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Abstract—The paper treats a setup for introducing systems 

engineering to undergraduate (Bachelor) students. The teaching 
module challenges students, and provides them with ample 
opportunity to employ the systems engineering process, tools and 
thinking. Through reflection, the students make the learning 
outcomes explicit. Based on the setup we recommend to teach a 
technically challenging subject adjacent to the systems 
engineering course. By having the students work in large groups 
on a challenging, open and vague problem statement, they learn 
to appreciate the systems engineering way of working. 

Keywords—systems engineering; education; project; Bachelor; 
undergraduate 

I. INTRODUCTION 
The present conference focuses on the young field of 

systems of systems engineering (SoSE). A System of Systems 
(SoS) is a gathering together of individual systems [1]. This 
gathering can be in various forms like collaborative or virtual. 
While there are differences with systems engineering (SE), a 
considerable part of the body of knowledge in SE also applies 
to SoSE. Even more so, education of SoS Engineers starts with 
educating Systems Engineers. This paper will look mostly at 
the latter. 

Ten years ago, we presented a paper on an introductory 
systems engineering education project, with hands-on 
experience [2]. Since then, the project has been a cornerstone 
of the Industrial Design Engineering (IDE) curriculum at the 
University of Twente. Notwithstanding smaller and larger 
changes in the IDE program, this project has remained 
relatively stable. Its effect has been recognized across the 
engineering disciplines at our institution, and beyond. This has 
resulted in spin-offs and expansion of the reach of the project. 
In this paper we will summarize the project set-up, its 
fundamental elements, and the experiences. We will also look 
at developments inside and outside the University. The goal is 
to derive principles for teaching systems engineering to 
undergraduate students that can be applied at other institutes. 

We will recapitulate the original Sensors, Actuators and 
Systems project in section II. Recent developments in teaching; 
both at the University of Twente, and general Systems 
Engineering education, are treated in section III. Section IV 
treats the Systems in Context module for Industrial Design 
Engineering Students. Based on this setup, there are several 
spin-off modules that will be presented in section V. Our 
experiences and intentions can be generalized into principles 
for SE education. This is the subject of section VI. The final 
section VII contains the conclusions. 

II. ORIGINAL SAS PROJECT 
Industrial Design Engineering at the University of Twente 

started in 2001. The setup has been from the outset a three 
years Bachelor and two years Master to conform to the 
Bologna agreements. The first year gives students an 
introduction to the field of industrial design engineering, with 
courses in design, construction and smart products in addition 
to general subjects like math and mechanics. The second and 
third year provided a deepening of the individual disciplines, in 
combination with integration. The latter subject is one of the 
focal points for the Sensors, Actuators and Systems (SAS) 
project. 

Industrial Design Engineering (IDE) has been based on the 
paradigms of project-led education, as was Mechanical 
Engineering (ME), its sister program within the faculty of 
Engineering Technology. In project-led education [3-5], 
material that is taught in lectures or other teaching forms, has 
to be applied in a project setting. Students work together in 
groups to create a design, analyze a problem, etc. The final 
marks in such a project depend both on the quality of the 
project work and the results of tests. This way, learning by 
doing stimulates processing and internalizing new knowledge 
and competences. In other words, the project amplifies the 
teaching and vice versa. The original implementation of 
project-led education in IDE was that during most of the three 
years of the program, students work on projects, in parallel to 
the teaching (also see [2]). 
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The original Sensors, Actuators and Systems Project 
(5ECTS 1 ) was positioned at the beginning of the second 
semester of the third (final) year of the Industrial Design 
Engineering bachelor program. This position means that the 
project is the final teaching opportunity before students reach 
out in their individual bachelor (capstone) project. Also, it 
means that students already have a solid foundation in subjects 
like design, ergonomics, electronics, software engineering, and 
mechanical engineering. In parallel to the SAS project, 
students spent time on a minor to broaden into fields like 
psychology, philosophy etc.  

The setup for the SAS project, as we presented in [2], 
consisted of the following elements: 

• Systems Engineering course; 

• Sensors and Actuators course; 

• Project. 

Both the systems engineering and sensors and actuators 
course provided knowledge, competences and tools necessary 
to create a system design in the project. We will elaborate a bit 
on each of these components. The learning goals for the 
complete project can be summarized as [2]: 

• To learn the physics of sensing and actuating; 

• To learn the basics of several types of micro-
mechanical sensors; 

• To learn the basics and goals of systems engineering; 

• To be able to maintain overview in a complex design 
project. 

A. Systems Engineering Course 
The systems engineering course focused on the systems 

view, and provided tools to be used during the project. These 
tools included planning and control (SEMP), documentation, 
reviews, functional analysis, functional mapping and 
architecting, risks and FMEA. We included a guest lecture by a 
prominent systems engineer. The course was supported by the 
INCOSE SE handbook (second edition). 

B. Sensors and Actuators Course 
We expect industrial designers to create smart products. 

The IDE program at UT aims at delivering technically well-
equipped graduates. As smart products have to interact with 
users and their environment, sensors and actuators are relevant 
to the program. The course in particular treated Micro-Electro-
Mechanical Systems (MEMS). The focus was less on the 
technology inside the sensors, and more on application.  

C. Project 
Application of both courses (sensors and actuators for the 

technology, systems engineering for the approach) took place 
in the project. Typical assignments include a home climate 
system (2004) and an “intelligent” car (2005). To mimic an 

                                                           
1 European Credit Transfer and Accumulation System. 60ECTS corresponds 

to one full academic year. In The Netherlands 1ECTS=28hours. 

actual design project, groups are large (12-15 students), and 
they have to organize themselves. 

We provided a framework for the students’ work, by 
defining the following deliverables: 

1. System design (after two weeks) 

2. Subsystem designs and integration & test proposal (at 
the end of the project, total seven weeks). 

Each of these deliverables are marked as milestones with a 
design review. Input for the review is one poster for the first 
milestone, a poster for each subsystem for the second 
milestone, as shown in Figure 1. 

Over the years, the project, including both courses, has 
been evaluated several times. While space prohibits a detailed 
exposé on the results, students value the project highly. In 
particular, they find the subjects highly relevant for IDE 
students, and the project part is seen as challenging. 

For more details on the original setup, we refer to the 
earlier mentioned paper [2] 

III. UNIVERSITY OF TWENTE AND SYSTEMS ENGINEERING 
TEACHING DEVELOPMENTS 

The previous paper was from 2005. In the years that 
passed, opinions about and directives for education at the 
University of Twente have changed. Also, there have been 
developments in systems engineering education. In the 
following, we will briefly look at both. 

A. University of Twente teaching model 
As stated earlier, the IDE program has been based from the 

outset on the project-led education paradigm. We re-used years 
of experience with this paradigm in mechanical engineering. 
As it is good practice to continuously evaluate education 
programs, and adjust where necessary, the IDE program has 
had a minor revision in 2008, and a major revision in 2013. For 
brevity we will look only at the 2013 revision that resulted 
from a decision by the University Board to adopt the Twente 
Education Model as teaching model for all Bachelor programs 

Figure 1: The setup of the original SAS project. 
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at the University of Twente. The Twente Education Model 
(TEM, [6]) bases on the following foundation [6]: 

1. a steady workload is better than ‘binge learning’ for 
tests, 

2. frequent feedback helps students adjust their learning, 

3. variety in teaching methods keeps students engaged, 

4. community helps students help each other, 

5. ambitions must be clear and high, yet realistic, and 

6. teachers work best in teams, with minimal regulation. 

The University Board’s aim is to use this foundation to educate 
T-shaped professionals, that have a firm foundation in one (or 
more) disciplines, and are able to communicate across 
disciplines. This illustrates the need for systems engineering. 

The implementation of the foundation results in four 
thematic teaching modules per year, project-led education, and 
a uniform curriculum structure for all programs. The thematic 
modules span 15ECTS, consist of courses and a project, and 
are completed with one final grade. In addition, first year’s 
students have to pass at least three out of four modules to be 
allowed further studying in the program. 

The result of the implementation of TEM university-wide 
has been that all programs had to review and reconsider their 
teaching. This has been an important factor for SE education at 
the UT, as we will see later. 

B. Systems Engineering Education 
In this section we will discuss some notable developments 

in Systems Engineering Education since 2005. 

Experts have established the Systems Engineering Body of 
Knowledge (SEBoK), and a Graduate Reference Curriculum 
for Systems Engineering (GRCSE). The SEBoK project started 
in fall 2009, and the first release was in September 2012. 
Current version is 1.5.1 of December 2015 [7]. The SEBoK 
provides state of the art knowledge and tools for the systems 
engineer. Please note that the reference curriculum is for 
graduate (EU: Master) students, while we are here focusing on 
Bachelor students. 

The INCOSE handbook evolved into version four [8]. The 
handbook remains the prime reference for the practitioning 
systems engineer. It remains a rich source of information, and 
it is recommended reading for our students. 

There is literature about SE education like [9-12]. Most of 
these focus on teaching graduate (Master) and post-graduate 
students. Also the INCOSE vision [13] presents general views 
on education. The latter stresses the importance of introducing 
young people to systems engineering & thinking and life-long 
learning. This is in tension with the fact that there is only a 
reference curriculum for graduate students. 

We like to stress the fact that teaching to Bachelor 
(undergraduate) students differs from creating a Master 
(graduate) program that aims at educating systems engineers, 
ready for the industry. In Bachelor SE teaching, two aspects 
are crucial: 

1. To introduce the interesting field of SE to as many 
engineering students as possible, so that a good influx 
to the more maturing Master programs is created. 

2. Many engineers will be working in an environment 
where SE is applied, thus it is crucial that they are 
aware of basic SE principles. Passive command of SE 
knowledge and competences suffices for this (larger) 
part of the population. 

So, while a Master (graduate) program aims at delivering 
systems engineers, Bachelor (undergraduate) SE teaching 
creates awareness and interest. 

Further, Master students are more self-propelling and 
mature. Note that the difference between undergraduate and 
graduate students may be larger than between Bachelor and 
Master students. In the Netherlands students usually enroll into 
a Master program directly after completing a Bachelor. 

IV. SYSTEMS IN CONTEXT MODULE 
Based on the above developments, the original SAS project 

evolved into a complete (15ECTS) module named Systems in 
Context for Industrial Design Engineering Students. We will 
present this second to last Bachelor module here. 

The core of the systems in context module is formed by 
three parts: 

1. Systems Engineering course; 

2. Mechatronic Design course; and 

3. Project. 

Further, as the minor is removed from the program, the 
following elements are added to complete it to a 15ECTS 
module: 

4. Design and Meaning course; 

5. Reflection on Science and Technology course; and 

6. Preparation for the Bachelor Capstone Project. 

Items 1-3 are most important for this paper as they form the 
core of the module.  

A. Systems Engineering 
While most of what we presented in section II.A still holds 

for the present SE course, there are important differences. The 
reference material (INCOSE handbook in the original version) 
was too elaborate for this introductory course. While it was 
possible to help students find the relevant parts, the book was 
an overkill. After a few years of using the handbook, we 
considered other books like [14-16]. We even used the first of 
those for one year. However, we concluded that all these 
materials did not fit the audience. The books were either too 
comprehensive, or too shallow. The SEBoK [7] provides 
another relevant source of information, but is not very 
accessible to novices in the SE field. It is better suited as 
reference for experienced SEs. So, we decided to bundle and 
update our own material and create a book [17]. This book, of 
which we have used preliminary versions for some years, 
shows the basic elements of systems design and engineering: 
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the SE process, the SE ways of thinking, and a concise 
description of relevant tools like N2 diagram, FMEA, Risk 
analysis and Documentation structures. The book uses SE 
knowledge and competences from three different fields: 
complex system design, civil engineering and embedded 
systems. 

A second difference is the importance of the SE essay for 
grading. While we mentioned in [2] that we introduced the 
essay in the second issue of the project, we did not elaborate it. 
In a two-page essay, students have to describe their initial 
expectations of SE, and the way these were realized, or not. A 
reflection on the SE work done in the project makes sure the 
students have to process the course contents, and cannot suffice 
with mere knowledge reproduction. Over the years, the essay 
has given a lot of insight in the way students perceive the field 
of SE. Some fail to see the difference between project 
management and the more technical oriented systems 
engineering. Others really dive into depth of SE. These 
students often get so interested that they pursue a further career 
in SE. A second function of the essay is to get feedback on the 
course. Minor adjustments may result in better comprehension 
of the material by students. 

With increasing student numbers, the grading of the essays 
had to be made transferrable to other teachers and teaching 
assistants. Using a checklist, and a calibration set of essays, all 
teachers’ evaluations were aligned. 

B. Mechatronic Design 
After a few years of teaching the sensors and actuators 

course, we decided to trade it for a more application oriented, 
but still technically challenging subject: Mechatronic Design. 
Mechatronics is the field of engineering where synergetic 
application of mechanical, electronic and software engineering 
provides high-performance, yet affordable systems. While the 
IDE students will not become mechatronic experts, they should 
be able to communicate with such experts. 

In the course we treat basic construction principles, basic 
control engineering and basic evaluation methods for 
mechatronic systems. The focus is on understanding that 
mechatronics are multidisciplinary systems that need to be 
designed in an integrated fashion. Instead of moving from one 
domain to another as the design process progresses, students 
learn how to consider all three core domains concurrently 
(mechanical, electrical and control). By doing so, the course 
makes them aware of the importance of trade-offs that span 
multiple disciplines. By the end of the course, students are 
proficient in modeling mechatronics systems, as well as 
creating and evaluating low level conceptual design proposals. 
The course is evaluated with a written, case study driven, open 
book test. The test includes design questions, insights questions 
and modeling questions.  

One of the challenges has been finding an adequate book 
that reflects the goals of this course. Available educational 
texts aim at training specialists, while this course aims at 
providing basic understanding. In order to cope with this, a 
reader has been written by the paper authors. The goal is to 
transform it into a new book on mechatronics proving the 
bird’s eye view of mechatronics for designers.  

C. Project 
The setup as shown in Figure 1 still represents the project 

structure. One change that cannot be drawn from the figure is 
that now all posters have to be in English and that a part of the 
grade is determined based on the English of a small text. 

Most important change is the organization of the final 
review. As we believe that a systems engineer has to ask 
constructive-critical questions, we also like the students to 
show that. However, in a group review, there are always 
students that are more hesitant than others. In order to give all 
students a fair chance, in a limited amount of time, the final 
review is organized as follows. 

Two groups of 12-15 each have to be present, designated as 
group A and group B. The posters of all subgroups have to be 
handed in timely, and are available to all groups for preparation 
for the final reviews. 

1. Group A presents the work using the posters and if 
needed a powerpoint presentation (ca. 20 min); 

2. Group B presents the work using the posters and if 
needed a powerpoint presentation (ca. 20 min); 

3. Discussion: A subgroup of A sits together with the 
corresponding subgroup of B. So, the system engineers 
of A review the work of the system engineers of B and 
vice versa. Also the subgroups on for instance sensors 
review each other’s work, etc. The exact configuration 
of subgroups depends on the design choices of the 
groups.  
The result is a list of questions of each sub-discussion. 
This list has to be mailed to the project coordinators. 
(total ca. 20 min); 

4. Open plenary discussion based on the lists of questions 
that have been compiled in 3. Mutual questioning and 
answering between groups A and B is foreseen. The 
project coordinators will take part in the discussion, as 
well. (ca. 30-40 min); 

5. Wrap up and finish. 

This means that every review takes about two hours for two 
groups. The grading is then done by the teachers (always more 
than two present, mostly three teachers present) after all groups 
have done the final review. The submitted questions are 
reviewed, and provide a small advantage or disadvantage in the 
final grade. 

In the first issue of the module (2015-2016), the project 
assignment is to work on city logistics. With the uptake of e-
commerce, the number of deliveries in a typical living quarter 
increases. To meet stringent delivery requirements, suppliers 
organize their deliveries themselves, or use service providers. 
The large number of delivery vans causes congestion (in 
particular in old city centers), pollution, noise and annoyance. 
The students have to work on an integrated city logistics 
solution that addresses these issues. Focal point is the (re-) 
distribution center where incoming deliveries from various 
sources are reconfigured into a limited number of deliveries per 
day per quarter. Particular issues are tracking and tracing, 
insurance requirements, and speed of delivery. 
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D. Other courses in the module 
As said, there are three other parts in the module. While we 

strive for cohesion in the module, the connection is loose. The 
course on design and meaning will look at consequences of e-
commerce in mega-cities. The reflection on science and 
technology course specifically addresses mega-cities and the 
resulting quality of living. The preparation course for the 
capstone project is not integrated. It provides research methods 
for handling the capstone project that is not part of this module. 

V. SPIN-OFFS 
The first two spin-offs of the project were Advanced 

Technology (AT) in 2012-2013 and Biomedical Technology 
(BMT) in 2013-2014. Both reused the systems engineering 
course, but AT did not incorporate the other parts. BMT did 
reuse most of the Mechatronic Design course. The board of 
Advanced Technology (AT) decided, in combination with the 
implementation of TEM (section III.A) that a full-blown SE-
based module would be in place from 2014-2015 onward. The 
last module of the second year was dedicated to this. Based on 
the setup as described in section IV, a module with SE, 
Business and Knowledge production was created. Difference 
with the systems in context module is the close cooperation 
with companies that deliver the project assignment. In 2015-
2016 the SE teaching in this module will also be made 
available to students of the University of Twente University 
College ATLAS. 

The boards of Mechanical Engineering (ME) and Electrical 
Engineering (EE) looked for ways to incorporate SE teaching 
in their programs from 2015-2016 onward. Both have SE in 
parallel to the IDE Systems in Context module. For ME, the 
module is called “Production Systems Engineering” to indicate 
the connection between production systems and systems 
engineering. The setup is largely the same as we described in 
section IV. The Mechatronic Design course is replaced by a 
Production Management Systems course. The other courses are 
an introduction to Finite Element Modeling, Statistics and 
Academic research & skills. The latter can be seen as 
equivalent to the bachelor preparation course in the IDE 
module, the other two courses replace design and meaning and 
reflection courses. 

For EE, the setup of the Electronic Systems Design module 
follows the same structure. Embedded Signal Processing 
(analog and digital) takes the place of Mechatronic Design. 
Science to Design for Society is equivalent to the reflection 
course in the IDE module. The EE module reserves time to 
work on a prototype. A side-by-side comparison of these three 
modules is shown in Table 1. 

All these spin-offs use an essay to evaluate the command of 
systems engineering. The significant grading work is 
distributed over diverse experts, and the calibration work 
mentioned earlier is implemented.  

A final spin-off is the second year’s bachelor course taught 
at the University College of Southeast Norway, Kongsberg, 
Norway. The first author of this paper worked with the teachers 
there to create an introductory course, as described in [12].  

TABLE 1: OVERVIEW OF THE INDUSTRIAL DESIGN ENGINEERING (IDE), 
MECHANICAL ENGINEERING (ME) AND ELECTRICAL ENGINEERING (EE) SE 

MODULES. 

Module

Element 

IDE: Systems in 
Context 

ME: Production 
Systems 
Engineering 

EE: Electronic 
Systems Design 

SE teaching Systems Engineering; using [17]

Technical 
teaching 

Mechatronic 
Design 

Production 
Management 

Embedded Signal 
Processing 

Reflection Reflection on 
Science and 
Technology 

 Science to Design 
for Society 

Other Design and 
Meaning 

Introduction to 
Finite Element 
Modeling; 

Statistics 

Prototyping

Preparation 
for capstone 

Preparation for 
the Bachelor 
Capstone Project 

Academic 
Research & Skills 

VI. DISCUSSION AND GENERAL SE EDUCATION PRINCIPLES 
So far, we have used a mostly descriptive style. In this 

section we will expand the decisions and experiences to arrive 
at more general applicable SE education principles. 

Students in our modules are at first overwhelmed by the 
large groups (12-15 students) and the very open problem 
description. We have created these large groups on purpose to 
simulate the way of working in large development teams in 
companies. After the first two to three weeks, the students 
manage themselves in smaller teams, as indicated by the 
project setup, and facilitated by the SE way of working. 

The open problem statement challenges the students to 
work with vague, incomplete and uncertain information. The 
capability to deal with this is a crucial competence of the 
systems engineer (and even more so for systems of systems 
engineers). Relating back to the two aims of SE teaching for 
Bachelors (undergraduates, section III.B), students are 
encouraged to reflect on their possible future as systems 
engineers. The explicit reflection requested in the essay helps 
in this. 

The students are pushed out of their comfort zone by 
introducing new technologies: Production Management 
Systems for the mechanical engineers, Embedded Signal 
Processing for the electrical engineers, and Mechatronic 
Design for the industrial design engineers. When the students 
are out of their comfort zone, they experience the lack of 
information, feel the need to sample the problem space to find 
the firm foundations, and they no longer can rely on their 
known ways of working. As a result, the teaching that provides 
guides for these situations (SE) is more readily absorbed. 

Explicit attention to reflection amplifies the learning 
outcomes. The reflection courses in the different modules 
stimulate this, so that students get a more reflective practice 
attitude [18]. The fact that they know from day one that they 
have to produce an SE-essay strengthens this attitude. 
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The design reviews require students to communicate in a 
compact manner. The essence of the systems architecture (first 
review) or subsystems design and integration plan (second 
review) have to be presented in a short time slot, and on a 
poster. This requires the ability to separate important issues 
from details. The explicit attention to formulating constructive 
critical questions during the design reviews helps in the 
development of systems engineers. 

While we do not treat systems of systems explicitly, the 
competences above are equally important for systems of 
systems engineers, as they are for systems engineers. Given the 
fact that this module is intended to raise interest and awareness 
in the students for systems engineering, it is also a basis for 
further development into systems engineers and even systems 
of systems engineers. 

VII. CONCLUSIONS 
In a Bachelor (undergraduate) program in engineering, 

systems engineering should have a place. While it is not 
possible to educate full-blown systems engineers, a Bachelor 
course is well suited to raise interest in the discipline, and 
create awareness. Those that get interested can opt for a Master 
(graduate) program in systems engineering, and even develop 
into systems of systems engineers. 

To introduce SE to engineering students, it is essential to 
mimic an actual SE problem. Mere treatment of the SE body of 
knowledge will not suffice; to really appreciate the strengths it 
has to be experienced. Therefore, the core of the systems in 
context, production systems engineering and electronic systems 
design modules consist of an introductory course in SE, a 
technically challenging course and a project where both have to 
be applied. 

A challenging and realistic problem setting for the project 
is essential. Further, students that are out of their normal way 
of working are more apt to try something new. The use of large 
groups and a vague and open problem statement are 
appropriate means for this.  

Further, as systems engineers have to be proficient 
communicators, an SE teaching module has to stimulate 
communication. The use of overviews and concise means of 
communication like posters instead of reports is useful. 

Finally, students need to reflect on their learnings. An essay 
on the way systems engineering was employed addresses this 
need. 

At this moment, the integration between the core parts, and 
the other parts like Philosophy of Science, Design and 
Meaning and Preparation for the Bachelor assignment is loose. 
We will look to improve the integration in the near future. 

A line of further research is into the contribution of this 
project to the overall program goals using for instance Bloom’s 
taxonomy. Such a research will further lead to insight on the 
portability of this project set-up to other domains. 

ACKNOWLEDGMENT  
The authors like to thank all teachers involved in the 

mentioned modules. Further, we thank for support by the 
directors of education of Industrial Design Engineering, 
Mechanical Engineering and Electrical Engineering. 

REFERENCES 
[1] Boardman, J. and B. Sauser, System of Systems - the meaning of 

of, in IEEE/SMC International Conference on Systems of 
Systems Engineering. 2006, IEEE: Los Angeles. 

[2] Bonnema, G.M., I.F. Lutters-Weustink, and F.J.A.M. van 
Houten, Introducing Systems Engineering to Industrial Design 
Engineering Students with hands-on experience, in 18th 
International Conference on Systems Engineering (ICSEng05). 
2005, IEEE Computer Society: Las Vegas. p. 408--413. 

[3] Ruijter, C.T.A., The sustainability of project oriented 
education, in the first CIRP International Manufacturing 
Education Conference. 2002, University of Twente: Enschede, 
The Netherlands. p. 205--214. 

[4] Ponsen, J.M. and C.T.A. Ruijter, Project oriented education: 
learning by doing, in the first CIRP International 
Manufacturing Education Conference. 2002, University of 
Twente: Enschede, The Netherlands. p. 135--144. 

[5] Eger, A.O., D. Lutters, and F.J.A.M. van Houten, `Create the 
Future', in International Engineering and Product Design 
Education Conference. 2004: Delft, The Netherlands. 

[6] The Twente Education Model. 2015, University of Twente: 
Enschede. 

[7] Systems Engineering Body of Knowledge (SEBok), A. Pyster 
and D.H. Olwell, Editors. 2015, The Trustees of the Stevens 
Institute of Technology: Hoboken, NJ. 

[8] INCOSE SEH Working Group, Systems Engineering 
Handbook. 4 ed. 2015: INCOSE. 

[9] Squires, A. and R. Cloutier, "Evolving the INCOSE reference 
curriculum for a graduate program in systems engineering". 
Systems Engineering, 2010. Vol (4): p. 381-388. 

[10] Davidz, H.L. and D.J. Nightingale, "Enabling systems thinking 
to accelerate the development of senior systems engineers". 
Systems Engineering, 2008. Vol (1): p. 1-14. 

[11] Davidz, H.L., D.J. Nightingale, and D.H. Rhodes, Enablers, 
barriers, and precursors to systems thinking development: The 
urgent need for more information, in INCOSE International 
Symposium 2004. 2004, INCOSE: Las Vegas. 

[12] Muller, G. and G.M. Bonnema, Teaching Systems Engineering 
to Undergraduates; Experiences and Considerations, in 
INCOSE IS2013. 2013, INCOSE: Philadelphia. 

[13] Hartman, R.e., A World in Motion - Systems Engineering 
Vision 2025. 2014, INCOSE: 
http://www.incose.org/AboutSE/sevision. 

[14] Züst, R. and P. Troxler, No More Muddling Through -- 
Mastering Complex Projects in Engineering and Management. 
2006, Dordrecht: Springer. 185. 

[15] Hinte, E.v. and M.v. Tooren, First Read This. 2008, Rotterdam: 
010 Publishers. 

[16] Muller, G., Systems Architecting: A Business Perspective. 
2011, Boca Raton, FL: CRC Press. 

[17] Bonnema, G.M., K.T. Veenvliet, and J.F. Broenink, Systems 
Design and Engineering: facilitating multidisciplinary 
development projects. 2016, Boca Raton, FL: CRC Press. 

[18] Schön, D. and J. Bennet, Reflective Conversation with 
Materials, in Bringing Design to Software, T. Winograd, 
Editor. 1996, ACM Press: New York. p. 171--184. 

 

Authorized licensed use limited to: UNIVERSITY OF TWENTE.. Downloaded on March 11,2021 at 07:27:01 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


