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ABSTRACT 

This paper addresses the ongoing integration of entrepreneurship into engineering 
education and investigates the relationship between inductive teaching methods and 
teaching through entrepreneurship. The potential for learning experiences leading to 
the development of entrepreneurial capabilities in project based courses is 
investigated, through a qualitative multi-case study of eight courses, applying 
effectuation and new value creation to assess ways in which project-based learning 
is entrepreneurial . It is found that even in cases where students are engaged in new 
value creation towards an external actor, the structure of projects seems to mainly 
call for students to enact a causal rather effectual logic in their actions and strategies. 
Pedagogical implications for educators wanting students to develop entrepreneurial 
capabilities are discussed.  
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INTRODUCTION 

Entrepreneurship is being increasingly infused in all educational levels and across a 
wider set of disciplines [1, 2], including engineering education [3]. In engineering 
education, entrepreneurship has shown potential in increasing student engagement, 
creativity and perceived relevance of courses [4, 5], proven effective in imparting 
professional skills [6], and has been advocated as a key part of preparing 
engineering students for contemporary working life [7]. While this gives legitimacy to 
endeavors aiming to include entrepreneurship in engineering education, research on 
the subject is still in a nascent phase and there is still major conceptual confusion 
regarding how ation should be understood. 

In any case, the discourse regarding integration of entrepreneurial activity into 
engineering education shares many aims with inductive teaching and learning 
approaches, such as inquiry-, problem- and project-based learning [8]. Contrasted 
against more traditional deductive methods used in engineering education, where 
instructors introduce theory that students are then asked to apply to constructed 
problems, inductive teaching methods are more student-centered and use authentic 
problems as the starting point for learning. This has generally been found more 
effective than deductive methods [8]. In entrepreneurship education, a similar 
comparison is often made between on one the hand teaching about or for 
entrepreneurship and on the other teaching through entrepreneurship [9], which has 
recently been deemed preferable. Teaching through entrepreneurship is facilitated by 
engaging students in self-directed action and creation within dynamic environments, 
with the aim of developing entrepreneurial capabilities [10, 11]. Teaching through 
entrepreneurship aligns with the theory of effectuation, conceptualizing the expertise 
of entrepreneurs who are found to rely upon effectual logic (based in iterative 
creative action) rather than causal logic (based in linear planning and prediction) [12]. 
Thus, teaching through entrepreneurship could be regarded as giving students 
opportunity to enact an effectual logic in decisions and actions during a course. 

In this paper, we explore similarities and differences between an inductive teaching 
philosophy and teaching through entrepreneurship, by investigating eight project-

-
As active, experiential and student-

centered approaches to infusing entrepreneurship in engineering education have 
been found effective [13], project-based engineering courses could potentially serve 
as a training ground for entrepreneurial capabilities. It has, however, been suggested 
(but not substantiated) that engineering education rely predominantly upon causal 
rather than effectual logic [14], which could potentially hinder such development. With 
this study, we draw conclusions in regards to how project-based courses are already 

 (i.e. gives students opportunity to enact an effectual logic), and ways 

briefly discussed, intended to guide engineering instructors wanting to support the 
development of entrepreneurial capabilities among their students. 

1 METHODOLOGY 

This paper is based in a qualitative multi-case study [15] of eight project-based 
engineering courses. This allows for cross-case analysis, where earlier work on 
entrepreneurship in engineering education seems to be dominated by single case 
studies. Using an analytical framework, described in Section 1.1, the extent to which 

 was assessed. The courses and data 
collection is briefly presented in Section 1.2.  
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1.1 Analytical framework 

To assess entrepreneurial activity in the project courses, we first had to decide upon 
a perspective on entrepreneurship to adopt, as the research field of entrepreneurship 

Bruyat and Julien [16] propose a conceptualization of entrepreneurship as a field of 
research focusing on the continuous interplay between an individual (the 
entrepreneur) and a project of new value creation. This definition presents 
entrepreneurship as a system in which the individual creating new value is, at the 
same time, being constructed (shaped, influenced) by the new value. This process of 
dual influence, over time, constitutes an entrepreneurial process, which is situated in 
a dynamic and uncertain environment, both influencing and being influenced by the 
ongoing creation process. The value created is manifested in a created object (often 
an innovation, product or solution  i.e. value that 
is determined inter-subjectively rather than objectively set. Entrepreneurship as new 
value creation has been presented as a useful definition when intending to infuse 
entrepreneurship in education [17], and is applied here as a conceptualization for the 
nature of an entrepreneurial project-based course.  Building on this new value 
creation definition of entrepreneurship, the theory of effectuation [12] is used to guide 
the analysis of how entrepreneurship could be enacted in decisions and behavior in 
the context of a project-based course.  

Effectuation is an entrepreneurship theory which presents the decision-making logic 
applied by entrepreneurs [18]. Sarasvathy [18] studied experienced, serial 
entrepreneurs to determine how they acted in order to create value under dynamic 
and uncertain conditions. Accordingly, if students are given opportunity to enact an 

might then develop entrepreneurial capabilities. 

Sarasvathy [18] found that entrepreneurs focus more on what they can and want to 

processes take a particular effect as given and focus on selecting between means to 
create that effect. Effectuation processes take a set of means as given and focus on 

 [18]. In 
Sarasvathy´s definition [18], causation is the classical way to make business or 
management decisions, 

predict future, we can 

gines potential ends that can be created with these 
resources, choosing amongst these imagined effects. Moreover, an effectuator 
experiments with many strategies to approach an unpredictable future instead of 
trying to optimize one single strategy and aims to find strategic alliances and early 
commitment from potential stakeholders.  

Value creation [16] and effectuation [18] were broken down into key themes and 
organized into a framework, as presented in Figure 1. The framework is built upon 
the notions of decision, action and re-evaluation, where both decisions and actions 

eneral 
idea is that in order to enact an effectual logic, students need to be given freedom to 
make choices regarding what to do, act upon those decisions, and get to re-evaluate 
and re-direct their focus and strategy (c.f. pivoting [19]). 
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get to make while engaging in a project-based course, and questions they need to 
relate to in order to make such a decision: i) What is possible? relating to open and 
self-directed ideation or visioning, e.g. in the choice of focus or problem to take on; ii) 
What is desirable? taking into account internal contingencies, e.g. own commitment 
and motivation, in order to engage in self-directed action in uncertain or complex 
situations, iii) What is valuable? explicitly taking into external contingencies in the 
form of the perspectives of others (e.g. external receiver) on the quality and value of 
solutions, and iv) What is feasible? relating to both internal contingencies, in terms of 
own resources, such as knowledge, skills and networks, and external contingencies, 
e.g. taking into account constraints put up by teachers or other involved actors.  

re to discuss the nature of project activities and 
actions taken by students. Aspects of entrepreneurial action include: i) creating - 
having an emphasis of the creation of something, e.g. a design, solution or product; 
ii) experimenting - investing time and effort in several ways to approach undertaking 

on a single way by continuously evaluating what focus and strategy is useful; iii) 
networking - communicating with external individuals in order to build commitment to 
project or retrieve resources to use; iv) inquiring - searching for new information and 
input that can help evaluate what strategy is most useful, and in realizing this 
strategy; and v) sharing - continuously showing, presenting or performing the 
outcomes of current and planned activities for internal and external individuals while 
communicating ownership of created outcomes, in order to get input on further 
activity, e.g. in term of what is valuable for someone else. 

1.2 Data collection and courses 

Eight courses were sampled by examination of course documents for all courses at 
Chalmers University of Technology, aiming to find courses which might follow an 
effectual logic and purposively surveying courses across educational areas, including 

includes courses ranging in class size from 10 to 100 students and course credit from 
6.0 to 15 credits (hec). The eight projects range in extent and complexity from 
straightforward task projects, e.g. investigating the materials and production of a 
product, to more complex projects where students e.g. develop a technical solution in 
co-creation with an external actor, or design and build an entire car.  

Semi-structured interviews were conducted with the eight educators responsible for 
the project-based courses. The interviews focused on learning environment, teaching 
and learning activities, assessment, and aspects relevant for an entrepreneurial 
experience (e.g. uncertainty, teamwork). The interviews were transcribed and 
analyzed using the framework delineated in the previous section, assessing the 
extent to which the students were given opportunity to engage in 
decision and action, i.e. activities guided by an effectual logic. 

Figure 1: A graphical representation of the analytical framework, capturing key aspects of 
entrepreneurial decision and action 
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2 RESULTS 

The result of the analysis is presented in Table 1.  

Table 1: The extent to which students get to relate to a number of decisions and engage in 
specific actions in project based courses. Here, a small circle indicates that the specific 

aspects is possible, and a larger circle indicates an emphasis on this decision or activity.   

  
Aspects 

Courses 
1 2 3 4 5 6 7 8 

D
ec

is
io

n
 

Possible?        
 

Desirable?         

Valuable?      
 

  

Feasible?  
       

Iteration  

  
 

    

A
ct

io
n

 

Creating           

Experimenting         

Networking             

Inquiring 
 

       

Sharing         

2.1 Entrepreneurial decision 

The degree of freedom to choose what to do, and how to work is central to enacting 
effectuation, since it rests upon a logic of control. In many of the courses, students 
are given freedom to decide upon what problem or product to choose (Possible?). 
Three courses are especially open for students to introduce own ideas (2, 3, 8). 
However, the nature of the project seems to be defined mainly by teachers. I.e., the 
students do not seem to be engaged in defining what kind of endeavor they will 
undertake (e.g. through setting objectives) to a larger extent (course 3 is an 
exceptions). This could hinder enactment of effectual logic, and moreover affect 

 The 
students are frequently asked to make decisions regarding feasibility, both relating to 
focus of their project and to some extent actions taken towards finishing the project 
(mainly courses 2, 3, 4). However, this seems to be mainly focusing on external 
contingencies (e.g. time-constraints, picking an invention 
achieving the project task), rather than internal (such as identifying own resources 
and knowledge). Similarly, it seems uncommon that students get to explicitly relate to 
what they desire and are committed to doing, i.e. not starting from questions such as: 
What do I want to do? Who am I? n commitment and 
resources is central to effectuation, connected to ability to create something in 
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conditions of uncertainty and coping with acting and creating in a dynamic 
environment. Explicitly taking into consideration the perspectives of someone else on 
quality and value of solution (Valueable?) was slightly more common, emphasized in 
two of the courses (4, 6). 

In some of the courses (especially 2 and 4), the students get to search for input that 
can redirect their decisions regarding their solution or product, i.e. engaging them in 
explicit iteration on this level. However, none of the courses includes iteration on the 
level of project definition. The project is most often set from the beginning by 
teachers (in course 3 defined by students), but there is no re-evaluation on this level, 
i.e. not re-
accordingly. Iterating on a project level, enabling students to do real pivots, could be 
needed for an effectual action logic to be enacted, as it does not rely primarily on 
fixed end goals. 

2.2 Entrepreneurial action 

The courses seem to be mainly engaging students in some kind of self-directed 
inquiry. Some of the courses also engage students in creation (of products, design or 
solutions), either as a core activity (courses 2, 4) or as a side activity (courses 3, 5, 
8). These two aspects give students the possibility to enact specific aspects of an 
effectual action logic. Moreover, all courses give the opportunity for students to share 
their work, although most presentations are internal and do not explicitly call for 

utcomes. Students do need to 
communicate with external individuals in many cases (courses 2-6), for example 
reaching out to external researchers to get input, or interacting with an external 
stakeholder with which the students have been put in contact by their teacher. 
However, there is only one case (course 2) where networking was discussed, for 
students to build commitment or retrieve resources from an external individual. 
However, even in this case it was not a necessary activity. Another potential barrier 
for enactment of an effectual logic is that students seem to be investing their time into 
only one path or strategy, experimenting in some courses (mainly 2 and 4), however 
only on a problem or product level, and not on a project level, choosing among 
different ways to approach their endeavor. 

3 DISCUSSION 

New value creation and effectuation was applied here in order to assess ways in 
which project-based courses are entrepreneurial. The results indicate that three 
courses stand out in engaging students in projects through which effectuation could 
be enacted (courses 2-4). One of these courses (course 4) explicitly involve creation 
of an artefact (a software application) in relation to an external stakeholder, while the 
other two engaged students in highly self-directed inquiry, creation, experimentation 

solutions creates natural opportunities for students to inquire into and reflect upon 
what is valuable for that person or company, and opportunities to share and 
communicate ownership of project results. This has earlier been advocated as a key 
part in enhancing engagement in student-centered learning [20]. Arranging project 
activities around real-world problems and having students co-create and present to 
external stakeholders could increase the level of authenticity of projects.  
Accordingly, project-based engineering courses with external actors could potentially 
provide students with opportunity to engage in entrepreneurial decision and action. 

It seems however, even in courses involving external stakeholders and creation of 
new value, that i) lack of explicit recognition of own commitment and resources, ii) 
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lack of iteration and experimentation on a project definition level, and iii) lack of 
networking activity and external sharing of project outcomes, constitute barriers for 
the enactment of an effectual action logic in project based courses. This analysis 
suggests that engaging students in new value creation for or together with external 
individuals could be seen as necessary but not sufficient criteria to enable the 
enactment of an effectual action logic. Overcoming the three barriers stated above 
puts demands on self-direction, flexibility and management of uncertainty on part of 
the students, to be able to handle open and dynamic projects and to dare to engage 
in networking activities. This would indicate that trying to achieve a proper enactment 
of effectual action logic might be more suitable in later years of engineering 
programs, or in early years with thorough use of scaffolding techniques. Furthermore, 
open and complex projects call for a teacher to manage designing course structure 
and assessment able to account for large varieties in project processes and 
outcomes. We propose here that such course design and assessment should rely 
predominantly on recurring reflection assignments (featuring reflection and evaluation 
of new knowledge gained, decisions made and actions taken), instead of large 
product, project or reflection reports only at the end of the course. Similarly, we 
believe that such a course should focus on implementation of methods, processes 
and strategies to improve these, rather than on developing a nice product, and on 
what is purposeful and valuable rather than technical details. Through this, project-
based courses could give students further opportunity to enact effectual action logic, 
and could also contribute to the development of adaptive and flexible mindsets, and 
help students get accustomed to managing and coping with uncertainty. 

We have investigated here the relationship between an inductive teaching method, 
the project-based approach, and learning through entrepreneurship, which has 
gained prominence in later years following a substantial amount of initiatives for the 
inclusion of entrepreneurship into education. We believe that the shift from casual to 
effectual modes of teaching is in line with the shift from deductive to inductive 
teaching in engineering - especially sharing an emphasis of student-centered and 
self-directed learning and inquiry. In the context of project-based engineering courses 
investigated here, we also found a shared emphasis on creation, indicating that 
through some strategic changes in course structure, these courses might be potential 
training ground for entrepreneurial capabilities.  
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