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Abstract: Students engaged in systems engineering education typically lack experience and
understanding of the multidisciplinary complexity of systems engineering projects. Consequently,
students struggle to understand the value, rationale, and usefulness of established systems
engineering methods, often perceiving them as banal or trivial. The paper presents a learning
activity based on a three-stage reverse engineering role-play developed to increase students’
awareness of the importance of correctly using systems engineering methods. The activity was
developed and integrated in the Systems Engineering course given at Blekinge Institute of Technology.
Its effectiveness was analyzed through semistructured self-reflection reports along with two editions
of the course. The results showed the development of students’ understanding of how to use systems
engineering methods. In particular, the students realized the need to deliver detailed and easy-to-read
models to the decision makers. This result was in line with the achievement of some of the intended
learning outcomes of the course.
Keywords: systems engineering; education; role-play; self-reflection; reverse engineering; active
learning; CDIO; learning activity

1. Introduction
The evolution of humanity has always been characterized by a continuous attempt to improve
the quality of life and to create better living conditions. The search for new ways of satisfying
fundamental needs has often led to the engineering of complex systems that, in order to be successful,
needed to be socially acceptable and provide value. At present, the term systems engineering (SE) is
commonly used to refer to the engineering effort of satisfying articulated sets of needs from different
stakeholders, with the intent of developing solutions providing value to an overarching system [1].
The concept of SE was coined in response to the need to develop increasingly complex systems in the
aerospace industry [2]. The application of methods and tools for SE has largely impacted, for instance,
the development of aircraft or satellites (see References [3,4]). The increasing socioeconomic challenges
related to globalization, population growth, economic interdependence, and sustainability are stressing
the need for SE competencies to be applied beyond the aerospace context [1]. While the need for such
competences is increasingly recognized in industry and research, those are still poorly addressed from
a pedagogical perspective for what concerns the education of new systems engineers. As highlighted
by the International Council of Systems Engineering, current SE programs focus on practice, with little
emphasis on underlying theory, especially for what concerns human and social sciences [1].
SE projects require multidisciplinary skills and cross-functional design teams, including a
wide set of disciplines, such as design, manufacturing, system analysis, knowledge management,
and sustainability analysis (see, for instance, References [5–7]). Different SE methods to structure,
formalize, and validate knowledge have been developed by both researchers and industrial
practitioners since the 1980s. Those have been applied in a variety of industrial contexts to increase
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standardization and reduce the risk of misinterpretation and ambiguity [8]. However, while SE
methods are easily perceived as beneficial in complex industrial contexts, research has shown that
their benefits are not evident for students engaged in SE education. This is because students do not
commonly have an understanding of the system complexity and perceive the methods as “open doors”.
Students lack the background to understand what the methods offer and, therefore, risk perceiving
them as trivialities [9].
This paper addresses this issue by proposing a learning activity developed to increase students’
awareness on the importance of knowledge formalization and communication in early design through
established SE methods. The activity, named “Reverse Engineering Role-Play”, was inspired by the
principle of active learning [10] and was developed in the frame of an educational initiative to promote
the CDIO (Conceive—Design—Implement—Operate) framework [11]. The learning activity featured
the active participation of students in a role-play in which they acted as development engineers in a
reverse engineering analysis of a real product (stage 1), proposed a new design of the product (stage
2), and assumed the role of managers in decision making, evaluating, and choosing the design to
be promoted for further development (stage 3). The knowledge created during the three stages was
formalized through SE methods, and it was exchanged between different teams during the role-play.
The purpose of this research was to study the effectiveness of the proposed role-play in developing
students’ critical thinking and self-confidence in choosing and applying systems engineering methods.
Data about the effectiveness of the activity in contributing to the intended learning outcomes were
collected through semistructured individual self-reflection reports. The results showed an increased
students’ understanding of the desired quality and level of detail needed for SE methods to be effective
in supporting design decision making. Such results were supported by the students’ proposal of
concrete actions to be taken to improve the quality of their own SE models produced in stage 1.
The structure of the paper is as follows. Section 2 describes the research approach and the
educational context, detailing the course structure and defining how the proposed learning activity fits
with the intended learning outcomes. Section 3 presents the challenges in SE education and the current
effort in reforming the overall engineering education in light of the CDIO framework. Section 4 details
the reverse engineering role-play, describing activities, support material, methods used, and how the
knowledge was shared. Section 5 reports the results of the data analysis and discusses them in relation
to the intended learning outcomes. Section 6 draws the final conclusions.
2. Research Approach and Educational Context
The research presented investigated SE education literature in search for teaching initiatives
following the guidelines promoted by the CDIO framework for engineering education. Research data
concerning the use of the proposed learning activity were collected during two editions of the Systems
Engineering course that took place in the Mechanical Engineering department at Blekinge Institute
of Technology” in 2016 and 2017. In total, 46 students enrolled in Master level studies in Mechanical
Engineering, Industrial Economics, and Product-Service Systems Innovation were involved. Data about
students’ activities and performances were analyzed by means of retrospective analysis of individual
semistructured self-reflection reports, filled in as the last activity of the role-play. The self-reflection
reports were analyzed by categorizing the content into five categories, namely: The reason for a
choice, the confidence in the decision, the wish for information, the wish for communication, and the
individual learning.
2.1. Description of the Systems Engineering Course
The Systems Engineering course at Blekinge Institute of Technology is designed for university
students at Master level. It addresses both SE theories and SE practical skills needed for practical
application of SE methods and tools in practice. The course accounts for 7.5 ECTS points in the
European Credit Transfer Systems. The European Credit Transfer Systems is based on learning
achievements and students’ workload, with 60 ECTS points corresponding to a full academic year with
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achievements and students’ workload, with 60 ECTS points corresponding to a full academic year
with a workload range from 1500 to 1800 hours. Every course accounts for a specific number of ECTS
a workload range from 1500 to 1800 hours. Every course accounts for a specific number of ECTS points,
points, defining the expected amount of workload for the students, subsequently guiding the
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The academic discussion about the role of SE education goes back to the 1980s. Most of the early
The academic discussion about the role of SE education goes back to the 1980s. Most of the early
contributions focused on specific contents to grant an education that was in line with the professional
contributions focused on specific contents to grant an education that was in line with the professional
needs of industries interested in employing the newly graduated students [12]. Asbjornsen and
needs of industries interested in employing the newly graduated students [12]. Asbjornsen and
Hamann [12], in their work toward the definition of a unified SE education, listed a few requirements in
Hamann [12], in their work toward the definition of a unified SE education, listed a few requirements
relation to the SE process outlined by Asbjornsen [13]. According to those requirements, future systems
in relation to the SE process outlined by Asbjornsen [13]. According to those requirements, future
engineers would need to understand and analyze a broad and multidisciplinary knowledge-base and,
systems engineers would need to understand and analyze a broad and multidisciplinary knowledgeat the same time, would need the skills to work with deep quantitative knowledge in specialized areas.
base and, at the same time, would need the skills to work with deep quantitative knowledge in
The skills of a systems engineer were also defined as strongly related to the ability to understand other
specialized areas. The skills of a systems engineer were also defined as strongly related to the ability
disciplines and to explain one’s own. This is related to the ability to learn, share, and communicate
to understand other disciplines and to explain one's own. This is related to the ability to learn, share,
new knowledge, ultimately lifting the need for systems engineers to be able to understand and analyze
and communicate new knowledge, ultimately lifting the need for systems engineers to be able to
the human interrelations inside an organization (as also partially described by Senge [14] concerning
understand and analyze the human interrelations inside an organization (as also partially described
practices in learning organizations). Asbjornsen and Hamann [12] also highlighted the need for
by Senge [14] concerning practices in learning organizations). Asbjornsen and Hamann [12] also
“softer” skills, such as loyalty, individual responsibility, and global and environmental concerns.
highlighted the need for “softer” skills, such as loyalty, individual responsibility, and global and
Their work, however, did not prescribe specific learning activities to address such multidisciplinary,
environmental concerns. Their work, however, did not prescribe specific learning activities to
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neither indicated effective ways to teach SE to university students. A more recent work by Muller
and Bonnema [9] focused on finding a teaching method fitting the limited students’ experience in the
SE context. The authors investigated how to effectively teach SE and listed the differences between
teaching SE compared to the other engineering disciplines. Specifically, five characteristics were
described as critical:

•
•
•
•
•

The broader scope, encompassing technical problems and many nontechnical issues at the
same time;
The ill-defined nature of the problems;
The presence of unknowns, uncertainties, contradictions, and ambiguities in the problem definition;
The presence of problems and solutions that are so heterogeneous that methods, techniques,
and formalisms often have to be adapted to the situation;
The absence of a single unique “best” answer, given the many-dimensional field of stakeholders
and concerns.

The effectiveness of teaching engineering disciplines is a topic that goes beyond the focus of SE
and concerns both the structure of the learning activities in the class and the learning styles of the
students. About the latter, different models have been proposed in the literature (e.g., Myers–Briggs
type indicator [15], Kolb learning style model [16], Felder–Silverman learning style [17]). Felder [18]
listed a set of recommendations for engineering education to address the larger possible set of students
learning styles, underlying, among others, the benefits of the following approaches:

•
•
•
•
•

Teach theoretical material by first presenting phenomena and problem that related to the theory;
Balance conceptual information with concrete information;
Use physical analogies and demonstrations;
Give occasionally experimental observations before presenting general principles;
Provide class time to think about the material presented.

A parallel stream of literature focused on the analysis of the effect of active learning initiatives on
students’ motivation and engagement in their own learning. In the early 1990s, a book by Bonwell and
Eison examined the major contributions on active learning, concluding that its application improved
students’ attitude as well as their thinking and writing ability [10]. Further, the review by Prince [19]
highlighted the extensive empirical support that active learning has collected during the years and
showed the induced benefits concerning the students’ improved capability to remember the topic of
a lecture.
The CDIO international educational framework defines engineering education as a combination
of conceive, design, implement, and operate activities [11]. Learning activities combining active
learning, direct participation of students in concrete design tasks, and the participation to workshops
and project-oriented group tasks constitute the backbone of the CDIO philosophy. Since its
formulation, more than 150 academic institutions have joined the CDIO initiative [20] with the vision
that “engineering graduates should be able to: Conceive—Design—Implement—Operate complex
value-added engineering systems in a modern team-based engineering environment to create systems
and products” [21].
The role-play is a form of active learning where students work through a given scenario adopting
different personas and interacting in their assumed role [22]. Literature shows role-play to be an
approach that is particularly effective for learning about complex systems and for maintaining students’
engagement while avoiding anxiety and increasing independent learning [22]. Research studies
interviewing students several months after the closure of a course show that students tend to remember
more information from the role-plays than from other lectures [23]. The role-play was also described as
a valuable approach to enhance knowledge acquisition, particularly when it includes the observation
and the acquisition of information from others [24]. The potential of role-plays in higher education was
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The reverse engineering kicked off with the teams receiving the physical product, with the
assignment to deliver its functional decomposition and its functional analysis, including the

Educ. Sci. 2019, 9, 30

6 of 13

Educ. Sci.
8, x FOR
PEER REVIEW
The2018,
reverse
engineering
kicked

6 of
14
off with the teams receiving the physical product, with
the
assignment to deliver its functional decomposition and its functional analysis, including the functional
functional flow block diagram and an N2 diagram [3]. Those models needed to be delivered following
flow block diagram and an N2 diagram [3]. Those models needed to be delivered following the
the shared SE standards (previously taught in the course lectures), and they needed to be uploaded
shared SE standards (previously taught in the course lectures), and they needed to be uploaded on
on a common databased created for the activity. The activity started at 10:00 a.m., and no specific
a common databased created for the activity. The activity started at 10:00 a.m., and no specific time
time limit was assigned. However, the teams were asked to gather again at 11:45 a.m. to verify the
limit was assigned. However, the teams were asked to gather again at 11:45 a.m. to verify the status of
status of advancement of the work and were requested to upload the results on the database before
advancement of the work and were requested to upload the results on the database before the end of
the end of the day. Figure 3 illustrates the activities and the material produced in stage 1.
the day. Figure 3 illustrates the activities and the material produced in stage 1.

Figure 3. Activities and material produced in stage 1.
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4.2. Stage 2: Propose Product Innovations

Stage2:2 Propose
featuredProduct
the same
time setting and the same team composition of stage 1. It started with a
4.2. Stage
Innovations
brief introduction of the assignment of the day given by the teacher. Stage 2 took place on a different
Stage 2 featured the same time setting and the same team composition of stage 1. It started with
day than stage 1; this was decided to avoid stressing the delivery of the models during stage 1. In stage
a brief introduction of the assignment of the day given by the teacher. Stage 2 took place on a different
2, the teams changed their role, not dealing with reverse engineering any longer but rather focusing on
day than stage 1; this was decided to avoid stressing the delivery of the models during stage 1. In
proposing product innovations. The peculiarity of stage 2 stemmed from teams switching the reference
stage 2, the teams changed their role, not dealing with reverse engineering any longer but rather
product of their work, that is, students’ teams that performed the reverse engineering of the coffee
focusing on proposing product innovations. The peculiarity of stage 2 stemmed from teams switching
machine were asked to propose a new design of the orange juicer, while teams previously working on
the reference product of their work, that is, students’ teams that performed the reverse engineering
the orange juicer were asked to propose a new design of the coffee machine. To fill the knowledge gap
of the coffee machine were asked to propose a new design of the orange juicer, while teams
given by the product switch, the teams were given access to the database with all the models produced
previously working on the orange juicer were asked to propose a new design of the coffee machine.
during stage 1 by their classmates. This setting was proposed to replicate a typical situation in SE
To fill the knowledge gap given by the product switch, the teams were given access to the database
projects, in which different design teams take care of different stages of the development and need to
with all the models produced during stage 1 by their classmates. This setting was proposed to
rely on information that is produced and shared by other teams.
replicate a typical situation in SE projects, in which different design teams take care of different stages
After accessing the database with SE models, the teams received a list of needs and problems about
of the development and need to rely on information that is produced and shared by other teams.
the coffee machine and the orange juicer. This was artificially developed by the teacher for the purpose
After accessing the database with SE models, the teams received a list of needs and problems
of the activity and encompassed a broad set of stakeholders, including customers, logistics, production,
about the coffee machine and the orange juicer. This was artificially developed by the teacher for the
and marketing. The list of needs and problems for both products is available in Appendices A and B,
purpose of the activity and encompassed a broad set of stakeholders, including customers, logistics,
showing, in the first column, which stakeholder expressed a specific need and, in the second column,
production, and marketing. The list of needs and problems for both products is available in
the formulation of the need or problem. In total, eight statements for the coffee machine and twelve for
Appendices A and B, showing, in the first column, which stakeholder expressed a specific need and,
the orange juicer were provided. No further categorization or hierarchical analysis of the statements
in the second column, the formulation of the need or problem. In total, eight statements for the coffee
were provided to the students. The teams were asked to produce and document a new design based on
machine and twelve for the orange juicer were provided. No further categorization or hierarchical
the knowledge base. The requirements for the activity were to deliver a sketch of the new product, with
analysis of the statements were provided to the students. The teams were asked to produce and
related textual explanation, and to fill in a self-assessment report template (available in Appendix C).
document a new design based on the knowledge base. The requirements for the activity were to
The structure of the self-assessment report was similar to the previous list of needs and problems,
deliver a sketch of the new product, with related textual explanation, and to fill in a self-assessment
although it added three columns, in which the teams were asked to evaluate: How much the new
report template (available in Appendix C). The structure of the self-assessment report was similar to
design fulfilled the provided needs in relation to the actual product (column 3), how confident the team
the previous list of needs and problems, although it added three columns, in which the teams were
was in the assessment for each need/problem (column 4), and how experienced the designers were in
asked to evaluate: How much the new design fulfilled the provided needs in relation to the actual
using the coffee machine or the orange juicer (column 5). The report was complemented by a visual
product (column 3), how confident the team was in the assessment for each need/problem (column
indication on how to self-assess the new design based on a scale from 1 to 9, using the original product
4), and how experienced the designers were in using the coffee machine or the orange juicer (column
as a baseline. Furthermore, a table mimicking the knowledge maturity scale proposed in SE literature
5). The report was complemented by a visual indication on how to self-assess the new design based
by Johansson et al. [26] was provided to guide the assessment of the confidence of the teams in column
on a scale from 1 to 9, using the original product as a baseline. Furthermore, a table mimicking the
knowledge maturity scale proposed in SE literature by Johansson et al. [26] was provided to guide
the assessment of the confidence of the teams in column 4. After completing the tasks, all the
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the
available
documentation
and
selecting
the
most
promising
design
of
coffee
maker
orange juicer to be further developed. The students were asked to individually select one design
for
and orange
juicer
be further
developed.
The students
were asked to
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one
design
each
product
and to
justify
their choice
in written
text. Furthermore,
theindividually
students were
also
asked
to
for
each
product
and
justify
their
choice
in
written
text.
Furthermore,
the
students
were
also
asked
to
self-reflect on the models that the teams produced during the activity, discussing if and how those
self-reflect
on
the
models
that
the
teams
produced
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the
activity,
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if
and
how
those
were useful in the decision-making activity. The following questions where provided as a guideline for
were
useful inreflections:
the decision-making activity. The following questions where provided as a guideline
the
students’
for the students’ reflections:
Was the information enough to be confident with your choice? If not, what kind of information
•
•
Was the
information
enough
to beteams?
confident
with
your choice?
If not,
what
kind you
of information
would
you
have asked
the design
And,
eventually,
in which
form
would
have such
would
you
have
asked
the
design
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And,
eventually,
in
which
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would
you
have such
information communicated to you?
information
communicated
to functional
you?
•
Have
you found
one or more
flow block diagrams more useful than others? If yes,
•
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one
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more
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more useful
thanwould
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If
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would
do
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differently?
2 matrices
•
Have
youagain,
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one or you
moredo
Nit
more useful than others? If yes, why? If no, what would
2 matrices more useful than others? If yes, why? If no, what would
•
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you
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one
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more
N
you expect to learn more from such diagrams? If you would do your N2 matrix again, would you
youit expect
to learn more from such diagrams? If you would do your N2 matrix again, would
do
differently?
you do it differently?
•
Have you found one or more functional decompositions more useful than others? If yes, why?
•
Have you found one or more functional decompositions more useful than others? If yes, why?
If no, what would you expect to learn more from such diagrams? If you would do your functional
If no, what would you expect to learn more from such diagrams? If you would do your
decomposition again, would you do it differently?
functional decomposition again, would you do it differently?
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and Results
5. Data
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setofofraw
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verify the effectiveness of the proposed learning activity. The reports were analyzed looking for
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namely:
1.
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the information
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be confident
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your decision?
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would do
do your
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If

Students
open
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that they
would
have
Students were
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provide
open
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indicating
or more
aspects
that they
would
liked
to
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or
that
influenced
their
decision;
thus,
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analysis
of
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data
accounted
for
possible
have liked to improve or that influenced their decision; thus, the analysis of the data accounted for
multiple
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The following
subsections
describe describe
the findings
each question.
possible multiple
The following
subsections
the for
findings
for each question.
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that
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is
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needs
of
different
of the decision maker and the perception that the new design is satisfying the needs of different
stakeholders. Even if dominant in relation to the other response, those two reasons were mentioned
stakeholders.
Even if dominant in relation to the other response, those two reasons were mentioned
only by 19 of the 46 students (corresponding to the 41% of the sample). Despite the satisfaction of the
only by 19
of the 46 students (corresponding to the 41% of the sample). Despite the satisfaction of the
needs being central, only 12 of the 46 students admitted having considered the teams’ self-assessment
needs being
central,
onlyneeds
12 ofsatisfaction
the 46 students
having
the
teams’
self-assessment
report
concerning
in their admitted
choice, while
10 outconsidered
of 46 students
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influenced
in
report concerning
satisfaction
inreport
their submitted.
choice, while
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influenced
in
their choice needs
by the accuracy
of the
Such 10
dataout
areof
interesting
to be were
analyzed
in
relation
to
the
students’
confidence
in
making
decisions.
From
the
40
students
that
explicitly
their choice by the accuracy of the report submitted. Such data are interesting to be analyzed in
discussed their confidence, 27 (corresponding to the 67.5%) stated that there was not enough
relation to
the students’ confidence in making decisions. From the 40 students that explicitly discussed
information to be confident in their decision, although they were required to make it anyway. These
their confidence,
27 (corresponding to the 67.5%) stated that there was not enough information
findings are particularly relevant in the frame of the different roles that the students took in the roleto be confident
their decision,
although
they were
required
to make
anyway.
These
play. Thisinhighlights
the challenges
that decision
makers
in an SE context
faceitwhen
asked to
make findings
decisions relevant
with product
information
poorly roles
defined
andthe
formalized.
In other
are particularly
in and
the systems
frame of
the different
that
students
tookwords,
in the27role-play.
out of 40the
students
realized
that,
to makemakers
a confident
decision,
the SEface
models
produced
classdecisions
This highlights
challenges
that
decision
in an
SE context
when
askedby
tothe
make
needed to have a higher level of detail and precision. Such data suggested the activity was effective
with product and systems information poorly defined and formalized. In other words, 27 out of
in allowing students to experience the typical dynamics of decision making in an SE context.
40 students realized that, to make a confident decision, the SE models produced by the class needed to
have a higher
level
of detailtoand
precision.
data suggested
the activity was effective in allowing
5.2. Type
of Information
Be Further
Asked Such
to the Design
Team
students to experience
the
typical
dynamics
of
decision
making
in
SE context.
The students were further asked to state what kind of additionalan
information
they would have
asked the design team to increase their confidence in the decision. Forty-one students addressed this

5.2. Type question
of Information
Be Further
to theofDesign
in their to
report,
and the Asked
distribution
answersTeam
is shown in Figure 6. Out of 41 students, 20
recognized the need for enhanced visual representation of the designs. Sixteen students (i.e., 39% of

The students were further asked to state what kind of additional information they would have
the respondents) also highlighted the need for decision makers to receive more accurate information
asked theabout
design
team toparts,
increase
their
confidence
inthe
thedesire
decision.
Forty-one
students
addressed this
the product
and 10
students
expressed
to have
a description
of the product
questionworking
in theirprocess.
report,
andstudents
the distribution
answersofistheshown
infor
Figure
6. Out
of 41
Eight
requested an of
explanation
rationale
the design
choices,
andstudents,
seven would
havefor
preferred
a more
detailed
analysis of the stakeholders’
needs.
Of particular
interest
20 recognized
the need
enhanced
visual
representation
of the designs.
Sixteen
students
(i.e., 39% of
in relation also
to thehighlighted
intended learning
outcomes
is the students’
awareness
of the
necessity
of having
the respondents)
the need
for decision
makers
to receive
more
accurate
information
more accurate information about the product parts and the product working process. Those two
about theaspects
product
parts, and 10 students expressed the desire to have a description of the product
are respectively addressed by the functional decomposition and the functional analysis,
workingmodels
process.
Eight
an explanation
ofinthe
rationale
design
previously students
experiencedrequested
and produced
by the students
stage
1. Thesefor
datathe
show
that, choices,
and seven would have preferred a more detailed analysis of the stakeholders’ needs. Of particular
interest in relation to the intended learning outcomes is the students’ awareness of the necessity of
having more accurate information about the product parts and the product working process. Those two
aspects are respectively addressed by the functional decomposition and the functional analysis, models
previously experienced and produced by the students in stage 1. These data show that, despite
experiencing the models in stage 1, many students failed to deliver appropriate SE models during
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Out41
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addressing
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moreinformation,
information,
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form they would have liked to receive it. No specific form emerged as dominant in the answers, with
form they would have liked to receive it. No specific form emerged as dominant in the answers,
9 students expressing the desire for an oral presentation, 7 wishing to access CAD models and
with 9 students
thefew
desire
forstudents
an oralexpressing
presentation,
7 wishing
toconcise
accessdescription,
CAD models and
physical expressing
prototypes, and
other
the desire
for more
physical prototypes,
few other
studentsofexpressing
the desire
pictures, and and
diagrams.
The absence
dominant results
does for
notmore
allowconcise
to drawdescription,
any specific pictures,
pedagogical
this aspect. results does not allow to draw any specific pedagogical
and diagrams.
Thereflection
absenceabout
of dominant
reflection about this aspect.
5.3. What Would You Do Differently

The You
last question
was the most relevant for what concerned the identification of the learning
5.3. What Would
Do Differently
results from the reverse engineering role-play. In light of their experience as innovators in stage 2

Theand
lastdecision
question
wasinthe
for what
concerned
the they
identification
of the learning
makers
stagemost
3, therelevant
students were
asked to
reflect on what
would do differently
if they
came
back to
stage 1 and redid
the functional
models
andexperience
the functionalasdecomposition
again.
results from
the
reverse
engineering
role-play.
In light
of their
innovators in
stage 2 and
question
was of3,primary
importance
to understand
if the learning
activity
the
decision The
makers
in stage
the students
were
asked to reflect
on what
they contributed
would dotodifferently
if
objective of raising students’ awareness about the importance of using defined and standardized SE
they came back to stage 1 and redid the functional models and the functional decomposition again.
methods for knowledge communication in cross-functional teams. Figure 7 shows the distribution of
The question
was of
primary
importance
understand
if the
learninginactivity
contributed to the
the answers
given
by the 32
students thatto
explicitly
addressed
this question
their reports.
objective of raising students’ awareness about the importance of using defined and standardized SE
methods for knowledge communication in cross-functional teams. Figure 7 shows the distribution of
the answers given by the 32 students that explicitly addressed this question in their reports.
The majority of the students (24 over 32, equal to 75%) stated that they would make a bigger effort
in adding details to the SE models produced in stage 1. Eleven students (35% of the total) also raised
the necessity for the new models to be more readable than the previous ones, also adding pictures to
facilitate the communication (8 students). In light of such data, it is possible to state that the students
developed a critical perspective toward their own work, reflecting on the necessity to use SE methods
in a way that allows easier knowledge and information communication at different functional levels
and for different uses. This is shown by the shared understanding that the level of detail of the models
that the teams delivered during stage 1 did not reflect the level of detail that was later needed by the
other teams when acting as product innovators and decision makers. Furthermore, the recognition of
the need for more readable SE models can reflect the understanding of the multidisciplinary application
of such methods in an SE context. From an overall perspective, the finding from the data analysis
described a shared understanding about the necessity to use well-formalized, detailed, and effectively
communicated methods during SE, suggesting that the learning activity was effective in avoiding the
risk of the SE method being considered as a triviality by students lacking contextual SE knowledge (a
concern also expressed by Muller and Bonnema [9]).
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more
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is interpreted
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result inwas
relation
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learning
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research,
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were collected from a sample of 46 students, and this can limit the generalizability of the findings.
the role-play was designed around an important learning outcome of the course (i.e., the capability of
Engineering literature describes several examples of experiments with university students featuring
applyinganSEeven
tools
to realistic
and (see
wasReferences
designed [27,28]),
to promote
the engagement
smaller
numberproblems)
of participants
although
the verificationof
ofthe
the students
in the course. In conclusion, the proposed learning activity was shown to promote students’ critical
thinking and to increase students’ self-confidence and understanding of the usefulness of SE methods,
providing the students with an answer to the question: “Why should I care about learning this?”
Future evolution of the proposed learning activity concerns the exploration of the possibility to
run a larger-scale reverse engineering role-play involving SE students of multiple academic institutions,
in order to replicate the challenges given by distributed and globally located design teams.
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Appendix A
List of needs to consider for the redesign of the coffee machine as distributed to the
the students.
students.
Stakeholder

Needs or problems

The product does not give a sense of stability when used.
If you forget it on, it will consume a very high amount of electricity.

Customer

Some customers do not like that the coffee flows along a metal spring
before reaching the jar both for hygiene (the spring can rust) and
coffee taste.
The short cord creates the need to have the machine positioned close
to an electrical outlet.
The handle and the lid of the jar are reported to be difficult to clean.

Logistics

The logistic is operated by “ICA Logistics” and would benefit by a
reduction in dimension of the product.
Reducing the number of components would make the product
cheaper to produce.

Production

Marketing

A (marginal) increase in production cost (material/features) is
acceptable if this reduces the production time.
The coffee machine will be marketed as "the machine for the family",
and the marketing needs one or more design features to claim it to be
"good/safe for children”.
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List of needs to consider for the redesign of the
the orange
orange juicer
juicer as
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distributed to
to the
the students.
students.
Stakeholder

Needs or problems
Some customers complain about the middle container to be small.
Some customers complain about the citrus holder on the handle to be
difficult to clean.
The pulp of the oranges gets stuck between the filter and the head
cone.

Customer

Some customers say they will not buy the product because too big to
be placed in their small kitchen.
The short cord creates the need to have the squeezer positioned close
to an electrical outlet.
Big oranges are not well squeezed because the lateral part does not
get in contact with the cone.
The small circular seal of the middle container feels cheap and it is
difficult to clean.

Logistics

Reducing dimensions and weight would save storage and transport
cost.
The use of non standard screws slows down the production process
and reduce commonality with other products.

Production

Marketing

The presence of a double cone in the head (there is a smaller one
hided in the bigger one) raises production costs and requires more
strict tolerances.
There is no budget for advertising, the product needs to attract
customers' attention in the shop.
Marketing says the product "lacks of personality", that it is "boring”.
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Marketing
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The presence of a double cone in the head (there is a smaller one
hided in the bigger one) raises production costs and requires more
strict tolerances.
There is no budget for advertising, the product needs to attract
customers' attention in the shop.
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Marketing says the product "lacks of personality", that it is "boring”.
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Template for the self-assessment report as distributed to the students.
Template for the self-assessment report as distributed to the students.
References
References
1.
1.
2.
3.
4.
5.

6.

7.

8.
9.

INCOSE. A World in Motion: Systems Engineering Vision 2025. International Council on Systems
Engineering:
San Diego,
CA,Systems
USA, 2014.
INCOSE. A World
in Motion:
Engineering Vision 2025; International Council on Systems Engineering:
San Diego, CA, USA, 2014.
Blanchard, B.S.; Fabrycky, W.J.; Fabrycky, W.J. Systems Engineering and Analysis; Prentice Hall: Englewood
Cliffs, NJ, USA, 1990; Volume 4, ISBN 978-0132217354.
Shishko, R.; Aster, R. NASA Systems Engineering Handbook; NASA Special Publication 6105; The National
Aeronautics and Space Administration (NASA): Washington, DC, USA, 1995; ISBN 978-1680920895.
Estefan, J.A. Survey of model-based systems engineering (MBSE) methodologies. INCOSE MBSE Focus Group
2007, 25, 1–12.
Isaksson, O.; Kossmann, M.; Bertoni, M.; Eres, H.; Monceaux, A.; Bertoni, A.; Wiseall, S.; Zhang, X.
Value-Driven Design–A methodology to link expectation to technical requirements in the extended enterprise.
In Proceedings of the INCOSE International Symposium, Philadelphia, PA, USA, 24–27 June 2013; Volume
23, pp. 803–819. [CrossRef]
Monceaux, A.; Kossmann, M.; Wiseall, S.; Bertoni, M.; Isaksson, O.; Eres, H.; Bertoni, A.; Rianantsoa, N.
Overview of value-driven design research: Methods, applications, and relevance for conceptual design.
Insight 2014, 17, 37–39. [CrossRef]
Bertoni, A.; Dasari, S.K.; Hallstedt, S.; Andersson, P. Model-based decision support for value and
sustainability assessment: Applying machine learning in aerospace product development. In Proceedings of
the 15 International Design Conference, Dubrovnik, Croatia, 21–24 May 2018; pp. 2585–2596. [CrossRef]
INCOSE. Systems Engineering Handbook: A Guide for System Life Cycle Processes and Activities; John Wiley and
Sons, Inc.: Hoboken, NJ, USA, 2015; ISBN 978-1-118-99940-0.
Muller, G.; Bonnema, G.M. Teaching systems engineering to undergraduates; Experiences and considerations.
In Proceedings of the INCOSE International Symposium, Philadelphia, PA, USA, 24–27 June 2013; Volume
23, pp. 98–111. [CrossRef]

Educ. Sci. 2019, 9, 30

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.
28.

13 of 13

Bonwell, C.C.; Eison, J.A. Active Learning: Creating Excitement in the Classroom; ASHEERIC Higher Education
Report No.1; George Washington University: Washington, DC, USA, 1991; ISBN 978-1878380081.
Berggren, K.F.; Brodeur, D.; Crawley, E.F.; Ingemarsson, I.; Litant, W.T.; Malmqvist, J.; Östlund, S. CDIO: An
international initiative for reforming engineering education. WTE&TE 2003, 2, 49–52.
Asbjornsen, O.A.; Hamann, R.J. Toward a unified systems engineering education. IEEE Trans. Syst. Man
Cybern. C 2000, 30, 175–182. [CrossRef]
Asbjornsen, O.A. Technical Management-a Major Challenge in Industrial Competition. Chem. Eng. Progr.
1988, 84, 27–32.
Senge, P.M. The Fifth Discipline: The Art and Practice of the Learning Organization; Doubleday: New York, NY,
USA, 1990; ISBN 0-385-51725-4.
Lawrence, G.D. People Types & Tiger Stripes; Center for Applications of Psychological Type, Inc.: Gainesville,
FL, USA, 1993.
Kolb, D.A. Experiential Learning: Experience as the Source of Learning and Development; FT Press: Upper Sadle
River, NJ, USA, 2014; ISBN 978-0133892406.
Felder, R.M.; Silverman, L.K. Learning and teaching styles in engineering education. Eng. Educ. 1988, 78,
674–681.
Felder, R.M. Matters of style. ASEE Prism USA 1996, 6, 18–23.
Prince, M. Does active learning work? A review of the research. J. Eng. Educ. 2004, 93, 223–231. [CrossRef]
CDIO Members Schools. Available online: http://www.cdio.org/cdio-collaborators/school-profiles
(accessed on 5 December 2018).
CDIO Vision. Available online: http://www.cdio.org/cdio-vision (accessed on 5 December 2018).
Russell, C.; Shepherd, J. Online role-play environments for higher education. Brit. J. Educ. Technol. 2010, 41,
992–1002. [CrossRef]
DeNeve, K.M.; Heppner, M.J. Role play simulations: The assessment of an active learning technique and
comparisons with traditional lectures. Innovat. High. Educ. 1997, 21, 231–246. [CrossRef]
Van Ments, M. The Effective Use of Role-play: Practical Techniques for Improving Learning; Kogan Page Publishers:
London, UK, 1999.
Rao, D.; Stupans, I. Exploring the potential of role play in higher education: development of a typology and
teacher guidelines. Innov. Educ. Teach. Int. 2012, 49, 427–436. [CrossRef]
Johansson, C.; Hicks, B.; Larsson, A.C.; Bertoni, M. Knowledge maturity as a means to support decision
making during product-service systems development projects in the aerospace sector. Proj. Manag. J. 2011,
42, 32–50. [CrossRef]
Cash, P.; Elias, E.; Dekoninck, E.; Culley, S. Methodological insights from a rigorous small scale design
experiment. Des. Stud. 2012, 33, 208–235. [CrossRef]
Bertoni, A. Analyzing Product-Service Systems conceptual design: The effect of color-coded 3D representation.
Des. Stud. 2013, 34, 763–793. [CrossRef]
© 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

