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Designing with(in) Open Materiality
Crafting the Intangible to Manage the 

Real
Andrea Cattabriga, Maria Claudia Coppola, Antonel-

lo Garaguso, Manuel Scortichini

Design, Technologies and Power Structures

Today we live in hybrid ecosystems where the organic and the artifi-
cial co-evolve, the engineered and the synthetic are entangled in hu-
man-machine ecologies organized as cognitive assemblages (Hayles, 
2020). Design has been deeply intertwined with digital technologies 
for over two decades, leading to the establishment of new relations 
and organizational structures which have eventually established new 
forms of power. As a result, questioning the relationship between digi-
tal technologies, their underlying power structures and design became 
soon an urgent matter of concern for design researchers and practi-
tioners. The technologies that today dominate our daily lives work 
in closed and inscrutable environments, hiding the variables and the 
logic of nested and dislocated processes – also physically – beyond the 
reach of even those involved in their development. Designers today 
should be aware of the consequences of the gap that emerges between 
what is designed and what is generated by the interaction between 
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data and algorithms – as well as how, by whom, with what impacts, 
rules and datasets.

Today digital technologies are entering human systems fragmenting 
big powers in decentralized micro-powers (Naím, 2014), leading to the 
crisis of current political systems, democracy included. Algorithms, 
in fact, sneak into everyday life, enacting change in decision-making 
processes, which move far from any corporate or state view. By sort-
ing, filtering, searching, prioritising, recommending, and deciding, the 
social power of algorithms (Beer, 2017) mediates how reality is expe-
rienced. Thus, cognitive assemblages gain social status since humans, 
artefacts, data and algorithms become altogether part of new social 
assemblages (Bennett, 2010; Kamalipour, Peimani, 2015). As a result, 
algorithms are becoming the new means of production of the XXI 
century. Therefore, the need to better understand and manage them 
proves to be more relevant according to the pervasive impact in dem-
ocratic systems (Vespignani, Rijtano, 2019) exacerbating the struggle 
for authority and power through the spread of territorial and individ-
ual surveillance (Zuboff, 2015). For instance, technologies like end-to-
end encryption have by design rewritten the rules on human rights, 
since its use creates channels that are less accessible to states, corpo-
rations, or other individuals, and throws up new dilemmas around 
power and policing, as for the San Bernardino’s case.1 As political and 
social participation seems to be defined even through technology, new 
challenges arise about how humans may exercise and recognize pow-
er in a world filled with algorithms (Krasodomski-Jones, 2021).

Seizing the urgency of these matters to designers, public authorities 
and private actors, design culture had already anticipated some of the 
questions concerning precisely the political aspect emerging from the 

1 Reference is made to the court case between Apple inc, the Federal Bureau of In-
vestigation and the DOJ (U.S. Department of Justice), generated by the request to 
unlock an Iphone 5C used by one of the killers of the San Bernardino’s massacre 
in California in December 2015. The bomber’s phone was recovered intact, but was 
reportedly locked. Apple Inc. gave various technical and legal reasons for refusing 
to allow the creation of software that would have made it possible to bypass the 
security systems of their devices. Thereafter, the FBI managed to hack the iPhone 5c 
used by Syed Rizwan Farook through private agencies.



264

Exploring Tomás Maldonado

digital paradigm. In 19972 Tomás Maldonado already showed his con-
cerns about the promises and pitfalls of digital technologies, which 
would have needed social values and meanings as constraints to avoid 
mere technological solutionism. In fact, it seemed that the potential of 
new technologies and their narrative, enhanced by market needs, was 
going to envelop everyday life with a charming coat driving us to as-
sign a thaumaturgical role to technologies (Maldonado, 1997). Moreo-
ver, the question gets a further level of complexity if we consider what 
Maldonado defined as a “flagrant contradiction” within which design 
struggles between the “relatively mature” technologies available to 
the society3 and the “absolutely immature” decision-making centers 
of power in our society (Maldonado, 1970). While digital technologies 
shape social transformation at an exponential pace, political struc-
tures fall behind suffering from Runciman’s “technological takeover” 
(2018), recalling what Maldonado (1997) already discussed as the “false 
democratic promise” posed by information and communication tech-
nologies (ICTs). In fact, even though ICTs would have soon become 
widely available, Maldonado pointed out how the democratization of 
technological means could not imply their inherent democratic status. 
Similarly, today algorithms take part in social assemblages, producing 
new kinds of knowledge and culture (Beer, 2017), but their logic is elu-
sive, so unpacking black boxes underpinning algorithms is becoming 
the most effective strategy to understand them as powerful tools for 
human wealth and development.

Such premises help us in introducing the main aim of this article, 
which intends to offer an overview about the power dynamics intrin-
sic or emerging from digital technologies, focusing on their conse-
quences for design researchers and practitioners. As artificial intel-
ligence technologies (AI) prove to be essential tools to address the 

2 The first Google domain was registered in 1998, just a year before the publication of 
Tomás Maldonado’s reflections on the impact of computer technologies, in the book 
Critica della ragione informatica.

3 It is relevant to notice that Maldonado wrote his most influential book La speranza 
progettuale in 1970, a year after the first Apollo moon landing, which marked histo-
ry as a technological and political showdown by the United States.
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volatile indeterminacy of contemporary issues, designers might need 
to engage with the political impact of their proposals to contribute to 
cultural solutions and counter-bureaucratic approaches to social di-
lemmas (Maldonado, 1970; 2010). Here, Maldonado’s warning sounds 
clearer than ever: the issue related to the interplay between design, 
understood as an autonomous practice, and technology, an all-encom-
passing and impersonal infrastructure, is not technical, but inherently 
political. Therefore, the core of Maldonado’s thought can be found in 
the political responsibility of design, which embodies the most valu-
able legacy for future designers to better handle the challenges posed 
by current digital artifacts. 

Algorithms, Biases and Infrastructures

Immersed in AI networks constantly learning from each other, so-
cial assemblages dwell in a physical world bound to an algorithmic 
megastructure. The “stack”, as described by Bratton (2016), is an ac-
cidental and planetary superstructure that transcends traditional au-
thorities by working at six interdependent layers with computation-
al power: earth, cloud, city, address, interface and user. By exerting 
forms of power on different scales, it is remaking the political world 
order in its own image, leading to new forms of governance (Costan-
za-Chock, 2018). Algorithms are shaping human environments and 
affecting human behavior, producing immaterial and material effects 
which designers could no longer ignore. From one hand, algorithms 
practice a form of soft power in everyday life: bypassing geographical 
and political boundaries, AI performs data extraction globally, pro-
ducing “algorithmic knowledge” which impacts on psychological and 
cognitive modes of action.4 On the other hand, AI is also made of a 
material component (Dourish, 2017), providing them with the essen-
tial structure to work properly: this is related to a form of material 

4 Pattern recognition and remediation are at the foundation of alluring filter bubbles 
and dangerous deep fakes, which highly affect modes of social interaction, cogni-
tive abilities and the perception of trust.
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extraction (Crawford, Joler, 2019), responsible for political and envi-
ronmental impacts in under-developed countries.5

Digital technologies and their application shape the human world, 
changing it from the core: if planetary computation (Bratton, 2015) 
gives us the possibility to gain new knowledge in a very short time 
through data elaboration, it is relevant to note that we are dealing with 
biased knowledge. Here, reference is made to biases (Willson, 2017) as 
the consequences of uncontrolled correlations and incompleteness of 
data sets which will inevitably lead to flawed knowledge and, thus, to 
serious implications. During the last decade a growing critique fue-
led the debate about the reproduction of race, class, and gender ine-
quality through biased machine learning and AI decision-making pro-
cesses (O’Neal, 2016; Buolamwini, Gebru, 2018; Crawford, Joler, 2019; 
Eubank, 2018). Thanks to these studies it appears clear that power 
structures emerging from biased outputs are caught in a reinforce-
ment cycle. This means that algorithmic decision-making processes 
and outputs establish the power structures coming from the domi-
nant culture, which ends up transmitting its own distortions to the 
algorithms it designs. As a result, algorithms are oriented towards the 
reproduction of the “One World” ontology, a world shaped to bend 
many cultures into “one underlying reality” (Escobar, 2018). 

A clear example of the impacts of algorithmic biased knowledge 
comes from exploring how AI systems might deliver discrimination 
if trained with incomplete data. Buolamwini and Gebru’s work (2018) 
highlights how shallow datasets, labeled by ethnicity, impact on gen-
der classification accuracy in matters of subject recognition. Sever-
al corporations took part in the test, equipping AI with incomplete 
datasets, performing a failure in face detecting darker-skinned sub-
jects compared to lighter-skinned ones. Gender shades focuses on 
gender classification specifically applied to general subject identifi-
cation. However, machine learning techniques to determine gender 

5 Rare mineral resources extraction and the energetic demand of computational pow-
er plants make an outstanding example for the impact of algorithms on the bio-
sphere.
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are broadly applied to many other areas, like law enforcement and 
airports (Eubank, 2018; O’Neal, 2016), where algorithmic design might 
affirm or deny a person’s identity through labelled datasets. It seems 
clear that automated systems are not inherently neutral: they end up 
mirroring the flaws in poorly managed datasets, autonomously reiter-
ated in distorted feedback loops (Gitelman, 2013). This is easily found 
in Weapons of Math Destruction (O’Neil, 2016), which showcases the 
social impact of biased AI: from correlations between urban areas, 
crime rates and social relationships exposing subjects to the risk of 
being arrested, to medium-calculations and projections affecting the 
ranking of American universities, causing tuition fees to rise by over 
500% in less than a decade.

 

Figure 1. Deepfake programs pull in lots of images drawn from facial recognition data-
sets. Alyssa Foote. Photo by: Olivier Douliery/Getty Images.
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Algorithms outputs impact political and social values, revealing the 
lack of nuance or contextual understanding that such processes often 
do not accommodate, in fact: 

As an instrument of knowledge, machine learning is composed 
of an object to be observed – training dataset – an instrument of 
observation – learning algorithm – and a final representation – 
statistical model. The assemblage of these three elements is pro-
posed here as a spurious and baroque diagram of machine learn-
ing [...] the information flow of machine learning is like a light 
beam that is projected by the training data, compressed by the 
algorithm and diffracted towards the world by the lens of the sta-
tistical model. (Pasquinelli, Joler, 2021, p. 1265).

In this sense, AI is not open to outside inquiry, in a way that, as 
Willson (2017) puts it, “only its products or outputs can be addressed”. 
As a result, AI suffers from the black box effect: even though it is “an 
actual issue of deep neural networks [... as they] filter information so 
much that their chain of reasoning cannot be reversed” (Pasquinelli, 
Joler, 2021), it is also the natural status of any experimental machine at 
the early stage of development. By not falling for the black box rheto-
ric, it is possible to counter conspiracy narratives and see AI through 
the lens of critical understanding. Here, the work from Crawford and 
Joler (2018) helps us open the black box, by mapping an “Anatomy 
of an AI’’ with its hidden layers of human labor, data and planetary 
resources. Taking the home assistant Amazon Echo as an example of 
black box, the large-scale map reconstructs its design and the relations 
of each component with planetary ecology and economy. Despite the 
aspect of a plain domestic tool, authors argue how common knowle-
dge about those hidden structures is limited: these aspects respond to 
extensive data and material extraction processes, whose costs are not 
calculable. In this sense, “Anatomy of an AI” is, indeed, a relevant con-
tribution, raising awareness on a hardly problematic matter through 
design means. 
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These case studies pose urgent challenges for researchers, who are 
trying to understand algorithms and their ways to affect the every-
day. This is relevant to designers themselves, who might open spaces 
of negotiation to fuel debate around the impacts of digital technolo-
gies, understood not only as mere tools, but as a global phenomenon 
shaping new ways of living. One of the most urgent challenges may 
be embodied by the need to manage unavoidable biases when the ori-
gin, outcomes, instructions and implementation of algorithms are not 
open to scrutiny. Addressing such issue will require further interdisci-
plinary efforts, since, as Willson (2017) discusses, the issue doesn’t lie 
only “in the proprietary nature of many algorithms, their multiplicity 
and complexity, [...] but also in the requirement for technical knowl-
edge or literacy that many people lack when dealing with often com-
plex mathematical and technical systems’’.

Open Materiality and Design Responsibility

Arguments built so far help us understand how crucial it is to dis-
pose of theoretical and practical means to handle algorithms and their 
concerning opacity, to the point that researchers and designers are 
working at “new ways to make algorithmic processes visible, to ren-
der algorithms accountable, and to find within the algorithmic process 
some opportunity for external review and examination” (Pasquale, 
2015). In fact, the growing complexity of datasets made algorithms 
turn from procedures which deliver predictable results to entities ca-
pable of producing unknowns (Dourish, 2017): “more accurately, they 
produce analyses of data that are known and understood in some 
terms – in terms of the formal properties of the dataset, its patterns 
and regularities – but unknowable in other ones”. In this sense, aligned 
with the concept of indeterminacy and unpredictability, algorithmic 
knowledge can no more be understood as a programmed determina-
tion of routine execution (Pasquale, 2015), but rather it is the result 
of a complex relationality, which is an inherent feature of the digital 
domain.
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Figure 2. The Nooscope (diagram) by Matteo Pasquinelli and Vladan Joler. From: https://
nooscope.ai/
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According to Hui’s (2015) analysis, the digital era is the time of “the 
concretisation of relations in terms of data and metadata”: data, un-
derstood as the elemental digital component, could be thought of as 
the new material medium of operation. Moreover, even though data 
are experienced as the most immaterial element available to humans, 
they embody the main vector through which subjects in social assem-
blages communicate with each other. Thus relations are established 
through data exchange. If data need to be mediated, to be grasped by 
a subject, then data can be understood as relations themselves: as a re-
sult, they are both content and vector of content (Hui, 2015; Dourish, 
2017). Such a framework lets us intercept its new opportunities and 
limitations. 

The case studies presented above provide clear examples of the rela-
tionality inherent to digital materiality, capable of building new power 
structures: both Gender Shades and Amazon Echo help us understand 
how such relational material had been handled to establish certain re-
lations, which eventually led to the definition of new forms of power. 
Thus, the concept of digital materiality follows the modernist con-
cept of matter, which has been traditionally considered something to 
be mastered, dominated and controlled. This calls for a challenging 
perspective to design which, as design theorist Tony Fry (2010) puts 
it, “expresses power materiality in ways that shape how people in-
teract and ontologically prefigure their material culture and econo-
my”. Drawing from the relationality inherent to the digital domain, 
it appears that designers deal today with materials that are not only 
inert tools, functional to shape structures and objects, but relational, 
mediating tools.

Here design, the mediator of knowledge and processes, exerts its 
catalyzing action to establish osmotic relations between subject-nodes, 
while weaving structures with(in) the fabric of digital materiality. As a 
result, designers will be working in new spaces made of open materi-
alities, understood as temporal assemblages of designing intelligence 
and artificial intelligence, capable of sparking highly relevant knowl-
edge and value. This strongly recalls what Maldonado (1970) discussed 
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about design as the most solid link between man, reality and history. 
Designers have historically been asked to conceive the “new material 
asset of society” (Maldonado, 2010), so that, today, they might need to 
embrace the new, digital and open materiality to make their contribu-
tions meaningful and relevant. 
 

Figure 3. Visual map of Anatomy of an AI system by Kate Crawford and Vladan Joler. 
From: https://anatomyof.ai/

As Maldonado reminds us with emphasis, “interdisciplinarity and 
transdisciplinarity not only respond to a more urgent need of discipli-
nary cooperation, but most importantly to an inescapable, universal 
vocation to knowledge” (Translated by the authors). In a society that 
has a speleological approach to knowledge, it appears crucial to nur-
ture the “third culture”, namely the one capable of building bridges 
between hard and soft sciences (Maldonado, 2010). In order to do this, 
designers might start from “thinking with materials” (Bratteteig, 2010), 
working with concrete abstractions of structures and processes, at dif-
ferent levels of concretizations as well as across them. This suggests 
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that designers might understand their new designing space, a place 
that enables them to move between different layers of abstraction and 
concretization for the actual design process and outcome. Again, open 
materiality seems to be something that needs to become embedded in 
design practice, to imagine and build desiderable futures (Maldonado, 
1970; Fry, 2010; Escobar, 2018).

So, if designers do not grasp the inevitability of working in the field 
of open materiality and understand it, the risk is to act without shoul-
dering the social responsibility of design itself. In this sense, today 
more than ever, design is a political act. 

Today, designing means revealing the power structures intrinsic 
to the medium itself, since they prove to be far more dangerous and 
impactful by producing effects that are perceptually and physically 
distant in both space and time. Without any interventions, this could 
end up in building permanent control systems inside experiences and 
product-service systems fed by algorithms, which co-evolve with us 
in a continuous present. The openness linked to this new materiality 
leads to the digital dimension of matter. However, it should not be 
interpreted as limited to the inherent relationality discussed above, 
since there is also an operational feature regarding the criteria linked 
to the accessibility of systems. If from one side, researchers and activ-
ists are contributing to the assessment of AI-based systems (Krafft, et 
al., 2021), design needs its own epistemology about new sociotechni-
cal assemblages to be relevant in this space. Moreover, this could not 
be enough, since design could need new operational tools and models, 
allowing an upstream configuration, through which managing possi-
ble biases and incorporating auto-control systems. Therefore, the digi-
tal side of design needs to be open, integrated and interoperable in its 
relational dimension, but also accessible, inspectionable and open to a 
continuous adaptation to the physical context within which it is called 
to operate. This means making it susceptible to variations based on the 
needs of the local territory, community and social systems.

The responsibility of the designer is, then, inevitable in the design 
process. Thus, thinking from a digital perspective means addressing 
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several factors that ultimately affect cultural production. Maldonado 
(2005) warns us about how “cultural production often reflects the glar-
ing ambivalence of information technology”, always reminding us of 
the essential benefits derived from technological progress. As the abil-
ity to “make” and “design” is uniquely human, Maldonado (1970) in-
vites us to embrace the political responsibility associated with design 
practice, leaving behind “any celebratory enthusiasm”. Design and its 
inherent responsibility are experienced in the concrete projection: a 
dialectical process of mutual formation and conditioning that affects 
the human condition and the human surroundings.
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