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Abstract: This work aims to re-investigate different aspects of a variety of filters and filtration
processes within diverse realms of knowledge from an interdisciplinary point of view, and develops a
comprehensive Active Model of Filter that accommodates the phenomena in its entire diversity and
complexity. The Active Filter Model proposes to take Filter—from various fields and scales operating
at material and symbolic level—not as mere objects, but as difference-producing phenomena that need
to be addressed as complex active systems within event-based boundaries. The model underlines
a systemic, operative, performative, and negentropic nature to the phenomena that invites one to;
recognize various elements and intra-actions within a filter system; follow chains of operations and
processes that render the activity; take the performative and ecology building aspect of the filter
activity into consideration; and acknowledge the negentropic, order-producing nature of filtering
phenomena. The Active Filter Model is meant to serve as a foundation for further analysis and
synthesis in various fields dealing with Filter, and the research approach is put forward as a paradigm
for how seemingly disciplinary concepts such as Filter can be rethought through interdisciplinary
methods, and mutually complement research questions within active matter, biology, information
philosophy, data science and sustainability discourses.

Keywords: filter; active matter; material; information; systemic; ecology; membrane; data science;
sensor; sustainability

1. Introduction

Filters and filtering operations are at the core of many of the products, services, and information
that is being produced and consumed. From chemical industry, waste management and recycling to
search engines, AI, and insurance policies, filtering is of concern in various disciplines and fields [1–5].

The ubiquitous presence of the term within these broad realms is highlighted in the fact that it
is usually described not according to a general or universal definition, but within a set of categories.
The Merriam-Webster dictionary lists different definitions of filter, as a noun, in four categories
which relate to the diverse use of the term in different fields: I) As in a physical separating article or
apparatus that “separates out matter” in liquid or gas medium; II) as devices to suppress waves or
frequency of some type, for instance, in signal processing [6,7] and electronics [8,9], or optical [10]
and acoustic filters [11,12]; III) as in the more abstract sense of an analogy, something that has the
effect of a filter, for instance a biased mind; and IV) in the software and internet realm (“Filter.”
Merriam-Webster.com Dictionary, Merriam-Webster, https://www.merriam-webster.com/dictionary/
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filter. Accessed 4 Jun. 2020). Even more remarkable is how filter as a verb is defined there through
referral to filter as a noun, an object: “To subject to the action of a filter”, “to remove by means of filter”,
“to pass or remove through or as if through a filter”. Filter, as an object, is the locus of the discourse,
and “filtering” comes secondary through association to “filter”.

The following will briefly review a few relevant works on this theme, to gain an understanding of
the terms that are already more broadly discussed.

In recent years, some scholars tried to give a more active understanding of filter by analysing
historical as well as contemporary works on “membranes” [13–16]. In their anthology Membranes,
Surfaces, Boundaries from 2010, Mathias Grote and Max Stadler called membranes of different sorts
“un-dead surfaces” or “surfaces in action” [14]. In the same book, the cultural historian Thomas
Brandstetter discusses the production of artificial cells in the laboratories of the 1840s, and highlights
the fact that at that period, physiologists discovered that osmosis, as something that characterized
the functioning of living cells, could be performed outside of the body. Brandstetter showed that
the activity of these membranes was situated somewhere between strictly mechanically understood
processes and strictly vitalistically understood forces within the living body. These cells in petri
dishes exhibited an agency of life and challenged the existing categorization as purely biological or
mechanical [16,17].

This more active view of filter has been pointed out in parallel in the current discourse of active
matter. Active matter is a term under discussion in recent physics, biology, chemistry, and material
sciences that address and analyse the nature of activity in matter. The term covers a range of studies such
as; emergent global pattern through collective behaviour of particles; natural or synthetic autonomous
actuation and responsive systems, and so on [18–20]. The term is usually associated with the swarm
behaviour of flocks of birds or shoals of fish, which can be understood as collective movement of
discrete particles in a medium, regulated through local interaction rules, resulting in emerging global
behaviour of the collective as a whole [13,20]. In his text on Active Matter from 2010; the physicist
Gautam Menon, one of the central figures on the topic, names under the headline “Active Matter
Systems: Some Examples”, not just the dynamic swarm behaviour in bird flocks, fish schools, and
bacterial suspensions, but also refers to “active membranes” [13]. Menon notes: “It is interesting
that several developments in the theoretical description of generic active matter reflect ideas first
introduced in the context of active membranes”. Later on, in his book Membranes to Molecular Machines:
Active Matter and the Remaking of Life, Grote takes a historical view of the understanding and modelling
of cell membranes as active surfaces in 20th century and, connecting it to contemporary research in
biology, biomolecular, and nanoscience, puts forward a view of membranes from an active matter
perspective [15].

From these perspectives, function of such semipermeable membranes was understood as a filtering
activity, facilitating and regulating exchange. In regard to the regulating and order-producing agency of
such a filtering membrane, Maxwell’s Demon can serve as a model for the activity of a semipermeable
membrane. In his book on thermodynamics, The Theory of Heat, James Clerk Maxwell came up with a
thought experiment in which he introduced a creature that in a vessel filled with air would be able to
observe the moving molecules and open or close a door in respect to their velocity. Over time, the fast
molecules would gather on the one side and the slower on the other, thereby leading to an apparent
paradox with the entropy principle of the second law of thermodynamics. The second law states
that in an isolated system the total entropy cannot decrease, and the system would evolve toward a
maximum entropy equilibrium state [21]. Semipermeability can be understood as the demon acting
out the capacity for a thermodynamic self-organization, as the effects of filter processes enabled on a
material level. The membranes filter activity in this regard is composed of two qualitatively different
sides and one membrane in between, that enables the exchange of certain elements between the two
sides (e.g., molecules of a particular size or shape), or selects elements of a certain quality out of a
medium, etc. Hence, in this paradigm of regulative exchange, the filtering function can be described as
an act of controlled separation that is enabled by the material structure of the filter.

https://www.merriam-webster.com/dictionary/filter
https://www.merriam-webster.com/dictionary/filter
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Moreover, the membrane is sometimes used as an epistemological model in order to describe
regulative exchange beyond the domains of biology or physics. The literary scholar Laura Otis in
her book Membranes: Metaphors of Invasion in Nineteenth-Century Literature, Science, and Politics [22],
describes how the prominent metaphor of the biological cell-wall was used in 19th century science and
fiction. Otis writes: “The concept of identity that emerges from cell theory and its fictions—I shall call it
the membrane model—is based on exclusion” [22]. With this way of deploying the membrane, aspects
of separation, invasion, and regulation are emphasized in regard to historical notions of identity in the
19th century.

To summarise, the current understanding of the filter phenomena place the focus on filter
as an object. Even within the contemporary works of Menon, Grote, and others on a more active
understanding of the semipermeable membrane activity, the focus is still on the filter as an active element,
object, material, and less on the systemic and procedural aspect of the phenomena. This object-view of
the filter reveals its shortcomings from the first glance into those diverse instances where different fields
refer to the phenomena in their hand as filter and filtration. Moreover, the current discourse revolves
around the idea of regulative exchange as in the “membrane model”. This membrane understanding
of regulative exchange, not only as Otis writes moved into and influenced various fields of economy
and politics, but also has lived on to define the main paradigm of the more recent “filters” within the
world of computation, data, internet, and so on.

Although the idea of using such an epistemological model of filter and of transferring it to other
realms of enquiry is in principle appealing, there is more to filtering that goes beyond the object or
membrane model. The existing models generally tend to focus on just one dimension of filter and fail
to engender a holistic perspective that addresses the typology and ecology of the phenomena.

This paper identifies a need for a framework for filtration beyond the existing ones. The filter topic
is interdisciplinary by nature, and can be approached from various perspectives of physics, biology,
materials sciences, as well as cultural history, media theory, information philosophy, and so on, and
any reductionist explanations might miss the larger systems and processes at work.

Our objective is to, on one hand, address the inherently interdisciplinary nature of the topic of
filter, and on the other hand, to develop a novel trans-disciplinary model of filter that is based on an
active and comprehensive understanding of the phenomena to systematically rethink the ontologies,
ecologies, activities, and value systems associated with filter.

To fulfil this, our approach is to, while having a historical dimension in perspective, explore a
variety of examples from contemporary developments within a wide range of research projects in the
natural and social sciences that investigate filter materials, filter systems, and processes (Figure 1). A
comprehensive Active Model of Filter is then built on the thorough study of the examples, to elucidate
various aspects of the phenomena in the fields dealing with the term, and encourage further analysis
and synthesis. Such an Active Filter Model would, on one hand, serve to address and assist a broad
community of academics and industries in better understanding filter models within their activities, and
developing more responsible practices thereupon, and on the other hand, can open new perspectives
on locating and addressing the filter theme within a diverse realm of knowledge such as Active Matter,
thermodynamics, abiogenesis, biology, ecology, information philosophy, media theory amongst others.

In the next chapters, we put a handful of filters from diverse realms of biology, material science,
information and communication technology and so on under the spotlight and briefly go over the filter
phenomena and their main filter “features” in each of the examples. Subsequently, we’ll use these as
a context upon which we base our analysis work, and introduce a few aspects as the most relevant
characteristics of the filtering phenomena.
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Figure 1. Structure of the research. Schematic presentation of the rationale and structure of the research;
with a historical dimension in perspective, explore a collection of various filter phenomena from
various fields and scales operating at material and symbolic level, to develop a systemic and Active
Model of Filter phenomena, that could serve as a ground for a more comprehensive analysis and
synthesis practices.

2. Methodology

The idea of this interdisciplinary collaboration originated from a series of discussion rounds
on seemingly unrelated filters in two projects situated within natural science and cultural history
and theory; the structure-function relationship of a marine filter feeder and the operative aspect of
architecture. This early phase resulted in consolidation of the first series of research questions: What is
filter? If there are commonalities between filters and filter operations within the diverse fields and
realm of knowledge that use the term? What kind of material or symbolic structures and organizations
occur? How is the procedural, the potential for filtering and separating, related to the structure? How
can the activity of filter systems be described in material and symbolic terms? Could filter serve as an
epistemic model for material activity beyond the dichotomies of symbolic and material, information
and organization, mechanistic or vitalistic explanations?

The first step to address these initial questions was organisation of an interdisciplinary workshop
on the typology and concept of filter within diverse fields. The studied examples within the workshop
ranged from cell membrane, mechanosensing in spider, acoustics modellings, and filter in data science,
among others. The workshop was followed by a thorough analysis of each of the contributions from a
joint natural science and cultural history perspective.

Further analysis of the collection of these initial contributions led to further research questions
and investigations, either within the same field, as for the case of filter in architecture, while others
led to a labyrinth of research questions that ended up in a seemingly unrelated field, as in the case of
moving from data science and media to internet content moderation, human filters, and pathology
of informational filters. A few more examples were later on identified and added to the collection of
case studies. For instance, in the case of Graphene Oxide Nanosensors, an interview and thorough
discussion with the expert in the field complemented the preliminary understanding of the phenomena,
while the filtering in impact assessment was introduced as to the collection in the late stages (More
details on the contributions in the acknowledgment section).
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The diagram in Figure 1 depicts the rationale of the research as well as the collection of various
case studies from diverse fields. The list is non-exhaustive, but our main selection criteria, beside the
intriguing nature and relevance of some of the cases to the rationale of the work, was to have broad
exploration through various fields and realms of knowledge, and bring examples that cover different
senses of complexities and depth; occurring at various scales and forms; and dealing with physical as
well as symbolic attributes of the phenomena. Through all of this, we kept our initial questions as a
spotlight to speculate on the nature of Filter.

3. Case Studies

In the next chapter, we put a collection of examples that deal with filter and filtering within
different fields under the spotlight and go through various aspects of their filtration and activities in
various realms to establish a basic common understanding of the filter phenomena in each case.

3.1. Chemical Purification; Activated Charcoal

In chemistry, (chemical industries, metallurgy, biochemistry etc.), there are purifying processes
and methods, where the contaminants or unwanted substances are “filtered out” through a variety
of separation methods. The filtration can be achieved through physically separating a (usually)
solid element within a fluid (liquid or gas) by passing the mix through a porous or semipermeable
membrane, that acting like a sieve, allows the flow of the fluid while restricting the passage of the other
elements with certain sizes or features. However, the purification is not restricted to this “membrane
filtration”, and can include a variety of processes such as centrifugation [23], liquid-liquid or solvent
extraction [24], affinity purification [25], electrolysis [26], and phase separation [27], amongst many.

In phase separation, for instance, filtering happens with two parts involved. A simple case of
phase separation is the familiar oil–vinegar mix (Figure 2, right). Molecules with similar affinities
attract and cumulate while repelling the one with different chemical affinity. Lipids, here the oil,
are hydrophobic and don’t mix with the water within the vinegar, and as a result oil and vinegar form
two phases. Here and in other phase-separation phenomena, the separation occurs as self-organisation
due to different physicochemical properties, which can be utilised as a mechanism to cumulate and
select out some desired elements, or to purify a medium by filtering out undesired elements [27].

Purification through adsorption is another filteration mechanism that goes beyond membrane
activity. Adsorption is defined as a surface process where atoms and molecules of a fluid (gas or liquid)
adhere into the surface of a solid [28,29]. Figure 2 shows an SEM-image of activated charcoal. The
main characteristic of such material is its high porosity, which translates into a large inner surface area
compared to a relatively small volume. The high available surface area results in high adsorption
of large amounts of particles flowing within a fluid medium on the inner surface of the activated
charcoal [28,29]. Such porous materials with high adsorption properties are widely used in gas and
water filtration technology [30,31]. As soon as the charcoal comes in contact with a medium like water
or streaming air, its filtering is initiated. The filtered particles accumulate in the charcoal over time,
thereby decreasing its filtering function. To reuse it, it needs to be cleaned, which is done by heating
the coal and thereby reactivating it.

This technology is not new. Already in the early 19th century, people used charcoal for cleaning
their water. The dirty water would seep over time through the charcoal part in the middle of a vessel,
and eventually the filtered drinking water could be collected in the bottom. Already in the early 19th
century, there were conversations around the nature of this filter process. Chemists as well as physicists
had trouble understanding how it actually worked. There were different interpretations, ranging from
the idea that the coal is swallowing the dirt, to the idea that it is “compressing” the particles, to the
assumption that there is a spontaneous oxidation happening within the coal. What these concepts
have in common is an understanding that the coal is exhibiting some sort of activity—even called
disinfecting agency—emphasising on the filtering agency of the activated charcoal.
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Figure 2. Chemical Purification; examples of adsorption and phase separation: (Left) Active charcoal.
Scanning electron microscopy micrograph of activated charcoal showing the large available surface
area resulting in high adsorbability. (Right) Phase separation of oil and vinegar. Hydrophobic oil
and hydrophilic vinegar separate into two different phases, which can be used to filter one out
of the other (images adapted from Wikipedia common. (Left) Wikimedia Commons contributors,
“File:Activated Charcoal.jpg,” Wikimedia Commons, the free media repository, https://commons.
wikimedia.org/w/index.php?title=File:Activated_Charcoal.jpg&oldid=417429816; (Right) Wikimedia
Commons contributors, “File:Olive oil with Balsamic Vinegar.jpg,” Wikimedia Commons, the free
media repository, https://commons.wikimedia.org/w/index.php?title=File:Olive_oil_with_Balsamic_
Vinegar.jpg&oldid=331512136 (accessed 17 June 2020).

3.2. Cell Membranes

One of the universal features of cellular life is the encapsulation of the machinery of life within
a membrane (also known as plasma membrane) that separates it as an autopoietic entity. The cell
membrane, in this sense, is not only an enclosure, a boundary separating the inside (the cytoplasm and
content of the cell), from outside (the surrounding environment), and giving the cell its structure, but
is also a selectively permeable boundary that regulates the amount of a substance in the cytoplasm or
facilitates the exchanges that are necessary for survival and maintaining the functions of such a living
entity [32] (Figure 3).

The cell membrane is a lamellar structure made up of lipids and proteins; two monolayers with
hydrophobic hydrophilic (water-soluble) and (water-insoluble) sites are laid on top of each other through
a self-assembly process, in a way that the hydrophobic sites (fatty lipids) face toward and are gathered
in the middle of the wall, while the inner and the outer part are the hydrophilic sites. A large amount of
various proteins are embedded within this few-nanometer-thick hydrophilic–hydrophobic–hydrophilic
structure. Even within the cell there are membrane-bound organelles with similar lipid membrane
structures [32–35].

Self-organization and Liquid-liquid phase separations leads to generation of such thin
two-dimensional liquid interfaces that can act as regulatory boundaries. The filtration and exchange of
substances into and out of these interfaces are regulated through a multitude of criteria. Membrane
Pores, predetermine some size selection or some gradient flow. Time is another important element in
any such processes, as given enough time, everything can diffuse and pass eventually. The transport
can occur passively through a diffusion and flow of substances, molecules, and proteins across the
membrane, but transporters, or membrane transport proteins, play a crucial role on the active transport
and exchange across the membrane, which spent energy to achieve a selective process and movement
of substances across the interface [32–35].

https://commons.wikimedia.org/w/index.php?title=File:Activated_Charcoal.jpg&oldid=417429816
https://commons.wikimedia.org/w/index.php?title=File:Activated_Charcoal.jpg&oldid=417429816
https://commons.wikimedia.org/w/index.php?title=File:Olive_oil_with_Balsamic_Vinegar.jpg&oldid=331512136
https://commons.wikimedia.org/w/index.php?title=File:Olive_oil_with_Balsamic_Vinegar.jpg&oldid=331512136
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The cell membrane, as such, can be seen as an active filter that regulates certain aspects and
functions of the two sides of the interface. Filter here is the structure as a whole, the channels and
highly selective transporters allowing passage of molecules, ions, and proteins through the interface.
There are also some recycling mechanisms that can be involved to selectively manipulate or degrade
part of the membrane to render the cell membrane a more active self-regulating filter system.

Such self-organized enclosures and interfaces can be synthesized and further modified into
functioning as an exchange regulating fronts, or filters. In contemporary works in synthesis of
biomembrane-like vesicles within biophysics analysis, synthetic biology, or drug delivery, the “cell
membrane” can have a different structure, shape, and size depending on the membrane properties,
to facilitate certain regulatory function of the interface as physical/physicochemical filters [36].

Figure 3. Cell membrane. Top-left: The plasma membrane selective transport; transporter proteins
use energy to selectively transport substances in and out of the cell, regulating the concentration of
different molecules and ions (adapted from [32] © Nature Education). Top-right: High-resolution
3D images of two exemplary Giant Unilamellar Vesicles (GUV); synthesized simple cell-sized model
membrane systems, that are typical for studying and modelling of various features and characteristics
of the more complex biological membranes. Confocal snapshot of the GUV shows an example of the
before and after membrane poration induced by an applied DC pulse (image adapted from [37] under
a Creative Commons Attribution 4.0 International License). Bottom: The fluid mosaic model of the
cell membrane: The fluid plasma membrane consisting of the bilayer phospholipids, cholesterol, and
proteins (image adapted from [38] licensed by CC BY-NC-SA 3.0 US).
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3.3. Filter-Feeders; Larvacean Tunicates

The Appendicularian tunicates are solitary swimming marine animals that produce a cellulosic
structure which serves as a food-filtration system. The animal secretes an elaborate folded tissue,
which in the rudimentary state is wrapped around the trunk of the animal, ready to be unfolded into
a transparent multi-chambered structure when pressurized through the complex movement of the
animal [39–41].

The inflated structure is an elaborate configuration of different membranes, channels, chambers,
and accumulation nets. The undulatory beating of the animal’s tail produces a pressure potential
between the inside and outside of the structure. The surrounding water is then sucked into the
structure through the two side inlet filters, passes through multi-chambered structure, and is released
back to the surroundings through an outlet. As the sea water is pumped through this infrastructure,
at the first stage the bigger unwanted particles are stopped at the inlet filter meshes, while the water
and smaller food particles continue through the tail chamber toward two side passages and into
the food-concentration-filter on each side. The food particles (algae, etc.) get trapped in between
a complex of meshed tissues, and the pulsating opening/closing of these meshes due to water flow
and pressure changes results in accumulation of the food particles, which are then directed toward a
convergence zone, into a tube, and eventually to animal’s mouth (Figure 4). The filtering system, as a
whole, comprises cellulosic membranes and meshes, sophisticated interconnected chambers, pulsating
walls, the undulating tail of the animal, pressure potentials, water flows, and the animal’s digestive
system, amongst others.

The structure is ephemeral, as it gradually gets clogged over time, and every couple of hours, the
animal escapes the structure and replaces it by unfolding and inflating a newly secreted rudimentary
house wrapped around its trunk. The discarded house collapses. Without the inner-pressure induced
by the animal inside of it pumping water in and out, the mucus gelatinous structure loses its integrity,
moves about with water currents, and eventually falls to the ocean depth and contributes to a significant
portion of particulate organic carbon and oceanic carbon cycle [42,43]. The whole system gains its
integrity from its mobility and function, and the filter is only there when the filtration is happening.

There have been attempts within biology to describe animal-built structures with less dividing
concepts. In his monograph Animal Architecture and Building Behavior from 1984, the biologist Mike
Hansell described animal-built structures as “frozen behaviour” [44], which still implied a static
concept of animal architectures. Evolutionary biologist Richard Dawkins argues in his book “The
extended phenotype”, that although genes only directly control the synthesis of proteins, they have an
effect on the environment and the phenotype should be “extended to include all effects that a gene has
on its environment, inside or outside the body of the individual organism” [45]. In his book The extended
organism. The physiology of animal-built structures, the biologist J. Scott Turner promotes animal-built
structures as “organs of physiology”. He extends the physiology of animal organisms to structures such
as termite’s mounds, coral reefs, or plant galls. Turner examines the effect of the environment upon the
organism and the effect of the organism upon the environment [46]. These concepts, as fruitfull as they
are, still think of the animal as being in charge of its structure. Focusing on the filtering function of
tunicates, a clear boundary between animal and structure blurs; both are crucial parts of the filtering
system. The structure is not a mere “add on” to the animal, as it is neither a part of the animal in the
narrow sense of an organ, nor can it be considered as some kind of shelter or external tool completely
separated from the animal. Under this filter perspective, the focus changes from what the animal and
the structure are, to what they do; filtering.



Sustainability 2020, 12, 7284 9 of 33

Figure 4. Filter-house of the larvacean tunicates. The images on top show the Appendicularian
Oikopleura dioica inside its filter-house. Food particles (white or red) are sucked in from the surrounding
water into the transparent filter-house and make it visible (images by the Author Khashayar Razghandi).
The schematics in the middle illustrate a simplified model of the water flow and filtration path
(middle-left adapted with permission from [41], the middle-right image adapted with permission
from [39]). The subsequent brightfield images—Originally assigned as A to F—depict the intricate
structure of the main food concentration filter (FCF), showing the effect of the tail beat and arrest cycle
on the structure of the FCF wings (B,E and C,F respectively), which trap and accumulate the food
particles and lead them toward the buccal tube (dark spot in D). (image adapted with permission
from [41]). Scale bars: (A,D): 0.5 mm; (B,E,F): 0.1 mm. The diameter of the filter-house ranges from 2 to
5 mm depending on the animal’s age.

3.4. Graphene Oxide Nanosheet Sensors and Inhibitors

Moving from the physical filtering of particles to the realm of sensors and responses, this chapter
explores the function of modified graphene oxide nanosheets in chemical sensors and pathogen
inhibition, where the activity of the system lies at the molecular and nanoscale [19].

Graphene sheets are two-dimensional materials comprised of hexagonal arrangements of carbon
atoms, and represent a class of materials that are only one atom thick [47] (Figure 5 top). Graphene
oxides (GO) are highly oxidized graphene sheets with oxygen containing groups, and can exhibit
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distinct electronic and conformational properties that can give rise to a range of novel performances
and functionalities [48].

The number of oxygen containing groups on the graphene oxides plane can be thermally reduced
(rGO or TRGO) to tune the charge mobility on the plane ranging between the unrestricted mobility in
graphene sheets to relatively insulating properties of graphene oxide sheets [48]. Moreover, adsorption
of different analytes onto the surface of the reduced graphene oxide sheets can also change its
conductivity. This tunable conductivity can be exploited to create highly sensitive macromolecular
chemical sensors with applications, for instance, in chemical safety and security [49,50].

Another example of how the activity of such 2D systems can be translate into application is the
pathogen inhibiting behaviour of the functionalized thermally reduced graphene oxide. Introducing
dendritic polyglycerol polymer chain branches (dPG) to the plane enables the chemical modification
of the branches and introduction of a variety of functionalities into the macromolecular system.
For instance, the end branches can be modified and functionalized to give the possibility of interaction
with the outer membrane of pathogens [51,52]. The high number of these functional sites on the
2D sheet can adhere to the pathogen at multiple sites, and when one site interacts and adheres, the
attachment force locally bends the 2D sheet and brings the next functional site in proximity of the
organism and the next site attaches, and in a cascade of chain events, more and more sites click and
attach one after another, and like a zipper, the nanosheet wraps around and entraps the pathogen
(Figure 5 bottom) [53].

Figure 5. Graphene oxide nanosheets as pathogen inhibitors. Top row: Transmission electron
micrograph of a single graphene oxide (GO) 2D sheet on the left; and structural model and formula of
an exemplary GO on the right (The top-left image adapted with permission from [50], and the top-right
image partially adapted with permission from [48]). Bottom: The schematic of a thermally reduced
graphene oxide sheet (TRGO) is shown in the image sequence A. The TRGO can be coated with the
dendritic polyglycerol polymer chain branches (dPG) shown in B. The added brancheds can be further
sulphated and functionalized, as shown in image sequence C, with red sulphated functional groups
sitting on top of the dPG branches. The electrostatic interactions of these functional groups with the
outer membrane of a virus can lead to conformational change of the nanosheet and entrapment of
the pathogen as depicted in D (the bottom image sequence A-D is partially adapted with permission
from [54]).

The basis for this is that the energy exchange with the environment can lead to geometrical
conformational or configurational changes in the angstrom and nanoscale, and one can make use
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of this to tailor at a higher macro scale. In this case, the selection and separation (filtering out) of a
virus is a result of the interaction of the nanosheets’ functional groups and the pathogen membrane at
nanoscale. Moreover, the 2D sheets can be functionalized and specialized to react with and remove
only specific entities within a system. It is this selective interaction and operation of certain functional
groups on the nanosheet with an outer membrane of a distinct virus or class of viruses that lead to
inhibition and filtration of the pathogen out of a system. The interaction at nanoscale brings about the
selection and separation at macro scale.

3.5. Mechanosensing in Spiders

Most spiders have a highly sophisticated sensory system in their bodies that enables them to
perceive their environment through the vibrations in their immediate surroundings. Cupiennius Salei
are spiders that live mainly on banana leaves in central America, and their bodies feature an elaborate
system of vibration sensors that helps them to detect and process vibrations at a material level [55,56].
One part of this sensory system is the chitin-based lyriform organ that is located between the tarsus
and metatarsus, at the legs joints. The vibrations in the surroundings resonates in the substrate leaf
where the spider is sitting. Upon small movements of the leaf, the tarsus (the part of the leg lying on
the leaf) gets deflected upward and touches what is known as the cuticular pad on the joint (Figure 6
top). This movement is further translated into an opening and closing of slits with different lengths
located there (Figure 6 bottom-left). Each slit is covered with a protein coat called epicuticle membrane,
which is connected to a nerve cell, so that slight vibrations of the slits induce an action potential in the
underlying neuron [55–57].

The response from various slits within this sophisticated mechanosensing system translates the
surrounding vibrations into distinct “signals” with specific frequencies and repetition patterns, each
mapping to different known stimuli (Figure 6 bottom-right). As a result, the appropriate response of
the spider follows accordingly; is it an approaching prey to hunt?; a fellow spider on a nearby leaf?; an
immediate danger to avoid?; or a background noise, like wind, to ignore [55]?

The main part of signal filtration and processing happens at the material level; for example, the
lyriform organ filters out low-frequency background noise with no informational value. Various
experiments have shown how the geometrical arrangement, material structure, and mechanical
properties, along with environmental factors such as temperature or the stance of the spider, each
can play a role in the filtration process. Long slits are more flexible compared to shorter slits that
need more force to be compressed. The relative location of the slits on the organ play a role in the
final interpretation of the signal. The stance of the spider on the leaf plays a role in the transfer of the
vibration from the leaves to the joints. The mechanical properties of the cuticular pad are temperature
dependent and is different during the day and night; the material has lower modulus of elasticity
when it’s hot, thus it is less sensitive, while at low temperature of the night, the modulus of elasticity
rises, and the tissue become stiffer and more responsive, which would make sense for a nocturnal
species [55–60].

The system as a whole enables the highly specific filtration of the surrounding stimuli at the
material level. On the first filtration level, among all different existing vibrations in the surroundings,
only a certain range, relevant for the survival of the spider, is detectable by the system. Then, within
the detectable vibrational range, the system distinguishes the useful from “useless” information, what
can be described as “filtering out of background noise”. Finally, vibrational input is split up into
different categories, and it is classified into what spider perceives as “prey”, “other spider”, or “wind”,
for instance. The filtration of the vibration and processing of stimuli here is achieved not just by
the nervous system alone, but is substantially pre-processed and filtered through animal body and
material structure and properties. This process at the material level and in the periphery and mainly
outside the central nervous system reduces the brain processing and, eventually, the spider’s sensing
and acting time.
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Figure 6. Mechanosensing in spiders. (A) and (B). show the spider Cupiennius salei sitting on a leaf
with the location of the vibration sensors shown with arrows ((A) partially adapted with permission
from [56]; (B) partially adapted with permission from [58] under the terms of the Creative Commons
Attribution License 4.0 International (CC BY 4.0)). (C). depicts the relation of the vibrational sensor on
the metatarsus, the cuticular pad, and the articular membrane, and how the system is stimulated when
the upward movement of the tarsus compresses the pad (partially adapted with permission from [56]).
(D). shows a scanning electron micrograph of the metatarsal organ and the vibration detector slits (The
SEM micrograph (D) adapted with permission from [56]). The vibrational environment of the spider in
its natural habitat is shown in (E), with the frequency spectra on the right side and the oscillograms
related to specific vibration on the pseudo-stem of a banana plant on the left (image adapted with
permission from [59]).

3.6. Modelling Acoustic Transmission Systems

Acoustic bend, or what is called sound, is patterns of pressure waves happening in material
form, and there is no sound without matter. From the initiation of the material wave from a source to
reception of it in a receiver, there is a chain of transection, where the mechanical waves have to pass
material things, walls, windows, obstacle, barriers, air molecules, and so on, which influence the final
received acoustic. Hence, all physical acoustics are subcategories of filters.

The material process in acoustic transmission which determines acoustic functionality can be
traced through this chain, and various criteria influencing the acoustic functionality can be identified.
The source of the sound is the first instance of defining and influencing the acoustic; a periodic
pattern coming out of a source (mouth) and in a certain direction, with certain energy and frequency.
The medium is another crucial player, as the sound propagates in the material medium, it is influenced
by the properties of it: For example, air is considered a good gas on one hand as it is non-dispersive,
and signal shape stays the same through the transmission, but on the other hand, it is a significant
filter for sound; or for instance, the influence of temperature humidity on the quality of the transfer for
have been studied and quantified, as acoustic atmospheric absorption and attenuation coefficients.
The obstacles in the surrounding environment play another crucial role. Upon reaching an obstacle,
a door or another audience for instance, part of the sound intensity is reflected, part is transmitted
through the obstacle, dissipated as heat or vibrations, part transmitted going through it, and part is
scattered due to roughness of the surface for example. At the end of this transmission or filtration
process, is the receiver; signals coming from out, can get modified, amplified, and so on, which is under
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the category of signal processing before comprehension. An example of how is that the transformation
functions vary for one ear depending on the direction of the sound if it is coming from the front, top,
or behind.

In the modelling of an acoustic transmission and filtration—for instance, to understand a
social setting within an architectural setting, as in modelling of the historical case of the Forum
Romanum [61,62]—one has to consider different factors in each of these mediums of transmission
and simulate the transmission and filtration processes that could in principle occur. In such digital
acoustic simulations of a space, one can also divide these mediums of transmission into three different
levels: The microscopic or the molecular level; the mesoscopic or the individuals and subjects, and the
macroscopic level of buildings and infrastructures. In each of these levels, one can apply empirical
data, such as the environmental factors influencing the acoustic transmission of air at the micro level.
At the meso level, the individual behaviour, crowd density, and so on can be considered in the model,
while at the larger infrastructure such as building and architecture, one can think that architecture that
is designed for acoustic events needs to gather the right amount of people, and orient them toward the
acoustic source. Here, materiality of all the transmission mediums plays a crucial role on the final
transmission, but not only as acoustic filtering on micro or meso material level, as in if the walls are
from wood or concrete, but also at the level of infrastructure, as in how things are arranged in the
macro scale.

The propagation, the diffusion or the filtration of the sound waves through the air molecules,
the obstacles, and the corridors, occurs in a material sense, even though the transmission carries
symbolic information.

3.7. Filtering Architecture

Architecture has traditionally being considered as a static system, often seen as mere containers or
shelters, which once erected, are supposed to be stable in both time and space. Newer approaches
highlight a so-called operative concept of architecture which, derived from media theory, focuses on
the performative aspects of architectures [63–66]. One investigates the way buildings work rather
than what they represent; how they generate certain environmental conditions; or how they not only
accommodate but evoke, channel, regulate, or filter streams of people, things, or substances running
through them. In this regard, one can see how buildings operate as filters, realising acts of selections
and separations through a system of interacting architectural elements such as walls, doors, barriers, or
corridors. The following paragraphs explore two specific examples of filtering architectures: Filtering
people in railway stations; and filtering energy in membrane architecture.

In the 1870s German architects started a debate on how new railway stations should be constructed
in order to handle the increasing amounts of travellers in a quick and smooth way. The railway engineer
Franz Baltzer published an article in 1893 with the pragmatic title Ticket Control and Platform Barriers at
Railway Stations [67]. Due to a high volume of traffic, a lot of travellers, as well as their accompanying
farewellers, congested the platforms, which hindered the train service and endangered the station’s
safety. Baltzer proposed a new rule that would allow only people who actually used the trains and
who possessed a valid ticket to enter the waiting rooms and the platforms. The implemented system
allowed for guiding, examining, and separating the people streaming through the station according
to their status as legitimate travellers, as paying company or as persons not being allowed to enter
the station. To Baltzer, this seemed to be mainly an architectural task. He presented suggestions for
altering railway stations so that they functioned as efficient architectural filtering systems (Figure 7 top).
Ideally, they would be running automatically—meaning with minimal staff, costs, and reconstructing
efforts. Outgoing travellers and incoming passengers all would need to pass through a checkpoint, and
the whole building would be carefully arranged around this central check-point with every alternative
entering point being blocked off via walls, barriers, and locked doors. What seems to be a quite
manageable architectural task for newly-built stations proved to be rather intricate for already existing
stations. Channelling and filtering the stream of travellers was further complicated when there were
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different circulations of arriving, departing, and transferring passengers. For instance, architects
would have to consider the different facilities passed by the traveller, and decide whether the already
existing restaurants or toilets were to be located before or after the checkpoint. Moreover, stations
as time-critical systems were operating on rather complex schedules with minimum tolerance, and
clogging the checkpoints with waiting people presented a certain risk factor. In the case of bigger
stations, one can imagine that remodelling of this dynamic system into a filtering system could be a
challenging organizational task. It is a matter of arranging architectural elements in space in order to
generate controlled flows and selective passages via access control and the binary filtering logic of
“pass” or “don’t pass”. Depending on their respective placements, regulating effects emerge. Some
architects used the terms “flows”, “currents”, and “circulations” when contemplating on ideal layouts
and arranging its spatial components. Eventually, all these references were used in order to understand
and design railway stations as effectively running filtering systems.

Figure 7. Filtering Architectures. Top: Flows in railway stations 1983. The top Image depicts Baltzer’s
proposed layout for small new-built stations in 1983, which would filter out the crowd; travellers would
purchase their tickets, leave their bags at the baggage counter, and pass through a checkpoint, while
anyone without a valid ticket would be filtered out of the platforms (image adapted from [67],© 2020
Zentral- und Landesbibliothek Berlin). The image on the bottom-left is the cover of Siegfried Ebeling
book Space as Membrane, giving a less static/passive impression of architecture, as a transient medium
regulating different forms of flow in and out (image adapted from [68],©Architectural Association
Inc.). The image on the right shows Walter Pichler sketches of the “Intensivbox”, that provides a filtered
experience for the subject that slides into it, one in a series of work in 1967 where he criticized the
pervasive presence of media (image credit: Walter Pichler, Intensiv-Box, 1967).

In 1926, the Bauhaus-student Siegfried Ebeling wrote an essay in which he introduced a new
concept of architecture that he called Space as Membrane [68], and opposed it to what he considered
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the obsolete idea of space as a mere shell. In his small book, he elaborated on what future buildings
should be capable of in terms of certain functions and performances. With what he called “biological
architecture” [68] p. 19, he redefined the wall—traditionally being seen as a load-bearing, massive,
and impenetrable element—as a three-dimensional semipermeable membrane or skin. Its porosity
was not achieved by a mere adding of windows and thereby physically penetrating them, but by
transforming walls into filtering devices. The cover of the book (Figure 7 bottom-left), shows in an
abstract fashion how he conceived the building as a transient medium between the individual and his
or her environment, permeable for different forms of electromagnetic spectrum that by penetrating the
building would affect its interior in terms of natural and artificial light conditions, air, temperature,
ventilation, and air pressure. The specific design of the wall openings would produce a “filtered stream
of light” that is being “automatically regulated” [68] p. 36. Ebeling noted that his active, adaptive,
and automatic architecture would not be a result of putting up a set of apparatuses like radiators,
lamps, or blow fans, but to turn the building itself into some sort of biological system that reacts to
surrounding conditions. His membrane building was meant to adapt to the climatic conditions of its
specific location, and the house could become its own energy source, converting exterior radiation into
usable energy, intensifying and optimizing the individual’s physical and psychological experience of
the space he or she is living in. As an architect, he was not so much interested in the membrane as a
material but what he considered its biological functioning. Transferring its performance to architecture
turns buildings into “responsive, active systems” [69] introducing forms of agency and self-regulation
into architecture.

Such permeable membrane or filter understandings of architecture can be also seen in the work of
many artists and architects during the 1960s. Walter Pichler have experimented with this operative and
filtering aspect of space in many of his 1967 works, such as the “TV Helmet/Portable Living Room”,
the “Small Room”, or the pneumatic “Intensive Box”, which exhibits openings that control climatic
conditions as well as the sound and vision the person inside is exposed to, replacing the outside reality
with a filtered one (Figure 7 bottom-right).

In these lights, one can see that filtering operations of the architecture seem to make way for some
rather innovative architectural concepts and projects, organizing functional buildings based on their
central operations, as in the case of railway stations, or rethinking architecture in terms of ecology,
climate, and energy, as in Ebeling’s case.

3.8. Informational Filters; Data Science

Today, it is not only in the natural sciences and economy, but also in linguistics, sociology, cultural
studies, etc., that the presence of the words data, big data, data analysis, machine learning, and so on
are becoming more and more of a trend. From social media to the internet of things, data analysis
and data science are integral parts of many of today’s technologies. One simple way to describe data
science is the methods and processes of analysing a set of data and extracting knowledge or predictive
trends out of it.

As a common denominator underlying today’s data science, filters and filtering operations lie
at the core of every stage of the process: In the very first steps of collecting the data; organizing and
cleaning of the data; understanding the metadata and data profiling; transforming into useful format;
integration, mapping, stitching; analysing, making sense of it, and final interpretation of the results to
find a pattern, solve a certain problem, or predict certain phenomena amongst others [70–73].

To reflect on filter and filtration process through all these steps, the following will explore an
example of an imaginary case where a medical institute or insurance company runs a public survey to
gain insight into certain aspects of smoking, may it be for prevention, health inquiries, or targeted
advertisement, either to find a certain pattern, to validate a hypothesis on smoking habits, or to render
a prediction.

In this case, the first step would be to collect the relevant data such as participants’ names, age,
address, life-style, smoking habits, and so on. Already here, at this very basic act of collecting the data,
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the first filtering occurs on the basis of defining the survey criteria and relevant targets, and designing
the questionnaires; what is being taken as the input or raw data?; a certain region?; certain age group?;
or is the focus gender-specific?

In order to do a proper analysis of the data, the collected data needs to be as homogenous as
possible. The collected data-sets might contain errors, inconsistencies, or wrong entries that need to be
assessed. These errors could be of various nature: Duplicates; entries in different languages; inconsistent
postal codes; false birth dates; representation problems like order of family and surname; typos or
random wrong entries, and so on, which need to be detected and fixed accordingly. This so-called
cleaning of the collected data is in essence a filtering operation; data with certain features gets selected
in, or weeded out, or classified into the relevant category.

Big part of data cleaning is about following and finding certain strategies to facilitate and
automatize this process of making the dataset homogeneous and more processable, and is achieved
through algorithms and processes that can be executed by humans or machines. The refining strategies
can be simply reducing the data matrix by rational of how the data should look or be presented, for
instance, a set of internal or external linked rules; common sense like removing duplicates; or based on
data type in the programming language. It can also be based on the idea of what the data should be
consisting of: For instance, based on certain assumptions about an objective fact, like a German postal
code has 5 digits (rule-based corrections and detecting a violation), or about a prior secured knowledge,
like no one alive is “230” years old, and most probably that entry contains an error (semantic and
syntactic pattern verification and enforcement). The refining can also be some statistical or quantitative
algorithms that detect statistical outliers, as in one person in a list of thousand participants who smokes
three packs a day; or detect conflicting values, as in if the “age” entry shows 27, while the “born in”
shows 1983. There is not an apply-to-all solution to meet the challenges of data cleaning. There are
a variety of tools and strategies available which, combined with experience, can help this tentative
process gradually going forward, and checking if this or that strategy works or not.

In the next analysis step, the already cleaned organized data set is subjected to various sorts of
algorithms to deduce a certain pattern and trend, validate a hypothesis, or reveal new insights. At the
first level, the cleaned data can bear and reveal an obvious pattern; for instance, no one below 10 is
smoking. However, more often than not, the big data analysis is about finding the correlations that are
not obvious at first glance. On one level, the filtering operations can help to check the validity of a
certain assumption, for instance, confirming the hypothesis that younger smokers are more prone to
change to electronic cigarettes. On another level, certain algorithms run through a big data-set can
suggest a hidden correlation without a prior hypothesis; e.g., single males age 30–40 seem to have a
higher chance of quitting smoking after getting a pet. However, the majority of today’s data science is
more of a “grey box”, as opposed to a black-box without any pre-assumed model or hunch.

The filtering aspect of data science does not stop here. Depending on the final goal, may it be to
find patterns, validate a hypothesis, or predict a certain trend, the result of the analysis can further
serve as the new filter criteria for the next step of action; for instance, classifying a certain group into
the high-risk category charged with a higher insurance fee.

It worth emphasizing that these steps were followed in linear manner for the sake of clarity, and in
reality, the process is more of an iterative nature; going back and forth in between as, for example, the
result of an analysis can be put into action to serve as the new cleaning criteria (new filter) and so on.

One notable aspect here is that the Informational filters become time-critical. On one hand,
the function and efficiency of the system depends on time; the more time you spend on cleaning and
filtering (bigger data, finer data, more accurate data, etc.), the better results you might get. On the
other hand, time has cost, and you would need more processing time, and have to try to simplify and
automatize more by delegating these tasks as much as possible to the machine. However, the more
crucial aspect is that, on more data, and on a broader and more diverse range of data-sets the filter
(algorithm) runs, the better it gets at filtering. It either gets modified and more efficient by the constant
search and devise of the data scientist, or the filter modifies itself over time as the machine “learns”
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and “gets better” at cleaning, analysing, and finding patterns, and eventually does a better job, after
each new “experience” it gains.

At first glance, informational filters seem to be distinguished from most of the formerly discussed
filters, as more symbolic (alphanumeric, code, etc.). However, images that are used for describing
filtering are patterns and flows, and are talked about as if they were material things (blocking flows,
partitioning, collecting, cleaning, mapping, matching). Besides, one cannot neglect the materiality of
the hardware that back this seemingly symbolic operation.

Nonetheless, these informational filters are about meanings; they are symbolical, dealing with
symbolic things on a symbolic level. On one hand, defining and changing different criteria and
specificity of the filtering operation becomes easier, for instance, tuning the “filter-mesh” or the
tolerated threshold for the accuracy of the result. On the other hand, the result of the filtering operation
would have a broader impact. Although data cleaning is there to make the data processable, there is an
element of producing the data in the process filtering and reducing it. Tools here are algorithms, as
a set of rules, and rule-making that translates into and becomes producing through differentiation.
This itself would set-up new criteria and new rules for next filtering and so on. Hence, the simple
separatory or selective aspect of the filter producing differences, can take another tone here, and be
expressed as a “validation” or “discrimination”, as it is not just any separating process, but bears
meaning and symbolically valuable decisions (e.g., insurance or loan credits). Although filtering
algorithms are dealing with symbolic things on a symbolic level, as Yuk Hui argues in his book “The
existence of digital objects”, they define the realities of our material world [74].

3.9. Moderation: On Content, Medium, and Human Filters

An increasing amount of everyday information and knowledge are becoming more and more the
products of filtering operations and filter algorithms that are not necessarily always understood as
such. From the world of the internet and content production, suggestion, and moderation; to artificial
intelligence, cryptography, and cyber security; to insurance policies, health care, and bio-politics, the
informational filters are progressively becoming a crucial determining factor of today’s life.

The effect of the informational filter is already visible from algorithms and data processes which
are creating “filter bubbles” in news, social media, identities, and so on [4,5,75]. Even more alarmingly
so, is the extent of the data surveillance and the piggybacking surveillance capitalism that produces
and tabs into the streams of data from actions, experiences, emotions, and lives, and datafy them into
categories and predictive systems, minimizing the uncertainty on the one hand, and on the other hand,
shaping and controlling the realities of economies, social existence, and personal lives and cores [76].

From a media theoretical and semiotic perspective, the significance of this filter aspect of media
is neither new nor trivial. Philosopher Jean Baudrillard, in his 1981 book Simulacra and Simulation,
has pondered on questions of reality, symbols, culture, media, and their interrelations. He paints the
relation of media and life as “a blending, a viral, endemic, chronic, alarming presence of the medium,
without the possibility of isolating the effects”, and points out the media’s “induction” and “infiltration”
to the point of a “dissolution” of medium and life into each other [77]. In this sense, “the filtered” of
today’s informational filter can translate to “the mediated”, and “the mediated” into “the filtered”.

As discussed before, the inherently selective and discriminatory aspect of the filter phenomena
can translate into a pathological dimension (filter bias), but the questionable effects do not stop there.
Segregation into fortified internally consensus circles (filter bubbles); a collective belief in the predictive
powers of an in essence simplified model and forgetting the significance of deviations and disruptions
(filter promises); getting blindly trapped in a rigid local optimum within a vast landscape of hills and
valleys of possibilities, and the consequent self-fulfilling prophecies (filter trap), are just few of the
other repercussions of the informational filter and it’s symbolic significance.

All of these open up the question of power. From the “Archive Fever” of Derrida, to the
“Surveillance Capitalism” of Zuboff, the discussions around the power to knowledge, epistemic justice,
and rights, were built around the questions of who knows, who decides who knows, and what they
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can know [76,78]. These decisions on who has access to what adds another dimension (filter powers)
to the set of the filter repercussions.

The lack of access or understanding of the black or grey boxes that define the reality of these
mediated content and bubbles, might suggest a purely algorithmic view of this filtration system.
The assumption that the algorithm, the tools, the machine learning. and the AI can have an “agency”
of their own, is not as farfetched as it sounds. However, this view still overlooks or underestimates the
extent to which the human agency plays a role in these processes, at least not in its current stage.

One instance of the human agency within these filters, are human internet-filters, or as officially
called “Content Moderators”. These are real people who are sitting in offices and scanning the internet
for un-desired content, as in pornographic, violent, offensive, racist content, etc., and by following and
applying a set of pre-set rules and their common sense, make a decision to remove content [79–81].
This is not only relevant, showing the human agency as a crucial factor in informational filter, as an
example to counter the myth of purely algorithmic moderation, but also it is relevant to the rationale
of this work, exploring filters of different types and scales and forming different realms. Here, there is
the human cognitive system operating as the filter. It is not so much of a surprise, when the “human”
filter there gets exhausted, some even get traumatised, and eventually the “filter” has to be “disposed
of” and “replaced”.

3.10. Impact Assessment

There is a range of different types of methods that can make up an impact assessment, that requires
various elements of filtration processes. These include Responsible Research and Innovation (RRI)
monitoring models and integrating Key Performance Indicators (KPIs), which have been used as
a way of integrating RRI in science and technology [82,83]. RRI offers an added value of selecting
and classifying research and innovation (R&I) process dimensions to ensure desirable and acceptable
research and innovation outcomes [84,85].

Furthermore, RRI as a systemic and operative model can draw on impact assessment to proactively
move forward innovation policies and strategies towards more sustainable and responsible versions.
To conduct R&I activities “responsibly” and “sustainably” for a certain organisation, research and
innovation process dimensions should be tailor-designed so as to make RRI an intrinsic part of R&I
activities. This requires chains of action and target setting to advance in RRI implementation levels [86].

Within the same lines, UN Sustainable Development Goals (SDGs) are an established stream of
goals and targets that can be achieved by gearing up impact assessment practices [87]. SDG-related
assessment initiatives tend to encourage societal actors to work together to better align science
and technology and its outcomes with the values, needs, and expectations of society. SDGs, as a
target-oriented term, are therefore crucial for the future and foresight activities.

To address grand challenges, an entity identifies the priority SDG targets through a filtering
process, namely the process of principled prioritization to assist in integrating SDGs into the entity
processes. This filtration deepens understanding of whether and how prioritised SDGs lead to societal,
democratic, scientific, and economic benefits.

In a similar vein, in materiality assessment as well as in environmental, social, and corporate
governance (ESG), one can utilize such filters to weigh the materiality of ESG issues, enable comparison
of material issues, and perform benchmarking to identify gaps and leadership opportunities to ensure
defining strategies in the right way.

To summarize, much of the literature views principled prioritization as a necessary complement
to impact assessment. Thus, the filter to identify principled prioritization aims at providing social,
environmental, scientific, and economic benefits. These filters are useful for mitigating risks and
strengthening strategic planning. Taking such filtering models into account will help science and
technology and innovation to increase their relevance and make optimal use of their established
strengths. Furthermore, to redress knowledge gaps about the benefits of social-oriented terms, e.g., RRI,
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SDGs, and ESG in practice, the assessment practices calls for a greater understanding of different forms
and practices of filter.

4. Analysis Towards an Active Filter Model

The last chapter portrays a diverse set of examples across a wide range of fields and scales, that
deal with and discuss some type of filter or filtering phenomena in their work. By reflecting on some
attributes of these diverse studied cases from an interdisciplinary perspective, in this chapter, we try to
cultivate and frame a more comprehensive understanding of filter phenomena as the basis for a novel
Active Filter Model.

4.1. Filtering; a Separation Process, a Differentiation Process

On the most basic level, filtering is a separating process that produces differences.
This differentiation process can be manifested as selection, reduction, or classification.

Selection can be thought of as when something (of interest, of value etc.) is separated and brought
out of a bigger system. The target-oriented, selective meshes of the filter-feeder tunicates can be seen as
the example of selection, where the desired food particles of a certain size get trapped and accumulate.

Reduction is the case where the undesired is separated out of a system, reducing it to a purer
desired state. The focus of interest here is signification by reduction. The chemical purification
processes to get clean water or high karat gold; the case of the spider where the filter process, amongst
others, can be described as the omitting of background noise; or the case of the reduction of a big data
set through data cleaning filtration processes, are all examples of this instance of separation.

Separation can also occur as sorting or classification. Here, the separation act of Filter produces a
certain order by separation elements of a system into different categories or classes. Apparent examples
of this would be the informational filters of the data science case that recognize and categorize data
according to defined criteria such as “male”, “female”, or others, or the case of the spider, where the
filtration result in the calcification of the surrounding vibration into different categories of prey, friend,
and foes.

There is not a clear-cut difference between these expressions of separation in filtering, but more of
a shift of focus. In all these expressions, we argue, the separation is a process of differentiation that
produces significance.

4.2. Filtering; Systemic and Operative

We don’t consider filters as mere objects, but operative systems.
From a media theoretical point, there is an ecological aspect that goes along with these filters,

rendering a systemic nature to filters; composed of different elements in interrelation with each other
and their surroundings. Filters are systemic, and not mere objects; understanding the phenomena
needs a shift from objects to systems.

Moreover, filters cannot be fully understood in their passive noun, object form. It is not only
necessary to look at different elements and interrelations within a system, but more than that, there are
chains of operations that need to be taken into consideration.

In current discourses within Media Theory or Cultural Techniques (Kulturtechniken), there is
a paradigmatic shift of the focus from objects, devices, and nouns to chains of operations [88–90].
Our understanding of filters, in this model, requires a similar shift from taking the focus from the filter
as an object, article, or device to the filter operations. To think “filter” is to think “filtering”. As systems,
filters are operative.

Besides, upon taking this systemic view and considering filters as open systems, a critical question
arises: What does the system entail? What is part of a filter system, and what is not? The operative
aspect becomes relevant here, as the filtering event itself can be the crucial criteria in order to draw
this line. If an element is necessary for the filtering operation and function, it belongs to the filter
system, and if not, it doesn’t. To understand the filtering system as a whole requires one to shift the
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perspective and analyse the different filtering operations in play within specific boundaries. The term
“event-based boundaries” seems a fitting concept here.

To get a more tangible understanding of the systemic and operative aspects, it might help to recap
these aspects of the filter phenomena in some of the case studies.

Filter architecture of the Tunicate is a good example of recognizing this systemic and operative
nature. In the case of the filter-feeder tunicate, we emphasized that the filtration cannot be fully
understood by taking the individual nets and meshes, or even focusing on the bigger structure like
the inlet-filters or the food-concentration-filter, or even the filter-house of the animal as a whole.
The interrelation of different elements such as channels, pressure potentials, tail movements, water
flows, accumulation nets, and so on, are crucial to understanding the phenomena. As discussed,
biologists have attempted to describe animal-built structures in relation to the animal, as in the
extended phenotype of Dawkins [45] or the extended physiology of Turner [46]. Turner writes: “There
is a tangible boundary separating the organism from the environment, although seemingly solid, is
an active permeable boundary, allowing a steady stream of matter and energy to pass continuously
through” [46] p. 4. Expanding on Turner, we argue that these boundaries can sometimes become even
more blurry, to a point that one cannot claim a functional division between the animal and its structure,
as both are crucial parts of the filtering system. This also shows the significance of the paradigmatic
shift of the focus from the objects (animal and the filter house) to the operations (undulating, pumping,
circulating, accumulating, filtering). The operativity of the dynamic structures of both living and
non-living can be described by understanding the system in terms of this extension of physiological
operation to the “dead” structures and blurring the boundaries of the organism. This operative aspect
takes a central role in our understanding of the system. Not only does this understanding dissolve the
divide between the animal and structure, but more than that, the operation (continuous filtering) is the
very thing that maintains the system, as the structure collapses when it is not in operation. The whole
system is structurally and materially active and operating.

Similarly, the mechanosensing of the spider can only be understood and analysed by regarding
the system as a whole: The slits; the epicuticle membrane; the nerve cell and neural paths; the lyriform
organ; the leg joints; the animal as a whole; plus, the underlying leaves; the wind; even temperature
influencing the sensitivity of the filter material and so on. Here again, to have a better understanding of
the mechanosensing of the spider as a filter system, not only the systemic nature and the environmental
interrelations need to be considered, but also the chains of operation need to be addressed. Something
moves the leaf; which vibrates the leg’s joints; the tarsus moves; hits the pad; compresses the slits;
the vibration of microslits is translated into action potential; neurons are fired; decision is made;
spider moves and eats the cockroach.

The systemic and operative view of the phenomena also gives a better understanding of the
different manifestation of the filtering phenomena. On every level of the system there are structures
that render detectable and non-detectable vibrations, filtering out what is detectable from all the other
vibrations in their surroundings (for instance filtering out the background noise or the specific stance
of the spider on the leaf defining the sensitivity of the filter system). This separating and selecting the
useful from the useless information is in play at one level, while later on and on other levels, filtering
operation manifests as classification, splitting up vibrational input into different categories, classifying
them as what the spider perceives as “wind”, “prey”, “other spider”, and so on.

Furthermore, a system of one slit with its epicuticle membrane and underlying nerve; a set of slits
with different sizes and arrangements; or the impact of the spider’s specific stance on the signal and
the sensitivity of the filter system, each contribute to different aspects of filtering operation at different
scales. Thus, they can be demarcated within an assigned boundary of interest and studied as a system
or subsystem accordingly; the event-based boundaries.

In the case of graphene oxide nanosheets such as chemosensors or pathogen inhibitors, the selector
is more than the graphene oxide sheet, neither is it the sulphated end of the dendritic branches
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stemming out of the 2D plane. It is systemic and operative as the filtration process becomes meaningful
through certain surface functionalities, within a medium, and in regard to the specific bacteria or virus.

In the case of informational filters of data science, what comprises the filter system is this
chain of operations through different phases of the process that need to be followed; data collection,
data cleaning, integration, analysis, interpretation, and so on.

The systemic and operative aspect of filter phenomena is also evident in other case studies, such as
in the attempt to model the material structure and functionality of the acoustic transmission systems
through all the different micro, meso, and macro levels; or the operativity of architecture as filtering
people or energy; or in the world of media or internet content, where a colossal amount of interrelations
and operations, carried out by algorithms and/or humans, constitute the operative filter system.

The extent and scope of the systemic and operative nature varies from case to case; for instance,
the kitchen sieve, as a physical filter, might not have the complexities of the tunicate filter-house.
Nonetheless, keeping such a systemic and operative view of the phenomena helps to have a more
holistic understanding of the phenomena, occurring within the broader dynamic event-base boundaries
of a system of actors and operations.

4.3. Filtering and the Ecology it Builds; Performativity

The systemic and operative aspect signify a procedural aspect. We emphasize how this procedural
aspect can create the filter domains or affect the filter or filtering operation.

Filtering Creates Filter Domains. The filtering operation, the action of what we point to as “filter”,
creates the filter domains in different ways.

First, the most familiar one, addresses cases where the filtering structure is set up and operates.
Taking activated charcoal, for instance, only when one brings it into the medium (water) does the
charcoal start separating dirt particles, producing cleaner water in the process. In the case of the spider,
with a slight change of position or shifting into a more sensitive stance, a “filtering pose”, the spider
can alleviate the transmission and processing of the vibrations and optimize the filter experience. In the
case of the graphene oxide sheets, talking about the 2D structure as a filter makes sense only within the
right medium (in chemosensor application) or in contact with the specific virus (in pathogen inhibition
application).

The second mode would apply when the filtering structure only exists because of its filtering
operation. The filter-house of the tunicate, for instance, needs to be in constant operation so that the
water flows and pressure differentials are sustained. Otherwise the structure would lose its integrity
and collapse, thereby also bringing the filtration process to an end. Many of the informational filters
have the same ontological mode.

A peculiar, third, mode is when there is no filter without the process of filtering; no filtering
agent to be identified before the filtering process starts off. An apparent example of this would be the
case of phase separation (oil-vinegar mix) or self-organization of the hydrophilic and hydrophobic
macromolecules resulting in the case of bio-membrane like giant vesicles. The very act of separation
and self-assembly due to specific physicochemical properties creates the separating boundary.

Hence, Filtering creates Filter domains, building a dynamic ecology, beyond mere parts or
simple interrelations.

Filtering Affects Filter. The process of filtering has effects that alter filters and the consequent
filtering operations. This phenomenon can be approached and understood from two different
perspectives: Spatial and temporal.

In filters that work through semipermeability or adsorption, particles that don’t pass through
or are adsorbed accumulate over time. This can in some cases hinder the passing through or further
adsorption, thus “clogging” the filter and stopping the filtering operation. In other cases, a phenomenon
occurs that is called “filter cake”, which can improve the filtration process. Starting from an initial point,
adsorption of more and more particles creates a filter cake that acts as an even finer mesh “enhancing”
further adsorption and filtration process.
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Filtering affects the filter; the tunicate filter house gets “clogged” and needs to be “replaced”, or in
the case of human content moderators, the traumas of the job can “exhaust” the mind to the point of
therapy or early “retirement” of the human filters. Filter gets “clogged”, “blocked, “filled”, “covered”,
“consumed”, sometimes need to be “disposed”, “replaced”, or “cleaned”, but also sometimes gets,
“better”, “smoother”, or “refined”.

The process of “filtering affecting the filter” is not limited to spatial sense as in the case of the
activated charcoal and the clogging. The “filtering affecting the filter” can also be described from a
temporal perspective, rendering a time-criticality to Filter.

The data filter, for example, can get “better” over time as the algorithm is refined over the course
of its performance, leading to a more precise or optimized algorithm and process, for example in
machine learning. They can also modify the process itself, changing the “mesh” of the filter, as in
changing its specificity, for instance. This adaptation aspect is not always a positive thing, as discussed
before, the process can also lead to feed-back loops that accumulate certain features, that become
pathological, accounting for local optimums and self-fulfilling prophecies.

This ecology aspect of the filter can be traced back to the earlier discussed systemic and operative
aspects of the phenomena, and be based within the concept of “Performativity” [91–93]. Performativity
is a concept that is increasingly gaining ground in various fields such as linguistics, gender studies,
anthropology, cultural studies, economics, and so on, and can be thought of as an emphasis on the
performative nature of phenomena, blurring the boundaries between “what something is” and “what
it does” [91–93]. The systemic nature of filters spotlights the interrelations and interactives of the
systems, while the operative aspect brings the attention to the dynamism of the systems, which
would further emphasize the event-base boundaries of the system. The philosopher Karen Barad
term “intra-activity” seems fitting to describe the situation of filter [94]. Here, and within these
various ways that “filtering affects the filter”, there is an element of performativity in a sense that the
filtering, within an intra-activity context, is building its ecology; an adaptation, a co-evolution of actors
and contexts.

4.4. Filtering, a Negentropic Process

Upon filtering, differences are generated, and thus a certain sense of “order” is produced. In this
sense, filtering can be considered a negentropic process.

The purification of water in the case of activated charcoal; the separation and accumulation of
food in the Tunicate case; the very sustenance of life in the case of the cell membrane; the sense making
of spider from its material mechanosensing; the classifications of the data science and moderation
of content; the regulations of peoples flow in the architecture of the train stations, all point out to
producing some sort of order, and decreasing the entropy of something.

In statistical mechanics and thermodynamics [95] entropy can be interpreted as an expression
of disorder of a system, and is defined within a system and in relation to the outside. Still, an event
might be increasing the entropy of a system within a certain boundary, while the same event might be
negentropic if one draws the boundary lines differently, for instance broadening it to include other
elements in, or according to a different context. These boundaries matter, and context matters in how
to define these boundaries.

The notion of negentropy is understood as order producing, as in “negative entropy” [96–98]. The
negentropy in the order producing Filter processes is also highly correlated to the context. Something
can be seen as negentropic when considering one aspect, while the same process can be seen as
increasing the entropy in another aspect. Airport security checks are a good analogy to see how the
concept of negentropy is highly bonded to context. Looking at the people queuing behind the gate and
people on the other side in the departure lounge; one can look at it from the view of socio-political
context; it takes a population of people and separates them into two categories of “pass” or “take your
shoes off”, producing a new classificatory order, decreasing entropy. However, the same gate seen
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from a purely thermodynamic context, ordered lines of elements (people) turn into a more scattered
distribution in the departure waiting lounge; increasing entropy.

Entropy within early information theory [99] is defined as the unit for information content. Here,
information can be thought of as a characteristic of a medium of transfer that can be quantified,
regardless of the exact content of the information. The entropy of a system in this sense is related to the
lack of information about it. The higher the information content, the lower the entropy of the system.
If information and meaning is produced by producing differences, entropy is lowered. Thus, also from
this perspective, the informational filters discussed in data science and content moderation and so on,
are negentropic difference-producing symbolic filters.

In the discourse of active matter, Menon proposes the filtering membrane as an example of active
matter [13]. One of the key challenges in active matter research is the question of how to describe
encoded material and the surrounding conditions as both a mechanical and an informational structure.
This way of describing the functioning of Filter via the notion of entropy, or here negentropy, can be the
link that combines a material perspective with a symbolic one, the organizational and the informational.

All these systemic, operative, performative, and negentropic views of the phenomena signify a
temporal dimension of the process; filtering does not only entail selection or classification due to some
material or symbolic characteristics, but also brings about a temporal differentiation of the state of the
systems as in before and after. Thus, placing filter at the focal point of discussions around physics,
chemistry and physiology of life, organization and information, material and symbolic activity, and the
nature of nature.

5. Conclusions and Open Perspectives

The idea of the presented work originated from identifying a gap and a need for a comprehensive
model of filter and filtration phenomena that would address the concept in its diversity of the use
within various disciplines and realms of knowledge. The first step in approaching the problem was to
recognize that the topic of Filter lends itself to an interdisciplinary approach as filter and filtration
can be found as topic of research, analysis, and synthesis in a variety of disciplines and fields within
physic, chemistry, biology, informatics, and social sciences, amongst others.

The overview of typology and commonalities of various filter phenomena within a range of
diverse fields helped to have a better understanding of the initial research questions of: What is filter,
and how can the activity of filter systems be described? This analysis led to synthesis of the proposed
Active Filter Model, suggesting:

Filter cannot be assessed in terms of mere objects, defined by clear boundaries, but needs to be
understood as a complex active system and in relation to the ecology it builds; signifying a systemic,
operative, performative, and negentropic nature to the phenomena:

The active aspect of the filter phenomena, implies that it realizes different forms of selection,
separation, reduction, and calcification processes of, for instance particles, waves, symbols
etc. producing differences and significance. Hence, we can talk about a negentropic process;
and consequently a sense of agency.

The systemic nature of the phenomena highlights that filter emerges as complex systems, with all
the various involved elements and actors (bases, barriers, channels, flows, circulations, temperature,
signifiers, gradients, inventories, thresholds, frequencies, pressures, etc.), and the complex interrelations
and intra-actions within the ontologically relevant environment and contexts.

The operative aspect points out that a more comprehensive picture of the phenomena can be
understood, not just through a snapshot of different elements and their interrelations within a system
(synchronically), but by seeing the picture in its full dynamism (diachronically), through various
chains of operations (compressions, attractions, repulsions, self-organization, hinderings, adaptation,
separation, selection, accumulation, reduction, classification, regulation, and so on), that brings about
filtration activity, which itself can realize further operations.
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The performative aspect of the filter phenomena, emphasizing on the ecology that it builds,
expresses the interwoven aspects of being and becoming, and the co-evolving actors and contexts
within an intra-activity relation.

In this light, one can open up some new questions and realms of inquiry that need further work
and discussions. The answer to these might be beyond the scope of the paper, but the following is an
extended perspective chapter that would briefly points out some of the relevance of these reflections
in various research and practices. Throughout this chapter, the authors try to briefly open up some
research questions from various fields of natural sciences, information philosophy, sustainability, etc.,
point out to how they relate to the theme of this work, and put forward a path through which the
proposed Active Filter Model might shed light on some of these questions, or be a base for further
sophistication of the model through these questions.

(1). If and how could this new understanding of Filter phenomena serve as a model to encroach the
dichotomy of material and symbolic?

One of the distinct features of the Active Filter Model is that it was grounded in an analysis of a
variety of filters and filtration systems operating on material, symbolic, or both dimensions.

One of the emerging questions in this light is about the characteristics of material and symbolic
filters: What is the materiality of a symbolic filter processing, and how can material filters be described
symbolically? Is there a fundamental difference between the two dimensions? Can they be understood
as different qualities to the same phenomenon?

The case of spider mechanosensing, for instance, is relevant here; seen through these Active Filter
Model lenses, it shows a filter system, comprised of, for the most parts, material operations which are
primarily about and brings about symbolic meaning producing filtration. Moreover, the negentropic
argument already opened up a new dimension into the questions regarding the material and symbolic
dichotomies, the organization and information, that needs to be further investigated.

The proposed Active Filter Model, with its invitation to a systemic, operative, performative, and
negentropic view of the filter phenomena, can be a prime starting ground upon which one starts to
delve into these questions regarding the interrelation of materiality and symbolic aspects.

(2). If and how could this Active Filter Model relate to current discourse around the nature and
relation of organization and Information?

The dual symbolic and material nature of the filter phenomena brings the discussions within
our Active Filter Model close to the current discourses on the nature of information and organization,
semiotics, and meaning producing material processes [100–104].

In his works on nature of information and emergence of semiotics from matter, the cognitive
scientist and neuro-anthropologist Terrence Deacon starts from Shannon and Boltzmann and introduces
three processes that are in play in regard to the information and organisation: Homeodynamic,
morphodynamic, and teleodynamic processes, each emerged from the former one. In this view,
Boltzmann is significant, as in how matter and energy are both in motion and conserved, merely
transforming, and Shannon is relevant, as he gave a mediated notion of information, as neither
matter nor energy. Built on these former understandings, he stresses the concept of constraints to
explain what each of these three processes are about: Homeodynamic processes decrease constraint;
morphodynamics increase constraints, reduce options, make more regular; and teleodynamic processes
preserve constraints, maintain them once they are generated. In this view, he merges the organization
and information in one organization-information paradigm, and thinks of information, as maintaining
the relationships of aboutness in the world. From then on, he discusses the emergence of agency from
this possibility of the stored information about the constraints [100–102].

In the Active Filter Model, the system is defined through event-based boundaries recognized
through and realizing the filtering operation, which can correlate to emergence and preservation of the
discussed Deacon’s constraints as something crucial to the whole organization–information paradigm.
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The question here would be; if and how this view of the filter phenomena can contribute to
further understanding of each of these constraints decreasing, constraint increasing, and constraints
preserving processes, in information and thermodynamical organization sense.

(3). How can further concepts from thermodynamics be associated with this Active Model of the
Filter phenomena?

The Maxwell demon was a way to express the impossibility of acting against the entropy principle
of the thermodynamic second law, providing a rough sketch of the negentropic nature of semipermeable
membrane activity. Entropy and free energy, or more generally, thermodynamics, has long been one of
the leading paradigms in addressing the peculiar organisatory activity of material, and more recently
the broader Active Matter discourse [13,19].

The negentropic argument here opens up a way to address both material and symbolic aspects
of the filter phenomena through a thermodynamic term. As pointed out, this negentropic view
emphasizes on the context-dependant order producing of filtering, and might be a fitting approach to
bridge the gap between the symbolic and material dimensions on one hand, and on the other hand
explore the temporal aspect of bringing about a before and after in the system.

A crucial question in this regard would be: How and in what way could thermodynamic concepts,
beside and other than entropy, elucidate the filter phenomena and its relevance in the order-producing
and meaning-producing discourse.

The argument here is not that the energy considerations are irrelevant, but that they might be
insufficient to address the complexity of the observed reality through purely reductionist energy
arguments. In the same way that quantum mechanics might not be a sufficient level of description of a
system like a flying bird or swarm behaviour of bird flocks, here too one might have to think at the
level of organization and structures, inducing the activities.

Argumentations along the formerly discussed lines of Deacon, for instance, are an attempt to look
at the problems of thermodynamic organization and information, not merely through the strict entropy
and thermodynamics’ second law, but talk about other processes that can more authentically reflect
the self-organization as a far and wide present reality of our world [100–104].

Dissymmetry, for instance, is sometimes thought of as a “counter” part of the second law of
thermodynamics. While symmetry deals with an identicality of a system around a symmetry point, line,
or plane, and asymmetry states an absence or lack of such point, dissymmetry emphazes on ubiquitous
presence of partial, quasi, or broken symmetry in all scales of the universe [105,106]. Asymmetry, as
complete absence, or presence of infinite symmetry, naturally tends toward stability, an equilibrium
capable of bringing about effective symmetries. In an established symmetry, a partial or non-accidental
break of symmetry can happen and complicate the formerly established equilibriums, rendering what
is termed as dissymmetry. It has been argued that dissymmetry can be that activity-inducing nature
that can bring about temporal before/after change of a system, for instance, in the bifurcation point
of a far-from-equilibrium dissipative state leading to a new state of organization, structure, property,
or self-regulation.

Dissymmetry, far-from-equilibrium thermodynamics and dissipative structures, self-organization
processes, Teleodynamic processes, homeostasis, and so on, might relate to this paradigm of
Filter in ways that would go beyond the reductionist energy arguments, and mutually enrich
their understanding.

(4). If and how could this understanding of Filter phenomena shed light on material activity and
agency beyond the dichotomy of mechanistic or vitalistic?

Following on these former questions, and echoing back to the discussion in the introduction and
how various scholars described the semipermeable membranes as active, “un-dead”, one can take the
Active Filter Model and reflect on different dimensions of filter activity and agency, namely controlling
and containing.
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First, the controlling, regulative aspect of filter agency, renders filter systems as a category of
active matter that brings the “sensor” and “motor” in one, which brings about the controlling aspect of
the agency as biased selector or classifier and so on.

Various biological sensors (such as sight, hearing, taste, etc.), are filtration operations (for
electromagnetic filter, mechanosensing, chemosensing, respectively), the outcome of which comes
together in a central processing system to make sense of the immediate environment (mapping) to
predict the best viable course of action for the immediate future. Control systems can comprise a clear
separation of sensor and actor systems, or as in the case of spider mechanosensing, they can have a
blurrier boundary between the sensing and acting, leading to a more autonomous agent-like activity.

Filtering in these systems can be seen as more of a unified field of action that involves detecting,
sensing a difference, and acting upon it; producing and processing differences, and realizing some
form of organization and information as significant.

Systems with a more unified field of action can have a self-regulatory aspect, with negative
feedback loops and homeostasis-like performances which are typical of life and biology. Biological
sensors, in this sense, can be seen not as mere detectors (e.g., the photoreceptor in the eye, or the
lyriform organ of spider leg), but as active systemic Filtering operations that merge the detection,
processing, and action within one larger system (vision, or mechanosensing).

This highlights the second aspect of the filter activity and agency; the containment. On one hand,
the formerly discussed event-based boundaries contain a system, rendering it into a semi-closure,
while the performative and ecology building aspect, on the other hand, points to the open flux and
communication with the rest of the world.

Hence, one further question would be; if and how this systemic and active model of Filter can be
a ground upon which one sets off to investigate questions relating to controlling and containing within
the dynamics of dissipative structures and dissymmetry organisations, that seem to be aspects crucial
to emergence of agency [105,106].

Moreover, the concept of function becomes another crucial aspect to be further investigated in these
lights. The “functional” or design stance in biology—and at a higher level, the “intentional” stance—can
be considered as situated within, and has evolved from, an evolutionary history and an ecology [104,107];
it comes from a lineage of memories of competencies that allowed the survival and replication of
the functional trait, and it is interwoven within a network of dynamic interrelations; co-evolution of
actors and contexts. Under these lights, the function and intentionality (or the unintentionality) of the
filtering can be taken and discussed in two ways: Either as a post-biology phenomenon that can be
utilized to move a system toward a certain goal, or as natural pre-biology processes of bifurcation that
can give rise to self-organization, self-regulation, homeostasis and pseudo-agencies.

All of these would place the filter theme within all these current discourses of organization,
information, function, and agency. Hence, the next question would be how this Active Matter
perspective of Filter can relate to and address self-organization, homeostasis, autopoiesis, sympoiesis,
bio-semiotics or semiopoiesis understanding of abiogenesis, life and biology.

(5). How could this Active Filter Model be a base for synthesis and design within the diverse
engaged fields?

How can insights from the proposed model of filter as active systems be used as a new approach
to synthesis, and develop novel integrative technologies, designs, and design approaches?

For instance, in water or air filtration, how to detach from the idea of the filter as an object or
device and take the systemic, operative, and performative aspects seriously, to go beyond existing
technologies and towards an innovative active water or air filtration system (for instance, inspired by
the marine filter-feeders such as the one discussed in this work)?

At a larger scale, how can this model help to rethink architecture and build it in terms of this
understanding of filtering, without reducing the filtering agent to the building’s outermost layers of
walls and windows (architectural membrane)? Rather, how can the whole structure be transformed
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into an active, regulative, and adaptive filtering system on different levels and scales? How to generate
active filter architecture systems that integrate a wide range of criteria such as; regulation of energy,
acoustics, air, climate, streams of people, objects, information, within buildings and urban architectures?

In regard to sensors, we addressed the mechanosensing of the spider as a material as well as a
symbolic filter, where a sophisticated material system executes the main information processing at the
periphery, and before it reaches the brain. The question here is what is the relation between sensor and
filter? and how does it relate to the symbolic and material dimensions? More specifically, how this
active and systemic understanding of the phenomena can help us to better articulate this relationship,
and to think and design sensors which can filter and process more and more of the input data on
material level, taking the weight off the symbolic machine such as the computer or a central nervous
system: A highly selective and specific material symbolic sensors, where the filtering is regulated
through material structure and properties, embedded in the material structure of the sensor itself.

Hence, another question would be: If and how can this active view of filter be situated and
addressed within responsivity, adaptivity, and interactivity as novel paradigms in designing new
sustainable material systems?

More broadly, how can the model be utilized as an analytical tool to re-investigate certain aspects
within natural sciences, informatics, engineering, biology, linguistics, cultural history, informational
philosophy etc., and provide basis for synthesis of new solutions, models, paradigms, and so on?

(6). How could this Active Model of Filter address some aspects of the responsibility and
sustainability discourse?

One challenge is to take these aspects inherent to the filtering phenomena and rethink them in
terms of responsibility and sustainability.

The contemporary discourse of responsible research and innovation states that scientific research
and innovations have social, ethical, legal, economic, or political implications, and needs to be
self-reflective and anticipate its effects on society and the environment. Similarly, research dealing
with filter systems would then need to proceed with a high degree of conscious reflection and
cautious anticipation.

As pointed out before, filtering as a separating operation—being a selection, classification, or
reduction—implies an aspect of discrimination. Whether in personal or local bubbles as a consequence
of algorithms of data science in media content, or within a chemical purification process, there seems to
be an element of “bias” involved in these filter operations. This inherent bifurcation quality of filtering
operations manifests themselves in many of today’s challenges; from the filter bubbles, personalized
news feeds, or data-driven insurance policies [4,5,76], to a race to optimized functions through a fetish
of material purity accounting to a major material sustainability [108]. It is crucial that the function and
consequences of this separatory aspect be regularly noted and checked.

Moreover, the formerly discussed repercussions of the informational filter in the context of data
science, content, or media become relevant in the responsibility discussions. Such understanding
of the filter phenomena as presented in this work, can serve as a ground upon which the scholars
can base their critical analysis and pathology of the pervasive data science and AI in every nook and
cranny of today’s lives. The “filter biases”, “filter bubbles”, “filter promises”, “filter traps”, “filter
powers”, and so on need to be addressed and investigated regularly and in all contexts, to develop
a more comprehensive view of the filter phenomena, that includes but goes beyond the critic of the
consequence of the final stage of the filtering (e.g., news bubble), and expand their analysis throughout
various stances of the systems as well as various stages of the involved operations (as discussed in
the informational filters). Such critical analysis, could synthesize concrete proposals for responsible
implementation of corrective measures at the technical as well as the at the policy level.

In addition to that, in the design of filter systems of any sort, it is essential to take into account
and ensure that the process and output of the filter is resilient to these unintended consequences.
As the consequences of actions can be pushed to be easier to be misused unethically and irresponsibly,
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hence extra focus on resilience is indispensable to enable us to cope with disturbances and move to a
more sustainable, responsible, and ethical output. For instance, the stakeholders and operations that
embrace a systemic filter mindset and embed it within their strategies, designs, and decision-making
will become more resilient in this sense.

Ultimately, within the responsibility discourse, one needs to be attentive of the systemic nature of
filtering processes with all its operative actors to anticipate the consequences of their interrelations.

From the linear economy model of take-make-dispose and consequent waste management, to the
more recent circular economy paradigm and dynamic understanding of behaviours, the sustainability
discourse has come a long way [109,110]. The meta-analysis of the filtering phenomena within a variety
of fields shows how a shift from an object oriented, isolated, and passive perception of a phenomena
to a more systemic, operative, and performative understanding can provide a more comprehensive
and integrative ground for analysis as well as synthesise endeavours. The proposed Active Filter
Model can be a base, a precedent, for a similar new take on sustainability and expand on the recent
development in the field [109,110]. This “meta-sustainability” discourse we are putting forward
here suggests taking concepts, issues, and problems within the current sustainability discourse and
rethinking them as a situated phenomenon embedded within a systemic and dynamic context. From a
systemic perspective, see them as situated within an ecology of interrelations and interactions and
intra-actions (synchronically); and from an operative and performative perspective, as situated within
a history, and affecting and being affected by chains of operations (diachronically).

(7). How can the proposed Active Filter Model be further expanded to integrate other aspects of
the phenomena?

We emphasized that the systemic and operative nature of filters needs to be acknowledged
regardless of disciplinary specifications. However, it is essential to think how the topic can allow for
integrating research that was not taken into account. Moreover, how various research that would not
usually be associated explicitly with filters—from quantum mechanics and cosmology to cognitive
science and information philosophy and so on—can be reflected upon and be addressed parallel to the
proposed active understanding of Filter phenomena.

The proposed Active Filter Model can be a base and invitation for further exploration of
the phenomena.
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