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The current particular critical moment for the Western industry, and the introduction of information technologies have
profoundly changed the product development process. One of the most important modifications occurred is the
integration of the two traditional fields of product design and product engineering into the new concept of industrial
Design & Engineering. The consequent shift and the extension of the designer’s area of expertise concerning the product
development process have led to amplify his typical knowledge: both more and more technical knowledge, and also
knowledge more focused on conceptual issues and creativity. This trend is fostered by the intensive use of computer systems
and also by various Design & Engineering courses, where it has been possible to experimentally observe the difficulty for
students to learn the necessary body of knowledge and to manage a wider product development process. However, the
multidisciplinary approach to the product development process and to the related education issues are still based on tools
and methods developed for a specific kind of user, or usually used in an unarranged way. The research presented in this
paper aims at defining the guidelines for developing an integrated framework to support the Design & Engineering
education and the multidisciplinary design process based on a structured integration of knowledge and tools currently used
by the two main areas of reference. The paper presents the guidelines for the integrated framework and the experimental
activities used for the framework validation. These activities have allowed the authors to check the framework usability
during team design activities and also to verify its effectiveness in improving students’ learning capabilities. Some elements
derived from the analysis of the experimental data demonstrate that both students and professional designers can use the
framework to assist them throughout the design process and that the knowledge learning related to the project is fostered.
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1. Introduction

During the last years, Western industry is facing a
particularly critical moment in its evolution, due to
the market globalization and the subsequently aris-
ing of new competitive challenges. In this situation
companies need to remain competitive by introdu-
cing more design, technology and sustainability in
traditional products and in production processes.
This is of particular importance for developed
economies that need to distinguish themselves
from those that are situated in low labour cost
countries.

From this situation every company’s area has to
be improved, and “there is a need to improve on
traditional ways of working in design” [1]. Also
educational institutions have to cope with new
challenges due to the globalization of the markets,
as growing competitiveness of emerging markets,
rapid technological evolution and consequent rapid
product obsolescence, environmental emergency
and growing need for solutions in terms of sustain-
able development.

Similarly, the introduction of information tech-
nologies has profoundly changed the structure and
the practice of the product development process
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and, in a more general perspective, the area of
ideas representation.

In fact, the representation has always played a
fundamental role within design disciplines, consti-
tuting the key element to process management and
idea communication [2]. The need to communicate
the project is so strong that Tomas Maldonado (the
famous Argentine designer, who is considered as
one of the main theorists of the Ulm Model) says
that the need to communicate the project, to satisfy
customer’s desires to see in advance is at the origin
of the architect professional role. In short, he says,
the architect was born as a “display” [3].

The use of the computer in the last three decades
has dramatically changed the way people relate to
each other. The deriving spread of knowledge, and
the new, and still in evolution, digital representation
tools have become compulsory elements of use by
designers (meant as product designers and engi-
neers), with important consequences on the product
development process, making the process phases
more integrated and extending the designer’ area of
expertise toward both conceptual and industrializa-
tion steps.

Consequently, both the figure and the role of
product designers and engineers have deeply chan-
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ged. In the more traditional and still common
perception, product designers design consumer pro-
ducts whilst engineers design machinery and equip-
ments. Again, product designers tend to focus more
on shape, styling and consumer attributes whilst
engineering designers tend to focus more on para-
meterizing the resulting conceptual design along
technological lines taking into consideration man-
ufacturing and cost implications. Nevertheless,
among the important modifications, which are
taking place in the design area, two of the most
relevant concern:

e the need to develop teamwork, related with the
complexity of modern design, with many specia-
lists collaborating in and contributing to the
design;

e the new concept of industrial Design & Engineer-
ing, which combines the two more traditional
fields of product design and product engineering

(1].

If the first modification is by now well-defined,
expressing the need to have flexible resources orga-
nized every time in different layouts, the second one
is relatively recent and expresses the need to change
and improve the figure of the designer. He is no
longer simply the “owner” of a limited part of the
concept generation process (the conceptual or the
engineering ones), but he is becoming a professional
figure capable of managing every phase of the
product development process from concept to recy-
cling, combining design and product engineering
with the needs, potential and constraints of the
economic, social and market situation. The shift
and the extension of the designer’s area of expertise

have led to modify and amplify his typical knowl-
edge: on one side he requires to have more and more
technical knowledge, which results to be necessary
for the development process and the engineering
phases, and on the opposite side he focuses his
knowledge more on conceptual issues and creativ-
ity.

Creativity is one of the most important skills
linked with the product designers and engineers’
activity. We define creativity as the ability to con-
ceive and bring into being something that does not
exist [4]; moreover, creativity is the intersection of
expertise, thinking skills and motivation and deter-
mines how flexibly and imaginatively people
approach problems [5]. Inside the design process,
creativity is used to resolve problems and to generate
solutions: we can say, then, that this kind of creativ-
ity is a productive thinking, where “designers must
consciously direct their thought processes toward a
particular specific end, although they may deliber-
ately use undirected thought at times. Artists, how-
ever, are quite at liberty to follow the natural
direction of their minds or to control and change
the direction of their thinking as they see fit” [6].

If the use of creativity is limited and focussed to
obtain a specific goal, then the use of creativity in
decreasing the wideness of a topic and getting nearer
problem solutions is more limited. This observation
leads to the link between design freedom and knowl-
edge during the design process (Fig. 1), and high-
lights the fact that the traditional roles of product
designers and engineers are considered different,
and specifically those of the first category of
designer as more creative than the others.

This process of knowledge acquisition, besides, is
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strictly linked with the progression from the initial
need (the design problem) to the final product that is
made in increments punctuated by design decisions.
Each design decision changes the design state, which
is like a snapshot of all the information known
about the product being designed at any given
time during the process [6].

These decisions limit the designer’s area with
constraints (defined a priori or during the design
process as a result of previous design decisions) [7]
and, consequently, limit the designer’s possibility to
carry out important changes in the structure. This is
one of the main reasons why the industrial designer
and engineer’s approaches to the design process are
usually considered different, and consequently
influence their educations, professional roles and
thinking process.

This trend is fostered by the intensive use of
computer systems (hardware and software), which
act as supporters both of the creative process and of
the engineering one, also for those designers who are
not skilled in specific disciplines and activities. In
this direction, it is possible to affirm that the
computer systems have pulled down the boundaries
among the disciplines related to the product devel-
opment process, merging and amalgamating
designers’ typical knowledge, practices and skills.

In order to meet these emergent needs and trends,
various Design & Engineering courses, like the
M.Sc Degree Course organised at the Politecnico
di Milano, have been set up by educational institu-
tions with the objective of training professional
figures able to independently manage the industrial
product development process, from the concept
phase (Design) to the embodiment (Engineering),
maintaining the capacity of relating to different
experts in diverse areas. The M.Sc Degree Course
(Higher Degree Course) in Design & Engineering of
the Politecnico di Milano is an example of this
multidisciplinary attitude. The M.Sc Degree
Course is the result of the synergy between three
Departments of the Politecnico di Milano, which
represent the subject areas of industrial design,
mechanical engineering and materials engineering.
It has the objective of integrating different scientific
cultures to create forefront profiles in the Western
professional scenario. A graduate in Design &
Engineering has acquired the skills to combine the
design culture with the most advanced technological
and production potential, by combining design and
product engineering innovation with the needs,
potential and constraints of the economic, social
and market situation. In this M.Sc Degree Course
education is provided through workshops-projects,
where the knowledge concerning important techno-
logical areas, as manufacturing technologies, mate-
rials, virtual representation are put together with

creative experimentation and concrete execution of
designs. In these lessons, it has been possible to
experimentally observe the difficulty, from the stu-
dents’ point of view, to learn the necessary stock of
knowledge and then to manage a wider product
development process. In particular, some issues
arise about the difficulty in learning new technical
knowledge, the need to collaborate in multidisci-
plinary team works, made up of students with
different points of view on the design methods,
and on the need to use similar tools to develop
projects and manage several knowledge typologies.
However, the multidisciplinary approach to the
product development process and to the related
education issues are still based on tools and methods
developed for a specific kind of user (engineer or
product designer), or usually used in an unarranged
way. These tools do not present a complete platform
on which designers can find support for learning
(the knowledge essential for the product develop-
ment process), for managing and for performing the
design activities necessary to carry out an exhaus-
tive and complete product development process.

2. The integrated framework

The research presented in this paper aims at defining
the guidelines for developing an integrated frame-
work to support the Design & Engineering educa-
tion and the multidisciplinary design process based
on a structured integration of knowledge and tools
currently used by the two main areas of reference.
Specifically, the framework is structured for sup-
porting students in the management of the design
process, the related information and the evaluation
of solutions as an organized activity.

This section describes the guidelines of the frame-
work, which define its structure, the current scien-
tific references, the technologies and the tools
constituting its basis of reference, as well as its
usage modalities. Besides, an analysis of the possible
improvements, which could be introduced and
applied to the design practice and to the educational
activities in the Design & Engineering field, is
provided.

Then, the experimental activities carried out for
the validation of the integrated framework are
described. The experimental activities have been
based on the framework structure, asking the
Design & Engineering students to retrace a parti-
cular design process they had already carried out
recently, in order to simulate the selection and the
use of the project variables and the possible
acquired knowledge.

The integrated framework is structured in order
to provide specific support to each phase of the
industrial product development process (from the
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Concept to the Approved Design phases), differently
from some current tools that are developed and used
within some specific part of the design process,
traditionally close to modelling and engineering
phases, to foster the reduction of information loss.

Moreover, the framework will support the induc-
tive educational method in the Design & Engineer-
ing area, providing knowledge and tools selected
both from the product design and the industrial
engineering domains.

Specifically, the framework, as a Design Studio,
starting from a given problem, pushes and supports
a structured (and not random) research towards
new information for the project and design solu-
tions: students learn by addressing specific pro-
blems, complementing theoretical lectures and
improving their learning capabilities.

Finally, the specific field of application of the
framework concerns projects of medium-complex-
ity products (as household appliances, medical
devices, etc). The definition of ““‘medium-complexity
products” derives from the idea that technical
artefacts can be represented as systems [§], and the
number of their components and the relationship
among them determines their level of complexity
(low — medium — high).

2.1 Guidelines of the integrated framework

The framework aims at providing designers with a
support in some design activities usually carried out
separately and through a trial-and-error approach,
from which knowledge and methodological princi-
ples are drown. From this statement, several goals
of the framework have been set up, and correspond
to several components of the framework, named
project variables. These, based on the integration of
current tools and classified according to the content,
consist in specific areas of knowledge.

Specifically, the framework aims to:

e encourage the generation of innovative ideas;

e support the research for information about the
project;

e supportinformation acquisition and creation of a
personal database;

e support virtual prototyping;

e support the evaluation of design solutions.

In the following, these items are described in
details.

Encourage the generation of innovative ideas,
through the integration of methods of design and
systematic innovation. This main goal of the frame-
work will be implemented in the project variables
category named Solutions, and specifically in Meth-
ods of design and systematic innovation, which fore-
sees the use of some already-known methods of

design and systematic innovation and of the soft-
ware based on these methods [9, 10] and other
techniques for finding solutions [8, 11], and in
Patents and technical solutions, which will be a
database of functional principles that could be
applied to the framework without identifying a
specific technical solution [12, 13].

Such integration is fundamental for Design &
Engineering students: in fact, while in the industrial
engineering domains these methods and tools are
already frequently used to solve problems, product
design students are often unfamiliar with such
methods or look at them with caution. In the
proposed scenario, the integration of these methods
and techniques could improve the quantity and
quality of generated design solutions, allowing the
students to use the most suitable technique, more or
less structured, for each given problem.

Support the research for information about the
design problem, by means of the integration (or
with external links) of databases of classified infor-
mation. The phase of consciousness-raising of the
design process [14], in which the collection of
information and data about the design problem is
carried out, is one of the most important moments in
structuring the project. New information is often
particularly important to make choices regarding
the ergonomics issues, the materials, the manufac-
turing technologies, and all the other possible
project variables. Yet, several references about
project variables have been developed during the
last century [8, 15, 16, 17]. These pieces of informa-
tion are usually consulted, collected and applied
during project development, more or less randomly
especially in the field of product design.

On the contrary, in the integrated framework
this information will be collected and arranged in
some specific project variables. Particularly, in the
Technical Components category we have Technical
systems and components_standard that foresees
the integration of some databases of mechanical
components already present in some software
provided by companies or groups of companies
[18], and Materials, which foresees the use and
integration of databases of materials classified
according to their main physical and chemical
properties, aesthetic features, and manufacturing
technologies required to produce them [16, 19]. In
the [Industrial Aspects/Industrialization category
we have Manufacturing technologies, Assembling
and Regulations about technologies required to
manufacture components in development, about
solutions for assembling products components
and regulations of reference related to electrical
and electronic appliances, about safety during the
use, and safety in respect to certain user cate-
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gories [20, 21]. Moreover, in the Design Compo-
nents category we have Ergonomics, which con-
cerns the relationship between the product to-be
and the human body, and in which way this
relationship influences the products use [18] and
Aesthetics and Shape, which concerns the compar-
ison between forms in development and a data-
base of forms classified by distinctive features
(e.g. proportions, relations, degrees of continuity)
[22].

The proposed approach aims at searching for
information and data for supporting Design &
Engineering students not only to think about the
design problem as a whole, but also to conduct more
specific and exhaustive researches on project issues
in advance in the design process, bringing important
improvements in design activities as time reduction,
costs saving, and diminishing the number of trial-
and-error processes.

Support information acquisition and the creation
of a personal database.

The last project variable category is Acquired
variables/solutions. This variable foresees the use
and the integration of some already-known meth-
ods to support the management of information [23,
24] derived from past design processes carried out
by using the integrated framework, collected and
arranged in a customized database. This project
variable is based on the fact that the information
acquired during a design process becomes part of
the personal knowledge [25], and is re-used during
subsequent processes [26]. This phenomenon pre-
sents two important issues, related to the modalities
of archiving the acquired information, more or less
structured, and the amount of information to store.
The improvement of the personal ability to archive
information, solutions, etc. that have been searched,
used or developed during past design processes can
lead to a more efficient re-use of information,
supporting inductive learning activity during the
design process.

Support virtual prototyping through the use of
the three-dimensional modelling and simulation of
the product components, by means of the integra-
tion of acquired information into the three-dimen-
sional model.

This features of the framework could allow the
virtual simulation of the whole product character-
istics (such as the dimensions of standard compo-
nents and how these components work, the
properties of materials, the behaviour of mechanical
parts, ergonomic dimensions of parts and so on),
how its components work and interact and, conse-
quently, could support project development and
verification [27]. This integration could improve
the whole product development process, and in
particular the evaluation phase, where it must be

verified whether the selected solutions respond to
given problems and requirements.

Support the evaluation of design solutions,
through the definition of evaluation criteria (scale
of values) [8, 28]. Within the product design area the
traditional approach to project evaluation tends not
to be structured. Even if it is based on certain
objective factors of reference (e.g. industrial manu-
facturability, the satisfaction of specific ergonomic
requirements, etc.), it is often done on the basis of
subjective choices with high possibilities to make
mistakes, as the exclusion of interesting and poten-
tially innovative design solutions due to partial and
biased evaluations. This is particularly important
for Design & Engineering students, for which the
personal knowledge is still in an evolving phase and
they still do not have an adequate background on
which the evaluation of developed design solutions
can be based. On the other side, in the industrial
engineering domain, to support the evaluation pro-
cess, a number of researchers [29, 30] have devel-
oped some comparison and evaluation methods
that help to judge each solution in relation to the
characteristics defined in the Brief and in the Con-
cept phases.

Then, the assumption is that the integration of
these methods and derived tools could support
progresses in the Evaluation phase, helping the
Design & Engineering students in carrying out a
more objective and rational choice, naturally with-
out excluding their personal ability and experience,
which are nonetheless fundamental.

Not each of the above-presented project variables
is equally important and can be applied in the same
way. The Solutions variable category concerns
methods and tools to support the idea generation
process, and it is at the highest theoretical level. On
the opposite side, the Technical Components, Indus-
trial Aspects/Industrialization and Design Compo-
nents variable categories are on a lower theoretical
level. Finally, the Acquired Variables/Solutions vari-
able derives from the others and can be considered
as standing on an intermediate level. This organiza-
tion is more easily understood if graphically repre-
sented, as shown in Fig. 2.

Moreover, not every project variables can be
applied during the whole design process, because
some of them are specifically designed for one or
more phases of it. In particular, during the concept
and provisional design phases, all project variables
can be considered as the starting points of the
product development process, even if the Solutions
variables are theoretically predominant. On the
opposite side, the Solutions variable category have
not been designed in order to be extensively applied
in the subsequent phases of the process, and the
design solutions generated in the first phases of the
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Fig. 2. The project variables arrangement [31].

product development process need to be validated
by using the other project variables. Table 1 shows
which project variables have to be considered as
fundamental and necessary (black points) or
optional (white points) during the product develop-
ment process phases (from the Concept to the
Approved Design ones).

Moreover, it is possible to inquire into project
variables via three different types of research:

o Quantitative solutions based on defined numerical
data,

e Solutions for the project based on specific para-
meters,
e Quantitative evaluations via comparisons of data.

While it is possible to use different approaches for
some project variables, other variables require a
particular type of research. For example, Quantita-
tive solutions based on defined numerical data should
not be used for the Solutions variables (Methods of
design and systematic innovation and Patents and
technical solutions), because this research implies
precise data already defined as input, while Solu-

Table 1. The use of project variables during the product development process phases

Concept Prov. Design  Modelling Evaluation Appr. Design

Project Variables

Methods of design and systematic innovation ° °

Patents and technical solutions . .

Technical systems and components_standard o o . . .
Materials o o . . .
Manufacturing technologies o o . . .
Regulations o o . . .
Assembling rules o o . . .
Ergonomics o o . . .
Aesthetics and shape o o . . .
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Fig. 3. The structure of the innovative framework integrated with the classical structure of the product development
process (from the Concept to the Approved Design phases) [31]

tions for the project based on specific parameters
could be used every time. This is related to the
necessary level of specificity of information, and
consequently to the way in which designers search
for and use this information.

The product development process, carried out

with the support of the framework, has been repre-
sented with the IDEFO technique (Figs 4a and 4b).

2.2 Experimental activities

Within the context of the research, the validation of
the integrated framework has been carried out

design
requirements

methods of design
and systematic
innovation

evaluation
criteria

development of
products by using the
integrated framework 0

\/

personal DB

problem to solve

\/

evaluated design
solutions

tools for virtual
prototyping

DB of classified
information

tools of design and
systematic innovation

‘ A-0 | DEVELOPMENT OF PRODUCTS BY USING THE INTEGRATED FRAMEWORK

Fig. 4a. Representation, by using the IDEF0 approach, of the development process of industrial products with the
support of the integrated framework (level A0).
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Fig. 4b. Representation, by using the IDEFO0 approach, of the development process of industrial products with the support of the

integrated framework (level Al)

through experimental activities, in which the frame-
work has been used within a simulation of past
design processes. The experimental activities to
test the framework have been based on the frame-
work structure, asking the Design & Engineering
students to retrace a particular design process they
had already carried out recently, and comparing
their activities with those carried out by senior
designers. The verification of the system guidelines
simulates, referring to the product development
process phases, which project variables are selected,
the modalities of selection of questions and answers,
and how search results are integrated within the
system.

This simulation was run to demonstrate how
responsive the integrated framework is to designers’
needs and to determine whether it was necessary to
implement changes to the framework. The
designers, the subjects of these experimental ses-
sions, were divided into two different groups,
Design & Engineering students and senior
designers. The decision to differentiate the subjects
into these two broad categories arose from the need
to see how personal experiences could influence the
way in which the system may be used. Conse-
quently, the validation phase was structured in

order to highlight different approaches to project
management and, above all, in what ways the
innovative tool could be useful for product design
students.

In particular, as already described, the frame-
work is structured differently according to each of
the five main phases of the design process, from
conceptualization to the approved design: each
phase, in fact, has different project variables that
can be used, and the same happens for the above-
presented three main different types of research. The
relationship between project phases and project
variables is illustrated in figure 3, where the design
process is represented as a cone divided into hor-
izontal segments (representing phases), while the
project variables are arranged around the base
circles (cross-sections of the cone).

The structure illustrated in these figures was used
as a reference for the experimental activities, both
during the experiment and during the analysis of
results. The graphic representations of the frame-
work have been used as a reference to explain the
system structure to the Design & Engineering stu-
dents, as principal subjects of the experimental
analysis, and to the senior designers.

The experimental activities were partially carried
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out during the teaching activity within a Design
Studio at the Design & Engineering M.Sc degree of
the School of Design of Politecnico di Milano, and
with senior designers (product designers and
mechanical engineers).

The first category, Design & Engineering stu-
dents, was made up of 10 working groups (35
people in total), including students with a back-
ground in product design and mechanical engineer-
ing. Consequently, the past design process to be
simulated was chosen collectively, in order to com-
pare similar activities and courses: the common
project theme was the Ape Piaggio (a small car),
which was designed by the students during the
Design Studio course.

The second category, senior designers, was com-
posed of 6 individual product designers. They have
been chosen for this simulation because they had
similar backgrounds and education and also
because they used similar design methods. In these
study cases, in order to be able to compare similar
types of activities, as for the specific past design
process to be simulated, the participants were asked
to choose a moderately complex industrial product,
developed individually from the concept to the
approved design.

The experimental activities have allowed the
authors to verify the effectiveness of the framework
in improving students learning capabilities and
designers activities, but also to check its usability
during team design activities, and to identify which
kind of features of the integrated framework are
considered more useful within the engineering and
design educational areas.

Some materials were distributed to the students
and to the senior designers in order to explain the
structure of the integrated framework, to track
progresses in the design process and to collect
designers’ remarks and feedback. Specifically, the
participants have been provided with:

e Anintroductory diagram of the framework struc-
ture (useful to explain it to the participants);

e Differentiated cards for each phase, repeated
several times;

e A final questionnaire with open questions to
enable them to provide comments.

The three parts of the cards were arranged as
follows: the first was dedicated to the structure of
project variables, graphically expressed as the base
of a cone; the second referred to the types of
research; the third referred to the use of acquired
knowledge. While in the first two cards (for the
concept and provisional design phases) the project
variable diagrams included systematic innovation
methods and tools and technical solutions and

patents, these two variables were not available in
the other cards.

These cards were distributed among the working
groups in many copies (20 for each process phase for
each group) and both students and professional
designers were asked to mark their relevant proce-
dural choices on each card. The participants had to
mark the project variables they used, the types of
research they carried out and the ways in which they
used information (simply acquired or integrated
into the system). The aim of this contemporary
investigation is not only to examine Design &
Engineering students and senior designers’ choices
as a whole, but at the same time to share between
variables and the research typologies used to inquire
into them.

Finally, a questionnaire was distributed to collect
participants’ remarks about their behaviour during
the design process. The questionnaire was focused
on several issues, as personal knowledge and knowl-
edge acquisition during the design process, multi-
disciplinary team, use and differentiation of the
design process phases. The final questionnaire
allows designers to become more aware of the
course of the design process, the importance of
working in groups and the relevance of personal
knowledge within the project development process.
The participants were also interviewed in order to
inquire into their impressions about the process,
their skill levels before and after the experiments,
their roles during the design process and their
feelings about other participants and their skill
levels, roles, goals, design methods, etc.

All the experimental sessions were carried out by
using the Protocol Analysis method [32]. The
experiments were recorded using a video camera
so as to record words, gestures, expressions, and
cards compilation thus enabling for post-analysis
sessions.

3. Discussion

The collected data have been quantitatively investi-
gated for identifying, for each single phase of the
design process:

e the frequency of use of each project variable;

e the simultaneous research and use of project
variables by participants;

e the types of research used to investigate project
variables;

e the use of acquired information, which could be
used directly for the project development or
acquired as personal knowledge.

The analysis of the experimental data and the
derived graphs show some important elements
about the use of the proposed system by designers,
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Fig. 5. Examples of graphs about the trends of information typologies research (in the horizontal axes the phases of the product
development process, from concept to approved design, in the vertical axes the frequency of use in respect to the other project variables, in

percentage)

both Design & Engineering students and senior
designers: some of these graphs, reporting some
trends of research and use of project variables, are
presented in Fig. 5.

The analysis of the collected data shows some
distinctive elements about searching for and using
information during design activities and the possi-
bility of acquiring new knowledge during the pro-
cess. Specifically, some key remarks can be made
about the validation phase results:

e Different design process phases correspond to
different frequencies of information search and
use: the different types of information are
searched and collected during the concept and
provisional design phases, and are subsequently
applied for generating design solutions within the
other phases of the design process.

e Some types of variables follow, more or less,

similar trends, while the variables methods of
design and systematic innovation and patents and
technical solutions are searched and used in
inverse proportion by students and professional
designers. With regard to the acquired solutions
variable, it was used extensively by senior
designers, but not so often by Design & Engineer-
ing students. This indicates that senior designers
are more keenly aware of their own experiences
and background and are more conscious of how
they are putting them to use while designing.
Then, it is possible to affirm that they archive
the knowledge acquired in past design processin a
more structured way, and consequently they can
easily manage and re-use it.

Designers need to be able to access and work with
several types of information at the same time, by
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integrating information according to project
parameters; senior designers use integrated infor-
mation searches more than students, so it can be
postulated that they tackle projects as a whole,
while students tackle them sequentially.

e The various kinds of search are used during all
phases of the design process, becoming more and
more specific. Moreover, there is a need for
constant evaluation and comparison of design
solutions, greater for students and to a lesser
extent for senior designers (the latter rely more
on their personal experience).

e Information collected is then used in different
ways during different phases: students use the
information directly within the project and
tended not to perceive that they are acquiring
new knowledge, while senior designers use some
design process phases (above all the concept
phase) to acquire knowledge about the project
and only subsequently apply it for generating
design solutions.

The collected data and remarks demonstrate that
both students and senior designers are able to adopt
the integrated framework structure, which was
proposed to them, that they can use the framework
to assist them throughout the design process and,
moreover, that consequently the knowledge learn-
ing related to the project is fostered.

In particular, the integrated framework structure
follows and improves designers’ activities, and while
at the present moment these activities are usually
carried out empirically, the proposed system could
support the design process development in a more
structured way. For example, the possibility to
integrate some methods and tools for systematic
innovation and patents can support designers in
their search for solutions, and the same can be said
for the other project variables.

Moreover, the possibility of searching for infor-
mation and data for the project should make knowl-
edge acquisition using the inductive method easier,
and consequently improve the students’ awareness
about their own knowledge. This is particularly
important for Design & Engineering students who
usually need to quickly learn a wide range of
technical information and improve their under-
standing of project variables in order to approach
the product development process correctly. This
aspect is closely related to the inductive educational
method, and highlights the concrete possibility and
opportunity to integrate the framework within the
Design & Engineering teaching activities. A similar
hypothesis can be made about senior designers, who
are generally very knowledgeable but often are
faced with several companies and several product
areas: for this reason, being able to quickly acquire a

lot of pieces of information in relation to a given
problem and re-use information and design solu-
tions already in one’s possession can improve their
work performance and give them a competitive edge
by reducing design times and costs. In this area,
some researchers have estimated that up to 70% of
past design data are requested by designers during
redesign, while others have underlined the impor-
tance of reusing rationale triggers, showing that
over 50% of designers’ data needs are related to
questions that can be answered by reusing the
rationale triggers [33]. While at the present
moment designers are often not motivated to reuse
information since they can feel overwhelmed by the
increasing quantity of information available in an
archive [34], with the system as a personal tool,
structured using customized parameters, searching
for and reusing information could be facilitated.

Finally, the possibility of searching for informa-
tion by using different modalities and comparing
design solutions on the basis of defined parameters
can help designers, and above all students, in
making choices throughout the development pro-
cess. Specifically, the tool for the evaluation of
design solutions has been structured to be used
during the whole process, and consequently not
only at the end, but also during the engineering
phases. In this way, the critical points of a project
can be seen in advance via the three dimensional
model, helping students and professional designers
to improve and fix them, thus reducing the time and
the costs associated with developing not completely
satisfactory products.

4. Conclusions

The research presented in this paper firstly defines
the guidelines for developing an integrated frame-
work to support the Design & Engineering educa-
tion and the multidisciplinary design process based
on a structured integration of knowledge and tools
currently used by the two main areas of reference.
Then, the data collected in the experimental activ-
ities have demonstrated that designers, both profes-
sionals and students, were able to use the integrated
framework as support throughout the whole design
process. Furthermore, it is possible to affirm that the
integrated framework has proved to be feasible as
support for the multidisciplinary and collaborative
design activities so as to obtain in the first instance
the reduction of the gap and of the loosing of
information between the concept-provisional
design stages and the following ones of the design
process, but also for the re-use of information and
design solutions and testing project characteristics
during the design process. Also, the use of the



302

Marina Carulli et al.

integrated framework could improve the knowledge
learning related to the project and the designers’
awareness of their knowledge level.

From these observations, it is then assumed that
the framework and its related methods and tools
have its firstly application in the academic world,
and furthermore it can be applied also in the
company sector.

In the academic world, the innovative system
could help Design & Engineering students regarding
how to manage the design process, related informa-
tion and how to select solutions in a structured
manner. This approach, particularly important
during the learning period, does not imply that
individual creativity and reasoning capacity are
excluded, but rather promotes these skills if neces-
sary. Furthermore, in this area the inductive method
could be useful to learn more about the project area.
The framework, as a Design Studio, starting from a
datum problem, pushes and supports a structured
(and not random) research towards new informa-
tion and design solutions. In this way, Design &
Engineering students learn by tackling specific pro-
blems, so as to complement theoretical lessons and
their approach to learning. Also, for students the
possibility to create a customized archive of solu-
tions, evaluated through objective parameters,
could represent a reference for future design pro-
cesses.

The second possible application of the frame-
work is in the company sector: the implementation
of the innovative system would supply the possibi-
lity of improving the management of the design
process as a whole, and consequently improve
different departmental activities within companies.

Moreover, bringing the framework into a com-
pany’s design department would be important in
terms of the opportunity to collect, classify and then
reuse information and data acquired during past
design processes or other companies’ activities. In
this way, it could also help ensure better distribution
and interchange of corporate knowledge in design,
in order to obtain products that move closer and
closer to the corporate identity.

Finally, being able to find company information
and solutions easily, along with the possibility of
bringing the evaluation component forward within
the design process through the integrated frame-
work could be useful for reducing design times and
costs, which are always fundamental aspects to be
taken into account for improving a company’s
competitiveness.
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