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Abstract: Design as a discipline has changed a lot during the last 50 years. The boundaries have been
expanded partially to address the complexity of the problems we are facing nowadays. Areas like
sustainable design, inclusive design, codesign, and social design among many more have emerged in
response to the failures of the production and consumption system in place. In this context, social,
environmental, and cultural trends have affected the way artefacts are designed, but the design
process itself remains almost unchanged. In some sense, more criteria beyond economic concerns
are now taken into consideration when social and environmental objectives are pursued in the
design process, but the process to reach those objectives responds to the same stages and logic as in
traditional approaches motivated only by economic aims. We propose in this paper an alternative
way to understand and represent the design process, especially oriented to develop innovations that
are aligned with the social, environmental, and cultural demands the world is facing now and it will
face in the future. A new extended design process that is responsible for the consequences produced
by the artefacts designed beyond the delivery of the solutions is proposed.

Keywords: design process; innovation; responsible design; sustainable design; sustainable innovation

1. Introduction

This article presents a critical discussion on the role of design in society as well as an exploration
into how the design process itself may need to be reconsidered in order to comply with the need for a
more responsible vision of design for innovation. Design as a discipline has changed a lot during the
last 50 years. The boundaries have been expanded partially to address the complexity of the problems
we are facing nowadays [1]. To many design practitioners and scholars, design has been one of the
most prominent contributors to both the ills that affect society as well as our best shot to overcome
them [2–4]. There has also been institutional pressure to reframe our current understanding of design
into a more progressive and active agenda. For instance, this has been the case with institutions
in the UK such as the Sorrell Foundation, Royal Society of Arts, National Endowment for Science,
Technology and the Arts (NESTA), and the Design Council [5].

Overall, these trends aim to vindicate design as a means to overcome the world’s challenges by
actively avoiding being ideologically neutral and engaging in value-driven activity. Design’s areas
like sustainable design [6,7], inclusive design [8,9], participatory design [10], social design [11,12],
and value-sensitive design [13,14] have sought to change the role of design in society. Learning from the
frameworks of responsible innovation [15], we can group all these areas under the label of “responsible
designs”. We define “responsible designs” as all the wide and heterogenous range of design’s areas,
approaches, and activities seeking to establish what design ought to be, instead of what it currently is.
We define this responsibility extrapolating the work of Voegtlin and Sherer [16] as a tripartite concept:
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(a) the responsibility to avoid harm, (b) the responsibility to good, and (c) the responsible governance
of the design process. We assert that all forms of responsible designs ultimately reflect the need to
reconsider the criteria of successful design in the face of the global challenges and the responsibility of
designers in achieving that success.

In this context, social, environmental, political, and cultural trends have affected the way artefacts
are designed, but the design process itself remains almost unchanged. In some sense more criteria
beyond economic concerns are now taken into consideration when social and environmental objectives
are pursued in the design process, but the process to reach those objectives responds to the same
stages and logic as in traditional approaches motivated only by economic aims. For instance, when a
product is designed with the objective to be sustainable, the normal approach is to bring principles
and considerations from the sustainable design area, and inject them ideally at the start of the design
process. There are tools developed to help designers to consider those principles and concerns, but in
general the essence of the design process remains unchanged. This situation can be extrapolated
to inclusive design, participatory design, social design, and almost all the “responsible designs”
we mentioned earlier.

We propose in this paper an alternative way to understand and represent the design process,
especially oriented to develop innovations that are aligned with the social, environmental, political,
and cultural demands the world is facing now and it will face in the future. A new extended
design process that is responsible for the consequences produced by the artefacts designed beyond
the delivery of the solutions. We recognize there are multiple models that represent the design
process [17–19]. Some of those models have been developed by engineers [18,20,21], others by
designers and architects [22,23], some by practitioners and others even by business consultancies [17].
In these models there are different sources of variability associated with the discipline of origin,
their orientation to the users, and the scope of the process [19]. However, there are also some
common elements that build the structure of the design process. Those elements include the iterative
rationality of the process, the divergent and convergent way of thinking embedded in the stages of
the process, their orientation towards actions, and the compatibility of the process with a variety of
possible outcomes [19,21,24]. Between these common elements there is not any one that represents the
responsibility the design process should have to assure responsible results.

Learning from the experience of the responsible innovation framework, we observe
that an extended design process should include ideals of anticipation, reflexivity, inclusion,
and responsiveness [15]. In turn, it implies that design professionals and institutions should develop
anticipatory, participatory, and integrative capacities [25]. We argue that an extended design process
should have at its very base some of those elements that include the ideals of what we called “responsible
designs”, not as injections of external concepts but as structural pillars of the process. With this ambition
comes also the idea to develop a model that can represent that kind of extended design process.

In sum, this paper is a conceptual article [26,27] that seeks to “provide an integration of literatures,
offer an integrated framework, provide value added, and highlight directions for future inquiry” [26]
(p. 17) in the intersection of design and responsibility. This added value, directions and propositions
are also inspired by many years supervising and guiding design processes, and observing how
responsibility is enacted in practice using the most traditional view of design. The aim of this
article is twofold. Firstly, to expose the need to reconsider and potentially redesign the mainstream
representations of the design process. Secondly, to explore the feasibility to incorporate responsibility
into the core of the more traditional view of the design process through a model involving three
elements: pertinence, transparency, and distributed agencies.

2. Responsible Designs

Current societal challenges put pressure on the design discipline and design professionals
to integrate goals and success indicators beyond profit making [11,28]. These challenges involve
different aspects of society, for instance, the environmental crisis, rising wealth inequality, ageing and
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over population, human and technology tensions, diminishing quality of life, decolonization and
decentralization, and so on.

To many, design has been one of the most prominent contributors of progress, but also to social
harm [2–4]. In practice, this has meant that over the past 20 years, the design discipline has sought to
be reformulated and updated in order to live up to their aspirations to bring about a better world [29].

Overall, these trends set out to update design as a vehicle for change through value-driven
activities. For this reason, we can group all these trends under the label of “responsible designs”.
We define “responsible designs” as all the wide and heterogeneous range of design trends, approaches,
and activities seeking to establish what design ought to be, instead of what it currently is. It is important
to note that despite the fact that many of the responsible design trends encompass each other interests.
For instance, socially responsible design or sustainable design may incorporate elements of codesign
or universal design, but because they belong to differentiated historical roots and have their own
conceptual tradition, we concluded that it was best not to give any of these design trends primacy
and to categorize all of them under a more neutral label. Figure 1 describes some of the concerns and
trends involved in responsible designs:
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2.1. Inclusive/Universal Design

Inclusive design, universal design, accessible design or design for all is a group of design trends
that seek to design and redesign products and services to make them accessible and usable to all or
at least to a broader set of users [9]. It has mostly centered on issues of age and ability [8], but its
underlying principle of universal access can be applied to all forms of individual differences. The idea
of inclusive became more prominent in the 50s in the US under the label “Barrier-free design” in
response to the difficulties of war veterans with injuries and physical disabilities [9]. Since then,
inclusive design has been promoted under antidiscrimination laws both in Europe and the US [30].

2.2. Codesign/Participatory Design

Participatory design and codesign approaches are design trends that broadly seek to include all
relevant stakeholders into the design process aspiring to equal power to all parts [10,31]. The reasoning
behind the involvement of the stakeholders is both practical and political; they know what is best for
them and they ought to be heard [32]. Historically, the idea of participatory design can be traced back
to Scandinavia in the 70s in the context of the political demands for more democracy and collectivism,
labor unions and ideals of social emancipation [33].
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2.3. Social Design/Socially Responsible Design

Social design is a broad label that has been used to characterize design practices that aim at
social change or social improvement instead of (solely) financial gains [34]. Social design is typically
traced back to Victor Papanek, Nigel Whiteley, and Victor Margolin and particularly to Papanek’s book
“Design for the real world” [35]. The idea of socially responsible design takes that same principle and
extends it further in the sense that it implies that designers not only should design for social change
but are ultimately responsible for the societal effects of their creation [12]. Socially responsible design
often seeks to integrate the principles of sustainability, universal access, and participatory design as all
of those approaches are seen to be constituent of social change [11].

2.4. Sustainable Design

Sustainable design or design for sustainability is a relatively new area of study in the design
discipline. Following the concerns raised in the 70s and 80s about the negative impact industry and
human actions were causing on the environment [36,37], many disciplines and between them design
were at the center of the discussion. While it is recognized that industry has produced important
benefits for society, it has also produced negative consequences like depletion of natural resources,
loss of biodiversity, pollution, social inequalities, among others. In response to these problems from a
design perspective emerged approaches first to reduce those negative consequences and more recently
to create value in social and environmental dimensions as it created economic value during the design
process. Those approaches include cleaner production, eco-design, eco efficiency, sustainable product
service systems, design for sustainability, and recently circular economy [6,38–41].

2.5. Value Sensitive Design

Value sensitive design (VDS) is a design framework developed by Batya Friedman [13], that seeks
to incorporate in a systematic way human values into the development of new technologies, especially in
the fields of information systems design and human–computer interactions [42]. The value sensitive
design framework emphasizes methods and has since its inception been founded on a defined
and formal methodology. VDS is structured as a tripartite methodology of Conceptual, Empirical,
and Technical Investigations [14] and a series of design actions devoted to make visible and to manage
the human values embedded in new technologies and the cultural forms of life of the stakeholders [43].

2.6. New Criteria for Successful Design

Due to all the new and renewed concerns that have been championed by design practitioners,
citizens and scholars, the criteria used to define the success and failure of designed artefacts needs to
be reconsidered and expanded. Through our revision of responsible design trends, we observe many
central concerns that have emerged from different perspectives. As seen in Figure 1, these include:
“The Environment”, “Democracy”, “Inclusion/Diversity”, and “Social Change”. All of these concerns
can be interpreted as emergent criteria to define the quality of design. Melles, Vere, and Misic [11]
proposed new criteria to define successful design under a socially responsible design approach that
summarize these concerns:

• Need: does the user or community need this product/solution?
• Suitability: is the design culturally appropriate?
• Relative affordability: is the outcome locally and regionally affordable?
• Advancement: does it create local or regional jobs and develop new skills?
• Local control: can the solution be understood, controlled and maintained locally?
• Usability: is it flexible and adaptive to changing circumstances?
• Empowerment: does it empower the community to develop and own the solution?
• Dependency: does it add to third world dependency?
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As can be observed in Melles et al.’s [11] criteria, some elements present in other responsible
design traditions are missing in this set of questions. Complementary criteria can also be added to the
list when considering other responsible design trends:

• Inclusivity: Will all users be able to profit from this design while respecting their diversities?
• Sustainability: Is the solution socially and environmentally sustainable?
• Value driven: Does it represent the value system of the stakeholders?

Meeting all of these standards may seem overwhelming to designers and may also make us
wonder about the nature and extent of the responsibility of designers. To authors, such as Dobson [44]
design responsibility should be a change in our professional attitudes towards the challenges of
today’s world. According to Szenasy [45] the key is understanding that all good design is responsible
design, and thus, responsibility should be embedded in disciplinary rigor. According to Thorpe and
Gamman [5] designers should be responsive instead of responsible for the outcomes of their work.
By this, they mean that designers should accept the uncertainty embedded in complex real-world
problems and avoid adopting a paternalistic stance in which the designers portrait themselves as
saviors to other communities. According to Cipolla and Bartholo [46] design responsibility means
acting where you are, that is, acting inside your own community in a coresponsible and dialogical
manner. For Markussen [47], socially responsible designers are concerned with micro- and meso-level
life improvements for a confined and marginal group or minorities.

Overall, the premise behind responsible designs is that there is a need to reconsider the ways that
design incorporates the question of ethics. The philosopher Glenn Parsons [48] describes the three
ways in which today’s design incorporates ethics:

1. Designers have to comply with the ethical norms, rules, regulations that constrain their
professional activity.

2. Designers also engage in ethics when they decide what to create.
3. The products of the design professionals also change the social landscape and thus, the concept

of ethics itself.

The interesting fact about all of those ways in which ethics is embedded into the design practice,
is that they act implicitly and are not part of the formal activities in the design process. In other words,
the ethics and responsible concerns of design have not been designed into the design process itself.
This is not to say that design teams have not incorporated some of the responsible design criteria,
but rather that in some cases its incorporation has not substantially altered the overall representation
of the stages involved in the design process [49–55]. More than that, these concerns have not been
systematically transformed how designers outside the responsible design trends conceive and visualize
the stages of the design process, at least not in all cases [56].

3. Conceptualization of the Design Process

The design process has been represented historically by different models. Some of them more
normative than others, some very detailed, while others are more abstract representations of the
process [17–21,57]. It is true that in recent years new ways to represent and to guide the design
process have emerged in areas like speculative design, critical design, and design fictions, however,
a traditional view of design still remains valid and widely used in industry and independent practice.
This traditional view of the design process is usually recognized as solution-oriented, and it is in
our interest to build our proposal of an extended design process on this traditional view of the
design process.

These solution-oriented models of the design process are characterized by factors coming from
different dimensions. One of those dimensions has to do with the discipline of origin. There are models
developed by engineers that have a very comprehensive understanding of the resources and the stages
involved in the conception and production of an artefact from a functional perspective [18,20,21].
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There are also models developed by designers and architects that respond to other rationality [23],
and even models developed by business consultancies and practitioners that address a totally different
set of drivers [22,58].

However, the discipline of origin in not the only dimension affecting how the design process is
represented, there is also the fact that some of those models represent processes centered in the users
while others take a different approach [24,59]. The scope of the process is also a source of variability.
There are models that consider the design process from the requirements gathering with the users to
the final development of the solution including stages of conceptual design, detail design, and even
manufacturing [21,60]. In contrast, there are more simplified models that consider the design process
only as the stages that concerns giving form to a preliminary solution later to be developed by other
areas in an organization.

Despite the variability between different models to represent the design process there are some
common elements between them that should be remarked. First, there is the notion that the design
process is iterative and it is expected to come back from later stages to previous ones in a continuous
cycle of improvements [24]. This is true in models with few steps up to very complex representations
with multiple stages and substages. Second, it is the divergent and convergent way of thinking
embedded in the stages of the process [57]. This logic responds to complementary stages of analysis
and synthesis to understand the context and the opportunities of intervention, and also to develop and
select the possible solutions. A third common element between different representations of the design
process corresponds to their orientation towards action [23,24,61]. This means that the models that
represent the design process favor a practical approach over a theoretical one. This orientation towards
action is capitalized in different moments where the design process gets closer to the user to collect
information, to involve them in the process, or to test a solution. Finally, there is a fourth common
element between different models of the design process. This common element is the compatibility of
the model to be used in very different situations and to produce very varied outcomes. In general,
a model of the design process is a representation that can be used to design a table as it can be used to
design a car, or even a more complex artefact. The level of detail will be off course different in each
case but the general stages that should be followed are basically the same.

Between these common elements in different models that represent the design process there is
not one that addresses the responsibility the design process should have to assure responsible results.
In this context, we recognize that social, environmental, political, and cultural trends have affected
the way artefacts are designed, but the classical and most used design process in its core elements
remains almost unchanged. In some sense, more criteria beyond economic concerns are now taken
into consideration when social and environmental objectives are pursued in the design process, but the
process to reach those objectives responds to the same stages and logic as in traditional approaches
motivated only by economic aims. For instance, when a product is designed with the objective to
be sustainable, the normal approach is to bring principles and considerations from the sustainable
design area, and inject them ideally at the start of the design process. There are tools developed to help
designers to consider those principles and concerns [38,62,63], but in general the essence of the design
process remains unchanged. This situation can be extrapolated to inclusive design, participatory design,
social design, and almost all the “responsible designs” we mentioned earlier. An extended design
process that includes elements in its more basic structure that can represent the responsibility the
process should have to assure responsible results is needed, especially for solution-oriented processes
aiming to develop innovations aligned with social, environmental, political, and cultural objectives.

In the next section we present an analysis of the emergence and evolution of three applications
of the Internet of Things (IoT), as examples of innovations developed with some additional criteria
in mind that supports our idea of developing a new extended design process. In these examples we
highlight some of the elements we believe should be taken into consideration in an extended design
process towards responsible innovations. We do not claim these examples are cases of responsible
design, not even case studies. The purpose of these examples is to illustrate how the consideration of
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elements such as distributed agencies, pertinence, and transparency can change the dynamics and
the results of the design process favoring the reflection on responsible design in a broad sense, and to
show how those elements can be manifested in practice. All three examples were selected purposively
as documented examples of design within the same theme (i.e., IoT). In these examples we reconstruct
the design process and characteristics of the design solution in order to analyze them through the lens
of each proposed component of a responsible design process.

4. Internet of Things (IoT): An Atypical Innovation

The term Internet of Things (IoT) is relatively new. According to Coulton, Lindley, and Cooper [64],
the term “The Internet of Things” was coined by Kevin Ashton. Kevin was executive director of the
AutoIDCentre in the MIT in 1999 [65]. The concept of IoT combines previous interest on ubiquitous
computing proposed by Mark Weiser [66], the development of sensor technology [67], and the idea of
device to device (D2D) communication proposed by Bill Joy [68]. The first documented case of IoT
occurred in 1984, when a coke machine was connected to the internet to report the availability and
temperature of the drink [69]. Since its proliferation in the 1990s, IoT technology has mostly been
used to expedite industrial logistics and since the 2010s has systematically permeated the homes of
users [67]. As Sharma, Shamkuwar, and Singh [67] assert, IoT is now much more than installing
sensors on objects and calling it “Smart”. New IoT developments are increasingly more complex and
integrated with other technological trends such as Artificial Intelligence, Big data, Cloud Computing,
and Robotics among others.

There are multiple definitions of IoT that include different elements, but that converge to very
similar ideas. In the Little Book of Design Fiction for the Internet of Things [64], there is one explanation
that covers well the nature and purpose of what is called IoT nowadays:

“we use the term to describe any objects or things that can be interconnected via the
Internet, making them to be readable, recognizable, locatable, addressable, and controllable
by computers. The things themselves can be more or less anything. Later in the book we use
examples such as a kettle, a door lock, an electricity meter, a toy doll, and a television, but it’s
important to remember that there is no limit on what could be an IoT thing. Anything that is
connected to the Internet is arguably part of the IoT, including us.” [64]

For the purpose of this paper, we are not interested to debate about the definitions or even the
technical characteristics of the IoT. What interested us is to analyze how different artefacts using
IoT have been designed, developed, and in some cases implemented or introduced to the market.
Understanding artefacts in a wide vision as it is presented by [24], including products, services,
and systems. In particular, we are interested in the decisions made during the design process of those
artefacts. We want to use those examples to discover and to highlight the elements we believe should
be incorporated in an extended design process representing the idea of responsible design absent in
current design models.

The following three examples of designs and developments under the IoT umbrella are analyzed
to discuss the same number of elements we believe should be included in an extended design process.

4.1. IBM’s Smarter Cities Project

One of the clearest ways in which the Internet of Things is pushing for transformation in our
worldview is through its potent vision of distributed agencies. Just as our everyday devices are becoming
connected and their decisions distributed among many different information sources, our lives also
seem to become more global and our decisions more dependent on the technologies that we use
(our smartphones, google, etc.). However, surprisingly enough, the idea that our minds are somewhat
interconnected with our environments and our technological tools is not that new.

Ever since the 1940s, cognitive psychologists and philosophers have discussed the extent to which
our thinking and action is occurring “outside our heads”. This is what is often called distributed
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cognition. According to Gavriel Salomon [70] there are two forms of distributed cognition: shared
cognition and off-loading. Shared cognition occurs when a cognitive process is shared among people
in a collaborative activity, while off-loading occurs when a mental process is somewhat externalized
to a material object, such as a calculator, a grocery list or even, a smart device. We can see that the
distribution that characterizes IoT devices also relates to the characteristics of the individual mind
itself. However, how about groups of people, or communities or even cities?

Smart cities are a good example of how design projects seem increasingly distributed. Smart cities
are based on the new possibilities generated by IoT to interconnect, monitor, and boost the productivity
and responsiveness of all services and user contact points embedded in the city as a system [71]. One of
the largest smart city designers is actually a former hardware designer: IBM.

In the 1990s and the early 2000s IBM reportedly was going through a difficult financial time [72].
This ultimately led to a strategic shift from hardware design to consultancy and software and the
sale of the PC division to Lenovo by 2004. In this context, and in the midst of the financial crisis Sam
Palmisano (IBM’s CEO) coined the term “smart cities” in a talk entitled “A Smarter Planet: The Next
Leadership Agenda”. According to one of the IBM managers at the time “in 2008 the launch of Smarter
Planet was not merely the announcement of a new strategy but an assertion of a new IBM’s worldview,
showing how the world has been changed over the previous decade” [73]. As Wiig [74] puts it, IBM’s
smarter city strategy is ultimately a techno-utopian vision of the new city.

IBM’s proposal was ambitious, they sought to help cities redefine public services, social programs,
and public infrastructure using emergent digital technologies. How could they redesign such complex
systems? In truth, a closer exploration of IBM’s smarter cities projects shows that this designing was a
very collaborative and distributed process. IBM partnered with city governments, local universities to
tackle the multiple variables involved in the challenge. Sometimes, they had to acquire technologies
from smaller size firms and even produce new technologies in their Smarter Cities Technology Center
in Dublin where world-class researchers were recruited [71].

IBM’s design process was not without challenge. As Scuotto, Ferraris, and Bresciani [73] describe,
during the design and implementation of their strategies, IBM managers face notable barriers in
collaborating with governments, such as scarce management and technological skills and the overall
passive role of the public sector. Another difficulty faced in the implementation of their solutions was
the management of Intellectual Property Rights (IPR). IBM managers conditioned the sharing of their
intellectual property with public organizations to clear contractual conditions carefully negotiated
beforehand [73]. IBM tended to share as little knowledge as possible related to the core competitive
capabilities in order to avoid knowledge leaks to other government’s partners, but had no issue sharing
knowledge in more peripheral activities [73].

Looking at IBM’s vision for Smarter Cities we can extract many lessons to be incorporated in the
design process. Just as our cities, our digital technology and our mind itself seems to be distributed
in nature, so should perhaps be elements of the design process. In the documented cases of IBM
smarter cities strategies, we can observe that the redesign of cities services involved the agency of many
different stakeholders: partnerships with universities to help in the research phase, active involvement
of local authorities to fund but also to place priorities, technology firms of lesser size to provide strategic
services and finally, the help of top international researchers through IBM facilities worldwide.

In that sense, the design process of IBM is characterized by a sort of distributed agency—or
shared cognition in the words of Salomon [70]—in which actions, burdens, benefits, and properties
were negotiated among different actors. We can also learn that even if responsibilities are distributed,
they also have to be clear in order facilitate collaboration. Even though the IBM design process is
collaborative, it does not mean that, for instance, property rights could be diluted. On the contrary,
smarter cities were more likely to succeed if the division of both labor and rights was clear and adjusted
to the expectations of all involved actors.

We can also extend the argument even further and also analyze other ways in which responsibility
is distributed in the design process. In some sense, users also share a responsibility in how artefacts
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impact society, as they hold the ultimate right to choose how to use them. In the case of Artificial
Intelligence, Wong [75] argues that users should no longer be considered just passive agents. It is users
that have the power to accept/reject certain artefacts that shape how technologies work with their input
of data, they may benefit from others wrongdoing, and their decisions with technology can affect other
people or the world. Technologies/artefacts themselves can also be regarded to have an agency.

In sum, when designing responsibility into the design process it seems that the distribution
should be considered as a fundamental aspect to incorporate. The design process involves multiple
agencies, from the designers themselves to institutions, to stakeholders, to end-users and to the
technologies. The boundaries, actions, and properties of that distribution should be arranged at some
point, or multiple points of the design process.

4.2. Smart Labels and IoT Sensing Technologies

One interesting concept that it is in some sense missing in the conceptualization of the design
process is pertinence. It is defined by the oxford dictionary as: “the quality of being appropriate to a
particular situation” [76]. Not because something can be made, it should be made. A premise usually
ignored in the design and development of artefacts. There are multiple examples of products that actually
nobody needs, or even worse products that might harm instead of providing a purposeful function.

Smart packaging and IoT sensing technologies are a good example to talk about pertinence.
Smart labels are not a new concept. They have been around for at least four decades [77,78]. These labels
use passive technologies like RFID to store a certain amount of information about a product that can be
read by specific scanners and facilitates logistics and inventory control [79]. Initially these kinds of
technologies were mainly used in warehouses and during transportation of goods to track products
along the supply chain. In the earliest 2000, these smart labels were introduced in retail used for
similar purposes, to have some level of control over inventories and to make the restock process more
expedited. Actually, Walmart, a major US retailer started to request the use of these technologies
to their suppliers, something that increased substantially the use of smart labels and decreased its
price [77].

During the last two decades the applications of those smart labels have been increased and moved
to new environments. In medical services pilots looking to prevent human errors for example in
transfusion of blood have been put in place such as the pilot tested in the Massachusetts General in
Boston [77]. Additionally, in the pharmaceutical industry they have been used in drugs to prevent
counterfeit [80]. The technology has also evolved during this time, from passive labels to active tags
that can be connected to the Internet and display a whole new set of capabilities.

Recently, these technologies have been considered to approach the major problems we face today
as society, waste management. The amount of waste we produce every day is alarming and with
it the loss of valuable resources and materials. Addressing this big issue, smart labels and sensing
technology connected to the Internet have been used to design systems that can improve the sorting
and disposing of waste, also to facilitate the management of bins and municipal centers of waste
collection using sensors and real time data [78]. In parallel, there are people interested in using
these technologies in packaging with purposes such as increasing food safety, design of sustainable
biodegradable packaging, and also the development of new business models based on big data
opportunities [81]. Even applications like including tags in wine bottles that can provide information
about their temperature and perfect moment to be drunk. In this case of smart labels, and IoT applied
to packaging, there are two issues that catch our attention. First, the fact that these technologies have
been evolving from very basic applications to more sophisticated ones at low speeds. Smart labels
have been around for about 40 years and yet we do not find all packages in the supermarket are
connected to Internet collecting and transferring data. Why? We believe mainly because of costs
and because there is not a strong case that supports the investments to use those technologies in
everyday products. We hope some reasons behind this slow introduction to massive markets include
also questions about the pertinence of doing so. It is not hard to justify the use of these technologies to
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improve the operations in a warehouse or even better to avoid human errors in medical treatments,
but what about collecting commercial data from users or to provide information about a product that
can be meaningless for the majority.

What is the limit? What should be the criteria to decide the application of these technologies?
Do we want to have everyday products in the supermarket collecting and using information about our
tastes and routines? As we mentioned earlier not because something can be made it should be made, or
in this case not because something can be used it should be used. Pertinence should be one of the basic
elements in the design process. It should be the element that makes designers and engineers think
if what they are designing is worth it. Is it making good beyond economic considerations? Is there
a possible harm involved? Who should decide if something is pertinent to be designed or not? Is it
a task designers should take or should be on the market? When should it be decided if a product is
pertinent or not? Questions that should be explored during the design process.

4.3. IoT Door Lock: Imagination Lancaster

Design IoT products have major issues related to security, privacy, and management of personal
information between other dimensions. These issues can be encompassed in a bigger and more general
concept, transparency. This is an important term that is usually undervalued in the design process.
Transparency is a property of a product, a service, a process, or a system, and it can be linked to different
agents. It means for example that a product can be transparent to the users in the way it works and in
the negative and positive impacts it can produce [82], but it can also be transparent to investors, or to
the community beyond the role of being a user or not.

A good example of how this concept of transparency can be treated in the design process of a
product is presented in an experiment done at Lancaster University by PETRAS, an IoT Research
Hub [64]. In this experiment the main question behind was how users accept agreements to use IoT
products. In general, all products, IoT or not, came with a user agreement that users have to accept if
they want to use the product. In the case of IoT products with multiple functionalities what can happen
is that one agreement actually is related to many different functions. When a user gives its consent,
that consent covers all those functionalities despite the user wanting or not to use all of them [64].

In order to explore this issue, the group of PETRAS used design fiction as a tool to picture a
probable situation. They designed an IoT door lock that has multiple functionality including [64]:

• Near field communication (NFC) feature to unlock instead of a key;
• Geofencing (lock and unlock automatically using geographical location);
• Providing guest access via smartphone app;
• Voice activation using an external service like Amazon Echo;
• Connection to If This Then that IFTT to integrate with other systems.

A relevant characteristic of those functionalities is that each one requires to collect and manage
different information from the user, and that information has to be stored at different places. For instance,
to address the fact that a user should be able to give consent through a product agreement just to the
functionalities he wants to use or to the ones he feels comfortable with, in the experiment an Orbit
system was proposed [64]. In their own words:

“Orbits are circular infographics which explain, based on what data a system gathers and where
it shares it, how identifiable a person might be from this data. The Orbit design uses three concentric
circles, where each circle represents data that might be used to identify you. The inner circle represents
data on devices you own (like your router, smartphone, or television). The middle circle represents
data on servers of companies you know, but where you have no control over the servers (like the
server of the lock company, Amazon’s Echo servers, or your mail provider). The outer circle represents
data on largely unknown 3rd party servers (this might be IFTTT or a marketing company they sold
data to)” [64].
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Basically, what this Orbits app gives to the user is the chance to know in advance what information
will be collected by the different functionalities of the product (Door Lock), where the information
will be stored, and how identifiable they will be through the information they will give [64]. With this
information the users can accept the product agreement at different levels, allowing the product to
perform all its functionalities or just the ones the users are comfortable with [64].

The interesting issue behind this example is the fact that artefacts should embed in their design,
features that assure transparency to the users. This transparency has to be related to how the artefact works,
how safe it is, what the potential impacts it can produce are, and in general all the information required
to make an informed decision regarding the ownership and the use of the artefact. Transparency is an
umbrella term part of what we recognize as responsible design and cover issues like security, privacy,
safety, and ownership.

5. Extended Design Process

Between multiple models to represent the design process, especially the solution-oriented design
models, the double diamond developed by the Design Council [57] is the one we chose to present the
idea of an extended design process. The selection of this model to be used as the basis of our proposal
lies on the fact that this model represents well the more commonly used stages in a traditional design
process. It integrates the elements we identified in Section 3, elements that we consider transversal to
many solution-oriented models proposed during the years. More than a referent, the double-diamond
model was selected as it represents a common ground of the stages of the design process usually
used in industry, taught in college, and used in many innovation processes. Rather than to propose a
totally new disruptive model we aim to change current practice taking advantage of known behaviors
and language.

The proposal is divided in two parts, what should happen before the delivery of the artefact
(solution), and what we think should happen after the delivery during the use of the artefact. In the
next section we explain in detail the implications of an extended design process in these two moments.

5.1. Before Delivery

The Double Diamond design model proposes two consecutive diamonds each one made of one
divergent and one convergent stage. In this process the four stages are named as discover, define,
develop, and deliver [57]. The first declaration we made, despite that it seems implicit in the model,
is that the first two stages in the first diamond relates to the formulation of the design problem,
and the third and fourth stages in the second diamond correspond to the development of the solution,
see Figure 2.

Then, the major change is to open in the middle of each diamond a space for a new stage.
These stages are neither divergent nor convergent, they are included to be evaluation and reflexion
points in the design process. Instead of inserting criteria for example of sustainable or inclusive design
at one of the original four stages, we propose to have dedicated moments in the design process to make
a holistic evaluation of the context and the solutions in relation with the elements we believe represent
well what is behind the idea of responsible design: distributed agencies, transparency, and pertinence.

In the first stage of reflexion and evaluation during the formulation of the problem (first diamond)
the elements that should be included are transparency and pertinency. The transparency should be
oriented to assure that all possible actors, stakeholders, and interactions have been taken into account
to build the context in which an area of intervention (opportunity) will be defined. In the example of
the Door Lock presented in Section 4 this should refer to consider all the actors that should give and
access data during the design and use stages. All the possible relationships between those actors should
be mapped and any potential conflict anticipated. The pertinence refers to evaluatin the purpose and
relevance of the context built in relation to a set of criteria defined by the areas that delimits a responsible
design like sustainability, inclusion, safety, and more depending on each situation. Referring to the
example of Smart Labels, it is at this stage that the relevance of the context in which the design should
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take place should be evaluated according not only to economic concerns but arguments from a social
and environmental perspective. Finally, distributed agencies are reflected in the strategies used to
engage multiple stakeholders in the problem identification and framing. This form of distributed
agency relates strongly to the advances and tools originated in codesign/participatory design.Processes 2020, 8, x FOR PEER REVIEW 12 of 20 
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In the second stage of reflection and evaluation during the development of the solution (second
diamond) the elements that should be included are transparency, pertinency, and distributed agency.
In this case the transparency refers to the information shared by the designers to all the actors
and stakeholders that will be involved with the solution. This information includes the way the
solution was made, the impacts generated during its development and the impacts it might produce
during its use and final disposal, and the requirements of data to operate the solution, between others.
The pertinence relates to the relevance and fulfilment of the purpose of the solution. This can be evaluated
using for example the set of questions proposed by Melles, Vere, and Misic [11], regarding need,
suitability, relative affordability, advancement, local control, usability, empowerment, and dependency;
complemented by questions on inclusivity and sustainability. In the two examples mentioned earlier,
Door Lock and Smart Labels, this stage of reflection and evaluation should focus on interrogating
the solutions developed before any release to the market. This interrogation should address any
potential problem during the use of the solutions, like the fact the user should have to give data they
do not want to share as it was the case in the Door Lack example, or any possible misinterpretation of
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information given by the Smart Labels that could derive into misuses that could harm the user or others
involved. Finally, a third element we believe should be included in this second stage of evaluation is
the distributed agencies. It means the assignment of responsibilities between all the agents that will be
involved with the solution. These agents include designers, producers, users, communities, and any
other one that might be affected directly or indirectly by the solution.

5.2. Beyond Delivery

There seems to be a limit to the extent that our imagination can predict or anticipate the future
impact of our design solutions. Additionally, this is not just a statement about the abilities and skills or
even tools that may help professionals do a better job anticipating, but rather a statement about the
nature of the design problems themselves. According to Rittel and Webber [83], designers usually
have to deal with complex problems that cannot simply be addressed in a straightforward way using
conventional problem-solving methods that could be applied to structured situations such as natural
science experiments, finite solutions games such as chess or engineering optimization problems with
a definite answer. Design problems usually resist such rationalistic approaches because they are
characterized by blurred boundaries, conflicting information, and systemic complexities. This is what
Rittel and Webber denominate “wicked problems” in opposition to “tame problems” that could define
other disciplines such as the hard sciences.

Wicked problems are also defined by their unforeseeable impact in the systems they are
implemented in. As Rittel and Webber [83] assert: “there is no immediate and no ultimate test
of a solution to a wicked problem” (p. 163). Tame problems, on the other hand, have relatively
predictable consequences and thus impact evaluation may be conducted. Design solutions to wicked
problems produce different sorts of consequences that take place over different periods of time (short,
middle, and long term). Therefore, as a final judgement would require all consequences to have played
out and as there is no strict time limit for this to happen, an impact evaluation becomes a wicked
problem itself. We could extract two different conclusions from this: one may think that this wicked
nature of the impact of design solutions prevents us from attempting to assess its impact, but that
approach would be conflicting with the adoption of a more responsible vision for design. Another way
of looking at it is to deal with this challenge in a more comprehensive and designerly way to assess the
impact of our design solution in recognition that they will most likely produce unexpected outcomes
in their use, that are somewhat unforeseeable during the design process and that all evaluations are to
be considered provisional. Our argument is that to achieve this goal, we will be required to extend the
design process beyond delivery and to design in more detail how this evaluation is to be conducted.

However, what are the impacts of design? As Kiran [84] asserts, designers ultimately aim at
changing behaviors. Through their solutions, designers aim at altering user behaviors through different
mechanisms, such as invitation or seduction (e.g., a fly sticker at an airport bathroom that invites
biological men to point correctly when they pee) or through inhibition and coercion (e.g., a mandatory
seatbelt in our cars). In that sense, learning (i.e., behavioral change) is the direct impact of design.

Designs, however, not only have a direct impact on the user, but in the social and environmental
system as a whole. Boenink, Swierstra, and Stemerding [85] argue that the effects of technology can be
categorized under two different concepts:

1. Hard impacts: These are quantifiable impacts relating to the observable risk/benefits that agents
of the system are exposed to because of the incorporation of the technology.

2. Soft impacts: These are subtle changes in the distribution of social roles and responsibilities,
moral norms and values, or social identities that are produced because of the incorporation of
the technology.

These two categories can also be broadly applied to design [84]. We can seek to assess how design
solutions impact the direct user behavior and the hard and soft impacts they produce in the overall
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system. However, this impact cannot simply be forecasted during the development of the solution,
as the wicked nature of the problems will unveil its consequences in use and through time.

It is for that reason that we propose that a more responsible design process should extend beyond
the delivery of the solution (as most versions of the design process models do end). An extended
design process would although not aim at producing a summative evaluation of the solution as this
seem to be impossible, but rather, at monitoring and learning from the unfolding of the design’s impact
in the system as a means to decide whether it is responsible to maintain the current design, accelerate,
pivot, change, fix, reconsider or even in some extreme instances, to stop it.

The criteria used to evaluate our design solutions could be essentially the same that we define as
our criteria for pertinence. As we have stated, we believe that the set of questions proposed by Melles,
Vere, and Misic [11] that we have expanded in the previous section could serve as a guide for this
evaluation. Designers could additionally ask themselves about the unintended consequences of their
solutions in practice—both positive and negative—and what they can learn and extract from observing
its impact on behaviors, soft and hard transformations in the system. Transparency in this stage would
also be necessary. Transparency beyond delivery allows for accountability. Designers should define
and communicate how the artifact will be monitored and how that feedback will be managed. Finally,
distributed agencies beyond delivery relates to who will do the monitoring. A distributed monitoring
could involve individual users, communities, NGOs, Universities, and even governmental agencies
depending on the complexity of the project. For instance, the impact of a project such as IBM’s Smart
Cities should be distributedly monitored by different actors, including the company itself but also
through governmental agencies, independent evaluators and potentially the citizens that are affected
by the outcomes of this design process. All these partnerships are embedded in dynamics of power
and politics that add to the complexity of the design process.

We ultimately believe that the form that the monitoring and learning process beyond the delivery
to take place is something that each design team will have to ‘design’ themselves. We do believe that
regardless of the definitive form that design teams will choose, they will have to address at least these
three questions:

1. How many monitoring and learning instances will be included?
2. How long into the use of the design will be considered sufficient?
3. What actors will be involved in the monitoring and learning process?

In the end, the complete proposal presented in Figure 3, shows the transversal elements we believe
should be included in an extended design process oriented towards the design and development of
responsible solutions. In this proposal, besides the appearance of the elements mentioned, pertinence,
transparency, and distributed agencies, there are other important remarks. First, the fact that we
believe the monitoring of the solutions beyond its delivery to the market should give feedback to the
design process and affect any further development of the same solution or new versions of it. Second,
the monitoring after the solution (artefact) is delivered should happen at different moments. It is not
necessarily a continuous evaluation, neither at equal intervals of time. A major issue in this extended
design process as it was mentioned earlier is to define who should do this monitoring, when, and for
how long after the solution is delivered. Finally, another important feature in this proposal of an
extended design process is the articulation of the two parts (before delivery and beyond delivery),
the evaluation and reflection during the first part, before the delivery of the solution, should orient the
monitoring during the second part, beyond the delivery of the solution.
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6. Discussion

There are many topics we would like to discuss around this proposal of a new extended design
process and its representation. Considering the scope of the paper we will summarize them in two
issues. First, we would like to discuss the elements we believe represent well the ideas behind a
responsible design and the fact that they are not necessarily an exhaustive list. Second, we would
like to talk about an additional element we believe should be considered in an extended design
process, proportionality.

Regarding the three elements we included in this proposal of an extended design process,
distributed agencies, transparency and pertinence, we believe they represent well the main ideas behind the
concept of responsible designs, but there might be others. This means that we accept that other elements
can be included in the stages of reflexion and evaluation in the two diamonds of the model of the design
process used to explain the additions. Any further elements that will be included in the extended
design process should respond to the logic of being pillar elements and not specific topics regarding
particular contexts. For example, in the field of sustainable design an important issue is to avoid the
use of dangerous materials. Beyond the importance of this issue for the evaluation of a sustainable
design, this is not a basic element that represents transversally the idea of responsible design, and in
consequence it should not be one of the structural elements of the extended design process.

In relation with the second issue of discussion, we believe proportionality should be a theme that
has to be taken into account in the development of an extended design process. Both before and after
the delivery, we assert that there are many questions and decisions that design teams will have to
answer for themselves in order to engage in a more responsible design process. It is not our ambition
to provide specific answers, but rather, to suggest some key questions that we think are helpful to
facilitate that decision-making process. We do believe, however, that in order to make those decisions,
is it important to keep in mind a principle of proportionality. With proportionality we refer to the fact
that now a model of the design process like the double diamond presented by the design council [57],
is used indistinctly to guide the design of a chair as it is used to design a car, or a service like a
financial loan. These three “artefacts” are by nature very different between them, and have different
impacts in their fabrication, use, and final disposal. In this context we believe a model that wants to
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represent a responsible design process should consider the scale of the process and the scale of the
resulting solution.

In our view, applying a principle of proportionality means that designers should consider the
degree of complexity (i.e., the sensibility of the problem, the scale of the solution, the forecasted impact
in the system after delivery, etc.) when seeking to design their own design process. As a rule of thumb,
we propose that the more complexity, the more responsibility. Of course, as all rules of thumb, this is
not an exact science and each case is different, as are the designers themselves. We are not sure yet
how to include this element in our proposal, then we expose this topic as a future line of work open to
receive ideas and propositions from other researchers working in the area.

As we have asserted, the impact of design is ultimately unpredictable. This should not lead to
pessimism or the desire to abandon all attempts for a responsible governance of the design process.
Collingridge [86] classically proposed the idea of a “dilemma of control” in technology, but it can
also be applied for many of the wicked design problems. Collingridge’s dilemma [86] is sustained in
two premises:

1. Impacts cannot be easily predicted until the technology has been implemented and widely used.
2. Controlling or governing technology is hard when it has become entrenched in the system.

Both these premises seem to be correct and although it paints a bleak picture for design
responsibility, we can look at it as a design challenge. We need to design the design process in
order to improve our ability to make better judgments and predictions about the impact of our solutions
and to plan how to learn and change as it is being implemented in a system.

Our argument for an extended design process also contests some of the current assumptions that
including anticipation and reflexivity are good enough as the basis of responsibility in innovation [15,25].
This is not to say that they are not important, but rather, to state that in order to enact those principles,
they have to be designed into the process itself. Additionally, sometimes that means defining their
limits (for instance, monitoring in use cannot be replaced solely by anticipatory exercises).

In sum, the path to develop a new extended design process will need to address serious ethical and
sociotechnical design challenges. For instance: (a) Dimensionality: what are the new dimensions of
responsibility (e.g., pertinence and transparency) that would need to be incorporated? (b) Temporality:
when does the design process end? (c) Agency: which actors need to be responsible for what elements
of the extended design process? (d) Tooling: what design tools need to be created to mediate and
facilitate the extension of the design process?

The projections of this work are multiple. Our next research steps involve first developing our
proposals of pertinence, transparency, and distributed agencies further. This means that we will set
out to operationalize them through concrete activities, tools, and indicators of success for every new
step of the extended design process. Afterwards, we will seek to assess these initial ideas through
the analysis and documentation of an implementation with real-life design teams. In this article we
explore the issue of ethics in the design process, but as we noted throughout this exposition, there are
other neighboring dimensions that could potentially be explored further, for instance, the role of
power and politics, the education of future designers, and how technical knowledge relates to ethical
concerns during the design process. We expect that by framing the challenges of responsible design
and by attempting some initial ideas to extend the design process, we will ignite new debates and
confrontations on the current state of the design process.

Finally, the limitations of this proposal must be kept in mind. Most importantly of all, as a
conceptual article, we sought to frame the challenges with mainstream representations of the design
process and offer a possible model that ultimately serves as proof of the possibility to reimagine the
design process. As such, this article lacks the systematic empirical evidence that should support a
more definitive extension of the design process. We hope that this initial exploration will ignite further
explanations to show the roots and rationale of adapting this existing process, as well as systematic
evidence pointing out strategic and comprehensive ways to incorporate responsibility into the core of
the design process.
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