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Abstract: This paper explores how design in the public realm can integrate city data to help dissemi-
nate the information embedded within it and provide urban opportunities for knowledge exchange.
The hypothesis is that such art and design practices in public spaces, as places of knowledge exchange,
may enable more sustainable communities and cities through the visualization of data. To achieve
this, we developed a methodology to compare various design approaches for integrating three main
elements in public-space design projects: city data, specific issues of sustainability, and varying
methods for activating the data. To test this methodology, we applied it to a pedogeological project
where students were required to render city data visible. We analyze the proposals presented by the
young designers to understand their approaches to design, data, and education. We study how they
“educate” and “dialogue” with the community about sustainable issues. Specifically, the research
attempts to answer the following questions: (1) How can we use data in the design of public spaces
as a means for sustainability knowledge exchange in the city? (2) How can community-based design
contribute to innovative data collection and dissemination for advancing sustainability in the city? (3)
What are the overlaps between the projects” intended impacts and the 17 United Nations Sustainable
Development Goals (SDGs)? Our findings suggest that there is a need for such creative practices, as
they make information available to the community, using unconventional methods. Furthermore,
more research is needed to better understand the short- and long-term outcomes of these works in
the public realm.

Keywords: eco-design; eco-art; open data; eco-didacticism; art and design practices; public art and
design; urban installations; raising awareness; sustainable development; sustainable cities

1. Introduction

Sustainability is often perceived within the context of crisis management, under the
umbrella of urgent challenges. However, this “crisis” mode may also inhibit collective
thought and social change since it can remain broad in scope and focused on the present. In
turn, it can immobilize the general community and leave these programs in the purview of
the “experts”, as investigated by Collins and Evans [1], and elaborated upon in the context
of sustainability by the authors [2]. No matter how green our urban infrastructure is, one of
the most difficult challenges in greening a city is to activate the collective intelligence [3] of
unsustainable human and organizational practices and the social structures needed to make
these shifts possible. We observe that effective action is slow to materialize, as collective
knowledge and behavior change are part of a larger dynamic that requires understanding
to reach a deep political and societal mindset.

If we consider collective civic intelligence, we cannot ignore the urban public realm
as a key space for knowledge exchange. We also see that public spaces are increasingly
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being used to exchange knowledge with the community [4-6]. At the same time, data are
central in the discourse of sustainability; data are often perceived as a need for monitoring,
a guide for action, and a means for evaluation [7]. However, how can design in the public
realm activate data to spark collective civic intelligence and even action?

This paper explores how design in the public realm can integrate urban data to help
exchange knowledge and enable a more sustainable community. Our hypothesis rests on
the notion that sustainability in the city can be enabled through the visualization of data
in public spaces, as these are essentially places of knowledge exchange. To achieve this,
we develop a comparative methodology to understand the various design approaches to
integrate data, design, and sustainability in public-space projects.

We used the work completed in a classroom setting by a group of students of sus-
tainable design to test the methodology and draw some insights into the approaches that
emerged. The objective of this pedagogical project was for the students to explore how
they can activate data through design, which can also “educate” the community about sus-
tainable issues. This pedagogical approach for teaching sustainable design was intended to
produce a variety of ideas for the public realm that would activate open data collected by
the city that most often remain hidden and not accessible to most people. These open data
represent a series of issues for the city, and this design exercise aims to render visible the
invisibility of the significance of these data. The pedagogical project focused on all these
issues and therefore was considered as the best case to test our hypothesis.

Thus, our research aims to investigate how collecting and disseminating data in the
public realm through design can address the different domains of sustainability (namely,
the social, economic, environmental, and cultural) while also raising awareness or soliciting
action. We extend our analysis to understand how the different projects relate to the United
Nations Sustainable Development Goals (UN SDGs). Specifically, the research attempts to
answer the following questions:

e How can we use data in the design of public spaces as a means for sustainability
knowledge exchange in the city?

e How can community-based design contribute to innovative data collection and dis-
semination for advancing sustainability in the city?

e  What are the overlaps between the projects” intended impacts and the 17 SDGs?

To answer these questions, we start by presenting the main literature concerning the
role of design in enabling sustainability and extract the tensions that define the design
process—in terms of data, design outcome and objective, mode of delivery, and sustainable
development impact. We then present the resulting methodology that we propose for
studying and comparing the urban public-space projects. In the third part, we present the
specific case study used to test the methodology. Before concluding our study, we reflect
on (1) how the method enables us to develop our understanding of sustainable design in
the public realm, (2) any gaps in the analysis, and (3) if there is a common thread in the
design approaches of these projects. While previous publications have studied each of these
elements independently, no previous research has attempted to explore their synergistic
outcome within a design-based research approach, deciphering the tensions that guide
projects’ design process or their overlaps with the SDGs.

2. Sustainability, the Community, and the Design of Public Spaces
2.1. Design in the Public Realm as a Means for Communicating and Enabling Sustainability

In the 1960s, green design represented a major shift for designers, embedded in the
aspiration of eco-awareness, driven by a radical approach that questioned the emerging
conspicuous consumption phenomena and the poor state of the urban condition [8-11].
During this time, some architects and designers even lived in their structures to express
their connection with nature [7]. The didactic efforts of the 1960s seem to be founded on a
vastly different set of motivations from those of modern green design [12,13]. Today, green
design seems to be aiming for the recognizability of eco-features [14], as a means to engage
with the community and to demonstrate eco-responsibility.
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The ability to communicate eco-responsibility is seen as a growing phenomenon [15,16].
A rise in the occurrence of discernible eco-features in the design of the city—its build-
ings and public spaces—has occurred in the past few decades, which may contribute to
this [6,17-22]. In this emerging phenomenon, projects are not only designed to be eco-
efficient, but they are also designed to appear eco-efficient [23].

The phenomenon of embedding messages in art and design practices is not new.
Indeed, art and design in the public realm can convey messages to the general population,
rather than just the patrons of art institutions, such as a museum. These practices may also
have the capacity to contribute to emergent critical discourses [24]. Increasingly, public art
and design have sought to espouse messages of environmental degradation [18]. The basic
premise of this type of public art and design, which aims to synthesize concerns of sustain-
ability, is to enable collective awareness [22]. As early as 1995, Suzanne Lacy described this
new genre of public art as work that can contribute to the common good when inserted in
the public sphere [5], to a point of becoming a political act [4]. It has also been suggested
that open creative practices on a macro level can spur societal innovation [25].

In a recent publication, Cucuzzella et al. refer to this phenomenon as an eco-didactic
approach [26]. These authors have defined the eco-didactic approach as “a new mode of
seeking public enlightenment through the arts, [which] ties the creative and design fields
to a form of instrumentality” [26]. We propose that eco-didacticism in the public realm can
be characterized by spaces that are designed to deliver an eco-message through expressive,
informative, and educative means.

One characteristic of eco-didacticism is the desire to inform viewers of a project’s
green qualities by encouraging them to think about its physical and connotative features.
Cucuzzella et al. [26] refer to this as a cognitive experience. This implies that some of
the eco-features must be made visibly obvious to visitors in order to deliver clear and
uncontestable information through formal qualities. This requires a communication approach
for disseminating the desired message based on collective consensus. It is possible to
identify characteristics that are not only eco-features attesting to resource performance but
also explicitly seeking to exhibit these features to visitors.

In the next few paragraphs, we provide a brief introduction to the three main areas that
are key in the process of designing installations in the public realm, which incorporate data
for communicating issues of sustainability with the community. These are data collected
by the city, the broad imperatives of sustainability for the smart city, and the UN SDGs as a
potential metric.

2.2. Data in the City

Today, data are increasingly perceived as an object of design—where the objective
is to find innovative approaches to either communicate existing city data or collect new
forms of data. Data in the built environment have been used for a variety of means. For
example, they have been used as a feedback mechanism for responsive environments to
better manage urban operations and resources [27]. Furthermore, the collection, sharing,
analysis, and availability of data have been recognized as a critical means for tracking and,
in turn, achieving sustainable development goals [28]. This practice highlights that data,
while being a managerial necessity, allow for novel connections with citizens [29]. As such,
we increasingly see data being used to exchange knowledge with the community, either
through phone applications or through digital or interactive devices placed throughout
the city.

However, data can only be operationalized when coupled with effective information
and communication technology (ICT). The application of new technologies combined
with ICT has been viewed as a cornerstone for smart development [30], for improving
monitoring and for building knowledge [31], and for democratizing growth, ensuring
equal access, and encouraging participatory action [32,33]. Communicating data to urban
citizens and users of interior or public spaces has been shown as an effective way to inform
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actions and, in many cases, even change behaviors. This can be applied to energy actions,
for example [34-36].

2.3. Sustainability and the Smart City

Antoine Picon has recognized that a smart city contains digital tools that allow the
optimization of its functioning and sustainability goals [3]. Picon states that the smart city
is inspired by a deliberately technocratic emphasis, with its programmed monitoring and
effective management. This author claims that these tools can also address the quality of
life of inhabitants, as well as the types of relationships they maintain with one another.
Thus, a connected and collaborative city may initially seem opposed to the smart city, but
the two are mutually complementary. This is because the smart city sets out to reinvent
collaborative citizen experiences spontaneously—where collective experiences can help
envision and embody positive futures [3]. These experiences would be nourished by, and
ultimately contribute to, both the human and hard sciences. Bisello et al. [37] propose
that smart and intelligent cities are encapsulated by the sustainable city vision—where the
social, economic, environmental, and cultural dimensions are in balance.

Rethinking the urban design project that aims to further the sustainable goals of a city,
in a previous publication, we [38] define a “blended project” as a theoretical framework that
addresses sustainability and smart cities” concerns at once through cultural developments
(Figure 1). In this research, we propose that blended projects can accomplish a multitude of
outcomes: (1) They are well integrated within their context; (2) they can effectively manage
natural and energy resources; (3) they can improve the quality of life; (4) they can encourage
local culture production; and (5), most importantly, they are activated and programmed.
These types of projects are also appropriate to their users and environmentally sound. Thus,
blended infrastructure projects are means for a sustainable vision that can also generate
a unified brand (i.e., the city as destination) and present a sense of place that is unique,
tangible, and relevant [39]. Figure 1 illustrates the relationship between smart-city and
cultural development strategies through the lens of sustainability, in which their sum is the
potential for blended projects.
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Figure 1. The relations between the sustainability pillars (two approaches to urban renewal: smart
city + cultural development and the resulting blended project) (Cucuzzella and Goubran [38]).
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This current research considers public blended urban design projects as potential en-
ablers for environmental, social, cultural, and economic sustainability. This can be achieved
through “the intrinsic links between cultural diversity and biodiversity, through its influ-
ence on consumption patterns, and through its contribution to sustainable environmental
management practices as a result of local and traditional knowledge” [40]. It is important
to note that the intersecting boundaries of Figure 1 are figurative in their definition, con-
sidering the complex reality of urban projects described by Dovey and Ristic [41]. Even
projects that adopt a predominantly smart-city approach will inevitably include some
cultural development aspects. Although these complex and intertwined relations cannot
be ignored or reduced to single labels, they are approached and categorized in this paper
based on the designers” implicit intentions.

2.4. The United Nations Sustainable Development Goals (SDGs)

The UN’s 2030 Agenda, approved in late 2015, marked an important shift in the global
sustainable development effort [42,43]. Structured around 17 transformative goals, the
SDGs and their list of clear targets are expansive and comprehensive (Jayasooria, 2016).
Unlike previous sustainable development agendas, the SDGs are accompanied by a global
call to action, offering a stable definition for sustainable development that designers can
seek in their work—essential for infrastructure, design, and construction [44-48].

Today, the SDGs are becoming an essential tool for guiding public and private sustain-
ability efforts. This is also the case in space design and architecture, as seen by the SDG
architecture guides published recently [49]. Within the scope of this research, both “data”
and “cities” are considered cornerstones for achieving the agenda’s targets. The role of
ICTs’ for enabling development has made it the focus of several SDGs targets [50]. In their
review of ICT’s role in the 2030 Agenda, Tjoa and Tjoa [51] propose that, while expanded
technological infrastructure and usage might result in environmental drawbacks, ICTs
enable unprecedented development capacities. This includes information access, supply
chain management and integration, crowdsourcing of data (regarding health, well-being,
and finance), and predicting and controlling disasters (such as in pandemic, as seen in
Grantz et al. [52]. Recent research, such as that of Kostoska and Kocarev [53], highlights
ways that ICTs can better align with the agenda goals by adopting holistic approaches
integrating knowledge from the governance, sustainability, and data sciences.

Researchers have also explored the roles of cities and urban environments in achieving
the SDGs. We already found that more than 40% of the agenda’s targets are dependent
on construction and real estate activities (understood as designing, building, maintaining
buildings, and infrastructure), and that those activities can directly affect sustainable
development goals [54]. Researchers have also found that the SDGs and their indicators
can provide a more balanced and integrated approach for applying urban sustainability
principles and monitoring progress towards sustainable development [55,56]. However,
their local application (i.e., in an individual project or a specific urban context) has proved
to be challenging due to their generic characteristics, global focus, and the many topics
they cover [57]. Consequently, developing methodologies and frameworks for integrating
the SDGs in the design and analysis processes of projects is key for meaningful integration.
This was attempted in available publications such as [58-61].

Against this backdrop, designers have a crucial role in exploring and materializing
the links between their work and the 2030 Agenda. The authors have previously [58]
suggested that this process has to happen in the early design stages—to ensure that the
SDGs are embedded in the designers’ and their project’s intentions [62,63]. In this research,
understanding the overlaps between the intents of city-focused design projects and SDGs
can reveal the potential contributions of city elements to global sustainable efforts.

3. The Tensions Defining Urban Project Design

Given the above three areas of research, which, when considered together, may con-
tribute to more sustainable cities, we describe in the next subsections the series of tensions
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to consider when designing for sustainability, particularly when aiming to communicate
a message to the general public, using data. The first series of tensions is represented by
the imperatives of the four pillars of sustainability. Design projects often focus on one of
these domains, while aiming to address the others without compromise. This is a difficult
balance. We have also organized the four categories of tensions, defining the project design
process as (1) the direction of the data exchange, (2) the design impetus (or motivation
for its existence), (3) the mode of delivery of the message it seeks to convey, and (4) the
sustainable development impact (SD Impact). Table 1, at the end of this section, presents a
summary of these tensions with their associated references.

3.1. Defining the Four Domains of Sustainability for Design Projects in the City
3.1.1. Environmental

We refer to the environmental project as one that addresses ecological issues or one
that increases public or individual awareness of ecological sustainability on a city scale.
These projects aim to reduce environmental impacts by reducing resource consumption or
toxic emissions in the environment [64]. The design approaches adopted are often based on
solving problems and limit their scope to areas of known environmental risk [65]. Although
some projects seek solutions at the building, neighborhood, or even city scales, the impacts
emanating from these built projects affect the whole ecosystem. Indeed, UNESCO has
placed environmental sustainability at the core of its work and actions [66]. Its four main
goals are as follows: establishing a certified Environmental Management System, reducing
carbon emissions, eliminating single-use plastics, protecting biodiversity, and promoting
urban agriculture. Such design projects aim to improve ecosystems.

3.1.2. Social

Barron and Gauntlett [67] describe social sustainability as a system or structure that
actively supports future generations’ capacity to create healthy and livable communities.
Socially sustainable communities are equitable, diverse, connected, and democratic. They
provide a good quality of life. Besides this, other elements can include the following:
the generally acknowledged values of discipline, honesty, and laws; and the unity of
the community, comity, compassion, forbearance, fellowship, fraternity, diversity, humil-
ity, sodality, tolerance, patience, love, institutions and pluralism, etc. [68]. According to
Polese and Stren [69], policies necessary for social sustainability require a more equitable
fiscal situation, the integration of all communities within the city into a cohesive whole,
and the provision of equitable mobility systems for access to public services and work-
places, all within the framework of an open and democratic local governing structure.
A design project can be considered within the social domain when it aims to strengthen
regional and vernacular connections and support communities to achieve an equitable and
dynamic society.

3.1.3. Economic

Theories in economic sustainability focus on the efficient usage and fair distribution
of goods [68]. Thus, economic sustainability can be understood as a group of practices that
will support economic growth without hindering a specific community’s environmental,
social, or cultural capacity. One possible approach here is to strengthen or even enable
entrepreneurial opportunities, directly affecting economic growth [70]. Another example
can include offering individuals price incentives for local products or services. These types
of services may also have beneficial rebound effects. In this particular example, this service
can also raise awareness about resource consumption and help prevent damage to the
national economy. A design project can be considered within the economic sustainability
domain when it aims to strengthen individuals” or communities” economic aspects.



Sustainability 2021, 13, 4577

7 of 37

3.1.4. Cultural

Grodach and Loukaitou-Sideris [70] define sustainable cultural projects as those that
seek to create a positive city image, improve the quality of life, focus on community
development, and encourage the local production of culture through arts and education.
However, the cultural pillar of sustainability can be broad. The UNESCO “Global Report
on Culture for Sustainable Cities, Culture: Urban Future” highlights the following:

“Culture and development have long had a reciprocal and interdependent relation-
ship, although this has only gained momentum at the international level over the
past 30 years. The evolution of holistic approaches is intrinsically linked with global
debates, in particular those around the concept of sustainability” [71] (p. 18).

Furthermore, urban design projects in the city can specifically aim to sensitize the
community about aspects of sustainability issues. This phenomenon is increasing, as we
see more art and design projects that aim to place eco-messages directly in the public
realm [26]. Thus, a project can be thought to address the cultural pillar when it aims to
increase awareness about cultural issues in society.

3.2. Data Exchange Direction
Collection vs. Dissemination

Within “big-data” exchange processes, there is always a tension between the collection
and the dissemination of information [72]. In sustainability science and citizen data, this
tension is usually named the data pull and push process [73]. In many cases, the collection
and dissemination have to happen in parallel or with a balance, where the applications
usually involve “stakeholders needing to have access to real-time generated data sets and
analytics from populations as large as a metropolitan community and be able to respond to
as well as disseminate information to these populations” [74]. What is essential is that the
collection (pull) or dissemination (push) of data might depend extensively on the context
and development-problem area of focus [75-77]. In the context of design for enabling
sustainability in the city, it is important to analyze the application or design’s primary
function—oscillating between the collection or dissemination of data and information.

3.3. Design Impetus
3.3.1. New Artefact vs. Product Augmentation

The definition of a new product or artifact can be considered a hierarchical combina-
tion of elementary subsystems where each of these subsystems is dedicated to consumers’
satisfaction and expectation [78]. As Lancaster [79] first suggested, a product may be con-
ceptualized as a basket of attributes (physical and symbolic) that seek to satisfy consumers’
needs. Innovation may classify the idea as “new” and a radical shift from its precedents if
any. There are two main criteria for innovation: the degree of novelty and the novelty’s
nature [78]. According to these authors, a product can be thought of as a composition of
technical subsystems and linking mechanisms. Linking mechanisms refer to how the new
subsystems can be integrated within the new product: Is the linkage completely different
from the previous version? Based on this, it is possible to distinguish between modular
innovations and architectural innovations. A modular innovation changes the subsystems
without changing how they are linked. An architectural innovation imposes a change in
the links that unite the subsystems. As such, we can think of design as proposing entirely
new artifacts or presenting improvements, or augmentations, for existing products.

3.3.2. Product vs. System

In this tension, we considered whether the project proposed was the design of an
artifact (a technical problem) or if the design considered the system within which it existed
and sought to address this larger complexity of its environment (a combined technical,
social and cultural problematic) [80]. The main difference between a product and system
approach is that the system-focused design pays attention to the relationships that the
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new artifact has with the other elements in its context and how these other interconnected
elements are influenced by this new design [81-83]. If a product is focused on questions of
affordances [84], efficiency [85], or even aesthetics [41], then the product is embedding itself
within a system. In this case, it is addressing these qualities while aiming to understand the
dynamics of the new artifact within the larger context in which it lives [86-88]. Therefore, a
“system focus” would entail a comprehension and articulation of the dynamics, influences,
or impacts of the new artifact with its environment. Whereas a “product focus” does not
consider its wider influences or impacts, and remains purely technical.

3.4. Mode of Message Delivery
3.4.1. Physical vs. Virtual Approach

Increasingly, societies and humans interact within the digital world [89]. A connected
society enables greater socialization while remaining contactless, living in the virtual [3]. A
virtual mode of message delivery would entail an artifact that lives in the digital world,
enabling a message to be delivered through the means of the connected city [29]. On the
other hand, a physical artifact in this research project is defined as one that is materially
embedded in the public realm [22], where the general public can experience it through
their physical senses. An example of a physical artwork in the public realm is Ice-Watch,
an artwork exhibited at COP21 in Paris, a 2015 United Nations Conference on Climate
Change. This famous public space artwork was created by artists Olafur Eliasson and
Minik Rosing. It was an intervention in the very physical city, as spectators often are pho-
tographed touching the melting blocks of ice standing idly in the public realm. However,
thousands of people were affected by this piece without ever visiting the actual site in
Paris, and the other cities in which the artwork was exhibited. They discovered the artifact
through its accompanying website, as well as through the media that poured out after
each installation. So, even if Ice-Watch was a very physical installation, its virtual pres-
ence and associated press helped it touch communities worldwide [90]. This public-space
installation is therefore adopting both a physical and virtual approach.

3.4.2. Consensus vs. Dissensus

Communicating eco-messages can happen in a multitude of ways. If we consider
Habermas'’s theory of communicative action, we see that the most substantial arguments
encapsulate elements of objectivity, subjectivity, and normativity [91,92]. Specifically, the
communication approach of the intended message of an eco-didactic work can span from
one that is universally accepted (using the conceptual model of consensus) to one more
subtle, or even subversive (using the conceptual model of dissensus) [93,94]. When com-
municative actions are conveyed, not through words, but physical or virtual artifacts, then
the three dimensions of the communicative action must be considered a little differently.
For example, the readability of the message and who is “allowed” to read it produces an
additional political dimension for the work [95].

An example that would illustrate the difference between consensus and dissensus as
a method for the mode of message delivery is the work by Wolf Vostell. His work, which
depicts a car made out of concrete placed in the public realm, critiques the ubiquitous use of
the automobile. This is an example of how public art can deliver a message that is already
well understood in the community (consensus), yet also provides a visceral experience.

3.5. Sustainable Development Impact
3.5.1. People vs. Planet

The development of products inevitably places the burden of environmental degrada-
tion on individuals rather than corporations. Humans feel the brunt of the responsibility
for the planet’s degradation, yet corporations are the main culprit [96]. Taylor and Watts
state that “20 fossil fuel companies whose relentless exploitation of the world’s oil, gas and
coal reserves can be directly linked to more than one-third of all greenhouse gas emissions
in the modern era” [96] (p. 1). Given that the increasing impacts of human activity on
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the environment on all scales have outpaced the systems and processes of the natural
environment, humans are equally increasingly striving to find innovative ways to address
this imbalance [97]. As innovations in new materials, new technologies, and omnipresent
data are increasingly seen as the foundation of the city’s future, there arises an associated
distancing from the primary causes of our planetary condition [98]. Discourses about
environmental crises and damages continue daily, and with this, a sense of despair and
powerlessness emerges, a sensation that Glenn A. Albrecht describes as a form of eco-
anxiety, Solastalgia [99]. Are the social and organizational problems that humans face not
better dealt with from a systemic lens? Can efficiencies at the product level help societies in
the quest for a more sustainable planet? This tension considers where the primary benefits
of the message being delivered are most focused: the planet or the people.

3.5.2. Raising Awareness vs. Soliciting Action

The public realm is the space of collective experiences [100]. Increasingly, art and
design in the public realm have taken on the goal to enlighten the public about environ-
mental catastrophes [18]. Even if these works aim for social transformation, however,
this may require deep shifts in societal structures [101]. Some of these works facilitate
emotional experiences [18], while others aim to visualize scientific data and even enable
action, through principles of knowledge exchange for environmental issues [102].

Consider Ice-Watch again: The melting blocks of ice are quite clear in their eco-
message, and the work’s aim to raise awareness is quite evident. The installation is created
through science since each of the 12 chunks of ice is equivalent to the global amount
of melting ice per second in Greenland. It is difficult to understand how to change the
situation of melting glaciers, as the artwork offers no suggestions for how, at the individual
level, one can begin to take action. There is no direct solicitation of action, and, given
that the problem of melting glaciers requires a systemic understanding of greenhouse
gas emissions from a development perspective, viewers are left powerless. Even if the
eco-message is extremely clear, the action to be taken to improve the situation is not [4,103].

3.5.3. Community vs. Individual

Artworks in the public realm can be aimed at the community or the individual. In
some cases, the works may enable dialogues directly in the public realm [104,105]. In these
types of works, both communities and individuals, are intended as the audience, which
may result in both conceptual or physical processes of interaction [106,107].

The goal in all these types of works in the public realm is to exchange knowledge or dis-
seminate messages [108,109]. Returning once more to Ice-Watch, the work intends to touch
an entire community. It sparks an emotional connection between the public (a community
of viewers) and the topic of melting glaciers. It may not enable individuals into action,
but it makes communities acutely aware of the damages to our environment [110-112].
An example of a work that activates the individual directly is the Washed Ashore eco-art
installation by artist, Angela Pozzi. In this work, there is a call for citizens to help collect
waste that has washed ashore. This debris, mostly plastic waste, is used by Ms. Pozzi to
create the series of artworks exhibited along the shore. Her work enlightens the community
at large, but it also focuses on the individual by mobilizing them to take action. This
highlights the tension between community or individual-focused design.
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Table 1. Summary of the tensions defining using data in design sustainability in the public realm.

Categories Tension Reference
. . Environmental [64-66]
Tension between the social, -
SUSTAINABILITY economic, cultural, and Social [68,69]
DOMAIN OF CONCERN environmental domains of Economic [68,70]
sustainability.
Cultural [26,70,71,113]
Tension between collecting data from the community and
DATA disseminating data through design to the community. [27,28,30-36,50,51,72,76,77]
Tension between designing an entirely new artifact and 78]
DESIGN designing only an add-on.
Tension between product- and system-based design. [41,81,83-88,114]
MODE OF Tension between a physical or virtual type of solution. [90]
DELIVERY OF MESSAGE Tension between activating widely accepted knowledge and [92-95]
encouraging provocative debate.
Tension between raising awareness and soliciting action. [4,103]
SUSTAINABLE Tension between community and individual-focused design. [110-112]
DEVELOPMENT IMPACT Tension between project benefits to people (and their
socioeconomic system) and benefits to the planet (general [96-99]

ecological benefits—flora and fauna, and non-human benefits).

4. Methodology
4.1. Approaching City Projects and the Analysis Method

To study how city projects navigate the tension between sustainability, data, design,
and eco-messages requires a type of expertise that is rooted in the specific design problems.
As proposed by Collins and Evans [1], this would be considered internal expertise. Thus,
the researchers analyzing these tensions would also need to understand the outcomes of
the design process and designers” intents. The experts who can analyze these projects
should have a contributory ability to the topic—e.g., they should be designers focused
on studying and creating similar urban projects. As such, the analysis becomes in itself
a type of reflection-in-action, as proposed by Schon [115]. This approach is in line with
the practices of architectural judgment, such as those used in competitions and design
critiques [116,117].

Pedagogical design projects present a fertile space for such analysis to be conducted.
Education design projects offer the possibility to formulate briefs and requirements in a
way to guide students to explore the tensions presented earlier. Thus, and unlike real-life
projects or built case studies, the pedagogical projects” outcomes would all respond to
the same requirement and would not be limited by real-life constraints (such as economic
or bureaucratic). Additionally, the diversity in student backgrounds and interests would
generate a rich variety of projects and ideas to be explored. Moreover, course instructors
are fit to provide a polymorphic reflection on design outcomes based on the dialectic
instruction and assessment of design-focused projects.

We adopted an expert elicitation process, to involve the teaching team as internal
experts who are directly engaged in developing the design projects. Some critiques of this
method have been voiced by scholars in public policy development [118,119]. However,
this methodology has gained much ground in studying sustainability and sustainable
development issues in the last few years. Recently, it has been used to understand and
evaluate the SDGs and their links to various sector-driven activities [44,120,121].

4.2. Selected Case Study: Contributing to Sustainability through the Smart City

The case study we selected comprised ten projects, an outcome of a design exercise
organized for a first-year public-space sustainable design studio, titled “Contributing
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to sustainability through the smart city”. This exercise was designed to encapsulate the
principles embedded within the theory of eco-didacticism in the public realm. Furthermore,
the main objective of this exercise was the democratization of the open data collected and
available by the city—data which most often remain hidden from the majority of the urban
population. These first-year students were required to imagine how these data can be used
in the design of an urban installation, while making the invisibility of the data visible to
the public.

In this exercise, the term “smart community” was defined as civil society’s contribution
to the city’s intelligence. This embraces the broader definition of smart cities as suggested
by Picon [3]. Students were required to explore how open data can be used in urban design
projects such that they can contribute to heightening awareness about sustainability in the
community. The design questions that framed the projects were as follows:

1.  How can we include civic engagement in the way smart and sustainable communities
are developed?

2. What data are needed to enable this civic engagement?

3. If the data do not exist, how would you ensure that information is appropriately and
continuously collected?

While the City of Montreal made some data publicly available and accessible to the
students, these data were not activated in design by the city. In other words, the data were
invisible to the community, even if the datasets were housed on the open data portal in
the form of datasets. Some of the datasets were mapped (i.e., using graphical methods to
represent specific datasets) on the city’s website; however, the city wanted to explore how
these data could be utilized more creatively to inform citizens and solicit positive behavior
from communities. Some of the design proposals by the city representatives included
the following:

e Large-scale public data mapping and visualization;

e  Processing and using public data in artifacts that communicate concrete and easy-to-

read messages;

Promoting and valuing contributions from citizens in creating data and information

about the city;

Considering how data are governed when added by citizens to the city’s open

data portal;

Helping to recognize the truthfulness and authenticity of a citizen’s contribution to

data creation;

e Harnessing the potential of digital technology to promote civic engagement and
improve democratic practices (e.g., Civic Tech group).

Students could choose from three alternatives regarding how they would incorporate
data into their design project:

1.  Using existing and already collected data from the city: Students were expected to
imagine how these data could be designed into the public realm to help communities
better understand their relevance and help them become more aware of sustainability
issues. Here, the students focused on disseminating these data through their designs
and on “teaching” communities about some sustainability issue, using either dynamic
or static interactive methods.

2. Exploring how new data can be collected: The students were expected to find ways
to gather new datasets not currently available in the city database. In other words,
they designed a mechanism to obtain new data on a regular and sustainable basis.

3. Combining both mentioned strategies: The students were expected to utilize existing
data while complementing them with new data or simultaneously collecting and
disseminating the data through their design. Thus, their task was to find how the city
could collect new data in engaging ways while also seeking new mechanisms and
platforms to communicate that same data.
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Table 2 presents the ten projects that were used in this study. We have included
in this table the title, the submitted poster, and some other details that would enable a
comprehensive understanding of each project submitted. In the following section, we
describe the analysis process and outcome.

Table 2. A summary of the design outcomes, including projects’ title, submitted panel, overarching objective, and message
of each of the student team projects.

Project Title and Ilustration Problematic Overarching What is the Message
Students” Name Objective or Imperative?
Taking part in a short
The Power in the activity that will teach
Reversibility of ; e R Introducing a people how to measure
Light Pollution Le pouvoir dansla  The Power in the Light new way of the brightness of the
réversibilité dela  Reversihility pollution data.  collecting light current sky, which
By: Molly Taylor, pollution lumineuse of Light Pollution pollution data. further raises their
Kelly Patilla : awareness of the city’s
light pollution.
AQI Accessible - Not only educating the
. . Monitoring and .
. Air quality . . public but also
By: Bianca . . displaying L
information. . . providing them a role
Macleod, air quality. : ;
in gathering data.

John Sales
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Table 2. Cont.
Project Title and . . Overarchin What is the Message
) , Illustration Problematic arcng ossag
Students’ Name Objective or Imperative?
4 -~
Qné of the greatast Qur project alms to The geal of educating
canstantly growing rate of which restaurants and subject I tisst they will
. Westa oo T eriranmentaly .
Trouble With IESe oo Growing Informing consumers
Takeout i incidence of on which restaurants
Probleme single-use Developing an ]
. ; . and cafés near them
By: Jazmin avce cmporler plastics and app. .
. have environmentally
Harrington, Dylan = Styrofoam friendly packagin
Razzell \ A containers. yp sme:

app izt on. The ins-alaton wil 22

5 andisplay of rues ard o age
intertinec with used takeaul

MANTRA , At what kind of fkeont
containers they provice. This w |

_ provica ncentive for hese

7 slablishinerbs Lo povide more

eca.riardly fakaout
S el e £
ansironmen.

Car Commute
Awareness

By: Kevin Mains,
Florence Simard

An increasing
number of
cars on roads.

Making an
installation.

Billboards and lights
receive and announce
data such as the
number of vehicles
passing the bridge. The
project attempts to
decrease air toxicities
and traffic.
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Table 2. Cont.

Project Title and Ilustration Problematic Overarching What is the Message
Students’ Name Objective or Imperative?
Under Artificial 2 Licht Quantifying the
Skies i gt . amount of energy
pollutionand  Making an d ioht d
energy waste  installation wasted overnight due
By: Astou Touré, SatA¥ in Montreal ’ to light pollution to
Lucia Giron ’ raise awareness.
The Smart Bus Stop
Don't wait, learn instead!
The Smart Bus Stop Making people aware
Don’t wait, learn grrlt)(:;nt of of their daily carbon
instead! o . emissions from taking
emissions Making an
. . the car and how they
. from installation.
By: Manuel Souris, individual can escape such
Claire Duby Riou, cars emissions by taking

Max Thomas

the bus
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Table 2. Cont.
Project Title and Ilustration Problematic Over'arcl'ung What is the Message
Students’ Name Objective or Imperative?
. Raisi
Our Unsustainable Waste AISING awareness
: among the residents of
Coffee Habits generated by .
. Montreal regarding the
the Making an .
. . . issue of the waste
By: Laura Porto, consumption installation.
. generated by the
Marco of single-use .
M ' consumption of
Nguyen-Cote = 7 coffee cups. .
ot single-use coffee cups.
OUR UNSUSTAINABLE
COFFEE HABITS —
Ewvery week, 4 million cups are disposad
of in the Greater Montreal region. R
NOS HABITUDES DE CAFE
INSOUTENABLE —
Chaque semaine, 4 millions de tasses
de afé sont jetées dans la grande re-
gion de Mantréal,
LATE-AGAIN?
NCORE EN RETARD?
in?
Late again? Efficiency in . Increasing efficiency of
. Developing . .
public trans- public transportation
By: Rees Tucker, an app.

Eric Riordon

portation.

in Montreal.
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Table 2. Cont.
Project Title and . . Overarching What is the Message
Students’ Name Hlustration Problematic Objective or Imperative?
: BEs o
CHN ILLUMINE
- Huminated Neighborhood
Illuminated Constr}lctmg
: educational data
Neighborhood e
. visualization that urges
Energy Making . .
. . . . residents to track their
By: Anastasia consumption.  installations. h
.. ome energy use and
Statsenko, Patrizio
McLelland to develop more
sustainable habits.
rootrade =i
Scarcity of Acting as a grocery
store map and

Montreal- .

Rootrade cost-comparison app
north grocery . .

Developing an and allowing busy
. stores .

By: Lily Cowper, low-incomes 3PP residents to purchase

Oldri Kecaj nutrient-rich vegetables
among from t

. growers a

residents.

greenhouses nearby.

4.3. Analysis Framework

We designed the analysis framework around questions that address the categories
presented in Table 1: (1) How does the project relate to the topics of the SDGs? (2) What
is the project’s sustainability area of concern(s)? (3) How does the project situate within
the eight tensions identified—across the data-exchange direction, the design impetus, the

mode of message delivery, and the SD impact?

The details of the sub-questions for each of these categories are presented in Appendix A.

The overview of the analysis framework is presented in Figure 2.
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Figure 2. The analytical framework for assessing the design project.

4.4. Analysis Process

To analyze the design outcomes of the young creators, a committee of five experts—
including the authors—composed the expert elicitation team. This expert group was com-
posed of the studio instructor, the reviewers, and teaching and research assistants involved
in the first-year design studio. The analysis aimed to discuss, judge and critique the projects
through the submitted design panels and project descriptions and to arrive at an answer
to the questions highlighted in Appendix A. Figure 3 presents the overall process of the
structured expert elicitation process.
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!

Consensus

i [ 1
1 1

. ! :

1 1 |

1 ! 1

1 1 H

1 1 H

1 1 H

1 1 |

1 1 H )

1 1 1 H

1 1 1 H

1 I 1 H

] [} 1 Y

1 1 H

! Design Panels . ! J,
1 | 1 5 =
1 1 H i

1 1 H i

1 1 H

1 [ |

1 1 H

1 1 H

1 1 H

1 1 H

1 1 |

1 ! 1

1 : 1

! 1

1 I 1

Design Students

The students were asked to
use the course content related
to the 5DGs

{DELIVERY & {SUSTAINABLE! §
OF MESSAGE | DEVELOPMEN |

DATA | | DESIGN :

Figure 3. Expert elicitation process. This diagram is based on Reference [119].
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1- Rootrade

As part of their project proposals, the students were asked to select the set of SDGs
that they understood could capture their project’s objectives. Their choices were based
on the course content related to the SDGs (which included a presentation, group discus-
sion, and class activity). Thus, in this research, the students completed the first step in
the framework proposed in Figure 2. Following this primary student input, the expert
panel completed the remaining analysis, using the structured expert elicitation method
proposed in Hemming et al. [119]. The results reported are considered a manifestation of
the reviewer’s consensus regarding each of the projects, with their justifications presented
in the comments. Overall, the 5 experts arrived at a consensus and justified the 120 analysis
points. The outcome of this analysis is presented in Appendix B.

5. Results
5.1. Overview of Results

In terms of the SDGs, the students mostly selected SDG 11 (sustainable cities and
communities) as their key area of focus—with all 10 projects linked to it. This was followed
by SDG 4 (education), with nine projects. This choice was justified by the will of the
students to raise awareness and educate city dwellers about sustainability, ecological,
or climate-change-related issues. This is not surprising, since the students were asked
to develop a design that would be installed in the public realm and that would allow
knowledge exchange or dissemination, using the city’s open data or new data collected.
Finally, SDG 12 (sustainable consumption and production) also received significant focus,
with six projects.

Other SDGs were selected based on the thematic focus of each project, such as food
(SDG2), well-being (SDG3), energy (SDG?7), infrastructure (SDGY), climate change (SDG
13), biodiversity (SDG 15), and partnership (SDG 17). No projects selected SDG 1 (poverty),
SDG 5 (gender equality), SDG 6 (water), SDG 8 (economic growth), SDG 10 (equality),
SDG 14 (marine ecosystems), or SDG 16 (peace and strong institutions). While some gaps
might be justified by the context of Montreal (such as SDG 6 and 14), other SDGs that were
ignored might point to gaps in data’s guiding design towards primarily infrastructural
and resource-focused sustainability challenges (based on the SDG categories proposed by
Lucas et al. [122] and Waage et al. [123]). These findings are shown in Figure 4.

mSDG 17
®SDG 16
mSDG 15
mSDG 14

mSDG 13

mSDG 12

SDG 11

mSDG 10

. msDG 9

mSDG 8

N
mSDG 6

. mSDG 5
msSDG 4

mSDG 3

SDG 2

2-Trouble With 3- The Powerin 4-llluminated 5- AQI Accessible 6- Car commute 7-Under Artificial 8- The Smart Bus 9-Our 10-Late again? mSDG 1

Takeout the Reversibility Neighborhood awareness Skies Stop Don’t wait, unsustainable
of Light Pollution learn instead! coffee habits

Figure 4. Cont.
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Figure 4. The Sustainable Development Goals (SDGs) mentioned in students’ projects. (Top) The SDGs mentioned in each
of the students’ projects. (Bottom) The cumulative SDGs mentioned across all the student projects.

The analysis outcomes showed that most of the students” designs targeted environ-
mental and social sustainability issues, while cultural and economic dimensions were the
two least addressed, respectively. Furthermore, the projects all pursued multiple goals,
revealing that sustainability work cannot be limited to one specific domain.

Although the focus of most projects was to make environmental improvements, many
incorporated different types of interactive processes such that they could perhaps enable
changes in cultural or social norms. On the other hand, some projects primarily focused
on the cultural or social dimensions, which may have ecological consequences. Figure 5
presents the results of the analysis of the distribution of the four sustainability pillars
(environmental, economic, social, and cultural) for each of the design projects (top), as well
as the distribution for the combined (of all projects submitted). The units on the top graph
of Figure 5 indicate zero bars (not addressed), one bar (minimally addressed), and two bars
(highly addressed).

The analysis results for the eight different tensions (within the five categories delin-
eated above) are presented in Figure 6; starting with the tension around data-exchange
direction, we see that projects mostly aimed to collect a few pieces of information, while
their main intentions were to disseminate the data collected by the city to society. In the
design category, the dominant approach in the projects leaned towards designing new
artifacts, which may suggest that designing an object from scratch is an easier task than
augmenting an available product, which entails analyzing existing flaws and proposing a
more suitable alternative.

Looking at the mode of message delivery, there was a higher focus on physical
approaches for designs compared to virtual solutions. Although some considered making
virtual platforms and networks, the illustrated effects were focused mainly on the changes
they could bring about to the physical world. For this reason, most projects are placed in
the physical realm. The projects also addressed widely recognized challenges instead of
controversial issues that have potential disagreements behind them. This was clear from
the selection of the SDGs by the students—mostly avoidant of contested topics such as
poverty, gender issues, racial tensions, socioeconomic inequalities, or political challenges.

In the sustainable development impact category, the results reveal that most projects
tried to raise awareness about sustainability issues rather than solicit positive actions,
with a slight bias toward targeting the community rather than the individual, and an
overwhelming focus on addressing human-related challenges rather than planetary issues.
It was clear that most students struggled in activating data for soliciting actions. This is a
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very challenging design approach. We also note that students were unable to conceptually
scale the potential for individual actions, resorting to addressing the community as a whole.

H Environmental Economic

M Cultural

M Social

® Environmental

Economic

o Social

m Cultural

Figure 5. The results of the analysis of the distribution of the four sustainability pillars (environmental,
economic, social, and cultural) for each of the design projects (Top), as well as the distribution for the

(of all projects submitted) (Bottom).

combined
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Figure 6. Cumulative analysis for all projects of the 8 tensions within each of the four categories (data, design, mode, and

sustainable development (SD) impact).
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Although the designs highlighted the current major sustainability issues and raised
awareness around them, they did not demand explicit and immediate actions to solve
these problems. The outcomes show that long-term and planet-related goals have received
less attention from students (Figure 6).

5.2. Intersecting the Findings and Discussion of Outcomes

Looking at the assessed parameters and co-occurrences (a Spearman’s Correlation
was run for all analysis data to determine trends, and we extracted significant correlations
starting at 0.05 significance), we see that students generally paired production, distribution,
and delivery of goods and services SDGs with natural environmentally focused goals.
This further highlights the intent of the projects to improve and provide new products
and services in a manner that is more environmentally conscious. We observe that most
of the environmentally focused projects are mainly aimed at raising awareness (rather
than soliciting action). However, projects that focused on the economic, cultural, or social
dimensions presented a broader mix between awareness and action. It is not surprising that
the environmental pillar and the mode of consensus for conveying the eco-message were
the most heavily adopted strategies across the design projects. These are the low-hanging
fruit for design projects that aim to raise awareness.

We also see that projects that aimed at disseminating data depended more on dissensus
as a method and tended to have more physical solutions to their design. This might be due
to the lack of need for attracting users (through consensus) to collect new data and the fact
that the projects aimed to use the public realm (rather than digital devices) to express and
illustrate their data. It is far more difficult to propose a design project that adopts a mode
of communication-based on dissensus to disseminate a message. This requires a profound
understanding of the social issues embedded within the community by the designer in
order to address these diverging points of view.

It is clear from the results that most projects that used the physical solutions were less
concerned with soliciting actions and more dedicated to raising awareness. On the other
hand, virtual solutions were concerned with changing behaviors and attempting to address
systemic issues. In most cases where the students sought to collect new data, these data
were used to address a social habit that was deemed unsustainable: encouraging turning
off office lights after work hours, for example, or finding ways to improve the experience
of public transport. These types of unsustainable habits resonated with the young students.
However, their proposals remained at the product level and rarely attempted to consider
broader systemic viewpoints to capture a deeper level of influence.

These findings suggest the strength and weaknesses of each approach. Physical
solutions, in the form of installations and additions to the public realm, emerged in the
design process as more suitable for data dissemination and raising awareness about issues
around which competing views and values might exist. On the other hand, virtual solutions,
in the form of phone apps, were more suitable for data collection and more convenient for
soliciting actions guided by a vision for systemic change.

6. Discussion and Conclusions

This study focused on the topic of activating data in the public realm for enlightening
communities or individuals on issues regarding sustainability. This design practice has
been evolving for about two decades, following the realization that corporations are not
moving fast enough in their aims to address such issues. Innovative design approaches for
reaching the community through small interventions in the city show promise. They offer
inventive interactions in the city and facilitate knowledge exchange in unconventional
ways. When our 10 project ideas were presented at the final class exhibition, there was
much excitement among city representatives. The city’s interest in these types of public-
space designs indicates, to some degree, that there is a need to suggest varying ways
to connect citizens and communities to the difficult topics of unsustainability. Further
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exploration of how design practices in the public realm can reach the community, while
starting deep dialogues on the diverse topics, comprises a promising future research focus.

However, as crucial as these practices may appear for furthering the targets of sus-
tainability in the city, much research is still needed to better understand the shifts that
they engender for individuals, for the community, and corporations as the real culprits
of the current environmental predicament. Therefore, another necessary research axis in
this field is the study of individual, community, and associated corporate reception of such
public-space installations in the short-, medium-, and long-term. This would enable a
better understanding of whether changes are taking place, for which stakeholders, and for
how long. Such a study would also help improve the public-space installations since it
would provide a clearer perspective of the types of installations that are most effective at
generating such change.
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Appendix A. Analysis Questions

Table A1. SDGs.

SDG

Which of the SDGs is This Project
Aligned with?

Goal 1: No poverty

End poverty in all its forms everywhere

Goal 2: Zero hunger

End hunger, achieve food security and
improved nutrition, and promote
sustainable agriculture

Goal 3: Good health and well-being

Ensure healthy lives and promote
well-being for all at all ages

Goal 4: Quality education

Ensure inclusive and equitable quality
education and promote lifelong learning
opportunities for all

Goal 5: Gender equality

Achieve gender equality and empower
all women and girls

Ensure availability and sustainable

Goal 6: Clean water and sanitation management of water and sanitation

for all

Goal 7: Affordable and clean energy

Ensure access to affordable, reliable,
sustainable, and modern energy for all

Goal 8: Decent work and

economic growth

Promote sustained, inclusive, and
sustainable economic growth, full and
productive employment, and decent
work for all

Goal 9: Industry, Innovation,

and Infrastructure

Build resilient infrastructure, promote
inclusive and sustainable
industrialization, and foster innovation




Sustainability 2021, 13, 4577

23 of 37

Table A1. Cont.

SDG

Which of the SDGs is This Project
Aligned with?

Goal 10: Reducing inequalities

Reduce income inequality within and
among countries

Goal 11: Sustainable cities
and communities

Make cities and human settlements
inclusive, safe, resilient, and sustainable

Goal 12: Responsible consumption
and production

Ensure sustainable consumption and
production patterns

Goal 13: Climate action

Take urgent action to combat climate
change and its impacts by regulating
emissions and promoting developments
in renewable energy

Goal 14: Life below water

Conserve and sustainably use the oceans,
seas, and marine resources for
sustainable development

Goal 15: Life on land

Protect, restore, and promote sustainable
use of terrestrial ecosystems, sustainably
manage forests, combat desertification,
and halt and reverse land degradation
and halt biodiversity loss

Goal 16: Peace, justice and
strong institutions

Promote peaceful and inclusive societies
for sustainable development, provide
access to justice for all, and build
effective, accountable, and inclusive
institutions at all levels

Goal 17: Partnership for the goals

Strengthen the means of implementation
and revitalize the global partnership for
sustainable development

Table A2. Domains.

What Are the Project’s Sustainability

. 0 1 2
Domain(s) of Concern?
. Does not address Somewhat focused on Highly focused on

Environmental . . . . . .
environmental issues environmental issues environmental issues

Economic Does not address Somewhat focused on Highly focused on
economic issues economic issues economic issues

Social Does not address Somewhat focused on Highly focused on
social issues social issues social issues
Does not address Somewhat focused on Highly focused on

Cultural

cultural issues

cultural issues

cultural issues
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Table A3. Tensions.
. . Rating
Tension Analysis Question
0 1 2
= . . . The primary The primary
LZD Z Tension between BSTJEICSTIFNOJS i;;l;;l at aNrZ Ssﬁzcte d function is not function is data
E o collecting data from ) ’ about collection. collection.
@) b community or The pri
=) disseminating data Does this project aim at ¢ primaty The primary
DA . No data are function is not L
<= through design to DISSEMINAT- - . function is data
R h disseminated. about . .
< the community. ING data? . A dissemination.
A dissemination.
To what extent can this
des1gn outcome be Nothing new. Partially new. Primarily new.

Tension between considered as a

designing a new artefact NEW THING?

entirely and designing To what extent can None of the The design Intended entirely

DESIGN
IMPETUS

product augmentation.

design outcomes be
considered as
ADDs on?

solutions aim to
complement any

objects or services.

complements by
circumstance (not
by intention).

to complement
existing services or
objects.

Tension between
product- and
service-based design.

Does the project aim to
design a (short-term)
PRODUCT? Indicate
the level.

The design does
not address short-
term solutions.

The design
proposes
short-term
solutions for the
long-term
problem.

The design aims to
create a product to
propose a
short-term
solution.

Does the project aim to
design a (long-term)

The design does
not consider

The design aims
for long-term

The design aims to
invent a product to

design lead to a
VIRTUAL solution?

solution is virtual.

part of the solution
is virtual.

D
SYSTEM? Indicate system solutions. solutions. propose a purgly
the level. systemic solution.

. The design does The design The design is
Tension between ‘g(l)ilztsl]sggse[}esvte}iizf not depend onthe  depends on some intended to show
activating widely project depends on? accepted accepted accepted

EJD accepted knowledge vs. knowledge. knowledge. knowledge.

< encouraging provocative . The design does The design The design is

[99)

@ E debate. glhsast];;t:[(}éetvheils()f not depend on the  depends on some intended to show

=g roiect depends on? contested contested contested

C”j E Pro) P ) knowledge. knowledge. knowledge.

8 A How much did the No part of the The non-primary The solution is

% Tensions between a design lead to a solution part of the solution  designed to

physical or virtual type PHYSICAL solution? is physical. is physical. be physical.
of solution. How much did the No part of the The non-primary The solution is

designed to
be virtual
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Table A3. Cont.

. . Rating
Tension Analysis Question
0 1 2
The design
Does this project aim The design does PTOposes somhe The design is

SD
IMPACT

Tension between raising
awareness vs.
soliciting action.

at RAISING
AWARENESS?

not present any
new knowledge.

information, but
the primary

purpose is not to
raise awareness.

intended to
raise awareness.

Does this project aim
at SOLICITING
ACTION?

The design does
not present or hint
at possible actions.

The design hints at
possible actions.

The design is
dependent on
people’s actions.

There is some level

Is this project The design does of community The design is
) addressing the intend to reach the  engagement, purely commu-
Tension between COMMUNITY? community. accumulation of nity oriented.
community or individual the results.
focused design. - : ; ; .
Is this project The design does The design may The design is
addressing the intend to reach impact individual ~ purely individ-
INDIVIDUALS? individuals. behaviors. ual oriented.
Tension between project
benefits t 1 d ign i i
enetits lo peop'e '(an Is this project primarily The design is not . The design The design entirely
their socioeconomic intended to benefit consequently
focused on PEOPLE? ) focuses on people.
system) vs. planet people. benefits people.
(general ecological
benefits—flora and Is this project primarily =~ The design is not The design The design entirely
fauna, and ' focused on intended to benefit consequently focuses on
non-human benefits). the PLANET? the planet. benefits the planet.  the planet.

Appendix B. Analysis Outcomes

Table A4. SDGs.

Projects

Which of the SDGs is this Project Aligned
with? (Based on Student Input)

Rootrade

Total of five SDGs

SDG 2
SDG 3
SDG 4
SDG 11
SDG 17

Trouble with Takeout

Total of three SDGs

SDG 11
SDG 12
SDG 13

The Power in the Reversibility of

Light Pollution

Total of four SDGs

SDG 4

SDG 11
SDG 12
SDG 15
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Table A4. Cont.

Projects

Which of the SDGs is this Project Aligned
with? (Based on Student Input)

Illuminated Neighborhood

Total of seven SDGs

SDG 4

SDG7

SDG 11
SDG 12
SDG 13
SDG 15
SDG 17

AQI Accessible

Total of three SDGs
° SDG 3

SDG 4

SDG 11

Car Commute Awareness

Total of three SDGs

° SDG 4
SDG 11
SDG 12

Under Artificial Skies

Total of four SDGs

° SDG 4

. SDG 11
° SDG 12
° SDG 13

The Smart Bus Stop Don't wait,
learn instead!

Total of three SDGs

o SDG4
SDG 9
SDG 11

Our Unsustainable Coffee Habits

Total of four SDGs

SDG 4

SDG 11
SDG 12
SDG 15

Late again?

Total of three SDGs

° SDG 4
SDG 9
SDG 11
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Table A5. Domains.

Projects Environmental Economic Cultural Social Justification
It services an underprivileged group of
Rootrade 1 5 0 5 Cltlzggs.The pro!ect is to suppqrt economic
activities that will have a positive social impact
(for people with low access to fresh food).
The aim is to create environmental improvements
Trouble with (lowering the use Qf single use pac}(agmg)
2 0 2 1 through a change in the consumption culture
Takeout . ; . .
(adding packaging characteristics as a layer in the
decision to consume food).
The Power in the The project is mainly focused on the dangers of
Reversibility of 2 0 1 0 light pollution (as an ecological and
Light Pollution environmental problem).
The idea is to reduce energy consumption (an
environmental problem), which is closely related
Iluminated 5 5 1 1 to the economic domain (infrastructure and cost).
Neighborhood However, the design aims to change the focus on
energy consumption from the individual to a
communicably/cultural domain.
Air quality is a human health issue that has
AQI Accessible ’ 0 0 5 galr}ed a lot of interest 'latel}.l. It‘ a‘lso has an
environmental/ecological significance (in this
case, only referred to indirectly).
Car Commute Awareness about the environmental effects of a
2 0 1 0
Awareness cultural problem (car use).
Under Artificial The desllgn aims t.0 copnect .the environmental
Skies 2 1 0 1 economic and social dimensions of the problem of
energy waste.
The Smart Bus The project a.1ms to connect.—m a weak wa.y—to
, . all the domains: co2 reduction, money savings,
Stop Don't wait, 2 1 1 2 . . .
. shift from car culture, and improvement in the
learn instead! . .
quality of life.
Our Presenting a cultural problem with
Unsustainable 2 0 2 ! environm%ntal conse puences
Coffee Habits q '
Late Again? 2 0 0 2 Solving a social problem.
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Table A6. Data-exchange direction and design impetus.

DATA-EXCHANGE

DIRECTION DESIGN IMPETUS
Projects NEW ARTEFACT/
D G PRODUCT PRODUCT/SYSTEM
AUGMENTATION
The solution sits in This is a quick solution to alleviate the
. - . between both scales. food desert problem in some
It is an application that provides key L
. - 1 The network/platform  communities.
= information to citizens. . s . . .
L . . is new, but it is not a The project mainly aims to create a
=) Some data regarding groceries and . .
© S . new device. It attaches  short-term solution for food access
s = greenhouses will be collected to be L .
& = . - . . to the existing (does not aim to change the system
= @ disseminated to the wider community . . : .
=] 5 .. . infrastructure but does  that resulted in food-insecurity).
3 — (collecting information from a few to .
~ . . not augment its However, such a platform could enable
disseminate to the many). . .
functions (only systemic change for access to locally
its reach). grown fresh foods.
bD .
5 Collecting: 1 New Artefact: 1 Product: 2
ks Disseminating: 2 Product System: 1
~ ' Augmentation: 0 '
The design tackles a currently existing
. tension (sustainable vs. unsustainable
The platform is new. . . .
5 = . packaging solutions). What will
1 ke L. . However, the design .
9 = Collecting information from a few happen if all the packages are
~ S . . completely attaches to )
< = (restaurants/cafes) to disseminate to . sustainable? (left un-answered). It also
= O . . existing artefacts . .
= 7 the many (wider society). . . does not provide an alternative to
= 5 (available packaging . .
g = . single use packaging, but rather
solutions). .
o depends on small incremental
"% improvements (less harm approach).
Yei
bD .
a 5 Collecting: 1 New Artefact: 2 Product: 2
b= . O Product
& Disseminating: 2 System: 0

Augmentation: 1

It aims to create a product to collect

Augmentation: 0

,-;‘ . . data (short-term solution for a current
= The design entails
a8 . . . . . problem). However, the suggested
= = The design mainly aims at collecting creating a new L Lo
2~ ke . ;i lighting control and optimization
o o = data (large datasets) to make available  system/device to . L
> 8 . . could change the underlying definition
R o to regulators and policy makers (a collect data, but it ; .
= = . _— of the current system (night pedestrian
v © 7 small group of people with depends on the existing R .
£ M o] .. . R and artificial lighting of the city) from
= . = decision-making power). lighting artefacts .
s = o always-on to on-demand. This does
= 8h and conditions. . S
y ] not question the need for lighting or
2% propose changes to infrastructures.
&

Y0} .
2 g Collecting: 2 New Artefact: 2 Product: 1
= s . Lo Product

o~ Disseminating: 1 System: 1
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Table A6. Cont.

DATA-EXCHANGE

DIRECTION DESIGN IMPETUS
Projects NEW ARTEFACT/
D G PRODUCT PRODUCT/SYSTEM
AUGMENTATION
The devices are new.
o However, they attach to .
S . . . - . No system change solutions are
° = Project aims to create devices to the existing grid. There .
=9 S . o . ; proposed, only a device to help people
28 o communicate and visualize energy is no solution proposed . T .
= h= visualize the outcome of their
c 5 1 data. to encourage .. .
=9 = . . decisions in the current energy system.
Ec = alternative grids or
é -%D other energy systems.
Z
bD .
5 Collecting: 0 New Artefact: 2 Product: 2
ks Disseminating: 2 Product System: 0
~ ' Augmentation: 1 '
The design proposes to
use existing stations
=] .
ke . . . and increase the
o = Collecting some information (a few . . . .
— s . . . . . infrastructure for air No solution or alternatives are
2 o air-quality stations) to be disseminated -
3 £ to the many quality measurement. proposed.
5 k=4 ' It proposes a new
< device for
o communicating data.
<
Y0} .
5 Collecting: 1 New Artefact: 2 Product: 2
ks Disseminating: 2 Product System: 0
~ : Augmentation: 1 :
. A new system to
kel communicate data that . I
W = . . A device for communicating data.
< s is attached on a bridge .
g 2 s Equally focused on both. (but could be attached Does not attempt to improve or
£5 @ propose new product or alternatives.
g¢ =3 to any other
) g infrastructure).
5< o0 New Artefact: 2
5 Collecting: 1 ew Artelact Product: 2
ks Disseminating: 2 Product System: 0
~ : Augmentation: 1 :
= The project is based on It is a weird approach to propose
£ data from the current fighting light pollution by using an
S Some new data to be collected but system. A new energy §tng 1A b on by 8
R . . L ) 1 LED screen. The design is focused on
= mainly a dissemination device. grid is proposed to . s
17 " . making the problem visible, but not on
B power the installation

itself.

guiding people toward a solution.

Under Artificial Skies

Collecting: 1
Disseminating: 2

New Artefact: 1
Product
Augmentation: 1

Product: 2
System: 0

Attaching to bus stops.
A new device for
disseminating info.

No long-term solutions proposed.

learn instead!

The Smart Bus
Stop Don’t wait,
Rating | Justification | Rating

Collecting: 0
Disseminating: 2

New Artefact: 1
Product
Augmentation: 2

Product: 2
System: 0
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Table A6. Cont.

DATA-EXCHANGE

DIRECTION DESIGN IMPETUS
Projects NEW ARTEFACT/
D G PRODUCT PRODUCT/SYSTEM
AUGMENTATION
=]
© S Based on existing data
2 g and artefacts and A short-term awareness raising
.E Z.cs': B creating an installation =~ approach—no alternatives.
‘%‘ s ﬁ (not a device).
n Y
= 0 .
=3 g Collecting: 0 New Artefact: 1 Product: 2
5¢ ks Disseminating: 2 Product System: 0
o ~ & Augmentation: 0 Y '
§
~ 5 Some new data, but mainly It is an add on for No system Change ideas are proposed.
c e . s . . Proposes an incremental change to the
- = disseminating/analyzing. transit app. . .
& 1 current public transit system.
< 2
& o0 fact: 1
3 5 Collecting: 1 New Artefact: Product: 1
ks Disseminating: 2 Product System: 2
~ Augmentation: 2
Table A7. Mode of message delivery.
. MODE OF MESSAGE DELIVERY
Projects
VIRTUAL/PHYSICAL CONSENSUS/DISSENSUS
c It provides facts. The application points to greenhouses and grocery
2 The idea of connecting people to stores, but does not create new spaces, just points to
w g local/sustainable food sources is widely ones that exist.
'}3 = accepted. Yet, the price comparisons could result  The solution has a relation to physical food growing
° ﬁ in discussion and disagreements on the value of  and retail services. It also serves to create a virtual
mo local foods (in comparison to large retailers). community for the users (a network/platform).
50
g Consensus: 2 Virtual: 2
& Dissensus: 0 Physical: 1
- : The design aims to create a virtual space of
3 S There is a consensus on the need to shift from knowledge about packaging. That is only connected
% 8 single use packages. This works to place to one aspect of the physical world (the packaging).
= = pressure on retailers to make the shift (possible It does not consider other aspects.
= ﬁ loss of income/ profit). The effect could lead to change in the physical
E world as well (i.e., reduction in landfill waste).
% Consensus: 2 Virtual: 2
& Dissensus: 0 Physical: 0

The Power in
the Reversibility of

The design aims to collect physical (light) data and
results in physical solution (changing the light
distribution and intensity plans of the city)

Light Pollution

Rating | Justification | Rating

Consensus: 2
Dissensus: 1

Virtual: 1
Physical: 2
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Table A7. Cont.

MODE OF MESSAGE DELIVERY
VIRTUAL/PHYSICAL CONSENSUS/DISSENSUS

Projects

The design creates a physical object.

INluminated
Neighborhood

Consensus: 2 Virtual: 0
Dissensus: 0 Physical: 2
= (fact) of 1
2 A consensus (fact) of air quality status. However, . . . .
@ a dissensus on the use of knowing such info. A physical station with a physical screen.
g
<«
e
%’ Consensus: 2 Virtual: 0
Dissensus: 0 Physical: 2

Consensus on the negative impact of car use.
Could lead to dissensus on actions needed
within the community.

Car commute
awareness

Consensus: 2 Virtual: 0
Dissensus: 0 Physical: 2
" . L
- Redu?tlon of energy. waste. is widely ficcepted. Energy waste is a virtual problem. That is here
A How it could be achieved is a key point of . .
gw . translated to a physical object.
s tension.
[=JRet
=g
:t; Consensus: 2 Virtual: 0
Dissensus: 0 Physical: 2
- Negative effect of car use is widely accepted. The
E ‘" -’g’ effectiveness of public transit as an alternative
- E 2 (in its current conditions in Montréal /Canada)
=Y . .
E g £ could be a topic of disagreement.
wnwA g
Yo
é’ §* 8 Consensus: 2 Virtual: 0
0 Dissensus: 1 Physical: 2
~
T8
RS
33
=g
E S Consensus: 2 Virtual: 2
8 Dissensus: 0 Physical: 0

Rating | Justification | Rating | Justification | Rating | Justification | Rating | Justification | Rating | Justification | Rating | Justification | Rating | Justification

f,\é Virtual knowledge is being created.
5
<
U
®
— Consensus: 2 Virtual: 2
Dissensus: 0 Physical: 0
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Table A8. SD impact.

SD IMPACT
Projects RAISING
AWARENESS/SOLICITING COMMUNITY/INDIVIDUAL PEOPLE/PLANET
ACTION
It is both a community solution and
& The design offers some awareness  n- that touches individuals
2 ¢ cesis . : directly.The solution is focused on While there might be secondarily
£ building by making data available idine individuals with knowled . tal benefits. th
w S 4 . providing individuals wi owledge environmental benefits, they are
S = and accessible. It also intends to . . .
« = L. . . . for food access. On the broader scale, not articulated in the intent of
= @  solicit positive action by changing . )
1 S by encouraging purchases from local the project.
S = food purchase patterns. it could h it
I~ growers, it could have community
level impacts.
o0
£  Raising Awareness: 1 Community: 2 People: 2
o  Soliciting Action: 1 Individual: 2 Planet: 1
The solution is focused on providing
k= £  The design offers to build individuals with knowledge on The change from single use has
g £ awareness by making data available packaging and to encourage individual =~ some human benefits but it
é % and accessible. It also intends to retailers to change their packaging. On  mainly aims at lowering the
= § solicit positive action by changing the broader scale, by encouraging this  ecological footprint of to-go
g = food packaging choices. shift to sustainable packaging, it could foods.
kY have community level impacts.
iy
60
§ £  Raising Awareness: 2 Community: 1 People: 1
= &  Soliciting Action: 2 Individual: 2 Planet: 2
The awareness portion of the project
= - . . . aims to target building knowledgein =~ The problem is mainly ecological
b s}
; s £ The design’s maut goal is to raise the community. The possible outcomes  (although not articulated as
E£&s § awarenessaboutlight pollution. will also be felt on the community level  such). There might be benefits to
5= 8 £ Thesolution aims to be an outcome y : &
g S = "%3 of the increased data availabilit (changes in citywide lighting humans (health wise) but they
2 % £ = ¥ patterns—rather than individual use of ~ are only secondary.
w3 = lights for example).
EX® —
,_f_:': = £  Raising Awareness: 2 Community: 2 People: 1
o  Soliciting Action: 0 Individual: 0 Planet: 2
q The focus is on creating community
.2 . . experiences of lighting informed by The energy reduction helps
=] =
] g Ic\ge:;ulfnril;iagss igislsd%r;l solicit  energy use. However, this energy use  people economically. Could have
< = sump ! . p is individual (people individually will ~ environmental benefits, but they
g0 @  positive energy actions. . . .
g2 = have to change their energy use to are not intended nor articulated.
B create changes in the consumption).
=9
o0
z £  Raising Awareness: 2 Community: 2 People: 1
&  Soliciting Action: 1 Individual: 1 Planet: 2
g Human health and quality of life
2] . N - is the main intent indicated.
= . . Air quality is a community issue. The
§  Itis unclear what type of actions are ower of the individual in creatin There could be some
= required from the viewers. }c)han o is limited & planet/ecological benefits, but
ﬁ & ' the design does not address

them.

AQI Accessible

Rating

Raising Awareness: 2
Soliciting Action: 0

Community: 2
Individual: 0

People: 2
Planet: 1
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Table A8. Cont.

SD IMPACT
Projects RAISING
AWARENESS/SOLICITING COMMUNITY/INDIVIDUAL PEOPLE/PLANET
ACTION

Unclear what action is required. It
mainly aims to raise awareness

A sort of public shaming. The Co2
measurement aims to shift the
individual use pattern to a community
level problem.

Open to interpretation on both
ends, but weak in both cases.

Car commute
awareness

Raising Awareness: 2 Community: 1 People: 1
Soliciting Action: 0 Individual: 1 Planet: 1
2 . It is unclear how individuals could act. The intent describes some
B No clear understanding of how . . . .
o o . the Intent is to hold the community planetary benefits, but the main
) individuals can take action. . .
! accountable. focus is anthropocentric.
S5
s
g Raising Awareness: 2 Community: 2 People: 1
Soliciting Action: 0 Individual: 0 Planet: 2

wx Increase the use of public transit, A small community target (change of . .
3's 9 . : Lo mainly focused on people their
Rz but mainly raise awareness on the car culture), but people are primarily ;
o 8 . R health and well-being.
5% 2 negatives of car use. individually targeted.
E Q o=
wnA g
é _g‘ § Raising Awareness: 2 Communit: 1 People: 1
2 Soliciting Action: 1 Individual: 1 Planet: 2

Action is secondary in this design.

A community problem, but also
targeting individual choices.

It is ambiguous; all the benefits
are secondary.

Our unsustainable
coffee habits

Rating | Justification | Rating | Justification | Rating | Justification | Rating | Justification | Rating | Justification

Raising Awareness: 2 Community: 1 People: 1
Soliciting Action: 0 Individual: 1 Planet: 2

~ Awareness about bus efficiency, a Imp rov.mg com}'nute for 1nd1v1duals.,

c . but mainly leading to more community

& social problem . . o

& trust in public transit info.

4]

2

<

~ Raising Awareness: 1 Community: 1 People: 2
Soliciting Action: 2 Individual: 2 Planet: 1

References

Collins, H.; Evans, R. Rethinking Expertise; University of Chicago Press: Chicago, IL, USA, 2009.

Cucuzzella, C. The Limits of Current Evaluation Methods in a Context of Sustainable Design: Prudence as a New Framework.
Int. ]. Des. Eng. 2009, 2, 243-261. [CrossRef]

Picon, A. Smart Cities: A Spatialised Intelligence; Wiley: Hoboken, NJ, USA, 2015.

Zebracki, M. Just Art, Politics and Publics: Researching Geographies of Public Art and Accountability. Intellect 2015, 2, 117-127.
[CrossRef]

Lacy, S. Mapping the Terrain—New Genre Public Art; Bay Press: Seattle, WA, USA, 1995; p. 296.

Cucuzzella, C. Eco-didactic design in the public realm. Ecology and the Environment: Thirteenth International Conference on
Urban Regeneration and Sustainability. Sustain. City 2019, 238, 8.

Kallipoliti, L. History of Ecological Design. Oxf. Res. Encycl. Environ. Sci. 2018. [CrossRef]

Nader, R. Unsafe at Any Speed: The Designed-In Dangers of the American Automobile; Grossman Publishers: New York, NY, USA, 1965.


http://doi.org/10.1504/IJDE.2009.030174
http://doi.org/10.1386/aps.2.1-3.117_1
http://doi.org/10.1093/acrefore/9780199389414.013.144

Sustainability 2021, 13, 4577 34 of 37

10.
11.
12.
13.
14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Packard, V. The Hidden Persuaders; Penguin Books: London, UK, 1961.

Packard, V. The Waste Makers; David McKay Publications: Philadelphia, PA, USA, 1960.

Packard, V. The Status Seekers: An Exploration of Class Behaviour in America; Longmans, Green & Co.: London, UK, 1959.

Fuller, R.B. Operating Manual for Spaceship Earth; Lars Miiller Publishers: Baden, Switzerland, 1968.

McHarg, 1. Design with Nature; Wiley: Hoboken, NJ, USA, 1967.

Cucuzzella, C. L'éco-didactisme: Les prix verts imposent-ils la visibilité des éco-caractéristiques en architecture? ARQ 2020,
191, 4.

Lee, S. Aesthetics of Sustainable Architecture; 010 Publishers: Rotterdam, The Netherlands, 2011; p. 161.

Cucuzzella, C.; Goubran, S. Sustainable Architecture Between Measurement and Meaning. Series in the Built Environment; Vernon
Publishers: Delaware, DE, USA, 2020.

Douglass, D.B. Defining a Sustainable Aesthetic: A New Paradigm for Architecture, in School of Architecture; University of Southern
California: California, CA, USA, 2008.

Davis, H.; Turpin, E. Art in the Anthropocene: Encounters Among Aesthetics, Politics, Environments and Epistemologies; Open
Humanities Press: London, UK, 2015; p. 416.

McMabhon, E.; Monson, A.; Weinstein, B.M. Ground/Water: The Art, Design and Science of a Dry River; University of Arizona: Tuscon,
AZ,USA, 2012; p. 112.

Jain, R.K; Taylor, J.E.; Peschiera, G. Assessing eco-feedback interface usage and design to drive energy efficiency in buildings.
Energy Build. 2012, 48, 8-17. [CrossRef]

De Aragao, G.; de Sousa, V.R. ‘Street water”: A Community Project to Discover the Underground Network That Connects the
City with It’s Rivers. Int. ]. Educ. Through Art 2015, 9, 116-129.

Ainsworth, K. Public Art & Event Design: A Synthesis of Sustainability, Environmental Awareness, Beauty & Functionality. Des.
Princ. Pract. Int. |. 2011, 5, 121-132.

Cucuzzella, C. Is Sustainability Reorienting the Visual Expression of Architecture? Revue d’art canadienne/Canadian Art Rev.
(RACAR) Des. Stud. Can. 2015, 40, 85-100. [CrossRef]

Gérin, A.; Bergeron, Y.; Hardy, D.; Lapointe, G.; Déry, L. Oeuvres a la rue: Pratiques et Discours Emergents en Art Public; Département
d’histoire de 'art de 'UQAM: Montréal, Canada, 2010.

Florida, R. Cities and the Creative Class; Routledge: New York, NY, USA, 2004.

Cucuzzella, C.; Chupin, J.-P.; Hammond, C. Eco-Didacticism in Art and Architecture: Raising Awareness by Design. Cities ]. 2020,
102, 102728. [CrossRef]

Geels, EW. Ontologies, socio-technical transitions (to sustainability), and the multi-level perspective. Res. Policy 2010, 39, 495-510.
[CrossRef]

Gusmao Caiado, R.G.; Leal Filho, W.; Quelhas, O.L.G.; de Mattos Nascimento, D.L.; Avila, L.V. A literature-based review on
potentials and constraints in the implementation of the sustainable development goals. J. Clean. Prod. 2018, 198, 1276-1288.
[CrossRef]

Campbell, T. Beyond Smart Cities: How Cities Network, Learn, and Innovate; Earthscan; Routledge: London, UK; New York, NY,
USA, 2012.

Mosannenzadeh, F; Bisello, A.; Vaccaro, R.; D’Alonzo, V.; Hunter, G.W.; Vettorato, D. Smart energy city development: A story
told by urban planners. Cities 2017, 64, 54—65. [CrossRef]

Business & Sustainable Development Commission, Corporate Citizenship. SDGs & Sectors: A review of the business opportunities.
2016. Available online: https://sdghub.com/project/sdgs-sectors-a-review-of-the-business-opportunities/ (accessed on 1
April 2021).

Schelings, C.; Elsen, C. “Smart” Participation: Confronting Theoretical and Operational Perspectives. Int. |. Adv. Intell. Syst. 2019,
12,1-13.

UNRISD. Promoting Social and Solidarity Economy Through Public Policy, in Policy Innovations for Transformative Change; UNRISD
Flagship Report 2016; UNRISD: Geneva, Switzerland, 2016; pp. 115-139.

Casado-Mansilla, D.; Moschos, I.; Kamara-Esteban, O.; Tsolakis, A.C.; Borges, C.E.; Krinidis, S.; Irizar-Arrieta, A.; Konstantinos, K.;
Pijoan, A.; Tzovaras, D.; et al. A Human-Centric Context-Aware IoT Framework for Enhancing Energy Efficiency in Buildings of
Public Use. IEEE Access 2018, 6, 31444-31456. [CrossRef]

Lee, J.; Ryu, S.H.; Kim, D. Role of ICT in enhancing energy efficiency of commercial buildings: Case study of optimized energy
control system in hospital “p”. . Renew. Sustain. Energy 2018, 10, 25101. [CrossRef]

Benavente-Peces, C. On the energy efficiency in the next generation of smart buildings—Supporting technologies and techniques.
Energies 2019, 12, 4399. [CrossRef]

Bisello, A.; Vettorato, D.; Stephens, R.; Elisei, P. Why do we Need a Smart and Sustainable Planning for Cities and Regions? In
Smart and Sustainable Planning for Cities and Regions; Results of SSPCR 2015; Springer: Cham, Switzerland, 2017.

Cucuzzella, C.; Goubran, S. Infrastructure as a Deeply Integrated Sustainable Urban Project. J. Sustain. Res. 2019, 1, e190005.
[CrossRef]

Palermo, L. The role of art in urban gentrification and regeneration: Aesthetic, social and economic developments. Cap. Cult.
2014, 10, 521-545.


http://doi.org/10.1016/j.enbuild.2011.12.033
http://doi.org/10.7202/1035398ar
http://doi.org/10.1016/j.cities.2020.102728
http://doi.org/10.1016/j.respol.2010.01.022
http://doi.org/10.1016/j.jclepro.2018.07.102
http://doi.org/10.1016/j.cities.2017.02.001
https://sdghub.com/project/sdgs-sectors-a-review-of-the-business-opportunities/
http://doi.org/10.1109/ACCESS.2018.2837141
http://doi.org/10.1063/1.5026286
http://doi.org/10.3390/en12224399
http://doi.org/10.20900/jsr20190005

Sustainability 2021, 13, 4577 35 of 37

40. UNESCO. Culture: An Enabler for Environmental Sustainability. Hangzhou Congress 2013. Available online: http:
/ /www.unesco.org/new /en/culture/themes/culture-and-development/hangzhou-congress/culture-an-enabler-for-
environmental-sustainability/ (accessed on 1 April 2021).

41. Dovey, K.; Ristic, M. Mapping urban assemblages: The production of spatial knowledge. |. Urban. Int. Res. Placemaking Urban
Sustain. 2015, 10, 15-28. [CrossRef]

42.  United Nations. The Future We Want. Our Common Vision. In Rio20 United Nations Conference on Sustainable Development.
2012. Available online: http://rio20.net/wp-content/uploads/2012/06/N1238164.pdf/ (accessed on 1 April 2021).

43. Wysokinska, Z. Millenium Development Goals/UN and Sustainable Development Goals/UN as Instruments for Realising
Sustainable Development Concept in the Global Economy. Comp. Econ. Res. 2017, 20, 101-118. [CrossRef]

44.  Allen, C.; Metternicht, G.; Wiedmann, T. Prioritising SDG targets: Assessing baselines, gaps and interlinkages. Sustain. Sci. 2019,
14, 421-438. [CrossRef]

45.  Allen, C.; Metternicht, G.; Wiedmann, T. Initial progress in implementing the Sustainable Development Goals (SDGs): A review
of evidence from countries. Sustain. Sci. 2018, 13, 1453-1467. [CrossRef]

46. GRI; UN Global Compact; the World Business Council for Sustainable Development (WBCSD). SDG Compass—The Guide for
Business Action on the SDGs. 2015. Available online: https:/ /sdgcompass.org/wp-content/uploads/2015/12/019104_SDG_
Compass_Guide_2015.pdf (accessed on 1 April 2021).

47. United Nations. Sustainable Development: Harmony with Nature. 2016, pp. 1-29. Available online: https:/ /sustainabledevelopment.
un.org/content/documents/2007harmony.pdf (accessed on 1 April 2021).

48. Pedersen, C.S. The UN Sustainable Development Goals (SDGs) are a Great Gift to Business! Procedia CIRP 2018, 69, 21-24.
[CrossRef]

49. United Nations. An Architecture Guide to the UN 17 Sustainable Development Goals. 2020, Volume 2. Available online:
https:/ /uia2023cph.org/the-guides (accessed on 1 April 2021).

50. United Nations. Annex: Global Indicator Framework for the Sustainable Development Goals and Targets of the 2030 Agenda for
Sustainable Development. in Work of the Statistical Commission Pertaining to the 2030 Agenda for Sustainable Development. 2017.
Available online: https:/ /unstats.un.org/sdgs/indicators/Global %20Indicator%20Framework%20after%20refinement_Eng.pdf
(accessed on 1 April 2021).

51. Tjoa, A.M.; Tjoa, S. The Role of ICT to Achieve the UN Sustainable Development Goals (SDG). In ICT for Promoting Human
Development and Protecting the Environment; Mata, EJ., Pont, A., Eds.; Springer International Publishing: Cham, Switzerland, 2016;
pp- 3-13.

52. Grantz, KH.; Meredith, H.R.; Cummings, D.A.T.; Metcalf, C.J.E.; Grenfell, B.T.; Giles, ].R.; Mehta, S.; Solomon, S.; Labrique, A.;
Kishore, N.; et al. The use of mobile phone data to inform analysis of COVID-19 pandemic epidemiology. Nat. Commun. 2020,
11, 1-8. [CrossRef]

53. Kostoska, O.; Kocarev, L. A novel ICT framework for sustainable development goals. Sustainability 2019, 11, 1961. [CrossRef]

54. Goubran, S. On the Role of Construction in Achieving the SDGs. J. Sustain. Res. 2019, 1, 2.

55. Maes, M.J.A ; Jones, K.E.; Toledano, M.B.; Milligan, B. Mapping synergies and trade-offs between urban ecosystems and the
sustainable development goals. Environ. Sci. Policy 2019, 93, 181-188. [CrossRef]

56. Lafortune, G.; Fuller, G.; Moreno, J.; Schmidt-Traub, G.; Kroll, C. SDG Index and Dashboards—Detailed Methodologi-
cal Paper. Retrieved 1. 2018. Available online: https://raw.githubusercontent.com/sdsna/2018Globallndex/master/2018
GloballndexMethodology.pdf (accessed on 1 April 2021).

57. Zinkernagel, R.; Evans, J.; Neij, L. Applying the SDGs to Cities: Business as Usual or a New Dawn? Sustainability 2018, 10, 3201.
[CrossRef]

58. Omer, M.A.B.; Noguchi, T. A conceptual framework for understanding the contribution of building materials in the achievement
of Sustainable Development Goals (SDGs). Sustain. Cities Soc. 2020, 52, 101869. [CrossRef]

59. Goubran, S.; Cucuzzella, C. Integrating the Sustainable Development Goals in Building Projects. J. Sustain. Res. 2019, 1, e190010.
[CrossRef]

60. Di Foggia, G. Energy efficiency measures in buildings for achieving sustainable development goals. Heliyon 2018, 4, e00953.
[CrossRef] [PubMed]

61. Alawneh, R.; Ghazali, F; Ali, H.; Sadullah, A .F. A novel framework for integrating United Nations Sustainable Development
Goals into sustainable non-residential building assessment and management in Jordan. Sustain. Cities Soc. 2019, 49, 101612.
[CrossRef]

62. Nelson, H.G.; Stolterman, E. The Design Way: Intentional Change in an Unpredictable World, 2nd ed.; The MIT Press: Cambridge,
MA, USA, Volume, 2012; Volume 9, pp. 105-117.

63. Boutinet, J.-P. Anthropologie du Projet; Presses Universitaires de France: Paris, France, 2005.

64. World Business Council for Sustainable Development (WBCSD). Eco-Efficiency: Creating More Value with Less Impact; World
Business Council for Sustainable Development: Geneva, Switzerland, 2000.

65. Princen, T. Principles for Sustainability: From Cooperation and Efficiency to Sufficiency. Glob. Environ. Politics 2003, 3, 33-50.
[CrossRef]

66. UNESCO. Placing Environmental Sustainability at the Core of Our Work. 2020. Available online: https://en.unesco.org/news/
placing-environmental-sustainability-core-our-work (accessed on 16 April 2021).


http://www.unesco.org/new/en/culture/themes/culture-and-development/hangzhou-congress/culture-an-enabler-for-environmental-sustainability/
http://www.unesco.org/new/en/culture/themes/culture-and-development/hangzhou-congress/culture-an-enabler-for-environmental-sustainability/
http://www.unesco.org/new/en/culture/themes/culture-and-development/hangzhou-congress/culture-an-enabler-for-environmental-sustainability/
http://doi.org/10.1080/17549175.2015.1112298
http://rio20.net/wp-content/uploads/2012/06/N1238164.pdf/
http://doi.org/10.1515/cer-2017-0006
http://doi.org/10.1007/s11625-018-0596-8
http://doi.org/10.1007/s11625-018-0572-3
https://sdgcompass.org/wp-content/uploads/2015/12/019104_SDG_Compass_Guide_2015.pdf
https://sdgcompass.org/wp-content/uploads/2015/12/019104_SDG_Compass_Guide_2015.pdf
https://sustainabledevelopment.un.org/content/documents/2007harmony.pdf
https://sustainabledevelopment.un.org/content/documents/2007harmony.pdf
http://doi.org/10.1016/j.procir.2018.01.003
https://uia2023cph.org/the-guides
https://unstats.un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%20refinement_Eng.pdf
http://doi.org/10.1038/s41467-020-18190-5
http://doi.org/10.3390/su11071961
http://doi.org/10.1016/j.envsci.2018.12.010
https://raw.githubusercontent.com/sdsna/2018GlobalIndex/master/2018GlobalIndexMethodology.pdf
https://raw.githubusercontent.com/sdsna/2018GlobalIndex/master/2018GlobalIndexMethodology.pdf
http://doi.org/10.3390/su10093201
http://doi.org/10.1016/j.scs.2019.101869
http://doi.org/10.20900/jsr20190010
http://doi.org/10.1016/j.heliyon.2018.e00953
http://www.ncbi.nlm.nih.gov/pubmed/30839852
http://doi.org/10.1016/j.scs.2019.101612
http://doi.org/10.1162/152638003763336374
https://en.unesco.org/news/placing-environmental-sustainability-core-our-work
https://en.unesco.org/news/placing-environmental-sustainability-core-our-work

Sustainability 2021, 13, 4577 36 of 37

67.

68.

69.

70.

71.
72.

73.

74.

75.

76.

77.

78.
79.
80.
81.

82.
83.
84.
85.

86.

87.
88.

89.
90.
91.

92.

93.

94.
95.

96.
97.

98.
99.
100.
101.

Barron, L.; Gauntlet, E. WACOSS housing and sustainable communities indicators project. In Proceedings of the Sustaining Our
Communities International Local Agenda, 21 Conference, Adelaide, Australia, 3-6 March 2002; pp. 3-6.

Awais, M.; Samin, T.; Gulzar, M.A.; Hwang, ]J. The Sustainable Development of the China Pakistan Economic Corridor: Synergy
among Economic, Social, and Environmental Sustainability. Sustainability 2019, 11, 7044. [CrossRef]

Polese, M.; Stren, R. The Social Sustainability of Cities: Diversity and the Management of Change; Scholarly Publishing Division,
University of Toronto Press: Toronto, ON, Canada, 2000; p. 384.

Grodach, C.; Loukaitou-Sideris, A. Cultural development strategies and urban revitalization: A survey of US cities. Int. J. Cult.
Policy 2007, 13, 349-370. [CrossRef]

Bokovo, I.G. Culture: Urban Future; Global Report on Culture for Sustainable Urban Development; UNESCO: Paris, France, 2016.
Gardner, T.A.; Benzie, M.; Borner, J.; Dawkins, E.; Fick, S.; Garrett, R.; Godar, J.; Grimard, A.; Lake, S.; Larsen, R.K. Transparency
and sustainability in global commodity supply chains. World Dev. 2019, 121, 163-177. [CrossRef] [PubMed]

Tarkhan, N. Technological trajectories: Assessing the role of sensing in design. In Sustainable Architecture—Between Measurement
and Meaning; Cucuzzella, C., Goubran, S., Eds.; Vernon Press: Wilmington, DE, USA, 2020; pp. 46-69.

Panchariya, N.S.; Destefano, A.J.; Nimbagal, V.; Ragupathy, R.; Yavuz, S.; Herbert, K.G.; Hill, E.; Fails, J.A. Current developments
in big data and sustainability sciences in mobile citizen science applications. In Proceedings of the 2015 IEEE 1st International
Conference on Big Data Computing Service and Applications, Redwood City, CA, USA, 30 March-2 April 2015; pp. 202-212.
[CrossRef]

Kiiti, N.; Hennink, M. Reflections on collecting and disseminating research data: A journey through kenya. J. Dev. Commun. 2017,
28, 88-96.

de Andrade Guerra, ].B.S.O.; Berchin, I.1.; Garcia, J.; da Silva Neiva, S.; Jonck, A.V.; Faraco, R.A.; de Amorim, W.S.; Ribeiro, ].M.P.
A literature-based study on the water—energy—food nexus for sustainable development. Stoch. Environ. Res. Risk Assess. 2021.
[CrossRef]

Asi, YM.; Williams, C. The role of digital health in making progress toward Sustainable Development Goal (SDG) 3 in conflict-
affected populations. Int. |. Med. Inform. 2018, 114, 114-120. [CrossRef]

Gotteland, D.; Haon, C. Développer un Nouveau Produit: Méthodes et Outils, 1st ed.; Pearson Education: Paris, France, 2005; p. 258.
Lancaster, K. Allocation and Distribution Theory: Technological Innovation and Progress. Am. Econ. Rev. 1966, 56, 14-23.
Cucuzzella, C. Creativity, Sustainable Design and Risk Management. J. Clean. Prod. 2016, 135, 1548-1558. [CrossRef]

Csapo, A. The Designer in the Systemic Paradigm: Facilitator of Group Design, in Aménagement, Option “Design et Complexité”;
Université de Montreal: Montreal, QC, Canada, 2005; p. 105.

Baxter, M. Product Design—Practical Methods for The Systematic Development of New Products; Chapman and Hall: London, UK, 1995.
Archer, L.B. Systematic Method for Designers; The Design Council: London, UK, 1965.

Fisher, T.H. What We Touch, Touches Us: Materials, Affects, and Affordances. Des. Issues 2004, 20, 20-31. [CrossRef]

Lye, SW.; Lee, S.G.; Khoo, M.K. A Design Methodology for the Strategic Assessment of a Product’s Eco-efficiency. Int. J. Prod. Res.
2001, 39, 2453-2474. [CrossRef]

Ulrich, W. Reflective Practice in the Civil Society: The contribution of critically systemic thinking. Reflective Pract. 2000, 1, 247-268.
[CrossRef]

Madge, P. Ecological Design: A New Critique. Des. Issues 1997, 13, 44-54. [CrossRef]

Levy, R. Critical systems thinking: Edgar Morin and the French school of thought. Syst. Pract. Action Res. 1991, 4, 87-99.
[CrossRef]

Angelidou, M. Smart cities: A conjuncture of four forces. Cities 2015, 47, 95-106. [CrossRef]

Van Dijk, T.A. Principles of Critical Discourse. Discourse Soc. 1993, 4, 249-283. [CrossRef]

Habermas, J. The Theory of Communicative Action, Volume Two, Lifeworld and System: A Critique of Functionalist Reason; Beacon Press:
Boston, MA, USA, 1989.

Habermas, J. The Theory of Communicative Action, Volume One, Reason and the Rationalization of Society; Beacon Press: Boston, MA,
USA, 1984.

Mouffe, C. Artistic Activism and Agonistic Spaces. Art & Research. ]. Ideas Contexts Methods 2007, 1. Available online:
http:/ /www.artandresearch.org.uk/vin2 /mouffe. html (accessed on 1 April 2021).

Moulffe, C. Democracy or Agonistic Pluralism, in Political Science Series; Institute for Advanced Studies: Vienna, Austria, 2000.
Ranciére, J. The Politics of Aesthetics: The Distribution of the Sensible; Continuum: London, UK; New York, NY, USA, 2011; [first
edition published on 2000].

Taylor, M.; Watts, J. Revealed: The 20 firms behind a third of all carbon emissions. Guardian 2019, 9, 2019.

Steffen, W.; Crutzen, PJ.; McNeill, J.R. The Anthropocene: Are Humans Now Overwhelming the Great Forces of Nature? Ambio
2007, 36, 614-621. [CrossRef]

Jackson, T. Prosperity without Growth: Economics for a Finite Planet; Earthscan: London, UK, 2009; p. 276.

Albrecht, G. Solastalgia: A New Concept in Health and Identity. PAN 2005, 3, 41-55.

Amin, A. Collective culture and urban public space. City 2008, 12, 5-24. [CrossRef]

Hawkins, H.; Marston, S.A.; Ingram, M.; Straughan, E. The Art of Socioecological Transformation. Ann. Assoc. Am. Geogr. 2015,
105, 331-341. [CrossRef]


http://doi.org/10.3390/su11247044
http://doi.org/10.1080/10286630701683235
http://doi.org/10.1016/j.worlddev.2018.05.025
http://www.ncbi.nlm.nih.gov/pubmed/31481824
http://doi.org/10.1109/BigDataService.2015.64
http://doi.org/10.1007/s00477-020-01772-6
http://doi.org/10.1016/j.ijmedinf.2017.11.003
http://doi.org/10.1016/j.jclepro.2015.12.076
http://doi.org/10.1162/0747936042312066
http://doi.org/10.1080/00207540110044598
http://doi.org/10.1080/713693151
http://doi.org/10.2307/1511730
http://doi.org/10.1007/BF01068244
http://doi.org/10.1016/j.cities.2015.05.004
http://doi.org/10.1177/0957926593004002006
http://www.artandresearch.org.uk/v1n2/mouffe.html
http://doi.org/10.1579/0044-7447(2007)36[614:TAAHNO]2.0.CO;2
http://doi.org/10.1080/13604810801933495
http://doi.org/10.1080/00045608.2014.988103

Sustainability 2021, 13, 4577 37 of 37

102.

103.
104.

105.
106.

107.

108.

109.

110.

111.

112.

113.
114.
115.
116.
117.

118.

119.

120.

121.

122.

123.

Cvitanovic, C.; McDonald, J.; Hobday, A.J. From science to action: Principles for undertaking environmental research that enables
knowledge exchange and evidence-based decision-making. J. Environ. Manag. 2016, 183, 864-874. [CrossRef]

Weintraub, L. To Life! Eco Art in Pursuit of a Sustainable Planet; University of California Press: Oakland, CA, USA, 2012.

Thomas, R. Viewing immigrants’ neighbourhood and housing choices through the lens of community resilience. SAPI EN. S.
2013, 6, 1.

Moutffe, C. Dimensions of Radical Democracy: Pluralism, Citizenship, Community (Phronesis Series); Verso: New York, NY, USA, 1992.
Blevis, E.; Stolterman, E. The Confluence of Interaction Design & Design: From Disciplinary to Transdisciplinary Perspectives. In
Proceedings of the DR52008, Design Research Society Biennial Conference, Sheffield, UK, 16-19 July 2008.

Bianchini, S.; Verhagen, E. Practicable: From Participation to Interaction in Contemporary Art; MIT Press: Cambridge, MA, USA, 2016.
Nilsson, F. Words, Images, and Rhetoric. Communication and the Production of Knowledge. In Proceedings of the Communicat-
ing (by) Design. International Conference on Research and Practice in Architecture and Design, Brussels, Belgium, 15-17 April
2009; Chalmers Publication Library: Gothenburg, Sweden, 2009; pp. 115-125.

Borgdorff, H. The Production of Knowledge in Artistic Research, in The Routledge Companion to Research in the Arts; Biggs, M.,
Karlsson, H., Jubileumsfond, S.R., Eds.; Routledge: New York, NY, USA, 2010.

Ferillia, G.; Sacco, P.L.; Blessi, G.T.; Forbici, S. Power to the people: When culture works as a social catalyst in urban regeneration
processes (and when it does not). Eur. Plan. Stud. 2017, 25, 241-258. [CrossRef]

Brynjolson, N. Community, Conflict, Difference: New Genre Public Art in Winnipeg, in Department of Art History; Concordia University:
Montreal, QC, Canada, 2012.

Borrup, T. The Creative Community Builder’s Handbook: How to Transform Communities Using Local Assets, Art, and Culture; Fieldstone
Alliance; open online library; 2006; Available online: https:/ /openlibrary.org/publishers/Fieldstone_Alliance (accessed on 1
April 2021).

Kohler, N. Cultural issues for a sustainable built environment. In Buildings, Culture & Environment: Informing Local & Global
Practices; Cole, R.]., Lorch, R., Eds.; Blackwell Publishing: Oxford, UK, 2003.

Baxter, B. Ecologism An Introduction; Georgetown University Press: Washington, DC, USA, 2000.

Schon, D.A. The Reflective Practitioner: How Professionals Think in Action; USA Basic Books: New York, NY, USA, 1983.

Collins, P. Architectural Judgement; McGill-Queen’s University Press: Montreal, QC, Canada, 1971.

Chupin, ].-P. Judgement by Design: Towards a model for studying and improving the competition process in architecture and
urban design. Scandi. ]. M. 2011, 27, 173-184. [CrossRef]

Morgan, P. The Idea and Practice of Systems Thinking and Their Relevance for Capacity Development. 2005. Available
online: https:/ /ecdpm.org/wp-content/uploads/2005-Idea-Practice-Systems-Thinking-Relevance-Capacity-Development.pdf
(accessed on 1 April 2021).

Hemming, V.; Burgman, M.A.; Hanea, A.M.; McBride, M.E,; Wintle, B.C. A practical guide to structured expert elicitation using
the IDEA protocol. Methods Ecol. Evol. 2018, 9, 169-180. [CrossRef]

Singh, Y.J.; Lukman, A.; Flacke, J.; Zuidgeest, M.; Van Maarseveen, M.F.A.M. Measuring TOD around transit nodes—Towards
TOD policy. Transp. Policy 2017, 56, 96-111. [CrossRef]

McCollum, D.L.; Echeverri, L.G.; Busch, S.; Pachauri, S.; Parkinson, S.; Rogelj, J.; Krey, V.; Minx, J.C.; Nilsson, M.; Stevance, A.-S.
Connecting the sustainable development goals by their energy inter-linkages. Environ. Res. Lett. 2018, 13, 33006. [CrossRef]
Lucas, P; Ludwig, K.; Kok, M.; Kruitwagen, S. Sustainable Development Goals in the Netherlands—Building Blocks for Environmental
Policy for 2030; PBL Netherlands Environmental Assessment Agency: The Hague, The Netherlands, 2016; pp. 197-220.

Waage, J.; Yap, C.; Bell, S.; Levy, C.; Mace, G.; Pegram, T.; Unterhalter, E.; Dasandi, N.; Hudson, D.; Kock, R.; et al. Governing Sus-
tainable Development Goals: Interactions, infrastructures, and institutions. In Thinking Beyond Sectors for Sustainable Development;
Waage, ], Yap, C., Eds.; Ubiquity Press: London, UK, 2015; pp. 79-88. ISBN 978-1-909188-43-3.


http://doi.org/10.1016/j.jenvman.2016.09.038
http://doi.org/10.1080/09654313.2016.1259397
https://openlibrary.org/publishers/Fieldstone_Alliance
http://doi.org/10.1016/j.scaman.2010.12.004
https://ecdpm.org/wp-content/uploads/2005-Idea-Practice-Systems-Thinking-Relevance-Capacity-Development.pdf
http://doi.org/10.1111/2041-210X.12857
http://doi.org/10.1016/j.tranpol.2017.03.013
http://doi.org/10.1088/1748-9326/aaafe3

	Introduction 
	Sustainability, the Community, and the Design of Public Spaces 
	Design in the Public Realm as a Means for Communicating and Enabling Sustainability 
	Data in the City 
	Sustainability and the Smart City 
	The United Nations Sustainable Development Goals (SDGs) 

	The Tensions Defining Urban Project Design 
	Defining the Four Domains of Sustainability for Design Projects in the City 
	Environmental 
	Social 
	Economic 
	Cultural 

	Data Exchange Direction 
	Design Impetus 
	New Artefact vs. Product Augmentation 
	Product vs. System 

	Mode of Message Delivery 
	Physical vs. Virtual Approach 
	Consensus vs. Dissensus 

	Sustainable Development Impact 
	People vs. Planet 
	Raising Awareness vs. Soliciting Action 
	Community vs. Individual 


	Methodology 
	Approaching City Projects and the Analysis Method 
	Selected Case Study: Contributing to Sustainability through the Smart City 
	Analysis Framework 
	Analysis Process 

	Results 
	Overview of Results 
	Intersecting the Findings and Discussion of Outcomes 

	Discussion and Conclusions 
	Analysis Questions 
	Analysis Outcomes 
	References

