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Abstract

To cope with the rapid pace of technological advancements in an increasingly complex industry, en-

gineering universities search for new education programs which better align engineering students’

competences with the complex industry’s needs. A growing literature has begun investigating

meta-competences (MC), which are overarching competencies, transferable to a wide range of

work settings. Yet, we still do not understand how we best organize meta-competence based

education. Educational methods to educate engineering students’ meta-competences are courses

that use open-ended teaching methods. These courses aim at fostering complex problem-solving

skills by confronting students with an authentic problem and by giving students a large amount

of self-control in the learning process. Using an exploratory, in-depth comparative case study

between Aalto University (Finland) and TU Eindhoven (Netherlands), we compared the two

universities’ approaches regarding courses using open-ended teaching methods. We investigated

whether the open-ended teaching methods stimulated the development of engineering students’

meta-competences. Our comparative study shows that current open-ended teaching mostly at-

tends to only a specific number of meta-competences, and hardly ever to a full spectrum including

all meta-competences simultaneously. We suggest that further educational implementation is

still required and state that meta-competence based education benefits from the combination of

multiple open-ended teaching methods. Moreover, our results show that the design and imple-

mentation of meta-competence based education is challenging and exceeds the classroom level. To

further support the implementation of meta-competence education, support is needed from the

university’s education program management and strategic management. Our study contributes

to the academic literature by connecting literature on engineering education with new insights of

meta-competence based learning and open-ended teaching methods.
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Chapter 1

Introduction

Many universities and educational programs are struggling with educating engineering students to

cope with the rapid pace of technological advancements (Davies, 2015; Flynn et al., 2017). After

mechanization, electrification, and information, the fourth stage of industrialization was named

Industry 4.0” (Zhou et al., 2015). Industry 4.0 is driven by advanced technologies such artificial

intelligence, robotics, cloud computing and blockchain (Union, 2014), confronting engineers with

increasingly complex technologies in a dynamic and more global business environment (Schaefer

et al., 2012; Siddique et al., 2013). The solutions to these challenges are more complex, have no

predefined answers and are solved in an open-ended and unstructured process. While technologies

evolve at an exponential speed engineering education suffers in keeping up with this speed level

(Baygin et al., 2016; Flynn et al., 2017). During the last decade, Industry 4.0 initiated a severe

discrepancy between engineering education and the qualifications sought by their future employ-

ers (Tynjälä, 2008). While efforts have been made to diminish the discrepancy since then, the

discrepancy remains (Rajnai & Kocsis, 2017).

Engineering students will find solutions to Industry 4.0s challenges in teams that have diverse

perspectives, meaning interdisciplinary approaches are needed to utilize the specialized knowledge

of each discipline in engineering into solutions in support of these technological advances (Kamp,

2014). Recruiters in engineering businesses see a trend that the rationales for hiring engineering

graduates depends less on disciplinary knowledge alone and more importantly they foresee this

decreasing even more in the future (Kamp & Klaassen, 2016). Kamp and Klaasen (2016) have

created insights into what the profile is of a current engineering graduate and how the needs for

engineers in the future are expected to change, see Table 1.1.

Table 1.1: Shift in competence needs of engineering graduates, based on (Kamp, 2014; Kamp & Klaassen, 2016)

Current MSc graduate profile: Needs shifting to:
Mono-disciplinary thinking Multi- and interdisciplinary thinking
Reductionism Integration
Convergent thinking Creativity (divergent convergent)
Independence Collaboration
Techno-scientific base Socio-economic context
Understanding certainty Handling ambiguity and failure
Rounded expert Employability, lifelong learning
Rational problem solving Complex problem solving

Understanding meta-competences in academic engineering education 1



Engineering programs, however, have only marginally changed over the past 30 to 40 years (Kamp

& Klaassen, 2016). Technical universities need to rethink parts of their education programs to

prepare their engineering students for identifying and solving problems that might appear in future

events (Schaefer et al., 2012). Multiple scholars argue that engineering programs should, next to

domain-specific skills, educate engineering students’ meta-competences (Markkula & Lappalainen,

2009; Mistree et al., 2014; Schaefer et al., 2012).

A growing literature has begun investigating meta-competences as they are expected to aid in

solving the more complex and more global societal challenges (Mistree et al., 2014; Schaefer et

al., 2012). Meta-competences are overarching competencies that are relevant to a wide range of

work settings and which facilitate adaptation and flexibility on the part of the organization. Meta-

competencies are usually said to include learning, adapting, anticipating, and creating change”

(Heery & Noon, 2008). Meta-competences are therefore not bound to one specific engineering

domain, but usable in multiple scenarios (Siddique et al., 2013). Furthermore, meta-competences

prepare engineering students in analyzing scenarios not encountered before and therefore have

no strictly defined procedure to follow (Schaefer et al., 2012; Rautavaara et al., 2015). Meta-

competences have a positive effect on the employability of graduates in general (McQuaid &

Lindsay, 2005). They argue so because educating for change and flexibility is expected to be

a critical factor in closing the knowledge and skill gap between labor market requirements and

available workforce for Industry 4.0 (Rajnai & Kocsis, 2017). Exposing engineering students to

courses that use open-ended teaching methods without predetermined solutions develops engin-

eering students meta-competences (Kolb, 2014; Siddique et al., 2013). Courses with open-ended

teaching methods aim at fostering complex problem-solving skills by confronting learning with a

realistic or authentic problem in a learning environment with a large amount of learner control”

(Kolb, 2014).

Despite this promising avenue of research, we still have much to learn about the nature of how

technical universities educate engineering students meta-competences. How technical universities

can best implement meta-competences based education is still unclear (Baygin et al., 2016; Flynn

et al., 2017; Richert et al., 2016; Schaefer et al., 2012). The goals of our paper is to answer the

following three questions:

1. Which meta-competences are relevant for engineering students in technical universities?

2. Which educational activities are technical universities presently implementing to educate

engineering students meta-competences?

3. How can technical universities further improve the implementation of meta-competence

based education?

We contribute to academic literature in three ways. We first show that meta-competences are

deemed relevant for engineering students. We do so by not only showing evidence that the Sid-

dique et al (2013)s meta-competences and their dimensions are relevant for engineering students at

Aalto University and TU Eindhoven but more i importantly we add eight more meta-competence

dimensions. Compared to the original description of the meta-competences, we also more pro-

foundly describe all meta-competence dimensions. Second, we present a comparative course ana-
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lysis of seventeen courses with open-ended teaching methods: nine from Aalto University and

eight from TU Eindhoven. Our results show that courses at Aalto University in general of longer

duration, award more ECTS, have a stronger focus on the practical application of knowledge and

developing a self-reflective attitude of their engineering students. We suggest that these differ-

ence might account for the overall higher percentages of implementation of the original and new

meta-competences dimensions at Aalto University. Third, we confirm three actions that educators

best consider while organizing single engineering courses that use open-ended teaching methods

(Mistree et al., 2014) . Moreover, our results show that the design and implementation of meta-

competence based education is challenging and exceeds the classroom level. We contribute to

Mistree et al. (2014)’s research in two ways. We first show three actions that engineering program

managers best consider when they design engineering programs that include meta-competence

based education with courses that use open-ended teaching methods. Lastly, we show four actions

that strategic managers or strategic boards best consider that further support the implementation

of meta-competence based engineering education.

We contribute to practice in three ways. First, we show for educators, engineering program

managers, strategy managers or strategic boards that meta-competences are deemed relevant for

engineering students. Furthermore, the method for our comparative analysis can be used for

practitioners to perform a similar analysis using their academic engineering courses as input. By

comparing their newly found results to our results, they gain insights into how the similarities

and differences of how these engineering courses incorporate meta-competences. Moreover, we

also suggest a method of how this comparative analysis can be setup quantitatively. Finally, in

total, we show three actions that educators, three actions that engineering program managers, and

four actions that strategy managers or strategic boards best consider when implementing meta-

competence based engineering education.

We structured our paper as follows. We first present our Literature and Theoretical Background

where we describe the core concepts that we used in our research. Hereafter we elaborate on the

Methodology of our research that consists of methods of our research approach, case selection,

data collection, and data analysis. In the next section, we present our Results that come with our

three research questions. Finally, we discuss our results in our last section Discussion where we

also present our theoretical and practical contributions along with the limitations to our research

with suggestions for further research.
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Chapter 2

Literature and theoretical

background

This section describes the literature and theoretical background of our paper. We first introduce

and explain the concept of meta-competences for engineering students by presenting five meta-

competence with in total twenty-one dimensions. Hereafter, we introduce a teaching method

that educates engineering students meta-competences, namely courses using open-ended teaching

methods. Finally, when exposing engineering students to courses that use open-ended teaching

methods, their need for knowledge is not known beforehand and fluctuates in time. The cur-

rent and traditional engineering educational system does not facilitate this knowledge need fully.

In this section, we present a different approach to engineering education that facilitates meta-

competences based education and we present three actions that educators best consider when

organizing engineering courses with open-ended teaching methods.

2.1 Meta-competences for engineering students

Multiple scholars suggest that while solid field competencies are still the required for successful

innovations, engineering students also require better-developed meta-competences to become and

remain successful in solving the more complex and global societal challenges (e.g., (Höller &

Vorbach, 2016; Siddique et al., 2013). These more complex and global societal challenges will be

referred to as ”future challenges” in the remainder of our paper.

In general, in any profession there are two different kinds of competencies: (1) field-specific com-

petences and (2) meta-competences(Mistree et al., 2014; Schaefer et al., 2012). (1) Field-specific

competences are domain-specific, theoretical skills that are the benchmark in, for instance, its

domain of engineering (Schaefer et al., 2012). These hard skills are skills that are rule-based,

procedural, replicable, repeatable and predictable (Pezer, 2015). For example, in the engineering

domain (Wahl et al., 2012): mathematics, algorithms, programming and information manage-

ment. (2) Meta-competences, on the other hand, are ’overarching’ competencies that are relevant

to a wide range of work settings and which facilitate adaptation and flexibility on the part of

the organization (Heery & Noon, 2008). Meta-competencies include learning, adapting, anticip-
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ating, and creating change, which implies that meta-competences are not bound to one specific

engineering domain (Mistree et al., 2014). Finally, meta-competences are useful to understand the

interrelations between conceptually complex situations (Nikolov et al., 2014).

Research by Siddique et al. (2013) shows five meta-competences with 21 dimensions which enable

engineering students to solve the global and conceptually more complex challenges, see Table 2.1.

Table 2.1: An overview of meta-competences that enable engineering students to solve future challenges, based on
(Siddique et al., 2013)

No. Meta-competence Description
MC1 Ability to manage 1.1 To gather, interpret, validate and use information

information 1.2 Understand and use quantitative and qualitative information
1.3 Discard useless information

MC2 Ability to manage 2.1 Ability to identify and manage dilemmas associated with the realization of complex,
thinking sustainable, socio-techno eco-systems

2.2 Ability to think across disciplines
2.3 Holistic thinking, conceptual thinking and switching from divergent and convergent
thinking
2.4 Ability to speculate and to identify research topics worthy of investigation
2.5 Ability to engage in critical discussion
2.6 Identify and explore opportunities for developing break-through products, systems
or services
2.7 Ability to think strategically by using both theory and methods

MC3 Ability to manage 3.1 Ability to manage the collaboration process in local and global settings
collaboration 3.2 Ability to create new knowledge collaboratively in a diverse team

3.3 Competence in negotiation
MC4 Ability to manage 4.1 Ability to identify the competencies and meta-competencies needed to create value in

learning a culturally diverse, distributed engineering world
4.2 Ability to self-instruct and self-monitor learning
4.3 Ability to interact with multiple modes of learning

MC5 Ability to manage 5.1 Ability to self-motivate
learning 5.2 Ability to cope with chaos

5.3 Ability to identify and acknowledge mistakes and unproductive paths
5.4 Ability to assess and manage risk taking

The credibility of their research is shown as the authors developed their meta-competences based

on sixteen years of experience with multiple academic engineering courses at Georgia Tech, The

University of Oklahoma, and Washington State University (Siddique et al., 2013). Furthermore,

their research uses credible sources. Table 2.2 displays the most cited literature of their research.

Appendix A shows the complete reference list along with the number of citations per paper used

in Siddique et al. (2013).

Table 2.2: The most cited paper used in the paper by (Siddique et al., 2013)

Paper Citations
Bandura, A., 1997, Self-Efficacy: The Exercise of Control, New York: Freeman 67.672
Schon, D., 1995, The Reflective Practitioner: How Professionals Think in Action, Surrey, UK: Ashgate
Publishing

60.413

Bloom, B. S., 1956, Taxonomy of Educational Objectives, Handbook I: The Cognitive Domain: New York:
David McKay Co Inc

35.378

Chesbrough, H., 2003, Open Innovation: The New Imperative for Creating and Profiting from Technology
Harvard Business School Press

15.811

Friedman, T. L., 2006, The World Is Flat [Updated and Expanded]: A Brief History of the Twenty-First
Century, New York: Farrar, Straus and Giroux

15.016

Ryan, R. M., and Deci, E. L. (2000). Intrinsic and extrinsic motivations: Classic definitions and new
directions. Contemporary Educational Psychology, 25(1), 54-67

13.393
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2.2 Educating meta-competences using open-ended teach-

ing methods

The nature of the future challenges requires engineering students to deal with the open-ended

problems that come with unforeseen issues that need creative thinking to respond with the cre-

ation of innovative solutions (Siddique et al., 2013). Traditional academic education, however, is

teacher-centered, promotes learners to seek an answer that is beforehand defined as ’right’ uses

a conventional classroom approach and has little focus on courses that use open-ended teaching

methods (Mason & Arshed, 2013; Siddique et al., 2013). Students are expected to learn what edu-

cators expose them with, store this information and pull it out when required, called ”warehoused

knowledge” (Mason & Arshed, 2013). This form of education indicates a supply-led approach to

learning. Currently, engineering students are underexposed to open-ended problems at technical

universities and resulting there are improvements to be made to prepare them to create innovative

solutions in their professional careers (Siddique et al., 2013).

To solve future challenges, engineering students must be exposed to authentic learning experiences

that train meta-competences as well as creative problem solving and innovation competencies

(Siddique et al., 2013). A way to train these meta-competencies is to expose engineering students

to engage in practice with open-ended problems or tasks without existing solutions (Kolb, 2014).

Educators at technical universities can use courses with open-ended teaching methods to simulate

these open-ended problems without existing solutions. In our paper, the following definition of

open-ended teaching methods is used: ”Open-ended teaching methods aim at fostering complex

problem-solving skills by confronting learning with a realistic or authentic problem in a learning

environment with a large amount of learner control” (Kolb, 2014). When educators use open-ended

teaching methods, engineering students encounter scenarios that are unplanned and non-sequential

(Rae, 2012). In the traditional model for engineering education, the educator determines what the

engineering students learn; this is named a supply-led approach to engineering education (Mason &

Arshed, 2013). However, when educators use open-ended teaching methods, engineering students

need access to information sources when required and not, as in traditional engineering educational

models, when the educator decides to transfer the information to the engineering students (Rae,

2012).

2.3 Implementing meta-competence based engineering edu-

cation

The traditional model for engineering education, the supply-led approach, is too structured to

support the engineering students learnings needs in courses that use open-ended teaching methods

(Mason & Arshed, 2013). A reason for this is that engineering students learning needs are difficult

to predict when educators use open-ended teaching methods (Mistree et al., 2014). Fulfilling

engineering students’ learning needs while exposing them to open-ended teaching methods requires

a more mass customized approach to engineering education. Mistree et al. (2014) organized their

engineering courses using open-ended teaching methods ten years before publishing their research.
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With this experience, they observed seven differences between traditional engineering education

and a mass-customized approach to engineering education that supports meta-competence based

engineering education, see Table 2.3.

Table 2.3: Differences between traditional and mass-customized approach to engineering education (Mistree et al., 2014)

Traditional engineering education Mass-customized engineering education
Instructors deliver course content Shift from instructor to an orchestrator who creates opportunities

to learn
Students are passive learners Students are active learners, e.g., take charge of their own learning
Learning goals are fixed by the instructor Learning goals are defined by the students in collaboration with

the educator
Rigid course structure Embed flexibility in the course including multiple opportunities for

learning from various experiences
Individual learning Collaborative learning
Ignore diversity Leverage diversity
Learning process unclear to the students Make students aware of the learning process and scaffold

student learning

Moreover, Mistree et al. (2014) experienced differences in how courses using open-ended teaching

methods differ compared to traditional engineering courses. Resulting, their research suggests

five actions that educators should consider when organizing engineering courses with open-ended

teaching methods, see Table 2.4. Action two and five are results of meta-competence based

engineering education and are profoundly described in the previous section. Therefore, for the

rest of our paper we will use the remaining three actions.

Table 2.4: Five actions that educators best consider when organizing engineering courses with open-ended teaching
methods (Mistree et al., 2014)

Action Description
Relation
educator-student
is changing

The role of an educator changes from being an instructor that delivers content to an orchestrator
role that supports and creates opportunities for engineering students to take a central role in
the learning process.

With students standing central in their learning process, they must become active learners.
While consulting their orchestrators, they define their learning goals and determine what needs
to be done to achieve their goals

Shift the focus
from the lower
levels to the
upper levels of
learning

See section 2.1, meta-competences in general

Embed flexibility
in courses

While students create their own learning goals, these goals differ per individual. The differ-
ent learning goals per student mean that the course should have a flexible approach in how
engineering students can obtain the content that suits their learning needs

Stimulating
collaborative
learning and
leverage diversity

Create an environment where students learn from and about each other, get inspired and have
the possibility to build further on the work of others and thereby eventually to generate new
knowledge.

Diversity within groups can be leveraged by identifying, distributing, and discussing outstand-
ing submissions as an example.

Make students
aware of the
learning process

See section 2.1, meta-competence 4: the ability to manage learning
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Mistree et al. (2014)s research shows credibility as the authors used ten years of their experience

witb engineering courses that use open-ended teaching methods before publishing their research.

Based on these insights they suggested actions that educators best consider when organizing

engineering courses with open-ended teaching methods. Moreover, their research uses credible

sources. Table 2.5 shows the most cited sources and Appendix B shows the complete reference list

along with the number of citations per paper used in Mistree et al. (2014).

Table 2.5: The most cited paper used in the paper by (Mistree et al., 2014)

Paper Citations
Bandura, A., 1997, Self-Efficacy: The Exercise of Control, New York: Freeman 67.672
Bloom, B. S., 1956, Taxonomy of Educational Objectives, Handbook I: The Cognitive Domain: New York:
David McKay Co Inc.

35.378

Friedman, T. L. (2006). The World is Flat [Updated and Expanded]: A brief history of the twentyfirst
century

15.016

Ryan, R. M., and Deci, E. L. (2000). Intrinsic and extrinsic motivations: Classic definitions and new
directions. Contemporary Educational Psychology, 25(1), 54-67

13.393
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Chapter 3

Methodology

This section presents the methodology that describes how we executed our research. We first

present our research approach by describing our three research goals. Hereafter we present and

describe the two chosen universities: Aalto University and TU Eindhoven. Following we elaborate

the methods of how we collected our data at these two universities. Finally, we elaborate on the

methods of how we analyzed our data using theory-driven and inductive analyses.

3.1 Research approach

Our paper uses an exploratory, in-depth, comparative case study of two technical universities to

achieve our research goals. There are three reasons for choosing this research design. First, to

highlight the similarities and differences in which meta-competences are relevant for engineering

students. Second, to identify which educational activities are technical universities presently im-

plementing to educate engineering students meta-competences. Third, to identify what technical

universities can do to further support the organization of meta-competence based education. Table

3.1 shows that these three questions have different research approaches, differently used literature

and units of analysis.

Table 3.1: The research goals of our paper and their descriptions, their research approaches, theories used and units of
analysis

Research Goal Research
approach

Literature Unit of
analysis

To identify which meta-competences are relevant for engineering
students in technical universities

Deductive
and
Inductive

Siddique et
al. (2012)

Engineering
student

To identify which educational activities are technical universities
presently implementing to educate engineering students meta-
competences

Inductive Descriptions
of academic
curricula

Technical
university

To identify how technical universities can further improve the
organization of meta-competence based education

Deductive
and
Inductive

Mistree et
al. (2014)

Technical
university

Understanding meta-competences in academic engineering education 9



Our paper uses two research approaches, namely an inductive and deductive approach. Deductive

research approaches aim to test an existing theory, while inductive research approaches aim to

generate a new theory that emerges from obtained data (Elo & Kyngäs, 2008).

The first research goal is to identify which meta-competences are relevant for engineering students

in technical universities. Our paper uses five meta-competences as input to describe how technical

universities perceive the relevance of these meta-competences (Siddique et al., 2013). The meta-

competences are the ability to manage information, ability to manage thinking, ability to manage

collaboration, ability to manage learning, and the ability to manage attitude. Our paper focuses

on identifying the similarities and differences between Siddique et al. (2013)’s meta-competences

and the perception of these phenomena in practice at these technical universities. Finally, when

the data shows new dimensions that complement the Siddique et al. (2013)s meta-competences

and their dimensions, then our results section presents these findings. The unit of analysis in this

part of our research approach is the engineering student.

The second research goal is to identify which educational activities that educate engineering stu-

dents’ meta-competences technical universities implemented. For this research goal there was no

academic literature readily available and therefore our paper gathered the needed data induct-

ively. Later this section we describe the methods of how we obtained the data in fulfillment of this

research goal. The unit of analysis in this part of our research approach is the technical university.

The third research goal is to identify what technical universities can do to further support the

organization of meta-competence based education. We start by using three actions that educat-

ors best consider when organizing single engineering courses using open-ended teaching methods

(Mistree et al., 2014). We use these actions to gain insights in how respondents observed these

phenomena at Aalto University and TU Eindhoven. When we observed differences or similarities

in what Mistree et al. (2014) show and what our findings show, we presented these findings in our

results. Moreover, our analysis goes beyond organizing single engineering courses, and when we

find new information regarding how technical universities can further improve in the organization

of meta-competence based engineering education, we also present these findings in our results.

3.2 Case selection

This section describes the two cases used in the analysis in our paper, namely Aalto University and

TU Eindhoven. The first part of this section presents a descriptive overview of both universities

and elaborates differences and similarities. Hereafter we provide general information concerning

about these universities and how these universities organize their engineering courses with open-

ended teaching methods.

We selected Aalto University and TU Eindhoven as both universities have and are experimenting

with organizing engineering courses with open-ended teaching methods. By comparing how Aalto

University and TU Eindhoven implemented meta-competence based engineering education, we
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expect to find learnings that can be useful for both Aalto University and TU Eindhoven.

We suspect that Aalto University has slightly longer implemented meta-competence based engin-

eering education. We see this as an advantage as this way we can compare between two cases

with a different state of implementation regarding meta-competence based engineering education.

We use this information to determine what actors at technical universities must consider when

organizing for meta-competence based engineering education.

Table 3.2: Comparison of Aalto University and TU Eindhoven in focus areas, total earning, total costs, number of
students and personnel based on the annual reports from 2017 (Aalto University, 2019; TU Eindhoven, 2017)

Aalto University TU Eindhoven
Focus areas Engineering, Design & Engineering

Business
Total earnings (in million ) 344 352.5

Government funding 229 198.3
Other public funding 82 7.1

Education and exam fees* n.a. 28.2
Corporate funding** 12 99.2

Other funding 21 19.7
Total costs (in million ) 346 341.6

Personnel 217 226.7
Facilities 48 18.4

Depreciation 9 24
Other costs 72 72.5

Students (#) 10.646 11.295
Bachelor 5.368 7.116

Master 5.278 4.179
Personnel (FTE) 3.665 4.480

Scientific staff (professors) 1.442 (386) 1.908 (273)
Doctoral 983 1.534

Service staff 1.240 1.398
Peer-reviewed publications 2.165 1.818
* Is considered government funding at Aalto University
** Includes work for third parties for TU Eindhoven

Table 3.2 shows that Aalto University and TU Eindhoven are comparable in their total earnings

and spending. Noticeable is that TU Eindhoven received more than eight times more corporate

funding compared to Aalto University. A reason for this might be that TU Eindhoven includes

income derived from performing work for third parties (international and national governments,

NWO, KNAW, other non-profit, and industry) in their financial results, whereas Aalto University

does not. A significant difference is that Aalto University offers Engineering, Design Business

education, whereas TU Eindhoven only offers engineering education. Appendix C shows the

difference in educational offering more profoundly. Our paper focuses on the Engineering part of

Aalto University.

3.2.1 Aalto University

In 2010 Aalto University became the result of a merger between three schools Helsinki University

of Technology, the Helsinki School of Economics and the University of Art and Design Helsinki.

Hereafter Aalto University is called the Innovation University and is the developer of new learning

environments and a determined promoter of lifelong learning (Markkula & Lappalainen, 2009).

Since the merger, Aalto University has implemented meta-competence based engineering education

using courses with open-ended teaching methods (Markkula & Lappalainen, 2009).
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Aalto University offers meta-competence based (engineering) education through two initiatives.

The Aalto Ventures Program (AVP) is a university-wide, central institute that organizes courses

using open-ended teaching methods that focusses on entrepreneurship education. Local faculties

host the AVP’s courses, while the AVP promotes the courses through their promotional channels.

The goal of the AVP is ”to inspire, provide the capabilities and network to build new scalable

businesses” (Aalto Ventures Program, 2018b).

The Aalto Design Factory (ADF) is ”an interdisciplinary learning hub that unites students, teach-

ers, researchers and industry” (Aalto Design Factory, 2018). Their focus lies on product develop-

ment and exposes (engineering) students mostly to engineering courses using open-ended teaching

methods that do not have predefined answers.

3.2.2 Eindhoven University of Technology

The Eindhoven University of Technology (TU Eindhoven) is a technical university founded in

1956 in Eindhoven, the Netherlands. In TU Eindhovens strategy for 2030, they state that ”engin-

eers in 2030 face a faster pace of technology development and increasingly complex problems and

challenges” (TU Eindhoven, 2018d). To educate their engineers to be successful in solving these

challenges, TU Eindhoven used their extra-curricular student teams as inspiration to change their

offering in educational activities. These student teams take on open-ended societal challenges and

develop solutions for these challenges. In these student teams, engineering students learn how to

think on a systems level, to work in interdisciplinary teams, to cooperate with companies, exper-

iment with users, demonstrate entrepreneurial behavior as well as how to use and deepen their

disciplinary knowledge (TU Eindhoven, 2018c). Examples are a four-person car with solar panels

(Solar Team Eindhoven in 2013 and spin-off LightYear in 2015), drones that can deliver medication

(BlueJay in 2015) and a team that develops a new circular energy storage system based on iron

powder (Team Solid in 2016) (TU Eindhoven, 2018c). To incorporate these type of open-ended

teaching methods in their regular engineering curricula, TU Eindhoven launched TU/e innovation

Space as a pilot in 2017. This pilot was successful as it led to an official opening in 2018 (TU

Eindhoven, 2018d). TU/e innovation Space promotes challenge-based learning experiences where

students are encouraged to acquire knowledge by engaging in real life challenges in interdiscip-

linary teams (TU/e innovation Space, 2018). Compared to the conventional classroom approach,

challenge-based education is expected to better integrate knowledge and skills by emphasizing

interdisciplinary teamwork and a systems-level approach (TU/e innovation Space, 2018).

3.3 Data collection

The research question was unknown at the start of the research due to this research’s explorative

nature. The research question developed in time as more information presented itself. Each

moment that the collected data presented new information there was a moment to reflect on the

research question. When the data collection presented new information that required the research

question to change, we updated our research question. We updated our research questions more

often at the beginning of the research compared to the end where we chose the final research
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question. The alterations in the research questions affected the data collection. Namely, the

methods for data collection did not subsequently follow in the presented order; we used the four

forms of data collection in parallel. Table 3.3 shows the types of collected data, their description,

quantity and its use in the analyses.

Table 3.3: Overview that shows the type of collected data, their description per data type, quantity and use in the analysis.

Type Description Quantity Use in the analyses
(1) Desktop research

Documents Aalto University, Aalto Design Factory,
Aalto Ventures Program, TU/e innov-
ation Space, TU/e Student teams, TU
Eindhoven

20 documents
(188 pages)

Data used in this ana-
lysis in the results, to
familiarize with the re-
search context and for
triangulation.

Presentation slides Promotional material, educational con-
tent, educational strategies

5 presentations
(131 slides)

Familiarize with the re-
search context and trian-
gulation

Video presentations Changing the Game: Academic Entre-
preneurship - Aalto University Academic
Summit 2014, TU/e Opening Academic
Year 2018/2019

2 presentations
(2 hours)

Familiarize with the re-
search context and trian-
gulation

Academic curricula 2258 Academic courses: 1131 from Aalto
University and 1127 from TU Eindhoven

2258 Main source of data
to build the theoretical
framework and served as
basis for the analysis.

(2) Interviews Interviews from Aalto University and TU
Eindhoven. Ranging from operational till
strategic level.

14 (140 pages) Main source of data used
for analysis in our paper

(3) Literature research Main literature used in this research: Sid-
dique et al. (2012) and Mistree et al.
(2014).

35 pages Main source of data
to build the theoretical
framework and served as
basis for the analysis.

(4) Participant observations

Informative talks Aalto Design Factory, Aalto Ventures
Program, TU/e innovation Space

18 hours Discuss insights from ob-
servation, for triangu-
lation, tog ain trust
of informants, to ap-
ply knowledge concern-
ing the education of
meta-competences

Workshops Aalto Ventures Program, Aalto Design
Factory, TU/e innovation Space

59 hours

Participant in course Aalto University
Startup Experience (12 ECTS), Entre-
preneurial Finance (6 ECTS), Contract-
ing for Strategy and Venturing (3 ECTS),
ICSB Academy Aalto Ventures Program
(6 days)

774 hours

TU Eindhoven
Technology Entrepreneurship (5 ECTS)

Creation of master course TU Eindhoven: TU/e innovation Space
project

15 hours

* one informal talk is estimated on ten minutes.
** one ECTS credit represents 28 hours of work (TU Eindhoven, 2018a)
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3.3.1 Data collection methods

This section describes our data collection methods. The first part elaborates the method for our

desktop research. The sections hereafter describe the methods for conducting the interviews and

the literature research that we used in our paper. The final part presents the method for the

participant observations.

Desktop research

This section describes the method for performing the desktop research used in our paper based on

its use for our three research questions. Our desktop research includes written reports, presentation

slides, and video presentations. For our paper the desktop research had three purposes: (1) to

use the data in our analysis, (2) to familiarize with the research context and (3) for triangulation.

Appendix D shows the list of used documents obtained in the desktop research.

Our paper used desktop research to (1) insights in Aalto University and TU Eindhoven in general

terms, and how they compare to each other. Moreover, to get insights into how these universities

are involved in the education of engineering students meta-competences (2) in their curricula

and (3) extra-curricular. Finally to obtain the course descriptions and learning outcomes of the

academic courses using open-ended teaching methods at Aalto University and TU Eindhoven.

We used the following search teams to gain insights in Aalto University and TU Eindhoven in

general terms and how they compare to each other: annual reports 2014-2018, the organization

of the universities, departments of the universities, the mission of the universities, strategy to

2020-2030, organization of education, and funding of the university.

We used the following search teams to gain insights into how Aalto University and TU Eindhoven

educate engineering students meta-competences: challenge-based learning [university], entrepren-

eurship education [university], case-based education at [university], open-ended problem solving

at [university]. This search provided insights into institutes active in educating meta-competences

for engineering students. For Aalto University these included: Aalto Design Factory, Aalto Ven-

tures Program, Junction and Slush. For TU Eindhoven these included: TU/e innovation Space,

USE-learning lines, TU/e student teams.

We used the following search teams to gain insights into how Aalto University and TU Eindhoven

are involved in educating engineering students’ meta-competences with extra-curricular activities:

Startup Sauna, Aaltoes, Wave Ventures, StartupLifers, TU Eindhoven Student Teams, TU/e

innovation Space, TU/e Innovation Lab, StartupEindhoven, Kickoff Eindhoven.

Finally, we used the libraries that contain the course descriptions and learning outcomes at Aalto

University and TU Eindhoven. For Aalto University we obtained 1131 courses using the two

libraries that include this information: WebOdi and MyCourses. For TU Eindhoven we obtained

1131 courses using the two libraries that include this information: Osiris and Canvas.
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3.3.2 Interviews

This section describes the method for conducting fourteen interviews used in our paper. In total

fourteen expert interviews were conducted: seven at Aalto University and seven at TU Eindhoven.

The interviewees’ names are made anonymous; however, Table 3.4 displays their roles. We noted

an (E) when a respondent is active as an educator who uses open-ended teaching methods. We

used snowball sampling to get to our interviewees.

Table 3.4: Roles of respondents that we interviewed at Aalto University and TU Eindhoven.

Aalto University TU Eindhoven
Chairman of the Executive Board Head of Education Strategy 2030
Vice President of Education Head of Educational Policy
Prominent educator at the AVP (E) Prominent educator at TU/e innovation Space (E)
Lead educator at the AVP (E) Lead educator TU/e innovation Space (E)
Educator at the AVP (E) Senior policy employee innovation in education
Executive coach involved in education (E) Scientific director TU/e innovation Space (E)
Educator at Industrial Engineering and Management (E) Support staff for innovative education

We conducted the interviews using a semi-structured interview format. This kind of data collection

method is loosely structured and aims to discover future research directions when in the beginning

a clear direction is missing (Blumberg et al., 2011). Using semi-structured interviews in exploratory

research ensures that across different interviewees the same topics stand central in the conversation

(Blumberg et al., 2011). Semi-structured interviews steer the interview in a particular direction

while having enough room to ask follow-up questions. These follow-up questions often result in

answers that otherwise would not have come up (Popper, 2008). The goal of the semi-structured

interviews is to gather knowledge distributed across the range of interviewees (Popper, 2008).

We recorded the interviews with an iPhone and a recorder, and we recorded thirteen interviews

without problems. One interview did not record during the first attempt, and we made notes

that summarized the conversation. We successfully planned a second interview to confirm the

validity of these notes. We transcribed all the interviews ourselves, which ensures the researchers’

understanding of the gathered data.

An interview protocol is used to confirm or deny certain assumptions with regards to the research

question, presented in Appendix E. First, without referring directly to concepts used in our paper,

such as meta-competences, we asked interviewees whether they experience a discrepancy in their

universitys graduates and the requirements set by society. Hereafter, we asked interviewees what

competencies they think engineering students need to bridge this competencies gap. Also, we

discussed how technical universities could implement these underrepresented competencies in their

engineering education. As the research question developed in time, so did the interview protocol.

When more information was available, and the research question was specified, the questions in

the interviews were altered to match the more detailed research question.

We noted when respondents mentioned the relevance of a meta-competence dimension or action

that can be considered to support the implementation of meta-competence based engineering

education. Doing so, we created an overview of how many and which respondents expressed that

they found a meta-competence dimension or action relevance. We used the coding tables that we

present in the section data analysis that we described more profoundly in Appendix G.
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3.3.3 Literature research

The first search for ”meta-competences” showed 52 results on Scopus. These articles were scanned

first scanned on abstract and title. The search was as a result of this specified by limited by

selecting articles that involved ”engineering”, ”education” and ”engineering education” to specify

the search towards meta-competence development at technical universities. This specification five

articles that served as a basis for the theoretical framework, in particular, Siddique et al. (2013).

Hereafter we used forward citation using Scopus and Google Scholar with Siddique et al. (2013)s

article to identify articles published more presently. This search 28 results. In particular, Mistree

et al. (2014)s article served as bases for the theoretical framework.

3.3.4 Participant observations

This section describes how we performed the participant observations used in our paper. In total,

our paper used five forms of participant observations: informative talks, informal talks, workshops,

a participant in courses, and the creation of a master course. Appendix F shows the origin of the

data and its quantity more profoundly.

Participant observations were physically performed at both universities, as the researcher was

present at Aalto University and TU Eindhoven. Below the participant observations per university

are explained.

The researcher started his Industrial Engineering Innovation Management studies at TU Eind-

hoven in September 2016. The researcher attended a course organized with an open-ended teaching

method, namely Technology Entrepreneurship. Furthermore, during the researcher’s studies, he

performed an assignment for TU/e innovation Space concerning the creation of a sustainable busi-

ness model in support of student-driven commercial activities. After completing the assignment,

the researcher became active as student-assistant at TU/e innovation Space starting August 2017.

The researchers main task is to educate meta-competences to engineering students. These meta-

competences are educated by coaching students that are involved in curricular or extra-curricular

learning experiences at TU Eindhoven. The researchers responsibilities include but are not limited

to coaching student teams in the development of their ideas, projects or businesses. The focus

of the coaching lies on personal and team management, strategic guidance of idea development,

preparations for investments and networking. Lastly, the researcher applied obtained knowledge

concerning educating meta-competences to engineering students by being involved in the creation

of the 10 ECTS master course TU/e innovation Space project.

In the fulfillment of his exchange semester during his studies at TU Eindhoven the researcher

resided seven months at Aalto University. During this period he was an active member of the

Aalto Design Factory and Aalto Ventures Program communities and active in three courses .

First, a course using open-ended teaching methods named the Startup Experience and two more

open-ended case-based courses, namely Entrepreneurial Finance and Contracting for Strategy and

Venturing. Moreover, the researcher attended various lectures, presentations, and workshops at

the Aalto Design Factory and Aalto Ventures Program. Finally, the researcher was elected by the

Aalto Ventures Program to be part of the annual conference of the International Council for Small
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Business Academy (ICSB) in Taipei, Taiwan. Besides the researcher, the group consisted of two

other Aalto University Students, a student from Rowan University (USA), and two students from

National Taipei University (Taiwan). In a week-long open-ended, experiential entrepreneurship

education program they developed an idea into a business proposition concerning to increase

the accessibility to financial services in African countries. The ICSB Academy consisted of eight

groups of approximately five international students. These groups competed in a competition that

determined who had the best idea. The researchers group, named UBIFY, won this competition.

3.4 Data analysis

This section describes the methods of how we analyzed our collected data. The first part presents

the method of how the researchers got used to the data. Hereafter the we elaborate on the methods

for the theory-driven analysis based on the literature used in our theoretical framework (Siddique

et al., 2013; Mistree et al., 2014). Following, we present our methods for our inductive analyse

that present how we contributed to Siddique et al. (2013) and Mistree et al. (2014) and also the

results for our comparative analysis of seventeen courses that use open-ended teaching methods.

We provide exemplary coding schemes for both methods. For viewing purposes, Appendix G

displays the full coding scheme.

3.4.1 Getting used to the data

This section describes how the researchers got used to the data. We analyzed the interviews with

Nvivo 11, which is a widely-used tool for qualitative research (Gibbs, 2002). We used two try-out

rounds of analysis to get used to the data. The first round consisted of two random interviews: one

from Aalto University and one from TU Eindhoven. The second round of analysis consisted of four

random interviews: two from Aalto University and two from TU Eindhoven. The second-round

interviews did not include the interviews from the first round. Learnings were expressed each

round and used as input for the next step in the analysis, see Appendix H. After the second round

the method of coding felt familiar, and we performed the analysis with all fourteen interviews.

3.4.2 Theory-driven analysis

This section describes how we performed the theory-driven analysis. The first part explains the

concept of theory-driven analysis. Hereafter, we present the methods for our theory-driven analysis

of the papers by Siddique et al. (2012) and Mistree et al. (2014). Finally, we present an example

of the coding scheme in Table 3.5. Due to the size of the coding schemes, Appendix G profoundly

shows the coding scheme.

Researchers use a theory-driven analysis to code the data in categories that originate from a

predetermined and existing theory (Schreier, 2012). This research used two sources of literature

as input for the analysis (Mistree et al., 2014; Siddique et al., 2013). Table 3.5 shows the exemplary

coding schemes with their nodes, its descriptor, an illustrative quote and empirical evidence of
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how other researchers can observe the node in practice.

Siddique et al. (2012)s research shows that all five meta-competences have its descriptor. The

descriptors were used as indicators in the interviews to determine when interviewees were talking

about meta-competences. We coded these quotes at the meta-competence dimension of which

the interviewee was talking about to each meta-competence dimensions descriptor. We included

illustrative quotes that describe the descriptor and empirical evidence when we finalized the coding

process. This way other researchers see how we executed the coding process of our interviews.

Mistree et al. (2014) show three actions that educators best consider when organizing engineering

courses using open-ended teaching methods. Again the descriptors were used as indicators in the

interviews to determine when interviewees were talking about one of the changes. We coded these

quotes at the change of which the interviewee was talking about, show illustrative quotes and

empirical evidence. Respondents identified actions in different stages. To account for the actions

stage, we divided the actions into three stages that the university is (1) now implementing the

action, (2) planning to implement the action or that the action (3) is not in the planning.

Table 3.5: Two example of coding tables, their node, its descriptor, an illustrative quote and empirical evidence of how
the node can be observed in practice.

Node Descriptor Illustrative quote Empirical evidence
Ability to
manage
information

To gather, interpret, validate
and use information

”It is important that as a student
you can show that you gained and
validated knowledge or have further
developed existing knowledge. This
shows that you are capable of practi-
cing with such information in prac-
tice”

Gain new knowledge, in-
terpret complex inform-
ation, validate informa-
tion, use information

Relation
educator-
student is
changing

The role of an educator
changes from being an in-
structor that delivers con-
tent to an ecuator role that
supports and creates oppor-
tunities for engineering stu-
dents to take a central role
in the learning process

”Yeah, more like the student as a
co-creator and co-learner. This is
what we are entering. This is what
I see in many of the courses that we
discussed earlier what is happening.
A more coaching type of situation
than knowledge distribution envir-
onment how we do it now.”

Educator becomes a
coach, student is an
active learner, student
and educator co-create
new knowledge

With students standing cent-
ral in their learning pro-
cess, they must become act-
ive learners. While con-
sulting their educators they
define their learning goals
and determine what needs
to be done to achieve their
goals

”What you see is that the business
world asks for different competen-
cies and on the other side that stu-
dents are changing. Students are
often more driven by the impact
they can deliver. Students want to
do things that are useful for society.
That motivates them.”

3.4.3 Inductive analysis

This section describes how we performed our inductive analysis. We present our method of how

we analyzed our interviews and show how we determined when we added a new meta-competence

dimension or new action to consider that (further) support the implementation of meta-competence

based engineering education. Finally, we present the method that describes how we performed a

comparative analysis of seventeen courses that use open-ended teaching methods: nine from Aalto

University and eight from TU Eindhoven.
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Interview analysis

We analyzed the interviews using the general inductive approach, a method often used for analyzing

interviews (Corbin et al., 2008). This phases goal is to identify emerging patterns in the data and to

identify in-vivo codes (Corbin et al., 2008). Next, general axial coding is performed to give the same

codes to events, happenings or acts that share common characteristics (Corbin et al., 2008). We

thematically grouped the in-vivo codes in higher conceptual levels to identify competence groups

of competences that share the same characteristics. We continued this process until we discovered

no new in-vivo codes or higher conceptual levels, thus achieving data saturation. We added a

new meta-competence dimension or action to consider that (further) support the implementation

of meta-competence engineering education when either prominent figures or the majority of the

interviewees at either Aalto University or TU Eindhoven stated the importance to add a dimension

or action. We present an exemplary coding scheme for our inductive analysis in Table 3.6. We

describe this table more profoundly in Appendix G.

Table 3.6: Two example of coding tables, their node, its descriptor, an illustrative quote and empirical evidence of how
the node can be observed in practice.

Node Descriptor Illustrative quote Empirical evidence
MC3: Abil-
ity to man-
age collab-
oration

Ability to manage and de-
velop a team

”You see that is becoming increas-
ingly more important that students
learn how to develop a team. You
do this by teaching them how to
manage a team, but more import-
antly to look in the future how a
team can be even improved even
more”

Team management,
team development, de-
veloping strategies how
your team can develop

Increase
the influ-
ence that
engineering
students
have in
determining
their learn-
ing goals
during their
studies

Engineering students should
be able to co-determine their
own learning goals during
their studies

”What is your advice if I were 19-
years old and the track for a high-
growth entrepreneur raising a high
amount of money, your VC is going
to have to be a lot more experienced.
You might as well hear that message
right now. I think the earlier you
reach the more you can start figur-
ing out how do I make my CV look
like exactly what the market wants.”

Fill studies with chal-
lenges that determine
the students desired
learning goals, have
student in the lead in
what they desire to
learn.

Comparative course analysis at Aalto University and TU Eindhoven

To gain insights in which educational activities Aalto University and TU Eindhoven implemented

that educate engineering students meta-competences, we analyzed 2.258 academic courses: 1.131

from Aalto University and 1.127 from TU Eindhoven. Qualitatively we scored these courses a (1)

when the course was organized with an open-ended teaching method and a (0) if not. For these

courses we analyzed their course descriptions, learning outcomes and observed several courses in

practice. Using this information along with Kolb (2014)s of open-ended teaching methods: ”Open-

ended teaching methods aim at fostering complex problem-solving skills by confronting learning with

a realistic or authentic problem in a learning environment with a large amount of learner control”,

in total we classified seventeen courses that use open-ended teaching methods: nine for Aalto

University and eight for TU Eindhoven.
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We organized our analysis in five steps that result in an overview for Aalto University and TU

Eindhoven that shows which meta-competence dimension is educated by which courses and an

overview which university focusses more on which meta-competence dimension. For viewing pur-

poses, we mostly show examples from Aalto University due to the size of the tables. We describe

these tables more profoundly in Appendix M and show the results in section 4: Results.

ANALYSIS STEP 1: CODING

In total, our results showed evidence for eight new meta-competence dimensions. We used Sid-

dique et al. (2012)s twenty-one original meta-competence dimensions and the nine extra dimen-

sions that our paper presents to analyze which courses with open-ended teaching educated which

meta-competence dimensions. We used the coding schemes that describe the meta-competence

dimensions, profoundly described in Appendix G, to code whether a course educated a meta-

competence dimension or not. Table 3.7s first column shows the course with open-ended teaching

method and their hosting institutes. The columns showing Dim.1-6 represent the scoring whether

the course that uses an open-ended teaching method educated a specific meta-competence di-

mension (score = 1) or not (score = 0). Besides, we calculated the percentage of how many

of the courses using open-ended teaching methods at Aalto University (see % Aalto University)

educated a specific dimension and how many of the dimensions a single course using open-ended

teaching methods educates (see % per course). Table 3.7 shows an example of the scoring for MC1

”the ability to manage information” for the courses using open-ended teaching methods at Aalto

University. This Appendix M presents similar tables for TU Eindhoven and shows the scoring

methods for MC2-5. We used these results as input the second step in our analysis.

Table 3.7: Two example of coding tables, their node, its descriptor, an illustrative quote and empirical evidence of how
the node can be observed in practice.

MC1: The ability to manage information
Course Dim.1 Dim.2 Dim.3 Dim.4 Dim.5 Dim.6 % per course

Aalto Design Factory
Product Development Pro-
ject

1 1 1 1 1 1 100

Aaltonaut 1 1 1 1 0 1 83
ME310: Global innovation
program

1 1 1 1 1 1 100

International Design Busi-
ness Management

1 1 1 1 1 1 100

Pack-Age 1 1 1 1 1 1 100
Public Service Hackathon 1 1 1 1 1 1 100

Aalto Ventures Program
Startup Experience 1 1 1 1 1 1 100
Aalto Fellows 1 1 1 0 0 1 67
Slush and Junction Leader-
ship Experience

1 1 1 0 0 1 67

% Aalto University 100 100 100 78 67 100
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ANALYSIS STEP 2: AGGREGATION

We then aggregated the data of Table 3.7 and the tables in Appendix M to compute an overview

of the implementation degree (in %) of the five meta-competences for the courses with open-ended

teaching methods at Aalto University, see the example in Table 3.8. We gave equal weight to each

meta-competence to calculate the overall MC-implementation score. Again, we used the results

for MC1 as an example. We see that the values in our MC1 example ”%) per course” in Table 3.7

represent the same values as ”%)MC1” in Table 3.8. We used the same method for the remaining

four meta-competences. Next, we calculated the ”%) Aalto University” in Table 3.8 by taking

the average per university in the column ”%) per course” in Table 3.7. Finally, we calculated

the average of the percentages that a course using open-ended teaching methods educated per

meta-competence and showed this in the last column ”%)MC”. We provided such an example for

the Product Development Project in Table 3.8’s third row. In our results, we show Table 3.8 with

the cells ranging from the least implemented (red) to the most implemented (green).

Table 3.8: Exemplary table that shows the percentages of how far MC1 is implemented in the courses using open-ended
teaching methods at Aalto University

MC1: The ability to manage information
Course %MC1 %MC2 %MC3 %MC4 %MC5 %MC

Aalto Design Factory
Product Development Project 100 100 83 100 100 97
Aaltonaut 83 % % % % %
ME310: Global innovation pro-
gram

100 % % % % %

International Design Business
Management

100 % % % % %

Pack-Age 100 % % % % %
Public Service Hackathon 100 % % % % %

Aalto Ventures Program
Startup Experience % % % % %
Aalto Fellows 67 % % % % %
Slush and Junction Leadership
Experience

67 % % % % %

% Aalto University 91 % % % % %

ANALYSIS STEP 3: INITIAL COMPARISON

To assess initial differences in implementation degree, we conducted a comparison test based on

the data of the previous analysis, comparing the MC-implementation scores of the two universities

for each MC. We combined the percentages that represent how far Aalto University and TU

Eindhoven implemented each of the five meta-competences in Table 3.9 on the next page, and in

our results we show in addition the difference (in %) between these universities in a bar chart. A

green bar reflects when a meta-competence further implemented at TU Eindhoven and a red bar

stands for when Aalto University further implemented the meta-competence.
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Table 3.9: Exemplary table that shows the percentages of how far MC1 is implemented in the courses using open-ended
teaching methods at Aalto University

Aalto University TU Eindhoven Difference
MC1 91% 100% 9%
MC2 % % %
MC3 % % %
MC4 % % %
MC5 % % %

ANALYSIS STEP 4: IMPLEMENTATION SCORE

We again aggregated Table 3.7 with the other tables in Appendix M, and we show the percentage

of implementation of each meta-competence dimension for the courses with open-ended teaching

methods at Aalto University and TU Eindhoven. We call this the implementation score of a meta-

dimension dimension of which we show exemplary tables in Table 3.10 3.11. We filled out these

tables with the examples from MC1. We displayed Table 3.10 and 3.11 with colors to identify

which of the meta-competence dimensions are more implemented than the rest compared within

each university. Meta-competence dimensions range from a green to a red background. A green

cell reflects a meta-competence dimension that Aalto University or TU Eindhoven relatively more

implemented than the rest at that university. A red cell represents a meta-competence dimension

that either of the universities less implemented.

Table 3.10: Exemplary table that shows the percentages of implementation of MC1s dimension for the courses with
open-ended teaching methods at Aalto University

Table 3.11: Exemplary table that shows the percentages of implementation of MC1s dimension for the courses with
open-ended teaching methods at TU Eindhoven

ANALYSIS STEP 5: DIFFERENCES

Finally, to assess substantial differences in implementation, we deepened the comparison test

between the two universities by comparing the implementation scores (in %) at the level of the

MC-dimensions, see equation 4.1. We subtracted the percentages from TU Eindhoven with the

percentages from Aalto University. We present an example in 3.12. In our results, we displayed
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Table 3.12 with bars that reflect the differences. We show a green bar when TU Eindhoven

implemented a meta-competence dimension more and a red bar for Aalto University. For instance,

we calculated the +22% in Table 3.11 by subtracting the 100% (Table 3.11) MC1.4 value of TU

Eindhoven with the 78% (Table 3.10) value of Aalto University.

∆ComparisonTU/e−Aalto = Implementation ScoreTU/e − Implementation ScoreAalto (3.1)

Table 3.12: Example overview that shows the differences in percentages of meta-competence dimensions from Aalto
University and TU Eindhoven

Dim.1 Dim.2 Dim.3 Dim.4 Dim.5 Dim.6 Dim.7 Dim.8
MC1 0% 0% 22% 33% 0%
MC2 % % % % % % % %
MC3 % % % % % %
MC4 % % % % %
MC5 % % % % %

3.5 Research quality

Academic literature occasionally criticizes research of comparative case studies. Some researchers

argue that this method lacks quantification, objectivity, and rigor (Yin, 2009). Therefore, academ-

ics developed a model that enables the analysis of the quality of exploratory research by assessing

the construct validity, external validity, and reliability (Yin, 2009).

Construct validity refers to whether the knowledge that the research creates accurately describes

the studies phenomenon (Yin, 2009). To assure construct validity this research uses multiple forms

of data collection, namely: desk research, literature review, interviews, and observations. Using

multiple forms of data to verify data from two or more different sources is called triangulation (Yin,

2009). Moreover, the researcher was consecutively for more than six months at both universities.

This presence enables the researcher to be critically assess collected data on its reliability and

validity.

The external validity of research refers to whether the findings of exploratory research can be

generalized The external validity of research refers to whether the findings of exploratory research

can be generalized (Yin, 2009). Our paper assures external validity in two ways. First, we analyze

two universities to prevent the outcomes too specific for one university. We expect that Aalto

University has more maturely implemented courses with open-ended teaching methods compared

to TU Eindhoven. This way we expect differences in the level of implementation of courses with

open-ended teaching methods. Second, we used multiple interviewees with various backgrounds

which enabled us to gather data distributed across the range of interviewees. Using multiple cases

and interviewees help to build a theory by using the replications, contrasts, and extensions to

build a new theory iteratively.
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The external validity of research refers to whether the findings of exploratory research can be

generalized (Yin, 2009)). Our paper assures external validity in two ways. First, we analyze

two universities to prevent the outcomes too specific for one university. We expect that Aalto

University has more maturely implemented courses with open-ended teaching methods compared

to TU Eindhoven. This way we expect differences in the level of implementation of courses with

open-ended teaching methods. Second, we used multiple interviewees with various backgrounds

which enabled us to gather data distributed across the range of interviewees. Using multiple cases

and interviewees help to build a theory by using the replications, contrasts, and extensions to

build a new theory iteratively (Yin, 2009).

The reliability of a research refers to how well others can replicate the study (Yin, 2009). The

presence of a single observer threatens the reliability of the data in general (Babbie, 2010). Our

paper is a master dissertation, which means that a single researcher conducts the research. There-

fore, we must look carefully at the reliability. We conducted the analyses for both case studies

using an iterative process in which between each step in the process we expressed learnings that

we observed. These learnings included mistakes and misinterpretations that emerged from the

analyses. We critically reviewed these differences and used them as input for the analyses that

followed. This way, each iteration the reliability of our paper increased.
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Chapter 4

Results

In this section, we present the results that our research showed for our three research questions.

We first present the three research questions and their high-level results. The following sections

describe these results more profoundly.

To answer our first research question, ”which meta-competences are relevant for engineering stu-

dents in technical universities?”, we present the findings on what our data showed regarding the

relevance of meta-competences for engineering students observed at Aalto University and TU Eind-

hoven. We present these findings using the five meta-competences as displayed in the theoretical

framework of our paper. The five original meta-competences consist of twenty-one dimensions

of which we did not observe two at Aalto University or TU Eindhoven. In addition, our results

presented eight new meta-competence dimensions that our results showed at Aalto University and

TU Eindhoven. Also, we provide a description of the twenty-one original and eight new dimensions

based on our data.

To answer our second research question, ”which educational activities are technical universities

presently implementing to educate engineering students’ meta-competences?”, we present an over-

view of seventeen implemented courses using open-ended teaching methods at Aalto University

(nine) and TU Eindhoven (eight). We analyzed each course to determine which meta-competence

dimension the course educated and which not, and showed this as a percentage. In total, we com-

pared twenty-nine meta-competence dimensions to determine which meta-competence dimensions

was implemented further at either of the universities. Our results show that Aalto University im-

plemented six meta-competence dimensions further than TU Eindhoven and TU Eindhoven two

dimensions further than Aalto University.

We structured our results that answer our third research question, ”what actions can technical

universities consider to further improve the organization of meta-competence based education?”,

in three parts. The first part describes three actions that educators best consider while organizing

courses that use open-ended teaching methods. The second part shows three actions that engineer-

ing program managers best consider while designing engineering programs with multiple courses

that use open-ended teaching methods. The final part shows four actions that strategy managers

or strategic boards best consider to further support the implementation meta-competences based
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engineering education. Not all these actions for consideration are in the same phase of implementa-

tion at Aalto University and TU Eindhoven. Therefore, we structured these results in three stages

of implementation: (1) what Aalto and TU Eindhoven are currently implementing to support the

implementation of courses that use open-ended teaching methods, (2) which actions they plan to

implement and (3) which actions are not (yet) in their planning.

4.1 Meta-competences for engineering students

This section provides the answer to our first research question ”which meta-competences are rel-

evant for engineering students in technical universities” based on our findings at Aalto University

and TU Eindhoven. We structured this section according to the five meta-competences as presen-

ted in the theoretical framework. Each meta-competence section starts with a table that consists

of the original MC-dimensions, new MC-dimensions and whether we observed the MC-dimensions

at Aalto University and TU Eindhoven. Below the table, we provide a description of each MC-

dimension backed with quotes from our respondents.

4.1.1 MC1: The ability to manage information

This section shows how respondents at Aalto University and TU Eindhoven viewed the relevance

of ”MC1: the ability to manage information”. Table 4.1 shows the three original and three

suggestions for new dimensions for MC1, and whether we observed them at Aalto University

(Aalto) and TU Eindhoven (TU/e). In contrast to our expectations, one original dimension of

MC1 remained unobserved at both universities, namely ”MC1.2: the ability to understand and

use quantitative and qualitative information”.

Table 4.1: Original dimensions and suggestions for new dimensions for ”MC1: The ability to manage information” as
observed at Aalto University and TU Eindhoven.

MC1: Ability to manage information Aalto TU/e

Original dimensions
1.1 To gather, interpret, validate and use information x x
1.2 Understand and use quantitative and qualitative information
1.3 Discard useless information x x

Suggestions for new dimensions
1.4 To deal with the increasing complexity between information sources x x
1.5 To deal with rapidly growing number of information sources x x
1.6 To create new knowledge by testing ideas and solutions in real life situations x x

Our data showed evidence to add two extra dimensions for MC1. Namely, 3 out of 7 of the

respondents at Aalto University and 5 out of 7 at TU Eindhoven mentioned that engineering

students must have the ability to deal with the increasing number of information sources

and their increasing complexity. At Aalto University these respondents included the Chair-

man of the Executive Board, and the lead and prominent educator of the AVP. The Chairman

of the Executive Board mentioned that engineering students find solutions to future challenges in

smart combinations of multiple components in systems, which increases the system’s complexity.

As there are more components in the system, there is more information needed that describes the

relationship between these components. The lead educator at TU/e innovation Space stated that

in their course they observe problem-solving in courses that use open-ended teaching methods
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requires engineering students to use more information sources than in traditional engineering edu-

cation. The lead educator at TU/e innovation Space mentioned that the complexity for engineering

students lies in the interrelatedness of the information sources that the engineering students use,

and those technical universities should train students in dealing with this increased complexity.

The following quote from the lead educator at TU/e innovation Space illustrated this dimension

in the following way:

”You have to train students to continually challenge themselves how to deal with com-

plex systems and with the complexity of the available information that comes with these

systems”.

Our data showed evidence for one new dimension and confirmed two other dimensions, 10 out

of 14 respondents from Aalto University and TU Eindhoven mentioned the relevance for these

three dimensions. The new dimensions is the ability to create new knowledge by testing

ideas and solutions in real life situations. The lead educator at the Aalto Ventures Program

stated that ”that instead of duplicating existing knowledge, they must be able to create new know-

ledge specifically needed to solve the targeted challenge”. When engineering students create new

knowledge, they must determine whether the gained knowledge is useable or not. In this light, a

prominent educator at TU/e innovation Space and the Head of Educational Strategy 2030 stated

that it is essential that engineering students are capable of interpreting and validating the

newly obtained information and that the engineering students must determine whether to

use or discard the obtained information.

4.1.2 MC2: The ability to manage thinking

This section shows how respondents at Aalto University (Aalto) and TU Eindhoven (TU/e) viewed

the relevance of ”MC2: the ability to manage thinking”. Table 4.2 shows the seven original and

one suggestion for a new dimension for MC2, and whether we observed these dimensions at Aalto

University and TU Eindhoven. We observed all of MC2’s dimensions but one dimension at Aalto

University and TU Eindhoven, namely: MC2.6 Identify and explore opportunities for developing

break-through products, systems or services.

Table 4.2: Original dimensions and suggestions for a new dimension for ”MC2: The ability to manage thinking” as
observed at Aalto University and TU Eindhoven.

MC2: Ability to manage thinking Aalto TU/e

Original dimensions
2.1 Ability to identify and manage dilemmas associated with the realization of complex, sustainable,
socio-techno eco-systems

x x

2.2 Ability to think across disciplines x x
2.3 Holistic thinking, conceptual thinking and switching from divergent and convergent thinking x x
2.4 Ability to speculate and to identify research topics worthy of investigation x x
2.5 Ability to engage in critical discussion x x
2.6 Identify and explore opportunities for developing break-through products, systems or services x x
2.7 Ability to think strategically by using both theory and methods x x

Suggestion for new dimension
2.8 Ability to deal with unstructured problems without predefined answers x x

The first dimension was confirmed as 6 out of 7 at Aalto University, and all 7 respondents at

TU Eindhoven stated that engineering students must have the ability to identify and manage

dilemmas associated with the realization of complex, sustainable, socio-techno eco-
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systems. Respondents stated that due to the future challenges engineering students are exposed

to more complex socio-techno systems. A prominent educator at TU/e innovation Space also

observed that the motivation of engineering students increases when they are involved in solving

societal challenges, see the following quote:

”The students are asked to develop a vision what the role of technology in our society

might be in 2030/50. Hereafter we ask them which competencies they need to be able to

solve challenges that come with this envisioning. This way the students start to reverse

engineering which competence they need.”

The data confirmed that engineering students must have the ability to think across disciplines

as all 14 respondents mentioned its relevance. To create valuable solutions to future challenges,

using a mono-disciplinary approach is not enough. The lead educator at TU/e innovation Space

expects that solutions to future challenges will increasingly come from collaboration between

multiple disciplines. An essential competence for engineering students is, therefore, to be able to

see the perspective of and understand other disciplines. Having such competences allows them

to consider options that are outside of their disciplinary boundaries and enables them to adopt a

more holistic approach when developing solutions. The lead educator at TU/e innovation Space

illustrated this with the following quote:

”How can we enable students in a multi-disciplinary team to work on future challenges

in a way that they understand each other and can engage in discussion using strengths

from their disciplinary perspective?”

Engineering students must have the ability to think holistically, conceptually and to switch

from divergent and convergent thinking. All of our respondents at both universities stated

that it is not enough anymore to create a merely technical solution for a problem, but that

engineering students need to adopt a holistic view that considers how to implement a solution

in a bigger system. An educator at the Industrial Engineering and Management faculty from

Aalto University stated that a holistic approach to problem-solving and solution development

uses divergent and convergent thinking strategies. The data showed Figure 4.1 as an example of

how Aalto University educates their (engineering) students to think divergently and convergently.

Figure 4.1 is part of a paper that this educator is currently writing concerning a course using an

open-ended teaching method named ”Value creation”. This process has two phases. The starting

point can come from either from an available technology that is in search of an application or a

need for the market in search of a solution. In both scenarios, the goal is to find a partner that

agrees that the technology or the solution that solves their problem. Partners are defined broadly

and can be customers, companies, governments et cetera. Hereafter the second phase begins that

is concerned with solving the problem. The second phase is an experiential phase that has the first

goal to obtain feedback from users to determine what type of solution they desire. The second goal

is to design business experiments to get feedback on how the solution’s business model works. The

educator from Aalto University stated that from the two thinking strategies, engineering students

face the most difficulties with divergent thinking:
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”Currently there is software available that can analyze these options, even when there are

many options with many variables. What this software cannot do, however, is to create

options that are outside of the normal boundaries. Therefore, creating options outside

normal boundaries [e.g., by divergent and holistic thinking] is a skill that engineers in

the future need and is the skill that separates academically schooled engineers from other

educational levels”.

Figure 4.1: Divergent and convergent thinking overview used in the course ”Value Creation” at Aalto University
(Jaaskelainen, 2019)

Our data further confirmed two original MC2 dimensions as the lead educator of the AVP, and a

prominent educator from the AVP as well as from TU/e innovation Space stated that engineering

students must have the ability to identify interesting research topics and that they can

develop strategies on how to deal with dilemmas that come with these topics. Most

respondents at both universities view external partners (such as companies, governmental or non-

governmental organization) as a valuable source of content for research topics. A prominent

educator at TU/e innovation Space specifically mentioned that researchers at technical universities

themselves are helping engineering students in identifying research topics, see the following quote:

”You turn around the process. An educator says that he wants to know more about smart

materials. What is the new material? He also does not know. Then engineering students

gather all available information regarding smart materials and create a report for me,

the educator. The student likes doing so and learns on the way. From the report, I can

distill what I like and can use for my research.”
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8 of our 14 respondents, mostly educators, stressed the need for engineering students having the

ability to engage in critical discussion. Educators stated that when engineering students are

exposed to unstructured problem solving, they must identify the problem themselves. Problem

statements and strategies on how to solve them can develop over time when new information

presents itself. Besides interpreting and validating the newly gained information, engineering

student must be able to discuss these findings to assess its validity critically. Depending on the

discussion regarding the validity of the information, engineering students must consider alterations

in the problem statement or strategies on how to solve these problems. The lead educator at the

AVP emphasizes the ability to think critically and discuss findings in the following quote:

”Critical thinking is one as well. [...] We no longer teach engineers to duplicate repetitive

tasks, but let them think critically and discuss findings at all times.”

Also, the educators, 8 out of 14 respondents, stated that engineering students must have the

ability to think strategically by using both theory and methods. Because educators

work directly with the engineering students, we found enough supporting evidence to confirm this

dimension. Multiple educators stated that both universities expose their engineering students to

courses with open-ended teaching methods that include real-life cases. The content of these cases

often originates from external partners, such as companies from industry and university’s research

teams. These courses using open-ended teaching methods enable engineering students to combine

theory and practical methods. The following quote from an educator from the Aalto Ventures

Program illustrated the combination of theory and practical methods for engineering students:

”We have created courses where you work as a volunteer at Slush. If you do it in a

certain way you can take a course where you have this theory part about working in an

organization and organizing things and then you can make the other part of the course

by working at Slush as a practical project. You need to come back and reflect on what

you have learned, what you did good and where you can improve.”

Finally, our data showed a new dimension, namely the ability to deal with unstructured

problems without predefined answers. We found that 4 out of 7 respondents at Aalto Uni-

versity and 6 out of 7 at TU Eindhoven stressed the need for this dimension. Respondents included

the Chairman of the Board, and VP of Education at Aalto University and the Head of Educa-

tional Strategy 2030, and Head of Educational Policy at TU Eindhoven. These respondents stated

that this ability is an essential competence for engineering students as future challenges do not

have predetermined answers. Engineering students can use this competence when they encounter

new problems that need different types of problem-solving processes than they encountered be-

fore. These respondents see this competence as a highly attractive competence for engineering

students to have for their future employees. Moreover, a prominent educator from the AVP said

the following concerning exposing engineering students to unstructured challenges:

”What you need is for engineering students to have a comfort in dealing with unstructured

challenges. The more frequent, the better”

4.1.3 MC3: The ability to manage collaboration

This section shows how respondents at Aalto University and TU Eindhoven viewed the relevance of

”MC3: the ability to manage collaboration”. Table 4.3 shows the four original and two suggestions
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for new dimensions for MC3 and whether we observed these dimensions at Aalto University and

TU Eindhoven. We did not observe one dimension of MC3 at TU Eindhoven, namely ”MC3.6:

the ability to learn from more experienced people”.

Table 4.3: Original dimensions and suggestions for a new dimension for ”MC3: The ability to manage collaboration” as
observed at Aalto University and TU Eindhoven.

MC3: Ability to manage collaboration Aalto TU/e

Original dimensions
3.1 Ability to manage the collaboration process in local and global settings x x
3.2 Ability to create new knowledge collaboratively in a diverse team x x
3.3 Competence in negotiation x x
3.4 Teamwork competence x x

Suggestions for new dimensions x x
3.5 Ability to manage and develop a team x x
3.6 Ability to learn from more experienced people x

First, our data confirmed the original MC3 dimensions as 5 out of 7 of the respondents at Aalto

University and 6 out of 7 at TU Eindhoven stated that the ability for engineering students to

work in diverse teams to create new knowledge is increasingly essential. The data shows

a distinction in two categories of diversity in engineering teams with diversity in disciplinary

background on the one hand and with diversity in cultural background on the other hand.

Engineering students must have the ability to work in diverse teams regarding

disciplinary background. When engineering students work with people that have different

disciplinary backgrounds, it enables them to see other disciplines’ approaches to problem-solving.

Moreover, the data shows that respondents at Aalto University emphasize multi-disciplinary team-

work mostly, whereas respondents at TU Eindhoven mention a more interdisciplinary focus to

teamwork. The lead educator at TU/e innovation Space stated that when their engineering stu-

dents only work in engineering teams, students miss knowledge in their team from the other

disciplines, such as finance or marketing. Engineering students, therefore, do gain experience in

interdisciplinary teamwork but limited to which engineering disciplines TU Eindhoven offers.

Engineering students must also have the ability to work in diverse teams concern-

ing cultural background. Respondents from both universities explain that they expect that

engineering students will perform teamwork increasingly in global teams. Each culture has its

way of how people prefer to express themselves. Most respondents at both universities stated the

example that describes that other cultures observe people in Western cultures as direct commu-

nicators. Direct communicators present their thoughts and opinions clearly and directly in their

verbal message. Whereas for instance Asian cultures rely more on indirect communication, where

communicators gather information from ’in-between the lines.’. Opposite to direct communicat-

ors, persons express their ideas and thoughts more subtly. It is useful for engineering students to

understand different cultures and to can work in an international setting. The lead educator from

the AVP mentioned the following concerning diverse teams in background and culture:

”You need to be able to work with people that have different disciplinary background,

who have different strengths so that you are able to combine strengths and see the added

value of a good team. Also, it is very useful if you understand different cultures and you

are capable of working in an international setting then it helps you if you understand

different cultures and you are capable of working in an international setting.”
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We confirm two original MC3-dimensions as all 14 respondents stated that competence in team-

work including capabilities such as managing a project, manage a time planning, set targets, ar-

guing and negotiating their ideas and solutions. The respondents see clearly that innovative

solutions for future challenges are not individually developed but in teams. A prominent educator

from the AVP illustrated this in the following way:

”It’s quite obvious because are to create new value and value these days is created in

teams. There’s no more room for heroic individual deeds in engineering or whatever.

[...] Can I identify a single scale-up where there’s just one guy? No. The key is to trust

each other and work together.”

Our data shows evidence for a new dimension: the ability to manage and develop a team.

Again, the educators that use open-ended teaching methods, making up 8 out of our 14 respond-

ents, and the Chairman of the Aalto University Executive Board expressed the relevance for this

new meta-competence dimension. These educators stated that managing a team goes beyond

merely dividing tasks and determining when a deadline is due. Team management focusses on

how different personalities operate in teams and how an individual’s communication style can have

different results for different personalities. At both universities engineering students are stimulated

to reflect on their behavior in the team and how this behavior influences the team’s progress. A

prominent educator from the AVP stated that a more experienced team coach should facilitate

this process. This coach also helps the engineering students to figure out where improvements in

their team lie and what the team can do to improve. The following quote from the lead educator

from the AVP illustrated the relevance for engineering students to have competences to manage

and develop a team:

”We would want students that come to Startup Experience to say hey we have a problem.

What do we need as a team to solve them problem ourselves? What do we need to check

or what do we need to develop our team further so that we can solve the problem?”

Finally our data shows evidence for another new dimension: the ability to learn from more

experienced people. At TU Eindhoven only one respondent mentioned this dimension’s relev-

ance for engineering students, namely the prominent educator from TU/e innovation Space. We

observed the evidence for this MC-dimension to be more present at Aalto University as key figures

such as the lead and a prominent educator from the AVP, and the Chairman of the Executive

Board explicitly mentioned the importance for this MC-dimension. For instance, a prominent edu-

cator from the AVP stated that during their studies engineering students are exposed to teamwork,

but still operate in a cohort of people of their age and with similar (life) experience. Working in

teams with more experienced people is beneficiary for both sides. The prominent educator from

the AVP mentioned two sides that benefit when engineering students work with more experienced

people, also see the quote below these paragraphs.

On the one hand, the prominent educator stated that more experienced people often do not

lack resources or expertise, but creativity. They have been in the same working environment for

a long time and therefore bound within internal processes and restrictions. Respondents believe

(engineering) students, however, are highly creative. Therefore, bringing in engineering students

to analyze the challenge without being bound to restrictions is expected to support the problem-

solving process.
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On the other hand, respondents mentioned that engineering students often lack credib-

ility when they enter their career after university as most students have not experienced a working

setting before. Namely, at university engineering students are trained in a safe zone how to solve

problems, whereas problem-solving within a work setting is harder and less forgiving. By involving

more experienced people and engineering students enables engineering students to learn how more

experienced people perform real-life problem-solving. The following quote from this prominent

educator from the AVP illustrated the relevance for engineering students to have the ability to

learn from more experienced people.

”More experienced people who want some touch time. [...] You need an opportunity to

work together. Some people are working there for credit, some for the experience, some

to transform their career. Somehow that this mix is going to work. [...] So what if you

take this young and creative talent, they need to start working with more experienced

people. Then magic happens”

4.1.4 MC4: The ability to manage learning

This section shows how respondents at Aalto University (Aalto) and TU Eindhoven (TU/e) viewed

the importance of ”MC4: the ability to manage learning”. Table 4.4 shows the three original MC4-

dimensions, a suggestion to add a new dimension and shows whether we observed these dimensions

at Aalto University and TU Eindhoven. We observed all original and the new MC4 dimensions at

Aalto University and TU Eindhoven.

Table 4.4: Original dimensions and a suggestion for new dimensions to ”MC4: The ability to manage learning” as
observed at Aalto University and TU Eindhoven.

MC4: Ability to manage learning Aalto TU/e

Original dimensions
4.1 Ability to identify the competencies and meta-competencies needed to create the engineering
world

x x

4.2 Ability to self-instruct and self-monitor learning x x
4.3 Ability to interact with multiple modes of learning x x

Suggestion for new dimension
4.4 Ability to manage a lifetime of learning or lifelong learning x x

The data confirmed the first and second dimension as 5 out of 7 respondents at Aalto University

and also 5 out of 7 at TU Eindhoven stated that engineering students must have the ability to

identify (meta-) competencies needed to create value in a culturally diverse, distrib-

uted engineering world. Respondents included VP of Education of Aalto University and the

Head of Educational Strategy 2030 at TU Eindhoven. Moreover, the lead educator at TU/e in-

novation Space stated that engineering students may not possess the required (meta-)competences

to solve the problem that comes with courses that use open-ended teaching methods and sees the

need for engineering students to know which meta-competence they have to develop to solve their

problem. Multiple respondents from both universities stated that having the possibility for engin-

eering students to develop their own learning path during their studies also allows them to identify

and train the needed meta-competences. This way, the engineering students can self-instruct

and monitor their learning. The lead educator at TU/e innovation Space illustrated that

when engineering students are included in solving societal challenges, that they are more actively
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involved in their learning process, see the following quote:

”We need way more freedom in what engineering students can learn. They must discover

themselves what they passion is. Their passion should be and the students themselves

must what they want to learn and how they will learn competences needed to follow their

passion”

The data also confirmed the third dimension. Mostly the educators using open-ended teaching

methods, 7 out of 14 of the total respondents, stated that engineering student must have the

ability to interact with multiple modes of learning. The respondents interpreted this

dimension in a way that learning takes place outside of material that is handed out by educators at

technical universities, but that the engineering students themselves find multiple modes of learning.

Also, the Head of Educational Policy at TU Eindhoven stated that currently students already

educate themselves with other ways of learning than their technical university. For instance,

learning through online platforms (e.g., Coursera, StackOverflow), online tutorials (e.g., YouTube’s

Khan Academy) or other universities (e.g., MOOCs). While these institutes also offer educational

content, it is critical for engineering students to be educated in be determining when a source is

relevant for their specific problem, is credible, and when information in a source is detailed enough

or too detailed to be used. The following quote from the Head of Educational Policy illustrated

this in the following way:

”There are so many interesting sources for knowledge. However, as a student you

must know what credible sources for MOOCs are. It is the same for when people first

started using Wikipedia. Nowadays their credibility improved a lot, however it still is not

scientific knowledge.”

Finally, our data shows evidence for a new dimension: the ability to manage a lifetime of

learning or lifelong learning. 12 out of 14 respondents observed that the pace of change in

careers is increasing. Engineering students are expected to keep developing new competencies to

remain successful in their career. Engineering students need the competence to figure out what

type of knowledge they need at which moment in time. In this process engineering students

develop a lifelong learning mentality that enables them to learn new topics quickly. An educator

from the Industrial Engineering and Management faculty of Aalto University illustrated this in

the following way:

”If we think now that we should be lifelong learners. Previously it was so that the

world was more stable. We learned some profession and we repeatedly did that. [...].

Now we are pretty much in a changing and dynamic work world. I think it’s also when

you’re curious about yourself, what kind of persons we can and want to be, that is more

philosophically and can be a more ultimate goal namely to be curious.”

4.1.5 MC5: The ability to manage attitude

This section shows how respondents at Aalto University and TU Eindhoven viewed the importance

of ”MC5: the ability to manage learning”. Table 4.5 shows the four original with one newly

suggested dimension for MC5 and shows whether we observed these dimensions at Aalto University

and TU Eindhoven. We observed all original and new MC5’s dimensions at both Aalto University

and TU Eindhoven.
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Table 4.5: Original dimensions and a suggestion for new dimensions to ”MC5: The ability to manage attitude” as
observed at Aalto University and TU Eindhoven.

MC5: Ability to manage attitude Aalto TU/e

Original dimensions
5.1 Ability to self-motivate x x
5.2 Ability to cope with chaos x x
5.3 Ability to identify and acknowledge mistakes and unproductive paths x x
5.4 Ability to assess and manage risk taking x x

Suggestion for new dimension
5.5 Ability to develop an attitude that has self-reflection on own behavior, competences and defi-
ciencies central

x x

We confirm four original MC5-dimensions as 12 out of 14 respondents stated that when educators

use open-ended teaching methods, engineering students need to cope with chaos, self-

motive, identify and acknowledge mistakes and unproductive paths and assess and

manage risk. The educators among our respondents, 8 out of 14 respondents, stated that solu-

tions are iteratively developed by testing ideas and prototypes in real life and using the feedback

to determine next steps. In these events of chaos, engineering students also must have the ability

to identify and acknowledge mistakes and unproductive paths. The lead educators from the AVP

and TU/e innovation Space stated that when engineering students experiment with testing their

ideas and prototypes in real life, they must determine which experiment provides them the most

information given a lack of resources, time and information. While experimenting, engineering

students learn the ability to identify and acknowledge potential mistakes, and unproductive paths

as these experiments can result in satisfactory but also contradictive results. Contradictive in-

formation is still valuable, and allows the engineering students to redefine their experiments better

in relation to the hypothesized outcomes.

Our data also showed evidence for a new dimension: the ability to develop an attitude

that has self-reflection on their behavior, competencies and deficiencies central. 6

out of 7 respondents at Aalto University and 4 out of 7 TU Eindhoven confirmed this dimension.

The respondents were a mix between people operating on strategic level and educators who are

directly involved courses that use open-ended teaching methods. Engineering students must have

an attitude that is open to criticism or preferably constructive feedback. This way they are enabled

to assess their behavior on a meta-level and are capable of developing their self-reflective attitude.

The next section presents an example of how Aalto University stimulates self-reflective behavior.

The quote below shows how the executive coach who is involved in education at Aalto University

views the university setting as a good setting for developing self-reflective behavior.

”In an environment where you can reflect your strengths and the areas where you need to

develop. Therefore a university environment is nice, because there are different sorts of

personalities and learning experiences. That will give you a solid basis for your working

life.”
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4.1.6 Conclusion

In conclusion, in this section we present the 21 original and 8 new MC-dimensions that our results

showed, see Table 4.6. The newly found meta-competence dimensions are displayed in italics.

Table 4.6: An updated overview of meta-competences that are relevant for engineering students that our findings showed.

No. Meta-competence Description
MC1 Ability to manage 1.1 To gather, interpret, validate and use information

information 1.2 Understand and use quantitative and qualitative information
1.3 Discard useless information
1.4 To deal with the increasing complexity between information sources
1.5 To deal with the increasing number of information sources
1.6 To create new knowledge by testing ideas and solutions in real life situations

MC2 Ability to manage 2.1 Ability to identify and manage dilemmas associated with the realization of complex,
thinking sustainable, socio-techno eco-systems

2.2 Ability to think across disciplines
2.3 Holistic thinking, conceptual thinking and switching from divergent and convergent
thinking
2.4 Ability to speculate and to identify research topics worthy of investigation
2.5 Ability to engage in critical discussion
2.6 Identify and explore opportunities for developing break-through products, systems
or services
2.7 Ability to think strategically by using both theory and methods
2.8 The ability to deal with unstructured problems without predefined answer

MC3 Ability to manage 3.1 Ability to manage the collaboration process in local and global settings
collaboration 3.2 Ability to create new knowledge collaboratively in a diverse team

3.3 Competence in negotiation
3.5 Ability to manage and develop a team
3.6 Ability to learn from more experienced people

MC4 Ability to manage 4.1 Ability to identify the competencies and meta-competencies needed to create value in
learning a culturally diverse, distributed engineering world

4.2 Ability to self-instruct and self-monitor learning
4.3 Ability to interact with multiple modes of learning
4.4 Ability to manage a lifetime of learning or lifelong learning

MC5 Ability to manage 5.1 Ability to self-motivate
learning 5.2 Ability to cope with chaos

5.3 Ability to identify and acknowledge mistakes and unproductive paths
5.4 Ability to assess and manage risk taking
5.5 Ability to develop an attitude that has self-reflection on own behavior, competences
and deficiencies central

4.2 Meta-competence based engineering education at Aalto

University and TU Eindhoven

To answer the second research question ”which educational activities are technical universities

presently implementing to educate engineering students’ meta-competences”, we show an overview

of the seventeen courses using open-ended teaching methods: nine from Aalto University and eight

from TU Eindhoven, and compare their descriptive statistics. Hereafter we divided our analysis

in five steps that gradually show to which extent these courses implemented meta-competence

dimensions in the course and finally we compare gaps in the implementation of meta-competence

dimensions across Aalto University and TU Eindhoven.
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4.2.1 Open-ended teaching methods at Aalto University and TU Eind-

hoven

Table 4.7 shows seventeen courses using open-ended teaching methods: nine from Aalto University

and eight from TU Eindhoven. The data used for this table is profoundly described in Appendix I

and J. Appendix I shows a course description for each of the courses and Appendix J a description

of the actors that host these courses. The left part of the Table 4.7 represents courses from Aalto

University and the right part of the table the courses from TU Eindhoven. The second and sixth

column shows the course level (Lvl.), being for bachelor students (B), for master students (M), for

doctoral students (D) and external people (E). The third and seventh column shows the number

of ECTS per course and column four and eight shows the course’s duration in months (Dur.).

Table 4.7: Comparison of courses from Aalto University and TU Eindhoven. The left part of table represents courses from Aalto
University and the right part from TU Eindhoven.

Course Lvl. ECTS Dur. Course Lvl. ECTS Dur.
PDP: Product Development Project M 10-15 8,5 Technology entrepreneurship M 5,0 2,5
Aaltonaut B 25 12 Interactive material M 5 2,5
ME310: Global innovation program M 30 8,5 USE learning trajectories B 15 7,5
International Design Business Management M 40-65* 10,5 Innovation Space Bachelor End Project (IS-

BEP)
B 10-20** 5,0

Public Service Hackathon M 6 1,5 TU/e innovation Space project M 10 5,0
Startup Experience M & D/E 12 3,0 Experiential Design Landscapes M 5 2,5
Aalto Fellows M 10 6.0 DBL signals and systems B 5 2.5
Slush and Junction Leadership Experience M 1-6 1,5 Management of Product Development M 5 2.5

* 25 elective ECTS, students can choose for courses that use open-ended teaching methods but do not have to
** Number of ECTS differs per faculty that hosts the ISBEP.

Table 4.8 compares Aalto University and TU Eindhoven in function of the frequency (in %) of

courses across bachelor, master and doctoral students or external people. We also calculated the

average number of ECTS the course at each university and the average number of months that

the course takes to complete.

Table 4.8: Comparison between Aalto University and TU Eindhoven in level (B, M, D or E), average ECTS (avg. ECTS)
and average duration (Avg. months)

N %B %M %D/E Avg. ECTS Avg. months

Aalto University 9 11% 78% 11% 18.48 6,0

TU Eindhoven 8 25% 75% 0% 8.13 3.75

4.2.2 Implementation of MC-dimensions at Aalto University and TU

Eindhoven

We analyzed the degree of implemented meta-competence and their dimensions in five steps. For

viewing purposes we show mostly exemplary tables from Aalto University in these this section.

The remaining tables are more profoundly described in Appendix M.

ANALYSIS STEP 1: CODING

We checked each course using open-ended teaching methods whether the course implemented each

meta-competence dimension. We coded ”1” if the course had implemented the MC-dimension,

”0” if not. Table 4.9 shows an example of the coding analysis for MC1 ”the ability to manage

information” at Aalto University. Column 1 shows courses using open-ended teaching methods.
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The following columns refer to the MC1-dimensions. For instance, Dim.1 represents the first

dimension of MC1, being the ability ”to gather, interpret, validate and use information”. The last

column shows the overall implementation degree of the MC as a function of its dimensions (in %).

We performed similar analyses for TU Eindhoven’s MC1 and the remaning remaining and show

these results in Appendix M.

Table 4.9: Two example of coding tables, their node, its descriptor, an illustrative quote and empirical evidence of how
the node can be observed in practice.

MC1: The ability to manage information
Course Dim.1 Dim.2 Dim.3 Dim.4 Dim.5 Dim.6 % per course

Aalto Design Factory
Product Development Pro-
ject

1 1 1 1 1 1 100

Aaltonaut 1 1 1 1 0 1 83
ME310: Global innovation
program

1 1 1 1 1 1 100

International Design Busi-
ness Management

1 1 1 1 1 1 100

Pack-Age 1 1 1 1 1 1 100
Public Service Hackathon 1 1 1 1 1 1 100

Aalto Ventures Program
Startup Experience 1 1 1 1 1 1 100
Aalto Fellows 1 1 1 0 0 1 67
Slush and Junction Leader-
ship Experience

1 1 1 0 0 1 67

% Aalto University 100 100 100 78 67 100

ANALYSIS STEP 2: AGGREGATION

We then aggregated the data of Table 4.9 and the tables in Appendix M to compute an overview of

the implementation degree (in %) of the five meta-competences for the courses using open-ended

teaching methods at Aalto University and TU Eindhoven, see Table 4.10 on the next page. We

gave an equal weight to each meta-competence to calculate the overall MC-implementation score.

The scale runs from green to red where the highest percentage (100 %) reflects the green cells and

the lowest percentage (50 %) the red cells. We used the results presented in Table 4.10 as input

for analysis step three.

ANALYSIS STEP 3: INITIAL COMPARISON

To assess initial differences in implementation degree, we conducted an initial comparison test

based on the data of the previous analysis, comparing the MC-implementation scores of the two

universities for each MC, see Table 4.11. We see that MC1 ”the ability to manage information”

is further implemented at TU Eindhoven, (+9%) and that MC2 ”the ability to manage thinking”

is fully implemented at both universities and therefore has no difference. Moreover, at Aalto

University we see that the following meta-competences are further implemented: MC3 ”the ability

to manage collaboration” (+19%), MC4 ”the ability to manage learning” (+13%) and MC5 ”the

ability to manage attitude (+13%).
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Table 4.10: The degree to which MC1-5 are implemented in the courses using open-ended teaching methods at Aalto University
and TU Eindhoven (in % as a function of the MC-dimensions)

Table 4.11: A comparison of percentages of implementation of the five meta-competences between Aalto University and
TU Eindhoven.
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ANALYSIS STEP 4: IMPLEMENTATION SCORE

Based on Table 4.9 and the tables in Appendix M, we calculated the implementation score at the

level of the MC-dimensions for each university, see Table 4.12 for Aalto University and Table 4.13

for TU Eindhoven. The scale runs from green to red where the highest percentage (100%) reflects

the green cells and the lowest percentage (0%) the red cells. We used the results of Table 4.12

and 4.13 as input for the last step in our analysis, step five.

Table 4.12: An overview of the percentages of implementation of meta-competence dimensions at Aalto University.

Table 4.13: An overview of the percentages of implementation of meta-competence dimensions at TU Eindhoven.

ANALYSIS STEP 5: DIFFERENCES

To assess substantial differences in implementation, we deepened the comparison test between the

two universities by comparing the implementation scores (in %) at the level of each MC-dimension,

see Equation 4.1. A green bar in the Table 4.14’s column is shown when the meta-competence is

further implemented at TU Eindhoven and a red bar for Aalto University.

∆ComparisonTU/e−Aalto = Implementation ScoreTU/e − Implementation ScoreAalto (4.1)

Table 4.14: Comparison of the implementation of meta-competence dimensions at Aalto University and TU Eindhoven.
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4.2.3 Conclusion

Based on our five-step analysis, we came to the following results. In comparison to Aalto Univer-

sity, TU Eindhoven implemented the following meta-competence dimensions in their courses that

use open-ended teaching methods more extensively:

• MC1.4 To deal with the increasing complexity between information sources (+22%)

• MC1.5 To deal with rapidly growing number of information sources (+33

In comparison to TU Eindhoven, Aalto University implemented the following meta-competence

dimensions in their courses that use open-ended teaching methods more extensively:

• MC3.3 Competence in negotiation (+38%)

• MC3.5 Ability to manage and develop a team (+18%)

• MC3.6 Ability to learn from more experienced people (+44%)

• MC4.1 Ability to identify the competencies and meta-competencies needed to create value

in the engineering world (+13%)

• MC4.5 Ability to manage a lifetime of learning or lifelong learning (+53%)

• MC5.5 Ability to develop an attitude that has self-reflection on own behavior, competences

and deficiencies central (+64%)

4.3 Actions to consider for implementing meta-competences

based engineering education

The previous section shows that meta-competence based education can vary in implementation

degree, indicating that university either intentionally or unintentionally prioritize some meta-

competences and undervalue other. Education that attends to all meta-competences simultan-

eously is still growing. Our third research question ”how can technical universities further improve

the organization of meta-competence based education” considers which actions can be considered

that can support the organization of meta-competence based education at technical universities.

We first show three actions that educators at technical universities best consider when organizing

single engineering courses that use open-ended teaching methods (Mistree et al., 2014). More

importantly, our paper exceeds the classroom level and contributes in two ways. First, we de-

scribe three actions that engineering program managers at technical universities best consider

when organizing implementing meta-competences based education in their engineering programs.

Furthermore, we describe four actions that strategy managers or strategic boards best consider to

further improve the implementation of courses with open-ended teaching methods in engineering

programs.
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4.3.1 Organizing engineering courses with open-ended teaching meth-

ods

Our data confirmed the three actions that educators best consider when organizing engineering

courses with open-ended teaching methods (Mistree et al., 2014). We first show the three actions

in Table 4.15 and the status of the action’s implementation in Table 4.16. Hereafter we present

the description of how respondents at Aalto University and TU Eindhoven interpreted the actions

for consideration when organizing engineering courses with open-ended teaching methods.

Table 4.15: Three actions that educators best consider when organizing engineering courses with open-ended teaching
methods

Action # Description
1 Organize engineering courses with open-ended teaching methods using a flexible organization of their

engineering courses.
2 Acknowledge that the relation between educators and engineering students changes
3 Stimulate collaborative learning and leverage diversity

Table 4.16: Three actions that educators best consider when organizing engineering courses with open-ended teaching
methods

# Now doing Planning to do Not planned
Aalto TU/e Aalto TU/e Aalto TU/e

1 x x
2 x x
3 x x

Using a flexible organization of their engineering courses. Traditional academic engineer-

ing education transfers knowledge using a conventional classroom approach that centers around

the educators who determine what students learn, and promotes engineering students to seek an-

swers that are defined beforehand as ’right’. Our data shows that both universities are currently

promoting the flexible organization of engineering courses. While at Aalto University not all re-

spondents did mention the flexible organization of engineering courses, both Aalto University’s

prominent and head educator at the AVP stress the need for a more demand-driven or mass-

customized approach of offering knowledge to engineering students in courses that use open-ended

teaching methods. At TU Eindhoven 6 out of 7 respondents stated that engineering courses at

TU Eindhoven are increasingly organized in a flexible way, which the Head of Educational Policy

from TU Eindhoven illustrated in the quote below. Yet, respondents both universities indicate

that this flexible organization in still in an infancy stage, with initial ideation and sense-making

of this idea.

”Knowledge is always the basis for problem-solving. You need this basis to create solu-

tions to challenges exposed to. However, in challenge-based education the knowledge

needed to create these solutions needs to be offered more flexible”

Acknowledge that the relation between educators and engineering students changes.

The role of the educator changes from transferring knowledge determined by the educators in class

to a facilitating role in the engineering students problem-solving process. This means that they

cannot determine what knowledge they expose the engineering students to beforehand, but they

must provide the engineering students with knowledge that is specific to what the problem requires

at that moment in time. It is the course that uses an open-ended teaching method rather than the

educator that exposes engineering students to a knowledge search. The engineering students are in
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charge to determine what knowledge or competences they need to solve their problems and must

manage how they obtain the needed knowledge and competences. 4 out of 7 of the respondents at

Aalto University and 6 out of 7 at TU Eindhoven confirm that the relation between engineering

student and educator is changing. For instance, the lead educator at the AVP mentioned that

the AVP has a program in place that assists teachers in this shifting role. The AVP does this

by providing them internal knowledge and resources to prepare the educators for open-ended

teaching methods. This way they are actively involved in transforming traditional engineering

courses to include open-ended teaching methods. At TU Eindhoven, a senior policy officer involved

in educational innovation mentioned that currently the support system to assist educators in

transforming their courses to include open-ended teaching methods is not yet implemented, but

is planned. The policy officer mentioned that such a support system is needed as the change in

educator’s role of using open-ended teaching methods is perceived more demanding and complex

compared to their traditional role, see the quote below:

”The educator is the backbone of the educational system. Even if they perceive themselves

are ’merely’ coach. Being coach asks for knowledge about topics central in the challenges

but also procedural guidance. I think this is more complex than ’just’ standing in front of

a class and sending information to your students. Checking what engineering students

are doing and coaching them requires different skills.”

Stimulate collaborative learning and leverage diversity. 3 out of 7 of the respondents at

Aalto University and 4 out of 7 at TU Eindhoven stated that collaborative learning is a powerful

mechanism to develop engineering students’ meta-competences. Both universities implemented

mechanisms supporting this mechanism. The lead educator at TU/ innovation Space allows col-

laborative learning by asking groups engineering students to read different books that are relevant

for during their course. In a plenary session, each group of students gives a presentation con-

cerning the book they read. This way, engineering students are exposed to different books in a

time efficient manner. At Aalto, the lead educator of the Aalto Ventures Program stated that

leveraging diversity in the performance of engineering students allows the great students to excel

and that these students are used as an example for the other students to see what it takes to

be or become a great student. The lead educator of the AVP stated they stimulate collaborative

learning and leveraging diversity in the following way:

”One of the reasons why you always pitch for the whole class is because you copy [...]. In

the first presentation, there’s always the guys who do a good job. Then all the ambitious

teams then say: comparing us to them, we could do better. If everybody would present in

isolation, you wouldn’t know. When you see it then you see what they did well and then

copy it. If we have enough teams it tends to create this positive spiral where the teams

are seeing those guys did that well.”

4.3.2 Organizing engineering programs with multiple open-ended teach-

ing methods

In this section, we move beyond the analysis of actions that educators best consider when or-

ganizing engineering courses using open-ended teaching methods. We present three actions that

engineering program managers best consider when organizing engineering programs with multiple
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courses that use open-ended teaching methods, see Table 4.17. We elaborate the status of im-

plementation, as displayed in Table 4.18, and describe how we observed these actions at Aalto

University and TU Eindhoven below the table.

Table 4.17: Three actions that engineering program managers best consider when organizing engineering programs with
multiple courses that use open-ended teaching methods

Action # Description
1 Increase the influence that engineering students have in determining their learning goals during their studies
2 Organize engineering programs, curricula and diplomas more flexibly
3 Next to courses with open-ended teaching methods, engineering programs should include basic engineering

skills

Table 4.18: Status of implementation of the three actions that engineering program managers best consider when
organizing engineering programs with multiple courses that use open-ended teaching methods

# Now doing Planning to do Not planned
Aalto TU/e Aalto TU/e Aalto TU/e

1 x x
2 x x
3 x x

Currently engineering program mangers decide how engineering programs look like and what en-

gineering students learn during their studies. 1 out of 7 respondents at Aalto University and 6 out

of 7 at TU Eindhoven stated that they would like to increase the influence that engineer-

ing students have in determining their learning goals during their studies. At Aalto

University only a prominent educator from the AVP stressed the need for engineering students

having more influence in determining their learning goals during their studies, yet the prominent

educator also stated that no plans are made to do so yet. The prominent educator from the AVP

imagined a modular program where engineering students can choose the educational experience

that matches their learning needs and preferences instead of being exposed to a (mostly) rigid

engineering program. The respondents at TU Eindhoven stated that this can be done with letting

engineering students choose courses using open-ended teaching methods that serve their interests

and learning needs and thereby building their engineering program themselves. Such a way of or-

ganizing engineering programs moves beyond the traditional engineering course where the educator

determines what the engineering student learns and what not. The Head of Educational Strategy

2030 and Head of Educational Policy of TU Eindhoven stated that while there are plans to increase

the influence that engineering students have in determining their learning goals, currently these

plans are not yet implemented. Moreover, the scientific director of TU/e innovation Space stated

that determining own learning goals increases students’ intrinsic motivation. The idea lives that

engineering students must design their own learning path with open-ended challenges. It mirrors

the flexible demands of their future career, be it as entrepreneur, researcher or industrial engineer.

The same respondent illustrated what it means to include engineering students in determining

what they learn in the following way:

”Engineering students are increasingly more driven to deliver impact. They want to be

part in creating valuable solutions for society. When they are exposed to a topic that

is close to their hearts, this drives the engineering students and intrinsically motivates

them.”

As a consequence of flexible learning paths, the same respondents as the previous paragraph

suggested that universities should organize engineering programs, curricula and diplomas
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more flexibly. At present, a student obtains a degree by graduating in a ’curriculum’, a set of

courses pre-defined by the exam committee of a faculty. In light of the idea of flexible learning

paths, a senior policy officer involved in educational innovation stated the questions whether TU

Eindhoven questioned whether the future will still talk about ’curricula’. So far, TU Eindhoven

has not implemented actions that support flexible engineering curricula yet, but most respondents

stated that these actions are planned in the future. The prominent educator from the AVP also

stated that when engineering programs want to address challenges such as the aging society,

poverty or social inclusion, the current organization of engineering programs is too rigid. Other

respondents at Aalto University, however, stated that this not part of any planning yet. The

prominent educator from the illustrated the need for more flexible (engineering) degrees in the

following way:

”I think if you can bring donors that are interested in a certain problem or challenge

with researchers who have some perspective on that together with students who are pas-

sionate in that space, external people who are equally passionate about that space, and a

heavy group of mentors. [...] It is creating an accelerator kind of feel to an educational

experience. This is wishful thinking. I wish I had a degree like that.”

Although most respondents did envision flexible learning paths, 5 out of 7 respondents at both

universities also stressed that basic engineering skills should never be overlooked next to

courses that use open-ended teaching methods, and should remain core to any engin-

eering program. Basic engineering skills concerns mathematics, algorithms, programming and

information management and research skills. Engineering students need these basic engineering

skills to understand technical topics. Courses using open-ended teaching methods do not exclude

technical learning. In contrast, multiple respondents experienced that engineering students gain

deep-disciplinary knowledge during such courses, even much deeper when compared to traditional

engineering courses. At the same time, courses using open-ended teaching methods develop stu-

dent’s meta-competences, a collateral effect that traditional education lacks, as illustrated by the

lead educator from the AVP:

”The disciplinary or technical topics give meaningful content for the challenge in the

course. For instance if you have to make a presentation, then you must understand the

disciplinary or technical topic deeper to give a good presentation. This way they must

work a little bit harder on the technical component and gain more understanding of the

technical topic on the way.”

4.3.3 Actions that further support organizing meta-competence based

engineering education

Our data indicated that good meta-competence based education benefits from actions at the

strategic level of the university. Table 4.19 shows the overview of describe four actions that

strategy managers or strategic boards best consider to further improve the implementation meta-

competence based engineering education. Table 4.20 shows the phase of implementation of these

three actions.
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Table 4.19: Four actions that strategic management best consider to further improve the implementation
meta-competence based engineering education.

Action # Description
1 React to the rising competition in institutes that offer a more demand-driven or mass-customized approach

to transfer knowledge
2 Increase evidence how and whether courses using open-ended teaching methods
3 Revise tenure-track’s criteria to reward educators that are involved in courses using open-ended teaching

methods
4 Mobilize more financial resources to further organize engineering programs with courses using open-ended

teaching methods

Table 4.20: Status of implementation of the four actions that strategic management best consider to further improve the
implementation meta-competence based engineering education

# Now doing Planning to do Not planned
Aalto TU/e Aalto TU/e Aalto TU/e

1 x x
2 x x
3 x x
4 x x

Aware of competition in the education market, 1 out of 7 of the respondents at Aalto University

and 3 out of 7 at TU Eindhoven observe that their universities should react to the rising com-

petition of institutes that offer a more demand-driven or mass-customized approach

to transfer knowledge. Presently, competition is coming from private companies such as Cours-

era and Udemy. When hiring, firms are increasingly accepting certificates from these institutions,

increasing the certificates’ credibility. Coursera and Udemy offer Massive Open Online Courses

(MOOCs). A MOOC is a course of study that is made available over the internet and that can

be followed by a large number of people. Respondents at TU Eindhoven observe that MOOCs

take a long time for students to complete and have high dropout rates. A reason for the long

to completion and high dropout rates is that students MOOCs can complete MOOCs without

interacting with other students. At TU Eindhoven they see opportunities in the way MOOCs

distribute knowledge, but see physical collaboration as a key part of an engineering student’s

learning. Therefore, the Head of Educational Policy and a senior policy officer stated that TU

Eindhoven is investigating Small Private Online Courses (SPOCs) to see whether SPOCs can be

incorporated in TU Eindhoven’s engineering programs. SPOCs are more modular, have a shorter

duration and bring students physically and actively together to discuss the course’s content. At

Aalto University only one respondent, a prominent educator from the AVP, stated that universit-

ies should react to the rising competition of e.g. Coursera and Udemy. The prominent educator

did not mention SPOCs, but sees possibilities in incorporating MOOCs in engineering programs

as his view is that MOOCs innovated academic education more than that is currently happening

at Aalto University. The prominent educator mentioned the following:

”I’ll give you some advice for your paper. Look where all the innovations in education

are happening. They’re not happening in universities. No. Udacity is outside, Coursera

is outside. MOOCs. It wasn’t universities who were doing it first. They responded after

Udacity setup and raised money. The guy who’s one of the shareholders of Udacity is an

ex-Stanford guy. Why didn’t Stanford do this? Is it very disruptive: MOOCs for free?

When a Stanford student is paying? Ah duh, yes! So why did the school wait?”

Most respondents, 6 out of 7 at Aalto University and 5 out of 7 at TU Eindhoven, stated that

technical universities should revise their tenure-track’s criteria to reward educators that
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are involved in innovative education. The respondents stated that academia in general organ-

ize their tenure-track reward systems around the number of publications and citations and rarely

rewards educational activities. This undervalues any effort of educators implementing courses

using open-ended teaching methods as their actions are not well rewarded. The Vice President

of Education from Aalto University stated that researchers get special formal appreciation when

their research is deemed innovative by a committee or creates value for society instead of merely

publications and citations. Being innovative and creating value for society in education is so far

not part of any formal reward system. Even stronger, deeply embedded career beliefs seem to

engrain current educators at TU Eindhoven. The following quote from a prominent educator

from TU/e innovation Space illustrated how senior educators see young educators that would like

organize courses with open-ended teaching methods struggle:

”There are young educators that got formed by the traditional reward system and there-

fore could not focus on education. The fact is that education is subordinate to research.”

Finally, 3 out of 7 of the respondents at Aalto University and 2 out of 7 at TU Eindhoven stated

that technical universities should mobilize more financial resources to further organize

engineering programs with courses that use open-ended teaching methods. At Aalto

University, the lead educator of the AVP told that creating new courses that use open-ended teach-

ing methods is at the expense of other programs must be closed, placing meta-competence based

education into a balance scale. The Vice President of Education from Aalto University stated that

when setting up new courses that use open-ended teaching methods in general, that these courses

receive financing for three years. The first year costs the most money and hereafter the costs

gradually decline over time as the setup costs gone. The VP of Education also stated that it is

hard for the Aalto Design Factory to be a cost neutral initiative; the ADF costs more money than

it brings in. But the ADF is part of their strategy to enhance innovation and entrepreneurship

competences for (engineering) students and therefore receives financial support from the strategic

board. Moreover, at Aalto University, they have various ways how they get additional financial re-

sources to further organize their engineering programs with courses that use open-ended teaching

methods. The most occurring mechanism is that courses that use open-ended teaching methods

at the AVP and ADF are sponsored by companies. On the other hand, the scientific director of

TU/e innovation Space mentioned that TU/e innovation Space is currently investigating multiple

potential business models that bring in revenue streams that create a more cost-neutral or perhaps

revenue-generating mechanism. Respondents stated two foremost examples. First, TU/e innov-

ation Space currently investigates how lifelong learning can be initiated to include people from

industry to re-educate themselves at TU/e innovation Space. The revenue that these activities

generate can come for instance from obtaining a certificate from TU/e innovation Space for which

attendees pay a fee. And second TU/e innovation space investigates how external partners can

sponsor, monetary or for instance in-kind, their (educational) activities.
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4.3.4 Conclusions

The results from our comparative analysis of courses with open-ended teaching methods, we

see that Aalto University is further in the degree of implementation of meta-competence based

engineering competences. However, based on our results in this section we conclude that while

currently Aalto University further implemented meta-competence based engineering education,

TU Eindhoven is further in organizing actions that further support the implementation of meta-

competence based engineering education.
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Chapter 5

Discussion

This section discusses regarding findings our research questions. Our discussion is structured

in three parts. First, we discuss our findings that meta-competences are deemed relevant for

engineering students at Aalto University and TU Eindhoven, and we discuss our findings of the

eight new meta-competence dimensions. Second, we discuss the results of our comparative course

analysis of seventeen courses that use open-ended teaching methods: nine from Aalto University

and eight from TU Eindhoven. Finally, we discuss three actions that educators best consider when

organizing their engineering courses using open-ended teaching methods. More importantly, our

paper exceeds classroom level as we also discuss three actions that engineering program managers

and four actions that strategy managers or strategic boards best consider to further support the

implementation of meta-competence based engineering education.

5.1 Meta-competences for engineering students

This section discusses our results regarding the relevance of meta-competences for engineering

students. First, this section discusses our findings that the respondents at Aalto University and

TU Eindhoven see meta-competence as relevant for engineering students. Hereafter, we discuss

our findings of the eight new meta-competence dimensions.

Our study shows that respondents at both Aalto University and TU Eindhoven express the im-

portance for meta-competences for engineering students. We observe that respondents at Aalto

University slightly stress the need more for the original (+7%) and new meta-competences dimen-

sions (+2%) compared to TU Eindhoven, see Table 5.1. We found that our respondents stated the

importance for specific meta-competence dimensions during our interviews. But when asked about

them about the concept of meta-competence in general, we observed that they were not familiar

with the concept of meta-competences. Our observations learned us that at Aalto University and

TU Eindhoven there was no shared definition of meta-competences for engineering students.
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We state however, that this is no reason to recall the relevance for engineering students meta-

competences. Overall, nearly 70 percent of all respondents expressed that they deemed the original

and new meta-competence dimensions as relevant competences for engineering students, see Table

5.1’s ”average”row. To discuss differences in how many respondents at Aalto University and TU

Eindhoven observed the relevance for certain meta-competence, we show the percentage of the

respondents at that expressed the relevance for the five meta-competences in Table 5.1.

Table 5.1: Percentages of respondents that showed evidence for the original or new meta-competence dimensions for
Aalto University and TU Eindhoven. In total 14 respondents, 7 from Aalto University and 7 from TU Eindhoven

Original MC-dimensions New MC-dimensions
Aalto University TU Eindhoven

MC1 71 71 52 71
MC2 65 57 57 86
MC3 86 93 64 29
MC4 57 57 86 86
MC5 68 39 86 57
Average 69 64 69 66

Based on our results we suggest eight new meta-competence dimensions that are relevant for

engineering students. We show these new dimensions in Table 5.2 and discuss them below the

table.

Table 5.2: Eight extra meta-competence dimensions that are important for engineering students to solve future challenges

Dim. Description
MC1.4 To deal with the increasing complexity between information sources
MC1.5 To deal with the increasing number of information sources
MC1.6 To create new knowledge by testing ideas and solutions in real life situations
MC2.8 The ability to deal with unstructured problems without predefined answer
MC3.5 Ability to manage and develop a team
MC3.6 Ability to learn from more experienced people
MC4.5 Ability to manage a lifetime of learning or lifelong learning
MC5.5 Ability to develop an attitude that has self-reflection on own behavior, competences and deficiencies central

Our results first showed MC1.4 ”the ability to deal with the increasing number of inform-

ation sources” as a new meta-competence dimension for engineering students. We observed that

slightly more respondents at TU Eindhoven stressed the need for this meta-competence dimen-

sion compared to respondents at Aalto University. Literature shows that in electronic engineering

education the number of information sources is increasing as academic literature in their field is

growing rapidly (Mina et al., 2015). With more information available for engineering students to

analyze, the authors confirm our findings that dealing with this increased number of information

sources is a relevant competence for engineering students.

The next new dimension is MC1.5 ”to deal with the increasing complexity between in-

formation source”. Also for this meta-competence dimension, we observed that slightly more

respondents at TU Eindhoven stressed its need compared to respondents at Aalto University.

Literature shows that the ability to understand and evaluate high-quality, complex engineering

information sources is a highly valued skill by employers of engineering graduates (Blicblau et

al., 2016). Blicblau et al. (2016) confirm our findings, as in their research they also stress the

need to educate engineering students with complex information literacy skills within engineering

curricula. Information literacy is ”a set of abilities requiring individuals to recognize when inform-

ation is needed and have the ability to locate, evaluate, and use effectively the needed information”

(American Library Association, 2000).
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Also, our results showed MC1.6 ”the ability to create new knowledge by testing ideas

and solutions in real life situations” as new dimension. Literature shows an example that

this competence can be trained with experiential entrepreneurship education (Mandel & Noyes,

2016), such as the Startup Experience at Aalto University and the Innovation Space Project at

TU Eindhoven. By exploring entrepreneurial opportunities engineering students learn how to test

solution in real life and receive feedback that can be turned into new knowledge. Mandel and Noves

(2016) show that doing so, engineering students learn how to act in uncertain situations, how to

deal with the social complexity of interacting with actors who are relevant in solving their prob-

lem, and by having students demonstrate pro-activeness in exploring and defining entrepreneurial

opportunities.

We observe differences in how respondents stated the relevance for MC2.8 ”the ability to deal

with unstructured problems without predefined answers”. We observed that respondents

at TU Eindhoven mentioned the relevance for the meta-competence dimension more often. 6 out

of 7 respondents from TU Eindhoven stated that TU Eindhoven is committing more to challenge-

based education, an open-ended teaching method, compared to traditional engineering education.

Within these challenges engineering students are exposed to problems without predefined answers.

Literature shows that this educational method is comparable to problem-based learning where the

problems as well as the answers are not well defined (Savery, 2015). Savery (2015) shows that

exposing engineering students to unstructured problem without predefined answers is needed to

train them for real-life problem solving. A difference between these two teaching methods is

that problem based education focusses on a real world problem that is prepared by an educator.

Challenge based education also involves real world problems, but the problems are not defined

but kept open-ended for the students to develop actionable solutions (Piironen et al., 2009). We

noticed that respondents at Aalto University focused more on entrepreneurship education as we

elaborated in the previous paragraph.

Respondents at Aalto University expressed the relevance of MC3.5 ”manage and develop

a team” more strongly compared to TU Eindhoven. At Aalto University respondents stated

that initiatives as the Aalto Design Factory (2008) and Aalto Ventures program (2012) have a

strong focus on team management and also on how to develop a team further. A reason that

respondents at Aalto University focus more on managing and developing teams may be that

at Aalto Universities the ADF and AVP started to focus on this meta-competence dimension

respectively nine and five years ago. Whereas at TU Eindhoven, TU/e innovation Space launched

in 2017. We expect that the reason that this meta-competence dimension is more represented at

Aalto University is because that ADF and AVP are longer in operation than TU/e innovation

Space.

Three prominent respondents from Aalto University and one for TU Eindhoven expressed the

relevance for MC3.6 ”learn from more experienced people”. The emphasis at Aalto Uni-

versity comes for instance from the Startup Experience that allows doctoral students and external

people to be admitted to the course. This way people who have been working in industry for years

can also join this course. At the Startup Experience they see great value for both the current

engineering students as the people who come from industry to participate in the course. The
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engineering students gain insights in how work in industry is done while the people from industry

learn from the engineering students creativity. The prominent respondents at Aalto University

urged the need for this competence as they observed in practice that engineering students must

have the competence to learn from more experienced people.

Finally, our results show that respondents at Aalto University urged the relevance for MC5 in

general more than at TU Eindhoven. At Aalto University we observed that the focus is more on the

engineering students learning process than it is on the outcome of their learning process compared

to TU Eindhoven. The educators at Aalto University stated that engineering student currently

can successfully pass a course when their project for instance fails to develop a working solution.

Central in these courses is that even while failing their project, the engineering students must

have the attitude to critically self-reflect regarding their process of solution development. When

we look closer to the meta-competence dimensions we see that respondents at Aalto University

urge the relevance for MC5.5 ”attitude that has self-reflection on their learning, and

deficiencies central” more compared to TU Eindhoven. We see that for instance in the Startup

Experience, the course hosted by Aalto Ventures Program included an executive coach who focused

on personal and team development through self-reflection. While self-reflection has for some

time been an established and practiced method for on-going professional development in many

disciplines, engineering education has not (yet) embraced critical reflection as a field of focused

study (Epstein & Zastavker, 2017). Epstein Zastavyker (2017) show that when preparing the next

generation engineers, engineering students must be able to critically self-reflect on their behavior

to gain insights in which competences they need to successfully solve challenges of which they

are exposed to in the future. This way they confirm the relevance for our newly found meta-

competence dimension.

5.2 Meta-competence based engineering education

This section answers the second research question by discussing which courses that use open-

ended teaching methods Aalto University and TU Eindhoven have implemented that educate

which meta-competence dimensions to their engineering students. First, we discuss findings that

explain the origin of why Aalto University and TU Eindhoven included courses with open-ended

teaching methods in their engineering programs. Furthermore, we discuss our comparative course

analysis of nine courses using open-ended teaching methods from Aalto University and eight from

TU Eindhoven. Lastly, we discuss our findings that show that Aalto University has implemen-

ted six meta-competence further than TU Eindhoven and that TU Eindhoven more extensively

implemented two meta-competence dimensions further.

5.2.1 Origen of courses using open-ended teaching methods

Aalto University observed a change when Nokia went bankrupt in 2007. Before the fall many en-

gineering but also non-engineering graduates started a career at Nokia. The bankruptcy however

initiated a boost in extra-curricular student-led activities such as Slush (2008), Aalto Entrepreneur-

ship Society (2009), Startup Sauna (2010) and Junction (2015). These activities at first involved

little formal educational activities. Due to the success of these student-led activities regarding
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educating students hands-on experiences that focus on supporting entrepreneurial students in the

development of their business ideas and everything related areas such as financing, marketing

and legal. This rich history in student-led activities still is present at Aalto University and has

been part of the basis to incorporate these learnings into their regular (engineering) programs.

At Aalto University, there are currently four initiatives involved in the implementation of educa-

tional activities that educate engineering students meta-competences: The Aalto Design Factory

(2008), Slush (2008), the Aalto Ventures Program (2012), and Junction (2015). In these edu-

cational activities engineering, students take on open-ended problems and iteratively solve them.

With these initiatives, the goal for Aalto Universitys strategy is to educate Game Changers. Game

changers are students who think critically and engage in complex problem-solving. These students

typically have a T-shaped profile with deep-disciplinary knowledge and on top of that a layer of

entrepreneurial skills.

The extra-curricular student-led activities also formed the basis for TU Eindhoven to implement

educational activities that educate engineering students meta-competences in their regular engin-

eering education. Namely, TU Eindhovens extra-curricular student teams, e.g. the Solar Team

in 2013, formed the inspiration for the launch of TU/e innovation Space in 2017. In these teams

engineering students learn how to work and manage interdisciplinary teams, think on systems-level

and how to seek new information actively. Noticeable is that the data at TU Eindhoven shows a

focus on interdisciplinary teams, but that TU Eindhoven offers only engineering education. Aalto

University in that matter offers interdisciplinary teamwork by also including Business and Design

disciplines.

We conclude that at both universities the extra-curricular, student-led activities had a significant

role in the implementation of meta-competence based education.

5.2.2 Comparative course analysis of Aalto University and TU Eind-

hoven

In this section we discuss the results that of our analysis between nine courses using open-ended

teaching methods from Aalto University and eight from TU Eindhoven. We first discuss six

meta-competence dimensions that Aalto University implemented more extensively in their courses

and hereafter two meta-competence dimensions that TU Eindhoven’s courses implemented more

extensively. The last part of the section discuss the differences in ECTS per course, their duration

and how these courses using open-ended teaching methods are embedded in real-life.

We observed three dimensions of ”MC3 the ability to manage collaboration”, that Aalto Univer-

sity implemented more compared to TU Eindhoven. The dimensions more represented at Aalto

University are the ”MC3.3 Competence in negotiation” (+38%), the ”MC3.5 Ability to manage

and develop a team” (+18%), and the ”MC3.6 Ability to learn from more experienced people”

(+44%). First, negotiation is viewed a as key competence within the entrepreneurial competences

(Gianesini et al., 2018). We see reasons why the competence in negotiation is more implemented at

Aalto University is that their courses that use open-ended teaching methods focus more strongly on

entrepreneurial competences compared to the courses at TU Eindhoven. Furthermore, Aalto Uni-
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versitys courses implemented the ability to manage and develop a team more than courses at TU

Eindhoven. We see reasons in the stronger focus on this meta-competence in for instance the Aalto

Ventures Program. As previously elaborated, the AVP works closely together with an executive

coach that educates students how to manage and develop their team in the Startup Experience. At

TU Eindhoven, our results were not conclusive regarding the stronger focus of this MC-dimension

at Aalto University. We see an upcoming trend in the implementation of this meta-competence

dimension in for instance the TU/e innovation Space Project and Technology Entrepreneurship

as well as multiple extra-curricular activities that TU/e innovation Space is running to support

engineering students in the education of this meta-competence dimension. We believe one of the

main reasons for Aalto Universitys stronger focus is that their initiatives that focus on educating

this meta-competence dimension are longer in operation that for instance TU/e innovation Space

at TU Eindhoven. Finally, the reason that the ability to learn from more experienced people is

implemented more extensively at Aalto University comes from courses such as the Startup Ex-

perience, Aalto Fellows, Public Service Hackathon, Leadership Experience (Slush Junction) that

include external, possibly more experienced, people in the courses. In these courses, engineering

students work directly together with people who have more experience in working life and learn

how projects in real-life are organized and managed. We continue elaborating this statement later

in this section.

Our results show that ”MC4.1 The ability to identify the competencies and meta-competencies

needed to create value in the engineering world” and ”MC4.5 The ability to manage a lifetime

of learning or lifelong learning” are respectively 13% and 53% more extensively implemented in

courses at Aalto University. A reason for this lies in that courses at Aalto University also focus

64% more on MC5.5 ”ability to develop an attitude that has self-reflection on own behavior, com-

petences and deficiencies central”. These three dimensions refer to the personal development of

engineering students. Our observations learned us that Aalto University has implemented personal

development for engineering students more in their courses compared to TU Eindhoven. Courses

such as Product Development Project, Aaltonaut, ME310, Startup Experience and Leadership Ex-

perience (Junction Slush) all have a strong focus on the personal development of their engineering

students. Similar to what our respondents stated at Aalto University is that these courses using

open-ended teaching methods focus more on the process on how the engineering students develop

than the result in end. At TU Eindhoven, the only courses that have such characteristics are the

innovation Space Project and Technology Entrepreneurship. Looking at Aalto University, we see

opportunities for TU Eindhoven to further implement these three interlinked meta-competence

dimensions further in their engineering programs.

The average number of ECTS per course that uses open-ended teaching methods significantly

higher at Aalto University (18.2 ECTS) compared to TU Eindhoven (8.13 ECTS). Also we see

that the average duration of these courses at Aalto University is higher (6 months) compared to

TU Eindhoven (3.75 months). This is mostly due that Aalto University has engineering programs

that consist of multiple courses that use open-ended teaching methods. For instance, at Aalto

University they offer a master program (IDBM program) of which at least 40 ECTS are dedicated

to courses that use open-ended teaching methods. Engineering students have 25 elective ECTS
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that for instance can be dedicated to courses at the Aalto Design Factory or Aalto Ventures

Program. The remaining credits are 25 ECTS for an obligatory engineering minor and 30 credits

for their master dissertation. Moreover, the bachelor minor Aaltonaut consists of four to five

courses using open-ended teaching methods that all include real-life projects with open-ended

problems. Finally, the ME310 Global Innovation Program is a program with five consecutive

courses that use open-ended teaching methods consisting of 30 ECTS in total where engineering

students work in interdisciplinary teams for eight and a half months.

Finally, we observed a difference in how courses using open-ended teaching methods at Aalto

University and TU Eindhoven combine working in real-life with (engineering) courses.

The Aalto Ventures Program hosts multiple courses that let (engineering) students obtain ECTS

while working in real life. For instance the Leadership Experience for Slush. Before entering the

course, (engineering) students are elected by the AVP to be part of the committee to organize Slush

or Junction. Organizing Slush or Junction, before the Leadership Experience was created, was an

extra-curricular activity. However, The Aalto Ventures Program saw that (engineering) students

involved in organizing Slush or Junction learned a lot about leadership, project management, and

organization structures. The AVP created the Leadership Experience course that splits in three

parts: a theoretical part, a practical part and a reflective part. To take part in the course the

students are placed in groups that represent their co-workers while organizing the events. The the-

oretical part educates (engineering) students what academic literature says regarding leadership,

project management, and organization structures. This part is similar to traditional academic

(engineering) education. However, in the practical part they do not go to class anymore, but the

(engineering) students organize the events while working in teams. During the organization of the

events the (engineering) students write down their good and bad experiences in a journal. When

the event has taken place, the (engineering) students the AVP expects the (engineering) students

back in class and lets them reflect on the process of organizing Slush or Junction within their

groups. A second example is Aalto Fellows. This course also splits in three parts: a theoretical,

practical and reflective part. In the theoretical part, Aalto Fellows exposes (engineering students)

to comprehensive entrepreneurship education regarding the key principles of leadership, selling,

creativity and hard facts about finance and legal aspects. Hereafter in the practical part the

(engineering) students work either in a private equity firm or startup where they work in a paid

summer job. During the practical part the (engineering) students meet up with other students

involved in Aalto Fellows to discuss and reflect on their learnings during their job.

At TU Eindhoven, most the courses that use open-ended teaching methods reside in the engineering

programs curriculum. The engineering students do work on real-life projects that are brought in

by external partners. However, the difference with Aalto University is that the two mentioned

examples have a practical and reflective part that is based on experiences that take please mostly

outside of the university. In some occasions, engineering students can work on their own projects

or startups in the TU/e innovation Space Project.
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5.3 Implementing meta-competences based engineering edu-

cation

This section discusses the results that describe what educators, engineering program managers

and strategy managers or strategic boards best consider to further support the implementation

of meta-competence based engineering education. First, we discuss three actions that educators

at technical universities best consider when they organize single engineering courses with open-

ended teaching methods (Mistree et al., 2014). More important, we build further on Mistree et al.

(2014) as our results show more actions for consideration when organizing for courses with open-

ended teaching methods at technical universities that exceed classroom level. Namely, we discuss

three actions that engineering program managers best consider when organizing e engineering

programs with multiple courses that use open-ended teaching methods. And hereafter we present

four more actions to consider for the strategic manager or strategic boards of technical universities

that further support meta-competence based engineering education.

5.3.1 Organizing engineering courses with open-ended teaching meth-

ods

Our results confirm the three actions that educators best consider for organizing engineering

courses with open-ended teaching methods (Mistree et al., 2014). These three actions for consid-

eration are that (1) educators should use a flexible organization when organizing their engineering

courses with open-ended teaching methods, (2) that educators acknowledge that the relation

between educators and engineering students changes and lastly (3) educators should consider that

learnings for engineering students in courses with open-ended teaching methods are enhanced

when these courses stimulate collaborative learning and leverage diversity.

While (1) and (3) are presently being implemented at Aalto University and TU Eindhoven, we

observed a difference in (2) that the relation between educator and engineering students changes.

Namely, at Aalto University they have a program in place that supports educators that are will-

ing to include open-ended teaching methods in their courses. At TU Eindhoven currently such

programs are evaluated, but not yet implemented.

5.3.2 Organizing engineering programs with multiple courses using open-

ended teaching methods

We build further on Mistree et al. (2014) by proposing the three actions that engineering program

managers best consider when organizing engineering programs with multiple courses that use open-

ended teaching methods: (1) increase the influence that engineering students have in determining

their learning goals during their studies, (2) design more flexible curricula and diplomas and

(3) next to courses that use open-ended teaching methods, include basic engineering skills in

engineering programs.

That engineering students should have (1) increased influence in determining their learning goals

during their studies, was only stated by a prominent educator from the AVP. At TU Eindhoven
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however, 6 out of 7 of the respondents stated that this should be implemented, and mentioned

that currently the university is planning to do so. This means that engineering students can tailor

their learning goals to prepare them for a career in for example a specific industry: to be an

entrepreneur or to be a researcher. Recent research shows personalized engineering education that

uses technology, e.g. internet tutorials, included with collaborative learning had a significantly

effect on improving both cognitive and affective learning for engineering students (Yung et al.,

2016). Moreover, respondents from both universities stated that it is difficult how much control the

engineering students should have. Recent literature confirms our findings that it is still unclear how

much autonomy engineering students should have in tailoring their learning goals to prepare them

for a specific career. For instance, literature shows that it is currently unclear how much control

engineering students should have in their personalized learning paths (Wanner & Palmer, 2015).

Wanner and Palmer (2015) argue that full control of students over teaching and learning activities

would be counterproductive to student learning and experience, and overlooks the critical role

of the teacher. Also, the authors show that self-directed and self-regulated learners and ”flexible

students’ are not a given as not every student is ready for, and open to, more personalized and

self-regulated learning and the shift from passive, spoon-fed to active, collaborative learning. On

the other hand, results recently published show that engineering degrees in general have fixed

courses and therefore less choice compared to non-engineering degrees, respectively 3% choice for

engineering degrees vs. 25% for non-engineering degrees (Forbes et al., 2017). Their results show

that a reason for this lower percentage is that when technical universities emphasize curricular

flexibility or customizability, there is a risk of these programs being experienced as easier, less

rigorous and as ’engineering-light’ programs. However, Forbes et al. (2017)’s conclusion shows that

comparatively high-choice engineering programs held in high regard in the United Stated. They

conclude to dismiss the previously stated skeptical perceptions concerning personalized learning

paths. With these statements, we suggest that additional research is needed in how the influence

that engineering students have in determining their learning goals during their studies.

As a consequence of flexible learning paths, (2) engineering curricula and diplomas must be de-

signed more flexibly. Again only the prominent educator from the AVP stated that universities

must design flexible curricula and diplomas, but that it is not part of any planning yet. That these

plans are not there yet is confirmed by the other respondents at Aalto University. In contrast,

6 our of 7 of the respondents at TU Eindhoven stated the need to design more flexible curricula

and diplomas. A senior policy officer involved in educational innovation wondered whether in

the future people will still talk about ”curricula” at TU Eindhoven. So far, TU Eindhoven has

not implemented actions that support flexible engineering curricula yet, but multiple respondents

stated that these actions are planned in the future. Recent literature shows that technical uni-

versities use their own designed engineering processes to design their new engineering curricula.

For instance, a recent study used a systems engineering process to design and develop their indus-

trial engineering program curriculum (Buyurgan & Kiassat, 2017). Their results show that it is

feasible to create a flexible industrial engineering curriculum that allows engineering students an

accelerated graduate program, a second major, various minor options, and to study-abroad. The

curriculum is tailored to the needs of their neighboring industry partners and includes practical,

providing hands-on education, resulting in employment-ready graduates. The curriculum however
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proceeds towards graduating its first cohort. This suggests that designing more flexible curricula

and diplomas is a new topic in engineering education and is a topic that should be further re-

searched. Moreover, also the School of Electrical and Electronic Engineering at the University of

Adelaide designed a new curriculum using the engineering design process (Liebelt et al., 2017).

Their results show that the new curriculum commenced operation for the first time in 2016 and

that it is more coherent and better focused than the previous curriculum version, offering more

flexibility to students in choosing their preferred area of specialization. We conclude that while

research regarding more flexible engineering curricula and diplomas is limited, that it is becoming

increasingly more popular in academic literature and we suggest for further research.

Furthermore, it is important for engineering program managers to (3) include basic engineering

skills in engineering programs course that use open-ended teaching methods. Our respondents

defined basic engineering skills as: mathematics, algorithms, programming, information manage-

ment and research skills. These skills serve as the basis to successfully solve the open-ended

problems. It is important for engineering program managers to keep in mind that when the num-

ber of courses using open-ended teaching methods increases in engineering programs, they should

still include basic engineering skills in the engineering programs. A recent systematic review con-

firms our findings that basic engineering skills, the authors emphasize math and physics, are the

backbone for engineering students to successfully solve complex engineering problems (Zavala et

al., 2015).

5.3.3 Actions that further support organizing meta-competence based

engineering education

This section describes actions that the strategy manager or strategic board best consider that

further support the implementation meta-competence based engineering education. This section

discusses four of our findings. First, (1) that technical universities should react to the rising

competition in institutes that offer a more demand-driven or mass-customized approach to transfer

knowledge. Subsequent, (2) that evidence how and whether courses that use open-ended teaching

methods work should be increased. Hereafter, (3) that the tenure-tracks criteria should be revised

to reward educators that are involved in innovative education. And finally, (4) that technical

universities should mobile more financial resources to further organize engineering programs with

courses that use open-ended teaching methods.

One-third respondents at both universities stated that they are aware of the competition in the

education market and feel that their university should (1) react to the rising competition of insti-

tutes that offer a more demand-driven or mass-customized approach to transfer knowledge. The

respondents see the competition coming from Coursera and Udemy that offer Massive Open On-

line Courses (MOOCs). Respondents stated that these MOOCs currently take relatively long to

complete and have high dropout rates. To counter the long time to complete and high dropout

rate, TU Eindhoven has plans to experiment with Small Private Online Courses (SPOCs). SPOCs

are more modular, have a shorter duration and bring students physically and actively together

to discuss the courses content (Uijl et al., 2017). Recent studies urge to pay more attention to

how MOOCs are implemented within universities (Dasarathy et al., 2014). Their results show that
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higher engineering education is more than standalone content delivery through MOOCs. Moreover,

Dasarathy et al. (2014) show that content must be tailored to meet the students needs and that

students benefit from mentoring and coaching from educators. The authors expect individual

MOOCs to be connected to form sequenced MOOC specializations. They see opportunities to ac-

credit sequenced MOOCs within the traditional engineering curricula. We see similarities between

Dasarathy et al. (2014)s findings and the SPOCs that TU Eindhoven is researching. However,

MOOCs have quickly infiltrated in higher education and left little time for technical universities to

discuss their role in engineering education (Bralić & Divjak, 2018; London & Young, 2016). While

there are many advantages of incorporating MOOCs in engineering education, additional research

shows that currently, technical universities miss the opportunity to strategically leverage MOOCs

to improve the level of engineering education and thus student learning (Uijl et al., 2017). We

suggest that further research focuses on how MOOCs and specifically SPOCs can be implemented

in higher engineering education.

More than half of the respondents agree that (2) more evidence about the effectiveness of courses

that use open-ended teaching methods is required. The goal of courses with open-ended teaching

methods is not merely to complete a critical thinking exercise, but to develop a real-world solution

to problems. The effectiveness of courses using open-ended teaching methods, however, is often a

matter of debate in higher engineering education (Berland et al., 2013; Galand et al., 2012). Lit-

erature shows signs that courses with open-ended teaching methods have more positive outcomes

for engineering students compared to traditional engineering education. A recent study analyzed

a challenge-based course, an open-ended teaching methods, on bio-transport from the University

of Texas. The study showed that challenge-based teaching facilitates students simultaneous devel-

opment of content mastery and strategies for applying technical knowledge innovatively (Clegg &

Diller, 2018). The authors state that their results provide significant evidence for the effectiveness

of challenge-based instruction and that such educational methods can serve as a new educational

model in engineering education. However, their research concerns an illustrative case study. While

this illustrative case study show significant evidence for challenge-based engineering education, we

urge the need for a real-life study.

Eleven out of fourteen of our respondents stressed the pressing need to (3) revise their universitys

tenure-tracks criteria to reward educators that are involved in innovative education. The re-

spondents stated that academia in general organize their tenure-track reward systems around the

number of publications and citations and that it rarely rewards educational activities. Currently,

internationally excellent research publications and research impact maximize chances in the aca-

demic tenure-track and that the tenure-track changes are less through educational advances (Chan

et al., 2018; Fenster & Dudash, 2018). At Aalto University, researchers can receive extra credit

when their research is deemed innovative by a committee or creates value for society instead of

merely publications and citations. However, our findings show that not Aalto University, nor TU

Eindhoven, has plans (yet) to revise their reward system. The lacking reward systems are seen as

significant reason why it is difficult for educators to commit to courses that use open-ended teach-

ing methods. During the last twenty years there has been a concern that technical universities do

not reward educational sufficiently and that tenure-track reward systems at (technical) universit-
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ies focus on achieving success in disciplinary research (Chalmers, 2011). Academic teachers risk

their career progression, and access to tenure and promotion by committing to education instead

of research (Brechelmacher et al., 2015; Chalmers, 2011). Our results show that educators have a

vital role in the implementation of courses using open-ended teaching methods at technical uni-

versities. When technical universities revise their tenure-track criteria to promote educators that

are involved in innovative education, we expect the implementation of courses using open-ended

teaching methods to be accelerated.

(4) Technical universities need to mobilize more financial resources to fund meta-competence based

engineering education. Respondents at Aalto University and TU Eindhoven agree that courses

using open-ended teaching methods require more financial investments compared to traditional

engineering education. The Aalto Design Factory is part of Aalto Universitys strategy and receives

their financial resources from the executive board. While the ADF is involved in meta-competence

education, Aalto University also uses the ADF for purposes to show the world that Aalto Univer-

sity is an innovative university. While the ADF generates less income than it costs to operate, at

Aalto University they clearly see the need to embed the ADF in their strategic mission. Another

way how the ADF receives extra funding is by having external partners pay a fee for participating

in their meta-competences based education. A recent study investigated eleven alternative revenue

streams and a new business model for the ADF (Dada et al., 2017). Such research does suggest that

the Aalto Design Factory is searching for new revenue streams and business models. Also, Dada

et al. (2017) shows that paying customers, such as corporates and governments, expect a Return-

On-Investment on their cooperation. Respondents at TU Eindhoven stated that TU/e innovation

Space is also investigating revenue mechanisms, such as lifelong learning where people from in-

dustry can re-educate themselves at TU/e innovation Space and sponsoring by external partners.

We noticed at both universities that respondents see access to financial resources as a bottleneck

to implement meta-competence based education. We see that Aalto Universitys financial systems

for meta-competence based education are more mature, which makes meta-competence based ini-

tiatives more embedded in the universitys strategy. When strategic managers or strategic boards

decide to commit to meta-competence based education, they should acknowledge the bottleneck

of financial resources and be aware that starting initiatives, such as TU/e innovation Space, have

more troubles obtaining financial resources than more embedded initiatives, such as the ADF and

AVP.

5.4 Theoretical contributions

Previous academic literature focused on how educators can educate engineering students’ meta-

competences with the perspective of single engineering courses that use open-ended teaching meth-

ods. We contribute to academic literature in three ways.

The original five meta-competences have twenty-one dimensions in total (Siddique et al., 2013).

The authors present these twenty-one dimensions with a short summary per dimension. We

provide a more detailed description of each meta-competence dimension. Our results show that

respondents at Aalto University and TU Eindhoven see meta-competences as relevant for en-
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gineering students. In addition and more important, we add eight new dimensions and hereby

complement the meta-competences for engineering students literature. Furthermore, we show that

there is no shared definition of meta-competences at technical universities. Each respondent in-

terpreted the meta-competence dimensions in a different way. Our analysis coded the responses of

our interviewees together and shows that while the respondents interpreted the meta-competence

dimensions differently, they see meta-competences as relevant for engineering students.

We give an overview of nine courses using open-ended teaching methods from Aalto University and

eight from TU Eindhoven. This way we show that technical universities already implemented meta-

competence based engineering education and we present our comparative analysis that shows which

courses using open-ended teaching methods implemented which meta-competence dimensions. We

use this overview to compare which courses at Aalto University and TU Eindhoven educate which

meta-competence dimensions, and hereafter to gain insights which university focusses, intentionally

or unintentionally, on which meta-competence dimension. We show that courses using open-ended

teaching methods at Aalto University are in general of longer duration, award more ECTS, have a

stronger focus on the practical application of knowledge and developing a self-reflective attitude of

their engineering students. We suggest that these differences might account for the overall higher

percentages of implementation of several meta-competences dimensions at Aalto University. Also

we see that Aalto Universitys implementation of courses using open-ended teaching methods is

in operation longer than at TU Eindhoven. This means that Aalto University had a longer time

to fine-tune their courses using (student) feedback, causing their courses to be further developed

compared to TU Eindhoven. We also contribute to academic literature as other scholar can use

our method to perform similar analyses at their home universities. When other scholars build

further on our work, more insights are gathered how meta-competences based education is being

implemented at technical universities.

Finally, we confirm the three actions that educators best consider when organizing engineering

courses with open-ended teaching methods(Mistree et al., 2014). More importantly, we contrib-

ute to academic literature by exceeding the analysis at classroom level and contribute in two

ways. We describe three actions that engineering program managers best consider when organiz-

ing engineering programs with multiple courses that use open-ended teaching methods. Also, we

describe four actions that strategy manager or strategic boards best consider to further improve

the implementation meta-competence based engineering education.

5.5 Practical contributions

Technical universities are searching for how they can improve their educational activities to prepare

their engineering students to solve future challenges. Recent research shows that there is still a

discrepancy between engineering education and the qualifications sought by their future employers

(Rajnai & Kocsis, 2017). Our paper shows significant evidence that meta-competence based

engineering education can help technical universities in narrowing this discrepancy.

We present seventeen examples of courses using open-ended teaching methods that educate engin-

eering students meta-competences from Aalto University and TU Eindhoven. Our study shows our
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method how we analyzed which courses educated which meta-competence dimension. Presenting

these results gains insights in which meta-competence dimensions are well educated by the courses

that use open-ended teaching methods and which not. Educators can use our overview to adjust

their learning experience in such a way that the course educates most of the meta-competence

dimension to their engineering students. We also provide a method how to compare courses and

specifically courses with open-ended teaching methods cross-university. By showing our com-

parative analysis between Aalto University and TU Eindhoven, we enable engineering program

managers to compare their courses that use open-ended teaching methods to our results. When

other educators from different universities perform such analyses, the more insights we gain in the

implementation of meta-competence based engineering education at technical universities.

Our study concerned qualitative analyses of courses that use open-ended teaching methods of

Aalto University and TU Eindhoven. We also setup a quantitative analysis method. We did this

by gathering data for all courses at Aalto University (1.131 courses) and TU Eindhoven (1.127

courses). From these courses we used the following data: (1) course name, (2), course description,

(3) the courses learning goals, (4) the courses level, (5) the courses number of ECTS, and (6) the

department that hosts the course. We cleaned the data in course description (2) and learning

outcomes (3) by deleting all stop words, stemming all remaining words and decapitalizing all their

letters. Within (2) and (3) we then screened for unique words and created new columns for each

new unique word in the place of (2) and (3). In the end and combined with the old columns

this resulted in 6.678 columns or variables, 2.258 courses of which 2.241 are regular courses and

17 courses using open-ended teaching methods. To setup the quantitively screening we used the

”randomForest” machine learning algorithm. The ”randomForest” machine learning algorithm

is a predictive algorithm that trains by creating and using multiple individual decision trees for

classification of either yes (1) or no (0) (Belgiu & Drăguţ, 2016). In our analysis we scored

courses using open-ended teaching methods (scored 1) and regular courses (scored 0). We used

the cleaned data as input for the ”randomForest” algorithm. The algorithm analyzed which of the

individual decision trees are outliers by comparing all decision trees to the mode of all decision

trees combined. As a result of this, the algorithm corrects the natural habit of decision trees

of overfitting to their training set (Belgiu & Drăguţ, 2016). However, the algorithm showed low

predictive capability, resulting in that the algorithm predicted zero courses as courses using open-

ended teaching methods. The reason for this is that the ratio between courses using open-ended

teaching methods to regular courses was 1 : 132.8. We detected two methods that practitioners

can use to increase the predictability of the algorithm. First, to increase number of courses using

open-ended teaching methods by setting less strict criteria for being an course with open-ended

teaching method compared to what we did. Another way is to gather more data from other

universities that include courses using open-ended teaching methods. Second, to decrease the

number of regular courses in the original data set to train the ”randomForest” model and when

the model shows predictive capabilities, use the entire database again.

To further support the implementation of meta-competence based engineering education, not

only actions should be considered in the organization of engineering courses, but also actions

should be considered in the organization of engineering programs and at technical universities. We
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first contribute by showing three actions that engineering program managers best consider when

organizing engineering programs with courses that use open-ended teaching methods. Moreover,

we show four actions that strategy managers or strategic boards best consider to support the

implementation of meta-competence based engineering education.

5.6 Limitations and further research

Our paper concerned an exploratory, in-depth, comparative case study of Aalto University and

TU Eindhoven and brought forward five limitations and seven suggestions for further research.

5.6.1 Research limitations

This section discusses five research limitations.

1. Aalto University and TU Eindhoven are not similar in the offering of the educational activ-

ities. Namely, Aalto University offers Engineering, Business and Design education whereas TU

Eindhoven only offers Engineering education. Each time the researchers obtained data at Aalto

University, we had to determine whether the respondent talked about the specifics of the En-

gineering part of Aalto Universitys or that they meant Aalto University in general. While these

differences brought forward interesting research findings, further research can focus on comparing

two purely technical universities.

2. Moreover, Aalto University and TU Eindhoven are both European universities. To increase

our findings generalizability, further research can focus on including technical universities from

other continents in their study. A first area of research focus is whether technical universities on

other continents are implementing meta-competence based education. Another area of focus can

be to see how technical universities from multiple continent focus on the education of different

meta-competence dimensions.

3. We conducted the comparative analysis by qualitative comparing courses using open-ended

teaching methods to which extent these educate engineering students meta-competences. The

first limitation is that we qualitative selected the seventeen courses that use open-ended teaching

methods from the curricula of Aalto University and TU Eindhoven based on prior experience. It

is possible that we did not select all courses that use open-ended teaching methods. A suggestion

for further research is to assign more strict criteria that describe courses that use open-ended

teaching methods and select the courses using open-ended teaching methods based on these cri-

teria. The second limitation is that we also scored to which extent each course educates which

meta-competence dimension qualitatively using only one researcher. However, as documentation

that described each meta-competence dimension was limited, we added a more detailed descrip-

tion to each meta-competence dimension. We used this description and the knowledge we gained

in writing these descriptions to score which courses with open-ended teaching method educates

which meta-competence dimension.

4. Due to the explorative nature of our paper, we conducted fourteen interviews with people with
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various backgrounds to gain understanding in meta-competences for engineering students. We

used the snowball sampling method to choose our interviewees. Thereby we interviewed people

with various backgrounds to get a general overview on how respondents at Aalto University and

TU Eindhoven view the relevance of meta-competences. All of our respondents were active in

implementing meta-competence based education. This might indicate that our respondents are

in favor of implementing meta-competence based education and express a biased view in their

responses. However, meta-competence based education is an innovative educational approach.

We expect that it is needed to speak to innovators in education at technical universities to gain

the needed insights in how the precursors in technical universities see the need for meta-competence

based education.

5. As this paper concerns a master dissertation, a single researcher performed the analyses in this

paper. Therefore, the reliability of the analysis can be threatened. The practical contributions

present an approach how further research can use a quantitative analysis. When the methods for

the quantitative analysis are setup in a reliable way, the reliability issues will decrease. To increase

the reliability the researchers conducted each analysis at least three times in different moments in

time. The differences that each analysis in time brought forward were analyzed more thoroughly,

resulting in the results presented in our paper.

5.6.2 Suggestions for further research

This section discusses seven suggestions for further research.

1. Our results first show that the tenure-track reward system at (technical) universities favors

research over education. This favoring is a reason for educators to commit less time and effort

toward educational activities compared to their research activities (Chan et al., 2018). Literature

proposes ten recommendations on how education can be a rewarding activity at universities (Fung

& Gordon, 2016). Further research can focus on how these findings can be translated to technical

universities and focus on how technical universities can implement these recommendations.

2. The role of educators is changing towards a more facilitating or coaching role. However, our

results and other recent literature found that currently, educators are uncomfortable with their

less authoritative role where they have less direct control of the learning environment (Hirshfield

& Koretsky, 2018). Further research can focus on how traditional educators and more facilitating

or coaching educators differ in for instance personality traits. The question remains whether every

academic staff member within universities should be part is this shift. The personality traits can

be useful in determining who would be most suitable to involve in courses that use open-ended

teaching methods.

3. We found that there is little evidence on how and whether meta-competences based education

works. Our data shows that therefore it is difficult to convince traditional educators to trans-

form their educational activities towards courses with open-ended teaching methods that educate

engineering students meta-competences, which is confirmed by literature (Berland et al., 2013).

Other academics can first focus on how learning of meta-competences takes place when technical
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universities expose while engineering students to courses that use open-ended teaching methods.

Hereafter a comparative study can be performed to gain insights into how learning is different in

traditional engineering education compared in meta-competence based education. These results

can be used to convince traditional educators to transform their educational activities to include

open-ended teaching methods.

4. Our results show that when engineering students are involved in courses that use open-ended

teaching methods, their role changes from passive to active learners. However, there are signs

that university students, in general, have difficulties changing from passive roles in the traditional

lecture-based classrooms to leaders of their own self-directed learning experiences (Hirshfield &

Koretsky, 2018). Another research topic of interest can be to focus on how engineering students

can be triggered to become more active learners and what technical universities can do to support

this change in the engineering students mentality.

5. Our paper stresses the need for a more personalized, customizable or flexible engineering

curriculum that tailored to the learning needs of engineering students. However, our results,

as well as other scholars, show that current engineering programs have little flexibility in their

curricula (Forbes et al., 2017). Central in our paper is that the curricula should be altered

to facilitate courses using open-ended teaching methods. As with courses that use open-ended

teaching methods the answers are not known beforehand, engineering students are not sure what

they learn at which moment in time. When a curriculum consists of multiple of these open-ended-

learning experiences, also the content of a curriculum is not known beforehand. Further research

can focus on how such flexible curricula and diplomas can be implemented at technical universities

and how much autonomy engineering students best have.

6. In contrast to personalized learning paths for engineering students, our results, as well as other

scholars, show that a curriculum should not only consist of courses using open-ended teaching

methods but that the curriculum should also include basic engineering skills (Malheiro et al.,

2015). Further research can focus on how this relation is optimized: which basic engineering

courses are needed as a basis for courses that use open-ended teaching methods? How to divide

basic engineering courses and courses that use open-ended teaching methods? These questions

build forward on the call by Forbes et al. (2018) how these choices are best optimized.

7. Finally, technical universities should prepare reactions towards the rising competition of in-

stitutes that offers knowledge in a more demand-driven or mass-customized approach, such as

MOOCs. While peer-reviewed publications on MOOCs are relatively new, as they first began

appearing in 2008 (Hollands & Tirthali, 2014), our results show that universities are observing

that this type of education is rising in popularity for engineering students. Instead for technical

universities to see MOOCs as a competitive threat, there are possibilities that this type of educa-

tion can be beneficiary for both the technical university as her students. For instance, Hollands

Tirthali (2014) show that MOOCs could potentially reduce the costs of higher education if they

were used to eliminate the reproduction of similar courses across many campuses. However, their

results show that the highest value does not lie in only exposing students to MOOCs, but their

results show the most favorable results where on-campus courses integrated MOOCs. This is in
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line with our results that show that TU Eindhoven is investigating SPOCs to be integrated in

their engineering programs. Building further on London Young (2016), further research can focus

on how technical universities can organize the integration of MOOCs and more specifically SPOCs

within engineering curricula.
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Overview of appendices

This section presents the following appendices used in our paper:

• Appendix A: Citations from papers in Siddique et al. (2013)

• Appendix B: Citations from papers in Mistree et al. (2014)

• Appendix C Educational programs Aalto University and TU Eindhoven

• Appendix D: Documents obtained through desktop research

• Appendix E: Interview protocol

• Appendix F: Detailed overview of the participant observations

• Appendix G: Full coding schemes for the theory-driven and inductive analysis.

• Appendix H: Try-out coding schemes round 1 and 2.

• Appendix I: Overview courses that use open-ended teaching methods

• Appendix J: Description of institutes that host courses using open-ended teaching methods

• Appendix K: Aaltonaut Bachelors minor program.

• Appendix L: ME310 Global Innovation Program network

• Appendix M: Results for analysis 1 for MC2-5
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Appendix A

Citations Siddique et al. (2013)

This section shows the paper that Siddique et al. (2013) used in their research and the number

of citations that these papers have on Google Scholar sorted in descending order. For viewing

purposes, we only show literature with more than 100 citations.
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Appendix B

Citations Mistree et al. (2014)

This section shows the paper that Mistree et al. (2014) used in their research and the number

of citations that these papers have on Google Scholar sorted in descending order. For viewing

purposes, we only show literature with more than 100 citations.
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Appendix C

Educational programs Aalto University and TU Eindhoven

Below we display which educational programs Aalto University and TU Eindhoven offer (Aalto

University, 2018; TU Eindhoven, 2018b). The table shows that TU Eindhoven offers only en-

gineering education, whereas Aalto University also offers Business and Design education. TU

Eindhoven does offer Industrial Design, but this study has a technical background. TU Eindhoven

also offer the School of Education that Aalto University does not.
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Appendix D

Documents obtained through desktop research

This section displays the documents that were obtained through the desktop research as elaborated

in the Methodology, see Table D.1. All these documents were used for our results and to triangulate

our results.

Table D.1: Documents that were obtained through the desktop research, their number of pages and the use in our
analyses

Report # pages
Aalto Design Factory annual report 2012 51 page
Aalto Educational Strategy 2016-2020 24 pages
Aalto Fellows 2 pages
Aalto Ventures Program 1 page
Aalto Ventures Program Ecosystem 1 page
Aalto Ventures Program mission 1 page
About Aalto Design Factory 1 page
International Design Business Management 2 pages
Responsible innovation in a global context 2 pages
Startup Experience 2 pages
Technology Entrepreneurship 2 pages
The Art of Simplicity 1 page
The Essence of PdP 1 page
TU Eindhoven Strategy 2030 41 pages
TU Eindhoven Student teams 13 pages
TU Eindhoven: User Society Entreprise learning lines 1 page
TU-E4040 Opportunity Prototyping 1 page
TU/e innovation Space 1 page
What is Aaltonaut? 5 pages
What is ME310? 6 pages
Aalto University School of Arts, Design and Architecture 1 pages
Aalto University: Organisation 3 pages
Aalto University: Slush Leadership experience 2 pages
TU Eindhoven: Bachelor Industrial Design 1 page
Departments of Eindhoven University of Technology 20 pages
Financial Times: Entrepreneurial Mindset Definition 1 page
Transdisciplinary literacy: Seven principles that help define transdisciplinary research 3 pages

Total: 190 pages
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Appendix E

Interview protocol

This section presents the interview guide that is used for the semi-structured interviews at Aalto

University, see E.1. Only question 1 is numbered, due the relevance for this research. The

remainder of the questions are loosely structured and used as backbone to steer the interview.

Table E.1: Interview protocol for our fourteen interviews

Question 1 How do you see the future of engineering education Aalto University / TU/e?

Question How do you see courses that use open-ended teaching methods at Aalto University / TU/e?

How do you facilitate courses that use open-ended teaching methods?

Question How does Aaltos / TU/es e courses that use open-ended teaching methods help universities to
prepare students for after university?
(note to interviewer: e.g., Building human capital)

Question What are do engineering students need to be successful in solving complex challenges due Industry
4.0? And how do they relate to courses that use open-ended teaching methods at Aalto / TU/e?
(note to interviewer: refers to meta-competences)

Question Why do you think students need to be in contact with courses that use open-ended teaching
methods at Aalto / TU/e?
(note to interviewer: refers to meta-competences)

Question How do you manage initiatives that rise bottom-up and compared to top-down at Aalto / TU/e?

Question How do you see courses that use open-ended teaching methods in the future for Aalto / TU/e?
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Appendix F

Participant observations

This section shows the overview of the type of participant observation, its description, quantity

and use in the analyses
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Appendix G

Coding schemes

This section shows the coding schemes that were derived from the analysis of the theory-driven

and inductive analysis. First the theory-driven coding schemes are presented and hereafter the

coding schemes that emerged inductively. The coding schemes show the node, its descriptor, an

illustrative quote and empirical evidence of how the node can be observed in practice.

Table G.1: Coding table for (Siddique et al., 2013)’s meta-comptences, their descriptor, illustrative quotes, and empirical
evidence

Node Descriptor Illustrative quote Empirical evidence
MC1: The
ability to
manage in-
formation

MC1.1 To gather,
interpret, validate
and use information

”Hiermee toon je aan dat je kennis hebt
vergaard, al dan niet bestaande kenns hebt
doorontwikkeld en dat je in staat bent hier-
mee te oefenen en in de praktijk toe kan
passen”

Gain new knowledge, in-
terpret complex inform-
ation, validate informa-
tion, use information

MC1.2 Understand
and use quantitative
and qualitative in-
formation

”Ik kan me voorstellen als je met een nieuwe
challenge bezig bent, komt er steeds een
nieuwe onderzoeksmanier voorbij. De ene
keer kun je veel data crunchen, de andere
keer is er geen data. Wat doe je dan?”

Data availability, quant-
itative data analysis,
qualitative data ana-
lysis, combining dif-
ferent data analysis
techniques.

”Zeker als dit ook nog multidisciplinair on-
derzoek wordt dan moet je alle methodolo-
gien langs elkaar leggen. Dat zijn hele leuke
uitdaging.”

MC1.3 Discard use-
less information

”Je moet studenten trainen om zich con-
tinue dingen af te vragen hoe ze om
kunnen gaan met complexe systemen en
met complexiteit van alle informatie die er
beschikbaar is”

Train students to deal
with complex informa-
tion systems

MC2: The
ability to
manage think-
ing

MC2.1 Ability to
identify and manage
dilemmas associated
with the realization
of complex, sustain-
able, socio-techno
eco-systems

”Wat je zou willen is ga door tot dat je een
alternatief vindt, of heb het vertrouwen dat
die alternatief er is, waar je voor iedereen
waarde creert. Als dit blijkt uit verschil-
lende pogingen dat dit lastig is, kun je altijd
nog terug gaan. Maar als je met een con-
sensus als eerste oplossing genoegen neemt.
Dan ontneem je jezelf de kans om door te
gaan om toch dat alternatief te vinden. Ik
denk dat als je de waarde erbij neemt, dat je
dan de hardcore capitalist een plezier doet
en tegelijkertijd ook de hardcore social en-
trepreneur, socialist een dienst bewijst.”

Identify alternatives
that create value in
social and economic
settings, manage altern-
atives and opportunities

The table continues on the next page
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Node Descriptor Illustrative quote Empirical evidence
MC2.2 Ability
to think across
disciplines

”What you need to the mix is impact for
communication skills, a comfort dealing
with unstructured challenges (the more fre-
quent the better), developing empathy, this
whole multi-disciplinary exposure”

Multi- or interdisciplin-
arity

MC2.3 Holistic
thinking, conceptual
thinking and switch-
ing from divergent
and convergent
thinking

”Je hebt initiatief, adaptatie en dan heb je
de creativiteit nodig om weer iets nieuws te
bedenken. Hierna heb je de logica nodig, je
zit dan weer in je analyse-synthesize phase,
waar je een beweging opzet zodat je dit kan
toetsen. Om het hierna op grotere schaal uit
te voeren, zodoende kan je dan het plusje in
een tijdsperiode naar wens te vergroten of
eerder halen.”

Analysing systems, cre-
ating conceptual solu-
tions

MC2.4 Ability to en-
gage in critical dis-
cussion

”Waar moeten we op letten dat ze een krit-
ische houding aannemen. Dat maakt ook
dat het onderwijs er waarschijnlijk anders
uit zal gaan zien.”

Enage in critical discus-
sion

MC2.5 Identify and
explore opportun-
ities for developing
break-through
products, systems
or services

”Three steps with a radical model, which is
a definite no to most bureaucrats. But I still
think it is a good idea. It might be a way to
start break down disciplinary boundaries. If
you take e.g. challenges of an aging soci-
ety.”

Radical innovation, so-
cial challenges

MC2.6 Ability to
think strategic-
ally by using both
theory and methods

”So you have your theory part and then you
have this kind of practice part where you
look how to apply the theoretical material in
a real life case.”

Combining theory and
apply them in practice

MC3: The
ability to
manage col-
laboration

MC3.1 Ability to
manage the col-
laboration process
in local and global
settings

”Of course, then it helps you if you under-
stand different cultures and you are capable
of working in an international setting. This
is what we are trying to offer the students
now.”

Work in international
setting

MC3.2 Ability to
create new know-
ledge collaboratively
in a diverse team

”You need to work in teams. You need to be
able to work with people that have different
backgrounds that they have, have different
strengths so that you are able to combine
strengths and see the added value of a good
team”

Create value in diverse
teams, use strengths of
different backgrounds.

MC3.3 Competence
in negotiation

”Its like negotiation or oral presentation.
Its best to be integrated in part of something
else. This starts to work on its own.”

Negotiation integrated
in other learning experi-
ences

MC4: The
ability to
manage learn-
ing

MC4.1 Ability
to identify the
competencies and
meta-competencies
needed to cre-
ate value in the
engineering world

”When you look at your career, the pace of
change is increasing. You need to be pre-
pared to gain new competences, to reori-
ented yourself or look into a different field
many times during your career.”

Gain new competences,
reoriented yourself when
needed.

MC4.2 Ability to
self-instruct and
self-monitor learn-
ing

”Als je die grotere challenges wilt aan-
pakken dan heb je niet meer de docent die
expert is en het helemaal weet. Die de arme
brave studentjes zegt hoe het moet. Nee
je gaat samen leren. Zij weten het ook
niet. Zodat het veel meer gelijkwaardig is
en coachend is. We hebben ervaring toch
wel in processen en we kunnen ze nog wel
wat leren. Maar op een hele andere manier
leren.”

Student central in learn-
ing process, students be-
ing coached in their
learning process

The table continues on the next page
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Node Descriptor Illustrative quote Empirical evidence
MC4: The
ability to
manage learn-
ing

MC4.3 Ability to in-
teract with multiple
modes of learning

”In working life, all the interesting prob-
lems that you will face are those problems
that nobody has come up with an answer
yet. You cant go to anybody. You should
figure out what to do. We have this team,
what can and should we do. Thats lifelong
learning. We no longer teach engineers to
duplicate repetitive tasks, but let them think
critically.”

Figuring out what type
of learning is needed

MC5.1 Man-
age attitude

MC5.1 Ability to
self-motivate

”Het ligt bij de intrinsieke motivatie van de
student. Wat wil de student doen? Wat wil
de student begrijpen? Probeer de student uit
te dagen om challenges die vanuit een tech-
nologisch perspectief zouden kunnen worden
bekeken.”

Students intrinsic motiv-
ation

MC5.2 Ability to
cope with chaos

”Marvelous. The more practice students get
doing this, the better they are to spot pat-
terns, the more comfortable they are hand-
ling uncertainty and they get very proficient
in generating actionable ideas.”

Handling uncertainty,
create concepts in
uncertain situations

MC5.3 Ability to
identify and ac-
knowledge mistakes
and unproductive
paths

”Also to be able to look at basic assump-
tions, why are we thinking what were think-
ing right here? But more importantly is that
you should have an ability to be reflective
and self-critical as well. Its not just that
youre pointing other that they are thinking
wrongly, but that you have the ability to
probe your own assumptions. Thats even
more important. You have humbleness that
your own thinking has limitations as well.”

Identify mistakes, be re-
flective, be self-critical

MC5.4 Ability to as-
sess and manage risk
taking

”But you must have an idea that I want this
stuff, I want to be involved, I want to know
the risks involved and you are prepared to
jump in the pool. But throwing everyone in
the pool, then some people go toxic and real-
ize I dont want this, I cant deal with this.”

Identify risk, take risk,
manage risk
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Table G.2: Coding table for (Mistree et al., 2014)’s three actions that educators best consider when organizing their
engineering courses using open-ended teaching methods, their descriptor, illustrative quotes, and empirical evidence

Node Descriptor Illustrative quote Empirical evidence
Organize
engineering
courses with
open-ended
teaching
methods us-
ing a flexible
organization
of their engin-
eering courses

While students create the
own learning goals, these
goals differ per individual.
This means the course
should have a flexible ap-
proach in how engineering
students can obtain the
content that suits their
learning needs

”Ja je moet kijken hoe je dit aanbod
van kennis zodanig waar nodig kan
aanpassen waar nodig”.

Expose to knowledge
when needed, demand-
driven knowledge
exposure

Acknowledge
that the rela-
tion between
educators
and engineer-
ing students
changes

The role of an educator
changes from being an in-
structor that delivers con-
tent to an educators role
that supports and creates
opportunities for engineering
students to take a central
role in the learning process

”Yeah, more like the student as a
co-creator and co-learner. This is
what we are entering. This is what
I see in many of the courses that we
discussed earlier what is happening.
A more coaching type of situation
than knowledge distribution envir-
onment how we do it now.”

Educator becomes a
coach, student is an
active learner, student
and educator co-create
new knowledge

With students standing cent-
ral in their learning pro-
cess, they must become act-
ive learners. While con-
sulting their educators they
define their learning goals
and determine what needs
to be done to achieve their
goals

Stimulate
collaborat-
ive learning
and leverage
diversity

Create an environment
where students learn from
and about each other, get
inspired and have the pos-
sibility to build further
on the work of others and
thereby eventually generat-
ing new knowledge. This
can be done by leveraging
diversity within groups by
identifying, distributing,
and discussing outstanding
submissions as exemplar.

”You need to work in teams. You
need to be able to work with people
that have different backgrounds that
they have, have different strengths
so that you are able to combine
strengths and see the added value of
a good team”

Create value in diverse
teams, use strengths of
different backgrounds.
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Table G.3: Coding table for the newly found meta-competence dimensions, their descriptor, illustrative quotes, and
empirical evidence

Node Descriptor Illustrative quote Empirical evidence
MC1: Ability
to manage in-
formation

MC1.4 To deal with
the increasing com-
plexity between in-
formation sources

Je moet studenten trainen om zich continue
dingen af te vragen hoe ze om kunnen gaan
met complexe systemen en met complexiteit
van alle informatie die er beschikbaar is.

Quantity of information
sources is becoming
more complex, in-
formation sources are
becoming more complex.

MC1.5 To deal with
rapidly growing
number of informa-
tion sources

”Yeah, sure and you are absolutely right
that actually we already know if you look
at the technical knowledge available is doub-
ling every two years. Once you have finished
a degree most of the factual knowledge has
somehow if not outdated already it is com-
ing quickly.”

Quantity of information
sources is increasing,
more information is
available.

To create new
knowledge by
testing ideas and
solutions in real life
situations

”We rather tell you theres a group of people
out there, go figure out. Its this simple
thinking if we do this is half way, you will
be better prepared. The technical stuff you
will still learn.”

Creating new knowledge
by testing ideas, exper-
iential learning, dealing
with situations where
there is no information
readily available.

MC2: Abil-
ity to manage
thinking

MC2.7 Ability to
deal with unstruc-
tured problems
without predefined
answers

Gaanderweg ben je in staat om te reflecteren
op het project, jezelf of aanstaande busi-
ness. Om zon manier dat je kunt bijs-
turen met de kennis die steeds op doet. Je
kunt zo een plan van een jaar geleden met
nieuwe informatie een andere kant in laten
slaan. Met het huidige inzicht omdat we
gevalideerd hebben of met mensen gesproken
hebben die er meer vanaf weten zijn we tot
een andere keus gekomen. Het beleven van
het proces is gaaf. Dit wijkt redelijk af
van het klassiek onderwijs waar je weer een
tentamen moet maken en in staat moet zijn
om juiste antwoorden op te rakelen.

Dealing with unstruc-
tured challenges, redir-
ecting strategy, open-
ended problem solving.

MC3: Ability
to manage col-
laboration

MC3.5 Ability to
manage and develop
a team

Je ziet dat het steeds belangrijker wordt dat
studenten leren hoe je een team ontwikkelt.
Dit doe je door het goed managen van het
team maar ook vooruit te kijken waar je nog
beter kunt worden.

Team management,
team development, de-
veloping strategies how
your team can develop

MC3.6 Ability to
learn from more
experienced people

The people who get back and say I have
been in a bank for ten years and I know
why the dinosaurs are dinosaurs and I know
what the Achilles heel to stab. I know how
the problem can be solved. Then the bank
will eventually buy me out. Where is that
collision with that experience and somebody
who is exposed to the tech in university and
where to they start to collide? That is what
I want to see happening. You look at a fun-
damental building block. What would a uni-
versity have to do to create that kind of dy-
namic?

Working with and learn-
ing from more exper-
iences people, teaming
students with more ex-
perienced people.

MC4: Abil-
ity to manage
learning

4.4 Ability to man-
age a lifetime of
learning or lifelong
learning

Wat er nog bij is gekomen vanuit die
strategie en dat zagen we toen al wel. Die
Beta profielen hadden we al. Wat we nu
zeggen is dat de lerende, de student mag
je het niet meer noemen, dat zijn lang-
zaam aan andere mensen. Zoiets als leven
lang leren en opleiden voor het bedrijfsleven.
Vroeger dachten we daar zijn wij niet voor

Being able to constantly
redevelop competences
needed in a lifetime.

MC5: Ability
to manage at-
titude

MC5.5 Ability to
develop an at-
titude that has
self-reflection on
own behavior,
competences and
deficiencies central

You need to be prepared to gain new com-
petences, to reoriented yourself or look into
a different field many times during your ca-
reer. Basically, now even industrial revolu-
tions, they used to come in 50 years apart.
But now they are coming say 15 years apart
maybe or even quicker

Creating attitude that
allows for continuous
learning throughout
a lifetime, having an
attitude of constant
reflection.
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Table G.4: Coding table for changing competencies need at Aalto University and TU Eindhoven, their descriptor,
illustrative quotes, and empirical evidence

Node Descriptor Illustrative quote Empirical evidence
Need for game
changers

To capture the opportunities
provided by the more com-
plex global challenges you
need game changers

Our strategy builds on the fact that
there are quite a lot of interest-
ing disruptions coming up because
of the global challenges that are not
getting easier, they are getting more
severe. [] This also brings a lot of
opportunities if you do these disrup-
tions in a wise way. For that you
need these game changers.

At Aalto University:
people who can change
the status quo, people
who can learn new
topics quickly, people
who can face problems
they did not encounter
before

Need for
engineering
students to
learn as in TU
Eindhovens
student teams

For engineering students to
be exposed to how learn-
ing takes place in TU Eind-
hovens extra-curricular stu-
dent teams.

Je ziet dat studenten teams, die
leren op zon mooie manier. Die
doen nieuwe kennis op. Samen-
werken is anders. Dat is zon mooi
leerproces. Dat willen we veel meer
en breder in de opleidingen gaan
brengen door inderdaad challenge
based learning voorop te stellen.

Self-directed student
teams, teams working
under high pressure,
learnings as in TU Eind-
hovens student teams
must be embedded in
regular curriculum.

Table G.5: Coding table that displays three actions that engineering program managers best consider when organizing
engineering programs with multiple courses using open-ended teaching methods, their descriptor, illustrative quotes, and

empirical evidence

Node Descriptor Illustrative quote Empirical evidence
Increase the
influence that
engineering
students have
in determ-
ining their
learning goals
during their
studies.

Students should be
able to determine
their own learning
goals during their
studies

What is your advice if I were 19-years old
and the track for a high-growth entrepreneur
raising a high amount of money, your VC is
going to have to be a lot more experienced.
You might as well hear that message right
now. I think the earlier you reach the more
you can start figuring out how do I make my
CV look like exactly what the market wants.

Fill studies with chal-
lenges that determine
the students desired
learning goals, have
student in the lead in
what they desire to
learn.

Organize
engineering
program, cur-
ricula and
diplomas
more flexibly

End terms for cur-
ricula and/or diplo-
mas need to become
more flexible

Hebben we het nog over een curiculum?
Ik denk dat dit vragen zijn waar we volop
mee bezig zijn. Hoe gaan we hiernaar
ontwikkelen? Veel meer de kennis die de
basis blijft. Die basis is nodig om die chal-
lenges aan te pakken. Die kennis kan heel
flexibel aangeboden worden. Zo wordt het
hele curiculum een stuk flexibeler.

Curricula and diplomas
are outdated, to sup-
port students to have a
central role in determin-
ing their desired learning
goals during their stud-
ies traditional curricula
must become more flex-
ible.

Next to
courses with
open-ended
teaching
methods, en-
gineering pro-
grams should
include basic
engineering
skills

There must be a bal-
ance between basic
engineering skills,
deep-disciplinary
knowledge and
courses using open-
ended teaching
methods

”We willen nog steeds ingenieurs afleveren
die deze kennis hebben op een discipline.
Om die kennis te complementeren en vol-
doende garantie te hebben voor de disciplin-
aire diepte, heb je maar 20 procent nodig.”

Deep-disciplinary know-
ledge, basic engineering
skills, balance.
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Table G.6: Coding table that displays four actions that the strategy manager or strategic board best consider to further
support the implementation of meta-competence based engineering education, their descriptor, illustrative quotes, and

empirical evidence

Node Descriptor Illustrative quote Empirical evidence
React to the
rising competi-
tion in institutes
that offer a more
demand-driven or
mass-customized
approach to
transfer know-
ledge

React to the rising
competition in insti-
tutes that offer a
more demand-driven
or mass-customized
approach to transfer
knowledge

Look where all the innovations in edu-
cation are happening. Theyre not hap-
pening in universities. No. Udacity is
outside, Coursera is outside. MOOCs.
It wasnt universities who were doing
it first. They responded after Udacity
setup and raised money. The guy whos
one of the shareholders of Udacity is
a ex-Stanford guy. Why did hell didnt
Stanford do this/ Is it very disruptive:
MOOCs for free? When a Stanford stu-
dent is paying? Ah duh, yes! So why did
the school wait? Because they have a
very expensive residential model of edu-
cation that now needs to be rethought.

There is competition
rising from other in-
stitutes that transfer
knowledge, universities
must react to rising
competition in know-
ledge transferring by
other institutes.

Increase evidence
how and whether
meta-competence
based education
work

Lack of evid-
ence that shows
how educating
meta-competences
through courses
that use open-ended
teaching methods

Well, again, Id hope that wed have evid-
ence to back up a statement yes. But we
dont.

No, not enough or lack-
ing evidence regarding
effectiveness for courses
using open-ended teach-
ing methods

Revise tenure-
tracks criteria to
reward educators
that are involved
in courses us-
ing open-ended
teaching methods

Lack of incentive
educators to com-
mit to educating
meta-competences
through courses
using open-ended
teaching methods

The biggest one is the teachers, the
professors. How I can get them en-
gaged. How can I get myself accep-
ted. How will they take my input in
their course. How to implement this
into their course. They dont want to
give away their time. You cannot just
put new stuff in a course, you must take
something out to make space. What will
be taken out?

Educators favor research
over education, educat-
ors have no incentive
to commit to teach-
ing meta-competences
through courses using
open-ended teaching
methods

Mobilize more
financial re-
sources to further
organize engin-
eering programs
with courses us-
ing open-ended
teaching methods

Lack of financial
resources to com-
mit to educating
meta-competences
through courses
using open-ended
teaching methods

The first year the most money and then
gradually declining over time as the
setup costs arent there anymore. To get
started. As a school starts a new pro-
gram, they are expected to close an old
one. The message is dont start new, un-
less you stop. This is a resource con-
straint.

There are limited finan-
cial resources to commit
to open-ended learning
experiences, There are
financial constraints to
commit to open-ended
learning experiences
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Appendix H

Getting used to the data

This section presents the try-out coding schemes that were used in the analysis to get used to the

data. In round 1 there were two interviews used: one from Aalto University and one from TU

Eindhoven. See Figure H.1.The learnings gained from this round were used as input for round

2. These learnings were captured in a learning diary. In round two four interviews were used.

two from Aalto University and two from TU Eindhoven. See Figure H.2. This resulted in more

information what information emerged from the interviews. These learnings were captured in a

learning diary. After round 2 the data was familiar and the analyses commenced.

Figure H.1: Coding schema after try-out round 1

Figure H.2: Coding schema after try-out round 2
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Appendix I

Overview courses that use open-ended teaching methods

This section shows the courses that use open-ended teaching methods that we used in our analysis.

First, Table I.1 shows the overview of courses at the Aalto Design Factory, hereafter Table I.2

shows the courses at the Aalto Ventures Program and finally Table I.3 shows the courses at TU

Eindhoven.

Table I.1: An overview of courses at the Aalto Design Factory that are used in the analysis of our paper

Course Description
Product Development
Project

Master course for design, business, engineering students who work in inter-disciplinary teams on open-ended prob-
lems provided by industry partners. Attentions lies on team development, innovation through new product creation
and experimentation through prototyping

Aaltonaut A bachelor minor program for with multiple courses of choice for design, business, engineering students who work
in inter-disciplinary teams on open-ended problems. Content of the open-ended problems differ per course. See
Appendix K for the course offering.

ME310: Global Innova-
tion Program

A master minor program filled with courses for design, business, engineering students who work in inter-disciplinary
teams on open-ended problems provided by industry partners for one year. Teams work globally together with Aalto
Design Factorys partners. See Appendix L.

International Design
Business Management

A master program where design, technology and business are integrated through interdisciplinary teamwork with
courses using open-ended teaching methods that uses industry partners to expose students to real-world open-ended.
IDBM students tackle complex, real-life challenges in multidisciplinary teams and develop holistic perspectives on
the questions of tomorrow.

Pack-Age A master minor named Pack-Age that is an intensive 15 ECTS packaging design course uniting design, business and
engineering thinking to sustainability and project-based learning. Students work in interdisciplinary teams with
real projects from the industry. Creative problem-solving is a key concept. The idea is to use students background
and prior knowledge as a resource for creative group work. The project work is supported by a wide range of theme
lectures.

Public Service Hacka-
thon

Together with Accenture and the invited public sector organizations, Aalto University organizes a multidisciplinary
course that is built around the Hackathon event. The hackathon is an courses with open-ended teaching methods
where students work in teams to develop solutions for the invited public sector organizations.

Table I.2: An overview of courses at the Aalto Ventures Program that are used in the analysis of our paper

Course Description
Startup Experience Master course where students define their open-ended challenge themselves by spotting opportunities in their en-

vironment. Customer understanding and technological opportunities are used to create new products and services.
Most skills learned in this course are equally valuable in the context of existing companies.

Aalto Fellows Master project that focuses on high-growth entrepreneurship and key principles of leadership, selling, creativity
and hard facts about finance and legal aspects. The course combines theoretical knowledge with learning by doing
by working in a start-up or investor company.

Slush and Junction
Leadership Experience

Master course that combines theory and practice in leadership. Focuses on the essentials of the team dynamics
and leadership especially in temporary team context, and deepen their learning from their own experiences as team
leaders. Moreover, the course follows constructive learning philosophy in which it is essential to learn to discuss
and listen to others, reflect on own experiences, and to construct further one’s own thinking
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Table I.3 shows the courses that use open-ended teaching methods from TU Eindhoven.

Table I.3: Overview of courses at the TU Eindhoven that are used in the analysis of our paper

Course Description
Bachelor End Project
(BEP)

Bachelor thesis where engineering students work in interdisciplinary teams on open-ended problems from companies,
student teams and the university itself.

Engineering design Bachelor course where students, in inter-disciplinary teams, are asked to develop and test an innovative solution
in a predefined topic as finding solutions for handicapped people.

Ideation and preliminary
design

Bachelor course that exposes students to an open-ended problem that they through experimentation with users
must test.

Interactive material Master course where students start with investigating new materials through observations, literature studies, ana-
lysis and explorations to distinguish and design for an interactive material experience.

Technology Entrepren-
eurship

Master course of enables students to find an open-ended challenge themselves and focus on creating a new business
that captures the opportunity that this challenge presents

TU/e innovation Space
project

Master course where students work in interdisciplinary teams on open-ended assignments in collaboration with
(high-tech) companies and societal organizations. The course involves no lectures.

USE-learning trajector-
ies

In total fifteen bachelor programs of three consecutive courses that enables students to find an open-ended challenge
themselves and create an innovative idea, project or product.

Experiential Design
Landscapes

Master course that course introduces the newly developed method of Experiential Design Landscapes (EDL); a
method where an infrastructure is created that, on one hand, stimulates the creation of new, disruptive, proposi-
tions in a semi-open environment where these new propositions are used as agents to facilitate new and emerging
behaviour and that, in parallel, enables the detailed analysis of the emerging data patterns as a source of inspiration
for the design of future services and products. This course describes both the methodological basis as well as the
actual experiences of EDLs in a real-life test case.

DBL signals and systems Master course where engineering students are exposed to an open-ended challenge to design and build a magnetic
levitation system that can be used for MAGLEV trains. The course is a Design Based Learning course.

Management of Product
Development

Master course that is open-ended as engineering students are asked to develop a new product. The students
iteratively experiment with their idea in a real-life situation and test whether their idea is viable or not.
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Appendix J

Description of institutes that host courses using open-ended teaching

methods

This section describes which educational activities that technical universities are presently imple-

menting to educate engineering students meta-competences. First, the section gives an overview

of Aalto University and hereafter of TU Eindhoven.

J.1 Aalto University

Aalto University implemented multiple initiatives that host courses that use open-ended teach-

ing methods. This section presents three examples of university-led courses that use open-ended

teaching methods. The part hereafter shows an overview of various student-led, extra-curricular

initiatives that enable (engineering) students to solve open-ended problems. Finally, Figure xxx

displays an overview of the university and student-led courses that use open-ended teaching meth-

ods initiatives.

Aalto Design Factory

The data shows that the Aalto Design Factory (ADF) is Aalto Universitys ”flagship in meta-

competence based education and opened in 2008, a respondent illustrated this with quote presented

below. While ADF originates from the Helsinki University of Technology, nowadays their courses

are open for all students at Aalto University. The ADF courses focus on courses that use open-

ended teaching methods where they expose (engineering) students to unstructured challenges

where they act in an entrepreneurial way where they see users, customers, create a team, produce

a prototype and test this with the users.

We want to have challenge or problem-based way of learning. Aalto Design factory is

one of our flagships in that. You work in a very much entrepreneurial way.

ADF stimulates (engineering) students to work in diverse teams and educators coach them on how

to organize a project, how to lead a project, how to interact as a team and how to take advantage

of multiple competencies in a team (Aalto Design Factory, 2018). (Engineering) students receive

limited information concerning these topics from their educators and are expected to learn these

topics by applying them in practice. ADFs challenges often involve content that originates from

companies, non-governmental organizations or local cities. (Engineering) students are stimulated
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to search and bundle information of their challenge and hereafter test these findings in real life.

In total ADF hosts 40 courses. However, not all courses are courses that use open-ended teaching

methods. We show the courses with open-ended learning teaching methods in Table I.1.

Aalto Ventures Program

The Aalto Ventures Program (AVP) mission is ”to be a world-leading institute in entrepreneurship

education that provides students with inspiration, capability and network necessary to build new

scalable businesses as start-ups or in established organizations (Aalto Ventures Program, 2018b).

With the focus on entrepreneurship education, (engineering) students are educated on how to

create value by creating products or services within organizations or from scratch in start-ups.

Doing so (engineering) students learn to explore the real world for opportunities, to create and

test products and services that capture these opportunities and from experimenting they gain

experiences how to deal with failing and succeeding (Aalto Ventures Program, 2018b). Respond-

ents from the AVP stated that entrepreneurship education is not only for (engineering) students

who want to become entrepreneurs but as these competencies are useable in other scenarios as

well and thereby also educate engineering students meta-competences. The data shows that at

the AVP they experimented with educating (engineering) students about team development and

dynamics. The Startup Experience included an experienced executive coach who provided the

(engineering) students with coaching on how to approach their personal and team development.

This coach monitored the personal and team development process and provided coaching similar

to was generally provided for executive management. A central theme in the coaching sessions was

how to deal with ’failures’ and ’mistakes’. The coach stated that (engineering) students fail more

and make mistakes more often when they expose them to courses that use open-ended teaching

methods. Moreover, the coach used the university setting for the engineering students to fail and

make mistakes in a (psychological) safe area, namely the university. These sessions educated en-

gineering students that is it not wrong to fail and make mistakes, but the most value lies in how

they can constructively learn from these experiences. Table 19 shows examples of AVPs courses

using open-ended teaching methods.

Slush and Junction

At Aalto University (engineering) students get ECTS by organizing Slush or Junction. Slush,

founded in 2008 is a global tech start-up event with 15.000 attendees and 1.700 start-ups from 100

countries in 2015 that is mostly run by Aalto students (Slush 2015 breaks records as Finland’s

startup scene flourishes, 2015). Junction, founded in 2015, is a 48-hour hackathon that brings

together developers, designers, and entrepreneurs from around the world (Swallow, 2017). These

courses have a theoretical part about leadership styles and manners of communication and a

practical part where students apply this knowledge by organizing the events. When the event has

taken place, the (engineering) students come back to the university and reflect on their organization

process and must identify what went wrong and how they can prevent this from going wrong in the

future. By organizing these events, (engineering) students gain experience in event organization,
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team management, finance, and communication.

Extra-curricular activities

Aalto University has many extra-curricular, student-led organizations that incorporate activities

that use open-ended learning experiences in their activities. Before 2007 a big part of (engineering)

students from Aalto University started a career at Nokia when they graduated. However, in

2007 Nokia went bankrupt. Respondents stated that they observed a steep rise in the extra-

curricular, student-led activities during this time. These extra-curricular activities include open-

ended learning experiences that focus on supporting entrepreneurial students in the development

of their business ideas and everything related areas such as financing, marketing and legal. While

in the beginning, these student-led initiatives included little formal educational activities; these

entrepreneurial activities served as the bases for the creation of the ADF (2008), Slush (2008) and

the AVP (2012). Figure J.1 presents an overview of these extra-curricular and curricular activities.

We show the courses using open-ended teaching methods hosted by the AVP in I.2.

Figure J.1: An overview of institutes active in open-ended learning experiences in (extra-)curricular activities at Aalto
University (Aalto Ventures Program, 2018a)

92



J.2 TU Eindhoven

Also Tu Eindhoven implemented multiple initiatives that host courses that use open-ended teach-

ing methods. First, this section describes how TU Eindhovens extra-curricular student teams

initiated the incorporation of courses using open-ended teaching methods in their educational

activities. The final section presents two examples of university-led institutes involved in courses

using open-ended teaching methods.

TU Eindhovens extra-curricular student teams are the foremost example for TU Eindhoven to in-

corporated courses using open-ended teaching methods in their educational activities. Eindhoven

hosts extra-curricular student teams that focus on various societal challenges, for example, the

areas of energy, health, and mobility. Examples are a four-person car with solar panels (Solar Team

Eindhoven in 2013 and spin-off LightYear in 2015), drones that can deliver medication (BlueJay in

2015) and teams that are developing a new sustainable fuel (Team Solid in 2016) (TU Eindhoven,

2018c). In these student teams, engineering students learn how to work and manage interdiscip-

linary teams, think on systems-level and how to seek new information actively. Respondents at

TU Eindhoven stated that for engineering students to create solutions to future challenges, TU

Eindhoven has to expose more engineering students to learning experiences as they take place in

TU Eindhovens student teams. However, the data shows that not every engineering student is

part of such a student team. Due to the importance of the competencies that engineering students

learn in these student teams, TU Eindhoven incorporated these courses using open-ended teach-

ing methods also in their regular engineering education. TU Eindhoven initiated two institutes

to incorporated courses that use open-ended teaching methods within their regular engineering

education: the USE-programs and TU/e innovation Space. Table I.3 shows the overview of the

courses of these initiatives.

The USE-program

TU Eindhoven first created USE-learning lines, which stand for User-Society-Enterprise. In the

bachelor engineering students choose to learn line with three consecutive courses that give en-

gineering students develop a broader view how for instance technology is observed from a user,

society or an enterprise perspective (TU Eindhoven, 2018e). The USE learning lines are observed

in the bachelor of engineering programs, not in TU Eindhoven’s graduate school.

TU/e innovation Space

Moreover, in 2017 TU Eindhoven started a pilot to incorporate courses using open-ended teaching

methods in the regular curriculum, named TU/e innovation Space in 2017. The initiation of

TU/e innovation space comes from the observation that future employers of TU Eindhoven’s

engineering students seek not merely theoretical knowledge, but also competences as creative

thinking, problem-solving and the ability to work in interdisciplinary teams (TU/e innovation

Space, 2018).
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Appendix K

Aaltonaut Bachelors minor program

This section describes the overview of the one-year timeline of all Aaltonaut courses, see Figure

K.1.

Figure K.1: Aaltonaut Bachelor’s minor program
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Appendix L

ME310 Global Innovation Program network

This section describes the overview of the ME310: Global Innovation Programs network, see Figure

L.1.

Figure L.1: ME310 Global Innovation Program Network
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Appendix M

Results for analysis 1 for the remaining MCs

This section consists of five tables. The first table represents the coding for MC1 at TU Eindhoven

(M.1). The remaining four Tables (M.2-5) show the coding of the courses with open-ended teaching

methods at Aalto University and TU Eindhoven for MC2-5.

Table M.1: Table of Analysis 1 that shows the scoring of courses using open-ended teaching methods for MC1-dimensions
at TU Eindhoven

MC1: The ability to manage information

Course Dim.1 Dim.2 Dim.3 Dim.4 Dim.5 Dim.6 % per course

TU Eindhoven general
Technology entrepreneurship 1 1 1 1 1 1 100
Interactive material 1 1 1 1 1 1 100

USE
USE learning trajectories 1 1 1 1 1 1 100

TU/e innovation Space
ISBEP 1 1 1 1 1 1 100
TU/e innovation Space pro-
ject

1 1 1 1 1 1 100

Experiential Design Land-
scapes

1 1 1 1 1 1 100

DBL signals and systems 1 1 1 1 1 1 100
Management of Product De-
velopment

1 1 1 1 1 1 100

% TU Eindhoven 100 100 100 100 100 100
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Table M.2: Table of Analysis 1 that shows the scoring of courses using open-ended teaching methods for MC2-dimensions
at Aalto University and TU Eindhoven

MC2: The ability to manage thinking

Course Dim.1 Dim.2 Dim.3 Dim.4 Dim.5 Dim.6 Dim.7 Dim.8 % per course

Aalto Design Factory
Product Development Pro-
ject

1 1 1 1 1 1 1 1 100

Aaltonaut 1 1 1 1 1 1 1 1 100
ME310: Global innovation
program

1 1 1 1 1 1 1 1 100

International Design Busi-
ness Management

1 1 1 1 1 1 1 1 100

Pack-Age 1 1 1 1 1 1 1 1 100
Public Service Hackathon 1 1 1 1 1 1 1 1 100

Aalto Ventures Program
Startup Experience 1 1 1 1 1 1 1 1 100
Aalto Fellows 1 1 1 1 1 1 1 1 100
Slush and Junction Leader-
ship Experience

1 1 1 1 1 1 1 1 100

% Aalto University 100 100 100 100 100 100 100 100

TU Eindhoven general
Technology entrepreneurship 1 1 1 1 1 1 1 1 100
Interactive material 1 1 1 1 1 1 1 1 100

USE
USE learning trajectories 1 1 1 1 1 1 1 1 100

TU/e innovation Space
ISBEP 1 1 1 1 1 1 1 1 100
TU/e innovation Space pro-
ject

1 1 1 1 1 1 1 1 100

Experiential Design Land-
scapes

1 1 1 1 1 1 1 1 100

DBL signals and systems 1 1 1 1 1 1 1 1 100
Management of Product De-
velopment

1 1 1 1 1 1 1 1 100

% TU Eindhoven 100 100 100 100 100 100 100 100
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Table M.3: Table of Analysis 1 that shows the scoring of courses using open-ended teaching methods for MC3-dimensions
at Aalto University and TU Eindhoven

MC3: The ability to manage collaboration

Course Dim.1 Dim.2 Dim.3 Dim.4 Dim.5 Dim.6 % per course

Aalto Design Factory

Product Development Pro-
ject

1 1 1 1 1 0 83

Aaltonaut 1 1 1 1 1 0 83
ME310: Global innovation
program

1 1 1 1 0 0 67

International Design Busi-
ness Management

1 1 1 1 0 0 67

Pack-Age 1 1 1 1 0 67
Public Service Hackathon 1 1 1 1 0 1 83

Aalto Ventures Program
Startup Experience 1 1 1 1 1 1 100
Aalto Fellows 1 1 1 1 1 1 100
Slush and Junction Leader-
ship Experience

1 1 1 1 1 1 100

% Aalto University 100 100 100 100 56 44

TU Eindhoven general
Technology entrepreneurship 1 1 1 0 0 83
Interactive material 1 1 0 1 0 0 50

USE
USE learning trajectories 1 1 1 1 0 0 67

TU/e innovation Space
ISBEP 1 1 1 1 1 1 67
TU/e innovation Space pro-
ject

1 1 1 1 0 0 83

Experiential Design Land-
scapes

1 1 0 1 0 0 50

DBL signals and systems 1 1 0 1 0 0 50
Management of Product De-
velopment

1 1 1 1 1 0 83

% TU Eindhoven 100 100 63 100 38 0
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Table M.4: Table of Analysis 1 that shows the scoring of courses using open-ended teaching methods for MC4-dimensions
at Aalto University and TU Eindhoven

MC4: The ability to manage learning

Course Dim.1 Dim.2 Dim.3 Dim.4 Dim.5 % per course

Aalto Design Factory

Product Development Pro-
ject

1 1 1 1 1 100

Aaltonaut 1 1 1 1 1 100
ME310: Global innovation
program

1 1 1 1 1 100

International Design Busi-
ness Management

1 1 1 1 1 100

Pack-Age 1 1 1 1 0 80
Public Service Hackathon 1 1 1 1 0 80

Aalto Ventures Program
Startup Experience 1 1 1 1 1 100
Aalto Fellows 1 1 1 1 1 100
Slush and Junction Leader-
ship Experience

1 1 1 1 1 100

% Aalto University 100 100 100 100 78

TU Eindhoven general
Technology entrepreneurship 1 1 1 1 1 100
Interactive material 1 1 1 1 1 80

USE
USE learning trajectories 1 1 1 1 1 80

TU/e innovation Space
ISBEP 1 1 1 1 1 80
TU/e innovation Space pro-
ject

1 1 1 1 1 100

Experiential Design Land-
scapes

0 1 1 1 0 60

DBL signals and systems 1 1 1 1 0 80
Management of Product De-
velopment

1 1 1 1 1 80

% TU Eindhoven 88 100 100 100 25
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Table M.5: Table of Analysis 1 that shows the scoring of courses using open-ended teaching methods for MC5-dimensions
at Aalto University and TU Eindhoven

MC5: The ability to manage attitude

Course Dim.1 Dim.2 Dim.3 Dim.4 Dim.5 % per course

Aalto Design Factory

Product Development Pro-
ject

1 1 1 1 1 100

Aaltonaut 1 1 1 1 1 100
ME310: Global innovation
program

1 1 1 1 1 100

International Design Busi-
ness Management

1 1 1 1 1 100

Pack-Age 1 1 1 1 1 100
Public Service Hackathon 1 1 1 1 0 80

Aalto Ventures Program
Startup Experience 1 1 1 1 1 100
Aalto Fellows 1 1 1 1 1 100
Slush and Junction Leader-
ship Experience

1 1 1 1 1 100

% Aalto University 100 100 100 100 89

TU Eindhoven general
Technology entrepreneurship 1 1 1 1 1 100
Interactive material 1 1 1 1 1 80

USE
USE learning trajectories 1 1 1 1 1 80

TU/e innovation Space
ISBEP 1 1 1 1 1 80
TU/e innovation Space pro-
ject

1 1 1 1 1 100

Experiential Design Land-
scapes

1 1 1 1 0 80

DBL signals and systems 1 1 1 1 0 80
Management of Product De-
velopment

1 1 1 1 1 80

% TU Eindhoven 100 100 100 25
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