (2006a) look at standards 

for the social dimension of professional identity in a neutral, non normative way. 

In contrast, Sheppard et al. (2008) and Sullivan (2004) perceive identity as 

meeting specified standards of the professional community: “…to serve the public 

with specialised knowledge and skills through commitment to the field’s public 

purposes and ethical standards” (Sheppard et al. 2008, p. 170).  

 

In this study we consider professional identity as one of several facets of the 

multifaceted concept of personal identity. In line with Tonso (2006), Ibarra 

(1999), Sheppard (2008), and Sullivan (2004) we assume that professional 

identity development is an ongoing process but at the same time a state that can be 

reached. We will use the distinction of the two dimensions (individual and social) 

of professional because they do justice to the three overarching theories. The 

aforementioned theories provide a framework for our research. Although we study 

both dimensions, in this study, we focus on the individual dimension of 

professional identity development, the identification or commitment to the 

engineering profession, as this has not been researched well in contrast to the 

social dimension of identity which has been formalised through national 

standards. 

 

 

2.2.3 Models of professional identity development 

 

In the previous section we concluded that professional identity can be perceived 

as the process of becoming a professional, but also as a state of being a 

professional at a certain level. In this section we focus on the process of becoming 
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an engineer, a construction process in which would-be engineers try to position 

themselves in relation to the engineering profession (Stevens, et al., 2008). Most 

authors agree on the importance of reflection in this process of identity 

development (Gee, 2001; Ibarra, 1999; Lindsay, et al., 2008; Streumer, 2010; 

Sullivan, 2004; Wenger, 1998). Students constantly reflect on new experiences, 

and consequently identity development is not a linear process. Earlier 

commitments can be re-examined in the light of new information (Ibarra, 1999; 

Marcia,1966; Tonso, 2006b). Marcia (1966) distinguished two aspects of identity 

development: 1) exploration of identity elements; and 2) rejection or commitment 

of these identities, based on the student’s reflection of the exploration results. 

Students can simultaneously develop in both aspects and therefore the resulting 

identity development is not always growth of identification, that is, a stronger 

identification with the profession. Further exploration can challenge previous 

commitments which can be re-examined and possibly rejected. For example, the 

initial choice of an engineering course can be re-examined as a result of 

conflicting educational experiences during the first course year.  

 

In literature on socialising we found two main groups of theories on identity 

development. The first group of theories perceives professional identity 

development as an individual construction process, the result of social embedding 

during a mentoring process or cognitive apprenticeship (Collins, Brown, & 

Newman, 1990; Schön, 1983; Sheppard, et al., 2008; Sullivan, 2004). The other 

group of socializing theories perceives the person developing an identity as an 

active participant in this process of identity construction as they guide themselves 

in this process (Gee, 2001; Ibarra, 1999; Wenger, 1998). The main discriminating 

variable between the two groups of theories is guidance during the identity 

construction process. We will describe two examples to illustrate both groups: 1) 

the mentoring model of Sheppard et al. (2008) and Sullivan (2004, 2008), which 

was defined for undergraduate engineering education in the US, and 2) the self-

guiding, experimental “provisional selves” model of Ibarra (1999), which was 

based on two qualitative studies with junior consultants and bankers switching 

their career to more senior positions.  

 

The mentoring model described by Sheppard et al. (2008) and by Sullivan (2004) 

was derived from research on professional development in law and medicine 

schools (Sheppard, et al., 2008) and is currently used in the restructuring of 

undergraduate engineering education in the US. At the core of the new 

educational approach is the so-called networked course in which the acquisition of 

knowledge, skills and professionalism are taught in an interwoven manner. 

Identity development or the development of professionalism is located in the 

professional apprenticeship, an application of the cognitive apprenticeship model 

described by Collins, Brown and Newman (Collins, et al., 1990). In this 

educational approach, the process of identity development is highly taught and 

guided. Collins and colleagues perceive the cognitive apprenticeship as an 
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instructional model for higher education, derived (but different) from the 

traditional craft apprenticeship. The main objective of instruction is to make 

implied or tacit knowledge visible. To do so, teachers (or teaching professionals) 

externalise their professional thinking process and in this way students can 

“observe” their thinking processes. Instructional strategies/methods in this model 

include modelling, coaching, scaffolding, articulation, and reflection, which are 

all strategies in which teachers or other professionals take the lead in guiding 

students. The instructional aim of modelling is to let students observe the 

execution of a professional task, which is performed, explicated and made 

“visible” by a teacher/professional. During coaching the students receive feedback 

when executing the same task. Scaffolding is the process where the teacher or 

professional helps the student to perform the task as it ought to be done by 

professionals. The instructor asks students to externalise or verbalise their 

thinking and supports this process with articulation. In this theory, the mentor is a 

professional model for the students, someone who demonstrates professional 

behaviour and explicates professional considerations for typical engineering tasks 

and the values and mores of the professional community of engineers. Students 

are perceived as active observers of the professional, resulting in an insight into 

what it means to be a professional in engineering practice. So, students construct 

their identity as part of the socialising process and ethical issues are an explicit 

part of this process. Sheppard and Sullivan (2008) stress the importance of 

preparation for professionalism during the professional apprenticeship and argue 

that it should be an integral part of courses aiming to prepare students for 

professional practice. 

 

An example of the second group of theories is the self-guiding model of Ibarra 

(1999). Ibarra states that identity development is a process in which students (re-) 

construct their personal and professional identities by cyclic experimentation to 

adopt the more senior professional roles they are aiming at. She observed that 

students can clearly define what they don’t want, what does not fit them, and what 

is required for the professional role. So, identity construction becomes a process 

of active experimentation with, and evaluation of professional roles. Ibarra defines 

these as “provisional selves”, before they are accepted and internalised by the 

student. Ibarra identified three basic (student) activities in this adaptation process 

towards professional identity: 1) observing role models to identify potential 

identities; 2) experimenting with provisional selves; and 3) evaluating the results 

of the experiments against student beliefs and external feedback. Ibarra found that 

the dominant form of experimentation was imitation of the observed behaviour of 

professional models. Students can imitate other professional behaviour, virtually 

without amendment, and imitate the complete self-presentation of one single 

model (Ibarra: wholesale imitation) or they can construct a provisional self from 

observed elements of a number of models (Ibarra calls this selective imitation). In 

contrast to imitation, which starts with the successful behaviour of professionals, 

students can also start experimenting with professional behaviour that fits most 
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directly to themselves (Ibarra calls those true-to-self strategies). Students can 

gradually shift to successful professional behaviour that fits them. Both strategies 

(imitation and experimentation) result in experiences with new behaviour, and 

these experiences are evaluated to internal and external standards. The internal 

standards ask “will it fit me ?”, while the external standards are the standards of 

the professional role in which the student wants to perform. According to Ibarra, 

in the provisional self model the student is an actor who constructs professional 

roles and experiments with roles in a cyclic way. Professional role models are 

required, but they do not have to guide or interact with the student. The process 

can be paused if the student is satisfied with the developed identities so far, which 

at that moment meet their own expectations (the internal dimension) and/or meet 

external professional standards (the external dimension).  

 

We think that both groups of theories on identity development are applicable to 

our research. The Sullivan mentoring model (Sheppard, et al., 2008; Sullivan, 

2004) is applicable because it was derived from the traditional apprenticeship 

model and made applicable for higher education. The self-guiding model defined 

by Ibarra (1999) fits our research as students develop from student engineer to the 

more senior role of junior engineer during workplace learning. In addition, both 

models have significance for our research on workplace learning in engineering 

education: 1) both focus on learning in authentic professional situations; and 2) 

both have an explicit orientation towards professional identity development. The 

models differ in the roles and activities of the participants: the students and the 

professionals. Gibson (2004) characterized the differences between mentoring and 

the self-guiding model in terms of the interpersonal relation between the student 

and the mentor and/or professional role model. In the mentoring model 

“interaction and involvement, based on an active interest in and action to advance 

the individual’s career” is the defining process and both parties are usually 

explicitly aware of their relationship. In the self-guiding model, the defining 

process consists of “identification and social comparison, based on perceived 

similarity and desire to increase similarity by the individual” (Gibson, 2004, p. 

137). Awareness is now typically a one-way activity of the observing person (the 

student). In contrast to the mentoring model, the students must take the initiative 

in their development process.  

 

In this study we perceive identity development as a cyclic process of exploration 

and reflection (Ibarra, 1999; Marcia, 1966). Exploration of identities can result in 

greater understanding of identity alternatives whereas reflection may lead to new 

commitments and possibly to the re-examination of earlier commitments. With 

regard to student development of professional identity during workplace learning, 

we argue that the mentoring or self-guided learning model (Sullivan, 2004) and 

the self-guiding model (Ibarra, 1999) are complementary. In the mentoring model 

the teacher guides the student’s process of professional identity development. In 

the self-guiding model the students guide themselves, which requires initiative 
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and self-regulation. Both mentoring and self-guiding opportunities will occur side 

by side, both in on-campus educational practice and in off-campus workplace 

learning. Staff will guide students at the beginning of the course, but during the 

course students are required to become more self-directing, for example during 

design projects, off-campus workplace learning and in the final project. During 

workplace learning and final projects, however, industry supervisors can also 

perceive students either as a mentee or as a self-directed learner. In turn, students 

can perceive their supervisor as a mentor or as one of their professional models. 

 

 

2.3 Student development during workplace learning 

 

Universities of applied sciences perceive workplace learning in industry as an 

important instrument for the development of professionalism and professional 

identity. The workplace is seen as a highly productive learning environment 

where students can prepare themselves for, and orientate themselves towards their 

future profession and the professional environment; turn theory into practice, and 

learn professional skills (Bilodeau, 2004; Cluster Engineering, 2006; Mertens, 

1980; Pratt, 1998).Therefore, in most professional engineering courses, about 

15% of the course duration is dedicated to workplace learning in industry, based 

on popular beliefs about workplace learning such as: you will learn best in an 

authentic professional environment; during workplace learning you can learn all 

that is important but cannot be described in the course; engineering is not what 

you learn at school, you learn it in practice; and the submerging of students into 

professional practice is the moulding process for professional identity as students 

are socialized to become a professional. These popular beliefs exaggerate the 

effect of workplace learning (Mertens, 1980; Nijhof, 2006) and implicitly refer to 

the traditional training of craftsman and technicians.  

 

In this section, we first describe the three existing modes of workplace learning. 

Secondly, we point out some differences among educational sectors in higher 

education in the application of workplace learning. Finally, we identify variables 

affecting the learning outputs of workplace learning and focus on preparation 

preceding workplace learning. 

 

 

2.3.1 Three modes of workplace learning 

 

In literature three modes of workplace learning are distinguished. Mode 1 

involves in-service training of employees so as to acquire work process 

knowledge (Billett, 2002; Onstenk & Blokhuis, 2007). The work is dominant, it is 

work-based training; and usually aims at mastering skills associated with the 

execution of specific job tasks. The participants are primarily employees. 
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Mode 2 is workplace learning in an authentic off-campus professional situation, as 

part of an initial educational course (Bilodeau, 2004; Pratt, 1998). It is school-

based learning, as the school dictates the learning. The participants are students, 

not employees, and they work temporarily as part of their learning process, 

usually for one or two semesters. Other terms in use for this mode-2 type of 

workplace learning include apprenticeship, internship, traineeship and industry 

placement (Mertens, 1980).  

 

In mode 3, the aim of workplace learning is usually to upgrade the formal 

educational qualification. The students are full-time employees who use their 

work setting as their learning environment and attend university programs only 

part-time. The student’s job therefore needs to be relevant for the course, and the 

work setting has to be suitable for acquiring the course goals. Mode 3 workplace 

learning is an element of what is known as dual-education course in which 

working in industry is combined with part-time education at school (Bronneman-

Helmers, 2006). The university, the student/employee and the employer have to 

agree on this construction in a tri-partite agreement, as the employer must 

facilitate the employee to work less and attend the program.  

 

In this study we focus on the second mode of workplace learning; learning in an 

authentic off-campus professional situation in industry, for one or two semesters, 

as part of an initial full-time engineering programme. We do so because this is the 

most common mode of workplace learning in higher engineering education. 

 

In professional higher education at universities of applied sciences (European 

Qualification Framework [EQF] level 5 or 6) the workplace in industry is the 

environment where students can apply their acquired theoretical knowledge in 

practice, can develop professional (soft-) skills and develop their professional 

identity. Here, the main purpose of workplace learning is not training for a fixed 

set of professional skills as in the traditional craft apprenticeship model, but the 

open-ended orientation towards the introduction into the profession and 

professional practice as a junior engineer. It is a cognitive apprenticeship. 

 

 

2.3.2 Differences between educational sectors in higher education with respect to the 

development  and application of workplace learning. 

 

Different higher education sectors show vast differences in the implementation of 

off-campus workplace learning. In engineering education workplace learning is 

rather traditional, positioned as a semester in the third course year and focused on 

the completion of engineering assignments. This concept has not changed for a 

long time compared to for example teacher education where workplace learning 

has been completely redesigned in the last decade to focus more on the 
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development of professionalism starting from the beginning of the courses
3
. 

Although workplace learning in engineering education is more complex to design 

because of these vast differences as compared to teacher education, the 

experiences gained in teacher education might show successful initiatives to 

improve workplace learning in engineering education. Some major differences 

between the engineering and the teaching profession and education are: 

 

Specificity of professional standards. The engineering profession is not regulated 

by law and the professional roles of engineers are only defined in a broad way by 

national standards (Cluster Engineering, 2006). In contrast, the teaching 

profession is regulated by law and therefore the professional roles of the teacher 

have been defined as official standards by the Association for the Professional 

Qualities of Teachers [SBL] (SBL, 2011). 

 

Complexity of role interactions. Engineers in industry generally work in a 

professional environment with less clear defined professional roles and more 

hierarchical levels, from craftsman (EQF-level 2) up to senior engineers (EQF-

level 8). In contrast, teachers work in schools in a clearly defined professional role 

and interact with teacher-colleagues, pupils and parents. The division of power 

between these participants is usually clear.  

 

Organisational context: complexity and size. During workplace learning 

engineering students work in industrial firms with a vast diversity in terms of 

products, organisation structure and size compared to schools which generally 

have relatively simple organisational structures and are of limited size. 

 

Students’ experience with the profession. Most students have had no or only 

limited experiences with engineers and workplace learning in industry is for most 

students engineers the first encounter with engineers in engineering practice. 

Therefore, engineering students in general are not familiar with the professional 

behaviour of the engineers, their future professional role, and they enter 

workplace learning in industry as novice. By contrast, student teachers have had 

substantial experiences with the social dimension of the teachers’ professional 

identity and teachers’ professional practice during their own school career. 

Therefore at the start workplace learning in schools students are more familiar 

with the professional behaviour associated with their new role.  

 

As can be concluded from the above, workplace learning in the engineering 

courses is more diverse and complex, less course-controlled and supervised 

                                                
3 In the Educational Partnership Project, Dutch teacher education at universities of applied 

sciences was fundamentally redesigned. The most important changes were: 1) the redesign of 

students workplace learning. Students started part time workplace learning from the second 

semester on and the amount of time for workplace learning increased; 2) the acknowledgement of 

the school as educational partner; and 3) the system of coaching and guiding using port-folio’s. 
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differently than teacher education. These differences have their effect on the 

dynamics of workplace learning as workplace learning in engineering education is 

more difficult to design, to guide and gain comparable learning outputs. 

Nevertheless, research in the teacher education domain has identified important 

variables of workplace learning such as student learning preference, the 

conditions of the workplace and the importance of guidance and preparation for 

workplace learning, for example by using explicit professional standards. These 

are insights we can use in our research and are further discussed in the next 

section. 

 

 

2.3.3 Variables affecting the outputs of workplace learning. 

 

Variables affecting the output of workplace learning have been identified in a 

number of studies on workplace learning in teacher and vocational education  

(Bronneman-Helmers, 2006; Onstenk & Blokhuis, 2007; Pratt, 1998; 

Programmamanagent Educatief Partnerschap, 2000; Streumer & van der Klink, 

2004; Streumer 2010). These studies focus on the learning outputs of workplace 

learning in terms of growth of skills and/or competencies and agree upon the 

influence of student characteristics. 

 

Pratt (1988) takes a different perspective on the output of workplace learning as 

he perceives the greater understanding of the professional field as the most 

important outcome of workplace learning for adults. He identified three important 

factors: an active learning process, a social learning process and an authentic work 

environment. An active learning process means that the students must perform 

complete professional tasks, and the social learning process refers to student 

interaction with all participants involved in executing professional tasks. So 

students must interact not only with professionals but also with customers, 

supervisors, and others, so as to gain a greater understanding of the effect of their 

professional behaviour. Authenticity is Pratt’s third important factor. The student 

must understand their professional role in connection with the perception of the 

public they serve. Therefore students must learn to understand how the public 

perceives their professional behaviour.  

 

Pratt’s perception of the greater understanding of the professional field as a main 

outcome of workplace learning fits closely to our research as we focus on student 

identity development and not on learning outcomes in terms of knowledge and 

skills. We assume that student understanding of the professional field is an 

important result of their exploration and a requirement for identity development. 

 

Both perceptions of the outcome of workplace learning: 1) focus on knowledge 

and skills; 2) focus on an understanding of the professional field are relevant for 

our research, because these both provide insights into student development.  
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In previous empirical studies (Bronneman-Helmers, 2006; Pratt, 1980; Streumer 

& van der Klink, 2004; Streumer, 2010) a substantial amount of the variance in 

student learning outcomes could be explained through the variables identified by 

the different authors. But no accountability was given for a large portion of 

variance. Curiously, in this prior research, student’s preparation preceding 

workplace learning has seldom been taken into account. One exception is the 

already mentioned Educational Partnership Project in teacher education (Section 

2.3.2) where preparation for workplace learning was identified as an important 

variable.  

 

We therefore assume that students preparation for workplace learning in industry 

through at least two perspectives is important: 1) knowledge of the profession; 

and 2) knowledge of the professional practice. Therefore, in this study, we focus 

on the role of preparation for workplace learning as this could explain some of the 

differences in the outcomes of workplace learning. More specifically, we are 

interested in the improvement of the preparation provided in the first two course 

years in Dutch engineering courses which should maximize professional growth 

in terms of professional identity development during workplace learning. The 

parameters of this preparation for professional practice which contribute most to 

student identification with the profession must therefore be identified. 
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Chapter 34  

 

Development of an engineering identity in the 

engineering curriculum in Dutch higher education:  
An exploratory study from the teaching staff perspective 

 
3.  

 

Abstract 

How do engineering students develop a professional identity during the course of 

the curriculum? What are the development mechanisms and important conditions? 

In an exploratory study among teachers we tried to find out whether the 

development of engineering identity can be understood by using the theoretical 

models of Ibarra and Sullivan. The results showed that the development of 

engineering identity is boosted during the internship in industry in the third year. 

Furthermore, the theoretical models could be recognised in the findings, and four 

interaction types in internships, with significant differences in effect on identity 

development, could be identified if we used two dimensions: 1) industry 

supervisors’ perception of students and 2) the professional responsibility awarded. 

Some recommendations for curriculum improvement could be made; for example, 

introducing projects into the curriculum to stimulate identity development from 

the start. Further research is required on student preparation for internships.  

 

Keywords: Engineering Identity, Identity Development, Educating Engineer 

 

3.1  Introduction 

 

Dutch higher engineering education is facing a qualitative and quantitative 

challenge: educating engineers who meet the international professional standards 

and attracting enough boys and girls for engineering education, since a future 

shortage of graduates is foreseen. With regard to the qualitative challenge, the 

engineering profession changed dramatically in the last decades as a consequence 

of developments in science, technology, globalisation and the relation to other 

professions and society (Borri & Maffioli, 2003, 2007; Crawley et al ,2007;NAE, 

2004; Sheppard et al, 2008). Professional organisations of engineers and 

                                                
4
 This chapter will be published as: Dehing, A. J. M., Jochems, W. M. G., & Baartman, 

L.K.J. (2012) Development of an engineering identity in the engineering curriculum in 
higher education; an exploratory study from the teaching staff perspective. European 

Journal of Engineering education. 
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engineering educators in the US and Europe have investigated the necessary 

changes in the engineering profession to adjust their professional standards and to 

identify the consequences for engineering education, for instance the learning 

outcomes (Borri & Maffioli, 2003,2007; NAE, 2004; ABET, 2006; Crawley et al, 

2007; Spinks et al, 2007; Sheppard et al., 2008). Changes in these standards have 

consequences for international professional recognition as participants in the 

Washington Accord and European Federation of National Engineering 

Associations (FEANI) use them as recognition standards. The quantitative 

challenge is the loss of attraction of the engineering profession for young people, 

indicated by a drop in enrolment in higher engineering education (HBO-raad, 

2008). Understanding student selection process for a career proved to be a critical 

issue in increasing enrolment and the need for some identification with 

engineering or science subjects and challenges was demonstrated in the Bèta 

mentality study (YoungWorks, 2005). In general, drop in enrolment is not just a 

Dutch issue, as was illustrated at the 2009 SEFI annual congress titled ‘Attracting 

young people to engineering: Engineering is fun’ (SEFI, 2009). Both challenges 

urge the engineering institutes to redesign their curriculum. Next to the two EU-

funded projects E4-Thematic Network (Borri & Maffioli, 2003) and TREE (Borri 

& Maffioli. 2007), the CDIO project, a cooperation between 50 universities from 

Europe, the United States and the rest of the world (Crawley et al, 2007) is a 

concrete example of a redesign approach for the undergraduate engineering 

education. The CDIO project addresses the redesign from defining learning 

outcomes to students learning assessments. 

 

In the Netherlands, the upgrade of learning outcomes at universities of applied 

sciences has been addressed with the curriculum document Profile of the Bachelor 

of Engineering (Cluster Engineering, 2006). The Dutch-Flemish Accreditation 

Board [NVAO], member of the European Association for Quality Assurance in 

Higher Education European [ENQA], has investigated the compliance with the 

Dublin Descriptors and recognised the Profile of the Bachelor of Engineering as 

the domain specific framework for engineering courses. Simply upgrading the 

learning outcomes, however, was not enough to increase attractiveness and 

enrolment. The curriculum process has to be redesigned and recent studies suggest 

that a better connection between theory and practice within the context of the 

engineering profession and student identification with or the formation of 

professional identity are important drivers for change (Sullivan, 2004; Geurts and 

Meijers, 2004; Sheppard et al., 2008; Stevens et al., 2008; Beam and Pierrakos, 

2009). This curriculum redesign is now an ongoing process. 

 

The concept of student identity development is not a new element in the higher 

engineering curriculum, but identity development was an implicit aim, difficult to 

identify and sometimes overlooked (Van Wieringen, 1975; Sullivan, 2004; 

Bilodeau, 2004). As a consequence, the process of engineering identity 

development has not been investigated well (Tonso, 2006; Stevens et al., 2008; 
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Beam and Pierrakos, 2009). Therefore the goal of our research is to find out how 

students develop their engineering identity during the course of the curriculum. In 

this chapter we report on an exploratory study from the perspective of experienced 

engineering teachers on identity development of undergraduate engineering 

students at Dutch universities of applied sciences.  

 

 

3.2 Theoretical framework 

 

In the literature we find several descriptions of professional identity. Beam and 

Pierrakos (2009) describe professional identity as how closely an individual 

relates to a particular field, profession or occupation. This is an example of a 

model focusing on the social dimension of identity. Others state that professional 

identity can be understood as the result of the double-sided process of being 

positioned by others and positioning oneself (Stevens et al., 2008). Ibarra (1999, 

p. 2) defines professional identity as ‘ ...the relatively stable and enduring 

constellation of attributes, beliefs, values, motives and experiences in terms of 

which people define themselves in a professional role’. Stevens et al. and Ibarra 

look at identity from both a social and an individual perspective.  

 

Beam & Pierrakos, Stevens et al. and Ibarra do not mention normative standards 

for professional identity. In contrast, Sheppard et al. (2008) and Sullivan (2004) 

perceive identity as meeting specified standards of the professional community: 

‘…to serve the public with specialised knowledge and skills through commitment 

to the field’s public purposes and ethical standards’ (Sheppard et al., 2008, p. 

170). They see the purpose of professional identity as making transparent who is a 

professional and who is not, which consequently forms the basis for regulating 

access to the profession. In addition, professional identity is used to claim and 

affirm a position as a professional in society.  

 

Most authors agree that professional identity has a social and an individual 

dimension. The social dimension comprises the requirements associated with the 

engineering profession; the individual dimension is the identification with the 

profession (Ibarra, 1999; Brott and Kasj; 2001; Sullivan, 2004; Stevens et al., 

2008; Sheppard et al., 2008; Beam, 2009).  

 

In conclusion, the process of professional identity development has been 

successful if someone meets the requirements of the social role – s/he acts as an 

engineer and others recognise him/her as being an engineer – and s/he has 

identified him/herself with this role – s/he believes s/he is an engineer (Tonso, 

2006). 

 

Forming an identity as an engineer is a process whereby the would-be engineers 

try to position themselves in relation to the engineering profession (Stevens et al. 
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2008). In the higher education curriculum, this process of student identity 

development is supported by the preparation for professional practice. When 

students grow more mature they become more responsible for their decisions and 

actions. This results in becoming more self-directed in their learning and less 

dependent on their teachers (Plemmons, 2006). Therefore, we looked for identity 

development models that were typical examples for these two learning modalities 

to be used in this research. We found: 1) the mentoring model of Sheppard et al. 

(2008) and Sullivan (2004), which was defined for undergraduate engineering 

education in the US; and 2) and the social comparison model of Ibarra (1999), 

which was grounded on two qualitative studies of career switches to more senior 

roles of junior consultants and bankers. We argue that these models are 

complementary and can be used to investigate identity development in 

engineering education. Both models are described in more detail in the next 

sections.  

 

Sheppard et al. (2008) and Sullivan (2004) derived the mentoring model from 

research on professional development in law and medical schools, where they 

examined how members of the different professions are educated (Sullivan, 

2004). The model is now used in the restructuring of professional engineering 

education in the US. It describes professional identity as the result of a mentoring 

process during the professional apprenticeship - a metaphor for the working 

relation between professional and student - aimed at aligning students with the 

way of thinking of professionals. Here, apprenticeship should be understood in 

terms of Collins, Brown and Newman (1989) as cognitive apprenticeship 

(Sullivan, 2004). Therefore, this professional apprenticeship should be an 

integrated part of student preparation for professional practice and enable them to 

acquire the knowledge and skills - both conceptual and practical - which the 

community of practitioners has built over time and which define each profession. 

The student is perceived as an active observer of the professional who explicates 

his/her professional behaviour in terms of values, intentions and decisions. The 

student gains insight into what it means to be a professional in professional 

engineering. Ethical issues are an explicit part of this process.  

 

In contrast, Ibarra (1999) states that acquiring professional identity is the process 

in which individuals actively experiment with professional roles, called 

provisional selves, before they are accepted and internalised. She identified three 

basic tasks in this adaptation process towards professional identity: 1) observing 

role models to identify potential identities; 2) experimenting with provisional 

selves; and 3) evaluating experiments against internal standards and external 

feedback. Consequently, engineering students have to observe and explore roles 

and role models (for example designer, constructor) and evaluate their 

experiences as part of their professional identity development.  

Gibson (2004, p. 137) characterised the differences between mentoring and role-

taking models in terms of the type of the interpersonal relation. In the mentoring 



Chapter 3 

 27 

 

model “interaction and involvement, based on an active interest in and action to 

advance the individual’s career’ is the defining process and both parties are 

usually explicitly aware of their relationship”. In the role model, the defining 

process consists of “identification and social comparison, based on perceived 

similarity and desire to increase similarity by the individual”. Awareness is now 

typically a one-way activity of the observing person. In contrast to the mentoring 

model, the student has to take all initiatives in the development process.  

 

We think that both models have significance for engineering education. In the 

mentoring model the teacher is in control of the development process. In the role-

adapting model the student is in the driving seat, which requires initiative and 

self-guidance. Consequently, both models might take place if a teacher is involved 

in the learning process and guidance is gradually shifted to the student.  

 

 

3.2.1 Important variables in educational environments 

 

If we situate the models on identity development in a higher education context, a 

number of variables should be considered as students develop their professional 

identity as a result of curricular learning and teaching activities and extra-

curricular experiences in social life (Bilodeau, 2004; Beam and Pierrakos, 2009). 

First, student perceptions of these activities are decisive for the learning result and 

therefore student orientation on becoming a professional is an important variable 

in professional development (Gee, 2001; Lindsay, 2008). Furthermore, the 

curriculum design and its implementation, influenced by the beliefs of teaching 

staff, are two more important conditions (Fox, 1983; Bilodeau, 2004). These three 

conditions are characterised in greater detail below.  

 

First, Lindsay (2008) identifies the engineering student and student engineer as 

two modes of student orientation in learning. In the first mode, the student 

primarily learns for example mathematics and materials science as a high school 

student. In the second mode, the student wants to become an engineer, is familiar 

with teamwork and interacting with clients, has communication skills, anticipates 

problems and looks beyond his/her own direct responsibilities. Students should 

perceive themselves as student engineers as quickly as possible, because their 

orientation is the lens through which they perceive the curriculum design and 

teacher activities (Gee, 2001; Lindsay, 2008).  

 

Second, with respect to the curriculum design two major curriculum concepts can 

be distinguished: the discipline-oriented and the professional-oriented curriculum. 

The discipline-oriented curriculum is the most traditional one as the first two 

years of the curriculum are used to build up the disciplinary scientific body of 

knowledge. Consequently, professional orientation will start in the third year, 

resulting in a retarded start of identity development (Bilodeau, 2004; Sheppard et 
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al., 2008). In this phase, the professional orientation can be an integral part of the 

programme or assigned to specific activities like internships or educational 

projects. In contrast, the professional-oriented curriculum combines the 

acquisition of scientific knowledge with its application in realistic engineering 

tasks from the very beginning of the curriculum. Here, typical professional tasks 

of engineering practice are the starting-point for the design of the teaching and 

learning process (Cluster Engineering, 2006). In this design, students have to 

think and act as student engineers and identity develops from the start.  

 

Third, the implementation of the curriculum design is influenced by teachers' 

beliefs on education. Fox (1983) investigated their personal beliefs by asking 

teachers: ‘What do you mean by teaching?’ He found two groups of personal 

theories. The first group consisted of the simple theories, focusing on transfer of 

knowledge and shaping students to predefined standards. The student is not seen 

as an active contributor to his/her own development. In contrast, in developed 

theories, the student is viewed as a contributing partner in his/her own learning 

process, in both process and objectives. The modalities of the developed theories 

are the travelling theory, the teacher as a guide in an exploration of the academic 

field, and the growing theory, in which the teacher assists student professional 

growth. Furthermore, Fox found that congruence between teachers’ theories of 

teaching and student theories of learning is important for their interaction as a 

mismatch will lead to frustration on both sides.  

 

Based on exploration of the models and variables we expect that identity 

development will be facilitated by: 

o students who perceive themselves as student engineers; 

o a professional-oriented curriculum where the preparation for professional 

practice is integrated with the acquisition of knowledge and skills; 

o the presence of professionals as identification models for students; 

o a clear and shared concept of professional identity development among 

teachers; 

o teaching staff, capable of explicating their professional behaviour to students; 

o a match between the teachers’ theories of teaching and the student orientation 

on engineering. 

The theoretical models, the variables and derived expectations formed a first 

conceptual model for constructing an instrument for interviewing teachers. 

 

 

3.3 Methodology 

 

3.3.1 Participants  
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Experienced engineering teachers were chosen as informants as previous research 

shows that teachers in general have relevant thoughts of student development. 

Research from for example Fenstermacher and Amarel (1993) and Beijaard 

(1998), showed that experienced teachers develop practical reasoning or wisdom 

of practice, and build personal theories of teaching and student development. 

Teachers develop their expertise using all possible inputs like observations of 

student behaviour, test results, student reflection reports, counselling meetings and 

the observations of others. As our study is exploratory and representativeness is 

not an aim, we used key informants from our own network to purposely select 

engineering teachers based on the following criteria: 1) working in electrical-, 

mechanical- or civil engineering; 2) with a master's degree in engineering; and 3) 

more than ten years of teaching experience in higher engineering education in all 

phases of the curriculum. We selected teacher working in preparation for 

professional practice in the first two years, workplace learning and the final year 

project in industry. In total, fourteen teachers were selected.  

 

 

3.3.2 Data collection 

 

Semi-structured interviews were used as they best fit the exploratory aim of the 

study. Based on our theoretical framework we constructed a list of interview 

topics. The main topics were on: 1) The concept of professional identity of 

engineers. Topics were for example: “What is your perception of professional 

identity of engineers?” and “How does your perception relate to the identity 

statement of the professional engineering organisations like FEANI”; 2) Students 

developmental process with topics like: “How do you perceive student identity 

development?”; “When and where do students develop professional identity?; In 

the on-campus curriculum, or in industry?”; and 3) The conditions influencing 

student development. Topics for conditions were for example: “What is important 

for students ‘development (environment, information)?”; and “Who is important? 

Further “How do you perceive your own contribution to student identity 

development?” The main topics were further refined into sub-topics and the list 

was pre-tested with two teachers. The topic list proved to be adequate.  

 

We started all interviews with a grand tour question:“What is in your perception 

of professional identity of engineers?” to get a grasp of the respondents' 

familiarity with the concept. Next, we asked teachers for their personal beliefs on 

engineering identity and identity as the objective of the curriculum. After this 

introduction, we shifted to the other topics. The interviews took about one to one 

and a half hour and written notes were made of the responses. If available, 

documents like guidelines for workplace learning or projects were collected and 

in some cases unclear information was checked by phone or in an additional 

meeting. 
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3.3.3 Analysis 

 

Qualitative analysis of the interview data was carried out in a process of constant 

comparison across the responses of the interviewees. The analysis started after the 

fifth interview when communalities in the answers emerged. The analysis 

consisted of four iterative steps and was a variant of the grounded theory approach 

(Glaser and Strauss, 1967). In the first step the individual responses were coded 

and grouped into the topics of the topic list, which was derived from the 

theoretical framework. In the second step similar observations within these groups 

were clustered and labelled. In the third step we tried to link the labels with 

elements of our theoretical framework and looked for confirmation or 

discrepancies with our theoretical framework. Data saturation appeared after the 

10th interview (Guest et al, 2006) and the remaining four interviews were used to 

confirm the findings of the first ten interviews.  

 

 

3.4 Results 

 

All teachers recognised the relevance of engineering identity development and 

were able to explicate their reference point for engineering identity, which proved 

to be the regional industries’ professional practice. In addition, teachers in general 

proved to have good clues as to where, how and when professional identity 

develops. Furthermore, they were able to name variables that influenced this 

process. Interestingly, teachers had quite different opinions on the importance of 

their own role. These general findings are further described below.  

 

 

3.4.1 Student development of engineering identity  

 

Teachers report that identity develops mostly during internships in industry 

because these situations provide authentic engineering challenges, powerful 

professional role models, interaction with professionals, and a forum for 

experimentation with students‘ own professional role behaviour. The internship in 

industry for all engineering disciplines and both curriculum types is positioned the 

first semester of the third year of the four year curriculum. Educational projects 

are seen as a second-best environment, where exploration of engineering roles and 

experimenting with and communication between roles are the learning 

mechanisms that contribute most. Here, teachers also report the need to increase 

authenticity and complexity of engineering tasks to maintain this effect. Finally, 

teachers report slow ‘autonomous’ growth in the phases before the internships and 

if no projects are part of the curriculum, a result of the limited clues to identity 

development. 
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We will illustrate these results with teachers’ observations on internships. 

Teachers mention that internships are performed in a diversity of industries in 

terms of size, sector, and product, but they observe that most students perform a 

limited number of professional roles; for example, in design, production, 

maintenance or research. The student actual role behaviour, the magnitude of the 

role and the contribution to identity development seem to depend on two 

dimensions: 1) industry supervisors’ perception of students, and 2) 

awarded/assigned responsibility. If we combine both dimensions we find four 

interaction types, which are illustrated by teachers’ observations of specific 

students: 

 

Figure 1: Types of interaction during internships 

 
Awarded/assigned professional responsibility 

High Low 

Industry 

supervisors’ 

perception of 

students 

Student engineer  (1) Junior colleague (2) Personal or team 

     assistant 

Engineering student (3) Student with 

      delegated task 

(4) Student with no  

     specific task 

    

 

(1). (Junior) colleague. The student is perceived as a junior engineer, who 

performs professional tasks almost independently, such as a planner on a building 

site. At the beginning the student perceives this as a role-play, but the fact that 

others perceive him/her as an engineer with corresponding responsibilities, forces 

him/her to act in a professional way. Feedback from professionals provides input 

for reflection. (2). Assistant. The student is perceived as a junior engineer and is 

assigned to a professional or a professional team as an assistant. The student has 

to meet the expectations of the professional role but has limited responsibility. 

S/he can learn by interacting with professionals. (3). Student with delegated task. 

Students cannot yet perform complete engineering tasks. Therefore, they receive 

assignments like calculating or measuring specific elements. The student has to 

perform according to professional standards, as the results will be used. The 

student can learn from the interaction with and observation of professionals. 

(4). Student with no specific task. The student is redundant in the workplace and 

gets non-critical tasks. The student is allowed to look around as long as s/he does 

not interfere with the engineering process and can learn from observation. 

 

In conclusion, teachers in general believe that it is preferable that industry 

supervisors perceive students as engineers (interaction types 1 and 2). The second 

dimension, awarded professional responsibility, is also seen as important as it 

distinguishes professional practice from professional education. Therefore, type 1 

could be perceived as the best environment for identity development. Teachers, 
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however, think that a match between the student’s competences and the internship 

type is required and types 3 and 2 could be preparatory phases. Furthermore, they 

observe that students with good communication skills develop better. As teachers 

see projects as the second-best environment for identity development, the 

internship in industry is simulated in education and teachers create interaction 

types 1, 2 and 3 in which students perform different roles. In a mixed form, 

educational projects receive a concrete task from industry and some roles can be 

performed by professionals. 

 

 

3.4.2 Variables in the educational process 

 

Teachers identified several variables that influence the process of identity 

development, which are categorised in variables related to student orientation on 

learning, the curriculum design and teachers’ beliefs on teaching. Teachers of the 

discipline-oriented curricula observe that at the beginning of the curriculum 

students are learning-oriented. The main reason is the exam at the end of the first 

year, stressing the importance of acquiring knowledge, but teachers report that 

students with a professional orientation on learning usually perform better during 

projects and internships.  

 

Curriculum design matters, as teachers working in the discipline-oriented 

curriculum report limited growth during the first two years when education is 

focused on acquiring the knowledge base. Teachers working in a professional-

oriented curriculum, for example in civil engineering, see that identity 

development starts from the very beginning when students have to perform 

professional roles in projects.  

 

With regard to teachers’ beliefs, all teachers recognised the concept of 

engineering identity development and mentioned regional industrial practice as 

their reference point. They describe professional identity mostly in terms of 

professional standards although professional values like sustainability and social 

responsibility have been mentioned as well. When asked for their own 

contribution to student identity development, three groups of teachers can be 

distinguished. The first group consists of teachers of specific subjects like 

mechanics or mathematics and they simply transfer knowledge. The second group 

aims at the student professional development but they usually do not want to be a 

role model for students, nor do they think students will see them in that way. They 

perceive their role as that of a guide who helps students to explore the engineering 

field and facilitate their professional growth by creating conditions and learning 

opportunities. The third group see themselves as professional models as they 

usually work part-time in industry and students appreciate them as “the real 

professionals”.  
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Most teachers mention that they share ideas with their colleagues about 

engineering identity and its development, but both concepts are rarely discussed in 

teacher teams. Teachers feel independent in their teaching activities and therefore 

coordination of teacher activities on the curriculum level is reported as low.  

 

 

3.5 Discussion and conclusion 

 

The purpose of this study was to find out how student engineering identity 

develops during the curriculum. In summary, we could conclude that teachers 

recognised identity development as an important element of engineering 

education. The professional practice of the regional industry was their reference 

point, and not - as was expected- the identity description of FEANI (FEANI, 

2005; 2006). In addition, mechanisms of identity development could be identified 

in four interaction types that occur during internships. Elements of Ibarra’s role 

adaption model could be identified in all types except type 4, as teachers stressed 

the importance of professional roles. For the alignment model of Sullivan, 

interaction between student and professional is required and teachers recognised 

this in types 2 and 3 and to a lesser extent in type 1. Furthermore, conditions 

supporting identity development were identified: a professional-oriented 

curriculum design, teachers focusing on exploration and growth (see also Fox 

1983), the perception of students as student engineers (see also Lindsay, 2008; 

Beam and Pierrakos, 2009) and the required marketing of the public image of 

engineers by the Royal Institute of Engineers. 

 

Limitations of our approach were that: 1) we explored identity development from 

the Dutch teachers’ perspective in a Dutch educational context and in a Dutch 

industrial environment. Because significant national cultural differences exist, for 

example in the relation between teachers and students and power distance 

between professional levels in industry (Hofstede,1997), we therefore think that 

we cannot generalise the findings. Replication of the study in other countries is 

necessary for a grasp of the cultural differences; 2) teachers had typical 

knowledge of the social dimension of professional identity as they see student 

development mostly from the outside, although some teachers could illustrate 

student identification with the profession in some individual cases. To gain insight 

into the individual dimension, further research with students is required. 

 

 

3.5.1 Recommendations 

 

For the improvement of identity development in the Dutch engineering 

curriculum, we recommend the following actions:  



 Development of engineering identity 

34 

 

 define identity development as a curriculum aim and start development from 

the very beginning of the engineering course;  

 treat students as student engineers as soon as possible; 

 redefine engineering identity as a common framework for curriculum 

innovation and communication to the public. This should be a common task of 

the Royal Institute of Engineers, engineering teachers and the Association of 

Universities of Applied Sciences; 

 stimulate collaboration among engineering teachers on the (inter-)national 

level to improve methods of identity development; 

 replication of the study in other countries is necessary for a grasp of the 

cultural differences. 

 

In addition, we recommend further research on student preparation for internships 

as teachers indicated that internship type 1 (student perceived as engineer and 

high responsibility) seems the best for identity development, but that a match 

between the type of internship and student competencies is required. Students are 

not always suitable for this type of internship. Improving student preparation 

could be a valuable way to improve internships as learning environments because 

research shows that providing guidelines for industry supervisors is not effective 

(Blokhuis, 2006). Furthermore, the perceived performance of students in industry 

influences the role the next generation of students will be awarded.  
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Chapter 45 

 

Student’s engineering identity development during 

workplace learning in the bachelor courses 

 

4.  

Abstract 

Workplace learning in industry is perceived to have a powerful influence on the 

development of students’ engineering identity. But, teachers also observed vast 

developmental differences between students during workplace learning. To find 

explanations for these differences, we studied students’ identity development 

using a self-guiding and mentoring model during workplace learning. Research 

questions are: 1) to what extent do bachelor engineering students develop their 

engineering identity during workplace learning; 2) what are students’ 

developmental models; and 3) can different effects of these models on student 

identity development be found?  

 

Participants were 256 third-year bachelor student engineers. The data were 

collected with two written questionnaires, one before and one after workplace 

learning.  

 

Results showed a significant incline and decline on the two aspects of identity 

development: clarity and identification and four different development groups 

could be identified.  

Students entering workplace learning with a low identity score proved to catch up, 

while those entering with a high score slowed down and developed less, 

indicating a unsuccessful preparation for workplace learning.  

  

                                                
5
A shorter version of this chapter has been presented as a paper at the WEE2011 as 

Dehing, A., Jochems, W., Baartman, L., (2011). Mechanisms of students’ engineering 

identity development during workplace learning in the bachelor curriculum, WEE2011, 

Lisbon.  

This chapter has been submitted for publication as: Dehing, A., Baartman, L., Jochems, 

W. (2012) Students’ engineering identity development during workplace learning in 

bachelor courses. 
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4.1 Introduction 

 

Engineering graduates of Dutch universities of applied sciences are expected to be 

able to directly enter the engineering profession. Therefore orientation on and 

preparation for professional practice resulting in professional identity 

development is an important aim of all engineering courses. This preparation for 

professional engineering practice consists of all course activities aiming at: 1) the 

profession or the occupation as a social role, and 2) the professional practice or 

the occupational environment (Bronneman-Helmers, 2006; Mertens, 1980). 

Although a variety of course activities exist, workplace learning in industry has 

been perceived as an important  course element since the beginning of the 20
th
 

century. Virtually all engineering courses comprise a period of workplace learning 

for one or two semesters during the third course year. Students and teachers 

perceive this workplace learning as valuable as it connects theory with 

professional practice and contributes to students’ professional identity 

development. But, the Inspectorate of Education criticised the diversity of student 

learning outcomes of workplace learning and the fact that a connection between 

workplace learning and the university curriculum seems to be missing 

(Bronneman-Helmers, 2006; Inspectie van het Onderwijs, 1996a). 

 

Our previous research among teaching staff (see Chapter 3) revealed that student 

engineering identity development in general showed a quantum leap during 

workplace learning in industry, but also revealed that vast developmental 

differences between individual students occur. Teaching staff observed that most 

students transformed from engineering students to student engineers. In the 

teachers’ observations we could also recognise two theoretical developmental 

models for student identity development. The first is the mentoring or alignment 

model defined by Sheppard (Sheppard, Macatangay, Colby, & Sullivan, 2008) 

and Sullivan (Sullivan, 2004). The second is the self-guiding, provisional selves 

model described by Ibarra (1999). The key differences between the two models 

are the guidance students receive during the process of identity development and 

the accompanying roles of students and their supervisors. In addition, teachers 

observed that students developed more if they were perceived as student engineers 

and got engineering tasks they were responsible for. This observation indicates 

two important workplace conditions affecting student identity development: 1) the 

supervisors’ perception of the student as an engineer; and 2) the responsibility 

given to the student.  

 

We mentioned before that teachers observed large developmental differences 

between students during workplace learning. As we are interested in 

understanding the cause of these differences, in this study we explore identity 

development during workplace learning from the student perspective. 
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 Our overall research questions are:  

1. To what extent do bachelor engineering students develop their engineering 

identity during workplace learning in industry? 

2. How do students develop their identity? What are the developmental 

models?  

3. What is the influence of different workplace conditions? 

4. How do the variables of our research model influence identity 

development? 

 

 

4.2 Theoretical framework 

 

4.2.1 Theories on professional identity 

 

Professional identity is widely discussed in the literature. Although the theories 

are diverse, there are some overarching theories about professional identity and its 

development. First, professional identity is a part of the complex multifaceted 

process of personal identity development. In this process students simultaneously 

develop several identities such as, for example, religious believer, partner, citizen 

and engineer (Beam & Pierrakos, 2009; Gee, 2001; Wenger, 1998). Second, 

professional identity is an ongoing construction process of becoming a 

professional (Beijaard, Meijer, & Verloop, 2004; Tonso, 2006b) and at the same 

time a state of being a professional (Bilodeau, 2004; Stevens, O’Connor, 

Garrison, Jocuns, & Amos, 2008; Sullivan, 2004). In other words, professional 

identity development is a continuous process of becoming a professional via 

stages as junior professional, professional and senior professional. Third, authors 

agree that the concept of professional identity has a social and an individual 

dimension. The social dimension comprises the requirements associated with the 

engineering profession such as education, behaviour skills, knowledge and 

attitudes. This social dimension is usually defined by professional engineering 

organisations. The individual dimension is the commitment of a person with the 

profession: the feeling of being an engineer (Beam & Pierrakos, 2009; Ibarra, 

1999; Sheppard et al., 2008; Stevens et al., 2008; Sullivan, 2004; Tonso, 2006a). 

The intensity of this identification can range from strict functional and normative 

identification to emotional identification as the sense of belonging to a certain 

group (Gee, 2001; Giddens, 1991; Wenger, 1998). In this study, we focus on the 

individual dimension of student identification with the profession because the 

social dimension has been studied well as the object of course accreditation by the 

Dutch-Flemish Accreditation Organisation (NVAO, 2010). Finally, the 

development of professional identity development is explained using a variety of 

models, which are briefly described in the next sections. In these models, student 

characteristics and workplace conditions influence the development process.  
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4.2.2 Models of professional identity development 

 

In the previous section we concluded that professional identity can be perceived 

as a process of becoming a professional, but also as a state of being a professional 

at a certain level. In this section we focus on the process of becoming an engineer, 

a construction process whereby the would-be engineers try to position themselves 

in relation to the engineering profession (Stevens et al., 2008). Most authors agree 

on the importance of reflection in this process of identity development. Students 

constantly reflect on new experiences and might change elements of their identity 

in the perspective of new information (Ibarra, 1999; Marcia, 1966; Tonso, 2006b). 

Marcia therefore distinguished two aspects of identity development: 1) 

exploration of (elements of) existing identities; and 2) rejection of or commitment 

with these identities, based on their reflection on new experiences and an 

evaluation of the results of this exploration. So, students can develop 

simultaneously on both aspects and therefore identity development is not always a 

continuous increasing process of commitment with the profession. Exploration 

can challenge previously made commitments which can be re-examined and 

possibly rejected. For example, students might re-examine their initial choice for 

engineering as a result of conflicting educational experiences during the first-year 

programme.  

 

Two main groups of theories on identity development can be found in literature 

on socialising. The first group of theories perceives professional identity 

development as a construction process, part of the social embedding during a 

mentoring process or cognitive apprenticeship (Collins, Brown, & Newman, 

1989; Gee, 2001; Schön, 1983; Sheppard et al., 2008; Sullivan, 2004). The other 

group of theories perceives students as active self-guiding participants in the 

process of identity construction (Gee, 2001; Ibarra, 1999; Wenger, 1998). The 

main discriminating variable between the two groups of theories is the way 

guidance is organised during the identity construction process. In the first group, 

guidance is provided by a mentor or supervisor, while students are perceived to 

guide themselves in the second group of theories. We will describe two examples 

to illustrate both groups. The mentoring model of Sheppard et al. (2008) and 

Sullivan (2004) is an example of the first group of theories. It was defined for 

undergraduate engineering education in the United States (US). The self-guiding, 

experimenting “provisional selves” model of Ibarra (1999) is an example of the 

second group of theories, and was grounded on two qualitative studies of career 

switches to more senior roles of junior consultants and bankers.  

 

The mentoring model 

The mentoring model described by Sheppard et al. (2008) and Sullivan (2004) is 

based on research on professional development in law and medical schools 

(Sheppard et al., 2008) and is currently used to restructure professional 

engineering education in the US. The core of this new educational approach is the 
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so-called networked course in which the acquisition of knowledge, skills and 

professionalism are taught in an interwoven manner. Identity development, or the 

development of professionalism, is located in the professional apprenticeship, an 

application of the cognitive apprenticeship model described by Collins and 

colleagues (Collins et al., 1989). This process is highly structured and guided. 

Collins and colleagues perceive the cognitive apprenticeship as an instructional 

model for higher education derived (but different) from the traditional craft 

apprenticeship. The main objective of instruction is to make implict or tacit 

knowledge visible. To do so, teachers (or professionals) externalise their 

professional thinking process in order to make invisible to students. Instructional 

strategies/methods in this model are modelling, coaching, scaffolding, 

articulation, reflection and exploration. The instructional aim of modelling is to let 

students observe the execution of a professional task, which is performed, 

explicated and made “visible” by a teacher/professional. During coaching the 

students get feedback when executing the same task. Scaffolding is the process in 

which the teacher or professional helps the student to perform a professional task. 

Learning starts as the teacher asks students to externalise or verbalise their 

thinking and the teacher supports this process with articulation. Articulation is 

required to compare the execution of the professional task by different students. 

The final instructional strategy is exploration, in which the student is challenged 

to show his/her solution for an unknown professional task. 

 

In conclusion, in this developmental model the mentor is a professional model for 

the student, demonstrating professional behaviour to the student, who explicates 

professional considerations for typical engineering tasks and the values and mores 

of the professional community of engineers. The student is perceived as an active 

observer of the professional, resulting in insight into what it means to be a 

professional in professional engineering practice. Students construct their identity 

as part of this socialising process. Ethical issues are an explicit part of this 

process. Sheppard and Sullivan stress the importance of preparation for 

professionalism during the professional apprenticeship and argue that it should be 

an integral part of student preparation for professional practice. Furthermore, 

professional identity can frame the teaching and learning activities during the 

course (Sheppard et al., 2008; Sullivan 2004). 

 

The self-guiding model 

An example of the second group of theories is the self-guiding model of Ibarra 

(1999), who states that identity development is a process in which individuals  

(re-)construct their personal and professional identities by cyclic experimentation 

towards more senior professional roles. The reference point is that individuals can 

clearly define what they do not want, what does not fit them and what is required 

for the professional role. Identity construction becomes a process of active 

experimentation with and evaluation of professional roles – Ibarra defines them as 

“provisional selves” – before they are accepted and internalised by the student. 
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Ibarra identified three basic (student) activities in this adaptation process towards 

professional identity: (1) observing role models to identify potential identities; (2) 

experimenting with provisional selves; and (3) evaluating the results of these 

experiments against internal standards and external feedback. Ibarra found that the 

dominant form of experimentation was the imitation of observed behaviour of 

professional models. Some students will imitate other professionals’ behaviour 

virtually without amendments, and imitate the complete self-presentation of one 

single model (Ibarra defines this as wholesale imitation). Others will construct a 

provisional self out of observed elements of a number of models (Ibarra defines 

this as selective imitation). In contrast to imitation, which starts in successful 

imitation of professional behaviour of others, students can also experiment with 

professional behaviour that best fits themselves  (Ibarra defines these as true-to-

self strategies). Students can then gradually shift to successful professional 

behaviour that fits them. Imitation and experimenting strategies result in new 

behaviour and possible rejection of behaviour of the previous professional role. 

These experiences are evaluated against internal and external standards. Internal 

standards refer to “will it fit to me?” while external standards are the standards of 

the professional role. According to Ibarra, in the provisional selves model the 

student is the actor who constructs professional roles and experiments with them 

in cycles. Professional role models are required, but they do not have to guide or 

interact with the student. The process can temporarily stop if the student is 

satisfied with the developed identities because they meet his/her own expectations 

(the internal dimension) and professional standards (the external dimension).  

 

Applicability of both models 

We think that both theories fit our research on workplace learning because both 

theories were developed for learning in authentic professional situations and both 

have an explicit orientation on professional identity development. The models 

differ in the roles and activities of both students and professionals. Gibson (2004, 

p. 137) characterised the differences between the mentoring and the self-guiding 

model in terms of the interpersonal relation between the student and the mentor 

and/or model. In the mentoring model “interaction and involvement, based on an 

active interest in and action to advance the individual’s career” is the defining 

process and both parties are usually explicitly aware of their relationship. In the 

self-guiding model, the defining process consists of “identification and social 

comparison, based on perceived similarity and desire to increase similarity by the 

individual”. Awareness is now typically a one-way activity of the observing 

person. In contrast to the mentoring model, the student has to take all initiatives in 

the development process.  

 

Conclusion 

In this study we perceive identity development as a cyclic process of exploration 

and evaluation. Exploration of identities can result in more clarity of identity 

alternatives whereas reflection and evaluation may lead to new commitments with 
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identities. With regard to the development of professional identity during 

workplace learning we argue that the mentoring or guided learning model 

(Sullivan, 2004) and the self-guiding constructing model (Ibarra, 1999) are 

complementary. In the mentoring model the teacher guides/controls the student 

process of professional development. In the self-guiding model the student guides 

him/herself, which requires self-regulation. Both the mentoring and self-guiding 

situations will occur side by side in on-campus educational practice but also 

during off-campus learning. At the start of course teachers define the course 

design and learning activities, but students are required to become more self-

directing in later course years, for example during design projects, off-campus 

workplace learning and the final project. Also during workplace learning and final 

projects, industry supervisors can perceive students either as mentees or as a self-

directed learners. Students on their turn can perceive their industry supervisor as a 

mentor or as one of their professional models. 

 

 

4.2.3 Student characteristics and conditions 

 

From previous research we know that professional identity development in 

general is influenced by student characteristics such as age, gender, personality, 

personal motives, agency, experience and self-efficacy (Beijaard, Verloop, & 

Vermunt, 2000; Marcia, 1966; Rots, Aelterman, Devos, & Vlerick, 2010). In 

addition, in identity development research among students teachers, motives to 

enter education were identified as influencing in dentity development (for 

example, Derrick & de Kat, 1993). In generic terms, a student’s choice for an 

education can be perceived as either a choice for a specific profession within a 

discipline or for the discipline as knowledge field, without having a specific 

profession in mind. The first choice to enter education connects more to identity 

development. 

 

Besides student characteristics, conditions like education, work experience and 

exposure to professional models (in their personal life or work environment) 

influence students’ identity development as well (Adams, Hean, Sturgis, & Clark, 

2006; Bilodeau, 2004; Ibarra, 1999; Sheppard et al., 2008). To achieve identity 

development, students need to be perceived as a professional and get professional 

responsibility for the task they perform. For example, Schön (1983) and Wenger 

(1998) found that students who wore white coats and a stethoscope were 

perceived as doctors by other people and as a result behaved like doctors and 

identified themselves with doctors. In engineering education these conditions are 

intentionally created in design projects (Lindsay, Munt, Rogers, Scott, & Sullivan, 

2008) where students perform realistic engineering tasks and are responsible for 

their contribution to the task. In our previous study on teachers’ perception of 

engineering student identity development during workplace learning in industry, 
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we also found that students who were perceived as professionals by others and 

were given responsibility for professional tasks developed better (Chapter 3) . 

In this research we include student characteristics, self-efficacy and student 

motives to enter education. Age is presumed to be a constant, as our research is 

among full-time engineering students. Gender is perceived as important but the 

percentage of women in engineering courses is generally low. As workplace 

conditions we include the role of professional models, the awarded responsibility 

and students’ perceived role as student engineer. These conditions are assumed to 

influence identity development during workplace learning.  

 

 

4.3 Method 

 

4.3.1 Participants 

 

Participants were 256 third-year, full-time students from mechanical and electrical 

engineering bachelor courses of six Dutch universities of applied sciences. As part 

of a repeated measures design, two questionnaires were filled out by a total of 256 

student engineers. Two hundred and sixteen students responded to the first 

questionnaire and 100 students to the second. Finally, 60 respondents could be 

identified who responded to both questionnaires, of which 59 could be used for 

analyses. These 59 respondents proved to be a representative sample of both the 

216 respondents on the first questionnaire and the 100 on the second. Student 

average age was 20 years and the gender distribution was 12% female and 88% 

male, which is normal for engineering courses. 

 

Engineering departments of the Dutch universities of applied sciences, 

cooperating in the Engineering Cluster, were invited to participate in this study 

with their engineering students. Mechanical and electrical engineering students 

were chosen because they are preparing for engineering professions with long, 

strong professional traditions and lived professional identities. This is important 

because during workplace learning students will observe and interact with these 

professionals and therefore we needed clear professional models to investigate the 

effect. Six out of 14 universities of applied sciences participated in this study. 

 

 

4.3.2 Research design 

 

Figure 1 shows the research design for this study. Identity development can be 

understood as the difference between identity after and before workplace learning. 

We therefore chose a repeated measures design with a measurement at the brink 

of workplace learning (before) and directly after workplace learning (after).  
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As our research is exploratory, we acquired data from students in the existing 

educational practice and therefore did not manipulate the preparation or the 

workplace learning conditions. Figure 1 also shows how student professional 

identity development is the result of their learning activities in interaction with 

professionals in the workplace. We included: 1) the students’ characteristics, self-

efficacy and motives to enter a course; and 2) the workplace conditions such as 

responsibility given to the student and the supervisor’s perception of the student 

as an engineer, as described in section 4.2.3. 

 

 

4.3.3 Measurement instruments 

 

We used various instruments for measuring the variables as indicated in the 

research model: (1) the dependent variable: student professional engineering 

identity on the aspects clarity and identification; (2) student characteristics; (3) 

student learning activities, derived from the mentoring and self-guiding 

developmental model; and (4) workplace conditions:  responsibility given to the 

students for their tasks and workplace supervisors’ perception of students as 

engineers.  

 

Professional identity 

In the literature we found two instruments measuring the two aspects of 

professional identity: (1) clarity of the professional identity; and (2) identification 

with the profession. Both instruments comply with our theoretical perspective and 

could be adapted to engineering education. The instrument measuring student 

clarity of their professional identity was developed by Dobrow and Higgins 

(2005). They studied the relation between MBA students’ developmental network 

density and the clarity of their professional identity. Their four-item instrument 

has a Cronbach’s alpha of 0.86. For our research we translated the items into 

Dutch and the answers were collected on a five-point Likert scale. The items are 

shown in Appendix 3.  

The instrument measuring identification with the profession was developed by 

Hekman et al.(2005). He used the scale designed by Mael and Ashforth (1992) to  
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measure the extent to which physicians identify themselves with their organisation 

and profession. The instrument has a Cronbach’s alpha of 0.80 for both contexts. 

For Hekman’s adapted new scale for professional identification, he replaced the 

term “organisation” with “doctors” and reported an alpha of 0.75. For our research 

we translated the items into Dutch, substituted “doctors” with “engineers”, and 

reversed the five-point Likert scale. The complete scale is shown in Appendix 3. 

 

Student characteristics 

Two items refer to students’ motives to enter engineering education. The first item 

refers to the choice for engineering as a discipline, while the second item refers to 

the choice for the engineering profession. Self-efficacy was measured using a self-

assessment item. The three items are listed in Appendix 3. 

 

Developmental model 

Student learning activities are influenced by their interaction with professionals in 

the workplace and the workplace conditions. We use these learning activities as 

indicators for students’ developmental model. The instruments for measuring the 

developmental models in this research were constructed using the theories of 

Ibarra (self-guiding model) (Ibarra, 1999) and Sullivan (mentoring model) 

(Sullivan, 2004). The two scales focus on students’ perceived guiding during the 

learning process, which can range from low: “I found out myself what the 

engineering profession is” to high: “My colleagues have taught me what the 

engineering profession is”. In the self-guiding model the student is surrounded by 

professional models, but no guidance from them is expected. Students direct the 

learning process themselves aiming at acquiring knowledge about the profession 

and professional practice. The scale for the self-guiding model contains items 

such as “I found out myself what the engineering profession is” and “I reflected 

on my development on a regular basis”. The complete seven-item scale can be 

found in Appendix 3. In contrast, students developing according to the mentoring 

model can be characterised by the presence of a professional model in the 

workplace, whose guidance is expected to be high. The scale representing the 

mentoring model scale has items such as “My close colleagues gave me regular 

feedback on my professional behaviour” and “My colleagues have taught me what 

the engineering profession is”. The complete 10-item scale can be found in 

Appendix 3. Both scales are not expected to be independent as they measure two 

dimensions of the same learning process and most students experience both self-

guidance and mentoring elements in their workplace learning. 

 

 

Workplace conditions 

We measured two conditions of workplace learning: 1) responsibility given to the 

student; and 2) the supervisor’s perception of the student as an engineer. The 

responsibility scale consists of four items, such as “I was given engineering tasks 

which I was responsible for” and “I would have liked more responsible work” 
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(reverse coded). The second scale consists of three items, for example “My 

colleagues perceived me as a junior engineer” and “Workers who did not know 

me perceived me as a (junior) engineer”. Both scales are provided in Appendix 3. 

 

 

4.4 Data analyses 

 

The analyses were performed on the data from the 59 students who responded to 

both questionnaires (Appendix 1 and 2). Data were analysed in two ways. First, 

descriptive analyses were carried out and significant differences in the identity 

aspects identity and clarification were identified. Second, hierarchical linear 

regression analysis was used to analyse the influence of the blocks of variables as 

indicated in the research model. As a preliminary step, the reliabilities of the 

scales were determined and the scale scores were computed. All scales showed 

reliabilities between 0.61 and 0.82, as shown in Table 1.  
 

Table 1: Reliabilities per scale  

Variable block Scale # items Cronbach’s alpha 

Identity development 
Clarity 4 .82 (t1) /.86 (t2) 

Identification 6 .82 (t1) /.84 (t2) 

Developmental model 
Self-guiding model 7 .63 

Mentoring model 10 .78 

Workplace conditions 
Student responsibility 4 .62 

Perception as an engineer 3 .61 

The measurements before workplace learning were labelled with t1 , after workplace learning with t2. 

  

 

 

4.4.1 Descriptive analyses 

 

Q1: Do students develop professional identity?  

Identity development was computed as the difference between the score after and 

before workplace learning and tested for significance with a paired t-test for the 

aspects of clarity and identification. As the mean differences were low and both 

standard deviations were considerable, the scores before and after workplace 

learning for both aspects were evaluated with scatter plots, and development in 

both directions was tested with paired t-test. 

 

 

Q2: Developmental models, how do students develop their engineering identity? 

Students scored on both the self-guiding and mentoring scales. The scores were 

used in two different ways: (1) to assign the students to their preferred 

developmental model for the descriptive analyses; and (2) as raw interval scores 

for use in the regression analyses (see section4.4.2). For the descriptive analyses, 

a new variable “preferred developmental model” was created. A student’s highest 

score on both scales was used to assign him or her to one of the two categories: 
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self-guiding or mentoring. The differences between the self-guiding and 

mentoring model on the aspects clarity and identification, before and after 

workplace learning were tested with t-tests. 

 

Q3: What is the influence of the workplace conditions? 

A box-plot was made to assess the distribution of scores on the scales awarded 

responsibility and perception as engineer. 

 
 

4.4.2 Hierarchical linear regression 

 

Q4: What is the contribution of the variable blocks of the research model on 

       identity development.? 

Hierarchical linear regression was used to estimate the contribution of the variable 

blocks of our research model. The dependent variables are 1) development for the 

aspect of clarity during workplace learning ,and 2) development for the aspect of 

identification during workplace learning. Both were defined as the score after 

workplace learning corrected for the score before workplace learning. Therefore 

the score before was entered first in the regression equations. The other 

independent variables were grouped in blocks and then entered block by block in 

the equations so the delta R-squared for each block was calculated. Block 2 

contained the student characteristics, block 3 the scores on the self-guiding and 

mentoring scale. Finally, the workplace conditions were entered in the regression 

analysis as block 4. 

 

 

4.5 Results 

 

Q1: Do students develop their professional identity?  

Table 2 shows the results for identity development on the aspects clarity and 

identification at the brink of workplace learning (before) and directly after 

workplace learning (after).  

 
 

 Table 2: Identity aspects clarity and identification before and after workplace learning 

  Before  After  

 Aspect n M SD  M SD Cohen’s d 

   Clarity 59 2.78 .79  3.08 .91  .4* 

   Identification 59 2.78 .56  2.85 .73 .1 

  Note: * p < .05. 

 

 

 

 

We see that, on average, students had significant positive growth on the aspect 

clarity (M = .30, SE = .12), t(58) = 2,51, p <.05, with a moderate Cohen’s d = 0.4. 

In contrast, there was no significant growth on the aspect identification. This 

indicates that students acquired more insight in what the profession and 
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professional practice means for their future professional life. They did not yet 

identify more with the engineering profession. To get more insight into the 

development of the individual respondents we used scatter plots (see Figure 1 for 

clarity and Figure 2 for identification). 

1) Clarity 

Figure 1 is the scatter plot for clarity before workplace learning (rows) and after 

(columns). A considerable variance can be observed. Two groups of respondents 

can be recognized.  

 

 

 

The first group is situated above the y=x line and their clarity increased. The 

second group is situated below the line and their clarity declined during workplace 

learning. The results of this split of the 59 students on clarity showed 34 positive 

developers (incliners), 19 negative developers (decliners) and six students did not 

change. Table 3 shows the mean scores and variance for incliners and decliners on 

clarity. We see that the incliners started workplace learning with a score below the 

scale mean (M = 2.58) and ended with a score above the scale mean (M = 3.47). In 

contrast, decliners started with a clarity score above scale mean (M = 3.13) and 

ended after workplace learning with a score below scale mean (M = 2.47). After 

testing we see that the incliners showed a significant growth on clarity during  

 



 Identity development during workplace learning 

48 

 

workplace learning (M = .89, SE = .11), t(33) = 6.75, p <.00, Cohen’s d = 1.1. The 

decliners showed a significant decline on clarity during workplace learning (M = -

.66, SE = .12), t(18) = -5.64, p <.00, Cohen’s d = .9. For both groups the average 

incline (M = .89) and the average decline (M = -.66) were significantly different 

from 0 and consequently the difference between the groups was significant.  

 
 Table 3: Identity development: Clarity before and after workplace learning  

  Before   After  

 Group n M SD  M SD Cohen’s d 

   Incline   34 2.58 .78  3.47 .82 1.1* 

   Decline  19 3.13 .75  2.47 .78 .9* 
  Note:* p < .00. 

 

2) Identification 

Figure 2 is the scatter plot for the aspect identification which was analysed in a 

similar way. Again we could distinguish two groups of respondents: those above 

the y=x line whose identification increased and those below the line whose 

identification declined. 
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The results of this split of the 59 students on identification showed 29 positive 

developers (incliners) and 25 negative developers (decliners). Five respondents 

scored the same before and after workplace learning. The development on 

identification was tested for both groups separately and is presented in Table 4. 

 

 Table 4: Identity development: Identification before and after workplace learning 

  Before   After  

 Group n M SD  M SD Cohen’s d 

   Incline   29 2.65 .47  3.31 .39 1.5* 

   Decline  25 2.99 .60  2.34 .71 1* 

  Note: * p < .01. 
.  

 Table 4 shows that the incliners started workplace learning with a score below 

scale mean (M = 2.65) and ended with a score above scale mean (M = 3.31). In 

contrast, the decliners started with an identification score on scale mean (M = 

2.99) and ended with a score after workplace learning below scale mean (M = 

2.34). After testing we see that the incliners showed a significant growth on 

identification during workplace learning (M = .66, SE = .08), t(28) = 8.01, p <.01, 

Cohen’s d = 1.5. The decliners showed a significant decline on identification 

during workplace learning (M = -.65, SE = .08), t(24) = -8.18, p <.01, Cohen’s d = 

1. Both the average incline (M = .66) and the average decline (M = -.66) in 

identification were significantly different from 0 for each group and consequently 

the difference between the groups was significant.  

3) Clarity and identification combined  

The previous sections provided the results with regard to the direction and 

magnitude of the development of clarity and identification independently. As 

most students had a valid scores on both aspects, these scores were individually  

matched in Figure 3.  
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The result is the distribution of the respondents over the four possible 

developmental scenarios. One third of students (35%) showed overall positive 

achievement and inclined on both aspects. These students apparently acquired an 

improved insight into their future career in engineering. As this complied with 

their personal values they strengthened their identification with engineers. The 

second largest group (31%) inclined on clarity but declined on identification, 

indicating that they got a better insight into their possible professional future in 

engineering. But, apparently, this better insight did not match their personal 

values and this resulted in a decrease in their identification with engineers. Third, 

18% of students showed the opposite and inclined on identification and declined 

on clarity. The decline on clarity indicates that these students possibly got 

confused about their professional future as it became less clear. But it is confusion 

in a positive way, for example as a result of the diversity of engineering roles they 

observed during workplace learning. These students cannot yet make a choice for 

one of these roles as more than one looks attractive. Although clarity declined, 

their overall feeling of the professional community of engineers is positive and 

their identification with the engineering professionals inclined. Finally, the forth 

group (16%) showed overall negative achievement and thus declined on both 

aspects clarity and identification.  

 

The overall result was that less than half of the students (35%) showed overall 

achievement and, for them, workplace learning was a full success. For a group of 

16% workplace learning was not successful at all as they showed overall negative 

achievement. For the remaining two groups workplace learning was a partial 

success. 
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Q2: Developmental models: how do students develop their engineering identity? 

Table 5 shows the scores of all students on the mentoring and the self-guiding 

model (column Total). As can be seen, all students scored above the scale means 

with a limited standard deviation (SD). In addition, the scales showed an 

expected, significant, correlation (r = .61). Based on the criterion “highest score”, 

two-thirds of the students showed a preference for the mentoring model. We 

further see that the assignment to the preferred model resulted in an increase of 

the contrast between the groups.  
  

 Table 5: Score on developmental models  

Scores on developmental model 

 Total  Preferred model 

 Model n M SD  n M SD 

  Mentoring 58 3.59 .50  38 3.72 .45 

  Self-guiding 58  3.52 .46  20 3.77 .43 

  

Next, the identity development aspects were broken down with the new variable 

preferred developmental model as presented in Table 6 for clarity and Table 7 for 

identification. 

1) Clarity  

Table 6 show the breakdown of clarity for the preferred developmental model 

before and after workplace learning. From Table 2 we know that clarity overall 

increases significantly. In Table 6 we see that both groups increase their clarity. 

T-tests on the clarity scores between the developmental models, showed no 

significant differences either before or after workplace learning. This indicates 

that clarity was not influenced by the developmental models and students 

developing according to the two models showed the same score on clarity.  

 

Table 6: Clarity by preferred model  before and after workplace learning 

  Before  After   

Preferred model n M SD  M SD  Cohen’s d 

  Mentoring 38 2,76 0,86  3,04 0,92  .3* 

  Self-guiding 20 2,80 0,65  3,18 0,91  .5* 

Total 58 2,78 0,78  3,08 0,91  .4* 

 Note: * p < .05. 

 

 

2) Identification 

Table 7 shows the breakdown of identification for the preferred developmental 

model. From Table 2 we know that overall identification did not grow 

significantly during workplace learning. Table 7 shows a small decline of 

identification for the mentoring model and an average growth for the self-guiding 

model. T-tests on the identification scores between the developmental models 

showed no significant differences either before or after workplace learning. This 
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indicates that identification was not influenced by the developmental models and 

students developing according to the two models developed equally on 

identification.  
 

Table 7: Identification by preferred model before and after workplace learning 

   Before  After   

Preferred model n M SD  M SD  Cohen’s d 

  Mentoring 38 2,83 0,50  2,77 0,76  .1 

  Self-guiding 20 2,71 0,65  2,98 0,66  .4 

Total 58 2,78 0,55  2,82 0,73  .1 

 

 

3) Development of clarity, identification combined with preferred model 

Tables 6 and 7 provide the average results of direction and magnitude of the 

development of clarity and identification independently for both developmental 

models. We can add the information of the students’ preferred model to the four 

scenarios shown in Figure 3. This results in the distribution of the preferred model 

per possible scenario as can be seen in Figure 4.  

 
 

Table 5 showed that one third of the students preferred the self-guiding model. 

The other two-third was in favour of the mentoring model. We see in Figure 4 

that, for the students with inclined identification – in both clarity categories – the 

self-guiding is overrepresented. In contrast, in the clarity categories with declined 

identification we see an overrepresentation of students assigned to the mentoring 

model.  
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Q3: What is the influence of the workplace conditions? 

Virtually all students scored above the scale means of the scale student awarded 

responsibility and supervisor’s perception of the student as an engineer, 

indicating that they all perceived satisfying conditions during workplace learning. 

Therefore it is not possible to test the influence of both variables on clarity and 

identification by simply comparing growth for satisfying and no satisfying  

conditions. Consequently we cannot confirm the teachers’ observations. 

 

 

Q4: What is the contribution of the variable blocks of the research model to 

identity development?  

The regression summary table for clarity is shown in Table 8 and the regression 

summary table for identification in Table 9. In Model 1 the scores after workplace 

learning were corrected for the scores before workplace learning. We see in Table 

8, column R square, that 17% of the variance of clarity after workplace learning 

was explained by the score of clarity before workplace learning and consequently 

not by workplace learning itself. For identification this correction was 10% (see 

Table 9).  

 

 

 Table 8: Summary table clarity model 

Model block entered R R Square 
Change statistics 

R Square 

Change 
Sig.  

1   Clarity score before .411a .169 .169   .001* 

2   Student characteristics .517b .267 .098 .086 

3   Develop model .534c .285 .018 .537 

4   Workplace conditions .541d .292 .007 .786 

  Note: * p < .05 

 

 

 

 
 Table 9: Summary table identification model 

Model block entered R R Square 
Change statistics 

R square 

change 
Sig. 

1   Identification score before .317a .101 .101   .017* 

2   Student characteristics .383b .146 .046 .444 

3   Develop model .526c .277 .131   .017* 

4   Workplace conditions .544d .296 .019 .532 

 Note: * p < .05  

  

 

In Model 2 the block student characteristics was further entered into the equation. 

The results show an additional 10% explained for clarity and 5 % (not significant) 

for identification. This indicates that the student characteristics – self efficacy and 

choice for the engineer discipline – explain 10% of the variance in clarity.  

In Model 3 the block developmental model was entered. The developmental 

models in the regression equation account for 2% (not significant) for clarity. In 
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contrast, the self-guiding model contributed to 13% additional explained variance 

on identification. Finally, in Model 4 the block workplace conditions was entered, 

showing no significant change in the R-square, which was expected as variance 

was too low in the scores on both variables in the block conditions.  

 

Overall results of the regression analysis are: first, 17% of the variance in clarity 

after workplace learning can be explained by clarity just before workplace 

learning. In addition, two student characteristics (self-efficacy and choice for the 

engineering discipline) explain a further 10%. Second, 10% of the variance in 

identification after workplace learning can be explained by the identification score 

just before workplace learning. The self-guiding model explained an additional 

13% of variance in identification. 

 

 

 

4.6 Conclusion and discussion 

 

In this study we explored student identity development during workplace learning 

in industry, with specific attention to the influence of their developmental model. 

First, with regard to their overall development (both incline and decline), students 

can be divided into four different achievement groups based on identity aspects 

clarity and identification. For 35% of the students workplace learning was a full 

success. Second, for both the  aspects clarity and identification we found that 

students entering workplace learning with a low identity score catch up and 

develop more, while those entering with a high score slow down and develop less. 

Third, the development models show no difference with regard to students’ 

development on clarity or identification Fourth, the influence of the conditions 

could not be tested. Finally, in the regression analyses, student characteristics 

explained 10% of variance in clarity, while the self-guiding model explained 13% 

of the variance in identification. 

 

We can conclude that workplace learning has an overall positive effect on 

engineering students’ development of clarity. This indicates that, in general, 

students acquire a clearer image of their professional future during workplace 

learning. At the same time students show no overall growth on the aspect 

identification with the profession. The moderate effect size for clarity and the 

substantial variance was in line with observations of teaching staff that students’ 

development shows large individual differences (Chapter 3). These substantial 

differences in student development on clarity and identification can be explained 

by distinguishing students as positive or negative developers. Following the idea 

of Sheppard and colleagues’ (Sheppard et al., 2008) of the function of 

professional identity as a framework for education, we expected that students with 

a high score on identity at the start of workplace learning would develop more. 

Contrary to our expectation, we found that students entering workplace learning 
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with a high score slowed down and developed less while those entering with a low 

identity score proved to catch up. This might indicate that students’ starting point 

at the end of the preparation for workplace learning is not adequate. Apparently 

identity development does not get much attention during the preparation for 

workplace learning in the first two course years. Students with an initial high 

identity score may have had wrong expectations of the profession that were not 

corrected or put in the right perspective before workplace learning. As a result 

these initial expectations were corrected during workplace learning, resulting in 

lower identification. Another indicator that education on identity might not have 

been intense is the low score at state 1 combined with a large variation on both 

aspects clarity and identification. As education is intentional, it should raise the 

overall level and make groups more homogeneous with respect to the educational 

aims. So a higher level and less variance for clarity before workplace learning was 

expected. 

 

As expected there was no relation between the aspects of clarity and 

identification. This confirms Marcia’s theory (1966) that exploration, resulting in 

clarity and identification are two independent dimensions of the identity 

development process. Apparently during workplace learning students divide in 

four achievement scenarios. The first scenario is that students show overall 

positive achievement which means that these students increase the clearness of 

their professional identity and they identify more with the engineering profession. 

In the second scenario students explore professional practice and get a clearer 

image of the profession and the consequences for their personal professional 

future. But if this clearer image does not comply with previous expectations of the 

profession, students may reduce their initial identification with engineers. In the 

third scenario students’ perception of their professional future become less clear 

as they possibly get confused during exploration because of the diversity of 

engineering roles and/or the wealth of professional opportunities. But, these 

students react positively and increase their identification as they might think: “I do 

not care that I do not know my exact professional future now” or “I do not make a 

choice yet”. They like the engineering professions and professionals and want to 

belong to them. In contrast, the forth scenario consists of students who react 

negatively on both aspects and reduce their initial identification. They might 

think: “I do not know what my professional future will be, but I feel even less 

commitment with the engineering profession than before workplace learning”. 

This group of students shows overall negative achievement. So we can conclude 

that the division of students during workplace learning creates more diversity in 

their state of identity. This conclusion seems to confirm one of the critical 

observations of the Inspectorate of Education on workplace learning in higher 

professional education (Inspectie van het Onderwijs, 1996).  

 

The two developmental models show no difference in the process of getting a 

clear picture of the profession. This seems understandable as clarity is the result of 
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the exploration of the profession and professional practice and this is merely a 

process of acquiring information. During workplace learning all students interact 

with and observe professionals in their professional environment regardless of 

their developmental model. Students evaluate this information and asses what it 

means for their future professional life. In addition, the developmental models did 

not show significant differences in the growth of identification, although the self-

guiding model showed a small significant contribution to growth of identification 

in the regression model. Student active participation and self-guidance in the 

process of becoming an engineer might result in more growth of identification 

compared to the students developing according to the more educational mentoring 

model. This might indicate that self-guidance is an important learning mechanism 

for professional identity development. 

 

Although the study provides insight into student identity development and the role 

of the preferred developmental model, there are limitations related to the sample 

size. The individual analysis of the development for the aspects clarity and 

identification required matching pairs of questionnaires before and after 

workplace learning. A limitation of the study is the high non-response on the 

second questionnaire leading to a decrease of matching pairs. However, analysis 

of key variables such as clarity and identification as measured before workplace 

learning showed that the group with matching pairs was representative for the 

whole group responding on the questionnaire before workplace learning. 

 

Recommendations 

In this study we found that engineering student identity development during 

workplace learning showed a low starting point and considerable variation in 

development. Therefore we recommend that professional identity development 

should be acknowledged and explicated in the course standards so it gets greater 

and explicate attention during the full course. We recommend that preparation 

before workplace learning should improve. All students should at least get a clear 

picture of the engineering professions, for example as defined by the 

(international) professional communities. Also, all students should acquire 

knowledge of the engineering practice and communication and research skills to 

observe processes and roles in engineering practice and professional communities. 

For the phase after workplace learning we recommend that the observed diversity 

in students identity development gets explicit attention in the final year 

programme. Students need the final curriculum year to complete their professional 

identity to the level of a starting engineering professional. 

 

Suggestions for further research 

Based on our results and discussion some issues with regard to the preparation for 

workplace learning and the final year programme arise. How can preparation 

during the first two years be redesigned to an adequate starting point for 
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workplace learning? The aim should be to: 1) raise the level of clarity to an 

acceptable level; and 2) reduce the variance between students. 

With respect to the final year programme, research is needed into the 

consequences for students’ further educational career. As workplace learning 

increases the diversity between students, what should be the aim of the final 

curriculum year? Students with decreased identification apparently become less 

connected/committed to the overall course aim, namely becoming a competent 

professional engineer. These students are at three-quarters of their four-year 

course and switching to another career/course is not easy. So, what are the 

consequences for the final year course?  

 

Finally, engineering is a profession with internationally comparable standards. 

Within the European Higher Education Area, professional engineers are educated 

at the bachelor level within national educational systems with their own traditions. 

Therefore an international survey could make clear what the effect of different but 

comparable educational systems is on engineering identity development. 
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Chapter 56 

 

Engineering students’ appreciation of the 

preparation for professional practice and their 

professional identity development during 

workplace learning 

5.  
Abstract 

Dutch universities of applied sciences prepare engineering students for the 

engineering profession and professional practice. This preparation includes 

workplace learning, which is an important part of the course and aims at 

developing student engineering identity. The first two years of engineering 

courses focus on academic knowledge and engineering skills. Consequently, 

students’ starting point for workplace learning is unbalanced. Teaching staff 

typically believe that students’ professional identity develops most during 

workplace learning, although they observe large differences between students. 

Surprisingly, the relationship between students’ appreciation of this preparation 

and their identity development during workplace learning has not been well 

investigated. Therefore, the main research questions of in this article are: 1) how 

do students appreciate their preparation for professional practice; 2) does student 

appreciation differ when measured before and after workplace learning; 3) how 

does student appreciation relate to their identity development during workplace 

learning; and 4) which aspects of the preparation require improvement?  

 

Engineering students filled out a questionnaire (before and after workplace 

learning) that measured professional identity in terms of clarity and identification 

as well as appreciation of this preparation. Results show that students’ overall 

appreciation of the preparation increased when measured after workplace 

learning, although students perceived the main categories of preparation to be 

unsatisfactory. The main explanation for students’ increased appreciation is that 

professional identity development in terms of clarity, which provides a framework 

for the preparation activities. Improvement of preparation is required for 

“knowledge of the engineering profession” and knowledge of the engineering 

practice”.  

 

 

.  

                                                
6 This chapter will be submitted for publication  
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5.1 Introduction 

 

The aim of engineering education is to prepare students for the engineering 

profession and professional practice according to (inter)national output standards. 

The complete engineering course can therefore be seen as preparation for 

professional practice (Dutch: beroepsvoorbereiding). The course has three goals: 

1) the acquisition of academic knowledge; 2) the development of engineering 

skills; and 3) the development of a professional identity as an engineer (Sheppard, 

et al., 2008). In other words, in order to become competent engineers, students 

have to acquire academic and engineering knowledge, knowledge of the social 

role of the engineering profession as well as knowledge of the professional 

practice as a community of practice. 

 

Historically, workplace learning has been perceived as the part of the course 

where students’ engineering identity develop most, as they are submerged in 

professional practice and are part of engineering communities (Mertens, 1980; 

Schippers, 1989). The first two course years therefore focus on the acquisition of 

an academic knowledge base and the development of engineering skills (in 

laboratories and workshops, for example). The development of professional 

identity receives little explicit attention. Even though teaching staff know that 

having a well developed professional identity after workplace learning makes 

students better engineers, more mature, and more self-guiding. Professional 

identity provides students with a framework, which they can use to reflect on their 

education so far and frame the next step(s) in their education and/or career 

(Bronneman-Helmers, 2006; Geurts & Meijers, 2004; Sheppard, et al., 2008). 

 

So, at the start of the third year, students commence workplace learning 

placements with this unbalanced preparation for professional practice. It is 

expected that students will evaluate the preparation for professional practice using 

their developed professional identity as a reference point (Sheppard, et al., 2008). 

As their professional identity develops during workplace learning, their 

appreciation of the preparation for professional practice may change. Surprisingly, 

this relationship between appreciating preparation for professional practice and 

identity development during workplace learning has not yet been thoroughly 

investigated. In this article, we therefore examine this relationship from the 

engineering student perspective. Our main research questions are: 

 

1. How do students appreciate their preparation for professional practice? 

2. Does student appreciation of this preparation differ when measured before 

and after workplace learning?  

3. How does the appreciation of this preparation relate to professional 

identity development during workplace learning? 

4. Which aspects of the preparation do students think need improvement?  
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5.2 Theoretical framework 

 

5.2.1 Preparation for professional practice 

 

It is generally agreed that if engineering students are to become successful 

engineering professionals they need more than academic knowledge. Engineering 

students need to be prepared for the professional engineering practice (Bilodeau, 

2004; Geurts & Meijers, 2004; Mertens, 1980; Shuman, 2005). Professional 

engineering organisations (FEANI, 2005; Lattuca, Terenzini, & Volkwein, 2006) 

describe (inter-)national output standards that can guide the aims of the 

engineering course. The complete engineering course can therefore be seen as 

preparation for professional practice. 

 

Engineering organisations like the European Federation of National Engineering 

Association (FEANI), The American Society of Engineering Education (ASEE), 

and the American Board of Engineering Training (ABET) describe and adjust 

their professional engineering standards on a regular basis (FEANI, 2005; 

Shuman, 2005). These standards can be divided into two categories: hard skills 

and professional skills. Hard skills refer to the academic and engineering skills 

that form the knowledge/skills core of the profession. Professional skills refer to 

all the supporting skills that engineering professionals require. Shuman (2005) 

divides professional skills into two categories: first, process skills, which are 

associated with “communication, teamwork and the ability to recognize and 

resolve ethical dilemmas” (p. 44);  second, awareness skills, which refer to “the 

understanding of global and social factors, knowledge of contemporary issues and 

the ability to do lifelong learning” (p. 44). Ernst, (as cited in Shuman, 2005) found 

“that practically every decade has witnessed a major study of engineering 

education that collectively has shifted the focus from course content to the 

development of engineers as emerging professionals” (p. 42). Furthermore, recent 

researchers (Lattuca, et al., 2006; Spinks, Silburn, & Birchall, 2007) assert that the 

importance of professional skills cannot be overestimated.  

 

Nevertheless, in both the engineering education community and the literature 

there is a debate on when and where preparation for professional practice, and 

more precisely the acquisition of professional skills, should be positioned 

(Bilodeau, 2004; Sheppard, et al., 2008). The options are: either outside or 

integrated within the course. Staff at research universities predominantly hold the 

view that this training should be conducted as part of workplace training, so after 

graduation. The idea here is that engineering education should focus on academic 

knowledge and the student should be inducted into the profession after graduation. 

Preparation for professional practice is perceived as applied and therefore non-

academic. In contrast, at universities of applied sciences staff predominantly hold 

the view that the training should be conducted as part of the course. (Bilodeau, 

2004; Geurts & Meijers, 2004; Lindsay, et al., 2008; van Wieringen, 1975). The 
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main reason for this is that universities of applied sciences aim at educating 

professionals instead of researchers (Schippers, 1989). In 2004, preparation for 

professional practice was chosen as the design principle in the redesign of the 

Dutch higher engineering courses (Geurts & Meijers, 2004).  

 

Implementing this design principle requires course scenarios that involve 

construction activities and tools for assessment. For example, Lindsay (Lindsay, 

et al., 2008) reported on redesigned course elements, where the aim is to 

transform engineering students into student engineers. Shuman (2005) has 

conducted extensive research into whether professional skills described by ABET 

could be taught and assessed in engineering education. He found a rich variety of 

educational practice and was positive about the variation in the ways professional 

skills were taught and could be assessed.  

 

In conclusion, at universities of applied sciences preparation for professional 

practice as an engineer takes four years. During the preparation students acquire 

an academic knowledge base, professional skills, and develop an engineering 

identity. This preparation can be taught, learned, and assessed in a variety of ways 

(depending on the course design and how it is implemented by educational staff). 

In this study, we will explore student appreciation of the preparation for 

professional practice just before and just after workplace learning, with the aim of 

identifying aspects of the preparation that require improvement.  

 

 

5.2.2 Professional identity development 

 

Professional identity 

Although there are diverse theories about professional identity, there are some 

overarching ideas about it and its development. First, professional identity is a 

part of the complex multifaceted process of personal identity development. As 

part of this process, students simultaneously develop several identities, such as 

religious believer, partner, citizen, and engineer (Beam & Pierrakos, 2009; Gee, 

2001; Wenger, 1998). Second, professional identity is part of the ongoing process 

of becoming (Beijaard, et al., 2004; Tonso, 2006b) and being a professional 

(Bilodeau, 2004; Stevens, et al., 2008; Sullivan, 2004). In other words, 

professional identity development is a continuous process of becoming a 

professional via stages as junior professional, professional, and senior 

professional. Third, authors agree that the concept of professional identity has 

both a social and an individual dimension. The social dimension comprises the 

requirements associated with the engineering profession, such as education, 

behaviour skills, knowledge, and attitudes. This social dimension is usually 

defined by the professional engineering organisations. The individual dimension 

is an individual’s identification with or commitment to the profession: the feeling 

of being an engineer (Beam & Pierrakos, 2009; Ibarra, 1999; Sheppard, et al., 
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2008; Stevens, et al., 2008; Sullivan, 2004; Tonso, 2006a). The intensity of this 

identification can range from strict functional and normative identification to 

emotional identification, which is the sense of belonging to a certain group (Gee, 

2001; Giddens, 1991; Wenger, 1998). Finally, authors agree that professional 

identity can serve as a guiding principle for student professional development. 

This is important both during a person’s career but also during education, where 

students can use their professional identity to put teaching and learning activities 

into perspective (Geurts & Meijers, 2004; Lindsay, et al., 2008; Sullivan & Rosin, 

2008).  

 

Professional identity development 

In this section we focus on the process of becoming an engineer, a construction 

process whereby would-be engineers attempt to position themselves in the 

engineering profession (Stevens, et al., 2008). Most authors agree that reflection 

has an important role in the process of identity development. As students 

constantly reflect on new experiences, earlier commitments can be re-examined 

from the perspective of new information (Ibarra, 1999; Marcia, 1966; Tonso, 

2006b). Marcia and Tonso have distinguished two sub-processes of identity 

development. The first sub-process is the exploration of existing identities. 

Exploration will lead students to understand the existing identities alternatives and 

the consequences for their own development. The second sub-process is either 

rejection or commitment to the explored identities. Students will reflect on and 

evaluate the results of their exploration in terms of their internal standards, 

concepts, or core values and eventually commit to or reject elements of the 

explored identities. So, at any moment, the students will have a state of clarity and 

a state of identification. Students can develop both aspects simultaneously and 

independently and therefore identity development is not always a process of 

continuous growth. In our previous study (see Chapter four) we found support for 

the existence of all four combinations of clarity and identification in student 

developmental trajectories during workplace learning. 

 

In this study, we examine student identity in terms of clarity and identification at 

two moments in time: just before and just after workplace learning. Furthermore, 

we assume that identity development is a recursive process of exploration and 

rejection and/or commitment during workplace learning. 

 

 

5.3 Method 

 

5.3.1 Participants  

 

Participants were full-time third-year students from the mechanical and electrical 

engineering bachelor courses at six Dutch universities of applied sciences. As part 

of a repeated measurement design, 256 student engineers filled out two 
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questionnaires (Appendix 1 and 2). A total of 216 students responded to the first 

questionnaire and 100 students responded to the second. Finally, 60 students 

responded to both questionnaires, of which 59 could be used for analysis. So there 

was a significant non response to the second questionnaire as well as new 

respondents (those who did not respond to the first questionnaire). The 59 

respondents were tested and proved to be representative of respondents to both 

questionnaires. Participants’ average age was 20 and the gender distribution was 

12% female and 88% male, which is not unusual for engineering courses. 

 

Engineering students from departments at Dutch applied sciences universities, 

cooperating in the Engineering Cluster, were invited to participate in this study. 

Mechanical and electrical engineering students were chosen because they are 

preparing for engineering professions with long, strong professional traditions in 

engineering practice and their behaviour. This is important because students must 

observe and interact with these professionals during workplace learning in order 

to understand the professionals and the professional practice and increase their 

clarity. Six out of the 14 universities of applied sciences participated in this study.  

 

 

5.3.2 Research design 

Figure 1 shows the research design. In a repeated measurement design we 

measured students’ professional identity and their appreciation of the preparation 

for professional practice directly before and immediately after workplace learning. 

In what follows we will refer to before workplace learning as “before” and after 

workplace learning as “after”. 

 

 
 

 

5.3.3 Measurement instruments  

 

Appreciation of the preparation for professional practice 

Student appreciation was measured using an instrument with three increasing 

levels of detail. The first level consists of students’ overall impressions of the 
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preparation for professional practice, and was measured using one item. For 

before, the item was formulated as: “I have been well prepared for workplace 

learning during the first two years of the course”. For after, a similar item was 

formulated as: “With the knowledge I now have, I think I have been well prepared 

for workplace learning”. Both items used a 5-point Likert scale, ranging from 1 = 

not agree at all to 5 = strongly agree (with a neutral scale mean indicating that 

students neither disagreed nor agreed with the statement).  

 

For the second level we measured student appreciation of the three main course 

categories of preparation as distinguished by Sheppard and colleagues: 

disciplinary content, knowledge of the engineering practice, and knowledge of 

engineering profession (for example in projects, internships, and workplace 

learning) (Sheppard, et al., 2008). We measured students’ appreciation of the 

three items using a 5-point Likert scale, and one general statement: “In the 

preparation, the attention the item got was: (1) far too little (2) too little (3) satisfactory 

(4) too much (5) far too much”. The instructions for completing the questionnaire 

before and after workplace learning were different. For before, students were 

asked to rate the preparation for its perceived adequateness for the coming 

workplace learning. For after, the students were asked to rate the preparation 

again for its experienced adequateness.  

 

The third level was measured in detail, because this could provide information 

that could help improve preparation for professional practice. We chose an 

instrument that has already been used by the Dutch Association of Universities of 

applied sciences (HBO-raad) in order to measure alumni student appreciation of 

preparation for professional practice (HBO-raad, 2008). The instrument consists 

of 22 items referring to the competencies that alumni students reported as needed 

for professional practice. This instrument was chosen as it has previously been 

used in various universities of applied sciences and it provides an opportunity to 

compare the results of future studies with those of previous years. However, 

closer examination from a theoretical viewpoint (Shuman, 2005) showed that the 

instrument focussed on hard skills. The missing items were process skills, such as 

coping with ethical dilemmas, the ability to work in teams, and working on 

projects. Furthermore, awareness skills, such as understanding the impact of 

global and societal factors and the societal position of engineering, were also 

missing (Geurts & Meijers, 2004; Sheppard, et al., 2008; Shuman, 2005). The 

missing items were constructed and added to the instrument in order to fit the 

requirements of this research, without losing the benchmark possibilities. So, the 

final instrument (Appendix 4) was constructed based on the 22 items from the 

original instrument and 7 new items, derived from Shuman’s (2005) survey of 

ABET professional skills. The instrument was used before and after workplace 

learning. The 29 items were put under one general statement: “In the preparation, 

the attention the item got was: (1) far too little (2) too little (3) satisfactory (4) too much 

(5) far too much” The instructions were similar to those for level two.  
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In addition, after workplace learning, students were invited to suggest a maximum 

of 3 (out of the 29) items that they saw as needing immediate improvement. 

 

Instruments measuring professional identity development 

In the literature, we found two instruments measuring the two aspects of 

professional identity: clarity of professional identity (Dobrow and Higgins, 2005), 

and identification with the profession (Hekman, Bigley, Steensma, and Hereford, 

2005). The instrument measuring student clarity of their professional identity was 

developed by Dobrow and Higgins (2005). They studied the relationship between 

MBA students’ developmental network density and the clarity of their 

professional identity. They constructed a 4-item instrument with a 7-point Likert 

scale and reported a Cronbach’s alpha of .86. The items were translated into 

Dutch and the Likert scale reduced to the more commonly used 5-point scale. The 

scale is shown in Appendix 3.  

 

The instrument measuring identification with the profession was developed by 

Hekman et al. (2005). They used a 6-item scale designed by Mael and Ashforth 

(1992) to measure the extent to which physicians identify themselves with their 

organisation. They replaced the original term “organisation” with “doctors” and 

reported a Cronbach’s alpha of .75. For our research we translated the items into 

Dutch, substituted “doctors” with “engineers”, and reversed the 5-point Likert 

scale. The scale is shown in Appendix 3. 

 

 

5.4 Data analysis 

 

5.4.1 Students’ appreciation of preparation for professional practice 

 

Student appreciation was described for the three levels of detail, before and after 

workplace learning. For level one, the overall appreciation means and standard 

deviations (M, SD) were calculated. The development of appreciation during 

workplace learning was tested for significance using paired samples t tests of the 

scores before and after workplace learning.  

 

The 5-point Likert scales for the more detailed levels ranged from 1 = far too little 

to 5 = far too much, with a scale centre of 3 = satisfactory. As our aim was to 

improve preparation for professional practice, we were specifically interested in 

the items students rated as unsatisfactory (i.e., 1 = far too little or 5 = far too 

much). In order to identify items that significantly differed from the scale centre 

(3 = satisfactory), all items were tested with one sample t tests against test value 

3, both before and after workplace learning. As there were 26 items, the 

significance level was corrected using Bonferroni (Field, 2009).  
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Next, the differences between appreciation before and after workplace learning 

were tested with paired sample t tests in order to find significant developments 

during workplace learning. 

 

Identity development 

The scores for clarity and identification were described (M, SD) before and after 

workplace learning. Next, the development during workplace learning (for clarity 

and identification) was calculated as the difference between the scores before and 

after workplace learning. Both were tested for significance using paired samples 

 t tests. 

 

5.4.2 Relationship between identity development and appreciation 

The relationship between students’ appreciation and their identity aspects (clarity 

and identification) was described and tested at levels one and two using Pearson 

correlation. 

 

 

5.5 Results 

 

5.5.1 Student appreciation 

 

On average, students’ overall appreciation of the preparation for professional 

practice before workplace learning was neutral, but there was considerable 

variation (M = 3.05, SD = .92). The overall appreciation after workplace learning 

(M = 3.60, SD = .78) was significantly higher than it was before workplace 

learning, with a medium effect size (M = .54, SE = .14), t(56) = 3.962, p < .001, 

(Cohen’s d = .7).  

 

Students’ appreciation of the main course aims before and after workplace 

learning is presented in Table 1. The table shows that all three main categories 

scored significantly lower than 3 (satisfactory) both before and after workplace 

learning. When tested for differences in appreciation before and after workplace 

learning, we found that only the appreciation of “knowledge of the profession” 

was significantly more positive after workplace learning (M = .27 , SE = .09), 

t(57) = 2.916, p < .001, with a medium effect size (Cohen’s d =.5).  

 

Table 1: Appreciation of preparation before and after workplace learning  

 Before 

 

After 

Preparation for: M SD M SD 

Disciplinary knowledge 2.81* .48 2.81* .43 

Knowledge of engineering practice 2.41* .53 2.53* .71 

Knowledge of the engineering profession 2.31* .60 2.59* .65 

Note: * p < .001. 
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The most detailed level of appreciation was measured with the 29 item 

instrument. Table 2 shows that the six items measured before workplace learning 

differed significantly from the scale mean (3 = satisfactory). Measured after 

workplace learning, the seven items scored significantly below the scale mean (3 

= satisfactory). Consequently, the students perceive the remaining items as 

satisfactory.  

 

 

The results for student identity development for the two aspects of clarity and 

identification) before and after workplace learning are shown in Table 3. The 

table shows that, on average, students significantly increased for clarity (M = .31, 

SE = .12), t(58) = 2,51, p < .05, with a moderate effect size (Cohen’s d = .4). In 

contrast, there was no significant development for identification. The variance 

increased for both clarity and identification. 

 

Table 3: Clarity and identification before and after workplace learning 

  Before  After  Difference 

  M SD  M SD  Cohen’s d 

Aspect Clarity 2.78 .79  3.08 .91   .4* 

 

Identification 2.78 .56  2.82 .73  .1   

 

 

Note: * p < .05. 

 

 

 

5.5.2 The relationship between appreciation of preparation for professional 

practice and identity development 

 

The correlations for overall appreciation and identity are shown in Table 4. It 

shows that overall appreciation before workplace learning has a significant  

 

Table 2: Preparation items rated as not-satisfactory before and after workplace  
              learning  
  Before  After 

# Item Cohen’s d  Cohen’s d 

2 Knowledge of other disciplines .4*  - 

3 Ability to apply skills in practice .6*  .5* 

5 Ability to communicate in a foreign language .6*  .6* 

9 Ability to distinguish between main and detail  -  .5* 

11 Ability to work, conform budget, plan, and follow 

guidelines 
.5* 

 
.7* 

13 Ability to be decisive -  .6* 

25 Ability to handle moral dilemmas .6*  .6* 

26 Ability to handle the societal responsibility of engineers  -  .6* 

28 Ability to work on projects .4*  - 

  6  7 

Note: * p < .001, effect size = Cohen’s d. 
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correlation with clarity after workplace learning. In addition, overall appreciation 

after workplace learning was significantly correlated with clarity after workplace 

learning. Apparently, overall appreciation of preparation for professional practice 

as measured before workplace learning is an indicator for the development of 

clarity during workplace learning. And, the state of clarity after workplace 

learning becomes an indicator for the overall appreciation of preparation for 

professional practice as measured after workplace learning. No significant 

correlations between the overall appreciation with the aspect identification were 

found. 

 

Table 4: Correlation between students’ overall appreciation and identity before and 

after workplace learning   Clarity 

  Before After 

Overall appreciation 
Before .15 .26* 

After -.05 .27* 

Note: *p < .05, one sided. 

 

 

Table 2 shows that students’ appreciation of the three main course aims was 

unsatisfactory. More specifically, students thought that insufficient attention was 

paid to these aims before workplace learning. Table 5 shows the significant 

correlations among students’ appreciation of the three main course aims and the 

two aspects of identity.  

 

Table 5: Correlation of students’ appreciation with identity development before and 

              after workplace learning 

 Clarity  Identification 

  Before After  Before After 

Before 

Disciplinary knowledge -.07 .09  -.02 -.10 

Knowledge of engineering practice   .23*  .30*  .16 -.26 

Knowledge of the engineering profession .07  .25*  .00 .00 

After 

Disciplinary knowledge .13 .00  -.12 .14 

Knowledge of engineering practice .18 .32*  .08 .12 

Knowledge of the engineering profession .16 .24*  .10 .18 

Note: *p < .05 one sided. 
 

Students’ appreciation of knowledge of engineering practice as measured before 

workplace learning positively correlates with clarity before and after workplace 

learning. This means that a high score for the appreciation of the preparation for 

knowledge of engineering practice before workplace learning apparently is an 

indicator for the score on the aspect clarity as measured before as well as after 

workplace learning. No significant correlations with the aspect identification were 

found. 
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5.5.3 Improvements needed in the preparation for professional practice 

 

The unsatisfactory preparation items were identified in table 2 . These items are 

shown in Table 6. After workplace learning, we invited students to suggest a 

maximum of 3 (out of 29) items that they thought required immediate 

improvement. Two-thirds of those who responded to the second questionnaire 

provided 174 suggestions, of which 130 (75%) aligned with the items identified in 

the analysis that resulted in Table 2. The relative distribution of the suggestions in 

percentages is provided in Table 6. The remaining suggestions were scattered 

across the items the students rated as satisfactory. 

 

Table 6: Items in preparation for professional practice that need improvement 

  Student suggestions 

# Item Suggestion 

% 

Priority 

1 Preparation for disciplinary knowledge 8  

23 Preparation for knowledge of engineering practice 10 3 

24 Preparation for knowledge of the engineering profession 10 3 

    
2 Knowledge of other disciplines  8  

3 Ability to apply skills in practice 12 1 

5 Ability to communicate in a foreign language  12 1 

9 Ability to distinguish between main and detail  5  

11 Ability to work, conform budget, plan and follow guidelines 11 2 

13 Ability to be decisive 5  

25 Ability to handle moral dilemmas  9 4 

26 Ability to handle the societal responsibility of engineers  7  

28 Ability to work on projects 2  

  100  

 

 

 

5.6 Conclusion and discussion 

 

With respect to students’ appreciation of the preparation just before workplace 

learning, students appeared to be neutral in their overall appreciation of the 

preparation for professional practice. On the level of the main course aims 

(knowledge of the discipline, the engineering profession and engineering 

practice), they perceived the preparation to be unsatisfactory. Furthermore, 

students were not satisfied with the preparation on a number of process and 

awareness skills, such as communication in foreign languages and handling moral 

dilemmas. But, before workplace learning students appeared to be confident that 

they would manage their semester of workplace learning. 

 

Students’ appreciation of the preparation for professional practice changed during 

workplace learning. After workplace learning students’ overall appreciation of the 
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preparation was more positive, but their appreciation of the preparation on the 

more detailed course level remained unsatisfactory, with one exception (students 

appreciated preparation for the profession as more positive, but still 

unsatisfactory). 

 

With regard to students’ identity development, this study shows that  professional 

identity developed during workplace learning, although large differences among 

students existed. On average, before workplace learning students did not have a 

clear image of their professional future or identify themselves with the profession. 

After workplace learning, in general, their understanding of the profession 

improved. In contrast, students in general did not identify more with the 

engineering profession.  

 

The relationship between students’ appreciation of preparation and the identity 

aspect clarity appears to be recursive. On the one hand, a better appreciation of 

preparation, especially preparation related to exploration of the engineering 

profession and engineering practice, appears to improve students’ image of the 

profession. On the other hand, their increased clarity seems to raise their overall 

appreciation after workplace learning. This might support Sullivan’s (2004) 

observation that professional identity can act as a framework for valuing teaching 

and learning activities. 

 

With regard to necessary improvements of the preparation for professional 

practice, students made a variety of suggestions. The most common suggestions 

for improvements are “Ability to apply skills in practice” and “Ability to 

communicate in a foreign language”, followed by “Ability to work, conform, 

budget, plan, and follow guidelines”; “Knowledge of the engineering profession”, 

and “Knowledge of the engineering practice”. 

 

 

Discussion  

The results indicate that preparation for professional practice, at least from the 

identity perspective, was rated as insufficient and this might have resulted in the 

low score on clarity before workplace learning. The variations among students 

who were at the end of their preparation indicate that the first two years of the 

course did not result in a shared level among students. If combined with the low 

level for the aspects of clarity and identification, this might indicate that the 

preparation did not aim at identity development at all. Consequently, students’ 

initial clarity (or understanding of the profession) became their framework for 

their appreciation of preparation activities, as measured directly before workplace 

learning. (cf. Geurts & Meijers, 2004; Sheppard, et al., 2008). This might have 

resulted in their relatively low appreciation scores.  
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During workplace learning, students generally developed their image of the 

profession (clarity) but did not identify more strongly with the profession. So, 

students constructed a clearer picture of the engineering profession and 

professional practice and positioned themselves within the engineering profession. 

With this developed understanding students were better able to gain perspective 

on the preparation activities, as measured after workplace learning. Students’ 

perception of the preparation changed and their overall appreciation of the 

preparation therefore increased. This development might illustrate the shift from 

engineering student to student engineer (cf. Lindsay, et al., 2008). But, on 

average, the development for clarity was limited to a level just above neutral. 

Furthermore, the substantial spread among students for clarity and identification 

after workplace learning conformed to teaching staff observations. Interestingly, 

the variance among students increased during workplace learning and this is in 

line with observations from the Inspectorate of Education (Inspectie van het 

Onderwijs, 1996). Part of this increased variance might be artificial, as we 

measured student development after their first industry placement. If students 

work in more and different placements they might gain a more diverse perception 

of the profession. Consequently the variations among students’ scores for clarity 

would be expected to decrease.  

 

Nevertheless, from the identify development perspective, we have to conclude 

that students’ preparation for professional practice has to be improved. Most 

important are basic preparation activities, such as discovering and understanding 

the engineering profession and professional practice. Students said that both 

aspects need immediate improvement. Interestingly, students also suggested (after 

engineering related abilities) that there should be improvements in professional 

and awareness skills, such as communication in a foreign language, the ability to 

handle moral dilemmas, and the societal responsibility of engineers. Students 

apparently recognise (both before and after workplace learning) issues that have 

been identified as vital for future engineers in numerous studies (Lattuca, et al., 

2006; Sheppard, et al., 2008; Spinks, et al., 2007)  

 

Recommendations 

In order to improve educational practice, we recommend that preparation for 

professional practice is analysed and redesigned in the engineering courses. 

Workplace learning should not be students’ first encounter with engineering 

practice. At the start of workplace learning all students should have a clear image 

of the engineering profession and what it means for their personal career. 

However, facilitating student development of clarity is easier than influencing 

student identification with the engineering profession as it is the result of an 

individual evaluation process (Ibarra, 1999; Marcia, 1966). There are many ways 

in which preparation for professional practice can be improved, examples can be 

found in Shuman (2005). For example, in the first two years of their course 
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students could be exposed to the world of work and observe professional models, 

such as alumni who act as visiting lecturers.  

 

Therefore it is recommended that the real focus of the preparation for professional 

practice has to be on students who actively explore the engineering profession and 

professional practice; and students who are actively supported in reflecting on 

what such exploration means in terms of their personal engineering career choices 

(Ibarra, 1999; Lindsay, et al., 2008; Sheppard, et al., 2008; Sullivan, 2004; 

Sullivan & Rosin, 2008). In addition, further research is required on students’ 

identity development after their first workplace learning placement, in the 

remaining part of the course, and in the final project in industry.  
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Chapter 67 

 

Design consequences for the preparation for 

professional practice in the first two years of 

engineering courses 

 
6.  

Abstract 

Based on the findings of our previous studies, this chapter focuses on the design 

consequences for preparation for professional practice with the aim of improving 

student identity development during workplace learning. Our research questions 

were: 1) does the staff recognise the findings of our research so far and 2) how 

can the preparation for professional practice in the first two course years be 

improved? Staff members of six participating universities were interviewed in 

order to test whether the results of our previous studies are in line with staff 

perceptions and to discuss the design consequences for the preparation for 

professional practice in the engineering courses. The interviews revealed that 

student identity development was in line with perceptions of the teachings staff. 

However, although participants recognised overall student appreciation of the 

preparation, the lower student appreciation at the more detailed level of 

preparation was not recognised by teachers. A number of consequences for the 

improvement of preparation were identified including that (a) identity 

development should be the leading curricular aim for engineering courses, (b) the 

system of career conversations with students in the first two years has to be 

improved, and (c) the authenticity of the learning environment has to be 

improved. Finally, more cooperation among the universities, using a shared 

systematic design-approach, and improvement of the preparation for workplace 

learning during the first two course years is required. 

  

                                                
7
 This chapter has been submitted for publication as: Dehing, A., Koopman, M., Jochems, 

W. (2012). Design consequences for the preparation for professional practice in the first 

two years of the engineering courses. 
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6.1 Introduction 

 

In Chapter four we reported on engineering student identity development during 

workplace learning in industry. In Chapter five we analysed student appreciation 

of their preparation for professional practice during the first two course years. In 

this chapter we apply these insights investigating possible improvements of the 

preparation for professional practice in the first two course years in the 

participating universities. 

 

In our previous studies (Chapter four) we found that students generally began 

workplace learning with a neutral or undefined notion of their professional 

identity as measured on the aspects clarity and identification, but with substantial 

individual differences. During student workplace learning in industry these 

individual differences remained, while some students significantly improved and 

others declined in these two aspects of professional identity. The aspect clarity of 

professional identity reflects student’s perception of the professional role of 

engineers (Ibarra, 1999) and clarity was measured with a four item instrument 

developed by Dobrow and Higgins (2005). The aspect identification reflects 

student social and emotional identification with the engineering role and 

engineering professionals. Student identification with the profession was assessed 

with a six item instrument developed by Hekman (2005), an adaptation of the 

scale originally designed by Mael and Ashforth (1992).  

 

Based on the results of our studies, we could divide students into four different 

development groups after workplace learning on the basis of their combined 

scores for clarity and identification (see Chapter four). The groups ranged from 

students who grew in both clarity and identification to students who declined in 

both aspects. Interestingly, students entering workplace learning with a low score 

for clarity proved to catch up, while those entering with a high score slowed down 

and developed less. This might indicate a non-successful preparation for 

workplace learning, as apparently student preconceptions had not been corrected 

before they started workplace learning. The results further provided evidence for 

an increase in diversity of student development during workplace learning. 

Research is therefore required on the consequences for preparing student 

educational careers, the final year programme and, last but not least, the adequacy 

of the preparation for workplace learning. 

 

Two types of models for student identity development were found in the literature  

(see Chapter four). The models studied were: 1) the self-guiding model, in which 

students develop their identity while experimenting with provisional selves based 

on observation of professional models (Ibarra, 1999); and 2) the mentoring or 

cognitive apprenticeship model, in which students are more or less socialised into 

the profession (Schön, 1983; Sullivan, 2004). The results of our studies showed 

that the students preferring the self-guiding model had significantly higher scores 
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on the aspect of identification than the students who preferred the mentoring 

model. For the aspect of clarity, no significant difference between the two models 

was found. 

 

Our studies (Chapter five) further showed that student overall appreciation of their 

preparation for professional practice during the first two years of the programme 

began at an average level and increased after workplace learning. The 

appreciation was measured with a 5 point Likert scale ranging from very 

unsatisfactory to very satisfactory. The main explanation for this increase in 

appreciation seemed to be student professional identity development, more 

specifically on the clarity aspect, which provided a point of reference for the 

preparation activities. We measured student appreciation of the main course 

categories of preparation on a more detailed level, using the categories 

distinguished by Sheppard and colleagues (2008): disciplinary content, knowledge 

of the engineering profession, and knowledge of the engineering practice. 

Students considered the preparation for all three categories as unsatisfactory when 

measured both before and after workplace learning. In addition, students were 

asked to suggest improvements for the preparation for professional practice, and 

students mentioned “more knowledge of the engineering profession and 

engineering practice” most frequently. 

 

The unsuccessful preparation for workplace learning, indicated by the low 

average level of the identity aspects clarity and identification, the substantial 

differences among students on both aspects, and their unsatisfactory appreciation 

of preparation, provided input for a study addressing the improvement of 

preparation. In this chapter we therefore return to the teaching staff at the 

participating universities as we want them to reflect on the design consequences 

for the preparation phase in the first two course years. Our aim is to identify 

design guidelines and course improvements that maximise student professional 

identity development during both the preparation phase and workplace learning 

and, more precisely, course improvements that raise the level of student 

professional identity development at the end of preparation phase and 

simultaneously reduce the developmental differences among them. Consequently, 

students will start more equally with their workplace learning. These 

considerations lead to the following research questions: 

 

1. Does the staff recognise
8
 the findings of our research so far? 

2. How can the preparation for professional practice in the first two course 

years be improved? 

 

                                                
8 We use the term “recognised by staff” in a context when we confront staff with our reseach 

results. We assume that if staff recognise the results, these results are in line with staff perceptions, 

meet staff expectations, and are accepted by staff without questioning them. 
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As literature shows that universities have virtual no curricular control during 

workplace learning in industry (Blokhuis, 2006; Bronneman-Helmers, 2006; 

Streumer & Klink, 2004), we assume that this exploration of possible guidelines 

and course improvements for the preparation for professional practice during the 

first two course years is the most effective way to improve the learning outputs for 

all students during workplace learning.  

 

 

6.2 Method 

 

6.2.1 Context of the study 

 

Six universities participated in our research and facilitated repeated measurements 

of their students (see Chapters four and five). After the first phase of the data 

collection, just before workplace learning, the universities were each informed of 

their student scores for professional identity as measured on the aspects of clarity 

and identification. Furthermore, student appreciation of the preparation for 

professional practice was reported. In February 2012 the results of the second 

phase of the data collection, just after workplace learning were presented to the 

universities. Staff were then interviewed to test whether our results were in line 

with their perceptions and to discuss possible improvements for the preparation. 

 

 

6.2.2 Approach 

 

The aim of this study is to find design principles and course improvements that 

maximise student professional identity development during preparation and 

workplace learning. This is a typical task on which the engineering approach is 

applicable. Therefore, in this study we apply an engineering approach that starts 

by analysing the current situation and selecting the objects to be improved. Next, 

possible alternatives are analysed in a process of divergent thinking. In a socio-

technological approach, this is typically done in cooperation with (future) users 

(Delhoofen, 1999). Then, in a process of convergent thinking the most promising 

ideas are identified, further elaborated, resulting in possible course improvements.   

In this study, we presented our research results to the participants and tested their 

recognition of these results to obtain a shared foundation for the next step: 

imagining possible course improvements.  

 

 

6.2.3 Procedure and participants 

 

Participants were the principals and educational staff in mechanical and electrical 

engineering courses of 6 universities. A one hour interview was planned. In 

advance of the interview a report, a schedule for the meeting, and topic list for the 
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interview were sent by e-mail. The interviews took place at the participant’s 

locations and were digitally recorded. In case of additional questions participants 

were telephoned or e-mailed. In total fifteen staff members participated in six 

(group) interviews, ranging from one to four persons per interview. 

 

 

6.2.4 Instruments 

 

The report 

As part of the preparation for the group interviews at the universities a compact 

report was composed containing results on student identity development and their 

appreciation of the preparation. Scatter plots were provided for 1) student scores 

for the identity aspects of clarity and identification before and after workplace 

learning and 2) student development on both aspects during workplace learning. 

To facilitate the interpretation of the plots by staff of the specific university, their 

students were made visible in the scatter plots. In addition, tables were provided 

which displayed 1) student appreciation of the preparation for professional 

practice, before and after workplace learning and 2) student suggestions for 

necessary improvements to the preparation for professional practice. To facilitate 

testing of the results against staff perceptions, the students of their university were 

compared with the total group in the tables. 

 

The interview 

The group interviews were semi-structured. The schedule for the interviews was 

divided into two phases: 1) providing information about student identity 

development and appreciation of their preparation for professional practice, 

followed by testing the information against staff perceptions; and 2) brainstorming 

on possible course improvements for the preparation for professional practice. 

During the first 15 minutes of the interview, the report was clarified and the 

participants were asked if they recognized the results. The leading questions for 

the interviews were provided in advance (see Box 1).  

 

 
Box 1: Leading questions for the recognition of results 

Do you recognise the overall results and the results for your university? 

1) With respect to student identity development: 

 The spread in clarity and identification; the four students categories, before and after 

workplace learning 

 The four developmental categories during workplace learning 

2) With respect to student appreciation of the preparation: 

 The overall appreciation 

 The perceived shortages in disciplinary content, preparation for the profession, and 

professional practice 

 The suggestions for improvement 
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For the second part of the meeting, the brainstorming, the aim was clarified and 

the guiding questions were provided in advance (see Box 2). We used the 

common division between course aims (what) and course design elements (how) 

to implement this in education to structure the brainstorm. Typical course design 

elements, as used in curriculum development literature (Pratt, 1980; Van den 

Akker & Thijs, 2009), were provided. Recruitment and admission of students 

were added as a design element as the Bèta Mentality project (YoungWorks, 

2005) highlighted student identification with the profession as an important driver 

for enrolling in engineering courses. We subdivided the course design elements 

into thoughts and considerations (why and how to do) and proposed actions or 

activities (what has to be done) as improvements should be operational 

alternatives. 

 

Box 2: Brainstorming on improvements to the preparation in the first two years 

We invite you to think freely and explore how the differences among students can be decreased 

and the level of clarity and identification can be raised before workplace learning. 

We provide the course design elements of the curriculum as an advanced organiser. You can 

choose the elements you think contribute most to clarity and identification. 

 

1) The course aims 

How can the aims of preparation for professional practice be specified in terms of assessable 

learning outcomes.  

Two examples to be completed are: 

 During the first two years the student develops a clear image of the profession and the 

professional practice. They can demonstrate this with...>>measurable activity<<. 

 During the first two years, the student identifies his personal consequences and can 

....>>measurable activity<<. 

 

2) How (thoughts and consideration) can you realise this in the preparation? What (activities 

or actions) are required? 

The course design elements you can discuss are: 

 Recruitment and enrolment 

 Program structure 

 Content/materials 

 Pedagogical concept/instructional strategies 

 Learning environment/facilities  

 Instruction activities (individual-group) 

 Students activities 

 Teacher activities (teacher roles) 

 Assessments 

 Time 

 

What will have most effect? What will contribute most to a decrease in differences between 

students or an increase in clarity or identification? 

 

 

6.2.5 Data analysis 

 

The recorded interviews were played back and the participant responses were 

structured in separate categories based on the leading questions for recognition 

and the course elements of the brainstorm. In step 1, the data analysis for each 
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question for recognition consisted of: 1) scoring the recognition in terms of 

yes/no; 2) checking the consistency between the participants of the interviews; 

and 3) noting the reasons why (if provided). The course design elements provided 

were used to structure data from the brainstorm. An example of the analysis 

schema is shown in Figure 1.  

The responses corresponding with a specific course element were subdivided into 

thoughts and considerations and actions and activities. In step 2 we looked for 

convergence and discrepancy between the universities. The analysis procedure 

was audited by another researcher to check comprehensibility and acceptability of 

the analyses (Akkerman, Admiraal, Brekelmans, & Oost, 2008). The auditor 

judged the manner in which the data was gathered and analysed as accurate and 

acceptable. 

 

 

6.3 Results 

 

In Section 3.1 we describe the interview results for staff recognition of student 

identity development and student appreciation of the preparation for professional 

practice. In Section 3.2 the results of the brainstorm for course improvements are 

presented. 

 

 

6.3.1 Recognition of the findings  

 

In this section we first describe the results of our previous research into student 

identity development and student appreciation of preparation as presented to the 

participants. The results comprised of the measurements taken before and after 

workplace learning. Next we describe participant recognition during the 

interviews.  

 

 

 

  

 University 1 University 2 

Course design element 

(examples) 

Thoughts/ 

considerations 

Actions/ 

activities 

Thoughts/ 

considerations 

 

Course aims     

     

Course design elements      

Recruitment and admission     

Programme     

Content/knowledge sources     

...............     

Figure 1: Example of analysis schema 
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Recognition of identity status and identity development 

Before workplace learning, directly after the preparation phase, student identity 

was measured for the aspects clarity and identification. Figure 2 presents the 

scatter plot of scores of all participating students (n = 216). The means for both 

variables are shown in the figure as dotted lines. Student scores for university x 

were made visible in the scatter plot with squares in order to facilitate staff 

understanding. 

 

 

During the interviews, it was found that the large spread of student’ scores for the 

aspects of clarity and identification, as measured before workplace learning, was 

generally in line with staff expectation. However some staff were rather 

disappointed with the low mean level and the large spread as these were greater 

than expected. They considered it an indication that, despite their teaching and the 

career conversations during the two years of preparation, students neither 

developed greatly, nor moved to a single level of development. Staff explained the 

absence of a correlation (r = .07, not significant) between clarity and identification 

by the nature of the two concepts. Clarity is a result of student exploration of the 

profession. It is student perception of the profession, whereas student 

identification with the professional role is perceived as a psychological or 

emotional process of bonding. Staff thought that this process might take more 

time and was probably part of maturation. Some of the staff therefore perceived 

clarity as a dimension which can be fostered in education more easily than 
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identification, for example by making it an important part of the career 

conversations
9
. Staff could illustrate the four student categories (the quadrants in 

Figure 2) with examples of real students (see Box 3). Staff further reported that 

the vast differences in professional orientation typically become clear at the end of 

the second course year during student selection process for their placement in 

industry. They observed that some of the students are technologically oriented and 

choose a firm based on the technology or product. These students want to work, 

for example in shipbuilding or with micro processing devices. Others are already 

more professionally-oriented and focus on the engineering process and 

engineering roles, which meant they choose an engineering bureau. The remaining 

group makes selections based on practical reasons such as travel time or physical 

distance.  

 

Box 3: Staff illustrations of the four student categories before workplace learning 

The low clarity/low identification category was explained in terms of: 
1) Content/technology oriented students, focussed on and/or preliminary interested in the 

engineering discipline. They are interested in technology and do not look at engineering as the 

process of engineering operated by engineers. So, students think engineering is product not 

process. Apparently, education during the first two years did not change this.  

2) Immature students, especially students from general secondary education are usually rather 

blank in their professional orientation. Interestingly, some the staff stressed that despite the 

activities during the first two years to raise their professional orientation (for example during 
career conversations, projects, working in engineering roles, excursions to industry) some of 

the students do not “get connected”.  

The high clarity/ high identification was explained as: 

1) Students orientated towards the profession. Students who start the course at an already higher 

level of professional orientation, for example as a result of previous education. These students 

might have completed secondary vocational education or have professional models in their 

environment.  

2) Experience students for example by work experience 

3) Mature students. Self-directing students with a mind-set oriented to the profession.  

4) Effective Learners Students who benefited from education and/or became more self-directed. 

 

With a similar structure as Figure 2, Figure 3 presents the scatter plot of student 

scores for clarity and identification after workplace learning. Student responses 

fell for the second questionnaire to 99, because of non-response despite repeated 

requests by e-mail to participate. The mean score for clarity (M = 2.8, SE = .05) 

increased to (M = 3.0, SE = .09). The difference was significant t(312)= 2.68, p < 

.01, Cohen’s d = .3. 

 

                                                
9
 In higher education, the career conversation was introduced to foster professional identity development. 

Kuijpers and Meijers (2008) describe the function of career conversations as the development of career 
competencies such as: 1) reflection on the capacities required for the job; 2) reflection on motives for the 
career; 3) exploration for work; 4) career steering; and 5) networking. Students have to connect education 
with their personal development. In their research, Kuijpers and Meijers conclude that despite massive 
investments, the effectiveness of career conversations is low, as some students do not understand its function. 
Others, such as Dekkers (2009), define career conversation in terms of obtaining a clear image of the self, the 
profession, the curriculum, and the personal development during the curriculum.  
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Again, during the interviews staff considered the spread of student scores on both 

aspects to be in line with their perceptions. Some staff interpreted the low mean 

levels as the result of the mismatch between student expectations and 

characteristics of the industry placement. Staff also excluded the quality of the 

industry placement as a possible cause for low results, because the requirements 

for placements are strict
10

 and because internal evaluations  confirmed that in 

general the learning conditions are fine according to students. Staff noted that 

student distribution in Figure 3 might change if a student did more than one 

internships in different organisations. This might result in an increase of clarity 

and/or identification and a decrease of the spread among the students.  

Figure 4, presents the scatter plot of student individual development during 

workplace learning for the aspects clarity and identification. Individual student 

development of clarity is the subtraction of the score for clarity as measured from 

the student questionnaires after workplace learning minus the score before 

workplace learning.  

                                                
10 The university has no or limited curricular influence during workplace learning and all universities have 
strict criteria for the workplace learning phase. Firstly, the placement firm is checked on past 
performance/experience in terms of conditions for learning. Secondly, a student’s assignment has to reach 
specific standards and students must be able to work independently as a junior engineer, but be adequately 
supervised. These conditions meet the conditions we found previously in the interviews with teachers (see 
Chapter three) Thirdly, during the internship the students must report to the university on a regular basis.  
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Individual student development of identification is calculated using a similar 

procedure. The precondition for this calculation was their participation in both 

questionnaires. The resulting number of students (n = 59) is lower than the 

response of the second questionnaire (n = 99) as 40 students completed the 

second, but did not participate in the first questionnaire. Figure 4 shows four 

groups of students in the quadrants, with different developmental results during 

workplace learning, from an increase in clarity and identification until a decline in 

both aspects.  

 

Research results for student individual development (Figure 4) were a surprise for 

staff during the interviews, as universities usually only receive information about 

student’s perceived learning results in their self-evaluation after workplace 

learning. Staff concluded that the figure gives an interesting view of student 

development during workplace learning which could not be derived from group 

level analyses. Staff recognised the four developmental categories and illustrated 

them with actual students as presented in Box 4. 
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Box 4: Staff illustrations of the four developmental categories during workplace learning  

Decline clarity/ decline identification:  

 Confused student, possible mismatch between student and firm  

 Student persists in task or disciplinary orientation during workplace learning 

Increase clarity/ increase identification: 

 Successful students, have learned a lot and developed during workplace learning. 

Decline clarity/ increase identification: 

 Student identifies with the profession but lost orientation/got confused/or is not working on 

clarity.  

Increase clarity/decline identification: 

 Successful clarity development, but perception of the profession does not match personal 

preferences. Students develop away from engineering, for example towards marketing. 

 

In conclusion, staff recognised the results of student identity status before and 

after workplace learning and the resulting identity development of students. Some 

of the staff saw the results as a “given reality”. They considered the results 

difficult to change in education because they were believed to be part of student 

maturation process. As a teacher said: 

“It simply takes the first two course years to change secondary school pupils into 

higher education students”. (Teacher university 5) 

By contrast, other staff highlighted the function of career conversations, which 

were recently introduced in the first two course years with the explicit aim of 

supporting student’s professional identity development. During the interviews, we 

further observed that, although staff saw student identity development as 

important, they did not consider it a precondition for course success. Another 

indication of this was the fact that identity development was not tested. 

 

Recognition of student overall appreciation of the preparation  

Table 1 shows that student’s overall appreciation of the preparation for 

professional practice before workplace learning started at an average level (M = 

3.0, SE = .06) and increased significantly during workplace learning (M = 3.4, SE 

= .09; t(306) = 3.39, p<0.01, Cohen’s d = .4). Staff recognised this and 

hypothesized that an explanation for this increase could be the development of 

student professional identity. Staff thought that a clearer image of the profession 

could facilitate students to put their preparation into perspective, and that students 

probably perceive the teaching and learning activities to be more coherent with 

the entire course. Staff also mentioned that the increase in appreciation after 

workplace learning might be the result of student maturation. 

 

 

Table 1: Overall appreciation of preparation before and after workplace learning  

 Before (n = 211)  After (n = 97)   

 M SD M SD  Cohen’s d 

Overall appreciation 3.02 .94 3.40 .90  .4 

Note: p < . 01. 
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Recognition of the results about the level of main course categories.  

Students’ appreciation was found to be less than satisfactory regarding the 

preparation of 1) the disciplinary content, and2) knowledge of the engineering 

profession, as well as 3) knowledge of the engineering practice (see Table 2).  

 

These results were not expected by staff and they did not understand the issue 

raised. The results of our studies were not rejected however, which caused the 

focus of the interviews to change. Interestingly, staff immediately started looking 

for possible explanations for the lack of student appreciation. More than one 

member of staff said:  

“Students do not always understand what we intend” (Teacher university 1) 

and if specified for specific course subjects: 

“We educate for a design methodology as requested by industry, not for quick 

tricks” (Teacher university 4) 

The discrepancy between staff intensions of and the students perceptions of the 

course curriculum became clear and was illustrated by staff beliefs on learning 

and teaching, the programme and perceived participant roles. Staff assured that 

the course aims are up to necessary standards and staff implements the curriculum 

in the best way they can. Staff believed that they should try to become more aware 

of the student perspective and possibly career conversations could be used for this 

purpose. Moreover, they acknowledged that, despite the intentions, career 

conversations apparently did not contribute sufficiently to the acquisition of 

knowledge of the engineering profession and the knowledge of the engineering 

practice. In the discussions that followed we tried to focus on the issues that could 

contribute to the improvement of preparation (see Section 6.3.2). 

 

The overall conclusion for the first research question is that student identity 

development and students’ overall appreciation of preparation were in line with 

staff expectations. In contrast, staff did not understand a lack of appreciation on a 

more detailed level. The discrepancy between the staffs’ perceptions of the 

curriculum (the intended curriculum) and students’ perceptions of the curriculum 

(the perceived curriculum) became clear.  

 

 

 

Table 2: Appreciation of preparation before and after workplace learning (n=59) 

 Before  After   

Preparation for: M SD M SD  Cohen’s d 

Disciplinary knowledge 2.81* .48 2.81* .43  0 

Knowledge of engineering practice 2.41* .53 2.53* .71  .2 

Knowledge of the engineering 

profession 
2.31* .60 2.59* .65  .4 

Note: significant from value 3.00,* p  < .001. 
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6.3.2 Results from brainstorming on the improvement of preparation  

 

During the interviews with staff we observed a discrepancy between the intended 

and the perceived curriculum, but also the lack of a pedagogical repertoire for 

course improvement. However, the results of the brainstorm sessions revealed a 

number of possibilities for course improvement. The main issues discussed during 

the brainstorm were the course concept, student professional identity development 

as a course aim, recruitment, and enrolment. Further, issues related to the actual 

teaching and learning process were discussed, such as teachers’ beliefs on 

education and student’ learning. Teachers’ role, pedagogical arrangements and 

authentic learning environments were also considered. 

 

The course concept 

The interviews with staff confirmed that the course concept is nearly identical for 

all universities. This is partly a result of shared learning output standards for the 

engineering courses, as defined in national standards for the bachelor’s degree in 

engineering (Cluster Engineering, 2006). Although universities have the 

autonomy to organise courses as they prefer, the courses are more or less similar 

and all professionally oriented (Mertens, 1980). The most recent important 

pedagogical change was the introduction of a competency based curriculum 

together with redefined output standards in 2006. Student professional identity 

development became the leading course design concept (Geurts & Meijers, 2004). 

Consequently, students became more responsible for their personal career 

development. To support this, career conversations were introduced as a learning 

track and implemented as part of the redesign projects, funded by the Bèta 

Techniek
11

 platform. In line with these developments, staff perceived student 

professional orientation as the main aim of the career conversations. As part of the 

career conversations, students should explore the engineering profession and 

actively connect theory with engineering practice: two preparation topics that the 

students considered as unsatisfactory. Staff observed that students were not 

always interested in this professional exploration. Staff also observed that the 

implementation of the career conversations was not always effective. One of the 

flaws found was that some of the teachers did not always persuade students to 

explore options. Consequently, the career conversations were reduced to guidance 

of student progress. Therefore, staff perceived the improvement of the 

implementation of career conversations as a required goal for course 

improvement. 

 

 

 

                                                
11 Bèta Techniek was a vast project of Dutch government to make bèta and engineering studies 

more attractive for students and to stop the downturn in enrolment. Main issues were attention for 

students motives to chose a career in engineering and pedagogical innovation for example 

introduction of career conversations.  
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Professional identity development as a course aim 

Without exception, staff agreed on the importance of professional identity 

development as a course aim. But, there was discussion on the definition of 

professional identity. Staff wondered:  

“Is professional identity defined by industry or has the university a broader 

responsibility to educate engineers in societal responsibility and sustainable 

engineering?” (Teacher university 3) 

And with regard to the definition by the professionals themselves:  

“What is the role of the national professional engineering association KIVI-

NIRIA?” (Teacher university 3) 

One of our guiding questions addressed the assessment of student professional 

development during the course. Staff discussed milestones for identity 

development for each educational phase. Several suggestions were made. Staff 

believed that, after the first year, the students should be able to answer the 

question: “Am I in the right engineering course?”. After the second year they 

should be able to deliberately select the firm for their workplace learning 

semester, and after workplace learning the students should be able to make a 

deliberate choice for their professional profiling (for example in a minor and/or 

specialisation track). Finally, the students should be able to make an adequate 

choice for their final project. In this context, deliberate is understood as “from the 

professional development perspective”. Staff agreed that an important issue for 

course improvement was defining assessable milestones for student identity 

development, as milestones are required as assessable aims for career 

conversations. 

 

Recruitment and enrolment 

Staff observed that most of their students are focussed on 1) the engineering 

discipline, or 2) study as a weakly defined phase in life where their motive is to 

study “something” related to engineering. A teacher explained: 

“Most of our students are only interested in the discipline” (Teacher university 1) 

“Students want to do “something” related to engineering” (Teacher university 1) 

As universities of applied sciences educate professional engineers, staff thought 

that the recruitment process should focus on the engineering profession rather 

than the discipline or the city. Some universities therefore use the Bèta mentality 

instrument (YoungWorks, 2005) to connect to student drives and motives for 

entering engineering courses. Staff further found that especially students enrolling 

from general secondary education are not yet mature and do not think about 

working in a certain profession in general. This results in substantial dropout at 

the end of the first year. The government has therefore proposed to introduce 

admission interviews as a precondition for formal enrolment. During these 

interviews, the universities must inform potential students about the courses and 

question students about their motives. The aim is to improve the match between 

student and course, and consequently to reduce dropout. Therefore, staff believes 
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the process of recruitment and enrolment must focus more on professional 

orientation, in which students are regarded as future professionals.  

 

Beliefs about education and student learning 

Staff perceived the aim of engineering courses to be the preparation of students 

for employment in industry by having them develop the engineering knowledge 

and skills required. They stated that students need to learn engineering in a 

procedurally correct way. As one teacher said: 

“We teach students to design in a stepwise methodology; the academically 

correct way” (Teacher university 3) 

But this teacher also stated:  

“Students think industry works the correct way, but they often do not see the 

shortcuts”.  

Staff thought that the application of academic knowledge has to be demonstrated 

with real engineering examples so that students will be able to see short cuts when 

working in industry. 

 

Staff in general preferred to see engineering students as self-guiding or 

independent learners, but they observed that many of them still behave like 

secondary education pupils who require guidance, especially during the first two 

years. Some of the staff believed that students need the first two years to 

transform from secondary school pupils into higher education students. They also 

observed that self-guiding learning improved after workplace learning when most 

students have become more mature. Students then in general need less guidance 

because most of them have transformed from students to junior engineers. 

However, increased student maturity is not always synchronous with an increased 

professional orientation. The future profession is apparently not a primary concern 

for all students. Even in the final year during the final project, staff recognized 

students that were still only focussed on the course and perceived a job as 

something for after graduation. In short, staff agreed on the need for increased 

teacher awareness with respect to student development of learning skills during 

engineering courses as a requirement for course improvement.  

 

Roles of teaching staff 

Staff believes students in general do not perceive their teachers as professional 

models. In their turn, some staff did not perceive themselves as models for 

students either. They considered themselves to be academics because they 

graduated from a research university without having had a job in engineering 

practice. Others saw themselves as guides or coaches for students. In order to 

improve courses, staff believes they must consider their role as professionals 

models for students.  
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Pedagogical arrangements and authentic learning environments 

During the interviews different educational means were discussed that contributed 

to student preparation for the profession. Most commonly mentioned was the 

project in which students had to solve authentic engineering problems, working in 

project teams, and experimenting with a number of engineering roles. Staff 

observed that students did not always recognise the purpose of these roles and just 

worked on the product (individually). Staff observed that some of the students 

perceived the project as education (i.e. not authentic), because the stress and 

constrains of industry were missing. 

“... when the students took the project-approach in industry it worked great. The 

next group took the identical approach on campus and it did not work at all” 

(Teacher university 2) 

Excursions or visits to industry are also seen as important events for bringing 

students closer to the engineering practice. Nowadays, based on briefings with 

industry, most staff requests a focus on the engineering profession and the 

engineering process instead of on engineering the products. Staff emphasized the 

importance of improving authentic learning conditions in the courses. 

 

As a result of the brainstorming about course improvements staff realised that the 

observed flaws in current courses were similar among the universities. Therefore a 

shared, coordinated design-based approach would be the best way to address these 

flaws and improve the engineering courses.  

 

If we focus on student identity development, we can conclude that staff perceived 

this as leading aim for the improvement of engineering courses. Staff defined, 

among others, the following two important objectives for its improvement. First, 

the definition of assessable milestones for student identity development would  be 

helpful to monitor the effect of the career conversations in the first two course 

years.. Second, a decrease of the discrepancy between the intended and the 

perceived curriculum is needed. A starting point for this could be the analysis and 

evaluation of the course in meetings with staff and students.  

 

 

6.4 Discussion and conclusion 

 

The purpose of this study was to find design consequences for engineering 

courses based on the results of our previous research as reported in Chapters four 

and five. Two research questions structured this chapter: 1) does the staff 

recognise the findings of our research so far, and 2) how can the preparation for 

professional practice in the first two years of the engineering courses be 

improved? 
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With respect to the recognition of results, staff is aware of the diversity in student 

identity development and the complex mechanism for changing student 

perceptions towards becoming a professional. Sixty percent of the students 

entering engineering courses enrol from general secondary education and are 

more focussed on the discipline than on the profession
12

. As in the Netherlands 

the engineering profession is not a regulated profession, these student images of 

the profession are usually comparable to the public image of engineers, which is 

not well developed (NAE, 2008; SEFI, 2009; YoungWorks, 2005). Furthermore, 

the Dutch professional association of engineers KIVI-NIRIA does not promote 

itself in the universities of applied sciences in order to highlight the professional 

identity as perceived by the professionals themselves. The external conditions for 

student identity development are therefore not supportive, which means that 

engineering education has to take the lead. 

 

With respect to the second research question, staff did not expect the lack of 

students’ appreciation of the preparation for professional practice, and concluded 

that there was a discrepancy between the staff intensions and student perceptions 

of the curriculum. Such a discrepancy between staff and students is known in the 

literature (Kuiper, 2009), but interestingly, the discrepancy sensitised staff to 

discuss possible explanations. Staff was aware of students double transition, from 

pupil to student and from student to engineer, as described by Lindsay and 

colleagues (2008). Some staff perceived these transitions implicitly as sequential 

developments, with workplace learning in between, while others think the 

transitions can work in parallel. 

 

When we look at the consequences of the results for the aims of engineering 

courses, staff emphasises the importance of student professional identity 

development for two reasons. Firstly, in line with reports on the future of 

engineering showing that the engineering professions changes (Spinks, et al., 

2007; Sullivan & Rosin, 2008; van Pernis, 2011), the universities feel they have to 

respond to the changes in the profession. Secondly, student identity development 

has been highlighted as a driving force for self-guided learning (Geurts & Meijers, 

2004; Sheppard, et al., 2008; Sullivan, 2004). Career conversations have been 

implemented in the engineering courses at all universities to support student 

professional development. However, we observed that as long as academic results 

are satisfactory student identity development during the first two course years is 

not the primary concern of staff. Furthermore, while the developmental results of 

workplace learning in terms of student growth in maturity, responsibility and self-

guidance are diverse among students, they apparently are sufficient to complete 

the remaining part of the course. So from the teaching staff perspective, student 

professional identity development is apparently no precondition for passing or 

failing the course. 

                                                
12 Result of measurement before workplace learning among 216 engineering students  
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During the interviews, the discussions among staff revealed a number of issues for 

course improvement, following from the fact that the Dutch bachelor engineering 

courses are rather traditionally knowledge and skills based. The acquisition of 

engineering knowledge, development of engineering skills and 

professionalism/professional identity development are taught separately (Mertens, 

1980; Sheppard, et al., 2008). In the past, professionalism did not usually receive 

enough explicit attention in the first two years. However, some course elements 

and pedagogical approaches were changed through the Bèta Techniek project 

(Geurts & Meijers, 2004; YoungWorks, 2005) and as a result of the introduction 

of the new engineering standards (Cluster Engineering, 2006). Although 

pedagogical formats such as projects and working in professional roles are applied 

and intended to foster professional identity (Shuman, 2005), the reality is that 

students do not perceive them to be authentic, as the conditions are “educational”. 

The most important change was the pedagogical shift to more individual, self-

directed learning where students are expected to develop their individual learning 

and career path. Universities therefore assist students through career 

conversations. Career conversations have become the leading instrument for 

professional development. However, we question whether students are aware of 

the aims of career conversations such as student exploration of engineering roles 

and the engineering process. Kuijpers & Meijers (2009) and Mittendorff (2010) 

state that, although huge investments have been made in higher education in the 

system of career conversations, the effect is low and the real influence on the 

formation of professional identity is questioned. 

 

In conclusion, staff recognises student professional identity development as an 

important course aim, but the preparation for professional practice during the first 

two years of engineering courses apparently does not result in student’s 

professional identity development. The main reasons appear to be the discrepancy 

between student perceptions of the intended curriculum and the ineffective 

implementation of the system of career conversation.  

 

Although the study provides insight into student development and their 

appreciation of the preparation, there are limitations related to the sample size. 

The individual analysis of development for the aspects clarity and identification. 

required student respondents with matching pairs of questionnaires before and 

after workplace learning. A limitation of the study is the high non response on the 

second questionnaire leading to a decrease of matching pairs. However, analysis 

for key variables such as clarity and identification as measured before workplace 

learning showed that the group with matching pairs was representative for the 

whole group responding on the questionnaire before workplace learning. 

 

In line with the conclusions above, we recommend improving the effectiveness of 

preparation during the first two years of student identity development. To realise 

this, two main improvements are suggested: 1) a decrease in the discrepancy 
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between intended and perceived curriculum; and 2) a more effective system of 

career conversations. Firstly, to decrease the discrepancy between the intended 

curriculum and the curriculum as perceived by students, staff must analyse the 

curriculum in a systematic design-based way and from a pedagogical perspective. 

We suggest a design-based approach as the recent changes in the engineering 

courses (for example the implementation of the career conversations) were not 

designed by teachers but implemented as part of generic changes in higher 

education also affection Engineering. This approach will make the existing course 

aims, concept and rationale transparent, and as such will form a starting point for 

the design of course improvements in cooperation with engineering students. 

Pedagogical development of staff is then required, which fits with the current 

debate in higher education about a Basic Pedagogical Qualification for all staff 

(BKO), in which student professional identity development, the design of 

authentic learning environments, and staff as role models must be addressed. 

Secondly, the current implementation of career conversations is not effective, not 

well implemented and apparently disconnected from the remaining course. This 

was also the conclusion of Kuijpers and Meijers (2008) in their research into the 

implementation and effectiveness of career conversations in higher education. 

Career conversations are apparently not a concern of all staff. With respect to the 

effectiveness of career conversations we suggest that from the very beginning, 

external stakeholders inform students about their own perspectives. The 

professional organisation of engineers, KIVI-NIRIA could explain the 

professional standards and the employer organisations could present and explain 

their requirements for professional engineers working in industry. 

 

With respect to the process of the improvement of the engineering courses we 

recommend the use of the existing communication structure of the Engineering 

Cluster as the platform for discussing a developmental agenda for course 

improvement for the next five years as all universities of applied sciences face the 

same challenges. The main aims should be: 1) the systematic monitoring of 

student identify development as a result of improved career conversations, and the 

evaluation of the system of career conversations itself; and 2) defining and 

monitoring the Basic Pedagogical Qualification (BKO) in cooperation with, for 

example, the international engineering educators organisations IGIP 

(Internationale Gesellschaft fur Ingenieur Pedagogik) and SEFI (European Society 

for Engineering Education). 
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Chapter 7 

 

Conclusions and discussion 

 
7.  

7.1 Introduction 

 

Student preparation for professional practice is an important course aim in the 

education of engineers by universities of applied sciences (Geurts & Meijers, 

2004; Sheppard et al., 2008; Sullivan & Rosin, 2008). Since the start of the 

professional engineer schools at the beginning of the 20th century, the educational 

function of workplace learning has been connecting theory to practice and 

transforming students into student engineers. Currently, in the four-year bachelor 

course at universities of applied sciences, students generally enter workplace 

learning for one semester, after two years of on-campus preparation.  

 

This research started with a study of the literature with respect to workplace 

learning practice which revealed contrasting perspectives on student output of 

workplace learning. Students in general, especially those enrolling from senior 

general secondary education, appreciated workplace learning, as it is their first 

encounter with engineering practice. Teachers and industry appreciate workplace 

learning as an important activity for students’ personal and professional growth. 

But they also observed substantial developmental differences among students. In 

contrast, others, like the Inspectorate of Education (Inspectie van het Onderwijs, 

1996), criticised the educational practice of workplace learning because the 

learning outputs among students are too diverse, the university has no control over 

student workplace learning, and students’ learning results are not interwoven in 

the ensuing parts of the course. 

 

We were curious about the ideas behind student development during workplace 

learning as this might contribute to the improvement of workplace learning in 

terms of decreasing the developmental differences among students. Therefore, we 

needed to understand how students in engineering education develop into 

professional engineers. In other words, how do students develop their professional 

identity, especially during workplace learning in industry? Furthermore, we 

wanted to improve engineering education practice and therefore questioned how 

the preparation during the engineering courses before workplace learning could be 

improved to support and facilitate the student process of identity development 

during work placement. Therefore, in this research we began with a literature 

survey on student identity development and workplace learning (Chapter two). 
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Next, we performed three empirical studies applying different research 

approaches and qualitative and quantitative research methods. The studies are 

reported in Chapters three, four, five and six and were guided by the following 

three main research questions:  
 

1. How do bachelor engineering students at universities of applied sciences 

develop their engineering identity during courses, especially during 

workplace learning? (Chapters three and four); 

2. What are the design parameters of the preparation for professional practice 

that contribute most to the development of the engineering identity during 

workplace learning? (Chapter five); 

3. How can the identified design parameters be used for the improvement of 

courses? (Chapter six). 
 

In this concluding chapter we will reflect on the results of our studies. In Section 

7.2, the main results of the three studies are summarised. Next, in Section 7.3, 

these results are discussed. In Section 7.4, the limitations of the study are 

evaluated and suggestions for improvement made. The implications for practice 

are described in Section 7.5, and finally, in Section 7.6, suggestions for further 

research are made. 

 

 

7.2 Main findings and conclusions 

 

In the following sections we summarise the findings for each of the research 

questions. 

 

7.2.1 Research question 1: How do engineering students develop their engineering 
identity during the bachelor courses at universities of applied sciences, especially during 

workplace learning?  

 

In Chapter three we explored teaching staff perceptions of engineering student 

professional identity development during the four-year engineering bachelor 

courses. From the interviews with teaching staff we could conclude that teachers 

considered student identity development as an important element of engineering 

education. But their frame of reference for professional identity was the 

requirements of the regional industry, and not – as was expected – the identity 

description of the professional organisation of engineers FEANI (FEANI, 2006).  

 

Teachers identified four conditions supporting student identity development 

during the course: 1) a profession-oriented course design; 2) a focus on student 

exploration and professional growth (see Fox, 1983); 3) the perception of students 

as student engineers as early as possible in the course (see Beam & Pierrakos, 

2009; Lindsay et al., 2008); and 4) an explicit public image of engineers, 

provided, for example, by the Royal Institute of Engineers. Teachers believed that 



Chapter 7 

 97 

 

students develop their professional identity during the whole course, but with an 

increasing pace. In the first two years of the course the development is limited, but 

during workplace learning in industry students in general show a quantum leap in 

development. Most students become more mature, more responsible and self-

directed, and start performing as student engineers. In the remaining part of the 

course (the specialising part and the final project), students in general exploit the 

lessons learned during workplace learning.  

 

So, workplace learning is believed to be very important for student professional 

development for two reasons: 1) students are submerged in authentic professional 

environments; and 2) students interact with professional role models. Staff could 

identify four different interaction types that occurred during workplace learning 

based on two workplace conditions: 1) the responsibility the students get (for 

example, in terms of authentic engineering tasks); and 2) the perception of the 

students as student engineers by actors in the workplace such as supervisors and 

close colleagues.  

 

Furthermore, during workplace learning teaching staff appeared to be aware of 

elements of two theoretical models of identity development we found in the 

literature: 1) a self-guiding model in which students develop their identity while 

experimenting with their provisional selves based on observation of professional 

models (see Ibarra, 1999); and 2) the mentoring or cognitive apprenticeship 

model, in which the students are more or less socialised into the profession (see 

Schön, 1983; Sullivan, 2004).  

 

In conclusion, from the research among teaching staff we found that: 1) students’ 

identity develops during the full course, but with an increased pace during 

workplace learning; 2) authenticity of the learning environment during 

preparation is important; 3) students develop best when they are perceived as 

student engineers and get responsible tasks; and 4) the self-guiding and mentoring 

models were recognised in student development.  

 

In Chapter four we focussed on student identity development during workplace 

learning in industry as seen from the student perspective. We studied to what 

extent and according to which models the bachelor engineering students develop 

their engineering identity. Identity was measured in two aspects: clarity and 

identification. The aspect of clarity of professional identity reflects student 

perception of the professional role of engineers (Ibarra, 1999), and clarity was 

measured with a four-item instrument developed by Dobrow and Higgins (2005). 

The aspect of identification reflects students’ social and emotional identification 

with the engineering role and engineering professionals. Student identification 

with the profession was assessed with a six-item instrument developed by 

Hekman (Hekman, 2005). Both aspects of professional identity were measured 

before and after workplace learning. So the score before and after workplace 
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learning was known for individual students, and individual development during 

workplace learning could be estimated for the aspects of clarity and identification. 

Also studied were the underlying models for student development, based on the 

literature and as recognised by teaching staff in our first study (Chapter three). 

The models were a self-guiding model (Ibarra, 1999) and the mentoring or 

cognitive apprenticeship model (Schön, 1983; Sullivan, 2004). 

 

Results for student identity development can be summarised as follows: 1) the 

average student group scores for clarity and identification before workplace 

learning were at scale average with substantial spread, indicating a low effect of 

preparation for professional practice; 2) at the student group level, only the aspect 

of clarity significantly increased during workplace learning; 3) at the individual 

student level, large differences were found, with both significant increase and 

decline on the two aspects (clarity and identification); 4) based on the individual 

scores for clarity and identification, four different development groups could be 

distinguished. The groups ranged from students who declined on both clarity and 

identification to students who increased on both aspects. The four development 

groups that emerged provided evidence for an increase in diversity during 

workplace learning.  

 

A negative relationship was found between clarity before workplace learning and 

clarity development during workplace learning. Students entering workplace 

learning with a relatively high score on clarity dropped during workplace learning, 

while students entering with a low score on clarity were found to catch up. This 

might indicate that students with a relatively high score had naive perceptions of 

the profession before workplace learning which were confronted by professional 

practice during workplace learning. This may have resulted in confusion, and as a 

result, clarity dropped. In contrast, students with a vague initial perception of the 

profession – so low clarity – started workplace learning more or less from scratch 

and their clarity increased. This phenomenon could indicate an unsuccesfull 

preparation for workplace learning as apparently the naive perceptions of the 

profession of these students had not been corrected in the preparation before their 

work placement. 

 

With respect to the underlying development model, it appeared that the students 

preferring the self-guiding model had higher scores on the aspect identification 

than those preferring the mentoring model. We found no differences between the 

self-guiding and mentoring models with respect to the development for the aspect 

of clarity.  

 

In conclusion, in our research among students we found that students in general 

showed only limited growth in the clarity aspect and no growth in identification 

during workplace learning. But individual differences are vast and resulted in a 

division into the aforementioned four developmental groups based on the 
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combined scores of the clarity and identification aspects. Results showed that the 

preparation for professional practice during the first two years, with respect to 

students’ identity development, had apparently not been effective. In addition, we 

found that most students preferred the self-guiding developmental model and 

these students showed higher scores on the identification aspect than those 

preferring the mentoring model.  

 

We conclude that the exploratory qualitative research among teaching staff 

(Chapter three) provided global insight into student professional identity 

development during the bachelor engineering courses. The quantitative study 

among engineering students (Chapter four) added detailed information for 

(individual) student development for the clarity and identification aspects during 

workplace learning and so completed our first research question.  

 

 

7.2.2 Research question 2: What are the design parameters of the preparation for 
professional practices that contribute most to the development of the engineering identity 

during workplace learning?  

 

In Chapter five we studied the relationship between student identity development 

during workplace learning and student appreciation of the preparation in the first 

two course years. We were interested in elements of the preparation showing a 

positive or negative relationship with the identity aspects of clarity and 

identification. A positive relationship indicates (design) elements in the 

preparation that contribute to students’ identity development, while a negative 

relationship indicates elements which provide design elements for course 

improvement. 

 

We measured student identity for the aspects of clarity and identification and used 

the same instruments as in Chapter four. Student appreciation of the elements of 

preparation for professional practice and the identity aspects were measured in a 

repeated measurement design with two questionnaires, just before and directly 

after workplace learning.  

 

Student appreciation of the preparation was measured on three levels of detail. 

Appreciation on the first (overall) level was measured with a single statement: “I 

have been well prepared for workplace learning during the first two years of the 

course”. A 5-point Likert scale, ranging from 1 = very unsatisfactory to 5 = very 

satisfactory, was used. For the second level we measured student appreciation of 

the main three course categories of preparation as distinguished by Sheppard and 

colleagues: disciplinary content, knowledge of the engineering profession and 

knowledge of the engineering practice (Sheppard et al., 2008). On the third, most 

detailed, level we added 7 items to an existing 22-parameter instrument originally 
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designed for alumni surveys of the bachelor courses of universities of applied 

sciences (HBO-raad, 2008).  

 

Results showed that students’ overall appreciation of the preparation for 

professional practice increased during workplace learning. Analysis revealed that 

the development of student professional identity is the main explanation for the 

increase in overall appreciation. More specifically, the clarity aspect, which 

provides a frame of reference for understanding the preparation activities, 

explained the growth in appreciation.  

 

Students rated the second level of the main categories of preparation as not 

satisfactory in both measurements, before and after workplace learning. However, 

a positive relationship was found between the identity aspect of clarity and the 

appreciation of the second-level parameters “knowledge of the engineering 

practice” and “knowledge of the engineering profession”. Both parameters were 

rated as unsatisfactory (before and after workplace learning) and must therefore 

be a target for course improvement. 

 

On the most detailed third level, students were partly satisfied with the 

preparation but could also identify specific items that required course 

improvement. Students suggested improvement in the preparation of typical 

engineering-related items but also of typical professional and awareness skills. 

 

In conclusion, with regard to research question 2, students’ overall appreciation of 

the preparation before workplace learning shows a positive relationship with 

clarity after workplace learning. This could indicate that the more positively the 

preparation is perceived, the more clarity is developed. On the second parameter 

level, “knowledge of the engineering practice” and “knowledge of the 

engineering profession” are the two main preparation elements that positively 

correlated with student identity development as measured for the clarity aspect.  

 

 

7.2.3 Research question 3: How can the identified design parameters be used in the 
design of course improvements?  

 

Based on the results in Chapters three, four and five, Chapter six focused on the 

design consequences for the preparation in the first two course years with the aim 

of improving student identity development during workplace learning. Therefore, 

the research questions we aimed to address in this chapter were: 1) do engineering 

staff recognise the findings of our research so far? and 2) what possible course 

improvements are there for the preparation in terms of curricular aims and their 

implementation in the first two years? 
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The findings of students’ development and their appreciation of preparation were 

reported to the six participating universities in advance. During interviews their 

recognition was tested, and then staff discussed possible course improvements. 

Results showed that staff were aware of the results of student identity 

development. But although participants recognised students’ overall appreciation 

of the preparation, students’ lack of appreciation of the more detailed level of 

preparation surprised them. The discrepancy between staff intentions and course 

curriculum as perceived by students became clear and was discussed. Three main 

consequences for the course redesign were identified: First, identity development 

should be the leading curricular aim for the engineering curricula. Secondly, 

students’ lack of appreciation for “knowledge of the engineering practice” and 

“knowledge of the engineering profession” indicates that the system of career 

conversations in the first two years is not working well, which was also found by 

others (Kuijpers & Meijers, 2008; Zijlstra & Meijers, 2008). Thirdly, staff 

concluded that universities of applied sciences share the same issues and that 

more national cooperation at the Engineering Cluster level would be fruitful. 

 

With regard to the third research question, we can conclude that teaching staff are 

aware of students’ lack of appreciation for “knowledge of the engineering 

practice” and “knowledge of the engineering profession”, which actually 

indicates the low effectiveness of career conversations. Therefore, the systematic 

analysis and redesign/implementation of the system of career conversations seems 

to be the main improvement for the preparation for professional practice in the 

first two course years.  

 

 

7.3 Discussion 

 

7.3.1 Professional identity development during workplace learning  

 

With regard to student identity development, we will discuss the compliance of 

our findings with theory, the value of measuring identity aspects of clarity and 

identification, and the two-fold perspective on identity development of teaching 

staff. 

 

Compliance of the findings with theory  

In our research among teaching staff (Chapter three) we gained an insight into 

staff’s notions of the concept of professional identity, their perceptions of student 

identity development in the courses, the underlying developmental models and the 

important conditions. In general, teaching staff observations confirmed theoretical 

notions we found in our literature review, including: students developed most 

during workplace learning in industry because students are submerged in 

professional practice, have to interact with professionals and observe what 

professionals think and do (see Ibarra, 1999; Mertens, 1980; Sheppard et al., 
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2008). Staff believe that students also have to experiment with new professional 

behaviour and are socialised to a certain extent at the workplace.  

 

Observed results are that, in general, students’ sense of responsibility increases; 

they become more mature and get the bigger picture of professional practice and 

the profession (Pratt, 1980). Staff highlighted the importance of authentic learning 

environments, the need for professional role models, the importance of students’ 

interaction with professionals and the active role of students. Staff further thought 

that students would develop better during workplace learning if they were 

perceived by the industry supervisor as junior engineers and if students were 

given responsible tasks, confirming the notions of Schön on becoming a reflective 

practitioner (Schön, 1983). Staff observed, in general, a quantum leap in students’ 

development during workplace learning but also saw large differences between 

students. This was in accordance with the findings of Bronneman-Helmers (2006) 

and the Inspectorate of Education (1996).  

 

The value of measuring identity aspects of clarity and identification 

In our research among the students we were able to measure, before and after 

workplace learning, the two aspects for identity: clarity and identification. We 

used existing instruments developed by Dobrow and Higgins (2005) measuring 

clarity, student perception of the profession and the instrument adapted by 

Hekman (2005) measuring the identification with the profession. The reliabilities 

of the instruments are shown in Table 1. 

 
   

Table 1: Cronbach’s alpha of the instruments   

Instrument Cronbach’s alpha 

 original instrument our instrument 

  Before (n = 216) After (n = 100)_ 

Clarity .90 .82 .86 

Identification .75 .82 .84 

    

We found reliable results comparable to those of Dobrow and Higgins (2005) in 

their study among MBA students in similar workplace conditions. The instrument 

measuring student identification with the profession, an adaptation of the scale 

designed by Hekman (2005), also appeared to be reliable. 

 

In our study we measured clarity and identification twice. As a result we could 

estimate students’ individual development, which provided additional insight into 

large quantitative and qualitative differences among students. The measurement of 

student development also showed that apparently workplace learning had no 

generic (positive) effect on the growth of student clarity. Similarly to the clarity 

aspect, we could estimate students’ individual development in identification and 

found large quantitative and qualitative differences among them. As with clarity, 

we found both students who increased and declined for identification, indicating 

that apparently workplace learning had no generic positive effect on the 
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improvement of student identification. The low level of identification was further 

supported by the finding that less than 10% of the students think that engineers 

should become members of a professional organisation of engineers after 

graduation. 

 

The added value of measuring individual student development is that: first, it 

provides us with a better view of student development; and secondly, a better 

understanding of the differences between student groups. Furthermore, the results 

were rather different to what was previously expected. 

 

We can apply Marcia’s theory on identity development (Marcia, 1966) to put our 

results into perspective. Marcia’s model comprises two phases of identity 

development: exploration and commitment. Exploration of identities can result in 

greater understanding of identity alternatives, whereas reflection may lead to new 

commitments and possibly to the re-examination of earlier commitments. 

 

We found that 90% of the students in our study explored during workplace 

learning, as is indicated by a change in clarity. Two-thirds of the students 

increased and one-third declined in clarity. In contrast, half the students increased 

their commitment to the profession while the other half re-examined their 

commitment and decreased their identification. When combined, one-third of the 

students showed positive achievement, as indicated by exploration and an 

increased identification with the profession. One out of five students showed 

negative achievement – indicated by exploration and lower identification. 

Measuring the two aspects of identity status can therefore be used to monitor 

student development, which could be used in career conversations.  

 

The two-fold perspective on identity development of teaching staff 

Although teaching staff perceive professional identity development as important 

for students’ development, professional identity is not formally assessed nor 

conditional for graduation (Chapter six). This questions the real importance of 

identity development for engineering courses. Furthermore, staff observe that 

most students have become more mature, more self-directed and more responsible 

after workplace learning. The question arises as to whether these developmental 

results – compared to student identity development – are more visible to and 

valued highly by staff and are eventually perceived as “professional identity 

development”. So we question whether from the staff perspective: 1) identity 

development is only a pedagogical concept to improve course attractiveness for 

(some of the) students and to prevent drop-out; and 2) staff perceive student 

developmental results, other than those related to identity development, as a 

sufficient result of workplace learning. 
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7.3.2 The preparation for professional practice  

 

In Chapter five we found that students were apparently unsatisfied with the 

preparation for professional practice in the first two years of the course, and in 

Chapter six the discrepancy between the course design as intended by staff and 

the students’ perceptions of the curriculum was highlighted. Also, the role of 

career conversations was explained as being a result of the redesign, intended to 

improve the professional orientation of students.  

 

Pratt (1998) states that clearer aims and better strategies for teaching are typical 

curricula issues for a structured process of course design and development. 

Furthermore, competent teaching staff are important in the implementation of the 

curriculum. We will discuss these in the following sections. But first we discuss 

the context of change in Dutch higher engineering education as this might explain 

a number of the issues raised. 

 

The context of curricular change in the engineering courses 

Since the start of the engineering schools the VHTS (the association of directors 

of the engineering schools) has been the platform where the development of 

engineering education was discussed and coordinated. In the 1980s participation 

in higher education in the Netherlands increased. One of the consequences was 

the merger of independent institutes for higher education into universities of 

applied sciences. The engineering schools became part of the technology 

departments of universities of applied sciences and lost their independence. The 

universities of applied sciences founded the Association of Universities of 

Applied Sciences (HBO-raad) in 1986 and organised sectoral advisory boards for 

sectors such as engineering, economics and art. The relationship between the 

engineering schools lost importance (Schippers, 1989). From that moment on, 

policy on education was made for higher education in general and engineering 

was just one of the sectors. In recent decades, across higher education, a number 

of important complex innovations were introduced which included the 

introduction of competency-based education, a change of teacher roles, a new 

concept of assessments, the major-minor structure of bachelor courses and career 

conversations (HBO-raad, 2011, 2012)  

 

We hypothesise that the ineffective implementation of career conversations in 

engineering courses is a result of the implementation of these externally obliged 

course changes. Engineering courses had to implement career conversations as it 

was the generic policy of the universities. Apparently the ineffective 

implementation in engineering was not typical for engineering, as can be 

concluded from the Meijers and Kuijpers study (2008) into the effectiveness of 

career conversations in higher education.  
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With regard to the cooperation among the engineering schools, it seems that with 

the merger of the engineering schools into the universities of applied sciences, 

they lost their relationship with each others. Fortunately, the universities, 

providing bachelor courses leading to the Bachelor of Engineering degree, 

successfully founded the Engineering Cluster as their new coordination platform. 

The first issue of national standards for the Bachelor of Engineering (2006) was 

their first cooperation result.  

 

With this in mind we arrive at the following three recommendations. 

 

1. Clear course aims related to student professional identity development 

In Chapter six, staff ensured that professional identity development was an 

important course aim as student identity development had become the leading 

concept in the restructuring of engineering courses (Geurts & Meijers, 2004). But 

although teaching staff perceived professional identity development as important 

for students’ development, professional identity is not formally assessed and not 

conditional for graduation. Apparently most engineering courses are still mainly 

focussed on the acquisition of knowledge and skills (see Sheppard et al., 2008). 

Nevertheless, staff are aware that defining assessable aims for identity 

development is important for monitoring student development during the career 

conversations. In Chapter six, some staff questioned the role of regional industry 

in defining professional identity and highlighted the responsibility of the 

universities themselves.  

 

Therefore, we suggest that the Engineer Cluster is the platform where the 

universities, in cooperation with the professional organisation of engineers, must 

discuss the national standards. These national standards must be a tangible 

reference point for students and teachers in higher engineering education. 

 

2. Structured design-based course redesign 

The current engineering courses are the result of the redesign projects of recent 

decades, in a context described above. The leading concept for the external 

defined redesign of engineering courses (in response to the decrease of enrolment) 

was student professional identity development (Geurts & Meijers, 2004). The 

redesign was implemented through independent school experiments and resulted 

in a number of pedagogical instruments which became accessible for other 

universities. There are a few issues to be improved: First, in the system of career 

conversations, student identity and its development is only measured via student 

port-folios. Secondly, for students, the engineering standards, described as four 

competencies and illustrated in professional context, are described rather vaguely.  

 

We suggest that in line with the redesign of the standards, the universities should 

analyse their curricula and the results of the redesign experiments. Next, design 

guidelines for a new design-based engineering curriculum could be developed. 
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3. Teaching staff as professional models 

In Chapter three we found that teaching staff are aware of the importance of 

professional models for students to develop professional identity. But teachers in 

higher engineering education generally do not perceive themselves as professional 

models and do not expect students to perceive them like that either. One of the 

reasons is that most engineering teachers graduated from a research university and 

see themselves as scientists (for example mathematicians or physicists). Other 

teachers perceive themselves, for example, as academic mechanical engineers and 

for that reason do not see themselves as models for professional mechanical 

engineers. Moreover, interviewed staff believed that professional identity is 

defined by the requirements for professional engineers as requested by the 

regional industry. And as staff do not perceive themselves as professional 

engineers, they cannot perform as professional models. In the literature we find 

more reasons why teachers do not perform as professional models for students. 

Blokhuizen and van Montfort (1998) perceive most teachers at universities of 

applied sciences as so-called professional teachers. These professional teachers 

have lost their identification with the engineers as their primary identification and 

have become teachers of engineering (Blokhuizen & Van Montfort, 1998). In 

addition, Fox (1983) found that teachers have implicit theories of teaching which 

guide their behaviour. Only one of these teacher roles is being a professional 

model. In the redesigned engineering curriculum the role of teachers changed and 

most universities have defined four teacher educational roles: expert, coach for 

career conversations, guide and assessor. These educational roles are usually 

performed by professional teachers as the contribution of (teaching) professionals 

is very limited. 

 

 

7.4 Limitations of the study  

 

In this section we will discuss some limitations in our study relating to data 

acquisition and sample size. Next, we discuss some issues regarding the 

instruments and data analysis used. 

 

7.4.1 Sample size and data acquisition  

 

Sample size 

To gain high response rates, we prepared a paper and pencil questionnaire for 

students in a classroom situation. For the students who completed the 

questionnaire in groups the response rate was high. But this proved not to be 

possible at all universities and courses as students at the end of the second year 

did not meet as a group. As soon as this problem became apparent, a digital form 

was created and sent to the students with an accompanying supporting email from 

the university. The response rate was quite different among the universities. One 

university showed a high response rate of 80%, but others had a low response of 
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10%, even after one or two reminders. Data collection after workplace learning 

took place in the same way. We observed that perceived ownership of the survey 

by the university proved to be critical as it could partially overcome students’ low 

enthusiasm to respond to a digital survey, despite sending reminders. Some 

universities recognised the low response to our survey and perceived it as not 

unique as they got similar low response rates for their university surveys. A more 

than once heard explanation was that students, in general, do not have a negative 

attitude towards surveys, but as the survey has no priority or personal effect, they 

are simply indifferent and do not respond. We found that in a repeated 

measurement the effects of non-response amplified. The result was that before 

workplace learning 216 students responded, and after workplace learning 100 

responded. At the same time, after workplace learning 40 students responded who 

did not respond to the first questionnaire. So, after matching, 60 response pairs 

remained. Analysis of means and spread showed that the 60 pairs were a good 

sample out of the 216 students from the measurement before workplace learning 

and the 100 students after workplace learning. 

 

Data acquisition and self-selection of participants  

We limited our study to three engineering courses: mechanical engineering, 

electrical engineering and mechatronics. These courses lead to the Bachelor of 

Engineering degree and are coordinated in the Cluster Engineering. All 

universities of applied sciences participating in the Cluster Engineering were 

invited to participate in our research. They were offered a full insight into the 

results of their students – aggregated on the course level – and a benchmark with 

the combined other participants. Further absolute confidentiality of the results of 

their course was granted. Based on self-selection, six universities decided to 

participate with, in total, ten courses. Therefore, there might be a self-selection 

bias in the data.  

 

We studied students’ identity development in a Dutch educational context, and in 

a Dutch industrial environment. Hofstede (1997) studied cultural differences in 

industry and we assume that significant national cultural differences exist, such as 

power distance between professional levels in industry and in the relation between 

teachers and students (Hofstede, 1997). We therefore think that we cannot 

generalise the findings. International replication of the research could provide an 

insight into the magnitude of the cultural differences.  

 

 

7.4.2 Design and instruments 

 

Identity development measured during one placement in industry  

We studied student development during their first placement in industry. As 

variety in industry is vast, the possibility of a (partial) mismatch between student 

and placement is real and will consequently influence student development in 
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terms of clarity and identification. If students were assigned to two different 

industrial environments, the level of clarity might increase while the spread might 

decrease. In most courses, until five years ago, the complete third year was 

available for workplace learning and students worked in two or three different 

companies. This practice changed with the introduction of the major-minor course 

structure, and most engineering studies cut workplace learning from two to one 

semester, to create space for a minor. The unintentional effect was that most 

students will have to do only one placement.  

 

Instruments measuring aspects of identity 

The instruments for clarity (Dobrow and Higgins, 2005) and identification 

(Hekman, 2005) were translated and adapted to Dutch conditions. As stated 

before, the reliability of the instruments in our study was comparable with the 

original instruments, and well above the threshold (Field, 2009). But neither 

instrument was previously used for engineers and therefore reference points were 

missing. In our research we found relatively low scores for both clarity and 

identification around the scale mean before and after workplace learning. To find 

a reference, we tested the identification with the profession instrument on 26 

experienced engineers/teaching staff in a meeting of the Cluster Engineering. 

Even their results were relatively low (M = 3.36 , SD = .77 ), although their mean 

is .55 higher than the students (M = 2.81, SD = .75), as measured after workplace 

learning. 

 

Therefore, we question whether this relatively low identification of engineering 

staff is 1) a result of their relatively large distance from the engineering profession 

(as they are professional teachers (Blokhuizen, 1999)) or 2) the result of the fact 

that in the Netherlands the engineering profession is not regulated and it is not 

even required to register as an engineer. Just 10% of all Dutch engineers are 

members of the professional association of engineers KIVI-NIRIA, which might 

be an indication of the lack of identification of engineers with their professional 

association. Both questions imply a possible lack of clear professional models for 

students.  

 

Data analysis 

In our research we used a 5-point Likert scale, a common scale used in social 

sciences. During data analysis we found low correlations and consequently low 

explained variance in calculations like regression. As a reference we calculated 

M, SD and correlations for variables before and after measurement, measuring 

identical variables (before and after workplace learning) that were not supposed to 

change during workplace learning, such as student motivation for entering the 

profession or for entering engineering education. Even these variables had a low 

correlation, although M and SD remained the same. The explanation proved to be 

the lack of variance. Deeper analysis showed that the distribution over the scales 
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was limited and, for example, 90% scored within three out of five categories as 

the extreme scores are seldom used. 

 

 

7.5 Implications for practice 

 

Our research provided insights into student identity development during 

workplace learning and the flaws students perceived in the preparation for 

professional practice during the first two course years (Chapter five). During the 

interviews with staff we focussed on the design consequences of the findings for 

course improvements in the preparation for professional practice (Chapter six). 

Staff understood the added value of our findings on students’ identity 

development and were aware of the fact that improvement of the preparation for 

professional practice during the first two course years was apparently the most 

important implication for practice.  

 

For the course improvements, staff mentioned two main issues: First, the 

discrepancy between the curriculum as intended by staff and the curriculum as 

perceived by students should be decreased. Staff have to explicate the course 

concept so students can understand why the curriculum is as it is. Secondly, the 

career conversations should be improved. Students must better understand the aim 

of career conversations in their orientation on and preparation for the engineering 

profession. Students must explore the profession and professional practice. So 

both issues for improvement for the preparation for professional practice refer to 

making the process of becoming an engineer visible. In fact, this is in line with the 

concept of the cognitive apprenticeship (Collins et al., 1990; Schön, 1983; 

Sheppard et al., 2008). 

 

The literature also provides notions and concepts for improving the curricula and 

the preparation for professional practice (Lindsay et al., 2008; Pratt, 1998; 

Sheppard et al., 2008; Shuman, 2005; Sullivan, 2004). We therefore suggest 

implementing the concept of the cognitive apprenticeship in the first two years of 

the courses and making the professional identity of engineers visible. This is in 

addition to the leading redesign concept on professional identity development as 

described for Dutch higher engineering education by Geurts and Meijers (2004), 

and the function of career conversations. We expect that the implementation will 

result in a higher level of clarity and reduce the differences in clarity among 

students as measured at the beginning of workplace learning. 

 

Preferably as a joint activity of the Cluster Engineering, the cooperation platform 

of the universities of applied sciences should explicate the standards that define 

the social dimension of the engineering profession so professional identity 

becomes observable, tangible and discussable for both staff and students. This is 

important because engineering students have to refer themselves to this social 
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dimension of the engineering profession during their process of identity 

development during the engineering courses. Engineering students have to 

become aware of the professional identity of engineering from the beginning of 

the courses, and observe this in the learning environment and in the behaviour of 

educational staff. Moreover, engineering students must further explore the 

profession as a part of career conversations and behave as student engineers in the 

first course year as soon as possible. In conclusion, universities of applied 

sciences should:  

1. explicate, preferably together with the professional organisation of engineers, 

the standards of the engineering profession, as the social dimension of the 

engineering identity for students and live this identity at university; 

2. redesign the concept of the engineering courses into more integrated 

networked curricula in which acquiring knowledge, skills and professionalism 

are interwoven and in which career conversations become an integrated part 

of the course; 

3. monitor student identity development from the moment of enrolment until 

graduation, based on assessable aims; 

4. educate staff (see Section 7.3.2) in pedagogical subjects which include: 

students’ identity development, cognitive apprenticeship and career 

conversations. 

  

Universities of applied sciences can learn in this respect from the experiences of 

their international colleagues, associated in the international engineering 

educators’ organisations such as: IGIP (Internationale Gesellschaft fur Ingenieur 

Pedagogik) and SEFI (European Society for Engineering Education), as student 

professional identity development is a shared concern of all engineering 

educators. 

 

 

7.6 Suggestions for further research 

 

We stated before that research in engineering education is scarce in the 

Netherlands and more research in a design-based way is required to improve 

education, as such an approach will improve results. In our qualitative study 

among teaching staff (Chapter three) we got a global insight into students’ 

professional identity development over the four-year engineering courses from the 

teaching staff perspective. Next, in our quantitative study among students 

(Chapter four), we got a more detailed insight into student identity development 

for the clarity and identification aspects during the semester of workplace learning 

in industry. We used the instrument designed by Dobrow and Higgins (2005) for 

the clarity aspect and the adapted instrument of Hekman (2005) for the 

identification aspect. We found that students tend to score from 2 to 4 on a 5-point 

Likert scale, so avoiding the scale ends resulting in limited variance. 
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We therefore suggest that further research should be carried out on the following 

three issues: 1) monitoring student identity development over the full four-year 

course; 2) the expansion of the instrument scales; and 3) the benchmarking of 

both instruments in another professional educational domain.  

First, we suggest monitoring, on a yearly basis, student identity development over 

the full engineering courses from the moment of enrolment until graduation. In 

our study we focussed on student identity development during the workplace 

learning semester only, and this is an important but limited part of the course and 

only part of student identity development. This monitoring could support both 

students and teaching staff as it provides them with an insight into student identity 

development, and therefore the effectiveness of the career conversations.  

 

Our second suggestion is to expand the measurement scales for instruments from 

the common 5-point Likert scale we used to a 7-point Likert scale as Dobrow and 

Higgins used in their original research. This is because using the 7-point scale will 

increase the range of score possibilities between the scale extremes and probably 

increase student variation in the scores, which is required for higher-order 

statistical methods such as regression analysis. 

 

Our third suggestion is benchmarking both instruments in an educational sector 

where students are educated for the so-called regulated professions. For a 

regulated profession, the standards for the profession are regulated by law. In the 

Netherlands, engineering is not a regulated profession, so we have to think of 

courses such as those for physiotherapists, accountants and teachers. 

Benchmarking could provide an insight into the influence of the professional 

standards by law on both student clarity and identification. We expect that 

explicated legal standards will provide a shared observable image of the 

profession for staff and students and will probably influence student clarity. 

Furthermore, we expect a positive effect from an obligatory professional 

registration on identification as described by Giddins (1991). 
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APPENDIX 1 : Questionnaire, before workplace learning 

 

 

 

 
 

 

Onderzoek naar werkplekleren in engineeringopleidingen 

 

Vragenlijst: Voorbereiding op de stage                                        
 

 

 

 

 

Beste student, 

 

Het stagejaar  is voor de meeste engineering studenten de eerste langere werkperiode in de industrie. 

Je kunt in de industrie als aankomend ingenieur alles gaan toepassen wat je tot nu toe hebt geleerd.  

Met deze enquête onderzoeken we of jij vindt dat je goed bent voorbereid op de stage en wat jij voor 

verwachtingen van de stage hebt. In deze enquête kijk jij dus terug op je opleiding tot nu toe en 

vooruit op de stage. Na afloop van de stage volgt er een tweede enquête waarin we je vragen terug te 

kijken op de stage zelf.  

Met dit onderzoek willen we meer inzicht krijgen in de invloed van de voorbereiding op de 

beroepspraktijk, voorafgaand aan de stage, op de professionele ontwikkeling tijdens de stage. Met 

dat inzicht willen we het engineering onderwijs verbeteren. 

 

De meeste vragen zijn geformuleerd als een stelling, waarop je kunt scoren bv. van zeer mee eens tot 

zeer mee oneens, of waar je een ontbrekend woord  moet invullen. Je vinkt de kolom aan, onder het 

woord dat het best bij je mening past.  

In het elektronische formulier kun je met de cursor of met de [tab]-toets naar het volgende invulveld. 

De formulieren worden anoniem verwerkt en ze tellen dus absoluut niet mee voor je beoordeling! 

Het invullen van de vragenlijst duurt ongeveer 15 minuten.  

Alvast bedankt voor je medewerking! 

 

 

 

 

 

Fons Dehing (fons.dehing@esoe.nl) 

 

Ps. Als je een vrijstelling voor de stage hebt wil je dan de vragenlijst invullen, met 

      uitzondering van vraag 4? 

 

 

mailto:fons.dehing@esoe.nl
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Naam Hogeschool:   

Opleiding    Werktuigbouwkunde                     Elektrotechniek                    Mechatronica 

Vrijstelling voor stage?    Ja  
 

Je naam:         of  de eerste 6 cijfers van je mobiele telefoon nummer:       06        

NB. We vragen uitsluitend naar je naam om een koppeling van de eerste met de tweede vragenlijst mogelijk te maken. Je 

kunt in plaats van je naam ook de eerste 6 cijfers van je mobiele nummer invullen, als je dat de tweede keer ook maar 

doet. 
 

Je bent een:      vrouw          man  en je leeftijd is:       jaar                                 
 

Vooropleiding die toegang gaf tot de bachelor opleiding die je nu volgt: 
MBO  HAVO  VWO  buitenlandse opleiding:       anders:       

 

Heb je al ervaring in een engineeringomgeving, bv door stage, bijbaan?  
Geen  minder dan  1 maand  van 1 tot 6 maanden  meer dan 6 maanden  

 

Is er iemand in je directe omgeving ingenieur (Hbo of Wo)?  
vader, moeder  broer, zus  familie  vrienden,  bekenden   Nee  

 

1. Enkele stellingen over jouw opleidingkeuze en je toekomstige ingenieursberoep 

 geheel 

mee 

oneens 

mee 

oneens 
neutraal 

mee 

eens 

geheel 

mee 

eens 

Ik heb deze studie gekozen omdat ik techniek interessant vind       

In heb deze studie gekozen omdat ik graag ingenieur wil worden      

Mijn studie sluit aan bij mijn capaciteiten      

Ik heb een gezonde dosis zelfvertrouwen      

Ik heb al een helder beeld ontwikkeld van mijn toekomstige loopbaan 
en professionele identiteit 

     

      

Ik ben nog zoekende naar een toekomstige loopbaan en een 
professionele identiteit 

     

Ik weet wie ik ben, zowel qua toekomstige loopbaan als qua 
professionele identiteit 

     

Ik weet nog niet hoe mij toekomstige loopbaan en professionele 
identiteit eruit zien 

     

Als iemand kritiek heeft op ingenieurs, raakt me dat persoonlijk en 
irriteert me dat 

     

Ik ben erg geïnteresseerd in wat ander mensen van ingenieurs vinden      

      

Als ik over ingenieurs spreek, heb ik het meestal over wij in  plaats 

van  zij 
     

Het succes van ingenieurs beschouw ik ook als mijn succes      

Als iemand waarderend spreekt over ingenieurs, voel ik dat als een 
persoonlijk compliment 

     

Als in de media kritiek wordt geuit op ingenieurs, irriteert me dat      

Als ingenieur behoor je lid te zijn de professionele vereniging van 
ingenieurs zoals KIVI-NIRIA 

     

 

2. Vragen over je oordeel over jouw opleiding als geheel  

Zet een kruis in de kolom onder het woord dat het volgens jou het best in de zin past. 
 veel  te 

weinig 

te 

weinig 

precies 

goed 
te veel 

veel  te  

veel 

De opleiding is   …………  gericht op de beroepspraktijk       

De opleiding bereidt mij    ………… voor op de beroepspraktijk      

Ik heb tijdens de opleiding   ………  contact met de beroepspraktijk      

De opleiding is     …………    praktijkgericht       

Stages sluiten ……….. aan bij het overige onderwijs      

Mijn docenten zijn ………… op de hoogte van de beroepspraktijk       
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3. Nu volgen stellingen over de voorbereiding op de beroepspraktijk in de eerst twee jaar van 

je opleiding  

 

Je hebt vast wel een idee van wat er straks in de stage aan kennis, vaardigheden en houding van je 

gevraagd zal worden. Kun je van de onderstaande onderwerpen aangeven of die volgens jou in het 

onderwijs tot nu toe, veel te weinig, te weinig, voldoende, teveel of veel te veel aan bod zijn geweest? 

 
 veel  te 

weinig 

te 

weinig 

precies 

goed 
te veel 

veel  te  

veel 

Kennis van het eigen vakgebied          

Kennis van andere vakgebieden           

Vermogen om vakkennis in de praktijk toe te passen        

Vermogen om info.- & communicatietechnologie te gebruiken      

Vermogen om in buitenlandse talen te communiceren       

      
Vermogen om informatie te vergaren          

Vermogen om problemen en kansen te signaleren       

Vermogen om verbanden te leggen tussen verschillende zaken       

Vermogen om hoofd- van bijzaken te onderscheiden       

Vermogen om logisch te redeneren      

      
Vermogen om conform budget, planning of richtlijnen te werken      

Vermogen om onder druk goed te functioneren       

Vermogen om knopen door te hakken       

Vermogen om nieuwe ideeën en oplossingen te bedenken       

Vermogen om nieuwe dingen te leren      

      
Vermogen om aan anderen duidelijk te maken wat u bedoelt      

Vermogen om productief met anderen samen te werken      

Vermogen om capaciteiten van anderen aan te spreken      

Vermogen om zelfstandig de werkzaamheden uit te voeren      

Bereidheid om uw nek uit te steken      

      
 Bereidheid om begrip te tonen voor andere standpunten      

Bereidheid om op te komen voor uw eigen standpunt      

Kennis van de ingenieurpraktijk      

Kennis van het beroep van ingenieur      

Vermogen om te gaan met ethische dilemma’s      

      
De maatschappelijke verantwoordelijkheid van de ingenieur      

Vermogen om in teams te werken      

Vermogen om projectmatig te werken      

Schriftelijk en mondeling te communiceren      

 

Als je iets gemist hebt gedurende de voorbereiding, kun je dan opschrijven wat dat was? 
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4. Je eigen doelstellingen voor de komende stage 

Vraag 4 s.v.p. niet invullen als je een vrijstelling voor de stage hebt. 

 
Kun je van de onderstaande onderwerpen aangeven hoe belangrijk jij ze vindt om er gedurende jouw stage aan 

te werken?  
 on- 

belang-

rijk 

minder-

belang-

rijk 

tamelijk 

belang-

rijk 

 

belang-

rijk 

heel 

belang-

rijk 

Kennis van het eigen vakgebied          

Kennis van andere vakgebieden           

Vermogen om vakkennis in de praktijk toe te passen        

Vermogen om info.- & communicatietechnologie te gebruiken      

Vermogen om in buitenlandse talen te communiceren       

      

Vermogen om informatie te vergaren          

Vermogen om problemen en kansen te signaleren       

Vermogen om verbanden te leggen tussen verschillende zaken       

Vermogen om hoofd- van bijzaken te onderscheiden         

Vermogen om logisch te redeneren      

      

Vermogen om conform budget, planning of richtlijnen te werken      

Vermogen om onder druk goed te functioneren       

Vermogen om knopen door te hakken       

Vermogen om nieuwe ideeën en oplossingen te bedenken       

Vermogen om nieuwe dingen te leren      

      

Vermogen om aan anderen duidelijk te maken wat u bedoelt      

Vermogen om productief met anderen samen te werken      

Vermogen om capaciteiten van anderen aan te spreken      

Vermogen om zelfstandig de werkzaamheden uit te voeren      

Bereidheid om uw nek uit te steken      

      

 Bereidheid om begrip te tonen voor andere standpunten      

Bereidheid om op te komen voor uw eigen standpunt      

Kennis van de ingenieurpraktijk      

Kennis van het beroep van ingenieur      

Vermogen om te gaan met ethische dilemma’s      

      

De maatschappelijke verantwoordelijkheid van de ingenieur      

Vermogen om in teams te werken      

Vermogen om projectmatig te werken      

Schriftelijk en mondeling te communiceren      

 

Eventuele vragen/opmerkingen kun je in onderstaande box noteren 

      

 

5. Twee afsluitende stellingen 

 geheel 

mee 

oneens 

mee 

oneens 

neutraal mee 

eens 

geheel 

mee eens 

Ik ben in de eerste 2 jaar van de opleiding goed voorbereid voor de 
komende stage 

     

Ik heb er alle vertrouwen in dat het met de stage goed gaat komen 
 

     

 

Bedankt voor het invullen! 

Fons Dehing, Eindhoven School of Education 
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APPENDIX 2: Questionnaire, after workplace learning 
 

 

 

   
 

 

Onderzoek naar werkplekleren in de bachelor engineeringopleidingen   

Vragenlijst 2, na afloop van de bedrijfsstage, februari 2011   

 
NB. Als je de eerste vragenlijst niet hebt ingevuld wil je dan deze tweede vragenlijst toch invullen?  
 

 

Beste student, 

 

Voorafgaand aan je bedrijfsstage heb je onze eerste vragenlijst ingevuld. We vroegen je daarin om 

terug te kijken op de eerste twee jaar van je opleiding, als voorbereiding op je bedrijfsstage. We 

vroegen je ook om vooruit te kijken naar je bedrijfsstage. 

Je hebt inmiddels je bedrijfsstage kort geleden afgerond en met deze tweede vragenlijst willen we je 

vragen naar je leerervaringen gedurende je bedrijfsstage. Ook vragen we je opnieuw terug te kijken 

naar de voorbereiding op je bedrijfsstage, maar nu vanuit de kennis en ervaring, die je nu hebt.  

 

Met dit onderzoek willen we meer inzicht krijgen in de invloed van de eerste twee jaar van de 

opleiding, voorafgaand aan de bedrijfsstage, op de professionele ontwikkeling van 

engineeringstudenten tijdens de bedrijfsstage. Met dat inzicht willen we de engineeringopleidingen 

zo mogelijk verbeteren. 

 

Ook nu worden de formulieren anoniem verwerkt en ze tellen dus ook niet mee voor je beoordeling.  

Na enkele inleidende vragen over je stageplaats zijn de meeste vragen geformuleerd als een stelling, 

waarop je kunt scoren bijvoorbeeld van geheel mee oneens tot geheel mee eens. Je vinkt de kolom 

aan onder het woord dat het best past bij jouw mening.  

Het invullen van de vragenlijst duurt ongeveer 15 minuten. 

 

Alvast bedankt voor je medewerking! 

 

Fons Dehing  

 

(fons.dehing@esoe.nl) 

 

 

 

 

 

NB Als we de term ingenieur gebruiken bedoelen we zowel de ingenieurs opgeleid aan de TU’s als 

aan de hogescholen.  
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Naam Hogeschool:       

 

Opleiding: Werktuigbouwkunde           Elektrotechniek              Mechatronica 
 

Je naam        

of de eerste 6 cijfers van je mobiele telefoonnummer 06      
NB Graag hier je naam invullen als je dat de eerste keer ook hebt gedaan. Heb je de eerste  keer  de eerste zes cijfers van je mobiele nummer ingevuld, 

doen dat dan ook nu. Als je bent vergeten wat je hebt gedaan, vul dan svp. beide in. Deze gegevens hebben we nodig om beide vragenlijsten met elkaar 

te kunnen vergelijken.  

Als je de eerste vragenlijst niet hebt ingevuld wil je dan het vak hiernaast aankruisen?  

 

1. Enkele vragen over de stageplaats  

 

Bij welk bedrijf heb je bedrijfsstage gelopen? Naam bedrijf:       

 

Wat is/zijn de hoofdactiviteit(-en) van het bedrijf ? Je kunt eventueel meerdere antwoorden geven.  

 ontwerp en 

ontwikkeling 

 productie   installatie-

onderhoud 

anders nl: 

      

 

Hoeveel medewerkers werken er ongeveer bij dit bedrijf?   

 1-10 medewerkers  11-50 medewerkers  51-250 medewerkers   > 250 medewerkers 

 

Wat is je schatting  van het percentage (hbo-wo) ingenieurs werkzaam bij dit bedrijf?  

 minder dan 10%  11-25%  26-50%  meer dan 50% 

 

Hoeveel medewerkers werkten er op de afdeling waar  je stage liep?   

 1-5 medewerkers  6-10 medewerkers  11-25medewerkers  meer dan 25 

 

Wat is je schatting  van het percentage (hbo-wo) ingenieurs werkzaam op die afdeling?  

 minder dan 10%  11-25%  26-50%  meer dan 50% 

 

Hoe zou je de functie/engineering-rol, die jij gedurende de stage vervulde het best kunnen omschrijven?  

. ontwerper  ontwikkelaar .onderzoeker .uitvoerder .regelaar anders nl: 

      

 *meerdere antwoorden mogelijk 

 
 Waren er (hbo-wo) ingenieurs in je stageomgeving, die een voorbeeld voor je waren? 

.geen  1-2  3-5  meer dan 5 

 

Je werkte vooral: 

 in een team  met een collega  alleen 

 

Je  sprak met je begeleider van het stagebedrijf: 

 vrijwel nooit  dagelijks  wekelijks  maandelijks 

 

Je sprak met je begeleider van jouw hogeschool: 

 vrijwel nooit  wekelijks  maandelijks 

 

De beoordeling van de bedrijfsstage 
De beoordeling is mogelijk afhankelijk van de hogeschool. Je kunt hier bv. een rapportcijfer invullen of  

een beoordeling in termen van onvoldoende-voldoende-goed. 

 

De begeleider van het stagebedrijf  beoordeelde je bedrijfsstage met:        

 

De begeleider van jouw hogeschool beoordeelde je bedrijfsstage met:        

 

Zelf beoordeelde je jouw bedrijfsstage stage met:        



Appendix 

 127 

 

2. Enkele stellingen over je bedrijfsstage en je leerproces 

 

Klik in het vak in de kolom aan die het best bij je mening past. 

Stelling 

geheel 

mee 
oneens 

mee 

oneens 

neutraa

l 

mee 

eens 

geheel 

mee 
eens 

Ik kreeg ingenieurstaken waarvoor ik zelf verantwoordelijk was      

Ik had wel meer verantwoordelijk werk gewild      

Ik kreeg opdrachten, die aansloten bij mijn opleidingsniveau      

Ik voelde me verantwoordelijk voor  de uit te voeren taken      

Mijn directe collega’s beschouwden mij als student      

 

Mijn directe collega’s zagen me als aankomend ingenieur       

Ik probeerde me te gedragen als aankomend ingenieur      

Ik gedroeg me vooral als student      

Medewerkers, die me nog niet kenden, beschouwden mij als student      

Medewerkers, die me nog niet kenden, beschouwden me als (aankomend) 
ingenieur  

     

 

Mijn directe collega’s gaven me regelmatig feedback op mijn sociaal gedrag      

Mijn directe collega’s gaven me regelmatig feedback op mijn professioneel 
handelen 

     

Ik heb veel geleerd omdat me dingen werden voorgedaan en uitgelegd      

Ik heb veel geleerd door de werkuitvoering van ingenieurs te observeren      

Ik heb veel geleerd door aan mijn directe collega’s te vragen hoe en waarom 
ingenieurs hun werk zo uitvoeren 

     

 

Ik heb veel geleerd door uit te proberen wat ik andere ingenieurs zag doen      

Ik mocht fouten maken als ik er maar van leerde      

Ik heb zelf uitgezocht wat het beroep van ingenieur inhoudt      

Ik heb zelf uitgezocht hoe ik me als ingenieur moet gedragen in de 
beroepspraktijk 

     

Ik heb zelf uitgezocht hoe ik me als ingenieur moet gedragen in de 
samenleving 

     

 

Ik zag mijn begeleider als een professioneel rolmodel      

Ik keek regelmatig terug op mijn eigen ontwikkeling      

Ik ging me bewust meer gedragen als ingenieur.      

Ik heb veel geleerd door me te gedragen zoals mijn begeleider/collega’s      

Mijn directe collega’s hebben me geleerd wat het beroep van ingenieur 
inhoudt 

     

 

Mijn directe collega’s hebben me geleerd hoe ik me als ingenieur moet 
gedragen in de beroepspraktijk 

     

Ik kon altijd vragen stellen aan mijn directe collega’s      

Ik voelde me tijdens de bedrijfsstage steeds meer op mijn directe collega’s 

lijken en voelde me minder student 
     

Mijn zelfvertrouwen is toegenomen      

Mijn successen werden erkend door mijn directe collega’s      

 

Mijn directe collega/begeleider was ingenieur      

De begeleiding door het bedrijf was zinvol      

De begeleiding door het bedrijf was voldoende in omvang      

De begeleiding door de hogeschool was zinvol      

De begeleiding door de hogeschool was voldoende in omvang      
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3. Vragen over je professionele ontwikkeling tijdens je bedrijfsstage 

 

Kun je aangeven of en hoeveel je jezelf tijdens de bedrijfsstage hebt ontwikkeld op de volonderwerpen?  
 

 
Ontwikkeld op:  

niet een 
beetje 

behoor-
lijk   

veel  heel 
veel  

1 Kennis van het eigen vakgebied       

2 Kennis van andere vakgebieden       

3 Vermogen om vakkennis in de praktijk toe te passen       

4 Vermogen om ICT te gebruiken      

5 Vermogen om in buitenlandse talen te communiceren       

 

6 Vermogen om informatie te vergaren       

7 Vermogen om problemen en kansen te signaleren       

8 Vermogen om verbanden te leggen tussen verschillende zaken       

9 Vermogen om hoofd- van bijzaken te onderscheiden       

10 Vermogen om logisch te redeneren      

 

11 Vermogen om conform budget, planning of richtlijnen te werken      

12 Vermogen om onder druk goed te functioneren        

13 Vermogen om knopen door te hakken       

14 Vermogen om nieuwe ideeën en oplossingen te bedenken       

15 Vermogen om nieuwe dingen te leren      

 

16 Vermogen om aan anderen duidelijk te maken wat u bedoelt      

17 Vermogen om productief met anderen samen te werken      

18 Vermogen om capaciteiten van anderen aan te spreken      

19 Vermogen om zelfstandig de werkzaamheden uit te voeren      

20 Bereidheid om mijn nek uit te steken      

 

21 Bereidheid om begrip te tonen voor andere standpunten      

22 Bereidheid om op te komen voor mijn eigen standpunt      

23 Kennis van de ingenieurpraktijk      

24 Kennis van het ingenieursberoep      

25 Vermogen om te gaan met ethische dilemma’s      

 

26 
Kennis van de maatschappelijke verantwoordelijkheid van de 

ingenieur 
     

27 Vermogen om in teams te werken      

28 Vermogen om projectmatig te werken      

29 Schriftelijk en mondeling te communiceren      

 

Op welke drie onderwerpen heb je jezelf het meest ontwikkeld?           
 
Kun je jouw keuze toelichten? 
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4. Jouw terugblik op de voorbereiding in de eerste twee jaar van de opleiding 

 
In de onderstaande lijst staan onderwerpen waarop je in de eerst twee jaar van de opleiding, voorafgaand aan 
de bedrijfsstage bent voorbereid. Kun je met de kennis die je nu hebt aangeven of de onderwerpen veel te 

weinig, te weinig, voldoende, teveel of veel te veel aan bod zijn geweest? 
 

 
Voorafgaande aan de stage voorbereid op:  

veel  te 
weinig 

te 
weinig 

precies 
goed 

teveel  veel te  
veel  

1 Kennis van het eigen vakgebied        

2 Kennis van andere vakgebieden       

3 Vermogen om vakkennis in de praktijk toe te passen        

4 Vermogen om info.- & communicatietechnologie te gebruiken      

5 Vermogen om in buitenlandse talen te communiceren        

 

6 Vermogen om informatie te vergaren        

7 Vermogen om problemen en kansen te signaleren       

8 Vermogen om verbanden te leggen tussen verschillende zaken       

9 Vermogen om hoofd- van bijzaken te onderscheiden       

10 Vermogen om logisch te redeneren      

 

11 Vermogen om conform budget, planning of richtlijnen te werken      

12 Vermogen om onder druk goed te functioneren        

13 Vermogen om knopen door te hakken       

14 Vermogen om nieuwe ideeën en oplossingen te bedenken       

15 Vermogen om nieuwe dingen te leren      

 

16 Vermogen om aan anderen duidelijk te maken wat u bedoelt      

17 Vermogen om productief met anderen samen te werken      

18 Vermogen om capaciteiten van anderen aan te spreken      

19 Vermogen om zelfstandig de werkzaamheden uit te voeren      

20 Bereidheid om mijn nek uit te steken      

 

21 Bereidheid om begrip te tonen voor andere standpunten      

22 Bereidheid om op te komen voor mijn eigen standpunt      

23 Kennis van de ingenieurpraktijk      

24 Kennis van het ingenieursberoep      

25 Vermogen om te gaan met ethische dilemma’s      

 

26 De maatschappelijke verantwoordelijkheid van de ingenieur      

27 Vermogen om in teams te werken      

28 Vermogen om projectmatig te werken      

29 Schriftelijk en mondeling te communiceren      

 

Als je hogeschool je zou vragen om 3 van de bovenstaande onderwerpen te noemen,  die volgens jou in de voorbereiding 

zeker moeten worden verbeterd, welke zou je dan noemen?            

 

Kun je jouw keuze toelichten ? 
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5. Enkele stellingen over je opleidingkeuze en het ingenieursberoep 

 

Stelling 
geheel 

mee 

oneens 

mee 

oneens 

neutraal mee eens geheel 

mee eens 

Ik heb deze studie gekozen omdat ik techniek interessant vind       

Ik heb deze studie gekozen omdat ik graag ingenieur wil worden      

Ik heb al een helder beeld ontwikkeld van mijn  toekomstige 
loopbaan en professionele identiteit 

     

Ik ben nog zoekende naar een toekomstige loopbaan en een 

professionele identiteit 
     

Ik weet wie ik ben, zowel qua toekomstige loopbaan als qua 
professionele identiteit 

     

 

Ik weet nog niet hoe mij toekomstige loopbaan en professionele 
identiteit eruit zien 

     

Als iemand kritiek heeft op ingenieurs, raakt me dat persoonlijk en 
irriteert me dat 

     

Ik ben erg geïnteresseerd in wat ander mensen van ingenieurs 
vinden 

     

Als ik over ingenieurs spreek, heb ik het meestal over wij ipv zij      

Het succes van ingenieurs beschouw ik ook als mijn succes      

 

Als iemand waarderend spreekt over ingenieurs, voel ik dat als een 
persoonlijk compliment 

     

Als in de media kritiek wordt geuit op ingenieurs, irriteert me dat      

Gedurende de bedrijfsstage ben ik me meer ingenieur gaan voelen      

Tijdens de bedrijfsstage zijn anderen me meer als ingenieur gaan 
beschouwen 

     

Als student ingenieur behoor je lid te zijn de professionele 
vereniging van ingenieurs zoals KIVI-NIRIA 

     

 

 

6. Tot slot nog enkele afsluitende stellingen 

 

Stelling 

geheel 

mee 
oneens 

mee 

oneens 

neutraal mee 

eens 

geheel 

mee 
eens 

Ik voelde me thuis in de ingenieurspraktijk      

Ik voelde me thuis in de rol van aankomend ingenieur      

Mijn bedrijfsstage was een zinvolle ervaring      

Ik ben overall tevreden over mijn afgelopen bedrijfsstage      

Met de kennis die ik nu heb, vind ik dat ik in de eerste twee jaar 
van de opleiding, goed ben voorbereid op de bedrijfsstage 

     

De bedrijfsstage heeft me meer ingenieur gemaakt      

 

 

Bedankt voor het invullen!  

 

Ik wil als onderdeel van het onderzoek enkele studenten interviewen over hun ervaringen gedurende 

de bedrijfsstage. Mag ik je daar eventueel voor benaderen? 

 

 ja, via welk E-mailadres?       
 

Fons Dehing 

Eindhoven School of Education 
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Appendix 3: Measurement instruments 

 
Scale: (1) complete disagree  (2) disagree  (3) neutral  (4) agree  (5) complete agree 
 

Item  Scale: Clarity of professional identity 

1 I have developed a clear career and professional identity 

2 I am still searching for my career and professional identity (reverse coded) 

3 I know who I am, professionally and in my career; 

4 I do not yet know what my career and professional identity is (reverse coded) 

 

Item  Scale: Identification with the engineering profession 

1 When someone criticizes engineers, it feels like a personal insult 

2 I am very interested in what others think about engineers 

3 When I talk about engineers, I usually say 'we' rather than 'they' 
4 Engineers’ successes are my successes 
5 When someone praises engineers, it feels like a personal compliment 

6 If a story in the media criticized engineers, I would feel embarrassed. 
 

Item  Scale: Students Characteristics 

1 I choose an engineering course because I ‘m interested in engineering 

2 I choose for an engineering course because I want to become an engineer 

3 I am quite self confident 
 

Item  Scale: Self guiding model 

1 
I have learned a lot by observing execution of professional tasks by 
engineers 

2 
I have learned a lot by experimenting with observed behaviour of other 

engineers  
3 I found out myself what the engineering profession is 
4 I found out myself how to behave as an engineer in professional practice 
5 I found out myself how to behave as an engineer in society 
6 I reflected on my development on a regular basis  
7 I increasingly behaved more consciously as an engineer 

 

Item  Scale: Mentoring model 

1 My close colleagues gave me regular feedback on my social behaviour 

2 
My close colleagues gave me regular feedback on my professional 

behaviour 

3 I have learned a lot as task were demonstrated and explained 

4 
I have learned a lot by observing execution of professional tasks by 

engineers 

5 
I have learned a lot by asking my direct colleagues how and why engineers 
performed their tasks like that 

6 I perceived my coach as a professional role model 
7 I have learned a lot by behaving as my colleagues 
8 My colleagues have learned me what the engineering profession is 
9 My colleagues learned me to behave as an engineer in professional practice 

10 My direct colleague/coach was a professional engineer 
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Item  Scale: Responsibility 

1 I got engineering tasks I was responsible for 

2 I would have liked more responsible work 

3 I got tasks that met my educational level 
4 I felt responsible for the tasks  

 

Item  Scale: Perception as engineer 

1 My colleagues perceived me as a junior engineer 

2 I tried to behave as junior engineer 

3 People, who did not know me, perceived me as junior engineer 
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Appendix 4 Preparation items, third level  

 

The following items were (1) far  too little (2)  too little (3)  satisfactory   (4) too much (5)  far too 

much part of the course up to now: 

# Item 1 2 3 4 5 
1 Preparation for disciplinary knowledge      

2 Knowledge of other disciplines      

3 Ability to apply skills in practice      

4 Ability to use information and communication technology      

5 Ability to communicate in a foreign language      

6 Competence to access information      

7 Ability to see opportunities      

9 Ability to distinct between main and detail       

10 Logical thinking      

11 Ability to work, conform budget, plan, and follow guidelines      

12 Ability to perform under pressure      

13 Ability to be decisive      

14 Innovative thinking      

15 Ability to learn new things      

16 Ability to express ideas and thoughts to others      

17 Skills to cooperate with other in a productive way      

18 Skill to include abilities of others        

19 Ability to work independently       

20 Risk taking      

21 Understanding other perspectives      

22 Ability to defend own position      

23 Knowledge of engineering practice      

24 Knowledge of the engineering profession      

25 Ability to handle moral dilemmas      

26 Ability to handle the societal responsibility of engineers       

27 Ability to work in teams      

28 Ability to work on a project in a structured way       

29 Ability to communicate in written and oral form      

Note: the Items 1-22 are part of the original ROA instrument 
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Summary 

 
Preparing students for workplace learning in higher engineering education 

 

Student preparation for professional practice is an important course aim in the 

education of engineers by the universities of applied sciences (Geurts & Meijers, 

2004; Sheppard, et al., 2008; Sullivan & Rosin, 2008). Since the start of the 

professional engineering schools at the beginning of the 20-th century, the 

educational function of workplace learning has been connecting theory to practice 

and transforming students into student engineers. Currently, in the four year 

bachelor course at universities of applied sciences, students in generally enter 

workplace learning for one semester, after two years of on campus preparation.  

 

Contrasting perspectives on student output of workplace learning exist. Students 

in general, especially those enrolling form senior general secondary education 

appreciate workplace learning, as it is their first encounter with engineering 

practice. Teachers and industry appreciate workplace learning as an important 

activity for students personal and professional growth. But they also observed 

substantial developmental differences among students. In contrast, others like the 

Inspectorate of Education (Inspectie van het Onderwijs) criticised the educational 

practice of workplace learning because the learning outputs among students are 

too divers, the university has no control of student workplace learning, and 

student learning results are not interwoven in the consecutive part the course. 

 

We were curious about the ideas behind student development during workplace 

learning as this might contribute to the improvement of workplace learning in 

terms of decreasing the developmental differences among students. Therefore, we 

had to understand, how students in engineering education develop into 

professional engineers. In other words: how do students develop their professional 

identity, especially during workplace learning in industry. Furthermore, we 

wanted to improve the engineering education practice and therefore questioned 

how the preparation during the engineering courses before workplace learning, 

could be improved to support and facilitate student process of identity 

development during workplace. Therefore, in this study we commenced with a 

literature survey on student identity development and workplace learning 

(Chapter two). Next, we performed three empirical studies applying different 

research approaches and qualitative and quantitative research methods. The 

studies are reported as independent journal articles in the Chapters three, four, 

five and six and were guided by the following three main research questions:  

 

1. How do bachelor engineering students at universities of applied sciences 

develop their engineering identity during the courses, especially during 

workplace learning? (Chapter three and four); 
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2. What are the design parameters of the preparation for professional practice 

that contribute most to the development of the engineering identity during 

workplace learning? (Chapter five); 

3. How can the identified design parameters be used in the improvement of 

courses? (Chapter six). 

 

In Chapter three, entitled “Development of an engineering identity in the 

engineering curriculum in Dutch higher education: An exploratory study from the 

teaching staff perspective” we studied how engineering students develop a 

professional identity during the engineering course. Furthermore, we investigated  

the development mechanisms and important conditions for identity development. 

In an exploratory study among teachers we studied whether the development of 

engineering identity can be understood by using the theoretical models of Ibarra 

and Sullivan. The results showed that the development of engineering identity is 

boosted during the internship in industry in the third year. During workplace 

learning, two important conditions for identity development could be identified: 

1) industry supervisors’ perception of students and 2) the professional 

responsibility awarded to the students. Some recommendations for curriculum 

improvement could be made; for example, introducing projects into the 

curriculum to stimulate identity development from the start.  

 

In Chapter four we studied identity development from the student perspective. 

Research questions addressed were: to what extent do bachelor engineering 

students develop their engineering identity during workplace learning in industry; 

what are the developmental models of engineering identity; and can different 

effects of these models on student identity development be found? A self-guiding 

and a mentoring model were studied as developmental models. Student identity 

was measured on two aspects: clarity and identification. The aspect clarity reflects 

student perception of the professional role of engineers while the aspect 

identification measured the social and emotional identification of the student with 

the engineering profession and engineering professionals. Participants were 256 

third-year bachelor student engineers from the mechanical and electrical 

departments of six Dutch universities of applied sciences. The data were collected 

with two written questionnaires, one before and one after the workplace learning 

semester. Results showed, first, an overall significant growth for the clarity aspect 

of identity development, but no significant growth for the aspect identification 

was found. Second, no significant difference was found in student identity 

development between the two developmental models. Third, large differences 

between students (incline and decline) on the two aspects of identity development 

(clarity and identification) existed and the combined achievement on the two 

aspects showed a division of students into four different development groups. 

Interestingly, students entering workplace learning with a low identity score 

proved to catch up, while those entering with a high score slowed down and 

developed less, indicating a non-successful preparation for workplace learning. 
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The division of the students increases diversity and therefore requires further 

research on the consequences for student educational careers, the final year 

programme and, last but not least, adequate preparation for workplace learning.  

 

Chapter 5 is entitled “Engineering student appreciation of the preparation for 

professional practice and their professional identity development during 

workplace learning”. The research questions were: how do students appreciate 

their preparation for professional practice; does student appreciation differ when 

measured before and after workplace learning; how does student appreciation 

relate to their identity development during workplace learning; and, which aspects 

of the preparation require improvement?  

Dutch universities of applied science prepare engineering students for the 

engineering profession and professional practice. This preparation includes 

workplace learning and is an important part of the course, which aims at 

developing student engineering identity. The first two years of engineering 

courses focus on academic knowledge and engineering skills. Consequently, 

student starting point for workplace learning is unbalanced. Teaching staff 

typically believe that student professional identity develop the most during 

workplace learning, although they observe large differences among students. 

Engineering students filled out a questionnaire (before and after workplace 

learning) that measured professional identity in terms of clarity and identification 

as well as appreciation of the preparation. Results show that student overall 

appreciation of the preparation increased when measured after workplace 

learning, although students perceived the main categories of preparation 

(disciplinary knowledge, knowledge of the engineering profession and knowledge 

of the engineering practice) to be unsatisfactory. A weak relationship between the 

appreciation of the preparation and the identity aspect clarity was found. The 

main explanation for student increased appreciation is student professional 

identity development in terms of clarity, which provides a framework for 

reference for the preparation activities. 

Main required improvements for preparation were the categories knowledge of 

the engineering profession and knowledge of the engineering practice. 

 

In Chapter 6, “Design consequences for the preparation for professional practice 

in the first two years of engineering courses” the research questions were: does 

the staff recognise the findings of our research so far and how can the preparation 

for professional practice in the first two course years be improved? 

Our previous studies provided insight into student identity development during 

workplace learning in industry and their appreciation of the preparation for 

professional practice during the first two course years. Based on the findings, this 

chapter focused on the design consequences for this preparation with the aim of 

improving student identity development during workplace learning. The research 

findings about students identity development and their appreciation of preparation 

were reported to six participating universities. Next, staff members were 
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interviewed in order to test whether the results are in line with staff perceptions 

and to discuss the design consequences for the preparation for professional 

practice in the engineering courses. The interviews revealed that student identity 

development was in line with the perceptions of the teachings staff. However, 

although participants recognised overall student appreciation of the preparation, 

students had a lower appreciation at the more detailed level of preparation, and 

this was not recognised. The discrepancy between staff intentions and student 

perceptions of the engineering course curriculum became clear and was discussed.  

A number of consequences for the improvement of preparation were identified 

including: identity development should be the leading curricular aim for 

engineering courses; the system of career conversations with students in the first 

two years has to be improved in order to foster the professional orientation of 

students and support transitions from engineering student to student engineer. 

Finally, more cooperation among the universities on a shared systematic design 

approach on student identity development and improvement of the preparation 

during the first two course years is required. 

 

In Chapter seven, “Conclusion and discussion” the main findings of the research 

are summarized and discussed. Furthermore some limitations of the study are 

described. Finally, implications for practice and further research are suggested. 

Main suggestions for educational practice are: the joint approach of the 

universities to explicate the standards for the engineering profession and the 

redesign the engineering bachelor courses into a more integrated networked 

curriculum in which student identity development is facilitated with career 

conversations. Main suggestion for further research is the monitoring of student 

identity development over the full four year course. 
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Samenvatting 

 
De voorbereiding op werkplekleren van engineering studenten in het hoger 

onderwijs  

 

De voorbereiding op de beroepspraktijk is een belangrijk onderwijsdoel van de 

programma’s van de Hogescholen (Geurts & Meijers, 2004; Sheppard, et al., 

2008; Sullivan & Rosin, 2008). Vanaf de start van het hoger technisch onderwijs 

in het begin van de 20-ste eeuw, is de educatieve functie van werkplekleren in de 

industrie het verbinden van theorie en praktijk en de transformatie van studenten 

in aankomende ingenieurs. Momenteel gaan engineering studenten van 

hogescholen doorgaans na twee jaar voorbereiding op school, een semester stage 

lopen (werkplekleren) in de industrie. 

 

Er zijn tegenstrijdige meningen over de leeropbrengsten van werkplekleren. Over 

het algemeen waarderen studenten het werkplekleren. Zeker de studenten die van 

het algemeen vormend onderwijs komen omdat het hun eerste ontmoeting is met 

de beroepspraktijk. De docenten en de industrie waarderen werkplekleren omdat 

het een belangrijke bijdrage levert aan de persoonlijke en professionele 

ontwikkeling van studenten. Tijdens werkplekleren zien docenten overigens ook 

grote ontwikkelingsverschillen tussen studenten. Anderen, zoals bijvoorbeeld de 

Inspectie van het Onderwijs, hebben kritiek op de uitvoering van werkplekleren in 

de industrie. De leerresultaten van studenten zijn te divers, de hogeschool heeft 

weinig invloed heeft op het verloop van het werkplekleren en de leerresultaten 

van studenten worden onvoldoende gebruikt in het vierde jaar. 

 

We waren benieuwd naar de achterliggende ideeën (gedachten, opvattingen) over 

de ontwikkeling van studenten gedurende de stage omdat die zouden kunnen 

bijdragen aan de verbetering van het werkplekleren, bijvoorbeeld door het 

verkleinen van de ontwikkelingsverschillen tussen studenten. Daarvoor moesten 

we dus begrijpen hoe studenten in het technische onderwijs zich ontwikkelen tot 

praktijkgerichte ingenieurs. De vraag was dus: hoe ontwikkelen studenten hun 

professionele identiteit, met name gedurende het werkplekleren in de industrie? 

Omdat we het engineering onderwijs wilden verbeteren vroegen we ons af hoe de 

beroepsvoorbereiding voorafgaand aan het werkplekleren kan worden verbeterd 

zodat die het proces van professionele identiteitsvorming gedurende het 

werkplekleren ondersteunt. Daarom zijn we deze studie begonnen met een 

literatuuronderzoek naar de ontwikkeling van de professionele identiteit bij 

studenten en werkplekleren (Hoofdstuk 2). Vervolgens hebben we drie empirische 

deelstudies uitgevoerd waarin we verschillende kwalitatieve en kwantitatieve 

onderzoeksmethoden hebben gebruikt. 
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De deelstudies worden in de Hoofdstukken drie, vier, vijf en zes gerapporteerd in 

de vorm van zelfstandige tijdschriftartikelen. Ze werden gestuurd door de 

volgende onderzoeksvragen: 

 

1. Hoe ontwikkelen bachelor engineering studenten aan hogescholen hun 

engineering identiteit gedurende de opleiding, in het bijzonder gedurende 

de stage? (Hoofdstukken drie en vier); 

2. Wat zijn de ontwerpparameters voor de beroepsvoorbereiding die het 

meest bijdragen aan de ontwikkeling van de engineering identiteit 

gedurende het werkplekleren? (Hoofdstuk vijf); 

3. Hoe kunnen de geïdentificeerde parameters gebruikt worden bij het 

verbeteren van de opleidingen? (Hoofdstuk zes). 

 

In Hoofdstuk 3 getiteld “De ontwikkeling van een engineering identiteit in het 

engineering curriculum van het Nederlands hoger onderwijs, een verkennende 

studie vanuit het perspectief van docenten”, onderzochten we hoe studenten hun 

professionele identiteit verwerven gedurende de engineering opleiding. Voorts 

onderzochten we modellen en belangrijke condities voor hun 

identiteitsontwikkeling. In een verkennend onderzoek bij engineering docenten 

onderzochten we of de ontwikkeling van een engineering identiteit bij studenten 

begrepen kan worden op basis van de modellen van Ibarra en Sullivan.  

De resultaten lieten zien dat volgens docenten, de ontwikkeling van de 

professionele identiteit van studenten een sprong maakt gedurende het derde jaar, 

gedurende de stage in de industrie. Docenten observeerden twee belangrijke 

voorwaarden voor de ontwikkeling van studenten gedurende het werkplekleren. 

De eerste voorwaarde is dat de bedrijfsmentor de student beschouwt als een 

aankomend ingenieur en niet als student. De tweede voorwaarde is de mate 

waarin de student professionele verantwoordelijkheid mag dragen voor zijn 

werkzaamheden. We konden enkele aanbevelingen doen voor de verbetering van 

de beroepsvoorbereiding, zoals bijvoorbeeld het gebruik van projecten om de 

ontwikkeling van de professionele identiteit vanaf het begin van de opleiding te 

stimuleren. 

 

In Hoofdstuk vier onderzochten we de ontwikkeling van de professionele 

identiteit van studenten, maar nu vanuit het perspectief van de engineering 

studenten zelf. Onderzoeksvragen waren: in welke mate ontwikkelen engineering 

studenten hun identiteit gedurende de stage in de industrie, wat zijn daarbij de 

ontwikkelingsmodellen en kunnen we een verschil vaststellen in 

identiteitsontwikkeling tussen de modellen? 

De ontwikkeling van de professionele identiteit van de studenten werd gemeten 

op twee aspecten: helderheid en identificatie. Helderheid is een maat voor 

duidelijkheid die de student heeft over zijn eigen professionele identiteit en 

toekomstige loopbaan. Identificatie meet de sociaal-emotionele binding van de 

engineering student met het beroep van ingenieur en ingenieurs.  
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Deelnemers waren 256 derdejaars engineering studenten van de opleidingen 

werktuigbouwkunde, elektrotechniek en mechatronica van 6 hogescholen. De data 

is verzameld met behulp van twee vragenlijsten, een voorafgaand en een na 

afloop van de stage. De resultaten lieten zien:1) een gemiddelde stijging voor het 

aspect helderheid maar niet voor identificatie; 2) de twee ontwikkelingsmodellen 

lieten geen verschil in ontwikkeling van identiteit zien; 3) er waren grote 

verschillen tussen de studenten (zowel stijgers als dalers) op de beide aspecten. 

Als beiden aspecten gecombineerd werden leidde dat tot vier verschillende 

ontwikkelingsgroepen.  

Opvallend was dat studenten die aan het werkplekleren begonnen met lage scores 

zich positief ontwikkelden terwijl zij die startten met hoge scores een daling lieten 

zien. Dit lijkt een indicatie van een niet succesvolle voorbereiding op het 

werkplekleren. De verdeling van de studenten gedurende de stage in de vier 

ontwikkelingsgroepen vergroot de spreiding in de groep en maakt verder 

onderzoek noodzakelijk naar de consequenties daarvan voor het vervolg van de 

studie, het programma van het laatste jaar en last but not least de adequate 

beroepsvoorbereiding voorafgaand aan het werkplekleren. 

 

Hoofdstuk vijf is getiteld: ”De waardering van de beroepsvoorbereiding door 

engineering studenten en de ontwikkeling van hun professionele identiteit 

gedurende werplek leren”. De onderzoeksvragen waren: 1) hoe waarderen 

studenten de beroepsvoorbereiding; 2) is er een verschil in die waardering tussen 

de meting voorafgaand en direct na afloop van het werkplekleren; 3) hoe verhoudt 

de waardering zich tot de ontwikkeling van de identiteit gedurende het 

werkplekleren en 4) welke aspecten van de beroepsvoorbereiding behoeven 

verbetering. 

Hogescholen bereiden engineering studenten voor op het engineeringberoep en de 

beroepspraktijk. De eerste twee jaar van de opleiding richten zich met name op 

het aanbrengen van de kennisbasis en de engineering vaardigheden en veel 

minder op professionele identiteitsontwikkeling. Daarom is het startpunt voor het 

werkplekleren doorgaans ongebalanceerd. Docenten denken dat de studenten hun 

identiteit met name gedurende het werkplekleren ontwikkelen, hoewel ze ook 

grote verschillen tussen studenten waarnemen. 

Engineering studenten vulden voorafgaand aan en direct na afloop van het 

werkplekleren een vragenlijst in. Met de vragenlijst werd hun professionele 

identiteit op de aspecten helderheid en identificatie gemeten maar ook de 

waardering van de beroepsvoorbereiding gedurende de eerste twee jaar.  

De resultaten lieten zien dat de studenten de voorbereiding na afloop van het 

werkplekleren hoger waardeerden dan er direct aan voorafgaand. De studenten 

persisteerden in hun onvoldoende waardering van de hoofdcurriculum delen 

(disciplinaire kennis, kennis van het ingenieurs beroep en kennis van de 

ingenieurspraktijk). 

We vonden een zwakke samenhang tussen de waardering van de voorbereiding en 

het identiteitsaspect helderheid. De belangrijkste verklaring voor de toename van 
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de waardering is de ontwikkeling van de professionele identiteit van studenten (op 

het aspect helderheid) waardoor de studenten een referentiekader krijgen voor het 

waarderen van de beroepsvoorbereiding. De belangrijkste onderwerpen voor de 

verbeteringen van het programma van de eerste twee jaar bleken de categorieën 

“kennis van het beroep van ingenieur” en “kennis van de beroepspraktijk van 

ingenieurs” te zijn. 

 

In Hoofdstuk 6 “Consequenties voor de beroepsvoorbereiding in de eerste twee 

cursusjaren” onderzochten we de vragen: herkennen docenten de resultaten van 

ons onderzoek tot nu toe en hoe kan beroepsvoorbereiding in de eerste twee jaar 

van de opleiding worden verbeterd? De eerdere deelstudies gaven ons inzicht in 

de identiteitsontwikkeling van studenten gedurende de stage in de industrie en 

hun waardering van de beroepsvoorbereiding in de eerste twee jaar.  

Als eerste stap werden de onderzoeksresultaten van de ontwikkeling van de 

studenten en hun waardering van de beroepsvoorbereiding teruggekoppeld naar 

de deelnemende hogescholen. Vervolgens hebben we de docenten van de 

deelnemende hogescholen geïnterviewd om vast te stellen of de resultaten 

overeen kwamen met hun verwachtingen. Daarna hebben we gezamenlijk 

gekeken naar de ontwerpconsequenties voor de beroepsvoorbereiding in de 

engineeringopleidingen gedurende de eerste twee jaar. Uit de interviews bleek dat 

docenten de ontwikkeling van de professionele identiteit van studenten 

herkenden. Maar, hoewel de docenten de overall waardering van de studenten van 

de voorbereiding wel verwachtten, herkenden ze de lagere waardering op het 

meer gedetailleerde curriculum niveau niet. De discrepantie tussen de bedoelingen 

van de docenten en de percepties van de studenten van het curriculum werd 

duidelijk en onderwerp van discussie. Een aantal consequenties voor de 

verbetering van de voorbereiding kon worden geïdentificeerd zoals: de 

ontwikkeling van de professionele identiteit van studenten moet leidend zijn voor 

het curriculum concept; studieloopbaanbegeleiding in de eerste twee jaar moet 

worden verbreed zodat het daadwerkelijk de beroepsoriëntatie stimuleert en de 

transitie van student naar aankomend ingenieur ondersteunt. Tenslotte is 

coördinatie en samenwerking tussen de hogescholen wenselijk om te komen tot 

een systematische ontwerpgerichte benadering van de professionele 

identiteitsontwikkeling gedurende de eerste twee jaar van de engineering 

opleidingen.  

 

In Hoofdstuk zeven, “Conclusies en discussie” vatten we de resultaten samen. 

Verder beschrijven we enkele beperkingen van ons onderzoek. Tenslotte 

benoemen we aanbevelingen voor de onderwijspraktijk en doen enkele suggesties 

voor verder onderzoek. De belangrijkste aanbevelingen voor de verbetering van 

het onderwijs zijn: 1) maak de professionele standaarden van het ingenieurberoep 

expliciet en zichtbaar in een gezamenlijke activiteit van hogescholen en 2) 

herontwerp het bachelor curriculum tot een meer geïntegreerd netwerkcurriculum, 
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waarin de ontwikkeling van de professionele identiteit van de studenten wordt 

ondersteund door studieloopbaan gesprekken.  

De belangrijkste suggestie voor verder onderzoek is het systematisch volgen van 

de ontwikkeling van de professionele identiteit van studenten gedurende de vier 

jaar van de opleiding 
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