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Abstract 
Today, both industry and the government are stressing the need for entrepreneurial competence in 
graduated engineers. This paper presents a model for the establishment of an environment for 
stimulating entrepreneurial knowledge and competence from the beginning of the study program.  

In engineering education, it is common for many professors to focus more on creating an academically 
strong engineer than on creating an innovative developer and problem solver. Many projects are used 
more to exemplify and learn technology, than to stimulate the creative part of the development 
process viewed from a market perspective. By combining these elements, one can educate engineers 
better adapted to the fast changes taking place in society. 

Engineering education at USN (University College of Southeast Norway), campus Porsgrunn, has 
been project-based for more than 30 years. To educate the entrepreneurial engineer, project 
pedagogy is utilized as a means to establish an innovative environment early in the study process. 

Various actions are taken during the first semester to stimulate the students’ creativity and 
entrepreneurial thinking. One initiative is to ensure that students are working on real-world projects 
where they have to consider the subjects from both a social and a technological perspective. 

Another entrepreneurial element is an innovation camp arranged by an external partner. For two days, 
the established project teams are reorganized into new multidisciplinary teams. These teams work on 
real-world issues selected from a portfolio presented by the external partner. The innovation camp is 
organized as a competition where the teams have to present their ideas in a plenary session and a 
professional jury honors the best solutions. 

Later in the study process, students are offered an elective entrepreneurship course to further 
strengthen their innovative skills. In accordance with project-based pedagogy, the students then 
establish student enterprises based on their own business ideas, with the mission to develop, market 
and possibly sell technological services and/or products. 

Finally, the students are given the opportunity to continue their student enterprises as part of their 
bachelor thesis. They are then professionalizing the enterprises further and have to participate in 
competitions on both the local and national level. 

As a result of the entrepreneurial initiative, 20-40 of the engineering students follow the 
entrepreneurial study track each year. Surveys confirm that these students are very pleased with the 
opportunities they are given. Many former students have reported that employers have identified their 
student enterprise experience as decisive for employment. The student enterprises have achieved at 
high levels in national and international competitions. A valuable network of national and international 
partners has been established. During the last three years, five of the student enterprises have been 
reestablished as commercial enterprises after graduation. 

Keywords: Entrepreneurial Engineer, Project-based Pedagogy, Real-world Projects, Student 
Enterprise, Innovation Camp.  

1 INTRODUCTION 
Entrepreneurship in education is typically associated with business or financial education. However, 
since an entrepreneurial mind-set encourages innovative and creative thinking and is often related to 
development of technical products and services, it also deserves to be a relevant aspect of 
engineering education. 

This paper shows how Project-based Learning (PBL) is used as a means to stimulate the students’ 
entrepreneurial mind-set in engineering education at University College of Southeast Norway, Faculty 
of Technology, Natural Sciences and Maritime Sciences (USN—TNM), campus Porsgrunn.  
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The faculty has 35 years of experience with PBL. During the last 13 years, PBL has been central in 
implementing entrepreneurship as a component in the curriculum. 

1.1 The importance of entrepreneurship in engineering educations 
Some important reasons why entrepreneurship should have a prominent role in engineering programs 
are explained in sections 1.1.1 to 1.1.5. 

1.1.1 Government requests 
A framework set by the “Norwegian Ministry of Education and Research” is stating some overall 
criteria to be followed in the development of engineering curriculums. These include skill requirements 
such as: "The candidate can contribute to new ideas, innovation and entrepreneurship through 
participation in the development and realization of sustainable and socially beneficial products, 
systems and/or solutions” [1] (translated by author). 

1.1.2 Business and industry 

It is no doubt that an entrepreneurial mindset is of great value, both in society today and in meeting 
the challenges of tomorrow. Businesses and industry are dependent on the continual growth of 
entrepreneurship. 

Entrepreneurship education enables students to create new companies. Another reason is to equip 
students with the entrepreneurial knowledge and skills needed in already established companies. In a 
world where business operating conditions are constantly changing, existing enterprises/companies 
need entrepreneurially minded engineers to meet future challenges. 

 “Higher education should take into account the broad focus on entrepreneurship in today’s society 
and should offer a wide range of educational entrepreneurship elements to all students. It is part of the  
social mission of educational institutions to educate for a rapidly changing business and industry 
environment, says Maalfrid Brath, Chairman of Young Enterprise Norway and CEO of Manpower" [2] 
(translated by author). 

1.1.3 Preparing students for working life 

Students educated today must to a far greater extent than previously expect rapid changes in 
requested working skills. Developing students’ creative, innovative and entrepreneurial skills is a 
sensible way of preparing the students for these challenges. 

1.1.4 Networking and internationalization 

Networking and internationalization are becoming more and more important for educational institutions 
and society in general. Focus on entrepreneurship in education will stimulate networking, for the 
benefit of students, faculty members and the educational institution. This can also provide 
opportunities for collaboration at an international level. 

1.1.5 Pedagogical reasons 

Modern teaching methods, like PBL, emphasize student engagement and student-centered teaching 
methods. These methods are well-suited to ensure engineering students acquire the competency 
needed to meet future challenges. 

An important aspect of PBL is to let students collaborate in teams while working towards a common 
project goal. Letting students collaborate on real-world entrepreneurial ideas, invented and developed 
by themselves, gives them a strong sense of ownership of the ideas and greater enthusiasm in their 
work. This leads to effective learning, which is the intention behind the PBL-method. 

1.2 Focus of the study 
The reason for this study has been to 

• focus on the importance of entrepreneurial skills among students 

• explain how project-based learning (PBL) can be used as a method to stimulate an 
entrepreneurial mindset among engineering students 

• report results from the entrepreneurial initiative in engineering education in Porsgrunn 
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Section 2 describes the implementation of PBL in engineering education in Porsgrunn and gives some 
of its historical background. Section 3 describes the research methods. Section 4 presents and 
discusses the results, while section 5 contains a conclusion. 

2 PROJECT-BASED LEARNING (PBL) AS PRACTISED IN PORSGRUNN 
Engineering education in Porsgrunn has since 1982 been rooted in a project-based educational model 
[3]. Since then the use of projects throughout the study program has been considered an important 
way of teaching students various engineering subjects and skills. 

2.1 Inspiration from Aalborg University 
The PBL-method in Porsgrunn takes inspiration from Aalborg University in Denmark, where the model 
originated from a student "revolt" in the 70s against the prevailing traditional forms of learning. The 
“revolt” led to a shift from teacher-led instructions towards student-centred learning [4]. 

Students were supposed to work in teams towards a common goal. Learning should build on students’ 
already established experiences. To accomplish this, students were to take an active part in the 
problem formulation. Important pedagogical elements were to let students acquire strong ownership 
and participant control, leading to motivated students, responsible for both their learning process and  
outcomes [5]. 

As part of the pedagogical intention, students were expected to meet impediments resulting in 
frustrations. Overcoming such impediments was supposed to bring the learner to a higher intellectual 
level. The dominant teaching method would no longer be instruction-based. Instead, professors had to 
assume a role as supervisor.  

Engineers must expect their work to be largely project-based. To learn how to work effectively on 
projects should therefore be a natural part of the curriculum. On a general level, a project can be 
defined as a problem to be solved within a specified time limit with a given amount of resources 
(personnel, financial and other resources). However, projects can also be used as a pedagogical 
method to teach specific subjects. 

Engineering students in Porsgrunn take an introductory course their first semester, where they get 
accustomed to project-based work according to the PBL-method. This course teaches students 
Project Methodology, ICT Tools (Information and Communication Technology Tools) and Finance. 
The ICT Tools-curriculum is directed towards the needs for planning and managing projects, writing 
reports, do calculations, prepare presentations etc. This subject is presented in a paper by Olav Dæhli  
[6]. Students are divided into teams, and each team works on a specific project the entire semester. 

For many years, teams were organized as multidisciplinary teams. Several evaluations indicated that it 
might be better to organize these teams within each specific study program. One reason is that a 
multidisciplinary approach does not offer so much value when most students were new to their 
discipline anyway. Another reason is that students find it motivating to work on projects related to their 
chosen discipline. 

A PBL-project differs from a typical industrial project. Industrial projects often comprise workers who 
are fully trained within various fields (e.g., electricians, plumbers, etc.), who then carry out a 
multidisciplinary project together. At USN—TNM this kind of team work is often defined as cooperative 
team work. 

While the main focus of industrial projects is to solve a problem, PBL-projects are primarily used as a 
method to teach students subjects they haven’t mastered, yet. Working in teams is expected to bring 
each student’s knowledge and skills to a higher level than by letting each student work individually. 
Even though the members of a team have a common goal of solving a problem and producing certain 
artefacts (products, reports etc.), the learning outcome is the main goal. At USN—TNM this kind of 
team work is often defined as collaborative team work. 

In courses in Porsgrunn, both variants are used, depending on the purpose of the course. In some 
courses, learning how to work cooperatively is the objective, while most courses including project work 
use team collaboration as a means for students to achieve a specific learning outcome. 

In PBL-based courses, it can sometimes be challenging to ensure that students get the expected 
learning outcomes for the subject they are studying. Because of this, PBL-courses often include other 
elements than projects, like lectures, exercises, etc. 
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Having experienced the PBL-method during their first semester, students are expected to be prepared 
to work according to this method in the following semesters. 

The original idea was for students to have at least one project each semester. Today this varies from 
study program to study program, since guidelines are no longer as strict as they once were. But, there 
is still a strong culture for using PBL. It would be of interest to get a general overview over the extent 
that PBL is used in all programs and how it is implemented, but this is beyond of the scope of this 
paper. 

2.2 Important aspects of the PBL-method 
Here is a list of some important aspects regarding the use of the PBL-method in the introductory 
course in the 1st semester: 

• Students are divided into teams and are given problems at a general level to solve 

• A clearly defined time period (start and end date) is given to solve the assignment 

• The teams are responsible for evaluating alternative solutions, define requirements and 
constraints, specify expected outcomes, gather and analyse data, etc. 

• Learning about team roles and different personalities, making team contracts, rotate team roles 
(as leader, secretary etc.) are part of the process 

• Part of the assignment is to divide the problem into manageable tasks, to make a project plan 
and to manage the project 

• Members of the team will have both collaborative goals (project report etc.) and individual goals 
(learning outcome, grading etc.), and students must collaborate to reach them both 

• Teams are expected to work in accordance to the project methodology and to use the ICT- and 
financial tools they learn through lectures 

• Students are expected to meet impediments and frustration as part of their learning process 

• Supervisors facilitate the process and should ensure that students do not get permanently stuck 

• Examination includes a written report, an oral presentation and sometimes other deliverables 

• The teams write and deliver a note with reflections on the process 

2.3 PBL as a means to stimulate an entrepreneurial mindset 
As stated in section 1.1.1 and 1.1.2, graduated students are expected to be innovative and creative, 
preferably possess entrepreneurial skills, to be able to respond to rapid changes and to adapt to new 
circumstances. To prepare students for those kind of challenges, various initiatives are taken. Three 
particularly important initiatives are “Innovation camp” (1st semester), a 10 ECTS course named 
“Entrepreneurship” (5th semester) and “Student Enterprise” (alternative bachelor thesis, 6th semester). 

In the following sections these initiatives are explained in more details, particularly with regard to how 
PBL is used as a means in these courses to establish an entrepreneurial mindset. 

The course, “Project Methodology, ICT Tools and Finance”, is a platform for further entrepreneurship 
activities during the studies. Fig. 1 shows the most important entrepreneurial content. 

 
Figure 1. Entrepreneurial progress. 

2.3.1 Innovation Camp 
To stimulate students’ entrepreneurial mindset, a two-day Innovation Camp was introduced in 2010, 
and is now a compulsory course element. Students are organized into approximately 35 
multidisciplinary groups of 5 to 7 persons.  Innovation Camp is described in greater detail by Harald 
Hasleberg [7]. 
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Innovation Camp can be considered as PBL completed over a short period. Most of the elements 
listed in section 2.2 also apply here. The focus is on the creative process, since students over a short 
period have to come up with innovative suggestions to solutions, related to a set of challenges 
specified by an external company. 

Each team chooses one of several missions presented by the company. The teams are given two 
days to prepare a proposal for a solution related to one of the presented challenges. During this 
period, they must go through various phases such as planning, brainstorming, idea selection, 
development of a solution and finally a presentation to the plenary. The teams are supervised by 
representatives from the external company and by "peer mentors" represented by 3rd year students 
with experience from student enterprises. The camp ends with a competition with a professional jury. 

“The Innovation Camp is one tool to enhance students’ entrepreneurial mind-sets, to take more control 
of their own learning and to take greater responsibility for managing their own future.” [7]. 

Breaking up the original teams during Innovation Camp has several effects. The students build self-
confidence and broaden their network. They learn to work multidisciplinary on a mission where this is 
required. It is a creative exercise where innovative thinking and an entrepreneurial mindset is 
stimulated. Students make new friends, which can contribute to better well-being and reduce dropout 
during the challenging freshman year. 

Later, the students are reminded of this Innovation Camp and asked to consider if they want more 
entrepreneurship included as part of their education. If they do, they are given the opportunity to select 
‘Entrepreneurship’ as an elective course and are also given the opportunity to (but are not obliged to) 
follow up with ‘Student Enterprise’ as an alternative bachelor thesis. 

2.3.2 Prelude 
In the 4th semester, all students are invited to a teaser evening session called ‘Prelude’. Here they get 
information about the elective ‘entrepreneurial path’ their last study year, and can ask questions to 
supervisors and 6th semester students. 

In addition, ‘Junior Achievement Norway’ (JA Norway), ‘Start’ (Student Organization for Innovation and 
Entrepreneurship) and a guest professor from the University of California also give presentations and 
answer questions. 

Prelude is important to make students aware of these options and hopefully make them interested. 

2.3.3 Entrepreneurship (a 10 ECTS course in 5th semester) 

Entrepreneurship is a 10 ECTS elective course offered to all 5th semester engineering students in 
Porsgrunn, regardless of their discipline of study. The teaching method includes all aspects of PBL 
from the introductory course listed in section 2.2, but with an even higher degree of freedom. 

Students are self-organizing into teams consisting of 3-5 students, which may be multidisciplinary. It is 
the team’s responsibility to come up with business ideas, do market research, agree on what to 
develop, write a business plan etc. Business ideas must be based on either developing technical 
products or technical services. 

Each team has to register a student enterprise in the Norwegian official business register (The 
Brønnøysund Register Center) and unregister at the end of the course. For enterprises wanting to 
continue with ‘Student Enterprise’ as their bachelor thesis, the enterprise period can be prolonged.  

As for other projects, work is to be done in a limited time period. The teams have to make a project 
plan with tools like Gantt-diagrams, Work Breakdown Structure (WBS) etc., manage the project, 
collaborate in teams and, in general, make use of the project methodology they have learned.  

Each team is allocated an internal supervisor. In addition, each team must have at least one external 
mentor. External mentors can be specialists within certain areas, for instance a Financial Controller, 
an engineer, an accountant or other persons that possess competence the student enterprise lacks. 

A series of seminars/workshops are offered along the way, primarily with external lecturers. Here are 
some examples of the topics: ‘Limited Liability Act’, ‘Budgeting, Accounting and Economics’, ‘Making a 
Business Plan’. ‘Health, Safety and Environment (HSE)’, ‘Intellectual Property Rights’, ‘Digital Visibility 
and Marketing’. A road map visualizes these and other activities students are expected to attend. 
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There is no formal curriculum literature except lecture notes and information on the web site from ‘JA 
Norway’. Students are expected to search for literature relevant to solving their tasks. This teaching 
method is described in more detail by Hagen and Hasleberg [8]. 

2.3.4 Student Enterprise (an alternative bachelor thesis in 6th semester) 

In their 6th semester, students are offered an alternative bachelor thesis (20 ECTS). This is primarily 
for students who have fulfilled “Entrepreneurship” the previous semester, but it is also possible for a 
student enterprise to include new students who take a technical position in the enterprise. 

This alternative bachelor thesis is based on already established student enterprises who continue their 
work towards a more professionalized enterprise, including improving the business plan and 
continuing product development, marketing, branding, sales, networking, funding etc. They are also 
obliged to participate in several internal and external competitions. 

3 METHODOLOGY 
Different approaches are taken to gather relevant data to draw a picture of the degree of success of 
entrepreneurship in education. 

3.1 Yearly quantitative and qualitative feedback from students 
Each year quantitative and qualitative evaluations are systematically carried out in order to collect 
student feedback about the implementation of the courses and course elements. This includes both 
electronic surveys and oral feedback. 

Feedback procedure for each course: 

− Meeting with student representatives halfway through the semester 
− Electronic survey with open- and closed ended questions at the end of the course 
− Meeting with student representatives after the end of each semester 

3.2 Other kinds of data gathering 
Statistical data is reviewed for various purposes of relevance.  This includes an overview of the 
established network (national and international), students’ grades, awards earned by student 
enterprises participating in competitions on national and international level. 

4 RESULTS AND DISCUSSION 
This section presents the results and discussion related to the entrepreneurial initiatives. 

4.1 Companies established after graduating 
One intention with entrepreneurship in education is to stimulate students to establish enterprises after 
graduating. Of course, this is not expected from all students, but has been realized by several groups. 

Over the last three years, five student enterprises have been established as real enterprises by 
graduated students. Here is feedback from one of the enterprises established in 2016: 

‘We chose to use part of our prize money to establish a limited liability company which all 5 participate 
in. Innovation Norway has already invested much money and by the end of the year we expect to be a 
‘million business’, and all this runs out of the work invested during Entrepreneurship and Student 
Enterprise.’ 

Often graduates are hired by an established company while or before they start their own enterprise. 
In several cases, enterprises were established while students were employed elsewhere.  

4.2 Preparing students for working life 
Establishing a new business is only one result of entrepreneurship in education. An even more 
important aspect are the competences brought by these students into existing companies. This 
includes, for example, creativity, innovative thinking and an entrepreneurial mind-set. 
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Interviews with graduated students show that employers regard student enterprise experience as a 
valuable skill when applying for a position in a company. Students have often reported that their 
participation in a student enterprise made them stand out from the crowd of applicants. Here is the 
feedback from two students who graduated in 2016 (translated by author):  

'Continue to engage more entrepreneurs in Porsgrunn. You are welcome to greet new students from 
me and say that this subject is highly appreciated in the field of employment.' 

‘Student Enterprise has opened many doors for me and the rest of the group. I have been notified that 
I would not have gotten my job without the experience I had acquired through ‘Student Enterprise’’. 

FERD is a large industry and investor corporation in Norway. In the Norwegian Championship for 
Student Enterprises, FERD awards the student enterprise they consider to have the best international 
potential. It is one of two awards qualifying for the European Championship. Johan H. Andresen, 
owner and chairman of the board, has several times presented the award himself. He has emphasized 
how crucial he considers the competence from engaging in a student enterprise to be: 

'Student enterprise provides challenges and responsibilities to those who seek it, opportunities to 
show awareness and willingness to take a risk, and it demonstrates a desire and ability to create 
values. This is the kind of people FERD is looking for [9] (translated by author). 

Johan H. Andresen, owner and chairman of the board of FERD  

This emphasizes the importance of letting students try out entrepreneurship in a safe educational 
environment, while at the same time challenging them by involving them in real-world activities, like 
marketing research, building networks, contacting investors etc. ‘Benchmarking’ among other 
entrepreneurial students through competitions is also considered important. 

4.3 Many years of success in national and international competitions 
Since startup in 2004, USN—TNM student enterprises have been very successful at national and 
international competitions. This also speaks for the quality of the program. 

In the last three years (2014-2016), five of the enterprises have won a total of 14 awards, including 
twice the award “Best Student Enterprise” in the Norwegian Championship (NC), and twice the “FERD 
Award” in the same championship. These are the two awards which qualify for the European 
Championship (EC). 

Svein Thore Hagen and Harald Hasleberg have documented all prizes from 2004 until today [10]. 
USN—TNM has won 8 European awards and 49 national awards. Here is a list of the awards the last 
three years (2014-2016): 

4.3.1 Awards 2016 

Indago: 
− 1. prize ‘Best Student Enterprise’ in the Norwegian Championship (NC) 
− ‘Ferd Award’ in NC 
− 1. prize in ‘Venture Cup’, the National Final 
− ‘Kjeller Innovation Consultance’ Award 

4.3.2 Awards 2015 
Pexo: 

− ‘Best Profiling’ in NC 
− 2. prize in ‘Venture Cup’, the National Final 
− ‘Best consumer product’ Inven2 and ‘Leader for a day’, Lindorff 

4.3.3 Awards 2014 
Elio: 

− 1. prize ‘Best Student Enterprise’ in NC 
− ‘NHO Award’ in NC 
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− 1. prize in ‘Venture Cup’, the Regional Final (Eastern part of Norway) 

Contra: 
− 3. prize ‘Best Student Enterprise’ in the European Championship (EC) 
− ‘Erasmus for Entrepreneur Award’ in EC 
− ‘Alumni Leadership Award’ in EC 
− ‘Ferd Award’ in NC 

Novi: 
− ‘Financial and economics’-prize in NC 
− 2. prize in ‘Venture Cup’, the Regional Final (Eastern part of Norway) 

4.4 Networking and internationalization 
An important part of an entrepreneurial mindset is to accept that entrepreneurship does not happen in 
a void. Student enterprises are forced to build relations with external partners to succeed. To ensure 
this, every student enterprise has to find at least one external mentor. Observations show that many 
teams seek out more than one mentor, in order to get advice in different areas. 

The enterprises must also establish contact with potential partners like investors, manufacturers, 
developers and others that are essential for the enterprise to reach the market. Each student 
enterprise must document the network they build during their student enterprise period. 

Another important result is the network established between faculty members and external partners 
because of this entrepreneurial initiative. This network consists of partners within business, the 
industrial sector, the public sector and enterprises promoting innovation, as well as a valuable 
collaboration with the University of California, Berkeley. A comparison study between 
entrepreneurship programs in UC-Berkeley and USN—TNM resulted in a paper [11]. A similar 
comparison study was conducted, comparing mentoring models at the Norwegian University of Life 
Sciences (NMBU) and USN—TNM [12]. 

4.5 Innovation Camp 
USN—TNM has performed post-activity evaluations for seven years of Innovation Camps, using a 
questionnaire that asks participants to rate the effectiveness of various aspects of the camp. The 
questionnaire consists of nine questions, reflecting the key items of the innovation camp. Grading is 
from 1 to 5, where 5 is the highest score. Fig. 2 shows that a majority of students appreciate working 
in teams with strangers. 

 
Figure 2. Working in a team with strangers. 

Overall satisfaction with Innovation Camp is high, but has varied somewhat over the years. See Fig. 3. 
More detailed explanations have been published by Hasleberg and Hagen [7].  
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Figure 3. Overall satisfaction with Innovation Camp. 

5 CONCLUSIONS 
With a growing need for entrepreneurship in education, it is important to identify effective methods to 
implement in the curriculum. USN—TNM has found PBL to be a suitable means to implement 
educational elements in engineering education which stimulate the students’ entrepreneurial mindset. 

Entrepreneurship is implemented through four course elements:  

1. ‘Project Methodology, ICT Tools and Finance’, an introductory 10 ECTS course in the students’ 
1st semester, where students work according to the PBL-method  

2. ‘Innovation Camp’, a two days activity within the introductory course 

3. ‘Entrepreneurship’, an elective 10 ECTS-course in 5th semester 

4. ‘Student Enterprise’, an alternative 20 ECTS bachelor thesis in 6th semester 

The entrepreneurial initiatives are considered successful with valuable results, including: 

• 70 Student Enterprises with about 330 students have been established since start-up in 2004. 

• Innovation Camp triggers creativity and innovative thinking and stimulates students’ interest in 
entrepreneurship. Approximately 200 students participate each year. Feedback confirms that 
most students appreciate this initiative. 

• The Norwegian Public Roads Administration has arranged and financed Innovation Camp for 
five consecutive years, which confirms the value they place in it. 

• During the last three years, five student enterprises have been reestablished as real enterprises 
by graduated students. 

• Through the elective courses ‘Entrepreneurship’ and ‘Student Enterprise’, students learn to 
develop new technology while at the same time gaining entrepreneurial knowledge and skills. 
Feedback shows that employers consider students’ engagement in student enterprises as an 
important qualification when applying for jobs. 

• A large amount of awards are earned by the student enterprises, both on a national and an 
international level. Over the past three years (2014-2016), five of the enterprises have won a 
total of 14 awards, including two times “Best Student Enterprise” in the Norwegian 
Championship and two times “the FERD award” in the same championship. 

• Students and professors are building important national and international networks for 
collaboration (both national and international).  

• 20-40 students each year select the elective ‘Entrepreneurship Course’ and establish a student 
enterprise, although the number varies somewhat from year to year. 
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