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The brief history of industrial design has witnessed several turns
during its evolution. A long time has passed since design was about
finding the correct language for machine-made mass products,

and balancing the form with the function. In those times, the debate
was about the role of designers in a world that was optimistic about
progress and keen to believe the most significant design impact
would be to drive innovation. In a few decades, design gained world-
wide recognition for its effectiveness in helping businesses succeed
by interpreting new technology in user-friendly ways, adding value,
and successfully communicating it. During this time, designers and
researchers made efforts to represent the process applied in design
to develop new products, and such representations helped define
the discipline approach, reflect on it, and explain it to others.

These efforts evolved and diversified into many versions, but today, no
single scheme is agreed upon and shared by the design community.
Yet, looking at their evolution, it is possible to see how they developed
with the discipline and adapted to change. Indeed, designers widened
their work’s scope and started to question its meaning and impact on
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a larger scale, involving people and communities, aiming at social in-
novation, setting sustainable goals, and transitioning into new design
approaches. While the awareness of being part of a larger scheme

is not new, the urgency of today’s challenges is affecting he whole
design community. From this perspective, the design process should
reflect the mutual impact of contemporary challenges and design
transitions. This paper describes an overview of the design process
representations from an evolutionary perspective, focussing on
product development. Aninsight into the phases of the design process
is offered to see where the newest technologies - Al in particular - are
merging with design and, possibly, collaborating through the transition.

8.1 The evolution of design process models

While the history of industrial design goes back to the development of
new skills and professions necessitated by the Industrial Revolution,
design as an academic discipline has gained recognition in the last 50
years. To reach such a step, scholars researched and developed con-
cepts of design methodology to formalise industrial design into a sci-
entific discipline (Archer, 1979; Cross et al., 1981; Schon, 1983; Burdek,
2005). One of the outcomes was to represent and formalise the
industrial design approach into a model of its process, as by Archer
(1968), Schon (1983), Bathany (1996), Valkenburg and Dorst (1998),
and Cross (2000), to mention a few. The references can be traced
back to the '60s when several models were created. The first model
series referred to the product development process typical of indus-
trial manufacturing companies. These were derived from engineering
models and presented a structure of consecutive phases, passing
through which it was possible to make a new industrial product.

Later, design started to widen its application field, including areas
such as human-computer interaction, business strategies, private
and public services, and new approaches such as user-centred
design and participatory design. The representation of the design
process started to emphasise the iterations of the design phases -
by cyclical structures and extra phases.

Also, starting in the '90s, design organisations and design consult-
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ants mainly developed their representations to explain what design
is, what value would be added to a company’s business, and what
outcomes to expect. Some of those models have also been adopted
primarily in the academic context, such as the Double Dimond by the
Design Council (2004) and others by the design consultants IDEO
(2008, 2012) and Frog (Bobbe et a/., 2016).

The literature review shows that a tension exists between analysis
and synthesis in all models. In various models, analysis involves break-
ing the problem into parts - a divergent process of dividing it into
sub-problems. Meanwhile, synthesis entails reassembling these parts
inanew way - a convergent process that moves from details to the
general (Cross, 1984; Banathy, 1996). However, this can also be the
opposite, where analysis leads to agreement and convergence, while
synthesis is developed into greater detail and divergence. Nigel Cross
(2021) suggests that the design process is predominantly convergent
but punctuated by periods of divergence. One interesting notion is
that researchers applying a scientific process separate analysis from
synthesis, while several design models merge analysis with synthesis
since designers tend to diverge and reframe problems while solving
them (Akin, 1986; Dubberly, 2004).

The academic debate about design processes is lively and demon-
strates a considerable interest. In this chapter, a limited collection of
the models is organised as a timeline (Figure 1). The formation of the
timeline is based on the literature review, in which three publications
were instrumental: Dubberly's (2004) collection of over 100 models
developed from 1964 to 2004; the comparison of design process
models from academic theory and professional practice (Bobbe et a/,,
2016); and a study of models as metaphors in the educational context
(Bravo and Bohemia, 2021). The scope of the timeline is not to present
a complete list but to show a selection representing the main aspects
of the evolutionary path of design process models.

Dubberly’s collection clusters the models in Academics Consuiltant,
Software development, Complex linear models, and Cyclic models;
thus, it mixes the context of development (academic consultant, etc.)
with the structure (linear, cyclic, etc.). Such an approach does not facil-
itate the generalisation of understanding, although the collected works
arerich and valuable for anyone approaching the subject.
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Figure 1.
Timeline of design process models.
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Bobbe, Krzywinski, and Woelfel (2016) aimed to identify a typical
structure from different design process models focussing on indus-
trial and engineering design and comparing models from academia,
professional organisations, and design consultants. This way, they
point out the heterogeneous input and interest in the subject.

Such a different origin is highlighted in the timeline, too. The study
of Bravo and Bohemia develops metaphors to explore the models

and their use in design education. However, this chapter focusses
on their collection of models rather than on the metaphors, cf. 8.2.

By looking at the evolution of the models, it is possible to notice
that there are common structures and graphical notations as de-
scribed below.

The first generation, prominent until the 2000s, was characterised
by linear and rational models, often represented as mathematical pro-
cedures. These models involved an input, a transformation process,
and an output. Over time, these processes became more detailed,
adding phases and associating them with activities and methods.
These processes emphasise progression and incorporate phases
that might be iterative but subordinate.

In other cases, linear models are shaped into V or U models where
the phases follow a path with the form of such letters. They highlight the
iteration among phases of the two sides of the process (i.e., VDI 2004).

Later, circular or cyclic models were developed for human-cen-
tred design for interactive systems (i.e., ISO 2010) and spread to
other fields. Cyclic representations emphasise the iterative nature
of design processes.

Similarly, spiral models are like cyclic models, where the process
repeats a series of activities at different levels of the design pro-
cess, showing a progression. Both cyclic and spiral models highlight
the presence of feedback loops, tests, and evaluation phases that
aim to improve the result. Although some of these models appeared
in early design history, most were developed from the '90s and
flourished in the early 2000s.

Nevertheless, it must be noted that the development of new
structures does not imply the disappearance of previous ones.
Indeed, most new models are still linear with extra details, such as
steps, gates, etc.
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In the timeline, design organisation and consultant models started
to be formalised in the '00s, when academic ones also increased -
this progression and increase of models aligned with design devel-
oping as a practice and discipline. On the one hand, it highlights the
professionals’ need to communicate their expertise to stakeholders
involved in the process. On the other hand, it shows the scholars’ work
in developing synthetic representations that are useful in education
and research. Furthermore, the specialisation of models such as
human-centred design, design thinking, or service design models,
highlights the developing of new areas of design application inline
with the evolution of the discipline.

Indeed, while design process models in academia focus on formu-
lating, validating, and assisting students in understanding the design
process and guiding them through the project, changes in business
organisations and services offered by companies have led to the cre-
ation of models to communicate and illustrate their approaches:

[..] As arecent phenomenon, many design studios changed

their operative scope to full-service from analysis and ideation
to detailing, modelling and production planning, at the same
time offering hardware, software and service design from a single
provider. Since the portfolio of these companies has diversified,
it becomes relevant to explain the competencies and practices
(Bobbe et al., 2016, p. 1206).

A further in-depth survey would be necessary to validate the timeline,
which suggests some preliminary observations: in the last decade, no
new models have reached widespread popularity, and those that are
available do not have specific new features to face today’s challenges.
These traits might depend on whether the timeline collects product/
industrial design process models or does not analyse them in depth.
So, further investigation could be conducted in other design domains,
or the selected models could be examined more deeply. In this chap-
ter, the second approach is presented, along with a description of the
phases of the design processes. Such a study allowed a comparison
of the models beyond their structures (linear, cyclic, etc.).
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8.2 The phases of design process models

Looking at the design process models in detail, it is clear that all of
them are articulated in phases that represent a progression, some-
times including loops, gates, and dynamically diverging and converg-
ing phases. However, even if those phases are organised in different
structures (linear, cyclic, etc.), they can all be reconstructed into a
linear sequence of four/five phases. Indeed, Bobbe, Krzywinski, and
Woelfel (2016) compared a set of process models based on a linear
reference structure. They fit fifteen models (4 by academics, 5 by or-
ganisations, 6 from consultants) in alinear sequence of five phases:
Analyse, Define, Design, Finalise and Implement. From their reading,
all design process models appear to have at least the first four steps
in common. Indeed, those that do not need to include the Implemen-
tation phase are mostly academic ones. Bravo and Bohemia (2021)
also analysed ten design process models and synthesised them in
four phases: Observe, Interpret, Ideate/explore, and Implement.

In their study, they focussed on the adaptation of the models in
design education. For that context, they added two subsequent
phases: Evaluate/Improve and Share.

The two systems are shown in Table 1. The naming might be
confusing; for instance, implement appears in the fourth and third
phases. Different names are given to phases with similar activities in
the process. For clarity, a renaming for the four phases is proposed:

1. TheResearch phase includes all designers’ activities to un-
derstand the user and context. Here, designers are observ-
ers. Itis a divergent phase aimed at gathering data, under-
standing the users, and discovering new paths.

2. The Definition phase requires analysis and synthesis of the
collected information to formulate a design proposal. In this
case, designers are interpreters. Here, the methods enable
convergence toward a solution.

3. Inthe Development phase, designers ideate several solu-
tions and test them in a very iterative process that diverges
again from the design definition towards many possibili-
ties. Here, designers are creators.

4. Inthe Delivery phase, designers converge on a final design
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and detail it for realization. Here, synthesis is where design-

ers are achievers, using methods and tools to make their

ideasreal.
The synthetic list of phases represents the essence of the design
process: a path to find innovative solutions through a series of ac-
tivities that inform and activate the following ones until reaching the
realisation. The design models are valuable tools for communicating
among people of the same community to be aligned on their work,
to communicate to others the role of design, and to teach students
different design approaches.

Such a synthetic representation of the design process helps take
an extra step in the analysis. That is, to investigate the consolidated
methods used in each phase by designers to reach their goal and
check for new contemporary methods that represent the latest way
designers are tackling today’s challenges.

Phases 1. 2. 3. 4. 5. 6.
Bobbe et al. Analyse Define Design Finalise | Implement

(2016)

Bravo and Bohemia | Observe  Interpret Ideate/  Implement | Evaluate/  Share
(2021) Explore Improve

Proposed naming |Research Definition Development Deliver

8.3 The methods used in phases
of product design

From the literature review, a limited selection of references focussed
on product development. The methods mentioned by four authors
were collected (Kumar, 2012; Ulrich and Eppinger, 2016; Cross, 2027,
Isgro, 2021) and organised in the four phases of the design process
(Table 2). Each author presents a similar distribution of methods
across the various stages. In the table the methods are distributed
among the four phases and clustered by scope (observation, user, re-
search, context research, mapping, definition, idea generation, project
representation, project development evaluation, and communication).

Looking through the list of methods, a few aspects of each phase
are of particular notice.
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The Research phase presents the most significant number of
methods. This stage supports analysis and has a divergent nature
that contains methods adopted and adapted from other disciplines,
such as ethnographic interviews, focus groups, SWOT analysis, etc.

The Definition phase synthesises the previous research and
thus focusses on analysing user research (personas, profiles, user
journeys, etc.); mapping (includes matrixes and maps that facilitate
decision-making); and defining (consists of all methods to converge
towards a design brief).

The Development phase emphasises idea generation and project
development while including some evaluation and communication
methods. Here are the most typical methods of design, such as brain-
storming, concept generation, prototyping and storyboards.

The Delivery phase is the least extensive in terms of the number
of methods used. It focusses mainly on project development but also
includes communication and evaluation.

Table 2 shows a decrease in the number of methods as the
process progresses, with only a few methods for the Delivery
phase. Therefore, as the design process progresses and converges,
the diversity in methods also decreases.

In general, this list of methods shows the significant presence
of tools for in-depth research that enable the users in the process
and a mix of qualitative and quantitative data to be considered. Also,
it shows how designers offer a large amount of expertise in areas
ranging from analysis and creation to detailing, modelling, and pro-
duction planning.

The collection of consolidated methods shows a lack of methods
conceived to directly tackle today's complex and wicked problems.
Most likely, it is necessary to step beyond this design area to find
insights and proposals on the subject (cf. 8.5).

On the other hand, product design evolves with technological
advancements, which influence how products are designed and man-
ufactured, and includes updated tools and methods in the process.
For instance, computer-aided programmes optimise many steps of
the process and enable previously impossible shapes. Then, additive
manufacturing techniques accelerate the process by anticipating
the testing by working prototypes and, again, allowing new shapes
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that were previously impossible to make. Now, we are living with the
advent of Artificial Intelligence and discovering what to do with it as

it happens. Looking at it from an optimistic perspective, Al-enabled
research and design methods might support the transition design-
ers must make to tackle today’s contemporary challenges. That is
why understanding where Al will intervene in the design process is
essential and must be widely investigated. This chapter provides in-
sight into how Al-based methods (later called tools) are used in the
design process phases from an evolutionary perspective in product
development.

8.4 Al presence in product design
process phases

Presented here are state-of-the-art Al-based tools mapped and
organised in a four-phase design process (Isgro et a/., 2021) that has
been recently updated (Croce, 2024). Although both studies offer in-
teresting insights into how Al is being adopted in the design process,
the focus here is limited to the number of methods and their distribu-
tionin the process.

Table 3 (Isgro et al., 2021) maps the collected 37 tools, divided
into two categories depending on the level of development: still in
the research or prototype phase (29) or commercially available (8).

Table 4 (Croce, 2024) shows 66 commercially available tools.
Some of these represent the evolution of tools still in their prototype
phase in 2021.

Such a greatly increased number of tools to appear on the market
in only a few years shows a massive implementation of Al in design.
Also, from a comparison of the tables, it is noticeable that while most
of the tools were used for the development phase, they are now
largely present in the research and delivery phases.

The design process evolves quickly by adopting new methods
(tools) in each phase. This phenomenon is ongoing, and extra study
will be required to evaluate the mutual impact of Al-enabled methods in
design practice and discipline. So far, Al appears to be blending into the
typical design process model without the development of new models.
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Table 2.
Design Methods organised in the four phases of the Design Process.

EMBRACING CHANGE AND SUPPORTING TRANSITIONS

135



The list of tools shows that only one (n. 66) responds to the new
challenges. It can assist the designers in their decision-making to
choose environmentally benign design parameters for products.
Based on an Artificial Neural Network (ANN) model, it takes life-cycle
design parameters (i.e., size of product, density of material, manufac-
turing process, transport mode, and recyclability) as inputs.

It provides the corresponding outputs regarding a product's carbon
footprint and Jife cycle cost (Singh and Sarkar, 2023).

Thus, it appears that the integration of Al is limited to improving
design methods and does not support product designers in facing
contemporary challenges.

8.5 Further developments

The overview of the design process models highlights that although
different people developed new models during the past 50 years,
they all have similar structures describable by a progression

of typically four phases.

Also, the timeline shows that no new models have been broadly
shared in the design community in the past decades if looking for
product design processes. Only a detailed analysis of the process
phases and methods showed innovative features. Indeed, it was pos-
sible to find, for example, only one the application of a new tool that
integrates the Development phase, supporting the transitions toward
sustainability. Such a study indicates one path for design processes
and contemporary challenges to develop from mutual interaction.

Nevertheless, more extensive research could be necessary since
the focus on the product design domain produced a collection of
models not explicitly featured to tackle contemporary complex and
wicked problems. However, such an investigation might still not be
sufficient. Indeed, some scholars point out that:

Traditional design approaches [..] were inadequate for addressing
this class of problem. [...] Areas of design focus such as service
design, experience design, design for social innovation, deep

design, meta-design, and various ecological and sustainable
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Table 3.
Al-based tools in the design process (adapted from Isgro et al., 2021).
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Table 4.
Updated Al-based tools in the design process (adapted from Croce, 2024).
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Table 5.
List of tools in the design process (adapted from Croce, 2024).
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design processes take a more systematic approach in addressing
complex problems. However, they still tend to frame problems
within relatively narrow spatio-temporal contexts and do not offer
a comprehensive approach for identifying all stakeholders

and addressing their conflicts. A more holistic approach is needed
to address problems that will take dozens of years or even decades
to resolve (Irwin, 2018, p. 969).

To conclude, while new areas of design were developed to address
problems with a more systemic approach, product design was
developed by adding features to typical design process structures.
These phenomena will likely continue, while only new comprehensive
approaches could eventually let us tackle today’s complex problems.
So, the contemporary challenges will impact how design transitions
into new domains or develops new processes, approaches, methods,
and tools. In contrast, design will take part in the change, sharing its
way of tackling problems.
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