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Visualizations have been an ongoing object of research within science and technology studies (STS) since Bruno Latour and Steve Woolgar identified their role in
the production of scientific knowledge and followed them in the laboratory ([1979]
1986; see also Coopmans et al. 2014; Burri and Dumit 2008). This chapter draws on
this literature but shifts the focus of attention from visualizations as an object of
study to digital visualizations as a research method in themselves. It also shifts the
setting, moving out of the laboratory and the scientific realm into messier and
more distributed environments including domestic spaces, art institutions, or
hostel lobbies. This interest in digital visualizations as research tools has a tradition in STS, ranging from controversy analysis, where visualizations are used to
make visible the networks involved in a certain controversy (Yaneva 2012; Venturini 2010; Latour et al. 1992); or “issue mapping” (Marres 2007), where digitally
produced maps, charts, and graphs are used for sociological research within the
wider frame of digital sociology; to visual artifacts produced by researchers with
digital images or video to inquire, sustain, and even present practice-based research outputs in visual sociology (Wakeford 2006). In this context, this chapter
proposes the production of visualizations not as tools to represent or organize
previous knowledge, as in the networks of controversy mapping, nor to identify
emerging patterns or research questions by activating datasets. It proposes the
design and production of digital visualizations as research starting points to detect and engage with the environment’s sociotechnical assemblages and create alternative representations of it. It does this drawing from feminist technoscience
and nonrepresentational methods literature, to account for the openness of the
method and the capacity of research to interfere in the world (Mol 2002; Haraway
1992; McCormack 2015; Lury and Wakeford 2012; Manning 2015; among many
others).
This proposal emerged out of the design and development of the visualization
project In the Air, used here to illustrate and support the main argument. I initiated
In the Air in 2008 at a workshop in Medialab Prado in Madrid,1 and it has been
developed collaboratively throughout these years in workshops, exhibitions, and
independent research.2 The overall investigation emerged from a simple question:
how can we, as researchers, deal with and get involved with the invisible gases or
particles suspended in the air that we live in? The project engaged with Madrid
as a case study, and through the visualization process we acknowledged that the
challenge of investigating the air is not only about the design or analysis of
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 isualizations, but about the process of visualizing itself. So, by making visualizav
tions in different formats, we started unfolding questions that the mapping process
was opening up, such as the political use of air quality information (recognizing the
double-sided nature of transparency of public data, for example) or the technical
and normative implications of what it means to sense the air (the difficulty in calibrating the sensors, in deciding what to measure and where, etc.). Since then, In the
Air has enabled us to test, challenge, and advance both in the design of visualizations and in empirical research on air pollution.
Doing visualizations as a research method also aims to contribute to the long
tradition in STS engaged in environmental knowledge production. It moves away
from the objectivity expected from experimental practices (Shapin and Schaffer
2011), and from mathematical approaches in climate predictive models (Edwards
2001). Closer to ethnographies of toxicity to acknowledge the inapprehensibility of
air pollution (Choy 2011; Shapiro 2015), it shows how making a visualization is a
form of doing an ethnography of Madrid’s air data, as well as creating a new image
of it that can circulate outside academic contexts.
So this is a chapter on digital visualizations in the making, structured as follows:
first it justifies, retrospectively, the ways in which the production of digital applications can be an inventive method of inquiry for STS, and how those applications
can help to deal with material environmental conditions, working through the notion of what Latour calls “inscriptions” (1990). Then it focuses on two main contributions of the method: (1) it shows how the object of inquiry’s sociotechnical
assemblage emerges in the process and (2) it reveals how visualizations are not
just descriptions or representations of reality, but can make or enact worlds (Latour
1986) through design strategies, creating affective airscapes.

In the Air
On a warm October morning of 2008, the Visualizar ’08: Database City workshop
began at Medialab Prado in Madrid. Selected projects from an international open
call were presented, and collaborators chose the ones they wanted to be involved
in. Nine international participants from different backgrounds (an interaction designer, architects, a teacher, an anthropologist, and a new media researcher) joined
In the Air and dedicated two intense weeks to work together within the institution’s
facilities developing a digital application and a “diffuse façade” prototype. The
aim of the project was, as stated on the web page, to serve as a “platform for individual and collective awareness and decision making, where the interpretation of
results can be used for real time navigation through the city, opportunistic selection of locations according to their air conditions and as a base for political action”
(www.intheair.es).
The digital application, still running, scrapes the data measured by the Madrid
City Council’s 24 monitoring stations, made available on their website (although
not in a usable format, so the programmer had to scrape the data from the web
page’s API), aiming to propose an alternative to the forms in which air quality was
displayed by Madrid City Council and in most institutions at that time: providing
only the numbers obtained from the stations at their location.
In the Air is a relational tool to compare components in space and time, as well as
with the European Union (EU) regulation (figure 1). The five gases and particles
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F I G UR E 1 : In the Air. Digital application (2008–12).

that cities have to monitor by EU law are displayed independently but in relation to
one other. Instead of air quality averages or different maps for different components,
data are interpolated to better understand the differences of pollution across the
city. The goal of this interpolation is not to estimate air quality between observing
stations (although the formula takes into consideration the distribution of gases),
but to visually compare the main differences of pollution across the city. Therefore, it does not take into consideration meteorological data, the built structure of
the city, or the fluidity of the air, because the objective is not to understand the
performance of the air in its complexity, nor to predict it. The objective is to compare the relationships between some components and different areas of the city
and, as data are stored and can be accessed through a timeline, to compare the
levels in time. In addition, the interpolation aims to create an image of the air as a
landscape that can be inhabited. So it is not a model to represent Madrid’s air, but
a visualization to present it differently.
In the Air was conceived of as a visualization project to explore forms of making
air quality visible. The digital application became the core tool that collected the
data and proposed an alternative way of thinking and experiencing air pollution,
and was adapted to other cities, like Santiago de Chile and Budapest (figure 2). But
other visualizations have been proposed along the years to test what, how, and
where different aspects of air pollution are worth making visible.3 The “digital façade” prototype (figure 3), for instance, used water vapor clouds to display the concentrations of gases and particles in the nearest monitoring station. Through the
clouds’ different colors, densities, and rhythms, citizens were able to experience
air pollution in the public square. The air represented itself (air pollution was seen
in the air), and at the same time it transformed certain physical conditions of the
public space, such as humidity or temperature (Calvillo 2017). Another set of iterations have been developed for urban screens, to help guide passers-by through the
city’s pollution, collectively and in real time (figure 4).
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F I G UR E 2: Adaptation of In the Air to Budapest.

F I G UR E 3: In the Air. Digital façade prototype (2008).

Digital Platforms as Inscription Devices
In the Air is not an inscription as an “immutable-mobile” (Latour 1987), as it is not a
fixed image that aims to prove a scientific fact. Neither does it intend to tell the
truth about a dataset (Tufte 2001). It acts as an epistemic device, whose aim, instead of “stabilizing and representing patterns so that they can be interpreted”
(Ruppert et al. 2013), is to expand modes of knowing, perceiving, or engaging with
the air. Also, it inscribes not only the object of research (the air), but also its regulations, norms, or politics.
And here is where the digital plays a relevant role. In order to understand
the relational features of the permanent fluctuations of the air, a dynamic visualization is required, as well as an automatic processing of the data. Nevertheless,
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F I G UR E 4 : In the Air application for Medialab Prado digital façade (2009).

the automatic processing is not addressed to deal with big data and complexity, as the case of Loukissas’s Boston arboretum visualization (this volume).
Digital software allows the creation of the three-

dimensional spaces of the
maps and their navigation, creating a more immersive experience with the data,
where the user becomes a performer in a new space (Lammes and Verhoeff
2009; Calvillo 2012). The digital also permits to customize the parameters of the
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visualization: which components are displayed or the color range of the interpolation. So the digital facilitates a responsiveness to the environment and the experience of the data.

Making Visualizations as a Method to Think with the Environment
Thinking through things has a long tradition, where objects found throughout
research are used as heuristics to develop theories (see Henare et al. 2006 or
McCormack 2015). There are also researchers who think by making things
(DiSalvo 2012; Ratto and Boler 2014; Wilkie and Mattozzi 2014; Dunne and Raby
2013; Jeremijenko 2017; Public Lab 2017; among many others). Their practices are
heterogeneous and have different aims and claims, ranging from critical design to
critical making or citizen science, yet they share with this chapter an underlying
challenge: how to relate research and making. Here, the focus will be not on what
the object can do for research, but on how the making of an object (a digital visualization) can be a research method for STS, to explore the materiality of environmental issues, engaging with their sociotechnical assemblages and creating new
imaginaries.

Inventive Method
The chapter engages with nonrepresentational approaches to methods, “less (as) a
way of articulating a set of practices that are forced to stand up in a particular epistemological theatre of proof, and more a way of going on in the world that allows its
different modes of making difference potentially sensed” (McCormack 2015, 93).
This method cannot be defined once and for all because the visualizations that I am
proposing are all different, “customized” if you will, to the specific object of study.
So the method has to take into account the differences and requirements of the
object of inquiry, and therefore its protocols cannot be set in advance. Hence, this
method also has to be inventive. Inventive not because of its newness, but because, as
Lury and Wakeford have noted, it “seeks to realize the potential of this engagement,
whether this is an intervention, interference or refraction” (2012, 6). Moreover,
inventive because the research is organized not only as a description of what is
there, but more as a matter of configuring what comes next. Through a hands-on
and collaborative process, questions emerge, expanding the realms of inquiry in a
nonlinear and unpredictable way, in our case from the air itself to open data, institutional politics, sensors in the public space, or public awareness, highlighting the
relevance of unexpected guests such as bees or worms, rain and the wind.
For all these reasons it has to be an open method, more an attitude than a set of
protocols, attuned to the messy process of testing and bringing together, taking
into account the human and more-than-human support and care involved in these
practices. As Erin Manning notes, “Each step will be a renewal of how this event,
this time, this problem, proposes this mode of inquiry, in this voice, in these materials, this way. At times, in retrospect, the processes developed might seem like a
method. But repeating it will never bring it back, for techniques must be reinvented at every turn and thought must always leap” (Manning 2015, 69).
Even though a method in the natural and social sciences implies a systematic
approach, method is here used as “an orientation to investigation” (Ribes, this vol-
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ume) to highlight the capacity of this process to drive research on an environmental
object. As an open and inventive method it has only one clear step: start designing
and making the visualization, as a point of departure. However, as an orientation,
it involves certain attitudes, like an attunement to the emergences and a critical
response to them. It also involves a feminist approach to visualizations (D’Ignazio
and Klein 2016), to deal with uncertainty, enable dissent, avoid binaries, and question the power relations embedded in the data.

Material Method
One of the main opportunities for making visualizations is to explore invisible materialities. As a material method, it enables one to “discover” the agencies and roles
of materials in situ, and track their evolution empirically” (Ribes, this volume). Because part of the challenge of thinking with the environment is to make visible an
environmental condition without trying to impose what we think we know about it,
and learning instead about its ontology through the process. In this context, In the
Air is an exercise in how to represent gases and particles in order to generate a more
complex relationship with the air, where instead of knowing about the environment, we can think with it by means of cosmopolitical experiments (Hinchliffe et al.
2003). Following Hinchliffe et al.’s case study, this device, like their field books, is a
way of “talking around” (and “walking around”) rather than “talking about,” as a
way of knowing and making visible. Not by showing the object of analysis in itself
(the air here, the water vole for them), but by producing multiple inscriptions that
may allow us to get close, learning to be affected on the way, to produce a more symmetrical relationship between the object of analysis, the nonhuman air, and the humans who research it (producing a different political ontology).
So, instead of representing gases or particles, In the Air sets up the conditions to
connect to the air. For this purpose, rather than producing an inscription, we had
to build an inscription device, a digital application to enable some aspects of the
air to reveal themselves, mediated by technology, in real time. As Hinchliffe et al.
demonstrate, this inscription device functions as a Deleuzian diagram making the
“water vole [or the air] more rather than less real” (2003, 648).
Although this method can be used by many disciplines or contexts, I am after
the possibilities it offers to STS. As I have argued elsewhere (Calvillo 2019), it is a
collaborative research practice where visualizations work as boundary objects
(Henderson 1991) that enable STS practitioners to work with others to act in the
world, as many scholars are already doing in experiments in participation or activist research, for instance (Ellis and Waterton 2005). It also helps to understand
the networks of an object of inquiry (including its power relations and politics),
as well as to create new frameworks or imaginaries, as a form of material ecocriticism (Phillips and Sullivan 2012), which is what the next two sections will
focus on.
I am not arguing that all of these objectives cannot be achieved through text.
Making visualizations is another way of doing, which adds an additional dimension. As Erin Manning suggests (2015), as a method that might be framed as
“research-creation,” it produces new forms of experience, where the visualization
can function, like the balloon for McCormack for “doing atmospheric things,” as “a
device for a form of practical aesthetics, in which different qualities of atmospheric
spacetimes can be experimented with” (2015, 106).
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Emerging Sociotechnical Assemblages
While hurriedly putting together In the Air, within the tension and excitement of
the workshop, slowly and without even noticing, the sociotechnical assemblages of
gases and particles emerged through the making. By paying attention to the difficulties and challenges faced in the process, different agents popped up, revealing
their relations.
To illustrate this point, let us take Pollen In the Air, the last development of the
project, as an example. Pollen In the Air makes visible another component of the air
proposed in the first iteration: pollen (figure 5). It was produced collaboratively as
a commission for the Laboral Centro de Arte y Creación Industrial for the exhibition Datascape, with a smaller group and some financial support. The new visualization shows pollen distribution in Gijón (Spain) as well as the different plant
species that produce it.
When constructing the digital application, we had to identify who published
the data and how frequently. As we were unable to find the data in the City Council’s website, we had to contact the measuring institution, the regional health institute AsturSalud. This institute publishes graphs in PDF format, under the
assumption that pollen concentrations are not needed in real time. Obtaining the
dataset in a programmable format required institutional collaboration and an
email exchange, revealing who manages pollen monitoring and how it is managed. In principle, we were not interested in this, but we had to find out who could
provide the data in a usable format. And through our conversations with them,
we not only obtained five months of data, but the Pharmacy Medical School and
the Open Data Department of the City Council realized their lack of synchronization and decided to change their protocols. We also discovered which institution
makes the location of urban trees available online to promote open data. While
trying to match these trees with pollen counts we discovered that the trees we
had were only the ones taken care of by the City Council. They are “singular” species whose pollen is not counted because it is quantitatively irrelevant, and the
plants producing the pollen recognized in the datasets were wild shrubs located
on the outskirts of the city, areas that were not mapped. So what we thought
would be “just” a technical and design task of translating a dataset into visual
form became something where the object of study forced us to connect with the
agents involved (many of the institutions in charge of the management of pollen
in the area) and activated connections between them (contributing to the rearticulation of their protocols), and we learned not only about pollen, but also about
tree species, Gijon’s green areas management, pollinators, glass plates, the wind,
and so on.
The agents involved did not emerge alone, but also their power relations and
what was at stake, or to put it bluntly, their politics. When trying to understand why
the data feed from the City Council was not active a week before the opening, following urgent correspondence with different institutions, we learned that there
were no actual data because the meter was broken, and due to the economic crisis
there was no intention of repairing it. The City Council argued that having one
meter in Oviedo (60 km away) was “enough” to comply with regulations (and satisfy citizens). So the publication of the data was politically intended to perform as a
“transparency device” (Harvey et al. 2012), where what matters is to say that data
are being published rather than actually thinking how they can be mobilized, or
how they may condition humans’ health and everyday lives.
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F I G UR E 5 : Pollen In the Air. Digital application (2014).

The criticality of this approach lies in looking at the process of making with
care, in identifying and acknowledging the agents that emerge and taking them
into consideration in the design of the visualization (not necessarily represented).
The criticality also lies in taking the obstacles found in the process as knowledge
production instances and feeding back into the visualization.

Designing Affective Airscapes
What is the aim of making the environment visible: to represent a truth, as most
scientific and policy-making maps do (Kitchin et al. 2009)? Or to interfere with the
world, as feminists scholars of technoscience claim and Annemarie Mol demands
of STS (2002)? In Latour and Woolgar’s account of the laboratory, inscriptions have
to circulate in order to gain relevance (and to interfere). But the conditions of this
project are far from being scientific, first, because it did not emerge from a “center
of power,” such as a research institute or policy-making center, but on the contrary
emerged from a medialab and was designed by nonexperts on air pollution; and
second, because the visualization does not intend to succeed by demonstrating a
fact, but intends to provide an alternative vision, the construction of new imaginaries of what the air or the environment is or could be. It is, as Haraway suggests, a
form of “speculative fabulation, speculative feminism, science fiction, and scientific
fact” (2015, 160). Speculation is the only way of engaging with the environment, at
the intersection of science, art, and activist practices.
But the process of making visible can also interfere in its reality, as Donna Haraway demonstrated (1988) by looking specifically at the agency of making visible itself, and how things are made visible: how to decide what is worth seeing, with
whom, for whom, under which conditions, how the invisible asks or allows to be
made visible, and what our role is, as visualizers, in engaging with the object matter. Yet that is not all; the main point is how different ways of designing an aerial
map construct what I have called “airscapes,” with completely different implications. Through design decisions a different story is told, because every line or
color requires making a decision that forces us to think how to engage and respond
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to the object of inquiry (Gray et al. 2016), and challenges not only what it is but,
most interestingly, what things can become. Therefore, design decisions are
propositional world-making techniques, positioning against current critiques to
STS and actor-network theory as being an uncritical and nonpropositional approach (for a debate on these critiques, see Farías 2011), and from a feminist perspective, they can be practices of care that hold together the object of inquiry
(Bellacasa 2011).
When I speak about design decisions I am not referring to traditions of STS
where art has been an instrument for scientists to engage with different publics
and allow their work to circulate, due to their aesthetic qualities or their multiplicity of meanings (Galison and Jones 1998; Burri and Dumit 2008). Design decisions
are considered as instruments to think with the environment, to explore the ways
in which we consider what is relevant of the air and to compare its materiality in
space and time. Collaboration is not relegated to the deployment of the visualization (Burri and Dumit 2008), but takes place in the making of it.
In the Air aims to reframe the institutional way of displaying air quality through
numbers, and what it cares for are not (only) the concentrations in themselves (the
measurements), but the relationships of the aerial components in time, space, with
one another, and the city. For this purpose, we used a topographical mesh as a relational entity (figures 6, 7), and the different components were interpolated to see
not absolute concentrations, but how their levels are related to the limits admitted
by the EU. So it is not about the air as an independent measurement, but the air
(and its measurements) as a situated entity. Because location and exposures matter in air pollution. So by representing the data we constructed the space that they
generate, aiming to see the space that the air inhabits (Loukissas 2016), but also its
own landscape. So what emerged is the airscape of the toxic, where one can see the
pharmakon capacity of the air, of being good and bad for our bodies according to
the concentrations, the weather or the location. This airscape of the toxic enables
us to decide how and where we want to see the air, if it is below us, or on top, as a
landscape or a depiction, forcing a partial perspective (Haraway 1988). It also
enhances a sensorial experience with the air and its visualization by navigating
its landscape. If some scholars have been searching for the ways in which the air
is felt (Choy 2011; Shapiro 2015), could this be an instrument to expand these
modes of feeling the air through digital sensation? Could they be called affective
airscapes?
Pollen In the Air brings us to a totally different realm. It shifts the focus of pollen
as harmful to humans, as most pollen apps do, toward a more-than-human and
ecosystem-based perspective. To do so I draw on Hustak and Myers’s work on “affective ecologies” (2012) where they describe how plants and insects have interactions beyond productivity, where they communicate, have bodily (and eventually
pleasant) interactions, and so on. So, what is the landscape of a pollen that is in
itself a reproductive unit, that serves as food for bees, that pollinates other plants,
flies with the wind, and makes some of us sneeze? Pollen’s airscape is upside down,
reversing the human-centered aerial perspective. Humans are floating with bees
or pollen particles. Instead of connecting it to human health, we connected the pollen data to data on the trees in the city, so when pollen activates we can see which
trees and plants are blossoming at a precise time and location. So, it is not the
landscape of risk or health prediction, but the landscape of plant, wind, and animal intercourse. With this in mind we tested another visualization device, focused
not on numbers, but on intensities of things (figure 8). Because demarcations are
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F I G UR E S 6 , 7 : In the Air. Topographical mesh. Initial concept and first digital prototype, testing the
interpolation resolution (2008).

impossible to define in the air, we used particle clouds as the visualization strategy, which from the beginning takes into account the material properties of the
air, enacting the air of queer ecologies (Gandy 2012) where multiple species have
physical connections that construct various types of affects beyond production
and reproduction.
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F I G UR E 8: Pollen In the Air. Particle’s clouds. First digital prototype, testing the densities of the pollen
clouds (2014).

The criticality of this aspect of the method relies precisely in the design decisions, that permit us to acknowledge the specificity of the materiality of the air in
relation to broader issues, such as the implications of its lack of limits in geopolitical terms, as well as being able to frame the air from different perspectives. So instead of re-
presenting the air as a harm for individual human health, both
visualizations, In the Air and Pollen In the Air, frame the air of the collective, of environmental justice and multispecies urban relations. There is also a criticality in
making the data not only visible, but also experienced (Corby 2008), as it creates
awareness and affective engagements with the air.

Conclusions
The exploration of In the Air suggests that the production of visualizations can be a
research method for STS, particularly suited to examine the invisible materiality
of environmental agents and to think with the environment. As an inventive and
material method, it makes emerge its sociotechnical assemblages, enabling to interfere in them. Reflecting on the making process from a feminist perspective has
also demonstrated how design matters in world making, where speculation in the
configuration of the visualization facilitates the construction of new imaginaries
in regard to air pollution. This inquiry has also raised epistemic questions about
the environment, such as the challenge of representing more-t han-humans, proposing that the production of cosmopolitical experiments may be one way of redistributing hierarchies and thinking with the environment.
The critical approach of the method is twofold. It is sensitive to the making
process, where the findings and critical positions toward them are built into the
visualization. Second, design decisions are considered political decisions that define what is made visible, by whom, how, and many other questions, aligned with
feminist visualizations.
The objective of the project is not to create the most efficient, accurate, or realistic representations of the air. Instead, building on Latour and Hermant’s proposal
in Paris Ville Invisible (1998), it engages with the proliferation of inscriptions, from
different perspectives, to get closer to the air. The making of visualizations such as
In the Air expands the ways, formats, and means by which to think with the air, and
test the capacity of design strategies for constructing alternative affective airscapes
that connect air concentrations to environmental justice or multispecies urban
ecologies.
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