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Abstract. Teaching product design is not a trivisal task. Considering the expe-
rience done along 20 years of teaching at master level class in mechanical engi-
neering it is possible to take stock. The model followed is Project-Based Learning
and this method can be licensed as the model that gives greater satisfaction to
all attendees. Students give high score to the survey organized by university at
the end of the course to assess didactic validity. Also, teachers have many stimuli
when discussing with students the activities proposed. The course is based on the
development of an industrial product that solves a problem, eventually posed by
industry or emerged by customers. Based on the course schedule, the different
phases of product development put in evidence the steps that require divergent
thinking and those where it is necessary to employ convergent thinking. A case
study allows explaining all the phases of product design.
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1 Introduction

Design education is an experiential path on which students should be engaged in having
the development of a product, as main task. After 20 years of teaching on such a matter,
present authors said explicitly that there is no other method for students to understand
the basis of design. As underlined by Dym, Agogino et al. [1] Project-Based Learning
is the most-favored pedagogic model for teaching design. Discussion on Project-Based
Learning (PBL) started on the basis of the Aalborg experiment, when the University
was established in 1974. Still now Aalborg University is organized on such a method
[2] and PBL is the pedagogical paradigm used in all courses organization. PBL’s main
assumption is the workgroup, as a means by which a set of people are involved in a
discussion on a problem and searching for solutions to that problem. To find solution to
problems is here focused on the engineering context, since the knowledge that students
learned along with their course of study converges towards engineering solutions. The
course in which students are asked to find a solution to a problem is placed in the second
year of the Master’s Degree in Mechanical Engineering and the name is Product Design
and Development. As already reported in the past [3], the course is focused on the
development of a product, considered as an engineering solution to a problem. After the
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definition of the problem to be solved, proposed by industry or emerged as a relevant
theme, perceived inside the class, a set of activities are scheduled along the semester on
which all the attendees are involved, working typically in a team. The paper describes the
general organization of the course and the underlying methodologies employed along
with some pedagogical considerations. Furthermore, a case study is briefly reported to
give an insight to the commitment requested to students, that in all course editions have
always positively rated it, by an anonymous survey at the end of semester.

2 Course Organization for Master Level

The course is proposed in the last semester of the Master’s Degree in Mechanical Engi-
neering. This allows students to employ all the subjects they have studied and learned
along with their course of study. The course of Product Design and Development is
one of the few offered at UNICAL (University of Calabria), that employs the teamwork
as condition to attend it. Only marginally this is due to avoid the terribly amount of
work, in term of deliverables, to be done by one person alone. The real motivation to
promote teamwork is emphasized by problem solving and decision making tasks, which
originates in all phases of the design work. Further it is important to push students
towards improving quality of communication and consciousness of their own potential-
ities. The articulation of the course provides a set of activities that are classified into
three learning-induced causes: instructor-directed learning; team-directed learning and
individual self-directed learning [4]. During the 14 weeks of the semester, every week
the activities are scheduled with two hours of lecture and two hours of teamwork in
classroom on different days and at least eight hours of homeworking (in team and/or
alone).

2.1 Questioning

At the basis of product design, or design in general, there is the need to understand the
actual questions that a design solutionwould try to solve. This phase cannot be performed
as individual activity. Students are not able to explore all the aspects visible and/or not
visible behind a problem. Surely, well-experienced designers are able to investigate
alone all the aspects often hidden behind a problem. A lot of heuristics is required to
identify the true factors, discarding all the things not required or confusing. The problem
clarification is generally performed by investigating on customer needs and functional
decomposition.

2.2 Divergent Thinking and Convergent Thinking

In the last decades, the design practice has been analyzed and codified tomake it an appli-
cable approach in various areas. An important variation is design thinking [5, 6]. This
may be summarized as a series of phases, which may seem chaotic at certain moments,
that is resolved naturally passing from divergent thinking to the convergent thinking.
Divergent thinking involves the typical creative phases in which alternatives are created,
sometimes in the presence of more or less planned stimuli. Convergent thinking covers
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the phases in which analyzes are carried out and choices are synthesized. In Divergent
steps, the previously assimilated knowledge represents the support layer. Therefore,
students move from problem framing and diagnosis [7] to a process of exploration of
needs and possible solutions starting from extensive questioning. Convergent steps, on
the other hand, allow making the right choices with the aid of engineering knowledge.
According to this scheme and working in team, sometimes supported by the teacher,
interesting results may be obtained in a product design process. In the timetable shown
in Table 1 it can be seen how in each phase of the design process, divergent and con-
vergent approaches are identified. In the Table these are marked there with the symbols
(<) or (>). The decades of experience in teaching product design has led the authors to
identify and continuously update the most suitable practices and tools, also referring to
the literature [8–13]. Lectures are delivered in order to illustrate methods and tools for
stimulating and fostering the divergent phases. Furthermore, teachers introduce the most
suitable methods to manage the convergent thinking in order to orient students towards
an acceptable design solution [14]. For this purpose, they encourage students to resume
those basics that they have acquired during their studies, sometimes integrating them.

2.3 Pedagogical Aspects of Teaching Design by PBL

At the early editions of the course, it was almost a gamble to organize a design activity
on something that was not already designed. In the beginning, the starting point was to
decide which kind of device one people would have been liked to design and a design
process would be started with few variations, i.e., in terms of dimension or operation
condition or productivity. Design activity consisted of an ordered sequence of steps,
with few feedbacks, to converge towards a defined solution. The change of paradigm
emerged when a problem was assigned instead.

A lot of discussion about the investigation around the problem would have required
the need of more people involved in the process because one person alone would have
been fruitless. During the course evolution over the years, according to the phases sum-
marized in Table 1, students’ aggregation in team came as a spontaneous requirement.
And the optimal number of the team, for this class, has been settled around three ele-
ments per group (minimum two and maximum four). It was recognized that, generally,
the workload during homework activity seems to be distributed equally among the team
members. At the end of the product development process, to attend the exam students
must write a mandatory essay in which all the steps followed are reported and discussed.
This part can be written collegially or as a collage of many parts each one assigned to a
team component. The exam is passed after a meeting in which all teams show their own
product. A certain time (typically 1/2 h) is assigned to each project and every student
talks about some topics. This part is necessary to verify either the level of agreement
among team members and the ability of each one. A second part is dedicated to an
individual exam in which each student must answer on the complementary topics he/she
did not treat previously. The project assessment is a sort of combination of the ranking
of the project discussion (2/3) and the individual skill (1/3). Basically the way in which
the problems have been faced and solved are assessed, instead of the product itself. Also
when the theme is proposed by firms, the pedagogical aspects are considered as more
relevant.
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Table 1. Timetable of the course lectures.

3 Case Study

The 2019 edition of the course proposed the theme “Transporting liquids for medium-
term excursions maintaining the temperature”. The final product proposed has been a
canteen. One of such products can be seen in Fig. 1, that has been also proposed by a
rapid prototyping process (FDM). The theme was decided by students after some time
on which many alternatives were arranged. The theme has been particularly relevant in
2019 considering that the movement “Friday for future” demanded the governments on
planet survival. “NOplanetB” [15] has been, and is still now, the slogan that explains
the crude reality for the battle against climatic changes. After a research on such matter,
Brainwriting [16] allowed students to generate an average of 10 ideas per team. The
employment of divergent thinking was applied by the student for the first time along
with their curriculum and the emotional trouble reported in the literature [17, 18] was
confirmed. A lot of works followed this first phase and a set of methods, employed for
selection, comparison, trade-off, optimization, and finally, the drafts, complete with the
checks on Geometric Dimensioning and Tolerancing, allows to give birth to the device.
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4 Discussion

Over the years, the experience matured by teachers convinced them of the opportunity
to emphasize the importance of teamwork. The team is considered the nucleus on which
all elaborations must be referred. The people involved in a course of product design
are many. Teacher, Students, Customer/s. The way in which they are related is at the
basis of the goal of such kind of course: Teach to Design and above all Learn to Design.
Indubitably a set of information must be transferred to students and a certain number of
lectures are required. Many are the approaches proposed worldwide and it can be said
that no one may solve completely all questions. It remains to teachers the selection of
the methodologies more appropriate for the solution of a defined problem. Concerning
Table 1, some topics could be treated only as information, considering that a particu-
lar problem probably does not require those methods. Immediately after each lecture,
teamwork is required to verify if the theoretic introduced have been matured and well
applied.

Fig. 1. First prototype of the canteen: a) 3D model; b) exploded draft; c) 3D printing prototype.

Discussions inside the design team allow students to clarify if their understanding is
well established. Teamwork is essential to search for alternative products already present
on the market, for consulting of patents and literature. It is fundamental for organizing
interviewswith potential customers of the proposed device. Conceptual design ismanda-
tory for the team, where brainwriting methodology is applied. In brief, many phases of
design must be done inside the team, because the amount of work must be shared among
pairs and performed with the same degree of consciousness. Individual work is also
natural along the semester because each team component continues to think all aspects
of the problem also when he/she remains alone. Each team member is involved in the
creative process and it is not clear when the bulb start lighting for him/her, as Wallas
described in the incubation phase of his model of the creative process [19]. Typically,
not only during workshops. A designer looks like a lover that thinks to his/her love
over and over again. Product design is a fascinating activity. Or one person is involved
in it, or NOT. A designer cannot be considered a cold lover. Project-based design is a
stimulating atmosphere that involves all attendees and produces a circulation of ideas.
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Teachers must also answer to subjects or solutions that they never thought and that can
reveal new ways of solution.

5 Conclusion

The program of the course of Product Design and Development held at the University
of Calabria can now be considered consistent and well arranged. Along the time new
experiments have been tried and constantly students answered positively to the organi-
zation. The course completes student skillfulness at the end of their curriculum because
the course is put in the second semester of the Master’s Degree. Anyway, the strength’s
point is the organization of the work in teams. The discussion, the questioning, the shar-
ing of tasks introduces a different way of solving problems, first of all, because all work
must be generated, conceived, organized, shared, assessed. Not only during Divergent
phases in which several points of viewmust be considered but also inConvergent phases
where the right criteria must be chosen in order to validate the promising ideas. The app-
roach Project-Based Learning is ideal for Product design teaching. Moreover, it has been
noticed over the years how this type of teaching engages students to such an extent that,
in general, all of them pass the exam on the first attempt and with a very high mark.
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