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Introduction: The Prospect of a Post-Phenomenological Inquiry into 

AI Technologies

Artificial Intelligence (AI) technologies are fast transforming scientific prac-
tice as well as everyday life, provoking academic and public discourse on their 
present and future effects on society. In this introductory chapter, I sketch contem-
porary perspectives on AI technologies. I argue that the way we perceive and act 
in the world is shaped by these technologies in a way that requires more funda-
mental research than is currently conducted from either technical or critical 
perspectives. Specifically, inquiries regarding the effects of AI implementations 
can be placed within questions associated with the technological mediation of 
human-world relations. Accordingly, this introduction will lay out how post-
phenomenology, a framework from philosophy of technology studying technologic-
al mediation, generally has the potential to enrich understanding, analyses and 
design of AI technologies. This is due to a series of strengths of this framework, 
particularly its empirical orientation towards analyses of actual technologies and 
its resulting close affinity with design, engineering and ethics practice; which are 
all important domains for assessing the actual impacts of AI technologies regard-
ing societal, political, scientific or everyday concerns. Accordingly, I define my 
dissertation goal as enabling post-phenomenological AI studies. However, there 
are significant challenges that present themselves for this goal, such as the angle 
of interpretation that can be taken up in the first place regarding the withdrawn 
activities of AI technologies. I articulate these challenges in the form of three 
major research questions underlying this dissertation. Finally, I provide a full 
chapter outline which summarizes my argument, methodology and 
contributions.

1. AI and the Lifeworld

The first two decades of the twenty-first century have seen an unprecedented 
worldwide interconnectivity, with the comparatively recent resource of informa-
tion integrating previously disparate socio-cultural processes. The techniques of 
such integrations, i.e., algorithms for extracting, generating, defining, classifying 
and predicting information, have quickly become shaping forces of everyday life. 
Indeed, the relatively recent ubiquity of ‘algorithms’ in public and academic 
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discourse echoes Floridi’s argument that humanity is entering “hyperhistory” 
(Floridi, 2014:5ff): a civilizational era characterized by a dependency on informa-
tion rather than manufacturing technologies. Arguably most prominent in the often 
vague category of ‘algorithms’ are Artificial Intelligence (AI) technologies, which 
have come to populate an essential niche in our contemporary landscape of 
networked media and devices. 

Based on AI-driven artefacts and services, the human lifeworld is becoming 
intensely, and often subtly, reconfigured. Behaviors and capacities that were 
heretofore associated with humans exclusively have apparently become embod-
ied in technological artefacts: voice assistants converse with us and act on our 
needs, ambient intelligences make our surroundings adapt to personal prefer-
ences, and smart security cameras distinguish intruders from friends. Less 
overtly, we find partners through AI-powered apps, we shop items automatically 
recommended to us, and we journey down epistemic rabbit holes through 
algorithmically curated autoplay-cues and newsfeeds. Still more subtly, deploy-
ments of AI technologies in smartphones have changed how we literally picture 
the world: overcoming the physical limitations of glass and steel, AI technologies 
auto-retouch and stylize the photos of loved ones and world events alike. The 
latter was evident recently when smartphones failed to picture the red sky of an 
extreme Californian wildfire season—instead, as Bogost noticed, smartphone 
cameras consistently attempted to revert to default colorations as they “never 
expected the sky to be bathed in orange” (Bogost, 2020; my emphasis). 

As will be shown throughout this dissertation, this technological expectancy, an 
adaptive, anticipatory stance towards the world, is a novel quality of how 
technology shapes human existence. Yet this novelty is already part of contempor-
ary human-world relations. Beyond the seeming mundanity of selfies or social 
media newsfeeds, AI technologies are used in medical settings such as stroke 
patient treatment or breast cancer detection; becoming incorporated into the way 
a healthy person is both cared for as well as defined in the first place. Further-
more, their deployment in cutting edge scientific fields such as protein folding 
(e.g. Jumper et al., 2021), gene editing (e.g. Wang et al., 2020), or geo-engineering 
(e.g., Witt and Hornigold, 2019) promise ever more fundamental shifts in what it 
means to be human, and how the world such beings inhabit takes shape. There-
fore, at the same time as profound change seems imminent, AI is already deeply 
entangled in our everyday lives and perceptions of each other and the world. 
And, far from the worries about a coming god-like AI Singularity, everyday socio-
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political issues both mundane and high-stakes are likewise already being shaped 
by AI. 

High-profile books (e.g., O’Neill, 2016; Zuboff, 2019) and investigative 
journalism (e.g. Angwin et al., 2016), have brought critical voices of AI technolo-
gies into public discourse. Indeed, we rightfully worry about racist biases in facial 
recognition algorithms, or the cold capitalism of algorithmic credit scoring, or the 
possibility that our children are preyed upon through voice assistants or smart 
cameras. As AI technologies are increasingly integrated into the human lifeworld, 
their effects on our perceptions of ourselves, our environments and each other, 
and the role that design and engineering play in the genesis of such effects, figure 
in some of the most contested academic and public debates. Furthermore, the 
variety of approaches, financial resources and computational power devoted to AI 
technologies have led to increases in capacity at a rapid pace; which in turn 
presents a moving target for both public discourse as well as academic or regulat-
ory assessments. For example, the state-of-the-art-approach to natural language 
processing released in 2018, GPT-2, processed written text using 1.5 billion 
parameters for prediction. Only two years later, the successor GPT-3 leveraged 
175 billion parameters (Brown et al., 2020:5)—an increase of more than 11,000%. 
GPT-3 especially led to ecstatic public and philosophical discourses about the 
capacities that it evidenced, such as generating workable website code from 
natural language descriptions (e.g. Vincent, 2021) or writing short-form philo-
sophical essays (e.g. Weinberg, 2020); but also regarding dangers due to, for 
instance, the “joining of automatic text production, advertisement-based business 
models, and the spread of fake news” (Floridi and Chiriatti, 2020:12).

At the same time, as more and more socio-economic-cultural activities 
become entangled, associated with, or generated by AI technologies, a compre-
hensive basis on which to engage this specific confluence of human subjectivity 
and technological intervention is elusive. Where exactly are the agential overlaps 
and ethical fault-lines between, for example, machine-written arguments, human 
practical knowledge and societal imaginations? How do or should such overlaps 
manifest in the realm of subjective experience? And, extrapolating only slightly, if 
the capacities of AI technologies fully transition into an everyday property of 
tools and things, what world will we share, with whom, and how? The above 
questions and examples show practical, philosophical and ethical questions 
around how we can assess, anticipate, and design for AI technologies. At the 
same time, whether subtle, overt or simply convenient, it is exactly this encounter 
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which is exceedingly challenging to address; which is firstly technically tied to the 
current type of AI technologies, and secondly, to the consequences of embedding 
of AI technologies in actual human experience and practice. I will briefly sum-
marize this twofold challenge below.

1.1. The Technical Opacity Challenge

The current sub-symbolic paradigm of AI is realized through algorithms from 
the field of machine learning (ML), most prominently varieties of artificial neural 
networks. Indeed, “AI “ seems to have become a reality, in the sense of actually 
partaking in the “technosphere” (Haff, 2014:1) of globally networked societies, 
only recently through advances in this paradigm.1 A general shorthand for 
understanding the latter is that whereas preceding symbolic approaches to AI 
depended on declarative coding of programs to apply to inputs, the sub-symbolic 
approach leverages interconnected micro-computations (often mirroring, in 
analogy, the retinal and neuronal structures of biology) that generate programs 
depending on the current input and desired output. In short: whereas previously 
engineers wrote programs to apply to data, ML approaches in the sub-symbolic 
paradigm generate programs from data.

However, this ‘data-agnostic’ flexibility of information technologies comes at 
a cost. Specifically, ML algorithms generate what McQuillan has referred to as 
“insight through opacity” (McQuillan, 2018:257). The insight, for example 
detecting significant patterns in the relevant data (e.g., with what likelihood does 
this fMRI show tumors in which area?), in fact depends on technical opacity. Briefly, 
to ascertain the significance of patterns, all variables (e.g. a pixel or word) in data 
(e.g., images or texts) need to be computed through operations which cannot be 
represented in the two to four dimensions humans can intuit. In short, the 
“unreasonable effectiveness” (Halevy et al., 2009:8) of current AI technologies 
comes at the cost of understanding how exactly insights were arrived at (see also 
Burrell, 2016). Indeed, as Floridi puts it, AI technologies lead to an “out-of-the-
loop experience” (Floridi, 2014:40): through a plethora of devices and environ-
ments, the world is presented in ways that seem to effortlessly yet inscrutably 
sync to our actions and decisions. In what can be seen as an academic response to 
this technical opacity, research trajectories such as “Explainable AI” (XAI) and 

1 The historical-ontological co-dependence of the subsymbolic paradigm on 
probability theory, information theory, cybernetics and the novel platforms of the post-Web 
2.0 economy will be reflected on and discussed extensively across Chapters 5, 6 and 8.
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“Fairness, Accountability and Transparency” (FAccT) have emerged in Human-
Computer Interaction (HCI) and ML research.2 However, neither XAI nor FAccT 
can be seen as exhaustive in accounting for the entanglement of AI technologies 
and human experience, as I will briefly discuss in the following. 

Typically, XAI research approaches seek to provide deeper, more intuitive 
insights into the ‘statistical’ intelligence of AI technologies through interaction 
design of explanations (e.g., indicating what types of data are similar to each 
other according to a given inferred model). However, there is continuing evidence 
of “over-acceptance” (Springer et al., 2017:1; see also Kaur et al., 2020) of such 
explanations: Technical experts and laypeople alike overwhelmingly trust 
explanations of AI technologies—even if these are deliberately falsified. That is, while 
XAI researchers design textual or visual explanations that are meant to return AI 
technologies ‘into-the-loop,’ such semantic-symbolic representations are actually 
independently meaningful to observers already in ways that may not necessarily 
have anything to do with the AI technologies used.

Additionally, technical researchers in these fields predominantly posit 
technical solutions for abstract concepts such as interpretability or fairness, 
turning socio-cultural issues into math problems (cf. Lipton and Steinhardt, 
2019:46). Additionally, researchers often insulate AI technologies from the 
contexts they are deployed in, only empirically studying already-mathematized 
issues of opacity on crowdsourcing platforms like Amazon’s Mechanical Turk 
(Miller et al., 2017:2). Differently put, researchers transpose deployments of 
potentially ethically contestable AI technologies into an arena in which ‘assessors’ 
are only incentivized to optimize for task-time in light of compensation. The 
(variously implicit or explicit) argument is that, if we only get the right technical 
insights and modes of representation for how AI technologies do what they do, 
we will attain an acceptable state of affairs—with the latter assumed as a stable, 
immutably ideal set of circumstances. 

The opacity-problem, then, can be regarded philosophically as an accompa-
nying phenomenon not just due to a particular technical set of circumstances (e.g., 
technical complexity of a neural network). On the contrary, the fact that opacity 
emerges as a problem regarding AI technologies shows that it is generally 

2 Though there are numerous subfields that could be named here (e.g. Human-
Centered Machine Learning, Interactive Machine Learning, or Interpretability Research), I 
will focus on XAI and FAccT as representative fields.
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presumed that technologies play an unobtrusive role of facilitation. The character 
of the technical opacity/transparency presupposition is twofold. First, there is the 
insulation of AI technologies as an object of study: only the kind of phenomena 
that can be associated with the opacity-problem become admissible into the 
discourse. More subtle, withdrawn transformation of human-world relations 
(such as the ‘autocorrect’ of wildfire images mentioned above) do not easily fit 
into the opacity problem, which necessitates a clearly defined problem in a given 
scenario of use (e.g., based on what features did this neural network decide on 
denial of credit?). 

Second, the opacity-problem itself relies on particular notions of “reference 
and validity” (Geniusas, 2012:28) for the premise that opacity can be tackled, or 
fixed, through technical intervention. This state of affairs in technically oriented 
research has been interpreted as a preoccupation with “ideal theory” (Fazelpour 
and Lipton 2020:2, see also Estrada, 2020); i.e., assuming stable values which can 
be fixed firmly in place. Indeed, as Hagendorff has pointed out in a recent review 
of 22 guidelines, even the current practice of AI ethics via checklists is predomin-
antly “deontological” (Hagendorff, 2020:3), that is, relying on immutable values; 
whereas what may be required is a situation-sensitive ethical approach. 

Indeed, while researchers in the domains of XAI or FAccT focus on develop-
ing metrics and techniques that can assess or represent abstract notions such as 
fairness, interpretability or transparency; a more basic understanding of what it is 
about AI technologies that actually requires explanation is lacking. This lack of 
differentiation and grounding has been noted repeatedly by philosophers of 
technology and Science and Technology Studies (STS) scholars, who critically 
reflect on the corporate-solutionist nature of the explainability and interpretability 
discourse surrounding opacity (see e.g. Ebell et al., 2021:3ff). The technical focus 
on explaining AI technologies, then, evidences a pre-occupation with idealized 
circumstances rather than the non-ideal realities of actual deployments and in 
particular, their consequences. However, the latter also present continuous 
difficulties for both solutions as well as criticism, as I will briefly outline in the 
following.

1.2. The Socio-Technical Challenge

While researchers in the technical fields fall short of providing explanations 
that adequately account for AI technologies, an arguably more consequential 
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shortcoming is that researchers in XAI or FAccT often focus on the engineering 
context of AI technologies alone. Accordingly, there is a ‘collapse’ of the relation-
ship between an AI technology and the socio-technical contexts that both embed 
as well as enable (e.g., as data-sources) the former. This collapse, then, has an 
immediate consequence for understanding how AI technologies manifest as or 
via actual phenomena in the world. When AI technologies are deployed within 
specific systems such as social media platforms or scientific instrumentation, 
human users of the former always either explicitly or implicitly interact with AI 
technologies through intermediary artefacts, such as interfaces, data visualiza-
tions or measuring devices. Accordingly, how AI technologies actually operate 
within such environments on the one hand, and how the humanly perceivable 
components of such environments manifest on the other hand, are typically not 
directly commensurate.

 Additionally, depending on the deployment context, this contextual collapse 
further escalates other types of opacity, such as of state/corporate secrecy and use 
at scale (cf. Burrell, 2016:2-4). This is particular challenging for attempts at 
regulation or assessment of AI technologies. First, Edwards and Veale have 
pointed out that technical explanations which legislators may deem sufficient do 
not actually stretch to the wider, longitudinal consequences of actually deploying 
an AI technology, leading to a “transparency fallacy” (Edwards and Veale, 
2017:65). With the latter, the authors refer to a belief in technical, rational solutions 
through ‘sufficient’ information to socio-cultural, and indeed capitalist, problems. 
Indeed, while there are persistent and persuasive arguments for legislation on or 
transparency in AI technologies, achieving ‘ideal transparency’ is not the same as 
understanding how AI technologies play a role in the reality and diversity of 
human experience, i.e. how we come to see the world and others, and how this in 
turn shapes particular practices—of the legislator, designer, engineer, and the 
implicit or explicit user. 

Second, Campolo and Crawford have discussed the often paradoxical dis-
course around AI, detecting an “enchanted determinism”  (Campolo and Craw-
ford, 2020:3) that positions AI technologies as magically supra-rational on the one 
hand, yet still able to detect and act on ‘real’ patterns about people and the world 
on the other. Whereas human decision-making fundamentally determines how 
and to what ends AI technologies are implemented, the phenomenon of en-
chanted determinism positions them as somehow ‘other’ to actual humanity—
thereby obfuscating real interdependencies of responsibility and accountability. 
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Another side of this conflation is highlighted in Kapczynski’s critique of Zuboff’s 
enormously influential book Surveillance Capitalism. While the latter argues 
succinctly for the threat posed by AI technologies (particularly, facial recognition) 
to democratic ideals such as an “[individual’s] autonomy” (Kapczynski, 
2020:1474), the intermingling of the latter with an already specific way of seeing 
the world (e.g., post-Enlightenment rational individual) remains unaddressed. 

As a preliminary generalization, there seems to be a tendency in AI studies 
from diverse fields to state that AI is ‘of this world’ in terms of its very real effects, 
but not ‘of this world’ in terms of its operations; which are frequently posed as 
somehow ‘other’ to humans—even though the latter indubitably build and use AI 
technologies. At the same time, while the operational account that the technical 
fields pursue may be correct, the resulting explanations are not necessarily true in 
the realm of lived experience (cf. Ihde, 2010:30). And likewise, legislation or 
criticism that centers exclusively on the threats of AI technology are equally 
falling short, given that they revolve around either preventing a threat to an 
assumed ‘natural’ order of things or finding just the right acceptable technological 
solution. Philosophically speaking, technical ‘fact’ does not automatically trans-
late to the sensations and experiences of lived “facticity” (Heidegger, 2010:56)—
that is, what it is actually like to live, perceive and act in the world in which AI 
technologies are embedded. In this sense, divorcing AI technologies from human 
practices and experiences of living in the world is at the very least shortsighted, if 
not insufficient. This lies at the core of my following argument for a more founda-
tional line of inquiry.

1.3. Conclusion: The Need for a more Fundamental Inquiry

The consequences of the contemporary state of ‘reactive’ research regarding 
AI technologies calls for a more foundational line of inquiry. Both the technical 
focus found in the opacity-challenge, as well as the idealist attempts at, e.g., 
preserving autonomy, treat AI technologies as an already understood object of 
inquiry. Yet, neither technical opacity nor its consequences are currently addressed 
from a perspective that is simultaneously comprehensive regarding the entangle-
ment of AI technology in specific contexts, as well as responsive regarding the 
former’s diverse technical specificities. Indeed, these two dimensions call for an 
integrative interpretive approach: How can we disentangle AI technologies 
appearing as “AI”—i.e., explicitly ‘smart’ technologies like robots or voice 
assistants—from how they actually affect how the world appears to us? In this 
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light, I argue that an essentially phenomenological interpretation of the structuring 
of experience through, with and of AI technologies is required; and particularly 
one which integrates technical actuality and its manifestation in human experi-
ence. 

While numerous vectors for AI studies abound, they typically stop short from 
full-fledged analyses of how the technical capacities of AI technologies become 
involved with the “movements of experience” (Ihde, 2010:21) of human beings. 
However, whereas recent phenomenological work (e.g. Hansen, 2014; Hui, 2016; 
Vial, 2019) expands on epistemological, ontological and hermeneutical dimen-
sions of digital objects and networked media, analyses of actual deployments and 
technologies often escape such foundational work. This leaves important areas of 
research into the specifics of AI technologies untouched, especially whether and 
in which ways these are qualitatively distinct from other information technologies.

Strikingly, few critical assessments, philosophical analyses or technical 
solutions begin by addressing this question: what exactly are human-AI relations
—what modes of engaging the world are we talking about here, what are the 
qualitative particularities of AI technologies that actually make the difference in 
relating to the world and each other? This dissertation attempts to offer a way of 
dealing with the challenges of AI technologies, as both a radical change to and 
already part of human experience, from a combined perspective using philosophy 
of technology, philosophical anthropology and design research. In the following, I 
begin by arguing for the study of AI technologies through the post-phenomenolo-
gical lens of technological mediation.

2. The Argument for Post-Phenomenological AI Studies

This dissertation will pursue a specific kind of phenomenological investiga-
tion, inquiring into whether and how AI technologies actually figure in human 
perception and action, and what particular philosophical, designerly and ethical 
challenges are thereby brought forth. However, this means that the limit condi-
tions for this dissertation are also to a certain extent set, though perhaps not as 
much as may be initially thought when identifying phenomenology as the 
framework for investigation. For instance, does phenomenology not preclude any 
inquiry into regions not immediately given to experience? And is this not the 
fundamental, pressing issue at stake in AI technologies, as shown in fields such as 
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XAI or FAccT—the opaque decision-making processes that they enact, and the 
ethical issues associated with (in-)transparency, whether technically inescapable 
or simply unintended? Such objections would indeed hold. However, with the 
post-phenomenological framework developed by American philosopher of 
technology Don Ihde, phenomenology has gained a pragmatic, empirical orienta-
tion that revolves precisely around the questions posed so far: studying how 
technological artefacts mediate the world. In the following, I provide a brief 
primer3 on post-phenomenology, and elaborate on the work this dissertation will 
do both with and on this philosophical framework.

2.1. A Brief Primer on Post-Phenomenology

The framework of post-phenomenology has been developed by Ihde in the 
second half of the twentieth century by integrating pragmatic philosophy and 
phenomenology, and prominently refined and expanded by Peter-Paul Verbeek at 
the start of the twenty-first. Post-phenomenology is an example of what Tamar 
Sharon has referred to as “methodological post-humanism” (Sharon, 2014:34): 
Rather than metaphysical or transcendental, post-phenomenology investigates 
actual encounters of humans and technological artefacts, and how in particular 
human perception and action is co-shaped by technological artefacts (Rosenber-
ger and Verbeek, 2015:9ff). In laying out his post-phenomenological program, 
Ihde takes up Martin Heidegger’s “relativistic ontology” of being-in-the-world, 
and Maurice Merleau-Ponty’s turn towards a phenomenology of embodied 
perception (cf. ibid.:23ff). Ihde, however, is less interested in a definitive Heideg-
gerian ontology of Dasein or a Pontean exploration of embodiment, investigating 
instead how technologically mediated intentionality structures—so-called 
human-technology-world relations—manifest in everyday practices and percep-
tions, whether scientific or leisurely. And, while he therefore broadly follows 
Edmund Husserl’s famous phenomenological imperative of returning ‘to the 
things themselves,’ the framework is post-phenomenological in at least two 
interrelated ways, briefly summarized below.

First, Ihde pursues an empirical orientation towards how humans go about 
their lives with and via specific technological artefacts; how glasses, implants or 
tools co-constitute human perceptions and actions (i.e., intentional experience) in 
the minutiae of everyday experience. To do so, the post-phenomenological 

3 Further below, I will elaborate and discuss Ihde’s framework more comprehensively; 
cf. Chapter 1, 1.



21

program eschews the transcendental ego of Husserl’s phenomenology, a tran-
scendental ‘within’ of subjectivity whose internal structures of cognition result in 
the world appearing experientially (cf. Ihde, 2012:24ff). In contrast, Ihde theorizes 
actual technological involvements in the “movements of experience” (idem., 
2010:21) based on the existential orientation of Heidegger and Merleau-Ponty 
from the phenomenological tradition, and the focus on praxis promoted by Rorty 
and Dewey from the pragmatic tradition.

Insofar as the things we experience always reside within a context, and our 
experience is constituted by our particular intentional (i.e., directed) relations 
towards things within that context, technologies cannot be reduced to merely 
perceptual objects. Instead, and similar to Heidegger, Ihde considers technologies 
as mediating the ‘objecthood’ of things, i.e., of things being-in-such-and-such-a-way. 
That is, technological artefacts as diverse as maps, axes or hammers are not only 
objects of perception, representation or contemplation, but rather practical ways of 
“bringing forth” (cf. Ihde and Malafouris, 2018:8) the things in the world that we 
become bodily-perceptually directed towards. As a consequence, the Ihdean 
formula of “pragmatism + phenomenology = post-phenomenology” (idem., 
2012:117) has profound consequences for human subjectivity. Indeed, seen 
through post-phenomenology, subjectivity is not exhausted by internal, tran-
scendental a priori, but rather co-constituted in the practical engagement of the 
world with or via technologies: a human is brought-forth as a woodchopper, 
potter or bowhunter via the technological artefacts that enable or constrain 
particular practical or perceptual relations to the world.

The second distinction from phenomenology proper, and as a consequence of 
the above pragmatism-infused “empirical turn” (Achterhuis, 2001:6) of post-
phenomenology, intentionality is no longer seen as an exclusively human attrib-
ute. Husserl and Heidegger, to varying degrees, theorized the ways in which 
humans are always directed at the world in particular ways (e.g., experience is 
always experience-of-something, action is always action-in-order-to, things appear 
as). With its pragmatically expanded lens, Ihdean post-phenomenology ap-
proaches human intentionality as co-shaped by technological intentionality. The 
latter refers to the concept that technological artefacts make the world ‘legible’ in 
particular ways due to their directedness. For instance, clock-faces shape how one 
“reads” the processes of life as composed of discrete units (idem., 1990:63); just as 
thermometers render heat phenomena legible as a range of integers. Accordingly, 
the specific intentionality of an artefact shapes how specific things in the world 
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become addressable by humans in specific ways—i.e., the things that human 
intentionality takes up in its scope.

Ihde’s post-phenomenology, then, studies how “technological mediation” 
(ibid.:49) shapes the appearance of the world, and how particular humans engage 
the things in it. In Verbeek’s more radical expansion of post-phenomenology, 
these principles sit at the core of mediation theory: technological artefacts are not 
neutral, but “co-shape both the way human beings are present in their world and 
the world is present for human beings” (Verbeek, 2005:172). By bringing-forth the 
things to which humans relate, technological artefacts co-shape not only human 
intentionality, but rather subjectivity itself. This framing enables post-phenomeno-
logical researchers to investigate technologies not as an abstract force oppressing 
human free will, or as merely disinterested tools taken up to pursue goals, but 
rather as intimate, active parts of human everyday experience, practices and 
decision-making. 

The intentionality structures that post-phenomenology investigates are 
referred to as human-technology-world relations. Through formalizations of the 
latter, Ihde follows a quasi-Heideggerian distinction between phenomenological 
structures and phenomenal appearance, or put differently, the “relational 
structures” (Ihde, 1990:27) of how technological artefacts mediate human-world 
relations. In this way, post-phenomenological researchers predominantly analyze 
actual technologies and their empirically observed, or anticipated, mediation of 
human-world relations (Rosenberger and Verbeek, 2015:9ff). Ihde and Verbeek 
have outlined various basic structures of human-technology-world relations and 
the interpretive tools to engage them with. Ihde, for instance, has frequently 
analyzed embodiment relations with technologies, for example how eyeglasses 
amplify as well as reduce the perceptual field of their wearer (Ihde, 1990:113). 
Hermeneutic relations, on the other hand, shape how the world is ‘read’ and 
interpreted. Verbeek’s canonical analysis of obstetric ultrasound is instructive 
here: the technological artefact co-constitutes the fetus-as-patient, the womb-as-
potentially-harmful-enclosure, and the non-pregnant parent-as-caretaker facing 
particular moral responsibilities (cf. Verbeek, 2008:15ff). Frequently, post-phe-
nomenology makes use of schemata that guide analyses. Table i offers an over-
view of human-technology-world relations articulated by Ihde and Verbeek, 
which will be revisited in more detail later in this dissertation.

Table i. Overview of Human-Technology Relations: A subjectivity’s (I) intentionality is mediated 
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by way of a particular relational structure with a technological artefact.

Relation Schema Example Source

Embodiment (I-Technology)World Glasses, Cane Ihde, 1990

Hermeneutic I → (Technology - World) Maps, Thermometer ibid.

Alterity I → Technology( - World) ATMs, Robots ibid.

Background I (Technology/World) Heating, Thermostat ibid.

Cyborg (I/Technology) ↔ World Implants, Microchips Verbeek, 
2008

Immersion I ↔ Technology(World) Virtual/Augmented Real-

ity
idem., 2015

Composite I → (Technology → World) Computational Imaging idem., 2008

In the following, my argument for pursuing post-phenomenological AI studies 
revolves around two main strengths this empirical-analytical approach offers, 
which constitute its theoretical adequacy for the challenges outlined above. These 
strengths have led post-phenomenology to be widely applied in human-computer 
interaction research, design research, and applied ethics (see e.g. Frauenberger, 
2019; Barabas et al., 2020). In this respect, I argue that post-phenomenology may 
situate AI technologies in a suitable empirical-analytical framework capable to 
reflect on both the technical as well as phenomenological aspects of their real-
world deployment. My argument in this regard is further strengthened by 
comparing Ihde’s program with contemporary approaches from science and 
technology studies (STS) and other philosophical perspectives, as I will briefly 
outline in the following.

2.2. The Suitability of Post-Phenomenology

In the following, I outline the necessities for a comprehensive empirical-
analytical approach to human-AI relations, and how post-phenomenology is 
generally able to do so as opposed to philosophical frameworks which are often 
posited to be equally suited. My argument is that post-phenomenology’s take on 
technological mediation is flexible enough to investigate (1) how AI technologies 
figure in distinct human-technology relations (e.g., for end-users, designers, 
developers, strategists) and (2) what phenomena are formed specifically with 
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regards to AI technologies.

First, any study of AI technologies that is interested in their effects on human 
experience must investigate the phenomenological manifestations of relations 
that humans can form with and via such technologies. As has already been 
described above, these manifestations are exactly what post-phenomenogy 
investigates—human-technology-world relations. The frameworks of Bruno 
Latour’s actor-network theory (ANT) or Karen Barad’s agential realism, as stand-
ins for a suite of comparable frameworks in terms of common onto-epistemolo-
gical principles, are arguably also invested in understanding how seemingly 
human-exclusive attributes such as agency or intentionality are co-constituted by 
the entanglement of multiple agential entities. However, ANT’s “partitioning of 
the world” (Whittle and Spicer, 2008:615) into symmetric relations among 
‘actants’ is of a different kind than what post-phenomenology is directed towards.

 Indeed, in post-phenomenology, various modes of “reciprocity” (Langsdorf 
in Rosenberger and Verbeek, 2015:52) exist in relations between ‘actants’—and, 
crucially, mediate relations to other subjectivities and objectivities in the world. 
That is, rather than looking for a definite account of a particular actor network, 
post-phenomenology is interested in the qualities of the actual manifestation of 
relations. Verbeek reflects on this distinction with regards to Barad’s agential 
realism as well: while the “intra-action” of technological and human agents 
proposed by Barad does effectively foreground the role of technology in human 
existence, it foregoes investigations of the qualitative differences in the relations 
between agents (cf. Verbeek in Friis and Crease, 2016:191). Accordingly, given that 
a fundamental challenge lies in non-symmetric relations between AI technologies 
and humans—whether due to technical opacity or embedding in systems—the 
qualities of their relations become particularly pressing, making post-phenomen-
ology, I argue, more suited.

Second, I further argue that there is an urgent need for foundational frame-
works to be able to anticipate the effects of AI technologies on human experience. 
This, I contend, highlights the need for constructive and generative research; 
which requires a foundational framework that can accompany engineering or 
ethics-practice, as well as frame and trigger practice-oriented methodologies such 
as Research-through-Design. Again, both ANT and agential realism would 
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struggle with precisely this issue,4 as the post hoc mapping of agents says nothing 
of the manifestation of their relations. Indeed, without a way to explicate, manifest 
and thereby address the phenomena of AI technologies, any philosophical 
approach will struggle to self-reflexively position its basic theoretical and meth-
odological principles with actual technical specificities. In contrast, the affinity of 
post-phenomenogy’s “interpretive empiricism” (Hauser, 2018:126) to actual 
practice, particularly in the area of design research, has been amply demonstrated 
(e.g. Wakkary et al., 2017; Hauser et al., 2018; Hauser, 2019; Frauenberger, 2020). 

This affinity is highly beneficial for the framework’s adequacy to the concrete 
challenges of technological mediation, as designerly methods can address and 
make manifest actual technological phenomena in an empirical fashion. As 
Verbeek phrases it, post-phenomenology analyzes “forwards” to phenomena, 
rather than only “backwards” to their conditions (cf. Verbeek, 2006:70ff); and it is 
this productive tendency that allows an alignment of post-phenomenology with 
engineering, ethical and designerly pursuits. Post-phenomenology, with its 
lightweight, highly adaptable and empirically-oriented interpretive toolkit, is 
therefore well placed to address the need for constructive and generative 
research; which indeed will be a frequently used methodological asset in this 
dissertation.5 Enabling post-phenomenological AI studies, then, becomes an even 
more desirable goal for this dissertation—as these may not only generate new 
entries to the burgeoning list of idealist ‘Ethical AI Guidelines,’ but rather be 
actively involved in designerly processes of making, or constructive anticipation 
such as “constructive ethical technology assessment” (Kiran et al., 2015:5), to 
study and shape what human-AI relations are or may become. 

Accordingly, I argue that post-phenomenology is highly promising for 
supporting empirical-analytical investigations of the entanglement of AI techno-
logies and human experiences and practices, scaffolding generative research in 
engineering and design, and constructively anticipating non-ideal ethical issues 
relevant to AI technologies’ actual deployments. For these reasons, this disserta-
tion aims to develop a substantial theoretical and practice-oriented program for 
post-phenomenological AI studies. At the same time, my research will also show 
that theoretical and methodological expansions are needed to to make genuinely 

4 Which is not to say that neither has ever been taken up productively in practice-
oriented research as such (particularly regarding infrastructural problems, cf. Potts, 2009; 
Storni, 2015).

5 See Chapters 2 and 7.
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post-phenomenological AI studies possible, as there are fundamental gaps that 
need to be filled. Most importantly, the focus of status quo post-phenomenology 
on human-technology-world relations in the ‘here and now’ is troubled by the 
seemingly always-already withdrawn processes of AI technologies. This chal-
lenge to the adequacy of post-phenomenology will become the main impetus for 
supplementing the framework with further elements of Heideggerian philosophy 
of technology and contemporary philosophical anthropology (see Chapter 
Outline below, 4.). In the following, I briefly review a canonical example for Ihde’s 
background relations to show how the focus on contemporaneity (i.e., the ‘here and 
now’) simultaneously troubles the status quo of post-phenomenology as well as 
opens up a rich field for researching technological mediation and AI technologies.

2.3. A First Problematization: The Case of the Thermostat

From among all the established human-technology-world relations (see Table 
i above), background relations seem intuitively most suited for AI technologies. 
This is partially due to the opacity-challenge found in public discourse and 
technical fields, but also because a whole suite of AI-driven artefacts have entered 
everyday experience that seem to act autonomously and in a way that only 
intermittently requires direct interaction. Algorithmically curated newsfeeds offer 
compositions of news, ads and posts, yet end-users only experience interaction 
with the newsfeed interface. ‘Smart’ security solutions in public spaces such as 
airports reshape notions of autonomy and behavior, without being present to 
every traveller. Voice assistants can always answer a multitude of queries or 
deliver audio content, reshaping the home as an ever-ready interface to net-
worked services. In the following, I therefore review an initial case of background 
relations to see whether this intuitively suitable approach to AI technologies holds 
up.

Similar to Verbeek’s analysis of the hermeneutic relations with obstetric 
ultrasound technologies, there is a canonical example that Ihde and Verbeek refer 
to in terms of background relations: the thermostat. Much like central heating or 
the electrical grid, the thermostat is mostly not an object in the “focal attention” 
(Ihde, 1990:109) of direct intentional experience, but rather withdraws and 
provides a sought-after atmosphere of dwelling in its subtle adjustments of 
temperature. Within the heated dwelling, activities become bodily-perceptually 
possible or tolerable in light of the thermostat’s internal self-regulation “in a way 
that is not consciously experienced” (Verbeek, 2006:128). Therefore, while the 
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thermostat is generally in the background of experience—or as Ihde says, “to the 
side” (Ihde, 1990:109)—such technologies nonetheless are an “absent presence 
[which] texture[s] the immediate environment” (ibid.:109). 

Under background relations, Ihde furthermore groups scarecrows, Hindu 
prayer wheels, and shelter technologies (built environments); as they all funda-
mentally shape a particular “technological cocoon” (ibid.:10) in which human 
perception and action play out. However, as will be briefly discussed below, the 
curiously sparse discussions both Ihde and Verbeek offer on background relations 
indicate a gap in the post-phenomenological framework with regards to AI 
technologies; which can be explicated using the case of the thermostat. It is 
precisely this gap which, as will become clear, will provide the primary focus for 
the theoretical advancement of the post-phenomenological framework towards AI 
studies undertaken in the first part of this dissertation. 

Even in its early and supposedly naive versions (i.e. as yet disconnected from 
a ‘smart home’ environment of weather predictions, or user profile preferences), 
the electro-mechanical thermostat is by no means equivalent to other artefacts 
grouped under background relations such as central heating or, more generally, 
the built environment. Indeed, the thermostat is not only canonical in Ihde’s and 
Verbeek’s definition for background relations, but even more so to cyberneticists 
such as Norbert Wiener or W. Ross Ashby. The self-regulating mechanism 
embedded in the thermostat is the demonstration par excellence of the cybernetic 
principle of negative feedback chains; and not only that, but rather “feedback 
chains in which no human element intervenes” (Wiener, 1961:96). Crucially, the 
thermostat possesses an “inner economy” (ibid.:115), a coupling of sensors and 
actuators, that employ “negative feedback to stabilize temperature” (ibid.:97). 
While Ihde gestures to the thermostat in this respect, noting that change and 
independent action are “cybernetic operations” (Ihde, 1990:108), it is noteworthy 
that this does not seem to suggest a qualitative difference to, for instance, a 
scarecrow. 

However, I argue that in more contemporary terminology, the thermostat’s 
‘inner economy’ can be seen as a kind of model: an electro-mechanical function 
maps input signals (i.e., temperature-as-sensed) to appropriate output responses 
(i.e., lowering the damper or distributing fuel) for a particular goal (i.e., the 
temperature-to-be-maintained), with the latter serving as the feedback for 
adjusting input and response. By way of this continuous feedback loop of input, 



28

response and goal; the thermostat is perpetually directed towards reaching a 
balance, or “homeostasis” (Wiener, 1961:114), in its couplings with the heating 
infrastructure and the temperature of air currents in the home. Differently put, the 
goal of the thermostat is to stabilize the environment through the signals it can 
perceive via its sensor and address by its actuators. 

What the thermostat does, then, is not wholly commensurate with its appear-
ance as an artefact—a designed object with a specific aesthetic and material 
affordances that humans may form intentional relations with, such as ‘reading the 
home’ through its dial. How the thermostat mediates the home, then, is inextric-
able from its internal model in a very different way from other background 
technologies. Specifically, the equally “automated systems” (Ihde, 1990:109) that 
Ihde sees in the Hindu prayer wheels or the scarecrow are symbolically automated 
in the sense that their background activity has specific social-historical meaning, 
which could be said of the built environment with regards to accessibility or 
aesthetic norms as well. The thermostat’s mechanical model, however, is automat-
ically directed towards the world in a way irreducible to the thermostat’s dial, 
which either lingers outside of our attention or may be intentionally engaged. 

A first gap in post-phenomenology appears at this juncture. Ihde and Verbeek 
readily identify that it is the potential appearance of artefacts which characterizes 
background relations; and construct an either/or regarding an artefact’s absence 
or presence. However, I argue that the non-networked, non-software thermostat 
already problematizes what Katherine Hayles calls the “presence/absence 
dialectic” (Hayles, 1999:22) of post-phenomenological background relations. In 
effect, the thermostat’s internal model has a transformative role in registering heat 
as signal by way of its sensors, and subsequently addressing the signal by setting 
in motion other technologies through its actuators (e.g., central heating). 
Therefore, it would seem that the crucial question regarding technological 
mediation would not so much consist in whether there ‘is’ an artefact, but how 
‘cybernetic operations’ (Ihde) bind together technological readings and interac-
tions in a way that is irreducible to the presence/absence divide. Irreducible, 
because it is not the mechanical model that is recovered into experience when the 
thermostat-as-dial is interacted with, yet it nonetheless sits at the core of technolo-
gical mediation by the latter. 

Following this brief review, the thermostat already indicates that post-phe-
nomenological AI studies may indeed face significant hurdles. As a cybernetic 
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archetype, the thermostat as an electro-mechanical device is a mere foreshadow-
ing6 of the adaptive and predictive computational and networked systems driven 
by today’s AI technologies. Additionally, and crucially, the ‘extent’ of technologic-
al mediation has also irrevocably changed: while the thermostat is generally 
retrievable into focal attention, the same cannot be simply said of the informatic 
domain in which technologies such as AI operate. Rather, further informatic 
components (e.g., data, algorithmic processing, updating routines, etc.) also 
always-already withdrawn, further complicating the precise definition of where, 
when and how AI technologies actually become involved in technological 
mediation. That is to say, while ‘smart’ interfaces and devices are undoubtedly 
materially and empirically there, this does not automatically clarify how AI 
technologies can be post-phenomenologically grasped in the first place. Positing 
an equivalence between, e.g., the Facebook interface and the AI technologies that 
“drive” it, would after all fall prey to a variant of the transparency fallacy: 
equating what we experience with how and why it appears. In the following, I 
draw from the above and the argument thus far to articulate the main research 
questions of this dissertation.

3. Research Questions

This dissertation will center on proposing a program for post-phenomenological 
AI studies. However, as will be shown, the latter will require theoretical expansion 
and specific interpretive concepts and tools. To this end, and in connection to the 
preceding sections, the research questions below phrase the challenges and 
opportunities outlined in this first chapter through a post-phenomenological lens. 
A significant part of this dissertation is ultimately concerned with the question of 
what is meant when considering AI technologies as objects of post-phenomenolo-
gical study, as already indicated by the brief analysis of the electro-mechanical 
thermostat given above. The overarching research question for this dissertation 
can accordingly be posed as: 

How can post-phenomenological studies of technology be applied, 
expanded or refined to reflect the specificities of contemporary AI technolo-

6 Of course, contemporary AI technologies, specifically the plethora of ML techniques 
such as neural networks, do stand in a direct historical-ontological lineage to early 
cybernetics. The significance of this lineage will be addressed at length in Chapters 5 and 6.
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gies?

This question serves both as a continuous point of reflection, as well as 
guiding how I approach the broad concept of “AI” generally. Specifically, no part 
of this dissertation is directly concerned with questions of intelligence (e.g., 
Turing tests, Artificial General Intelligence), but rather approaches AI as a 
particular set of information technologies (e.g., neural networks) developed under 
successive and overlapping paradigms. This also sets my overarching research 
question apart from most phenomenological studies of AI technologies such as by 
Hubert Dreyfus, which are more concerned with the relationship of “AI” as a 
general concept and phenomenological interpretations of what actually consti-
tutes human intelligence (cf. e.g. Dreyfus, 1979, 2007). In this sense, even though it 
is prudent to remember that, for instance, a speculated ‘Artificial Super Intelli-
gence’ may influence the development of AI technologies for technologists, this 
dissertation is more explicitly concerned with AI technologies as actual technolo-
gical deployments in research, industry and everyday applications. With this 
pragmatic orientation in mind, the overarching question can be further specified 
into three research questions concerning post-phenomenological interpretation, 
differentiation and formalization of AI technologies as outlined in the following.

R1: How can post-phenomenological AI studies interpret their objects 
of inquiry?

Ihde’s interpretive framework of “material hermeneutics” (Verbeek, 
2006:141), i.e., of ways of reading and interpreting the world embodied by 
technological artefacts, is the grounding principle both for post-phenomenology 
generally as well as my dissertation. However, given the issues discussed thus far, 
it already seems that a more in-depth consideration is required to understand 
how precisely AI technologies can be interpreted post-phenomenologically. After 
all, Ihde’s ‘thingly interpretations’ are typically attributed to artefacts that are 
present, i.e., whose aesthetic appearance and efficacy are given in the ‘here and 
now.’ For example, the scientific microscope amplifies molecular structures in the 
here and now, but reduces the experiential grasp on the surrounding laboratory. In 
contrast, AI technologies, similar to information technologies more generally, are 
withdrawn in a way different to this presence/absence divide. In the latter, the 
artefact (e.g., a walking cane) withdraws from being an object that is contem-
plated into a mediated relation with the world (e.g., becoming embodied as a 
bodily-perceptual extension). AI technologies, however, are both more infrastruc-
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turally withdrawn (i.e., “in” the backend of systems) than background relations, 
but also paradoxically more active in what is actually experienced (i.e., interface 
of the same system). Therefore, the primary hermeneutic question that needs to be 
addressed is how AI technologies can be interpreted in terms of technological 
mediation in the first place.

R2: (How) Are AI technologies qualitatively distinct in terms of 
technological intentionality and technologically mediated intentionality?

If AI technologies are critically involved in the contemporary “logistics of 
perception” (Virilio, 1994:4), as I argue they are, then there must be some corres-
pondence with more focal human-technology-world relations. Differently put, if 
there is something in their ‘aboutness’ (i.e., technological intentionality) that is 
qualitatively distinct from other technologies, then the ‘aboutness’ of human 
experience they shape (i.e., technologically mediated intentionality) must be 
equally distinct from other kinds of experience. This question, therefore, is 
twofold. First, a certain kind of “historical-ontological” (Ihde, 2010:57) inquiry 
will need to be conducted to ascertain how and what in particular is distinct 
about AI technologies. The technological mediation of human-world relations is 
not a-historical, but shaped by particular contexts. This dissertation will therefore 
have to carefully outline how this can be considered in a post-phenomenological 
manner, meaning in a way that still allows for empirical-analytical investigations 
rather than “high-altitude analyses” (ibid.:19). Second, and as a consequence, how 
in particular this can be understood in terms of technological intentionality and 
technologically mediated intentionality is another matter. Crucially, post-phe-
nomenological AI studies will have to both be able to account for qualitative 
differences to other kinds of technologies as well as between particular AI techno-
logies and their deployment contexts.

R3: How are subjectivities and objectivities constituted in human-AI 
relations?

Regarding Ihde’s rejection of a transcendental human subject, we can say that 
post-phenomenology is a kind of ‘methodological post-humanism’ (Sharon) since 
it is based on the principal that humans make technology, and technology makes 
us. Therefore, a key focus of post-phenomenology is the continuous re-discovery 
of new ways in which technologies shape human being, and the derivation of 
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interpretive tools to account for such developments. However, while post-
phenomenology asserts that the human remains indispensable to any theoretic-
ally adequate consideration of experience, it is as yet unclear how this can be 
maintained given AI technology’s (i) increasing degrees of autonomy in predict-
ing and adapting to human activities and (ii) embeddedness within far-reaching 
socio-technical systems and devices. Accordingly, how can the question of 
technologically mediated subjectivity with regards to AI technologies be ap-
proached? And how can something like human-AI relations be formalized in a 
post-phenomenological way?

4. Chapter Outline

In the following, I provide a chapter outline for the dissertation, which 
includes both the principal literature consulted as well as contributions made. I 
argue that as I offer conceptual and methodological guidance for empirical-
analytical investigations of human-AI relations, my contributions fundamentally 
support an anticipatory stance that can support research and development. As 
such, this dissertation is directly oriented at philosophers, ethicists, engineers and 
designers engaging in the analysis or shaping of human-AI relations. Further-
more, given the prominent role that design research methods as philosophy-in-
practice play in this dissertation, there are also methodological contributions that 
are particularly informative for the general research area of design, and particu-
larly, design research in Human-Computer Interaction (HCI). In this way, I echo 
Ihde’s call for philosophers to position themselves in active research and develop-
ment as opposed to only analyzing a posteriori, and Verbeek’s embrace of design 
and engineering as philosophy by other means. Insofar as the backgrounds of 
audiences may vary, I have also attempted for the contributions of each chapter to 
be accessible on their own and with distinct audiences in mind. I thereby intend 
to continue the tradition of phenomenological research as both programmatic and 
paradigmatic. To facilitate the latter, I also provide an open-source repository with 
definitions for contributions, images and resources on empirical work.7 

Given the programmatic aspirations, however, the challenges already hinted 
at above will prove to require two distinct research approaches in developing 

7 https://osf.io/zghs7/?view_only=31c3a22739de4a8ab952c4e3aedc9220, accessed 
03/02/2022.
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post-phenomenological AI studies. In this light, I have separated my dissertation 
into two parts. Part I concerns the most general question regarding how AI 
technologies can be interpreted post-phenomenologically (R1). Accordingly, while 
there will be references to contemporary work, technologies and events; it is a 
part that is ultimately concerned with what questions can be asked in the first 
placed, and provides significant theoretical foundations to this end. In contrast, 
Part II uses the provided foundation for an empirical philosophy approach, 
iteratively applying and deriving programmatic attributes (e.g., interpretive tools, 
methodological guidance) through technical and historical readings (R2), paradig-
matic analyses and philosophy-in-practice (R3). Below, a summarizing chapter 
outline is provided which provides further detail.

Part I: AI Technologies and the Post-Phenomenological Horizon-Problemat-
ic

In Part I, I first elaborate on post-phenomenology’s potential for enriching 
contemporary AI studies generally, and discuss status quo applications of the 
framework with regards to this potential. In the latter, I find that post-phenomen-
ology currently lacks a distinctly temporal dimension of analysis that is provoked 
by AI technologies. Using design as philosophy-in-practice to explicate this lack, I 
identify the phenomenological concept of horizonality (broadly, the limiting 
structures of experience) as a potential addition. Subsequently, I employ philo-
sophical anthropology to scaffold the development of a genuinely post-phe-
nomenological horizon-problematic, which in turn requires as well as allows for a 
horizonal interpretation of technological mediation as commensurating temporal-
ontological and spatial-phenomenal dimensions of human-world relations.

Chapter 1. Post-Phenomenology and the Questions of AI Studies
In Chapter 1, I argue that post-phenomenology, as an empirical-analytical 

framework for the technological transformations of human-world relations, can 
generally support empirical AI studies to conduct more fundamental investiga-
tions into emerging human-AI relations. Specifically, I discuss how in Ihde’s 
pragmatic interpretation of technological artefacts as “language analogues” (Ihde, 
1998:25), the post-phenomenological framework gains a foothold on analyses of 
actual technologies. Rather than following a priori assumptions on what AI 
technologies are, post-phenomenology can thereby more precisely unfold how AI 
technologies transform the appearance of the world. Regarding the latter, Ver-
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beek’s expansion of “mediation theory” (cf. Verbeek, 2006; 2011) further substanti-
ates the framework’s ability to study things encountered, practices enacted and 
subjectivities formed in a technologically mediated world. Next, however, I 
identify significant hermeneutic gaps in the post-phenomenological framework 
based on the status quo of its application in empirical-analytical research on both 
information and AI technologies. Specifically, I find that (i) the focus on technolo-
gical presence/absence in human-technology-world relations is less relevant with 
regards to such technologies, and (ii) that qualitative technical distinctions are 
generally underdeveloped. These issues raise important questions on the status of 
AI technologies, first regarding the framework’s ontology: are they technological 
artefacts, withdrawn operations or somehow both? This raises an epistemological 
question as well, and specifically a hermeneutic one: what is the right approach to 
interpreting this status in the first place?

Chapter 2. Probing AI Technologies through Philosophy-in-Practice
To investigate further, in Chapter 2 I follow Sabrina Hauser’s approach to 

design research as “doing philosophy through things” (Hauser, 2018:131) to explicate 
what in particular post-phenomenology would have to account for regarding AI 
technologies. Specifically, I discuss a design research project in which I created 
abstract sculptures of my interactions with a social media interface, and exhibited 
them in a gallery setting. Analyzing both my designerly making practice as well 
as visitors’ experiences, I find that Ihde’s brief description of “horizonal phenom-
ena” (Ihde, 1990:112), and accordingly, the phenomenological question of horizon-
ality as such, provide the most accurate interpretation—also echoing recent work 
by Shane Denson (Denson, 2020). However, horizonality is an underdeveloped 
part of the post-phenomenological framework, hence requiring elaboration of how 
exactly it may provide a suitable angle of interpretation for post-phenomenologic-
al AI studies.

Chapter 3. Reconsidering Horizonality in Post-Phenomenological 
Investigations

In Chapter 3, I therefore further investigate the specific approach to horizon-
ality that Ihde’s post-phenomenology has, and contrast it with two important 
phenomenological antecedents, Husserl and Heidegger. I find that in both, 
horizonality is much closer associated with temporality rather than manifest 
human-technology-relations in the here and now. Specifically, I note that Heideg-
ger’s “horizonal unity of temporality” (Heidegger, 2010:367)—in conjunction with 
his later philosophy of technology (cf. idem., 1977)—suggests a possible 
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temporal-ontological appreciation of technological mediation. However, a further 
methodological issue is encountered: how can such a concept of horizonality in 
the mould of Heidegger be developed, when post-phenomenology’s ‘empirical 
turn’ explicitly distances itself from such inquiries? I therefore next review 
contemporary attempts at expanding the interpretive scope of post-phenomeno-
logy, where I find promising yet inexhaustive pointers towards a genuinely post-
phenomenological horizon-problematic. However, in Ciano Aydin’s work on how 
technology shapes the “extimate structure” (Aydin, 2021:208) of human being, I 
find that philosophical anthropology may scaffold the development of a post-
phenomenological concept of horizonality, as the former problematizes the exact 
issues found to this point.

Chapter 4. Horizonality and Technological Mediation
In Chapter 4, I develop a post-phenomenological concept of horizonality 

using a philosophical-anthropological study by Davor Löffler (cf. Löffler 2018, 
2019), which itself draws from empirical work in cultural anthropology. Through 
Löffler’s work, and especially his interpretation of Heidegger’s Gestell as a 
“temporally extended enframing” (“ein in der Zeit gedehntes Gestell,” Löffler, 
2019:228), I (re-)interpret technological mediation in horizonal terms as the 
commensuration of the temporal-ontological and spatial-phenomenal dimensions 
of human-world relations. Inversely, a post-phenomenological horizon-problematic 
revolves around the challenge to account for this commensuration in light of non-
manifest technological artefacts. To actually guide analyses, I subsequently draw 
on Johanna Seibt’s processual approach to philosophical modeling to develop a 
first heuristic model for this redefinition (cf. Seibt, 2018). In the latter, I comple-
ment the established post-phenomenological transparency/opacity-spectrum 
with a delimitation/constellation-spectrum; which draws on the discussion of 
Husserlian and Heideggerian horizonality in Chapter 3. Through proof-of-
concept analyses of human-technology-world relations, I show how this model 
allows for more in-depth analyses of technological mediation in cases that trouble 
the presence/absence dichotomy. As the latter was shown to be the fundamental 
obstacle for post-phenomenological analyses regarding information and AI 
technologies, I therefore close Part I by outlining the achieved foundation for 
post-phenomenological AI studies.

Part II: Post-Phenomenological AI Studies: From Poly-Intentionality to 
Machine Horizons
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In the second part, with the theoretical foundation prepared by way of a post-
phenomenological horizon-problematic, I outline my proposal for post-phe-
nomenological AI studies as an investigation of how AI technologies shape “how 
human beings can be present in the world, and the world to them” (Verbeek, 
2006:116). Generally, the question of how technological artefacts are directed in this 
shaping is treated by way of Ihde’s material hermeneutics; which I have already 
argued may be inexhaustive due to the limitation of interpreting human-techno-
logy-world relations in the here and now. This leaves fundamental questions open 
for AI technologies: how technological intentionality can be interpreted with 
regards to these always-already withdrawn technologies in the first place, how this 
relates to the apparent artefacts of human-technology-world relations, and how the 
co-constitution of subjectivity and objectivity may be understood in the latter. 
These questions guide Part II, where I draw on historical, sociological, designerly 
and technical accounts to develop a definitive program for post-phenomenologic-
al AI studies.

Chapter 5. Interpreting the Technological Intentionality of Information 
Technologies

In Chapter 5, I first approach the problematic of technological intentionality 
by way of a straightforward hypothesis: Contemporary AI technologies such as 
neural networks can be reasonably described as a subset of information technolo-
gies in general. Accordingly, findings on the latter’s technological intentionality 
should provide first analytical thresholds for post-phenomenological AI studies. 
Drawing on Ian Hacking’s and Katherine Hayles’ respective studies of probability 
theory, statistics, information theory and cybernetics (Hacking, 1990; Hayles, 
1999), I argue that information technologies require a differentiation of various 
kinds of intentionality (e.g., among specific software programs), which I concep-
tualize as poly-intentionality. I then propose that the latter requires a particular 
hermeneutic scaffold in the form of apparatic relations, which I base on Vilém 
Flusser’s ‘informatic phenomenology’ of apparatus, technical image and program 
(cf. Flusser, 2011). Substantiating the latter by way of an early AI paradigm, I 
furthermore find that ‘classic’ information technologies’ poly-intentionality has a 
particular linear structure, for which I propose the shorthand If–Then. Thereby, 
this chapter not only contributes a particular tool that may be used for interpret-
ing AI technologies, but also provides a minimum analytical threshold that post-
phenomenological studies of information technologies should satisfy.
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Chapter 6. Interpreting the Poly-Intentionality of AI Technologies
With the interpretive tools of poly-intentional structures and apparatic 

relations now available, Chapter 6 further investigates technological intentionality 
regarding contemporary AI technologies; such as neural networks. Guided by 
Mikel Olazaran’s historical-sociological and Christopher M. Bishop’s internal-
technical discussions (Olazaran, 1996; Bishop, 2006), I find that the substantial 
technical advances made with these information technologies bring about a 
qualitatively distinct poly-intentional structure. I formalize this as an As–If 
structure, drawing from the technical principles that AI technologies approximate 
models from data (As) and predict functions (If) within this modeled ‘space.’ 
However, the complexity that this shorthand may obfuscate begs a question: How 
does the poly-intentional structure of AI technologies relate to artefacts that may 
be a presence (or absence) in actual human-technology-world relations? As a first 
step, I analyze design research projects that have involved AI technologies to 
derive a set of post-phenomenological concepts. Specifically, I propose the general 
category of thingly uncertainty to describe how AI-driven ‘things’ (i.e., devices, 
interfaces) act in a relational continuum; which transcends the “thingly interpreta-
tion” (Ihde, 1998:8) of scripted intentionalities which post-phenomenology 
generally investigates.

Chapter 7. Outlining Post-Phenomenological AI Studies through 
Philosophy-in-Practice

To more formally open up the As–If structure and corresponding thingly 
uncertainty to analyses of technological mediation, in Chapter 7 I again employ 
design research as philosophy-in-practice. In contrast to my earlier use of this 
approach (Chapter 2), I here proceed in a generative rather than provocative 
manner. Specifically, I discuss two research projects that draw from thingly 
uncertainty directly to discern epistemological and existential research trajectories for 
post-phenomenological AI studies. With regards to the former, I analyze a co-
design workshop with stakeholders regarding a potential future AI technology 
use at their institution. I find that objects of reasoning in this case come to be 
embedded by AI technologies on the one hand, but also that the latter are integ-
rated into existing sense-making practices on the other. In formulating an existen-
tial research trajectory for post-phenomenological AI studies, I analyze the 
creation of a speculative technological artefact that embodies the principle of 
thingly uncertainty. Through first-person research and a limited field study, I find 
that AI technologies shape practices of self-formation, confronting humans with 
what might have been a world against which to form specific positionalities. With 
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principal research trajectories laid out, I then argue that post-phenomenological 
AI studies can finally proceed to formalize specific human-AI relations.

Chapter 8. Machine Horizons: Co-Constitution in Human-AI Rela-
tions

In the final research chapter of this dissertation, and with distinct approaches 
to technological and technologically mediated intentionality available, I center on 
the arguably most crucial analytical category of post-phenomenology: the co-
constitution of subjectivity and objectivity in technological mediation. Co-constitu-
tion is one of the prime foci of post-phenomenology, and where its contributions 
to design, ethics and engineering practice as well as policy arguably draw their 
most substantial arguments (on, e.g., issues of self-hood, interpreting the world, 
morality and responsibility) from. Therefore, in Chapter 8 I first theoretically 
discuss how co-constitution may be approached given the insights gained thus 
far. Here, I draw on Asle Kiran’s proposal to see co-constitution as a “constitu-
tional double-act” (Kiran, 2012:92) mediating actuality and potentiality. Sub-
sequently, with a framing for co-constitution in place, I conduct two case studies 
which allow for comparative analyses with regards to the post-phenomenological 
canon, through which I propose two human-AI relations that are readymade for 
further inquiries. 

First, comparing the use of AI technologies in scientific imaging to Ihde’s 
analyses of instrumental mediation (cf. Ihde, 2016), I propose co-extensive relations 
to address how AI technologies both constitute and embed eventual objects of 
reasoning. Second, contrasting Verbeek’s ultrasound analysis (cf. Verbeek, 2008, 
2011) with contemporary AI technology applications in the same context, I 
propose genetic relations in which AI technologies confront an “I” with potential 
possible realizations of ‘selves.’ However, based on these analyses and given the 
qualitatively distinctions discerned, I also argue that a more comprehensive 
concept is needed that definitively contextualizes the role of AI technologies in 
contemporary human-world relations. To this end, and drawing on Löffler’s 
analysis of active informationalism, I propose the titular machine horizons as the 
AI-mediated convergence of informatic actuality and potentiality. The latter 
represent a definitive objective for post-phenomenological Ai studies, and place 
AI technologies at the heart of shaping contemporary experience in the here and 
now by way of integrating a ‘datafied’ historicity and futurity.

Conclusion
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Due to the theoretical, topical and methodological breadth required for 
enabling post-phenomenological AI studies, I close the dissertation in two parts. 
First, in a synthetic review of my proposals, I highlight how the theoretical 
expansion, interpretive tools and paradigmatic analyses both relate to and 
advance the status quo of post-phenomenology. Additionally, I also show how my 
dissertation provides readymade entry-points into the complexities of AI techno-
logies for philosophers of technology, designers or technologists generally. 
Second, regarding broader implications of my findings, I furthermore highlight 
how this dissertation has opened up lines of inquiry regarding AI technologies in 
relation to the fields of technomoral change as well as design research and 
product design in ways not available before. Lastly, I reflect on the future of post-
phenomenological AI studies. Here, I first argue that some of its interpretive tools 
and concepts may simply ‘dissipate’ into the ongoing development of post-
phenomenology with regards to emerging technologies. However, and in closing, 
I argue that the defined objective of machine horizons guarantees a place for the 
investigation of the current and unfolding lifeworld through post-phenomenolo-
gical AI studies.
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Part I — 

AI Technologies and a Post-
Phenomenological Horizon-
Problematic

In my introduction, I have argued that post-phenomenology promises to 
contribute more fundamental lines of questioning to studies of AI technologies 
than heretofore available. Accordingly, in the first part of this dissertation I deal 
with theoretical and methodological issues that both substantiate, but also 
problematize this promise in ways that require further investigation. Put broadly, 
the following chapters revolve primarily around the kinds of questions that post-
phenomenology may put to AI technologies. Specifically, which questions may 
advance and contribute to AI studies generally, whether there are sufficiently 
clear questions already available in the status quo of post-phenomenology, and, if 
not, from what perspective questions ought to be developed or refined. These 
questions, as will become clear, provoke the development of a post-phenomenolo-
gical approach to the horizon-problematic, which has been predominantly 
articulated by Husserl and Heidegger. To bridge the gap between the latter’s and 
post-phenomenology’s modes of questioning, I will use philosophical anthropo-
logy to scaffold an interpretation of technological mediation as the commensuration 
of temporal-ontological and spatial-phenomenal dimensions of human-world 
relations. Subsequently, I provide a heuristic model that can guide ‘horizonal’ 
interpretations of technological mediation, thereby establishing a theoretical as 
well as hermeneutic basis for developing post-phenomenological AI studies in the 
second part.
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Chapter 1. Post-Phenomenology and the Questions of AI Studies

In my introduction, I have argued that post-phenomenology has the potential 
to enrich contemporary AI studies, which are generally challenged by overly 
specific presuppositions, such as finding technical solutions to technical opacity 
or fearing a threat to assumed human autonomy. Differently put, rather than 
framing AI technologies as something that is already understood as either societal 
threat or ergonomic inconvenience, I have argued that what is called for is a more 
fundamental understanding of how such technologies are (already) constitutive 
of everyday phenomena. At the same time, I have also identified a fundamental 
obstacle for post-phenomenological AI studies: the unspecified relationship 
between the appearance of a technological artefact, such as an end-user interface, 
and technological processes that do not appear yet shape appearance nonetheless
—such as AI technologies. This chapter investigates this challenge more closely, 
and lays out the first research agenda of the dissertation as developing an 
appropriate hermeneutic angle for post-phenomenological studies of AI technolo-
gies.

I first discuss Ihde’s development of the post-phenomenological framework 
more in-depth regarding its fundamental theoretical concepts and how this makes 
it able to contribute generally to empirical AI studies such as in design, engineer-
ing, or ethical assessment (1.). I particularly center on his interpretation of 
Heidegger, who is both a foundational influence as well as frequent sparring 
partner regarding what makes Ihde’s program post-phenomenological. Through 
this engagement, I show how post-phenomenology gains a foothold on pragmatic 
analyses of actual technologies while retaining the structure of phenomenological 
inquries. I then furthermore discuss how Verbeek’s mediation theory on the one 
hand radicalizes Ihde’s program through its focus on the technological mediation 
of subjectivity and objectivity, and on the other hand orients post-phenomenology 
towards applied domains such as ethics, engineering and design. Accordingly, 
this section closes on the promise that post-phenomenological inquiries hold for 
contributing to AI studies generally.

In probing this promise, I then discuss the status quo of post-phenomenology 
applications specifically through analyses of case studies involving information 
and AI technologies (2.). I include the former for two reasons. On the one hand, 
post-phenomenological investigations of actual AI technologies are rare. On the 
other hand, my own pragmatic orientation towards actual “light AI” (Floridi, 
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2014:141) applications (e.g., machine learning techniques) rather than ‘strong AI’ 
speculations (e.g., Artificial General Intelligence) contextualizes contemporary AI 
technologies as a subset of information technologies.8 Accordingly, from assessing 
how post-phenomenology is able to interpret the latter, conclusions can be made 
regarding its capacity to interpret AI technologies. However, I find that the 
framework faces significant hurdles. First, the general focus on technological 
presence/absence in human-technology-world relations is less relevant with 
regards to such technologies. Second, I find that qualitative technical distinctions 
are generally underdeveloped, with post-phenomenological analyses struggling 
to differentiate conclusively between, for instance, data processing, general 
algorithmic procedures, actual AI technologies and specific artefacts. 

Accordingly, while this chapter substantiates the general promise of post-
phenomenological AI studies, it also unfolds and consolidates the primary 
challenge that post-phenomenology faces: accounting for technological mediation 
beyond the presence/absence of a particular artefact. At the same time, how this 
challenge may be overcome is not clear from a purely theoretical discussion, as 
this may either rely on internal presuppositions or ignore the phenomenological 
question of what it is actually like to experience the world in such an impenetrably 
mediated way. That is why, in closing this chapter, I argue for the subsequent use 
of design research as philosophy-in-practice in order to provoke an appropriate 
interpretive angle.

1. Post-Phenomenology and Material Hermeneutics

In this section, I provide a more in-depth discussion of post-phenomenology 
as a framework as well as its contemporary applications. I will first show that 
Ihde’s program, as has been discussed amply, aligns with the so-called “empirical 
turn” (Achterhuis, 2001:9). Then, I will expand on Ihde’s interpretation of Heideg-
ger’s existential phenomenology, which further clarifies what specifically is 
empirical, and what analytical, about post-phenomenology. Building on this 
discussion, I will further argue that Ihde’s early work in the analysis of scientific 
imaging surfaces how his material hermeneutics is both the methodological and 

8 This lineage will indeed later form the basis of post-phenomenological AI studies, as 
qualitative advances from early information technologies allow for crucial definitions and 
interpretive tools; see Chapter 5.
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ontological basis for post-phenomenology. Finally, I will discuss Verbeek’s 
radicalization of Ihde’s program, which more clearly demonstrates the utility of it 
to current technologies and the questions raised in the introductory chapter.

Given that this section concerns what lines of inquiry post-phenomenology 
could contribute to the status quo of empirical AI studies, some of the discussion 
will be technical in a philosophical sense. However, it is crucial to expand on the 
primer on post-phenomenology given in the introduction in this way. Only an 
exact topography of what kind of analytical trajectories post-phenomenology 
pursues will sufficiently clarify (i) what can be said and questioned from within 
the framework, (ii) how such modes of investigation have the potential to grasp 
something so far elusive and more fundamental about AI technologies; and 
ultimately, (iii) whether current applications of the post-phenomenological 
framework fulfill or fall short of this potential.

1.1. The Empirical Turn and Constructing an Edifying Phenomenology

A decade after Ihde had published the most significant book of the young 
post-phenomenological canon, Technology and the Lifeworld, he was grouped with 
five other prominent thinkers9 in American Philosophy of Technology: The Empirical 
Turn. This book, edited by Dutch philosopher Achterhuis, laid out a view on 
American theorists from a European vantage; or, put differently, from the place of 
the ‘classic’ continental philosophy of technologies of Heidegger, Ellul or Jonas. 
Achterhuis’ book comprises chapters on philosophers of technology that, each in 
their different way, made an “empirical turn” (Achterhuis, 2001:4) towards actual 
deployments of technologies rather than ‘essentializing’ technologies into Techno-
logy—i.e., a singular, oppressive, and/or alienating force. The empirical turn of 
Ihde is executed (1) away from the transcendental commitments of Husserlian 
phenomenology and the seemingly abstract Heideggerian philosophy of techno-
logy; and (2) towards the structural analysis of actual contexts that actual technolo-
gies operate in. 

Ihde’s motivation for executing this turn is a dissatisfaction with two interre-
lated issues: the overly general, essentializing analyses of technology that were 
heretofore present in phenomenology on the one hand; and a lack of studies that 

9 Others were Albert Borgmann, Hubert Dreyfus, Andrew Feenberg, Donna Haraway, 
and Langdon Winner.
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actually consider experience of and via technologies empirically on the other. The 
phenomenological principle of investigating the structures of experience from 
what is given in intuition (cf. Husserl, 2010:43ff), therefore, seemed to have 
become neglected by ignoring the transformative effects of technological artefacts; 
relying instead on a Husserlian transcendental ego or Heideggerian “high-
altitude analyses” (Ihde, 2010:19). Ihde discusses a suspected inadequacy suc-
cinctly in his analysis of Galileo, who served as an example for Husserl’s faculties 
of the transcendental ego (cf. idem., 1990:36ff). In Ihde, Galileo’s faculties are not 
those of a transcendental being, but rather shaped bodily-perceptually through 
his telescope. As Ihde argues, Husserl’s “Galileo [is] without a telescope” (idem., 
2016:52)—and without including the telescope in phenomenological analysis, the 
particular ways in which the proto-modern scientist’s perception of heretofore 
unobservable phenomena are given in intuition are unaccounted for.10 

Accordingly, Ihde’s program is from the start invested in discerning how 
actual technological artefacts shape how the world appears, and how they shape 
the relations that humans can enter into, whether these are scientific or mundane. 
However, the first challenge that needs to be met in order to adequately integrate 
technological artefacts in phenomenological analyses is how to see such artefacts 
both as particular entities in the world (in the sense of quality-bearing objects) 
and at the same time as more intimately involved in the disclosure of other 
phenomena. To overcome the inadequacies of the phenomenological grasp on this 
involvement of technology in the “movements of experience” (Ihde, 2012:29), a 
particular kind of pragmatic constraint for phenomenological interpretation is 
called in.

Ihde’s essay Response to Rorty, or, Is Phenomenology Edifying? is insightful in 
this regard. Rorty’s challenge to philosophy lies in the differentiation between 
edifying and foundational strands, the former being continuously involved in 
interpreting the world, and the latter being pre-determined regarding matters and 
what to know of them. Ihde seeks to position phenomenology as fulfilling the 
former role. The origin of the discipline in Husserl, who as a “transcendental 

10 Ihde originally centers predominantly on the technoscientific domain, where he, 
similar to Bachelard’s notion of phenomenotechniques (cf. Rheinberger, 2005:315ff), argues 
that the achievements of modern scientific methods are never simply in the mind as 
transcendental faculties, nor wholly out in the world as immutable law; but rather always 
uncovered through an “instrumentally-mediated realism” (Ihde, 1998:154; original 
emphasis) of seeing, reading, articulating or projecting the world and the human place in 
it. 
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thinker” (Ihde, 1986:187) wants to develop phenomenology as a rigorous science 
“not unlike Positivism” (ibid.:187), may suggest that phenomenology cannot help 
but be foundational.11 However, to Ihde as to Heidegger, the root for a non-
foundational phenomenology lies in Husserl’s radical “horizontalization of 
phenomena” (ibid.:187). This horizontalization can be described as a methodolo-
gical commitment to doing “the work of interpretation” (Heidegger, 2010:35) 
regarding the structures of the appearance of things, thoughts or practices; 
whether abstract, divine or mundane. In his argument, Ihde positions Husserl’s 
phenomenology as a methodological “scaffolding” (Ihde, 1986:188) that is 
provided by “hermeneutic rules for proceeding” (ibid.:190). Ihde links these rules 
to the variational method of inquiry, “which seeks to find what intuitions can be 
constituted” (ibid.:191, my emphasis).12 

In an inspired wordplay, Ihde positions phenomenology as edifying as long 
as it retains this kind of “edifice” (ibid.:198)—a structural way of interpretation 
that is non-foundational. What matters to Ihde, and what moves phenomenology 
from a seemingly foundational basis in Husserl to an edifying undertaking in a 
Rortean sense, is that it “remains structural [and yet] its structuralism is of an odd 
sort” (ibid.:195). It is an odd structuralism, because rather than the interpretation 
of specific fields of inquiry (e.g., science as a whole), phenomenology to Ihde is 
the inquiry of the structure of these fields and the varieties of phenomena that 
characterize them (e.g., how phenomena are assessed in biology). Ihde therefore 
suggests that this answers Rorty’s call for non-foundational philosophy as a 
removal of “truth seeking […] from edifying philosophy” (ibid.:197), because the 
unfolding of the structures for context-relative ‘truths’ is precisely what phenomen-
ology makes possible. To Ihde, a pragmatism that eschews the transcendental 
leanings of Husserl’s phenomenology adds a focus on the goings-on in our 
movements of experience, while phenomenological method ensures that a 
structural inquiry of the fields of such goings-on is maintained.13 However, this in 

11 Ihde actually starts his argument from the accusation that phenomenology falls into 
what Sellars called the “myth of the given” (Sellars, 1956:267); namely, equating what is 
intuitively given to experience with what intuition is. Ihde judges this to be a 
misinterpretation of the relationship of experience and evidence that Husserl lays out, 
which are better understood as explicating structures of experience from the initial, 
indubitable evidence of intuition (cf. Ihde, 1986:188). 

12 Specifically, in Husserl’s method of “eidetic reduction” (cf. Husserl, 2001:306ff), 
variations of intuitive experience are conceived until ‘essential’ structures (e.g., three-
dimensionality) can be formalized that make a phenomenon what it is.

13 While Ihde would more fully elaborate the involvement of technological artefacts in 
human-world relations themselves in Technology and the Lifeworld, this early dialogue with 
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itself does not yet show how technology specifically is grasped in post-phenomen-
ology. Therefore, I next consider the relationship of the latter with Heidegger’s 
phenomenology; where I show how Ihde’s replacement of ‘truth seeking’ in favor 
of a particular kind of “content pragmatism” (Zwier et al., 2016:319) leads him to 
formulate the fundamental interpretive style of post-phenomenology.

1.2. Ihde's Interpretation of Heidegger's Existential Phenomenology

A close reading of Ihde’s more recent collection of essays on Heidegger is 
illuminating with regards to the kind of questions that post-phenomenology can 
investigate. Whereas it is clear that, besides Merleau-Ponty and Husserl, Heideg-
ger’s existential phenomenology is the most influential source for the post-
phenomenological program; the later Heidegger, especially of The Question 
concerning Technology (QT), is Ihde’s sparring partner in outlining ‘his’ post-
phenomenology. After all, the latter is precisely rooted in analyses of the technos-
ciences of the twentieth century century; which had been subsumed by Heidegger 
as having the essence of Enframing (“Ge-stell,” Heidegger, 1977:19). Modern 
technology, to the Heidegger of QT, constitutes a mode of revealing the world that 
can only ever disclose the latter as a resource, and things in it as standing-reserve 
for becoming resources. Indeed, Ihde frequently accuses the later Heidegger of 
deliberately “high altitude analyses” (Ihde, 2010:19) of modern technology. As 
opposed to the famous tool-analyses in Heidegger’s earlier Being and Time, Ihde 
argues that defining Technology’s essence as Enframing constitutes a generaliza-
tion that ignores the particularities of lived experience and varieties of actual 
technological artefacts.  And yet,14 it is Ihde’s interpretation of the existential 
phenomenology of truth in Being and Time that offers a clearer picture of what 
kind of questions post-phenomenological asks, and therefore, what contributions 
it can make to the study of AI technologies. 

Tellingly, and in contrast to his critique of QT, Ihde’s understanding of 
Heidegger’s methodology in Being and Time could be easily used to characterize 
post-phenomenological methodology: “to locate what is ontological through a 

pragmatism’s radical empiricism already places his program on a decidedly non-
foundational trajectory. Eventually expanding human-world relations to post-
phenomenology’s human-technology-world relations, then, stands in line with Ihde’s 
empirical-pragmatic turn for analyzing the phenomenological impact of technologies.

14 I will return to argue for a the need for a much closer, yet counterintuitive, 
relationship of post-phenomenology to Heidegger’s Enframing further in this dissertation; 
see Chapter 3, 1.3.
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phenomenological analysis of what first appears as ontical” (ibid.:32). The latter, 
first appearance, is crucial. It is from ontic, innerworldly beings (e.g., tools, things, 
practices) that analyses can progress to the structures of their disclosure. Put 
differently, in the structures of how we intuitively “know” things to be, for 
example in our relationship to the purposes of tools, a whole world of relational 
significance is disclosed (cf. Heidegger, 2010:347) that carries a particular notion 
of ‘truth.’ However, truth, to Heidegger, is not one ideal ‘value:’ truth is only ever 
a modalized truth, of things always appearing as, in-order-to, in-such-and-such-a-way, 
and so forth (c.f ibid.:62). There are variant truths, each related to different 
modalities of being-in-the-world (i.e., Dasein), such as the truths of being-with-
others (in e.g. idle talk) or the notion of the ‘destiny’ of particular eras.15  In both 
Ihde and Heidegger, therefore, we find a notion of technologies’ transforming the 
appearance of the world of human beings: Ihde’s technological mediation shapes 
human praxis both perceptually as well as conceptually. In this sense, technologic-
al artefacts are not only non-neutral, rather they transform the truths of experien-
cing the world in human-technology engagements. 

However, whereas Heidegger would proceed to abstract from such context-
specific truths to interpret the broader conditions of ‘truth-hood’ as such, Ihde’s 
‘content-pragmatism’ ensures that post-phenomenological interpretation remains 
‘on the ground’ of actual technologies—a methodological basis that he terms 
material hermeneutics. What does it mean to speak of hermeneutics in a ‘material’ 
manner? First, it must mean that there is some definite thing that appears as 
something, and that this thing furthermore transforms how one perceives 
something-as-something (phenomenologically speaking, i.e., real or abstract 
objects). Here  the kernel of what Verbeek would later more fully position as 
mediation theory can already be seen: the combination of (i) Heidegger’s existential 
phenomenology of world-disclosure with (ii) a pragmatic interpretive stance on 
the level of actual artefacts. In the following, I offer more details on Ihde’s 
hermeneutic style through his consideration of twentieth century technoscience.

Similar to his Galileo-telescope relation, Ihde argues that there is a certain 
‘thing interpretation’ at work in scientific instruments. Rather than the theological 
or literary understanding of hermeneutics as a matter of interpreting texts, Ihde 
first outlines how phenomenology both informed and became a hermeneutical 

15 As Heidegger would later elaborate, aletheia is therefore also not “the” truth, but an 
existential condition for Dasein’s experience of living in a ’true’ reality, in which statements 
are made and life is lived (cf. Heidegger, 1972:69ff). 
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inquiry: from Husserl’s correlational a priori of intentionality (experience-of) 
evolves the Heideggerian “ontology of being-in-the-world” (Ihde, 1980:21). 
Second, however, Ihde notes that the twentieth century and the way “we have 
amplified and extended [through]” (ibid.:23) various embodiments of non-literary 
‘languages’ (e.g., radiowaves, light spectrums, computer languages) in technolo-
gies had not been fully appreciated in hermeneutic approaches. To quote from the 
text:

This explosion of language into “languages” with its accom-
panying diffusion into technological embodiments saturates 
and changes our “World.” And if phenomenological onto-
logy is correct, when one correlate (the World) changes, it 
implies a change in the other (ourselves), but this change can 
only be understood by understanding the change in the 
‘World.’” (ibid.:23)

Ihde goes on to argue that prior phenomenologies of technology are either too 
shallow or too grand to fulfill the kind of empirical-analytical fusion of pragmat-
ism and phenomenology he pursues. In the sense of shallow, technological 
artefacts are reduced to one thing among others in a context of relational signific-
ance: Heidegger’s hammer is privileged, in that it discloses its equipmental 
context; but the world it discloses (e.g. of idle talk or discourse) takes analytic 
priority. Similarly, on the grand scale, the essentializing view of modern techno-
logy as Enframing does not offer a hermeneutic edifice of high enough ‘resolution’ 
to study divergences of ‘languages’ empirically. 

To begin an expansion of phenomenology’s interpretive scope in this regard, 
Ihde proposes that a technological artefact should be interpreted as a “language-
analogue [rather than a] thing-analogue” (ibid.:25). Ihde’s material hermeneutics 
thus interprets technological artefacts as hermeneutically, and thereby existen-
tially, valent: material things make a reality as experienced by humans ‘readable,’ 
and thereby shape how the latter locate themselves in and towards it. While Zwier 
and colleagues argue that it is precisely this kind of interpretation that blurs post-
phenomenology’s scope of inquiry (cf. Zwier et al., 2016:315ff), within the context 
of this dissertation it is as yet unclear why this would be a concern regarding AI 
technologies. Indeed at this point, we can already gain a first appreciation how 
phenomena such as the transparency fallacy (cf. Introduction, 1.1.) could both be 
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better understood as well as subverted through Ihdean post-phenomenological 
investigation.

The goal of XAI lies in offering up explanations to ensure a specific AI 
technology’s utility can be accurately described. In contrast, post-phenomenology 
could investigate, for example, how AI technologies are ‘themselves’ involved in 
disclosing the types of explanations on which basis a particular explanation is 
deemed sufficient, i.e. how particular statistical patterns are both read and made 
‘truthful.’ Since explanations are supplied on a distinctly human scale, e.g. in 
user-interfaces for specific stakeholders, a potential investigation could center on 
explanations actually concealing that what is to be explained behind technical 
solutions, and the structures behind choices involved in this would be open to 
analysis. How do, for instance, engineers rely on specific notions of the world 
presented by AI technologies to motivate explanations? Or, how can stakeholders 
make judgements on the sufficiency of explanations, if the presentation of explana-
tions is all they have to go on? 

The above example suggests a crucial preliminary foothold on the kind of 
inquiries post-phenomenology can contribute to empirical AI studies. By insisting 
on a radical pragmatic empiricism about entities involved in the world, yet 
retaining the structured phenomenological analysis of the latter, post-phenomen-
ology can explicate how entities (human, technological, or otherwise) in the latter 
become configured and put into relation, and what e.g. opportunities for inter-
vention present themselves. One of the most prominent features of post-phe-
nomenological analyses in this regard are formalized human-technology-world 
relations, which schematize phenomena of technological mediation as existential 
structures. The origins of these hallmark ‘hermeneutic edifices’ of Ihde’s program 
lie in an interpretive shift from discourse to materiality as described above. In the 
next section, I outline the fundamental ways in which Ihde’s material hermeneut-
ics approach human-technology-world relations.

1.3. Interpreting Human-Technology-World Relations

In this section, I will lay out the principal ‘hermeneutic edifice’ in post-
phenomenological investigations, the schemata of human-technology-world 
relations, which emerge from Ihde’s expansion of hermeneutics from textual-
linguistic to material-pragmatic in the form of material hermeneutics. First, 
however, Ihde frames these schemata conceptually to avoid an arbitrary relativ-
ism. Human-technology-world relations are both defined and grounded in this 
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sense by Ihde in Technology and the Lifeworld, where he links presuppositions (a 
typical Heideggerian focus) to their empirical manifestation with and via techno-
logical artefacts in the form of micro- and macroperception.

Microperception concerns the immediate, bodily-perceptual experience of 
how the world appears intuitively, whereas macroperception concerns the larger 
frames of reference through which intuition finds the world to be understood in a 
certain way. In this sense, post-phenomenology places technology in relation to 
the microperceptual details of human-world encounters and the macroperceptual 
frames of reference that situate this encounter within a specific socio-historical 
“context of experience” (Erfahrungszusammenhang, Schütz, 1972:76). Furthermore, 
both micro- and macroperception can exhibit specific structural features. In what 
Ihde refers to as isomorphism, a technological artefact maps to a something-as-
something with a high degree of fidelity. This relational mapping can, in microper-
ception, concern the visual or ideal mapping of something as a surrogate for 
something else (see Ihde, 2012:65ff). On the level of macroperception, isomorph-
ism concerns the logic or presuppositions within which the appearance of things 
make sense to us: a navigational chart mediates a bird’s eye view on oneself and 
the world, which matches perfectly the disembodied, post-Enlightenment rational 
subject (cf. idem., 1990:67ff). Such isomorphisms imply a further significant 
structure: the existence of multiple possible morphisms shows that technologies 
are neither predetermined nor neutral, but rather multistable in their mediation of 
human-world relations.

 The way technologies shape experiences manifests only ever in local ‘stabiliz-
ations’ of a range of possible subjectivities and objectivities that bear a socio-
historical grounding (cf. Verbeek, 2006:136ff). Van den Eede even proposes that 
multistability16 is the key concept through which all post-phenomenological 
concepts and methods can be understood (van den Eede in Rosenberger and 
Verbeek, 2015:147). Rosenberger has recently expanded on this notion, stressing 
that multistability is a distinctly post-phenomenological mode of Husserlian 
inquiry that he terms “variational cross-examination” (Rosenberger, 2020:2). 
Precisely because technological artefacts manifest as a specifically stabilized 
human-technology-world relation among others, analyses of technological 

16 It is important to note that multistability is not a trivial fetishisation of contingency, 
but rather a guiding interpretive principle to clarify the limits of contextuality, and thereby, 
its existential structures. The point of multistability is, unlike contingency, to explicate 
within which ‘parameters’ the aboutness of the world is mediated by technological artefacts.
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mediation can unfold the constraints of what is against what could be experienced.

With micro-/macroperception and multistability, Ihde develops an initial 
suite of material-hermeneutic ‘edifices’ in the sense described above (1.1.): 
conceptual scaffolds that guide the interpretation of technological mediation. In 
an analysis of the underlying metaphysical differences between post-phenomeno-
logy and phenomenology proper, Langsdorf argues that the primary difference is 
indeed an ontological one. She proposes that Ihde follows a Deweyan “event 
ontology”(Langsdorf in Rosenberger and Verbeek, 2015:121), which now allows 
me to articulate how post-phenomenological investigations can be characterized 
as both empirical in a pragmatic sense and analytical in a phenomenological 
sense. Post-phenomenological inquires are empirical insofar as they consider 
actual events of human-world relations, and they are analytical insofar as they use 
hermeneutic edifices to unfold how such events are co-constituted by technologic-
al artefacts. 

While Ihde thereby retains a relational ontology similar to Heideggerian 
phenomenology (at least of Being and Time), such ontologies are entirely context-
dependent—or, differently put, locally stabilized. Such stabilizations are interpreted 
in Ihdean post-phenomenology through a particular kind of “formalism” (Ihde, 
1990:89) for the technological shaping of human intentionality (i.e., world-
directedness). Accordingly, the general post-phenomenological schema for 
interpretation is:

Human - Technology - World

General Intentionality Relation

Schematized in this way, Ihde argues that while in general technology 
interferes in the intentional arc between humans and their worlds (- Technology 
-), there are also more specific ‘morphisms’ of this schema which “change the 
variables within the human-technology-world relation” (ibid.:89). The four initial 
morphisms which he introduces subsequently are embodiment, hermeneutic, alterity, 
and background relations. Each of these  “intentionality structures” (ibid.:95) 
configures the general schema  of human-technology-world, reflecting how 
particular arrangements of human and technological intentionality give rise to 
specific phenomena. Arguably, Ihde’s schematized intentionality structures are 
major reasons why post-phenomenology has been so accessible for non-philo-
sophers, as they can be applied pragmatically to interpret actual technologies.
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However, despite their prominence and liberal use, it should first be noted 
that human-technology-world relations are in themselves not the original goal of 
analysis. That ‘reading’ heat phenomena through the scales on a thermometer is a 
hermeneutic relation, for instance, is not the pertinent bit of a post-phenomenolo-
gical inquiry. Rather, to Ihde it is how that hermeneutic relation as a particular 
stabilization of human, technology and world configures its constituent entities, 
and how this leads people and things to enter into particular constellations of e.g. 
practices or values. Accordingly, human-technology-world relations are not in and 
of themselves a claim to ‘knowledge,’ but rather offer a schema for interpreting the 
consequences of their manifestation. Below, I expand on this point in the form of a 
brief synopsis of Ihde’s initial four human-technology-world relations.17

 In embodiment relations, technological artefacts are “taken into my own 
perceptual-bodily self-experience” (Ihde, 1990:73). Wearing glasses predomin-
antly shapes our experience of the world, not of the glasses themselves—“they 
‘withdraw’ and are barely noticed, if at all“ (ibid.:73). Similarly, walking canes are 
integrated into a “body schema” (Merleau-Ponty, 2012:370) which lets the world 
be felt below the threshold of conscious distinction between arm and cane. These 
relations are “transparent” (Ihde, 1990:73), insofar as the artefacts involved in 
world disclosure are themselves not the foci of direct experience. Ihde schemat-
izes the relation in a way that integrates human and technology, in the sense that 
an intentional arc (→) of a human-technology coupling is directed at the manifested 
world, with technology withdrawing into “my” directedness:

(I - Technology) → World

Embodiment Relation

In hermeneutic relations, technological artefacts are no longer withdrawn but 
show a degree of “opacity” (ibid.:87)—as opposed to withdrawing, they become 
foci of attention. Specifically, here artefacts function as literal language-analogues, 
mediating how the world can be “read” through particular representations (e.g., 
scientific measurements, symbols, etc.). For example, a map mediates the world as 

17 I will not discuss the significance of the “I” shown in the schemata at this point, but 
will do so in the next section concerning Verbeek’s radicalization of post-phenomenology, 
as this is the predominant reading on the precise relationship between technologically 
mediated subjectivity and objectivity.



55

a grid; a thermometer translates heat phenomena onto a legible scale. In each 
case, such “readable technologies call for the extension of my hermeneutic and 
‘linguistic’ capacities through the instruments, while the reading itself retains its 
bodily perceptual location as a relation with or towards the technology” (ibid.:88, 
original emphasis). Accordingly, the hermeneutic relations schema indicates that 
the world and the artefact are coupled as a correlatory pole to the intentional 
arrow of an “I”:

I → (Technology - World)

Hermeneutic Relation

Yet more opaque, in alterity relations humans form “relations to or with a 
technology”(ibid.:97). Here, technological artefacts often take center focus as a 
quasi-Other, and are fully opaque. While a particular world is disclosed with 
them, this world itself withdraws and is not necessarily the reference point. For 
example, an ATM, toy or robot are interacted with as if they have human-like 
intentions, without necessarily being perceived as a representation of something 
else. Ihde alters the hermeneutic relation schema accordingly. Instead of a ‘reader-
text’ coupling, in an alterity relation a technological artefact becomes “the 
foreground and focal quasi-other with which I momentarily engage” (ibid.:107) to 
become the ‘primary’ correlatory pole of experience:

I → Technology( - World)

Alterity Relation

In background relations, technologies recede into transparency, yet exert a 
structuring influence, or “texture” (ibid.:112), on experience. For example, as 
discussed in the introduction, central heating or thermostats are “present ab-
sences” (ibid.:109) in the experience of our home, but are rarely interacted with 
directly. Accordingly, Ihde denotes the schema for background relations as one in 
which the intentional arc of the “I” may be directed elsewhere in the world; while 
a subtle coupling of technology-world (/) still exerts some transformative effects 
on how the former may manifest:

I (- Technology / World)

Background Relation
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Finally, concerning all four of Ihde’s initial analyses, it is noteworthy that they 
occupy a spectrum (cf. ibid.:113) from transparency (experiential absence) to opacity 
(focal presence). Furthermore, across all relations, Ihde stresses that there always 
is a kind of trade-off: in “amplifying” aspects of the world, other aspects become 
“reduced” (ibid.:48ff)—for instance, a microscope allows for observations of a 
bacterial metabolism, but this comes at the cost of not perceiving one’s surround-
ings. Accordingly, the transparency/opacity-spectrum (Figure 1) also expresses 
that each human-technology-world relation is always to some extent both focal 
and field oriented.

Figure 1: Ihde’s human-technology-world relations as distributed on a spectrum from transpar-
ency to opacity regarding the given technological artefact.

By way of human-technology-world relations, it can how be seen that Ihde’s 
material hermeneutics informs post-phenomenology with regards to the frame-
work’s ontology: Technological artefacts are language-analogues which embody 
specific interpretations, and such ‘thingly interpretations’ may play out in various 
transformations of human world-directedness—i.e., in human-technology-world 
relations along the transparency/opacity-spectrum. Ihde’s program thereby builds 
up a substantial collection of hermeneutic edifices that allow for an empirical-
analytical explication of how technologies transform implicit-somatic and 
explicit-interpretive human-world relations. What post-phenomenological AI 
studies ought to be able to contribute to the current state of AI studies more 
generally, then, are not ‘correct’ notions on AI being this or that kind of 
technology. On the contrary, post-phenomenology provides urgently needed lines 
of inquiry into how AI technologies (re-)shape the appearance of the world in 
qualitatively distinct ways, whether as object of study, quasi-Other or structuring 
influence outside of our direct awareness (cf. Introduction, 2.2.).

1.4. Verbeek's Radicalization: Mediation Theory and Differentiating 
Intentionalities

Verbeek radicalizes Ihde’s program significantly in his explication of mediation 
theory from the post-phenomenological framework. Mediation theory specifically 
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foregrounds the technological influence on subjectivity and objectivity as follows. 
Technological artefacts mediate human-world relations, and it is in the latter that, 
phenomenologically speaking, subjectivity and objectivity are constituted (cf. 
Verbeek, 2006:113). Therefore, to Verbeek technological mediation co-constitutes 
subjectivity and objectivity (cf. idem., 2011:15-16). Insofar as there is no human 
‘essence’ that pre-exists our involvement with the world, the ‘subject’ that the 
technological transformation of intentionality brings about cannot be presup-
posed. There may be a socio-cultural-historical tendency, but, given Ihde’s 
‘edifying’ empirical turn, these cannot be assumed as a self-fulfilling condition. To 
put it in broad strokes: one is not only what one does, but rather when one does 
what appears as doable. What things do, in this regard, is to stabilize the appearance 
of things in the world as objectivities that humans as subjectivities can relate to. 

Following Verbeek, technological artefacts mediate the world to a more 
radical degree than previously argued by Ihde: rather than stabilizing micro- and 
macroperception by way of ‘thing interpretations,’ Verbeek argues additionally 
that the mediation of human-world relations through technical “operativity” 
(idem., 2006:67) can be discerned into technological intentionality and technolo-
gically mediated intentionality. By making this distinction, Verbeek more clearly 
separates Ihdean material hermeneutics into two levels of questioning, with the 
latter’s framing of language-analogues fitting the hermeneutic level of technolo-
gical intentionality. This concerns the kind of directedness, “inclination or 
trajectory” (ibid.:114) that artefacts embody, such as registering heat phenomena 
on particular scales. On the other, more existential level, Verbeek proposes 
technologically mediated intentionality, which is a subtle distinction but offers 
clear analytical advantages: insofar as that a particular artefact may have a 
directedness, how this inclination plays out in actually manifest human directed-
ness cannot be presupposed. Verbeek, in essence, further differentiates18 how 
human-technology-world relations actually manifest in particular local 
ontologies.

An example of the differentiation that mediation theory makes can be found 
in Verbeek’s analysis of obstetric ultrasound technology (cf. idem., 2008a; 
2011:21ff), which has since become one of the canonical case studies in post-

18 In What things do, Verbeek undergoes this differentiation along readings from Latour 
and Borgmann, but as Ihde’s post-phenomenology is the program that is expanded (and 
which I will likewise expand), I will not discuss here whether there are shortcomings in 
Verbeek’s synthesis; for the relevant analysis cf. Kaplan, 2009.
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phenomenology. In medical consultations, the image that obstetric ultrasound 
technologies create is displayed on a screen, where ultrasound wavelengths are 
rendered into a black-and-white picture of the fetus. Verbeek notes that the image 
is accompanied by statistics (e.g. decibel of application) and scientific diagram-
ming (e.g. depth scale); and furthermore points out the image is not only of the 
unborn child but rather its location within the womb. It is through this directed 
objectification that obstetric ultrasound technologies mediate the fetus not as 
some neutral being, but rather as a patient; while the pregnant person is mediated 
as an enclosure. But these objectivities do not stand alone—the mediation also co-
constitutes distinct subjectivities. For instance, a non-pregnant partner may see 
themselves in a position of caretaker to the fetus-as-patient, while the pregnant 
person is distanced from themselves-as-enclosure. What obstetric ultrasound 
imaging is in terms of technological mediation, then, is not exhausted by the 
‘thing interpretations’ it already embodies; but rather how its doing co-constitutes 
interpreter and interpreted. This now canonical example demonstrates what 
Verbeek is after in the distinction of mediation theory: a more exhaustive articula-
tion of the interrelationship of human, technology and world in technological 
mediation.

Aside from further differentiating and more clearly specifying the kinds of 
inquiry that post-phenomenology can pursue following mediation theory, 
Verbeek also demonstrates how the framework is adaptable to changes in the 
world. Similar to Ihde’s argument that such changes always call for an appropri-
ate hermeneutic edifice, Verbeek studies contemporary technologies such as 
augmented or virtual reality. From this kind of reflexive engagement, Verbeek 
derives a series of new schemata for human-technology-world relations as well as 
qualifications of technological and, crucially, technologically mediated intentional-
ity. 

In composite relations, technologies such as extremely long-exposure photo-
graphy or computational imaging make things experienceable that have no direct 
correlation to ordinary human modes of perceiving space and time. Instead, 
composite relations mediate a “reality that can only be experienced by technolo-
gies” (idem., 2008b:393). As will become evident in the case studies I discuss 
further below, composite relations offer a direct route to questions surrounding 
information technologies in its schema:

I → (Technology → World)
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Composite Relations

Verbeek argues that the “composite intentionality”(ibid.:392) of these rela-
tions (i.e., Technology → World) can be understood as a more complicated 
transparency-opacity dynamic than in Ihde’s hermeneutic relations: whereas in 
the latter, technologies represent phenomena in the world to be ‘read’ by 
someone, in composite relations the matter is not so much representation as a 
generation. A recent example is the use of computational imaging for picturing a 
black hole (see e.g. The Event Horizon Telescope Collaboration, 2019). While the 
NASA astronomers do indeed perceive a kind of representation, what is represen-
ted is not something that is empirically re-presentable but is rather wholly 
rendered from a technological directedness towards specific quantitative meas-
urements, which in turn reconfigures the human directedness towards it.19

Second, in cyborg relations, technologies such as microchips, antidepressants 
or pacemakers merge with the body, becoming indistinguishable in direct 
experience. It is thus no longer a human-technology coupling that is the bearer of 
intentional experience, but rather a “new entity [which] comes about” (Verbeek, 
2008b:391) not though use, but incorporation:

(I / Technology) → World

Cyborg Relations

Cyborg relations are yet more radical than Ihde’s embodiment relations. 
While in the latter artefacts also become “transparent,” in the sense that they 
withdraw from being objects of experience (see 1.1.3. above), here no 
“recovering” of an intentionality not always-already technologically mediated is 
available. Verbeek, taking inspiration from Sloterdijk’s concept of post-humanism, 
therefore argues that instead of a technologically mediated intentionality, i.e. an 
intentionality that is contextually shaped by technologies, it is more accurate to 
speak of a “hybrid intentionality” (ibid.:391). In Ihde’s embodiment relations, the 
intentional arc is that of a human, amplified or reduced through technological 
mediation. In cyborg relations, however, this additive logic is suspended, and 
technological intentionality and human intentionality fuse into one directedness. 

19 This example will in fact later be analyzed as one of the prime instances for the 
qualitative shift in technological mediation brought about by AI technologies; cf. Chapter 
8, 2.1.
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In immersion relations, technologies such as augmented reality glasses or 
ambient intelligences merge with the environment, shaping how social relations 
can be enacted within them (cf. Verbeek, 2015). In immersion relations, “my” 
projections (of e.g. plans, desires, norms) are co-shaped by technologies which 
become indistinguishable from a space itself, and how “I” share the latter with 
“contemporaries” (Nebenmensch, Schütz, 1972:142-143) is shaped accordingly. In 
contrast to background relations, Verbeek schematizes immersion relations in a 
way in which any ‘I’ can enter a technologically fused world:

I ↔ Technology/World

Immersion Relations

Additionally, Verbeek further differentiates this kind of relation to bring 
about a “bifurcation” (Verbeek, 2015:220) of intentionality. Immersion relations 
such as with augmented reality goggles transpose human intentionality onto two 
“tracks” (ibid.:220): mediated experience constantly alternates between hermen-
eutic and immersive aspects (↔), between reading layers of information and 
embodied actions in immersive environments.

With the elaboration of post-phenomenology as mediation theory as well as 
the reflective engagement with emerging technologies, Verbeek achieves an 
expansion of the Ihdean program not only theoretically, but also in terms of its 
accessibility and applicability. By more clearly foregrounding the responsibility of 
engineers and designers in shaping the things that shape people’s lives (cf. idem., 
2006:203ff, 2011:90ff), Verbeek positions post-phenomenology as a useful and 
parallel framework in such practices. For instance, Verbeek frequently argues that 
design is philosophy “by other means” (idem., 2006:212) because developing 
artefacts, products or services are practices of shaping technological mediation. 
This equivalence aligns with Ihde’s empirical-pragmatist orientation, and also 
reflects his attitude that philosophers should be involved in research and develop-
ment processes (cf. Ihde, 2012:332). Accordingly, Verbeek’s expansion furthermore 
demonstrates that post-phenomenology is a continuous endeavor to investigate 
technologically mediated subjectivity and objectivity. In the following, I will 
briefly summarize how Ihde’s and Verbeek’s post-phenomenological foundations 
may generally support AI studies, before subsequently interrogating post-phe-
nomenological investigations of information and AI technologies to see whether 
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this potential is already being fulfilled.

1.6. Summary: Potential for Post-Phenomenological Contribution to AI 
Studies

To sum up this section, post-phenomenological modes of questioning, 
positioned above as a pragmatic interpretation of the technological transforma-
tion of human-world relations, can engage questions heretofore neglected. Post-
phenomenology, as a still fundamentally hermeneutic and existential phenomen-
ology, is invested in uncovering the relations through which things not only 
become apparent, but rather the more fundamental structures which make 
specific appearances (and their attendant possibilities for action) meaningful to 
specific human involvement. In this sense, post-phenomenological AI studies 
could center on how symbolic representations of AI technologies (as e.g. inter-
faces, chatbots, avatars) map to micro- and macroperceptual experience, and 
reveal what kind of human ‘self’ in what kind of context is disclosed therein. 
Inquiries in this mode could, therefore, investigate how diverse actual manifesta-
tions of AI technologies concretely relate to human self-understanding, and how 
this relates to challenges such as automated labor or human enhancement. 
However, just because post-phenomenology can contribute fundamental modes of 
questioning to empirical AI studies, this does not immediately guarantee how 
exactly this is to be secured conceptually and methodologically. 

Particularly in Ihde and Verbeek, it is challenging to see how post-phenomen-
ology can grasp AI technologies specifically, or even information technologies 
more generally. First, while Ihde has considered the latter in many sections of his 
work, such investigations are along the established spectrum of human-techno-
logy-world relations. For example, while Ihde contrasts the differences in ‘with-
drawal’ between a cellphone and Heidegger’s paradigmatic hammer (Ihde, 
2012:327ff), the unit of analysis remains the embodiment relation constituted by a 
focal artefact—the ‘cellphone-at-hand’—rather than the networks that support the 
presencing and dedistancing it brings about. Second, as I have suggested in the 
section on Verbeek above, the need for novel hermeneutic edifices to grasp 
phenomena are not brought about by the inexhaustiveness of Ihde’s initial four 
human-technology-world relations. On the contrary, as Verbeek’s case studies on 
augmented reality goggles or ambient intelligences indicate, there has been some 
fundamental change in the world that requires new framings and interpretations 
of intentionality structures or technological mediation. However, other than 
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characterizing this change as ”[our] material world is developing into an active 
and intelligent counterpart, rather than a mute, stable and functional 
environment” (Verbeek, 2015:218), it is not exactly clear what it is about informa-
tion technologies that brings about this change, and whether this requires new 
interpretive tools or lines of inquiry for post-phenomenology.

In sum, both Ihde and Verbeek subsume information technologies generally 
under the specific aspects ascertainable in material hermeneutics, such as artefac-
tual opacity/transparency or mediated amplification/reduction. Whether post-
phenomenology has attained a sufficient basic grasp to differentiate “twenty-first 
century media” (Hansen, 2015:37), such as social media from twentieth century 
technoscience, accordingly remains to be seen. Therefore, in the following section, 
I will carry out a review of a selection of post-phenomenological studies to more 
precisely outline whether the field can actually conduct exhaustive inquiries with 
regards to AI technologies more generally.

2. Interrogating the Status Quo of Post-Phenomenological Inquiries

This section will probe whether the status quo of post-phenomenological 
inquiries exhausts the modes of questioning that the framework could contribute 
to empirical AI studies. As a full review of the post-phenomenological field is 
beyond the scope of the argument I pursue, at this point I foreground work which 
uses the existing framework to its fullest extent in research areas related to AI 
technologies. Differently put, I choose cases that make use of the theoretical and 
empirical-analytical toolkit in order to discern and systematize novel interpretive 
tools (e.g., new human-technology-world relations) across the domain of informa-
tion technologies. On the one hand, this will evidence the general generativity of 
post-phenomenological investigations into the latter; yet on the other, also show 
significant gaps in the status quo more clearly. The cases I discuss in the following 
are furthermore selected to cover a wide range of human-technology-world 
relations and domains. Specifically, I have selected Gertz’s discussion of nihilism 
relations, van den Eede’s investigation of fitness trackers, Bergen and Verbeek’s 
study on to-do apps, Wellner’s analysis of smartphones and writing relations, 
Wiltse’s investigation of digital material mediation and Hongladarom’s treatment 
of facial recognition technology (Table ii). 

Table ii: Overview of the selected case studies, their contribution to post-phenomenology 
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generally and specific domain of investigation.

Case Contribution / Focus Domain
Gertz Nihilism Relations Media Platforms

van den Eede Embodiment Relations Quantified Self

Bergen and Verbeek Confronting Relations To-Do Apps

Wellner Writing Relations Predictive Writing

Wiltse Digital Material Mediation Digital Technologies

Hongladarom Machine Hermeneutics AI / Facial Recognition

While Wellner and Hongladarom are the only case studies20 found which 
explicitly consider AI technologies, the overall situatedness of AI technologies 
within information technologies make the latter a fitting field to probe in how far 
post-phenomenological lines of inquiry may already answer the research ques-
tions (or parts thereof) pursued in this dissertation (see Introduction, 3.). In the 
following, I will briefly describe each case study to highlight its contribution to 
post-phenomenology and how this may support AI studies, before discussing 
whether further problematizations in the respective inquiries are called for. From 
the discussions, I outline first indications regarding specific hurdles in the 
development of post-phenomenological AI studies.

2.1. Nihilism Relations: Gertz

The first in this selection of case studies is from Gertz’s Nihilism and 
Technology. I make this selection first because Gertz’s proposal of nihilism relations 
are more fundamental than the subsequent case studies, and second because there 
are continuities with how critical debates of AI technologies are currently formed. 
However, the terminology of nihilism may too easily suggest a superficial, high-
altitude criticism, which should first be cleared up. Gertz stresses that there is a 
sharp distinction to be made between positive and passive nihilism, or the active 
questioning of normative consensus and the passive acceptance of any norms (cf. 
Gertz, 2018:10ff). Yet, it is perhaps fitting that the focus of his analyses, and indeed 
where his most expressive contributions with regards to post-phenomenology lie, 
are on a giving-over in contemporary subjectivity to information technologies, and 
in particular, networked media platforms. On the one hand, this echoes to a 

20 As of December, 2021.
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certain extent the critical voices on AI technologies in O’Neill, Zuboff, or FAccT 
research (cf. Introduction, 1.2.). On the other hand, however, Gertz’s philosophical 
explication also shows how post-phenomenology can contribute to the blindspots 
of this discourse. 

Gertz’s nihilism relations show how specific technological platforms config-
ure human-technology-world relations in which “our concern [for our Dasein]” 
withdraws, and we are rather given-over to concerns that feel “as if” (ibid.:55) they 
are ours. As Gertz pointedly notes, we tend to say “‘I can’t believe I spent all day 
on my computer,’ rather than, ‘I can’t believe I am not taking responsibility for 
having spent all day on my computer’” (ibid.:55). Accordingly, Gertz proposes an 
Ihdean schema that sees the co-constitution of an “I” passively dependent (( - 
I)) on the ways in which technological intentionality pre-configures the world:

Technology → World -( - I)

Nihilism Relations

Especially the “platform capitalism” (Srnicek, 2017:50ff) of Netflix or YouTube 
can be seen in this light. Insofar as algorithmically derived content-feeds suggest 
serendipitous discovery, they mediate an experience as if there are choices which 
are my own. This a subtle differentiation of the problematizations that dominate 
skepticism of AI technologies: rather than opaque technological oppression, 
Gertz’s nihilism relations instead suggest how contemporary technologies 
constitute a tempting passivity for delegating choices and desires to feedback 
loops, which can ultimately be commodified. This opens up further questions, 
which I argue allow us to begin inquiries into the relationship between AI 
technologies and phenomenological experience: What is it that makes this giving-
over possible, or rather, what manifests giving-over as a relation to the world? 

To be sure, Netflix or YouTube user interfaces appear to people in experience, 
making apparent the matters that we can give-over-to in recommended ‘content,’ 
auto-cues and so forth. Yet, what about the computational processes that precede 
recommendations? One could argue that such processes are out of scope for 
Gertz’s assessment as the latter is directed at unearthing how nihilism can be a 
generative analytical dimension for post-phenomenology, whereas considering 
computational processes would be disjunct from the nihilism-infused relationship 
between human and world.  In another way, however, Netflix proves a perfect 
case to illustrate that such separations of `spheres of concern’ are increasingly 
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troubled by AI technologies; as the latter permeate every aspect of technological 
mediation. For example, Netflix uses a plethora of AI technologies across every 
niche of its platform: deep learning for recommendations (cf. Fenton and Das, 
2019), computer vision for the selection of thumbnails (cf. Chandrashekar et al., 
2017), and neural networks for the compression of streaming (cf. Ekanadham, 
2018). In effect, though admittedly out of scope to Gertz’s analysis, my giving-over 
relies on specific operations on the world to be available for being-given-over-to-me. 

Put in terms of post-phenomenology, the mediated intentionality of giving-
myself-over-to Netflix cannot be constituted without there being some involve-
ment with the world by AI technologies that form no part of my intentional 
experience. From the pre-selective arrangement of all the things (navigational 
elements, films and TV shows) I can give over to, to the preview-thumbnails that 
focus my potential giving-over-to, to the actuality of giving-over-to in smoothly 
streaming some ‘content’—AI technologies are involved in each and every aspect. 
However, to fulfill the post-phenomenological promise of a more fundamental 
line of inquiry, it would not do to argue that this means there is some technologic-
al determinism at work. On the contrary, it would require a look ‘beyond’ the 
immediately experienced artefact that ordinarily is the focus of post-phenomeno-
logical analyses. This problematization of Gertz’ analysis, then, indicates that 
there are significant questions lurking for post-phenomenological AI studies to 
contend with, most dramatically the question on where to draw the line between 
analyses of situated human-technology-world relations and the efficacy of 
technologies outside of yet involved with their manifestation.

2.2. Doubling the Subject: Van den Eede

In focussing on digital self-tracking technologies (e.g., fitness watches, 
wearable sensors), van den Eede highlights how post-phenomenology allows for 
an analysis of the “intensified technological mediation of the ‘generic’ act of 
monitoring and tracking oneself” (van den Eede in Rosenberger and Verbeek, 
2015:144) such technologies bring about. Specifically, the need for post-phe-
nomenological investigations in this case study emerges on the one hand regard-
ing ”the enmeshment of bodies, technology, and perceptual experience” 
(ibid.:144), and on the other by shedding a light on this new phenomenon beyond 
"explicit or implicit cultural presuppositions” (ibid., 144) that, for instance, 
marketing campaigns may act on. By choosing these technologies, van den Eede 
investigates phenomena related to the novel ways of discovering oneself medi-
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ated by information technologies. 

There are two initial themes that van den Eede explicates from his analysis. 
First, engaging in self-tracking leads to the constitution of a “data double” 
(ibid.:145ff), which plays out in multistable mediations of human-world relations: 
Self-tracking technologies co-constitute a technologically constituted, separate self. 
Second, van den Eede argues that self-tracking technologies also bring about 
relations with this self in normative ways—such as “living by numbers” in the 
image of the “Quantified Self movement” (ibid.:149). In effect, van den Eede 
thereby precisely explicates how self-tracking technologies embody particular 
‘thingly interpretations’ in line with Ihde’s material hermeneutics: a way to make 
my-self readable through quantified means.

A potentially significant post-phenomenological contribution to empirical 
studies of information technologies can be described here. Van den Eede offers an 
interpretation of technological intentionality in this domain: the smartwatch 
embodies a particular legibility of perceiving and acting in the world. Such self-
tracking technologies ‘give’ access to the world in a particular way of ‘reading’: 
the continual, individualistic optimization of late-capitalist subjectivity is consti-
tuted via a “data-double”; and, furthermore, routines which affect this double 
become “known” to be capturable-as-data (ibid.:155). Van den Eede continues to 
outline that this is a particular non-isomorphic technological mediation. The fact 
that ‘my’ data double feels both like it does and yet does not belong to me 
specifically, is brought about by a technological mediation of ‘microstuff’ (e.g., 
steps, heart rate) which could not become the object of my unmediated 
experience.

However, I argue that this point of van den Eede’s investigation can be 
further problematized. Specifically, once the self-tracking device (e.g., a smart-
watch) recedes into the background, van den Eede argues that it ceases to be of ”
concern to (post)phenomenology, which limits its research to the immediately 
given” (ibid.:146). While this statement can be debated in terms of the latter part 
(as I will in the concluding section of this chapter), it is striking that the back-
ground is deemed non-essential—background relations have been explicitly 
outlined by Ihde as one of the original four human-technology-world relations. 
Additionally, van den Eede himself had prior to this statement referred to the 
figure-field-horizon structures (here, a spectrum from focussed to fringe aware-
ness) of existential phenomenology (cf. ibid.:145).
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In this regard, and even more importantly, van den Eede also suggests that 
there is a certain atmosphere to self-tracking, in the sense that the constructed data-
double offers readings of my relationship to the world (in e.g. data visualizations) 
which, through a hermeneutic relation, feel like I am their origin. The notion of 
atmosphere here is important. Indeed, Ihde has argued that background relations 
are not the ultimate form of ways in which ‘absent’ technologies mediate experi-
ence, but that there are also “horizonal phenomena” (Ihde, 1990:112). To Ihde, 
such phenomena describe feelings or atmospheres that are related to technologies, 
without the latter being recoverable into our immediate bodily-perceptual 
experience. An example is the “vague fear or anxiety related to the possibility of 
nuclear threat” (ibid.:114)—a kind of technologically mediated “attunement” 
(Heidegger, 2010:130) to the world that is not reducible to any one particular 
artefact. The relationship between `smart’ devices, their involvement in the world 
and the kind of data-driven atmospheres that humans experience, then, can be 
seen as a first indication of what post-phenomenological AI studies may investig-
ate. And indeed, as will be shown further below, horizonality will emerge as the 
precise problematic and opening for post-phenomenological AI studies.

2.3. Confronting Relations: Bergen and Verbeek

In an investigation of the to-do application Habitica, Bergen and Verbeek use 
mediation theory and post-phenomenological analyses to explicate the interrela-
tionship of technological mediation and Foucault’s “technologies of the self” 
(Foucault, 1988:18). The latter are proposed by Foucault to describe technologies 
which permit humans "to transform themselves in order to attain a certain state of 
happiness, purity, wisdom, perfection, or immortality” (ibid.:18). Bergen and 
Verbeek are interested in how technological mediation can expand studies of such 
kinds of practices,21 particular with regards to “the motivating force of the 
confrontation with myself [in technological subjectivation]” (Bergen and Verbeek, 
2021:332).  At first, Bergen and Verbeek’s investigation can be seen as repeating 
those thematic concerns of van den Eede’s analysis of self-tracking technologies. 

21 The authors also discuss how Levinas’ phenomenology of the self further augments 
Foucault’s technologies of the self; but for the sake of clarity I restrict my discussion to the 
latter as it is in line with other post-phenomenological research, such as Verbeek’s 
importing of Foucauldian ethics to study how designers and engineers “materialize 
morality” (Verbeek, 2011:19).



68

The technological artefact in question, the Habitica interface, also mediates the 
world as a self-improvement stage through quantification and operationalization 
of everyday actions. However, Habitica additionally does so in the form of 
gamification, presenting itself in the semantic-symbolic style of a role-playing 
game: animated characters, “party”-like multiplayer functionality, and tasks as 
“monsters” that are to be “defeated” in order to obtain “rewards” (cf. ibid.:329ff). 
This allows Bergen and Verbeek to expand what van den Eede had hinted at in 
the construction of a data double in self-tracking technologies. 

To do so, Bergen and Verbeek interrogate what exactly the self is that I am 
confronted with in relating to Habitica. Concentrating on how a post-phenomeno-
logical “I”relates to the app, the authors outline how Habitica in fact thematizes 
my “self” in a way that calls for practices “to consciously subjectivate [myself]” 
(ibid.:331), i.e., to strive for an improving transformation of this self in Foucault’s 
sense. Bergen and Verbeek, however, do not rest on this argument, but rather 
further inquire into what particular structures can be used to analyze this desire 
for transformation in the first place. That is, they engage exactly in the type of 
investigation I have argued is urgently needed in AI studies: the inquiry into how 
technologies make particular ways of being-in-the-world possible in the first 
place. First, by constructing an avatar that represents my task-bearing day-to-day, 
Habitica confronts me in a way that renders me as “other to myself” (ibid.:333). 
Bergen and Verbeek therefore suggest a schemata integrating composite and 
alterity relations, as the presentation of an avatar as other-to-myself is entirely 
technologically thematized ([]) for human intentionality (⇒):

I ⇒ (technology → [self])

Confronting Relation (Individual)

Similar to van den Eede’s non-isomorphic data double, the discrepancies 
between this rendering and my sense of self “may call me to action” (ibid.:333). 
The second way in which confronting relations can play out is distinctly social: 
insofar as others, such as friends or family, can become members in a party of 
‘selves,’ the way that Habitica presents their avatars constitutes a further distan-
cing of the self. As these others are placed within a field of my responsibility (e.g., 
maintaining party cohesion, solving tasks), “I” become thematized in a confront-
ing relation with the “self” that I, in the first case, merely contemplate. In effect, 
this confrontation implies that the self of my avatar can allow “me” to contribute 
to the goals of the Other(s). Bergen and Verbeek therefore schematize the medi-
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ation of a social space of confrontations as follows:

I ⇒ (technology → Other) → [I]/[self]

Confronting Relation (Social)

In this way, Bergen and Verbeek contribute to an understanding of a world in 
which confrontation with the self via information technologies is part of the 
everyday. Similar to what I have proposed as the potential contribution of post-
phenomenological AI studies, the authors’ work allows for a more fine-grained 
understanding for how technologies such as to-do apps shape the actions we 
pursue in search for ‘living well.’ Furthermore, however, I propose that a prob-
lematization of Bergen and Verbeek’s analysis can also be undertaken. This is not 
to be located exactly in the propositions they make, but the site of investigation to 
which they delimit their inquiry. It is the site of representation, of the interface in 
which the I is confronted with a self in a particular arrangement of symbols. To be 
sure, this site, the situated bodily-perceptual encounter, is where the “truth” (in 
the sense of “facticity,” cf. Heidegger, 2010:57) of the I-self confrontation manifests. 

However, similar to van den Eede, how our confronting relation with Habitica 
manifests cannot be entirely divorced from computational processes that are not 
as experientially ‘available’ as the avatar. For instance, external developers may 
program challenges, items or features for the open source application.22 Similar to 
the platforms that Gertz criticizes through nihilism relations, there are infrastruc-
tural processes which guarantee that “I” am confronted with the figure of a “self” 
in a particular arrangement of e.g. quests, challenges or community features—
which structure how I confront-myself-with-myself. This problematization 
indicates that the particular embedding of human-technology-world relations 
might need to be further interrogated regarding information technologies, let 
alone AI technologies.

2.4. Writing Relations and Algorithmic Media: Wellner

Above, I have shown that information technologies provoke further refine-
ments of human-technology-world relations, which is addressed in Wellner’s 
investigation of cellphones and “algorithmic writing” (Wellner, 2018:13). This 
review is also the first explicit discussion of AI technologies from a post-phe-

22 https://habitica.com/apidoc/, accessed 26/02/2021.
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nomenological perspective, namely, machine learning (ML) algorithms. In earlier 
studies, Wellner had already noted the transition of cellphones from devices for 
de-distancing the other towards a predominance of “writing relations” (idem., 
2017:217). Wellner had furthermore argued that the latter represent a type of 
hermeneutic relation that transcends the previous post-phenomenological grasp
—which, while recognizing Ihde’s transposing of hermeneutics from textuality to 
materiality (see also above, 1.2.), is still mostly concerned with “reading.” In 
contrast, Wellner succinctly summarizes the historical shifts in writing relations, 
distinguishing three evolutionary stages between the utensil-bound writing of 
early human civilization, the gradual mechanization of the printing press of early 
modernity, and eventually the personal computer’s digital word processor (idem., 
2018:212ff). Wellner proposes algorithmic media as a fourth evolutionary stage 
which differs dramatically from its predecessors. In contrast to situated bodily-
perceptual involvement with artefacts, “the technological artifact that produces 
algorithmic media is a server hidden from the users, [shifting reality to] that 
which can be grasped by the algorithm” (ibid.:208). In other words, what can be 
humanly read is increasingly conditioned by what can be algorithmically written.

Wellner’s schema for writing relations in algorithmic media addresses this 
scenario, in which the established relations call for a new “permutation” 
(ibid.:218) of established human-technology-world relations. At the same time as 
algorithmic writing is directed at “texts” (e.g., weather forecast articles, but also 
graphs and charts) which constitute technological artefacts that an “I” is oriented 
at (⇒), the process of algorithmic writing is also furthermore directed at a pre-
reflective intentionality (←), because perception of the written objects can only 
occur after writing:

I ← algorithm ⇒ text → world 

Writing Relation (Algorithmic Media)

In effect, while Ihde’s hermeneutic or Verbeek’s composite relations focus on 
the representation of aspects of the world through technological artefacts, Wellner’s 
discussion on algorithmic writing reflects a more subtle, transparent (in the 
phenomenological sense) modulation of human intentionality by technologies 
that are not “read” in the same sense as in other human-technology-world 
relations (e.g., a map). For instance, Wellner’s schema suggests, similar to my 
arguments made above, that there are particular technological transformations 
that are prior to the manifestation of phenomena such as Gertz’ giving-over, or 
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Bergen and Verbeek’s confrontations; which urgently need a suitable interpretive 
grasp for post-phenomenological analyses.

In this sense, I agree with Wellner that post-hoc legibility of or via technologic-
al artefacts should not be the primary concern in post-phenomenology. On the 
contrary, as is becoming increasingly clear, algorithmic media technologies are 
actively writing the world that “we” read in a way not exhausted by a priori “thing 
interpretations.” However, I posit that an appropriate empirical-analytical 
investigation should also be able to distinguish between various modes of writing, 
and whether such modes evidence particular intentionalities—rather than 
encapsulating this in a broad category of “algorithms,” which includes a wide 
range of technologies that may or may not be pertinent for analysis. Differently 
put, post-phenomenological analyses should be able to account for qualitative 
differences between e.g. the capturing of sensor data, a database entry according 
to preconfigured schemata for the sensor readings, and an actual AI technology 
such as a neural network. That is, while all may be involved in the material make-
up of an artefact we refer to as ‘smart,’ there are qualitative and quantitative 
differences between them. Whereas Wellner correctly distinguishes an epochal 
shift of media, a further characteristic of contemporary media is arguably a 
plethora of types and modes of writing. The question that writing relations pose to 
post-phenomenological AI studies is, accordingly, whether the proposed broad 
relationship between “algorithm” and “text” holds—or whether there are crucial, 
fundamental differences to be discerned.

2.5. Digital Material Mediation: Wiltse

Wiltse’s research on “digital material mediation” (Wiltse, 2014:155), like 
Wellner, further advances the post-phenomenological program into areas not 
previously considered by Ihde. Specifically, Wiltse argues that digital technologies 
necessitate further exploration in terms of technological mediation because digital 
technologies are more actively involved with the world than those considered by 
Ihde and Verbeek (cf. ibid.:166). Additionally, also like Wellner, Wiltse sees 
Verbeek’s composite relations as a fruitful departure point, but insufficient to 
fully capture the particularities of information technologies. Rather than subsum-
ing technological intentionality and technologically mediated intentionality 
through one artefact as still present in composite relations, Wiltse argues that 
differentiating between a human-directed “trace” (e.g., a user interface) and a 
world-direct “substrate” (e.g., algorithms) (ibid.:167), respectively, more clearly 
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captures the distributed involvement that information technologies evidence:

I → ([trace | substrate] → world)

Digital Material Mediation (Composite Relations)

Wiltse argues that this schema of digital material mediation (here applied to 
composite relations) more clearly shows that digital technologies are always 
distributed, and always rely on interconnecting input-output relations between 
components. Additionally, trace and substrate can evidence various modes of 
“uncoupling” (ibid.:170) human intentionality. Wiltse indeed goes further than 
Wellner in differentiating accordingly, proposing (i) functional uncoupling as 
concerning the basic distinction between a “capturing” substrate and a “display-
ing” trace, (ii) perceptual uncoupling describing more specifically the inaccessibilit-
ies of the “sensing” substrate, and (iii) temporal uncoupling addressing the radical 
temporal distribution in information technologies, for example in generating 
statistical models from historical data (ibid.:170-176). Wiltse’s account of digital 
material mediation, then, could allow for a first formulation of post-phenomeno-
logical questions for AI technologies; such as: How do specific uncouplings in AI 
technologies relate to the technological mediation of empirically manifest human-
technology-world relations? The question suggests that post-phenomenology 
may not be restricted to the intuitively given, but furthermore to the ‘infrastructur-
ally’ constituted. Therefore, Wiltse’s arguments seem to be directly transposable to 
the challenges AI technologies on, e.g., the couplings of training data or al-
gorithmic opacity, bring forth. However, this is also where a complication 
emerges regarding the ‘trace-substrate’ interpretation of digital material medi-
ation. 

Wiltse is adamant to keep ‘material’ in her terminology due to the fact that 
each and every sensor, interface or device must somehow relate to some “phe-
nomena in the physical world” (ibid.:159). In one way, this is undoubtedly correct, 
as each computational process relies at the very least on some form of silica 
located somewhere; whether my laptop, a datacentre on another continent or an 
orbiting satellite. As Wiltse argues,“technologies that respond to activities must 
have a material component that is the interface between the physical phenomen-
on and its captured digital representation” (ibid.:159). However, phenomena that 
are represented in a trace may not have any hermeneutically significant relation-
ship to their substrate silicate origin—such as queries of data on algorithmic 
trading. Differently put, the substrate does not stand in a linear relationship to the 
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trace that I experience and that shapes my intentionality with or towards it. 

This is an important point: there is not a substrate in the same sense as there is 
a trace. Wiltse already shows this in differentiating between the abstraction of a 
physical phenomenon and its non-isomorphic digital representation. In effect, 
therefore, I contend that Wiltse’s differentiation between trace and substrate of 
digital ICTs does not go far enough: the separating “|” obscures relations of 
writing between trace and substrate in Wellner’s sense. In other words, there is an 
interdependence between trace and substrate that is expressed in the ‘world-
directedness’ of the substrate giving rise to the ‘subject-directedness’ of the trace. 
This interdependence, I argue, is precisely the site that Wiltse’s analysis opens up 
for further investigation. What is the ‘operativity’ (Verbeek) in the relationship 
between trace and substrate, and how does it bear on either side of subject- and 
world-directedness? Wiltse’s analysis therefore suggests that not only writing 
relations require further qualitative differentiation, but rather that their constitu-
ent components (e.g., trace|substrate) are of an unclear ontological status for post-
phenomenological analyses.

2.6. Doubling the World: Hongladarom

In a recent article, Hongladarom uses post-phenomenology to probe facial 
recognition technology, investigating possible ways of relating to the world that 
the latter may constitute. It is noteworthy that, at the time of writing, this is one of 
only two case studies explicitly concerned with a particular application of an AI 
technology (besides Wellner’s paper discussed above). It is not surprising, 
however, that the technology in question is facial recognition. Out of all AI 
technologies, the latter have probably been one of the most publicly and critically 
discussed in recent years. It is precisely this reason that motivates Hongladarom’s 
analysis, in which he most prominently proposes an addendum to Ihde’s material 
hermeneutics in the form of “machine hermeneutics” (Hongladarom, 2020:2). 
Paraphrasing his argument, the latter is necessary because due to AI technologies, 
things no longer just ‘have’ interpretations embedded within their material 
configuration; but rather ‘do’ interpretation actively (cf. ibid.:2). In the following, I 
focus on the brief case study Hongladarom presents regarding facial recognition 
technology.

Hongladarom distinguishes facial recognition technologies from the kind of 
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imaging technologies Ihde has studied, because unlike the latter, the former can 
be seen as “doing their own hermeneutic stuff” (ibid.:2) in the form of decision 
making on statistical patterns. Subsequently, Hongladarom imagines possible use 
contexts for facial recognition technologies such as in augmented reality goggles 
for policing. In contrast to the withdrawal of traditional, sight-correcting glasses 
that Ihde picks as an example for embodiment relations (cf. Ihde, 1990:48ff), 
however, Hongladarom’s use case is both phenomenologically transparent and 
opaque. In the sense of the former, the goggles withdraw when integrated into a 
wearer’s body schema, yet the technology is opaque all the same as it renders 
outputs of facial recognition (i.e., framing suspicious faces in pixel-rectangles, 
showing statistics) into someone’s bodily-perceptual experience. Given that the 
opaque objects of facial recognition are based on data that is neither co-given with 
the context of experience (i.e., historical training data) nor empirically accessible, 
Hongladarom proposes a general schema for his machine hermeneutics as 
follows (cf. Hongladarom, 2020:6):

I — technology — World2 — AI — World1

Machine Hermeneutics

This general schema for machine hermeneutics attempts, similar to Wellner 
and Wiltse’s work, a separation of phenomenological experience (i.e., with or via 
“technology”) from the kind of strong world-directedness that AI technologies 
such as facial recognition technologies evidence. The “raw images” (ibid.:6) of 
facial recognition originate from empirical-quantitative data, yet this ‘datafied 
world’ is not congruent with the world mediated by technological artefacts (such 
as augmented reality goggles). Following Hongladarom, therefore, AI technolo-
gies provoke post-phenomenological investigations that center on the transform-
ative relationship between a technologically ascertained “World 1” and a techno-
logically mediated “World 2” (ibid.:6). The proposed schema, therefore, seems to 
be readymade for advancing the kind of contribution I have argued post-phe-
nomenology can make to empirical AI studies. However, there are a series of 
problematizations that can be undertaken with regards to Hongladarom’s inquiry. 

First, Hongladarom is mostly focussed on the appearance of AI outputs in 
specific human-technology-relations relations, such as the embodiment relations 
with security service goggles. Similar to Wiltse’s or Wellner’s differentiation, 
Hongladarom here distinguishes between technological artefact and the fully 
withdrawn AI technology. Indeed, it is a recurrent theme in post-phenomenolo-
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gical analyses of both information and AI technologies that they seem to have 
‘their’ world. Hongladarom goes even further, arguing that “what we take to be 
external, objective reality, is an outcome of machine hermeneutics” and that 
accordingly, “we ourselves find that we are more and more being integrated into 
the machine world” (ibid.:7). Objective reality, in this case, is meant to be how the 
world is apparent (i.e., as objectivity) in human-technology-world relations, 
whereas the ‘machine world’ consists of autonomous interpretations. Second, 
however, if remaining on the symbolic level of AI technology outputs could be 
justified by the empirical orientation towards human-technology-world relations, 
there is a resulting issue that remains unresolved: the ‘doubling’ of the world is 
phenomenologically speaking impossible. 

Phenomenologically, the world is not an ‘objective reality’ that can be appor-
tioned to an exclusively human side—which Ihde’s post-phenomenology would 
also deny—but rather a “horizon that delimits each and every phenomenon” 
(Geniusas, 2012:2). Different to the emergence of horizonality in van den Eede’s 
analysis of self-tracking devices, however, here it is brought into context not as an 
atmosphere, but rather direct technological involvement in how the world itself is 
structured for experience. In this sense, understanding the world as a unified horizon 
raises questions about technological intentionalities that seem to not be ‘locatable’ 
in human ‘artefactual’ access to the world, yet shape the latter nonetheless. 
However, Hongladarom’s inquiry does not address these facets but rather 
circumvents it through the ‘doubling’ of the world. Accordingly, this case surfaces 
a broader issue for post-phenomenological interpretation entirely: how technolo-
gical intentionalities relate to the world exclusively without any discernible 
‘artefactual consequence.’

2.7. Conclusion: Ontological Concerns in Post-Phenomenology

The above review of post-phenomenological analyses of information and AI 
technologies has highlighted a series of issues. Most obviously, besides the work 
of Hongladarom and Wellner, which as discussed above does not address the 
specificities this dissertation seeks out, there are no post-phenomenological 
studies explicitly concerned with specific AI technology applications. This is a 
profound gap in the framework’s grasp on the current technosphere, in which 
both directly and indirectly AI-driven advances have broad consequences (see 
e.g., Introduction). Nonetheless, the case studies and some of my own problemat-
izations contribute towards a refined problem space for post-phenomenological 



76

AI studies. Put in the broadest terms, this problem space is shaped by the lack of a 
sufficient account for what goes on ‘beyond the screen,’ that is, beyond the 
human-scale site of inquiry. This lack manifests as distinctly ontological concerns 
for post-phenomenology’s material hermeneutics. 

First, there is a problematic relationship between the intentional relations 
between humans and technological artefacts on the one hand, and the additional 
relations that information and AI technologies apparently have to the world on 
the other. The latter is especially problematic: the world that these technologies 
relate to is, on the one hand, clearly a technoscientific construction (e.g., as binary 
data). On the other hand, the manifestation of the technologically mediated world 
in post-phenomenological analyses cannot be apportioned as an entirely separate 
domain. Accordingly, the question on where to draw the line between human-
technology-world relations and the efficacy of technologies outside of this current 
empirical limit expresses the ontological concern most clearly. The issue of 
horizonality as has been identified from van den Eede and Hongladarom’s work 
as a key problematic to post-phenomenology in this regard: how are AI technolo-
gies both involved in transforming the appearance of as well as appearing in the 
world?23 

As a second ontological concern for material hermeneutics, there are qualitat-
ive differences to be made in interpreting contemporary information and AI 
technologies themselves. This is evidenced on the one hand by the recurring 
attempts at differentiating between empirically accessible artefact and opaque 
infrastructure in Wellner, Hongladarom and Wiltse; and on the other by the 
plurality of questions left in their wake. I argue that the need for qualitative 
differentiation among technologies that are not reducible to human-technology-
world relations suggests that the empiricism post-phenomenology lays claim to 
may be too narrowly defined. As I have argued, neither equating artefact and 
infrastructure, nor separating world into human and machine is consistent with 
phenomenological ontology. 

Strikingly, Zwier and colleagues’ phenomenological critique of post-phenomen-

23 As will be shown later in the next chapter (see Chapter 2, 3.), there are theoretical 
infusions available both from contemporary theorists in the phenomenological tradition as 
well as more experimental philosophies. However, as will also become clear, post-
phenomenology’s claim to empirical-analytical modes of questioning cannot be easily 
augmented by them.
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ology strikes a similar chord: Their concern is that Ihde’s program foregoes a 
fundamental category of (specifically Heideggerian) phenomenological inquiry; 
namely by remaining on an ontic, or “innerworldly” (Heidegger, 2010:56) level. 
This critique asserts that in fact, post-phenomenology’s objects of inquiry are 
already unwittingly pre-determined through post-phenomenology itself as a “theoret-
ical attitude” (idem., 2010a:32) on the world. Differently put, post-phenomeno-
logy already ‘has’ its world preselected as human-technology-world relations. 
Zwier and colleagues attribute this to the “content pragmatism” (Zwier et al., 
2016:319) of Ihde’s empirical turn, asserting that post-phenomenology is actually 
phenomenologically speaking shallow because it neglects a level of questioning 
that asks how it is that human-technology-world relations themselves manifest. 

Accordingly, this phenomenological critique suggests not only that specific 
technologies have so far not been sufficiently grasped (through, e.g., dedicated 
interpretive tools), but rather that there is a fundamental deficiency in how the 
analytical category of ‘world’ is framed in post-phenomenology. This critique is 
considerable—particularly in light of my goal to enable post-phenomenological 
AI studies, as it echoes the limitations I have found in the field. Yet the question 
remains whether there is an alignment—with Heideggerian modes of inquiry or 
other less ‘empirical’ phenomenologies—that can be productively pursued. For 
this to be elaborated, however, I argue that a particularly promising angle of 
interpretation needs to be discerned. In the following, I therefore conclude this 
chapter by suggesting that a turn towards philosophy ‘by other means’ (Verbeek) 
can help situating the problem space for post-phenomenological AI studies more 
clearly.

3. Summary: Ontological Problems Looking for Empirical Questions

In this chapter, I have first expanded on what modes of inquiry post-phe-
nomenology pursues, and how these may enrich contemporary AI studies, and 
whether the status quo of post-phenomenological investigations can be said to 
fulfill this promise. This was found to be a problematic interrogation, as the 
framework seems to not have gained an exhaustive empirical-analytical foothold 
on either information or AI technologies: neither in terms of whether such 
technologies are qualitatively distinct in their mediation of human-world relations, 
nor how the latter can be interpreted if this is the case. Indeed, these two criticisms 
of the status quo point to fundamental difficulties that relate to Ihde’s material 
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hermeneutics, and the ‘restricted’ empiricism this foundational concept prescribes 
for post-phenomenology. Yet, whether this can be productively addressed 
through Ihde’s ‘empirical-pragmatic’ and Verbeek’s ‘methodological post-
humanist’ turns remains unclear. 

Even though we can answer the question if post-phenomenological research 
is exhaustive with regards to AI technologies in the negative, we are immediately 
faced with a new one: How can this latest technological transformation be 
interpreted post-phenomenologically? Indeed, in closing the previous section, I 
noted how the issues found in the status quo recall the substantial critique by 
Zwier and colleagues; which alleges that post-phenomenology has ‘its’ world pre-
selected by relying on already-understood human-technology-world relations. To 
the critics, this indicates that post-phenomenology, contra Ihde, is not in a 
position to interpret the world phenomenologically—because this would mean 
questioning the appearance of human-technology-world relations in the latter in 
the first place. Accordingly, the alignment of identified concerns with this sub-
stantial critique brings forward the most fundamental research question for post-
phenomenological AI studies: from what angle of interpretation can it approach its 
objects of inquiry at all (see Introduction, 3.)?

At this point, post-phenomenology’s affinity to practice-oriented research 
pays first dividends. If, as I have argued, there is a need to inquire into the 
empiricism that post-phenomenology lays claim to via material hermeneutics, 
then suspending the formal constraints (e.g., human-technology-world relations) 
of following the latter allows this dissertation to cast a ‘wider’ net through 
practice. Therefore, I will next act on this opportunity via a Research-through-
Design project, which serves to explicate specific dimensions that post-phenomen-
ological inquiries into AI technologies will have to address. At the same time, such 
dimensions will furthermore highlight blindspots that I will need to consider in 
the further theoretical development of this dissertation. Accordingly, the follow-
ing chapter uses design research as philosophy-in-practice to provoke a post-
phenomenological angle of interpretation for AI technologies.
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Chapter 2. Probing AI Technologies through Philosophy-in-Practice

In this chapter, I will take up the implications drawn from the the previous 
chapter on the potential contributions post-phenomenology might make to AI 
studies on the one hand, and the inexhaustiveness of the status quo applications 
of the framework on the other. I concluded that empirically-oriented interpreta-
tion, which Ihdean material hermeneutics prescribes to post-phenomenology, 
may be falling short of the challenges that information technologies, and espe-
cially AI technologies represent. Indeed, it seems that, similar to how technos-
cientific instrumentation proved the motivation for Ihde’s empirical-pragmatist 
turn, AI technologies necessitate the clarification of hermeneutic edifices (e.g., 
human-technology-world relations) with which to inquire into how such techno-
logies shape human-world relations. However, the change in the world brought 
on by information and AI technologies is one that is difficult to assess on the same 
terms. Whether as an overt ‘Other’ in the form of a voice assistant, an explicit 
object of study in developing or critiquing a particular service, or a vague 
presence in the curation of platform content, ‘actual’ AI technologies (e.g., data, 
models, algorithms) are not an explicit part of the post-phenomenological 
empiricism restricted to bodily-perceptual experience. 

The challenge I focus on in this chapter, then, is how to more explicitly 
characterize this problem space for post-phenomenological inquiry. To do so, I 
present a Research-through-Design (RtD) project. Briefly, this type of design 
research methodology is a way of doing “research through the design of 
products” (Frayling, 1994:5) as defined by Frayling; probing and materializing 
questions and hypotheses both through design processes as well as outputs. As I 
have argued in the introduction, post-phenomenological AI studies are especially 
promising due to the framework’s affinity to practice-oriented research, and the 
generative means for philosophical analysis this offers by putting into practice 
post-phenomenology’s “interpretive empiricism” (Hauser et al., 2018:468). In this 
chapter, I accordingly use RtD as philosophy-in-practice in exactly this sense: to 
explicate a suitable angle of analysis for post-phenomenological Ai studies from 
actual engagement with actual technologies

Dissensual Places,24 the RtD project which I present, takes on the issue of 

24 This project was initially part of my Master’s thesis in Arts and Cultural Research 
with the University of Brighton, 2016. However, here I conduct an entirely original analysis 
of my own practice which applies a different theoretical framing to the initial project.
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technological mediation beyond the scope of human-technology-world relations 
regarding one of the most well-known user-interfaces of the twenty-first century: 
the Facebook newsfeed interface (1.). Specifically, I created data sculptures in 
response to a highly manipulative study conducted on the Facebook platform, 
which evidenced a stark contrast between how the latter is experienced by users 
and the means by which this experience is arranged. Through reflection on my 
own designerly making as well as observations on the exhibition of the 
sculptures, I engage through practice with the various challenging questions of 
interpreting the overlap of ‘graphic’ and ‘computational’ interfaces. In analyzing 
the presented project, I then substantiate how the current scope of post-phe-
nomenology is not exhaustive of the questions raised, while at the same time also 
noting that horizonality again emerges as a promising angle of analysis (2.). At the 
same time, due to the underdeveloped status of horizonality within post-phe-
nomenology, I further reflect on the implications for developing post-phenomeno-
logical AI studies by discussing recent phenomenological work not directly 
associated with Ihde’s program (3.). In concluding the chapter, I propose that a 
horizonal interpretation of technological mediation may provide a suitable 
foundation for post-phenomenological AI studies.

1. Research-through-Design as Philosophy-in-Practice

Disssensual Places follows the RtD methodology, which has been widely 
adopted in human-computer interaction (HCI) research (e.g. Harrison et al., 2011; 
Zimmerman and Forlizzi, 2014; Bardzell et al., 2015). This methodology draws on 
the hypothesis that designerly making entails embodying knowledge proposi-
tions and implicit questions in actual artefacts. The latter can be seen as material 
hypotheses, critical prompts, or speculative scenarios. This comparison immedi-
ately shows an affinity to Ihde’s fundamental argument to consider designed 
objects—technological artefacts—as ‘language-analogues’—holding explicit or 
implicit interpretations on how the world is legible, and for whom. For empirical 
researchers, knowledge drawn from RtD is diverse: it can be related to the 
designerly process of constructing an artefact for an imagined or as yet undeter-
mined use, through designing artefacts for particular deployments, or by deploy-
ing emerging technologies with people to understand how practices and view-
points emerge. For example, in the Morse Things project, Wakkary and colleagues 
designed a series of computationally enhanced bowls, which communicate 
amongst themselves. Wakkary and colleagues designed the bowls specifically to 
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inquire into the “gaps between things and us” (Wakkary et al., 2017:506) and 
deployed them in various households to learn how these designed artefacts led 
participants to reflect on the role of technology in the home.

An alternative approach lies in van Belle and colleagues’ philosophy-through-
design (PtD), which is articulated as a philosophically-informed version of RtD 
(cf. van Belle et al., 2019). In contrast to RtD, PtD is positioned to make use of 
explicitly philosophical questions from the start. However, in contrast to PtD, 
Dissensual Places does not use philosophy to initiate “design conversations” that 
are supposed to occur with “stakeholders” (ibid.:7). On the contrary, I wished to 
explicate philosophical questions from my site of inquiry that feed back into the 
ongoing investigation of this dissertation. My analysis of Dissensual Places centers 
on the problems identified in status quo case studies: information and AI techno-
logies’ seemingly simultaneous transformation of and complete withdrawal from 
the technologically mediated experience of the world. 

Rather than utilizing PtD as an approach that solves a particular challenge for 
a given system, product or scenario, my approach in Dissensual Places therefore 
follows Hauser’s work on the productive overlaps of RtD and post-phenomeno-
logy, and especially the notion that the philosopher-design-researcher is engaging 
in “doing philosophy through things” (cf. Hauser et al., 2018:468; see also Hauser, 
2019). Given the challenges identified in the status quo, my use of RtD is therefore 
oriented towards using designerly making as a way to explicate and define necessary 
fields of inquiry for post-phenomenological AI studies; or to put it differently, provoke 
the post-phenomenological framework to account for AI-driven technological 
mediation. In the following, I will describe the phenomenon of choice, the AI-
driven curation of social media interfaces, and then detail my design process.

1.1. Situating the Investigation

The origin of the Dissensual Places RtD project goes back to a specific event, 
which was among the first highlighting the effects of AI-driven social media 
curation to a wider public. In 2014, well before the current discourses in FAccT, 
ML interpretability or XAI, an experiment by researchers led by a member of the 
Core Data Science Team at Facebook generated a short-lived scandal. Kramer and 
colleagues conducted an experiment on “[to show] that emotional states can be 
transferred to others via emotional contagion [on Facebook], leading people to 
experience the same emotions without their awareness” (Kramer et al., 2014:8788; 
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my emphasis). Hatfield and colleagues’ initial definition of emotional contagion is 
“the tendency to automatically mimic and synchronize expressions, vocalizations, 
postures, and movements with those of another person's and, consequently, to 
converge emotionally” (Hatfield et al., 1993:96). The phenomenon has become 
synonymous in quantitative psychology with the ways in which expressed 
emotions affect recipients in their subsequent expression of their own emotions. 
To study emotional contagion empirically on the Facebook platform, Kramer and 
colleagues’ “manipulated the extent to which people (N =689,003) were exposed 
to [automatically classified] emotional expressions in their News Feed” (Kramer 
et al., 2014:8788). They found that when users “had positive content reduced in 
their News Feed, a larger percentage of words in people’s status updates were 
negative and a smaller percentage were positive [and that the opposite pattern 
occurred] when negativity was reduced” (ibid.:8789).25 

While it is important to argue the ethical dimensions around conducting and 
publishing this research, my main emphasis here lies on the possibility of conduct-
ing it in the first place, and how this gives a particular insight into the modus 
operandi of Facebook and similar platforms. The study by Kramer and colleagues 
offers a rich foundation for investigating the particularities of AI technologies and 
technological mediation, and due to its platform scale furthermore brings the 
conditions of our contemporary technosphere into focus. Indeed, further research 
has evidenced emotional contagion on other platforms such as Twitter (see 
Ferrara and Yang, 2015; Del Vicario et al., 2016). Given the ‘platform 
capitalism’ (Srnicek) that has taken shape through the 2010s, emotional contagion 
therefore functions as a key phenomenon of the effects of the deployment of AI 
technologies not in abstract research endeavors, but the media of everyday 
minutiae. Emotional contagion is therefore not only an effect induced by Kramer 
and colleagues in this one particular study, but rather illustrative of the status quo 
of large-scale computing infrastructures giving rise to particular socio-cultural 
phenomena on the macro- (e.g., “fake news”, “fear-of-missing-out”) and micro-
scales (e.g., applying filters to selfies to meet a particular standard) of contempor-
ary experience. Additionally, emotional contagion is also a phenomenon of 

25 Because this manipulation occurred without Facebook users’ awareness, and despite 
the brevity of the journal article, the Proceedings of the National Academy of Sciences chose to 
publish it with a note of editorial concern attached, which pertains to the issue of informed 
consent—foreshadowing the issues of misinformation, fake news and filter bubbles 
becoming part of popular discourse in later years. However, as Facebook is a private 
company, the editor-in-chief ceded the point that it was not bound by academic standards 
of process (cf. Verma in Kramer et al., 2014:10779).
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technological mediation on scales of distribution that transcend any one human-
technology-world relation alone. Accordingly, this phenomenon is a suitable 
opening for explicating how post-phenomenology could generally approach AI 
technologies.

The specific AI technology manipulated by Kramer and colleagues is the 
Facebook News Feed algorithm, which is named only as a “filtering system” 
(Kramer et al., 2014:8790) in their paper. Though largely hidden by corporate 
secrecy, it is in fact a kind of neural network fed by multiple AI technologies (such 
as deep neural networks for personalized content recommendations, cf. Gupta et 
al., 2020) that feed off of each other (cf. Hazelwood et al., 2018).26 How the News 
Feed interface manifests within my experience, then, is tied to the platform at 
large—its various operating AI technologies, scheduling routines, databases and 
physical infrastructure all interconnected. Drawing from this set of circumstances, 
the goal in the following RtD project is to more directly investigate this apparent 
disjunction, and to more fully understand from what particular analytical angle 
post-phenomenology may bridge it. To that I end, I designed artefacts that 
integrate the appearance of the Facebook platform, i.e. the News Feed interface, 
with the operative processes which affect that appearance without becoming part 
of the experience themselves, i.e. computational processes.

1.2. Developing Design Artefacts as Philosophy-in-Practice27

In this section I describe my design process in Dissensual Places. I am first 
looking for designerly inflection points to materialize the interrelationship of 
appearance and operativity of the Facebook News Feed. The most direct inflec-
tion point for thinking beyond the Facebook News Feed interface is to look for 
what is not apparent empirically, but at least causally intertwined with that 
apparent manifestation nonetheless. Taking up Wiltse’s differentiation of trace 
and substrate in digital technologies (see 2.6.), a temporary dichotomy of graphic 
and operative interfaces can be constructed: graphic interfaces that users interact 
with and the operative interfaces that (i) search and compute data as well as (ii) 
integrate multiple computational processes. The relationship between both kinds 

26 Without the appropriate theoretical and methodological grounding, it is not yet 
possible to appreciate the precise technical details on a post-phenomenological level. I 
therefore return to this case for analysis at a later stage; see Chapter IV 3.2.1.

27 For a more detailed description of the design procedure cf. Benjamin, 2016a and 
2016b.



84

of interfaces can then be formalized as the site of inquiry. 

To dis- and re-entangle the interplay of graphic and operative interfaces, I 
first researched what kind of web technology the Facebook News Feed interface is 
built on. At the time, as now, this technology is referred to as React;28 which was 
relatively new at the time of my project, but has since grown into one of the most 
widely used web development frameworks. It is an “isomorphic” take on the 
programming language JavaScript, a notoriously versatile way to program web 
content. It is isomorphic in the sense that while the actual core code is supplied by 
the Facebook server, it is instantiated on demand in each individual user’s 
browser.29 Given this technical isomorphism, the opportunity to capture the 
substrate of the Facebook News Feed interface presented itself in the form of 
software developer tools that are supplied with each web browser. Specifically, I 
could use the timeline feature in the Google developer tools to “record” a period 
of interaction with the interface (Figure 2).30 Records would include, among other 
things, active interface elements, cursor movements and “stacks” of computations 
(i.e. the executed functions and their respective orders of execution) at a resolu-
tion of microseconds.

28 https://reactjs.org/, accessed 12/11/2021.
29 This has major advantages for Facebook, such as being able to outsource final steps 

in computation to end-user’s devices and to efficiently correlate the latter with the AI 
technologies it runs in its network infrastructure, while still keeping them isolated from 
individual access. 

30 See https://developers.google.com/web/updates/2015/03/devtools-timeline-
now-providing-the-full-story, accessed 12/11/2021; for contemporary detail.
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Figure 2: Screenshot of the timeline tool in Google browser development tools. Each colored line 
represents an execution of a particular line of code in a stack (vertical), covering a particular 

period in time (width).

As the period of interaction for recording, and thus the ‘material’ for my 
designerly making, I chose various actions of “liking” an arbitrarily chosen piece 
of content I would find on my News Feed. “Liking” presents itself quite naturally: 
as the quintessential ‘Web 2.0’ feature, it is not only a unilateral option for 
engagement, but a datapoint of high importance for Facebook. As likes accumu-
late, the network infrastructure is fed with statistical patterns which inform what 
kinds of content a user with demographics like myself will probably like, which 
can be used for advertising, News Feed optimization, and so forth. I took samples 
of my own liking activity, which yielded large files with 10,000s of lines of data 
for interactions of even only a few seconds. Given React’s isomorphic structure, 
the computational functions shown in each line were furthermore cryptographic-
ally encoded (e.g., a function does not have a semantic name but rather e.g. 
“Bx8Q=1;”), presumably for two reasons: first, to save computational resources by 
compressing the information load, and second, so that no end-user or competitor 
could reverse engineer the actual system at work. 

While I spent time on researching lines of computation sampled at random, I 
eventually decided to instead view the recordings through Parisi’s argument that 
computational processes should be seen as “spatiotemporal structures” (Parisi, 
2013:8). In this sense, while I was not able to link each computation recorded to 
any definite AI technology in Facebook’s architecture, I was able to render the 
overall connections made between computational stacks, represent their ‘size’ 
derived from the lengths of computational activity, and correlate both to show 
how the graphic interface was composed at a given point of time in my record-
ings. This way, I achieved an integrated rendering of the graphic and operative 
interfaces (Figure 3) by feeding the recordings of my liking activities into a 
custom program I wrote using the Processing31 IDE (Integrated Development 
Environment); a popular creative coding tool. After numerous experimentations, I 
chose Collins and Hogesawa’s Computational Geometry32 library to generate 
different kinds of geometric shapes as follows:

31 https://processing.org/, accessed 12/11/2021.
32 http://www.thecloudlab.org/processing/library.html, accessed 01/03/2021.
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• Interface elements such as News Feed content were rendered as boxes,
• My cursor movements were captured as x/y-coordinates and 

rendered as spheroids,
• Computational functions were captured as JavaScript lines and 

rendered as isometric polyhedra based on the amount and duration of computation 
at that instant, 

• Overall computational activity was additionally rendered as an 
isometric surface that ‘wrapped’ around the overall space prescribed by functions. 

Figure  3: Example of the rendering of computational processes as a data sculpture.

Furthermore, as the recording of my liking activity provided timestamps for 
all activities, I was not only able to directly map my own actions (e.g., moving my 
cursor as expressed through changing coordinates) and computations (e.g., the 
scripts called by my own or server activity), but to animate this process in its 
original sequence. This fulfilled a first stage of what I sought to integrate, namely, 
the two previously disjunct ‘spatiotemporalities’ of my bodily-perceptual, 
intentional relation with the Facebook News Feed interface (i.e., the graphic 
interface), and the computational processes generative of the latter (i.e., the 
operative interfaces). However, I wanted to make this integration more provocat-
ive, and furthermore return the objects to the empirically manifest realm that 
post-phenomenological inquries ought to be able to fully account for. 
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To re-materialize the sculptures into an experiential artefact that would be 
given as self-evident to intuition as the original News Feed graphic interface, I chose 
to create 3d prints of the abstract sculptures. Somewhat serendipitously, this 
decision resulted in a disruption to my own designerly intentions. The 3d-
printing workflow relies on its own computational means to make the printing 
process most efficient: in pre-processing software,33 embedded algorithms rotate 
models to minimize filament use and add scaffolding structures to guarantee 
stability (Figure 4). 

Figure 4: Scaffolding (white) added to a rotated sculpture (blue) in pre-processing software for 
3d printing.

Metaphorically, this additional layer of technological activity I could not fully 
control compensated for my lack of precisely articulating what specific AI 
technologies were involved by integrating a form of computational ‘agency’ in the 
eventual appearance of Dissensual Places. In the next section, I outline the ways in 
which the designed artefacts allowed me to reflect on their origin, as well as how 
visitors to an exhibition reacted to them. From both, implications can be drawn 
subsequently regarding the suitability of post-phenomenology to interpret AI-
driven mediation.

33 In this case, the software was: https://formlabs.com/uk/software/, accessed 
12/11/2021.
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1.3. Dissensual Places as Experimental/Experiential Edifices

In this section, I demonstrate the artefacts developed from the intersection of 
the graphic and operative interfaces involved in the process of liking something 
on Facebook, and their placement within an exhibition setting. It should be noted 
that, given this is an RtD project, these objects (see Figure 5 for an example) are 
not presented as ‘solutions’ or ‘successes’ in their own right. Rather, in line with 
the argument on post-phenomenological inquiries pursued above, they can be 
thought of as material hypotheses on “forms of givenness” (“Gegebenheiten,” cf. 
Husserl, 2010:69) that are as yet without hermeneutic edifices in the sense of, e.g., 
human-technology-world relations. In this way, they function as things that 
prescribe a novel area of investigation for post-phenomenology, provoking 
questions as a way of doing philosophy through things. In this light, I first reflect 
on the my choice of vocabulary for these sculptures as ‘language-analogues’ for as 
yet unformed modes of questioning.

Figure 5: Print of an “instance” of liking; with structural scaffolding generated form printing 
software.

Dissensual Places, as a collection of artefacts, are named after Rancière’s 
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interpretation of “dissensus” as a disruption of the “distribution of the sensible”
(Rancière, 2006:12ff). The latter can be interpreted phenomenologically as the 
overall intuitive ground from-which subjectivities can perceive and act on 
objectivities—a set of “self-evident facts” (ibid.:12) that both enable as well as 
limit how people can engage in the world. Dissensus is one of the more subtle 
terms in Rancière’s project of integrating politics and aesthetics into one philo-
sophical framework, and as such is frequently employed with regards to fine art 
as well as democratic processes. An example is his description of Craig’s avant-
garde theatre productions in the early twentieth century, which feature elaborate 
mechanical devices that manipulate light and textures and combine these with 
strict actor instructions on movement without restricting intonation and delivery 
of lines (cf. idem., 2013:242ff). The overall effect of Craig’s theatre, to Rancière, is 
the disclosure of a “tension […] a language that is used to reason about situations 
and one that manifests the sensible texture and reveals gaps between multiple 
realities” (ibid.:256). In Rancière’s work, a dissensus therefore yields alternative 
human-world relations that may counteract the hegemonic forces of a status quo 
consensus; whether this be the guiding rule on the sensible in aesthetic (e.g., the 
modernist paintings-about-paintings such as Malevitch’ black square) or political 
(e.g., the fissure created in monarchy by the French Revolution) arenas. In this 
sense, I named the artefacts Dissensual Places to reflect the “impossible comprom-
ise” (idem., 2013:266) of combining two intersecting worlds of ‘sensibility’—that 
of operative and graphic interfaces. 

The designed artefacts are also ‘dissensual’ to post-phenomenology: as 
Dissensual Places show, there are ways for representing both the efficacy of 
technological operativity as well as the experienced artefact that is affected by and 
affects the former through interlinked feedback loops. Accordingly, the resulting 
abstract sculptures are a material, non-linguistic argument for expanding post-
phenomenology’s scope accordingly, and reaffirm Wellner’s and Wiltse’s respect-
ive calls for distinguishing among technologies with regards to their involvement 
in technological mediation (see 2.4., 2.5.). Dissensual Places thus echoes the need 
for transcending the presence/absence-divide I have explicated in the discussion 
of post-phenomenology: how is it that phenomenologically ‘hyper-
transparent’ (i.e., always-already withdrawn) technologies can be integrated in an 
analysis of technologically mediated intentional experience? 

Furthermore, Dissensual Places was not only a first-person, practice-led post-
phenomenological inquiry. I also exhibited the artefacts in a gallery setting, 
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purposely counterfactual to the sites of liking I initially investigated and designed 
with (Figures 6 - 7). I briefly summarize some of the observations I made at the 
time, and contextualize these from the perspective of a design-researcher having 
designed the mediating artefacts in question. In the exhibition setting, I purposely 
labelled the artefacts as ‘scenes,’ drawing on Rancière’s discussion of Craig’s 
theatre briefly introduced above. To that end, I positioned six 3d prints on a 
transparent stele, each placed on an acrylic plate which was engraved with a 
scene ‘description’ in the form of a narrative. Rather than disclosing the motiva-
tion or genesis of my project, I wrote prosaic accounts of what occurred in each 
scene of liking while looping a projection of the animated version of the computa-
tional sculptures. 34

Figure 6: Various prints of “scenes” arrayed on CNC-routed acrylic plates. 

34 https://vimeo.com/179958606, accessed 01/03/2020.
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Figure 8:  Exhibition visitor, prints and the projection of a looping animation.

Figure 7:. Detail view of the scene print shown in Figure 5.

The presentation of Dissensual Places as an art exhibition provoked highly 
diverse statements from exhibition visitors, which I observed and transcribed 
verbatim. For instance, while there was no declarative explanation that this ‘was’ 
Facebook, visitors were generally able to derive that the artefacts represented an 
integration of human and computational activity. Specifically, the artefacts led 
visitors to reflect on the “amounts of data that we set it motion,” and at the same 
time also pose questions such as “how does that [computational] agency see us?”. 
Similarly, the artefacts and animation also provoked reflection on how there is “so 
much packed into every second of experience.” Another visitor wondered 
whether the shapes of artefacts would differ for various types of users, such as 
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those deemed “deviant” by the platform. In a similar vein, people also stated that 
the “amounts” of data “highlight the futility of it all [i.e., social media],” or that 
the 3d prints resemble “sad, dead crystal cities” that are “not for us.” In a moment 
of phenomenological insight, a visitor argued that even though the artefacts on 
the one hand represented a “delivery of what we get at [the time of interaction]” 
concerning a particular platform, they on the other hand “would exist even if we 
didn’t.” Lastly, another visitor simply noted that the artefacts resembled “statist-
ics.”

2. Analysis of Dissensual Places

To recall, the purpose of presenting and analyzing the Dissensual Places RtD 
project is to more precisely define what kind of questions post-phenomenology 
needs to be able to ask in order to analyze phenomena mediated by AI technolo-
gies. This objective thereby relates directly to the challenge of post-phenomeno-
logy’s potentially restrictive empirical orientation to only interpret manifest 
artefacts. Differently put, it relates to the question of how AI technologies can be 
integrated into hermeneutic edifices already available for analysis (e.g., human-
technology-world relations), and if this cannot be done, what this implies for the 
necessity of developing new hermeneutic edifices accordingly. As such, I will first 
proceed with an analysis of the human-technology relations encountered in my 
making of Dissensual Places and what phenomena the exhibition setting unfolded. 
Second, I will problematize this analysis by probing what exactly has been 
learned from it with regards to my discussion on status quo applications of post-
phenomenology generally, and with regards to the involvement of AI technolo-
gies in technological mediation specifically.

2.1. Human-Technology-World Relations and their Boundaries

I first center on my own ‘first-hand’ involvement in the creation of Dissensual 
Places. As a design researcher problematizing my own activity, there is a relation 
of myself to the self of liking that is already informed by a particular distribution of 
the sensible (Rancieré); of what Husserl refers to as a “sedimentation” (Husserl, 
1970:52) of experience. This is given prior to my choices of designerly making, 
and even prior to the impulse of emotional contagion for the project. For one, I 
expect the self to be a recognizable version of myself, albeit situated within the 
particular environment of Facebook. This environment indicates a further 
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sedimentation: the ground against which the ‘self of liking’ appears is intuitively 
given; the Facebook newsfeed is not overwhelming or alien. Even if it were my 
first encounter: The self-evident logic with which that self is grounded is known, 
operating similarly to, for instance, the recommendations of items on platforms 
such as Amazon or YouTube—and the deeper sedimentations of a consumer 
personality of post-industrial capitalism more generally. An initial similarity with 
Gertz’ nihilism and Bergen and Verbeek’s confrontation relations could therefore 
be constructed for technological mediation via Facebook as follows, covering how 
the self that I am confronted with (⇐) is one I have already given myself over to:

Platform → [self] - (⇐ I)

Nihilism Relation

However, we can also specify this intentionality relation in a way that more 
precisely treats Facebook not as a monolithic entity, but as a distributed system 
with various technological components. Facebook mediates a specific notion of 
the self in causal dependency to the platform’s ‘curatorial’ Newsfeed algorithms. 
Therefore, Facebook’s initial, ‘base’ involvement can be interpreted as a writing 
relation: the self that is mediated via the interface is a specific rendering of my-self 
that I could not relate to in any other way. But as “I” am a user of Facebook as 
well as myself, it is a rendering that conforms to some specific notion of subjectiv-
ity I already relate to. Joining both points, my hermeneutic relation (i) with 
Facebook’s newsfeed interface which confronts me with a self is (ii) written by 
computational processes. Accordingly, the schema above can be specified by 
adding Wellner’s concept of a writing relation and Wiltse’s differentiation of trace 
and substrate:

Platform → I ⇒ ( Interface | [self] ← Computation )

Nihilism Digital Writing Relation

Next, usage of creative coding to generate sculptures from the gained data 
‘readings’ can be seen as a more opaque (i.e., focal) relation: via the Processing 
IDE, the self of liking itself becomes an object of inquiry—my interrelation with 
the browser development tool as well as the Processing IDE does not simply 
replicate this self, but ‘writes’ it anew for a specific kind of hermeneutic relation. 
Through using Processing to render the recordings, the complex relationality 
above is made into an object of interpretation that I am directed towards, yielding 
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a still more complex schema:

I ⇒ ( Processing - ( Platform → [I] → ( Interface | [self] ← Computation ) ) )

Hermeneutic Nihilism Digital Writing Relation

These schemata exhaust both my own mediated intentionality towards the self 
of liking as well as the transformative designerly positionality towards the record-
ings of it. Furthermore, it makes use of status quo post-phenomenological work 
that seems the most likely candidate to accurately account for the various techno-
logical involvements in this phenomenon. However, it is precisely the increas-
ingly complex notation needed to account for the described phenomena which 
shows that at least two crucial challenges lie ahead for post-phenomenological AI 
studies. 

First, the ‘elements’ of Facebook (i.e., platform, interface, computation) 
become equated on the same ontological level—but does this actually account for the 
qualitative differences between a corporate platform, a bodily-perceptually 
accessible graphic interface, and always-already operative processes, 
respectively? Second, even if this can be answered, does an array of constituent 
elements actually tell us something about the involvement of AI technologies 
specifically in the mediation of experience? These questions articulate a crucial 
guiding note of caution: post-phenomenology needs to beware of conflating 
‘correctness’ with ‘truth,’ yet in an inverted manner to the technical fields (cf. 
Introduction, 1.1.). Rather than the latter’s neglect of actual manifestation of 
technologies, post-phenomenology must develop a way of balancing a more 
expansive technological differentiation on the one hand, with maintaining fidelity 
to phenomenological experience on the other. In this respect, the above ‘convo-
luted’ human-technology-world relations do neither—and therefore do not supply 
a sufficiently clear angle of analysis for post-phenomenological AI studies. To 
advance the provocations of Dissensual Places into this latter territory, I next 
consider the observations of exhibition goers.

2.2. Resurfacing the Horizon-Problematic

For exhibition goers, assigning a specific human-technology-world relation 
becomes more complicated. The confrontation with Dissensual Places’ abstract 
sculptures could be interpreted as metaphorically simulating the technical opacity 
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of algorithmic involvement in the mediation of a self on Facebook—the latter are 
as ‘opaque ‘as the exact steps of my particular decision-making in the creation of 
the sculptures. However, the setting is drastically different. The sculptures, after 
all, do not confront observer’s with a self in the same way that would be expected 
in their relations with the Facebook interface. Does this indicate, nonetheless, a 
useful line of questioning? As noted previously, the phenomenological under-
standing of opacity and transparency is different to that commonly pursued in the 
discourses of empirical AI studies, for example in FAccT or XAI. In phenomeno-
logy, what is transparent is characterized by withdrawing from experience in 
human-world relations, like Heidegger’s hammer; whereas what is opaque is not 
covered over but rather interposes itself in human-world relations to become the 
object of experience. What, then, is withdrawn or interposed for the exhibition 
visitors? 

I argue that the quotations summarized above (1.3.) indicate a fundamental, 
that is, intuitive understanding of graphic interfaces’ interdependence with operat-
ive processes. This, firstly, supports one of my argument’s for pursuing post-
phenomenological AI studies: AI technologies are already available as (e.g., “AI”) 
and involved in (e.g., News Feed curation) phenomena in the collective ‘sedi-
mentations’ of experience, or, in Ihde’s terms, in contemporary macroperception. 
The promise of post-phenomenological AI studies lies in the capacity to explicate 
and analyze the structures of technological mediation in exactly this sense; and 
from this application derive the ways in which AI technologies shape the appear-
ance of the world. Secondly, this interpretation also allow for a more precise 
(post-)phenomenological reading of what it is that Dissensual Places mediate. 

The exhibition visitors evidence a kind of “attunement” (Heidegger, 
2010:130), a certain intuitive way of feeling one’s place in a specifically sensible 
world. This suggests a distinct quality from other withdrawn technologies such as 
in background relations. In the latter, the embeddedness in a particularly techno-
logically ‘textured’ field is spatially focussed on the body; or rather, the relation of 
the body to the immediate, physical environment (e.g., the ‘cocoon’ of a heated 
home). In the case of Dissensual Places, however, exhibition goers refer to a way of 
knowing that is directly related to yet not exhausted by a specific technological 
artefact. Accordingly, Verbeek’s immersion relations seem more appropriate for 
interacting with networked (in this case, social) media interfaces—especially 
given the social aspects which these human-technology-world relations are meant 
to reflect (cf. Chapter 1, 1.4.). However, Verbeek’s analyses of immersion relations 
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are also artefact-dependent in a way that does not reflect the statements made by 
exhibition goers. Whereas augmented reality glasses, for instance, may mediate a 
composition of contents (e.g., data on the immersive environment), immersion 
relations do not offer insights on the ‘deeper’ operativity of such artefacts (e.g., 
object recognition algorithms) that withdraw further from the immediate site of 
the body than particular digital ‘cues.’ 

Probing further for this more withdrawn operativity, the phenomena that 
exhibition goers describe when confronted with Dissensual Places appear more 
similar to Ihde’s “horizonal phenomena” (Ihde, 1990:112). These are posited as 
technologically induced phenomena at the fringes of our awareness. Similar to the 
latent atmosphere of a nuclear threat (cf. ibid.:112ff), there is a basic ‘texture’ to 
what it is like to experience interfaces while knowing they are not the whole story. 
However, exhibition visitors did not refer to a vague overall atmosphere, but 
rather the amounts of data “we set in motion,” the question of how that “agency 
sees us,” how much is packed into “each experience we get” and how the compu-
tational processes would “exist even if we didn’t.” That is to say, the horizonal 
phenomena of data-driven technological mediation (such as AI technologies) that 
visitors referred to are much closer and intimate than the vague mid-twentieth 
century ‘supertechnologies’ of nuclear arsenals or space travel that Ihde 
considers. They seem to belong to a particular horizonality that is not only absent, 
but directly related to the specific access a given user has to the world of the 
platform. 

Accordingly, in a post-phenomenological sense, there is a paradoxical com-
bination of withdrawn operativity and apparent horizonality at work here: On the 
operative end, the active technology, e.g. the News Feed algorithm, is not ‘given’ 
in the same way as the appearance of, for instance, an end-user interface; yet the 
horizonal ‘qualities’ of the former nonetheless shape experience and practice. This 
dual horizonal and operative attribute of data-driven technologies such as the 
News Feed algorithm does something which seems to simultaneously expand (e.g., 
beyond the ‘fringes’ of socio-technical data-bases) and contract experience (e.g., to 
the ‘field’ of a specific artefact). I argue that this description already offers a more 
robust vector for analyzing AI technologies’ involvement in technological 
mediation in a way not yet exhausted by the post-phenomenology. And indeed, it 
aligns with a recent phenomenological work by Denson on the qualitative 
particularities of contemporary imaging technologies, which Denson’s refers to as 
the discorrelation of experience. 
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With discorrelation, Denson specifically targets Husserl’s fundamental 
correlatory principle of phenomenology (i.e., experience is always experience-of-
something) to articulate a change in how the world is made present. Specifically, 
Denson argues that contemporary media seem to have transitioned into a mode 
of “post-perceptual” mediation, resulting in a “discorrelation” of the subjects and 
objects of experience (Denson, 2020:21). Differently put, technological mediation 
is not only generative of objects in perception, but rather operates in withdrawn 
“logistics of perception” (Virilio, 1994:4) that shape ‘objective’ perception as such. 
This can be seen to readily apply to the technologies and phenomena discussed so 
far: the ‘data double,’ the confronting self or facial recognition detection (cf. 
Chapter 1, 2.) appear as implicit or explicit objects of perception, yet the technolo-
gies which constitute this object are (i) not fully apparent themselves and/or (ii) 
distributed beyond the directly perceived artefact. Productively, there is a direct 
link to Verbeek’s mediation theory, as to Denson discorrelation constitutes 
“relations in which the related terms do not precede or exist outside of those 
relations” (Denson, 2020:22). In the following, I reflect in which ways discorrela-
tion substantiates the problem-space for post-phenomenological AI studies 
discerned from Dissensual Places.

2.3. Conclusion: A Problem-Space for Post-Phenomenological AI studies

The purpose of the presented philosophy-in-practice inquiry was not to 
provide answers on either “what” AI is, nor what kind of being-in-the-world AI-
driven technological mediation is. Rather, I intended to use RtD for clarifying and 
constraining the problem space for post-phenomenological AI studies. Differently 
put, Dissensual Places practically explicates the kind of questions that the latter 
should put forward, and simultaneously indicates how such questions problemat-
ize AI technologies in a post-phenomenological manner. This is not meant 
negatively, but, on the contrary, to indicate what kind of questions are to be 
addressed. With this challenge now more precisely situated as the complexities of 
discorrelated technological mediation, there are distinct hermeneutic require-
ments for post-phenomenological AI studies that can be outlined at this stage.

Methodologically, it could be argued that post-phenomenology indeed has 
always concerned itself with a kind of discorrelation; since technological medi-
ation is an intervention in human-world relations. Technologies, from this view, 
‘discorrelate’ the assumed unimpeded relation between human subjectivities and 
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worldly objectivities, to ‘re-correlate’ them as human-technology-world relations. 
Indeed, this recorrelation is crucial to maintain in order to guarantee empirical-
analytical investigations, and indeed to maintain this dissertation as a phenomeno-
logical inquiry first and foremost. In this sense, the notion of discorrelation is also 
more informative for post-phenomenological AI studies than other phenomenolo-
gical work in the domain of the ‘Digital.’ Indeed, Denson explicitly distances his 
proposal from Stiegler’s as well as Hui’s additions to Husserlian phenomenology, 
as they do not articulate sufficiently what exactly the difference is regarding 
contemporary technological involvement in phenomenological experience (cf. 
Denson, 2020:94ff). Both Hui and Stiegler’s ‘tertiaries’ seek to expand Husserl’s 
primary and secondary pro-/retention, respectively. With these characteristics of 
experience, Husserl argued for a temporal extension of experience. Primary here 
relates to immediate memory of what is perceived (i.e., a pre-reflective retention 
of a gestalt) or the anticipation what is immediately to follow (e.g., protention of an 
unfolding melody) (cf. Husserl, 2010:359ff). Secondary concerns only the reten-
tional dimension, meaning “memory in the ordinary sense” (Bough, 1975:45) as a 
selective recreation of experience.

Stiegler’s notion of technology as a kind of “tertiary memory” (Stiegler, 
1998:246) that allows for recording and outsourcing cognitive capacities is, to 
some extent, congruent with Ihde’s material hermeneutics. However, according to 
Denson, this “fails to account for […] the emergence of the protentional [i.e., 
future-directed] dimension that distinguishes computational media” (Denson, 
2020:94). Hui’s tertiary protention is intended to address this explicitly, arguing 
that “tertiary protention [via technology is becoming] a significant function of the 
imagination” (Hui, 2016:221). However, Denson argues that this “reduces proten-
tion to a representational process, thereby obscuring the nonrepresentational 
processes of both machinic and human relations to the immediate future“ (Den-
son, 2020:99). Differently put, Hui’s tertiary protention only accounts for what can 
be explicitly referred to in human experience—such as computational outputs 
displayed via artefacts (i.e., interfaces, devices). Accordingly, neither Hui’s nor 
Stiegler’s approach sufficiently transcend the challenge I have already drawn 
from my review of the status quo of post-phenomenological research: the reliance 
of analyses on what is semantically-symbolically apparent.35

35 As will be shown further below, the temporal characteristics of experience that  Hui 
and Stiegler stress will indeed become foundational for post-phenomenological AI studies, 
yet from a (quasi-)Heideggerian rather than Husserlian perspective; cf. Chapter 4, 1.2.
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In sum, post-phenomenology investigates technology on “the same scale as 
the operator” (Simondon in De Boever et al., 2013:6)—yet AI technologies, and 
indeed information technologies generally, always-already withdraw from this 
scale. Similar to a recent call by Aydin and colleagues (cf. Aydin et al., 2018), post-
phenomenology seems to require what Hansen calls “a radically environmental 
perspective encompassing human activity as one element among others” 
(Hansen, 2015:19).36 Accordingly, post-phenomenology needs to get an interpret-
ive grasp on the discorrelated processes of AI technologies with regards to 
technological mediation—how specific AI technologies shape experience in a way 
withdrawn from yet causally intertwined with human experience. Without this, 
Zwier and colleagues’ critique (cf. Chapter 1, 2.7.) would, at the very least in this 
case, hold: post-phenomenological analyses would remain on the ‘innerwordly’ 
level of whatever becomes discernible in direct experience, such as interfaces, 
without being able to dig deeper at equally, if not more, important technological 
transformations. 

However, both in the review of the status quo and in my RtD project, a 
particular phenomenological concept appeared consistently: horizonality, which at 
this point has been only briefly described as the limiting and embedding struc-
tures of intuitive experience. It is noteworthy that horizonality showed itself both 
in readings of status quo investigations of information and AI-driven technologic-
al mediation, the Rancieréan tension between ‘languages,’ and its manifestation 
as a paradoxically intimate and withdrawn embedding of experience in Dissensual 
Places. Based on these considerations, in the next and final section of this chapter, I 
will synthesize the argument made thus far into a definite first goal for answering 
my first research question: to reconsider the relationship between horizonality 
and technological mediation so as to enable post-phenomenological AI studies.

3. Summary: Next Steps towards Post-Phenomenological AI Studies

36 In a talk, Rosenberger has referred to exactly this circumstance as provoking the 
field’s “hard question of technological agency”—hard because it is seemingly the one thing 
post-phenomenology desperately needs to address; the question which, like 
`consciousness’ for philosophy of mind, seems to permeate every aspect of post-
phenomenology without being explicitly addressed (Rosenberger, 2020). While I will 
outline that the question of agential autonomy is not an exhaustive interpretive vector for 
what I am after in this dissertation (cf. Chapter 3, 2.2.), there are implications that can be 
drawn from my proposal for post-phenomenological AI studies which I will reflect on in 
my conclusion.
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In this chapter, I have discussed Dissensual Places, an RtD project that, as 
philosophy-in-practice, was intended to provoke a post-phenomenological angle 
of interpretation for AI studies. From the discussion of my own designerly 
making practice and empirical observations of exhibition visitors, I have general-
ized the challenges found in my discussion of the status quo of post-phenomeno-
logy: the second-order discorrelation of human-world relations through contem-
porary information and AI technologies. Indeed, as already noted in the brief 
discussion of the electro-mechanical thermostat (cf. Introduction, 2.3.), post-
phenomenology is curiously mute on issues outside of direct bodily-perceptual 
experience. Instead, it is primarily attentive to the present—both in the sense of 
present artefacts as well as the here and now. This is a problem for accounting for 
the myriad ways information technologies generally and AI technologies specific-
ally structure technological mediation in contemporary human-world relations. 

Information technologies and AI technologies seem to be more withdrawn 
from human-world relations than the Heideggerian hammer, the Pontean feather 
or the Ihdean eyeglasses; while still being as or indeed more transformative of 
human-world relations. At the same time, human-technology-world relations 
(with e.g. interface, devices) indubitably remain geared into the world in a way 
that is (i) always embodied and always hermeneutic as well as (ii) located on the 
transparency/opacity-spectrum of mediated experience. However, as my prob-
lematization of the status quo and through philosophy-in-practice has shown, 
there are fundamental gaps which need to be addressed. These can be broadly 
characterized as a hermeneutic challenge posed by discorrelated technological 
mediation: the manifestation of human-technology-world relation is structured through 
technological processes which are irreducible to the manifestation itself. Accordingly, I 
have argued that given this challenge, post-phenomenological AI studies will 
need to be able to (i) differentiate among technologies (e.g., interface, algorithm) 
on a more fundamental level, (ii) that the intentionality of such technologies 
requires similar differentiation. At the same time, (iii) these differentiations will 
have to be reconciled with the post-phenomenological focus on mediated inten-
tional experience—meaning that differentiation on the technological level will 
have to be accompanied by consistent implications for subjective experience. In 
this light, I propose that horizonality may offer a suitable route forward.

 Ihde had already suggested that there may be a more elaborate place for 
horizonality in post-phenomenology, as  a potential way to investigate ”the 
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extremities beyond which there is no recovery [of artefacts into experience]” 
(Ihde, 1990:112). However, the vague ‘atmospheres’ (of e.g. nuclear threat) that 
have so far been dealt with under the label of post-phenomenological horizonality 
do not seem to fully exhaust this potential. That is to say, the horizon-problematic 
of Husserlian phenomenology, which concerns “modes of givenness” (Husserl, 
2010:51; my emphasis) rather than a particular given experience, has not yet been 
made available in post-phenomenology other than as ‘atmosphere.’ To this end, it 
seems that broader reconsiderations are in order. Evidently, post-phenomenolo-
gical AI studies require a hermeneutic expansion which can grasp empirically-
analytically the relationship between manifest human-technology-world relations 
and the stubbornly non-given processes of information and AI technologies. 
Without such an expansion, post-phenomenological AI studies could find itself in 
the situation that only artefacts in immediate experience can be interpreted.

The above considerations have now given a definite outline: a hermeneutic 
approach needs to be found that can engage the discorrelation of technological 
mediation from phenomenological experience in light of information, and 
specifically, AI technologies. Horizonality offers itself as a promising—and as yet 
inexhaustively applied—analytic angle to grasp this kind of technological 
mediation. At the same time, the challenge for this dissertation is to contribute to 
post-phenomenological methodology rather than delve into analyses detached 
from the actual movements of intentional experience. The first necessary step, the 
reconsideration of horizonality from a post-phenomenological perspective, will be 
taken in the next chapter; which will ultimately allow this dissertation to place 
post-phenomenological AI studies on a solid footing subsequently.
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Chapter 3. Reconsidering Horizonality in Post-Phenomenology

The previous chapter ended on the insight that AI technologies seem to 
require a distinct, as yet undeveloped analytical category for post-phenomenolo-
gical investigations. Specifically, from within the framework, only background 
relations and horizonal phenomena were found to be likely candidates for 
exploration; as both center on technological mediation beyond an empirically 
manifest technological artefact—perhaps the most fundamental challenge for 
post-phenomenological studies of AI technologies. At the same time, horizonal 
phenomena and background relations are curiously underdeveloped in Ihdean 
post-phenomenology, both in the sense of rarely mentioned, as well as theoretic-
ally unspecified. For instance, what exactly separates horizonal phenomena and 
background relations? What is meant by ‘horizonal,’ and how does this compare 
to the initial framing of this problematic in phenomenology? What lines of 
inquiry may have been left under-explored accordingly? Therefore, I argue that 
reconsidering phenomenological horizonality is far from a return to a “decaying 
ancestor [but rather continues phenomenological inquiries] as an ever-living 
methodology of un-forgetting and exploration“ (Vallor, 2016:94). 

Therefore, I will first discuss in more detail how Ihde develops his take on 
horizonality in line with Merleau-Ponty (1.1.), before outlining the divergent 
approaches in the two other major phenomenological progenitors of post-phe-
nomenology, Husserl (1.2.) and Heidegger (1.3.). I find that in both, horizonality is 
much closer associated with modes of temporality rather than manifest human-
world relations in the here and now. Specifically, I note that Heidegger’s “hori-
zonal unity of temporality” (Heidegger, 2010:367), in conjunction with his later 
philosophy of technology (cf. idem., 1977), suggests a possible ‘horizonal’ 
interpretation of technological mediation. However, given the pragmatic restric-
tion of Ihde’s material hermeneutics to the here and now of intentional 
experience, how such an angle of analysis can actually be made actionable, and 
particularly with regards to the goal of enabling post-phenomenological AI 
studies, is not immediately clear.

Subsequently, based on the hypothesis that Ihde’s material hermeneutics 
cannot exhaustively address a temporal-ontological horizon-problematic for post-
phenomenology, I turn to contemporary work aimed at expanding the frame-
work’s scope in light of emerging technologies. Specifically, I examine Kudina’s 
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hermeneutic lemniscate (2.1.), Romele’s digital hermeneutics (2.2.), and Aydin’s 
extimate technology (2.3.). All three represent recent advances in philosophy of 
technology, and also base their work on distinct theoretical progenitors to my 
own inquiry—Gadamer, Riceour, and a synthesis of Nietzsche, Lacan, Plessner 
and Nancy, respectively. Across all approaches, I find promising yet inexhaustive 
pointers towards a genuinely post-phenomenological horizon-problematic. 
However, in Aydin’s work on how technology shapes the “extimate structure” 
(Aydin, 2021:208) of human Being, I find that philosophical anthropology may 
scaffold the development of a post-phenomenological concept of horizonality. 
Accordingly, I close this chapter by proposing that horizonality represents an 
overdue turn for post-phenomenology on the one hand, but one that may be 
performed following philosophical anthropology on the other.

1. Horizonality in Post-Phenomenology and Phenomenology

In this section, I first more expansively discuss Ihde’s take on the phenomeno-
logical concept of horizonality, which I argue fundamentally adapts Merleau-
Ponty’s embodied focus but reduces this through material hermeneutics to an 
exclusively spatial-phenomenal concern—i.e., the here and now of apparent 
experience. As the latter is precisely the shortcoming I have so far identified in the 
status quo of interpreting information and AI technologies, I next turn to the 
interpretations of horizonality as found in Husserl and Heidegger. In contrast to 
Merleau-Ponty, these equally foundational progenitors of post-phenomenology 
approach horizonality from a less spatial and more temporal angle of analysis. In 
Husserl’s transcendental approach, the horizon-problematic concerns the various 
modes of pre-, co- and manifest givenness that structure experience. I find that 
while this already expands the scope of what horizonality could mean post-
phenomenologically, the various transcendental commitments and scant reference 
to the role of technology in such givenness do not supply an exhaustive approach. 

In Heidegger, however, both his early as well as later approaches to techno-
logy supplies a crucial problematization for horizonality that is in line with 
questions of technological mediation. Specifically, these concern the role of 
technology in structuring temporal experience, and appearing within that 
temporal structure itself as a particular artefact which shapes human intentional-
ity. Similar to Zwier and colleagues critique noted above (cf. Chapter 1, 2.7.), I 
therefore suggest that Heideggerian phenomenology may hold the key for a 
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horizonal interpretation of technological mediation that also reflects temporal 
dimensions of experience. However, how exactly such an angle of analysis can be 
formalized for post-phenomenology is unclear. Accordingly, I close this section by 
arguing that a review of work which may expand the framework’s interpretive 
scope can elucidate this critical question.

1.1. The Positioning of Horizonality in Ihde's Program
 
The aforementioned horizonal phenomena are, curiously, not placed among 

the initial four human-technology-world relations laid out by Ihde. They do not 
receive a specific schema to guide interpretation, but are rather something of an 
addendum to background relations. In this sense, the latter can be understood as 
a bridging concept between the more ‘focal’ human-technology-world relations 
(i.e., embodiment, hermeneutic, alterity) and Ihde’s approach to horizonality. 
Indeed, background relations can be situated in Ihde’s adaption of the prominent 
figure/field/fringe relationality of Husserl and Merleau-Ponty (cf Ihde, 
2012[1977]:42ff). As has been noted by numerous commentators (see e.g. 
Sobchack, 1992:36ff), it is the latter in particular who informs Ihde’s focus on 
bodily-perceptual experience. Merleau-Ponty is perhaps most known for his focus 
of embodiment in existential phenomenology, as well as expanding the gestalt 
theoretical leanings of Husserl’s transcendental phenomenology. Accordingly, the 
horizon-problematic of Husserl (see further below) takes a fully ‘corporal’ turn in 
Merleau-Ponty: The body is the locus of experience, with horizons of “retention 
and protention” (Merleau-Ponty, 2012:72) extending from it. While Merleau-Ponty 
thereby retains some of Husserl’s temporal characteristics of horizonality (see also 
below, 1.2.), it should be noted that he is adamant that “existence is spatial” 
(ibid.:263). And while intentional experience may extend in protention or draw 
from retention, it is most significantly a “gearing of the subject into his world that 
is the origin of space” (ibid.:262) itself. 

 Technological artefacts play a prominent role in Merleau-Ponty’s conceptual-
ization of embodiment, as well as the ways in which they become transparent 
(i.e., withdraw from awareness) or opaque (i.e., phenomenally focal) in bodily 
experience. A key notion is the role of technologies in shaping what was early on 
considered as a “body schema” (ibid.:370), and later more fully positioned as the 
pre-reflective “flesh of the world” (idem., 1968:84). This affinity to material things 
in Merleau-Ponty’s conceptualization of horizonality is, by and large, directly 
imported into Ihde’s post-phenomenology. Indeed, the Pontean examples of the 
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blind man’s cane or the feather in a lady’s hat are key arguments in Ihde’s early 
outlines of the post-phenomenological program (Ihde, 2012[1977]:100ff). Along 
this line, variants of the technological transformation of the figure/field/fringe 
relationalities are laid out. Accordingly, horizonality in this light can be character-
ized as spatial-phenomenal, as it concerns the appearance of particular things in 
relation to the ‘experiential positioning’ of the body.

Figure 9: Schema for horizonality as spatial-phenomenal; adapted from Ihde, 2012[1977]:43. 
Note that the terminology would subsequently change to that of figure/field/fringe.

 Ihde’s interpretation of horizonality in a spatial-phenomenal sense is already 
foreshadowed in his initial formulation of intentionality (Figure 9), where the 
figure/field/fringe-relation is brought in to structure how (and perhaps even 
where) specifically technologies mediate human-world relations. In the same vein, 
Ihde later formalizes his initial human-technology-world relations as abstractions 
from such relationalities on a transparency/opacity-spectrum (cf. idem., 1990:87ff; 
see also Chapter 1, 1.3.). However, it is exactly in relation to this spectrum where 
background relations occupy a peculiar role. Whereas in alterity relations, such as 
those mediated by a robot, technological artefacts become opaque figures of our 
experience, background relations such as thermostats, heaters or electrical grids 
only do so when their absence or malfunctioning causes a shift in focal attention. 
And equally, whereas maps structure how figures appear meaningfully in our 
field of awareness in hermeneutic relations, background relations themselves 
transparently texture that field. There are two especially noteworthy aspects in this 
distinction of background relations from the more focal relations. 

First, Ihde is concerned with the various ways in which technological arte-
facts are involved in the transformation of intentional experience. As such, his 
program needs to be inclusive of types of technological mediation that are not 
immediately focally explicit, such as use relations, but rather those that shape the 
field in which other human-world relations play out. In terms of this dissertation, 
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this immediately connects to concerns surrounding the ‘opacity’ of AI technolo-
gies, and also more generally of information technologies. Second, and relatedly, 
background relations are also one of the few cases in which Ihde is interested in 
issues of automation. Indeed, in these relations, Ihde discusses how background 
relations can be both symbolically (Hindu prayer wheels) as well as technically 
(thermostat) automated (ibid.:108-112). However, unlike network infrastructures 
or indeed the opaque-by-nature internal operations of AI technologies, the 
technological artefact constitutive of background relations is still unequivocally 
‘material’ as a spatial relationality to Ihde. For instance, as fuses break or thermo-
stats require resetting, they advance from fringe awareness to focal attention. 
Accordingly, background relations can now be more clearly seen as inexhaustive 
with regards to AI technologies, because they also rely on a spatial interpretation 
of intentional experience. Therefore, I next consider how, Ihde approaches 
technological artefacts which exercise a transformative influence beyond such 
spatial immediacy in the form of his horizonal phenomena.

Ihde positions horizonal phenomena as belonging to the fringe of a field within 
which the fields of human-technology-world relations play out, with the latter 
becoming textured by technologies at a remove (Ihde, 1990:112-113). In contrast to 
background relations, this texture is more related to the fringe than the field itself, 
because horizonal phenomena are not recoverable from field to focal point. 
Instead, Ihde suggests that horizonal phenomena can be better understood as 
“atmospheres” (ibid.:114). For example, a school desk is transformed by the 
horizonal phenomenon of nuclear annihilation, becoming not just a seat of 
learning for me but a potential shelter against a shockwave. But then, what exactly 
distinguishes background relations and horizonal phenomena? The former may 
equally be understood as structuring the field of more focal relations, for example 
in the way that central heating discloses a home as an appropriate family-dwell-
ing, furniture as objects of leisure instead of random accumulations of firewood 
etc. And while nuclear arsenals are very clearly material artefacts similar to an 
electric grid, to Ihde they are distinct as they are not spatially retrievable as 
figures into the same field of phenomenal manifestation.37 

Horizonal phenomena, then, seem to be more intimately related to a kind of 

37 Of course, to an armed forces engineer employed at a nuclear arms site, there are 
more focal relations in play: for example, “reading” targets in concrete threat scenarios 
through targeting arrays in a hermeneutic relation. The point here is not this specific 
example, but rather how post-phenomenology generally theorizes the relationship of 
absent and present technologies.
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Heideggerian “attunement” (Heidegger, 2010:347) to the world; that is to say, a 
pre-reflective ‘intentionality structure’ (Ihde) of human-world relations which 
does not manifest in any one particular thing. While Ihde does not formalize 
horizonal phenomena in line with his four initial human-technology-world 
relations, this interpretation allows for a notation of horizonal phenomena as a 
post-phenomenological intentionality structure:

I - (Technology -) World

Schema for Ihde’s horizonal phenomena

This schema on the one hand represents that in the case of horizonal phenom-
ena, technology fully withdraws from intentional experience (- ()), but on the 
other still shapes the world (-) with which human intentionality forms a correla-
tional arc. With regards to background relations, then, these phenomena bring 
about a different set of questions: if the ‘atmosphere’ of intentional experience 
cannot be recovered into what one can be directed to explicitly, what exactly is 
‘my’ relationship to the technologies bringing about this atmosphere? If such 
technologies equally embody ‘thingly interpretations,’ what is the relationship 
between such material-hermeneutic attributes and their ‘dissipation’ into the 
intuitive appearance of the world? 

With regards to the more ‘focal’ intentionality structures, therefore, horizonal 
phenomena are the odd one out, as they more closely resemble the kind of 
phenomenological inquiry that Zwier and colleagues argue is left out in the 
empirical turn of Ihde’s program (cf. Zwier et al., 2016:329ff). To put it differently: 
if artefacts can be fully absent from direct experience yet still shape the latter, then 
horizonal phenomena present a dimension of analysis for post-phenomenology 
that does not rely on a given, that is, spatially situated technological artefact. 
Technological mediation, accordingly, would seem to not necessarily require the 
latter. Intriguingly, this is not directly addressed in subsequent works by Ihde or 
Verbeek. Ihde himself, in discussing the need to problematize horizonal phenom-
ena, ends his elaboration by stating that “the question of the extremities beyond 
which there is no recovery, where perhaps technologies cease to be technologies, 
remains intriguing” (Ihde, 1990:114). This leaves essential further elaborations 
unfulfilled: What in particular is the relationship of horizonality and technologic-
al mediation generally, and what sets horizonal phenomena apart from human-
technology-world relations in particular? Or, to put it most broadly, what is 
technological mediation when technologies cease to be technological artefacts?
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Such missing elaborations, I argue, offer a pointer for the direction of devel-
oping post-phenomenological AI studies. Coeckelbergh has recently argued that a 
line of investigation is in fact missing from post-phenomenological conceptualiza-
tions of human-technology-world relations: temporality. In adopting metaphors 
from performative arts, Coeckelbergh suggests that technology is always in time 
as well as in structuring temporality as experiential “rhythm and speed” (Coeckel-
bergh, 2020:563). Coeckelbergh argues that post-phenomenology’s understanding 
of technological mediation does not sufficiently disambiguate between the way 
technologies “both structure and pre-structure our experience and actions” 
(ibid.:558). Indeed, Coeckelbergh even suggests that in their pre-/structuring, 
there remains a “quasi-transcendental” characteristic of technologies that are 
currently ignored in the empirical-pragmatic turn of post-phenomenology 
(ibid.:563). This argument gives a further impulse to investigate what conceptual-
izations of horizonality exist that can expand or complement the Ihdean under-
standing. 

While Ihde does actually refer to a “cultural time gestalt” (Ihde, 1990:64) that 
is shaped by technological artefacts, I echo Coeckelbergh’s argument—though in 
a way more closely related to advancing the post-phenomenological program 
from ‘within.’ Effectively, I argue that in retaining the Pontean concept of horizon-
ality but abstracting from the relationalities of pro-/retention to a transparency/
opacity-spectrum, Ihde reduces the temporal dimensions of experience to a 
situated “look [in the] form of a glimpse ahead and back” (Waldenfels, 2000:113) 
from a spatially located body. Therefore, in the following, I will consider how 
horizonality has been treated by two essential progenitors to post-phenomeno-
logy: Husserl and Heidegger. However, rather than a full discussion of the oeuvre 
of these authors, I am more directly interested in whether there are fruitful 
pointers regarding this specific phenomenological dimension with regards to 
technological mediation—and in particular, with regards to temporality. To this 
end, I will center on divergences and overlaps, and furthermore make use of 
Ihdean schemata as heuristics for my argument.

1.2. The Horizon-Problematic in Husserl’s Transcendental Phenomenology

The horizon-problematic of disambiguating necessary “forms of givenness” 
(“Gegebenheiten,” cf. Husserl, 2010:69) of experience first discerned by Husserl 
does not, at first, seem to be easily adaptable to the problematization of horizonal-
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ity called for here. After all, to Ihde, Husserl’s commitments to a transcendental 
ego and the primacy of internal consciousness are exactly those constraints that 
preclude the empirical-analytical investigation of actual technologies (cf. Ihde, 
2016:35ff). Yet the point here is not so much whether Husserl has a ‘correct’ 
interpretation of horizonality—rather, it is a question of how the horizon-problem-
atic is approached, and whether there are lines of questioning that a post-phe-
nomenological approach could draw from. However, there is not one unified 
account in Husserl’s catalogue that could be either deemed unfit or immediately 
adapted. In his The Origins of the Horizon in Husserl's Phenomenology, Saulius 
Geniusas distinguishes between Husserl’s static and genetic account of horizonal-
ity (Geniusas, 2012). This distinction also maps to changes that Husserl’s program 
underwent, and allows me to more clearly explicate how Husserlian horizonality 
can be contrasted to Ihde’s approach to horizonality.

First, it is important to note that whether statically or genetically investigated, 
horizonality following Husserl concerns three distinct ‘delimitations’: “the 
horizon is a versatile and unsurpassable limit, which is always relative to subjectivity 
and which delimits each and every phenomenon” (ibid.:2; my emphasis). The Husser-
lian horizon, then, is in each case a delimiting structure: for subjectivity, it is a 
structure of limitation based on the “sedimentations” of experience (ibid.:6); for 
objectivity, it is a structure of limitation of particular domains (e.g., the horizon of 
arithmetic). At the same time, the phenomenological problem of horizonality 
should not be entirely equated with the “background/foreground schema” of 
gestalt psychology (cf. ibid.:81): rather, the horizons of subjectivity and objectivity 
are what must be co-intended “in such a way that what is co-intended determines 
the sense of appearing objectivities” (ibid.:6-7). As Dan Zahavi articulates else-
where, any phenomenon of intentional experience is always accompanied by an 
“intentional consciousness of the object's horizon of absent profiles” (Zahavi, 
2003:96). Differently put, one can only intentionally perceive an object as an object 
of arithmetic if a particular absent ‘objecthood’ such as an alternative set of 
symbols, practices and rules are co-intended.

Crucially, co-given “inner horizons” of subjectivity and objectivity are 
conditioned in their manifestation as-____ by the pre-given world-horizon, which 
as a “system of validity” (Geniusas, 2012:14-15) delimits how things appear 
meaningfully. For instance, the horizon of arithmetic can only ever be meaningful 
to experience if it is enveloped by a horizon of mathematics, and so forth. The 
world-horizon as “outer” is a consequential qualification, as it is neither entirely 
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‘possessed’ by subjectivity, nor can it wholly be accounted for in the facts of 
experience (i.e., as an object of consciousness). To quote from Geniusas: 

“The world as the totality of objects neither is, nor can be, the 
world as horizon because the totality of objects is itself estab-
lished in virtue of the pregivenness of the horizon.” (ibid.:62)

The horizon-problematic as dealing with both what is pre-given (the un-
objectifiable system of validity as such) and what is co-given (the potential 
appearances of objectivities) already indicates that horizonality in Husserl is not 
exhausted by the perceptual figure/field relations nor spatial body-thing arrange-
ments of Ihdean post-phenomenology.38 This suggests that horizonality as 
understood here may indeed open up a different line of questioning than post-
phenomenology currently pursues, which generally foregrounds exactly those 
latter two dimensions. In effect, the Ihdean spatial understanding of horizonality 
is more similar to Husserl’s static39 than the genetic account. 

In his later development of a genetic phenomenology, Husserl focusses more 
distinctly on the relationship between the world as pre-given on the one hand, 
and subjective experience (noesis) being dependent on the co-givenness of 
difference, change, and absence of objectivities (noema) on the other. In genetic 
phenomenology, there is a direct relationship between the world as pregiven with 
experience of the given, both shaping each other. For instance, regarding Husserl’s 
analysis of remembering a musical arrangement, Zahavi notes that ”one of 
Husserl's important discoveries is that the retention does not merely retain [one 

38 This reaffirms my earlier critique of Hongladarom’s “machine hermeneutics” 
regarding the phenomenological impossibility of separating the ‘world’ into separate 
spheres of concern, cf. Chapter 1, 2.7. 

39 The static account is what phenomenology is often understood as when it is claimed 
to be descriptive. In this earlier mode of Husserlian transcendental phenomenology, 
phenomena are taken ‘at face value,’ to then unfold from how they are given towards how 
this givenness must be structured (cf. Geniusas, 2012:93). An example is a cup of coffee I 
perceive head-on, perhaps sitting on the floor with the cup at table-height: I cannot 
visually perceive the side not facing me, nor its contents, yet I can ‘complete’ the 
phenomenon to a certain degree of wholeness through my consciousness. The structures of 
such a subjective accomplishment are the focus of the static account. If subjective is 
interpreted (wrongly) as individual, then it is clear why the static account is often taken to 
prove phenomenology a deficient, merely descriptive philosophical undertaking. Ihde’s 
argument that phenomenological analysis does not stop with the given but rather 
invesigates the structures of intuition that constitute the given, contra Sellars, is perhaps 
the most important correction here (cf. Ihde, 1986).
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specific] tone, but also the primal impression” (Zahavi, 2003:96) of the melody as 
a whole. Therefore, the world-horizon is not a static, absolute, and categorial 
‘reservoir’ of experience. On the contrary, it can be phrased with Henry Pietersma 
as the structure of how intentional experience is ”embedded in a matrix of 
movement” (Pietersma, 1979:197)—that is, as modes of givenness that shift with 
what is given.

The Husserlian notion of horizonality therefore problematizes the world 
itself, rather than “only” the role of technologies in its disclosure as in Ihde. Yet 
this preliminary reading may suggest that things are merely objectivities of a 
phenomenally apparent kind, caught in the interplay between inner and outer 
horizons. However, as discussed by Schütz, Husserl’s later work turns more 
directly material, particular with regards to science. In Ideas III, Husserl stresses 
that phenomenology is primordial to the sciences as the latter’s ontologies must 
be embedded within a larger horizon of validity. As such, the sciences frequently 
simply “re-symbolize” (Schütz, 1953:513) what is already intuitively valid. 
Phenomenology’s task is thus to situate scientific ontologies within their presup-
posed horizons of validity; for instance, by investigating how the “material 
concretizations” (ibid.:513) of a given object (e.g., measuring specific phenomena) 
rely on a specific horizon of validity (e.g., the world as ‘measurable’). As an 
example for how this could be interpreted in post-phenomenological intentional-
ity structures, below a hypothetical schema for Husserlian horizonality is shown 
in contrast to Ihde’s horizonal phenomena:

I ⇒ (Technology -) World

Horizonal Phenomena

Pre-Given[I] ⇒ Co-Given[Technology - World]

Schema for Husserlian horizonality

This schema indicates that my intentional experience is delimited ([]) 
initially by the pre-given, or ‘outer,’ world-horizon, and stands in correlation with 
the similarly delimited co-given, or ‘inner,’ horizons of particular objectivities 
(e.g., scientific observation). While I argue that this gives a first indication of a 
more comprehensive treatment of horizonality, post-phenomenologically speaking 
it is questionable on two accounts whether this can provide a horizonal approach 
to technological mediation. First, the strong association of the world-horizon with 
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internal consciousness of a transcendental subjectivity is a challenge, given that in 
post-phenomenology there is no such thing as  subjectivity independent of 
technological mediation. Second, positioning intentionality (⇒) between two 
separate ‘spheres’ of horizonality is equally contrary to post-phenomenological 
interpretations, where intentionality is technologically mediated—i.e., already 
involved in how phenomena are given. Therefore, to summarize this brief 
discussion on Husserlian horizonality, it is pertinent to reflect more generally on 
the overlaps and divergences with Ihde’s approach. 

As outlined, Husserlian horizonality problematizes ‘modes of givenness’ —a 
relationship between how we perceive a thing, how we do not perceive it, and the 
transcendental conditions of perception in total. At this point, this may indeed 
recall Ihde’s concepts of multistability, micro- and macroperception. However, 
Husserl’s account seems to more clearly specify this relationship. The Ihdean 
correlation of micro- with macro-perception via technological mediation is static—
macro-perceptual validity and a given micropercepual manifestation are seen as a 
“spatial unfolding” (Waldenfels, 2000:113) without a particular genesis. In this 
respect, Husserl’s differentiation of the world-horizon as distinct, yet correlated 
horizons of givenness would suggest that technology may play differential, and 
as yet post-phenomenologically unprobed, temporal roles. 

Therefore, such a ‘Husserlian’ line of questioning would trouble Ihdean 
horizonality, because it begs the question whether distinct technologies operate 
not only on the transparency/opacity-spectrum (i.e., from alterity to immersion 
relations; see Chapter 1., 1.3.), but furthermore in horizons of givenness. Addition-
ally, horizonality as disclosed from genetic phenomenological inquiry highlights 
that there is a relationship between world-, objectivity- and subjectivity-horizons 
which is not static, but rather dynamic. As Geniusas asserts, the horizonality of 
experience evidences “plasticity as a central characteristic” (Geniusas, 2012:103). 
This notion of plasticity, of inherent change due to the irretrievable, indeterminate 
yet dynamic world-horizon, presents a challenge: how is it that technological 
artefacts do not only correlate micro-perceptual experience and macro-perceptual 
frames of reference, but actually shift these dimensions? 

Preliminarily, we may therefore conclude that Husserl’s ‘temporal-transcend-
ental’ approach to the horizon-problematic encompasses lines of questioning that 
do not emerge to the same extent in Ihde’s program. Ihde is motivated precisely 
by the fact that Husserl’s Galileo “has no telescope!” (Ihde, 2016:26)—suggesting 
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that the transformative role of things in the movements of experience is not 
appreciated in Husserl’s transcendental phenomenology. And yet, this brief 
account shows that Husserlian phenomenology is not only concerned with the 
question whether there presently is a given telescope transforming human inten-
tionality, but rather the question how the latter is embedded within horizons of 
pre- and co-givenness that make such transformations possible. 

This distinctly recalls Coeckelbergh’s contemporary critique: the challenge for 
post-phenomenology to deal with technological mediation as both structuring 
and pre-structuring the disclosure of the world (cf. Coeckelbergh, 2020:558); which 
becomes particularly pressing given the data-driven capacities of many contem-
porary technological artefacts, and crucially, AI technologies. Husserl’s differenti-
ation of the world into distinct yet unifying horizons of givenness gives first 
indications for the kind of dimensions that may be relevant for a post-phenomen-
ological horizon-problematic; namely, temporality and plasticity. At the same 
time, Husserl’s preoccupation with transcendental lines of inquiry makes it 
difficult to discern a particular role for technology, and thereby, complicates 
relating his horizon-problematic to technological mediation. As a next step, I will 
therefore consider Heidegger’s conceptualizations of horizonality as a more direct 
predecessor to Ihde’s program.

1.3. Horizonality in Heidegger's Existential Phenomenology and Philo-
sophy of Technology

Heidegger is a more direct yet also more controversial predecessor to post-
phenomenology, in that he outlines a specific philosophy of technology that the 
latter both draws from and is at pains to distance itself from alleged “high-
altitude analyses” (Ihde, 2010:19). In the preceding sections, I have frequently 
referred to Heidegger’s work to elucidate what phenomenological concerns are 
transposed into post-phenomenology. Here, I will discuss how Heidegger ap-
proaches the issue of horizonality in his early work generally (Being and Time), as 
well as in his intermediate (Introduction to Metaphysic) and later work concerning 
technology specifically (The Question concerning Technology). In the following, I 
argue that a genuinely post-phenomenological concept of horizonality could be 
developed through a synthesis of these texts.

In the early Heidegger, the most general concept of horizonality relates to the 
world, which could be seen as similar to Husserl in that world here is “not an 
entity or an aggregate of entities, but rather the taken-for-granted context of 
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familiarity from which one always approaches individual entities” (Pietersma, 
1979:200). However, in contrast to Husserl, even Heidegger’s early conceptualiza-
tion of horizonality is much more radical. Throughout Heidegger’s explication of 
an existential phenomenology of Dasein in Being and Time (BT), the question of 
fundamental ontological structures for the ontic dimensions of being-in-the-world 
(e.g., the They, idle talk, or use-relations) is the guiding line of inquiry. In such 
ontological structures as care, being-towards-death, or anxiety, Heidegger shows 
that the fundamental characteristic of these structures lies in time. But time is 
decidedly not meant as a mute superstructure in the sense of ‘everything 
changes.’ On the contrary, time, as Heidegger stresses, is always-already temporal-
ized specifically in the existence of Dasein. The latter integrates three types (or 
‘ecstasies’) of temporal horizonality: (i) a having-been is the presupposed world of 
Dasein as already-meaningful, (ii) an in-order-to40 of the present situated context 
(of e.g. tools), and (iii) a for-the-sake-of-which as the projections of Dasein towards 
its future (cf. Heidegger, 2010:343-348). 

The first two types of Heidegger’s horizonality are comparable to Husserl’s 
later genetic account of horizonality: rather than an additive build-up of prior 
‘facts,’ the pre-given ‘outer’ horizon of validity and co-given ‘outer’ horizons of 
objectivity intermingle. The crucial distinction is Heidegger’s positioning of the 
relationship of Dasein, as historically “thrown” (i.e., inevitably existing in 
particularly temporalized eras) and presently “attuned” (i.e., in particular 
understandings of phenomena as-____), with how it “comes back to itself 
futurally” (ibid.:347). The latter is one of the key ontological insights of his 
existential phenomenology: Insofar as there is a “there” in which I may do this or 
that, my doing itself is shaped recursively through futural projections (e.g., goals, 
aspirations, destiny), integrating the present “there” within a specific temporal 
structure of Being. The latter is crucial: Heidegger’s understanding of horizonal-
ity here radically reinterprets Husserlian horizonality by arguing for a “unity of 
the horizonal schema” (ibid.:348; my emphasis) of temporality. Indeed, to Heideg-
ger, temporal dimensions of experience are not exhausted by a given experience 
relating back to the pre-given or co-given ‘sedimentations’ of experience. On the 
contrary, the futural projections of everyday life, its goals, aspirations, or plans, 
are “equiprimordially” (ibid.:348) temporalized with past and present.

Thus, Heidegger’s horizonality can be described as a hermeneutic of the 

40 Not to be confused with utility. Rather, this structure can be better understood as 
closely related to the experiential present of intentionality, i.e., as-directed-towards.
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temporal-ontological structures of human-world relations. Temporality structures 
the latter specifically in historical eras, themselves “modes” (Heidegger, 2010:348) 
of the unity of past, present and future (e.g., how eras picture their time, histor-
icity, destiny etc.). Temporality as temporalized is horizonality, understood in 
terms of Heidegger’s existential phenomenology. Again, in contrast to my sketch 
of Ihde’s horizonal phenomena, an hypothetical schema for Heideggerian 
horizonality41 can be constructed as follows:

Temporality [ being-together-with ⇒ (innerworldly beings) ]

Schema for Heideggerian horizonality in Being and Time

In this schema, temporality manifests as the unity of Dasein’s temporal 
horizons ([]).  Dasein, as being-in-the-world, is always-already engaged with its 
world—that is to say, it is intentionally (⇒) together with ‘innerworldly’ beings 
(e.g., tools, feelings, etc.). However, such beings are not discrete entities, but 
relational: In intuitively knowing or using such beings, Dasein has its world ‘at 
hand’ in a way that is in-order-to-_____, for-the-sake-of-_____, etc. Accordingly, 
experience is here not only directed at particular things in spatial-phenomenal 
perception, but rather temporalized in relation to a specific temporal-ontological 
structure.

Similar to the above discussion on Husserl’s horizon-problematic (i.e., modes 
of pre-/co-/givenness), Heidegger’s horizonality is temporal and entangled. 
However, an important distinction lies in what temporality means for these 
theorists. The role of temporality in Heidegger is much more radical. First, to 
Husserl, the envelopment of subjects by temporal horizons is accessible both to 
the phenomenological investigator as well as the subjects themselves: the past, 
present and future are intertwined, yet can be objects of external reflection (cf. 
Pietersma, 1979:204). In Heidegger, there exists an ontological super-structure, 
temporality as such, that does not equal the sum of its parts but must be dis-
cerned through hermeneutic analysis from ‘ontic’ appearance. Second, temporal-
ity is furthermore itself subject to change on an ontological level, such as in the 
various era-specific instances of clocks disclosing a particular ‘world-time.’ 
Accordingly, as Pietersma argues, Heidegger’s temporal horizonality is utterly 

41 Again, this schema is only presented here for the sake of argument, as the point of 
Heidegger’s conceptualization lies in the irreducibility of these categories as distinct 
objectivities.
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unlike Husserl’s: rather than a ‘matrix of givenness’ that may change because of a 
transcendental ego, horizonality here is better understood as a “projected by the 
subject [yet] circumscribed by a reality not within the reach of that subject's 
powers” (Pietersma, 1979:210).

As Bernard Waldenfels argues, the unity of temporal horizons is one of the 
most profound aspects of BT, as philosophy had previously considered “time 
itself […] as a member of an opposition” (Waldenfels, 2000:109)—first, as an opposite 
to space, but also in the sense of “time vs. eternity” (ibid.:109). Therefore, as 
already indicated above, it is significant that temporality as understood by 
Heidegger is not maintained in Ihde’s spatial interpretation of horizonality: It 
suggests that an originally inextricable part of Heideggerian phenomenology has 
been left behind, and crucially one that is not dependent on Heidegger’s later 
philosophy of technology that Ihde criticizes extensively (see further below). This 
is a significant omission when keeping in mind that Ihde’s program builds 
significantly on the first part of BT, specifically on the distinction between ready-
to-hand and present-to-hand (cf. Ihde, 1990:30ff) in tool relations. 

Accordingly, the relationship of technology to temporalized experience (e.g., 
human-technology-world relations) and the temporal horizons of the ‘world’ as 
such can be seen as inexhaustively elaborated in post-phenomenology. This 
would imply that the latter should be able to complement the status quo under-
standing with a temporal, indeed horizonal interpretation of technological mediation. 
However, the above schema is hardly ‘readymade’ for such interpretations as it 
does not suggest how technology may be integrated specifically. Therefore, a 
question arises whether Heideggerian horizonality can be understood yet more 
precisely in a way that sheds light on what a post-phenomenological counterpart 
ought to look like. After BT, there are two works which I highlight here. First, I 
consider how Heidegger’s Introduction to Metaphysics (ItM) further specifies a role 
for technology beyond the role of tool or equipment. This text both conceptualizes 
the temporal-ontological horizons of BT on a higher level on the one hand, and on 
the other foreshadows an unexpectedly crucial impulse from Heidegger’s later 
philosophy of technology for developing post-phenomenological horizonality.

In ItM, Heidegger proposes to understand “technē [in an originary sense] as 
‘knowing’” (Heidegger, 2014:177).42 But this knowing is, in typical Heideggerian 

42 While it needs to be borne in mind that in ItM, Heidegger’s technē is primarily 
conceived as language, Ihde’s foundational hypothesis that technological artefacts are 
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fashion, understood in a particular way. Knowing as technē is directed at what is 
referred to as dikē, or the “fittingness <Fug>” (ibid.:178) of Being. First, therefore, 
‘knowing as technē’ does not concern purely cognitive activities, but rather recalls 
Dasein’s intuitive ways of going about being-in-the-world in such-and-such-a-
way. Or, in Elias’ words, knowing is here meant as a “human means of 
orientation” (“menschlichen Orientierungsmittel,” Elias, 1988:ix) in the world—
i.e., and importantly, a knowing that does not concern explicit epistemic questions 
directly. Second, the ‘fittingness of Being’ covers numerous senses of the Husserli-
an world-horizon, as “joint and structure; then as arrangement, […] finally, as the 
enjoining structure, which compels fitting-in and compliance” (Heidegger, 
2014:178). In other words, particular human ways of knowing ‘their’ world are 
integrated within a particular ‘unknowable’ horizonal structure determines how 
phenomena ‘fit’ into this world. However, Heidegger’s fittingness is not a 
situated perception of the world in the here and now. On the contrary, it is not 
restricted to what is currently done, spoken, interpreted or read; but rather 
concerns the ontological structure of how human technē is always directed at a 
“pre-language, pre-predicative, a pre-discursive” (Waldenfels, 2000:112) fitting-
ness. 

This suggests a first framing of ‘world’ as understood post-phenomenologic-
ally in terms of Heideggerian ontology, which I have above argued is a potentially 
crucial missing ‘ingredient’ for a more exhaustive concept of horizonality. Insofar 
as a particular stabilized human-world relation cannot contain the ‘fittingness’ of 
the world as a whole, so a particular technological artefact cannot contain technē as 
a whole. Therefore, technological mediation as considered in post-phenomeno-
logy cannot be reduced to a spatially-sitatued artefact at a particular point in 
‘inner’ time, because the latter is always integrated with how technē temporalizes 
the ‘outer’ time of the world’s fittingness as a whole. However, this proposal is as 
yet too abstract for post-phenomenological inquiries, which requires more 
formally pragmatic interpretive tools and procedures. To investigate further, and 
given the prominence that Heidegger’s essay The Question concerning Technology 
(QT) enjoys in Ihde’s post-phenomenology  (see also Chapter 1, 1.2.), I next center 
on this text to seek clarification. 

The crucial question regarding QT is whether the “Enframing” (Ge-Stell, 
Heidegger, 1977:19) can bring together technology, fittingness and temporal 

better understood as “language-analogues” (Ihde, 1998:25) suggests a connection to post-
phenomenology. 
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horizonality more clearly. And in particular, whether it expands on the existential 
tool-analysis pursued in BT and the ontological structure of technē-fittingness in 
ItM, respectively. Famously, the Enframing is judged by Heidegger to be the 
essence of modern technoscience’s increasing objectification of anything and 
everything as “standing-reserve” (Bestand, ibid.:17), an array of resources for 
already-understood means and ends. Importantly, as Babette Babich notes, the 
term Gestell “also means muster, and one can be ordered to such a mustering, 
commandeered or called up to service” (Babich, 2014:158). In this sense, the 
Enframing is not exhausted by a particular artefact in and of itself, but rather 
concerns modern technology as a specific “mode of revealing” (Heidegger, 
1977:13) the world—and therefore specific ways of going about being in the world, 
of seeing or doing things in-such-and-such a way. 

Therefore, and similar as in BT, revealing is not a particular act but rather a 
structure of being-in-the-world, which together with concealing forms a “constel-
lation” (ibid.:33) of Being. With ‘constellation,’ Heidegger translates the earlier 
fittingness of ItM into his later philosophy of technology. In correspondence to the 
reciprocal relation of human knowing (technē) to a fittingness of Being (dikē), the 
Enframing as a configuration of the concealing-revealing constellation (i.e., how 
the world’s Being appears) can be more directly related to technological medi-
ation. Indeed, I concur with Zwier and colleagues who argue that the theory of 
Enframing ”cannot be reduced to a value judgment” (Zwier et al., 2016:329) of 
modern technology specifically. On the contrary, a more generalized interpretation 
of the Enframing could in fact supply a “rehabilitation [of an] ontological dimen-
sion” (ibid.:331) in post-phenomenological analyses.43

To recall, Heidegger argues that “the essence of Technology is nothing 
technological” (Heidegger, 1977:35). My argument builds on this as follows: If 
innerworldly artefacts, such as the ready-to-hand hammer, temporalize the world 
(see above), then this technology is structurally related to Technology as a mode 
of temporalizing, i.e., as an ontological constellation that unifies the disclosure of 
“the” past, present and future. Technology is therefore not only productive of 
seeing this or that as a resource, but rather a constellation of human Being itself—a 
pre-reflective “attuned understanding” (idem., 2010:148) of being-in-the-world in 
such-and-such-a-way. Again, this framing is hardly readymade for empirically 

43 This will be more fully conducted in the subsequent chapter through the work of 
Davor Löffler (Löffler, 2018, 2019), at this point outlining the underdeveloped aspect of this 
side of post-phenomenology is primary.
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oriented post-phenomenological investigations, but it advances the argument for 
a post-phenomenological concept of horizonality, i.e., one which is specifically 
oriented at technological mediation. Indeed, seen through Heidegger, the latter 
would have to be considered both in terms of specific temporalized instances and 
an as ontological configuration of temporal constellations. The implication is that, 
whereas in Heidegger the latter aspect is afforded philosophical primacy, a post-
phenomenological horizon-problematic may investigate in how far such specific 
temporal-ontological ‘qualities’ are delegated to, or embodied, by technological 
artefacts.

Lastly, it is noteworthy that this implication reflects current discussions in the 
field of philosophy of technology. For instance, Christoph Hubig’s investigation 
of reasoning in technical practices stresses that interpretations of technological 
mediation need to consider technologies’ dual role as means and models (“Mittel 
und Model,” Hubig, 2015:204)—that is, as artefact in the ‘material 
concretization’ (Husserl) of an in-order-to relation, and as a constellation that 
embeds Dasein in knowing ‘its’ world. Similarly, Kiran and colleagues argue that 
technologies “enable and constrain ways for [humans] to be and to become” (Kiran 
et al., 2015:7); stressing that technological mediation has a constructive, even 
generative role in “the existential characteristics of [human] becoming” (ibid.:13). 
This is also suggested elsewhere by Asle Kiran in reflecting on QT, who notes that 
post-phenomenology should retain “the basic sense of technological mediation as 
a revealing-concealing structure” (Kiran in Rosenberger and Verbeek, 2015:128)—
without, however, expanding on a particular temporal-ontological interpretation 
this would require beyond a particular artefact. 

Indeed, Reijers has argued that in effect, post-phenomenology minimalizes 
the Heideggerian horizon-problematic to the in-order-to context (cf. Reijers, 
2019:626), whereas this is only one aspect of the Heideggerian horizon-problemat-
ic of temporal unity as I have shown above. My hypothesis, then, is that a dis-
tinctly post-phenomenological horizon-problematic could indeed be grounded in 
a synthetic reading of Heidegger’s existential phenomenology and later philo-
sophy of technology. In the following conclusion to this section, I therefore first 
reflect on my findings with regards to the differences in post- and phenomenolo-
gical considerations of horizonality. However, I also argue that the question of 
how technological mediation can be interpreted in ‘horizonal’ terms requires 
further consideration before a temporal-ontological dimension can be formulated.
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1.4. Conclusion: Implications for a Post-Phenomenological Interpretation of 
Horizonality

In this section, I have attempted to show to what extent Ihdean post-phe-
nomenology currently either adopts or is found lacking with regards to horizonal-
ity as understood by Heidegger and Husserl. I have argued that the phenomeno-
logical programs of Husserl and Heidegger offer a much wider consideration of 
the horizon-problematic than currently present in post-phenomenology’s spatial-
phenomenal treatment. Indeed, the Heideggerian temporal-ontological under-
standing of horizonality in particular seems to relate directly to important 
analytical dimensions required of post-phenomenological AI studies. In the 
following, I summarize and conceptualize the findings from this theoretical 
discussion (Table iii).

Table iii: Generalized findings on horizonality in Ihde, Husserl, and Heidegger.

Horizon-Problematic Horizonality Technology

Ihde Spatial-Phenomenal Irretrievable field-
fringe relationality

Present Absence 
(Atmosphere)

Husserl Temporal-Transcendental
Entangled Struc-
tures of Pre-/Co-/
Givenness

Material Concretiz-
ation of the Pre-
Given

Heidegger Temporal-Ontological Constellation of Be-
ing

Temporal Config-
uration / Tempor-
alized Instance

As has been stressed above (cf. Chapter 1, 1.6.), the most significant promise 
of post-phenomenological AI studies is a more fundamental understanding of 
how such technologies structure the appearance of things (even those perceived 
as “AI”) in the world. At the same time, this was identified as a challenge: AI 
technologies are always already withdrawn from appearing, and in this sense 
cannot be understood as ‘co-given’  phenomenally (with, e.g., the interfaces or 
devices that display their outputs) in the sense of Ihde, or indeed Husserl. 
Therefore, while Ihde’s framing of horizonality in spatial-phenomenal terms was 
found to be inexhaustive, I also argue that the Husserlian notion of horizonality is 
not directly aligned with developing a genuinely post-phenomenological counter-
part—simply because it would not admit technological ‘operativity’ into an 
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interpretation of the temporal structures of experience. 

Instead, as I have argued regarding Heidegger’s early and late philosophy of 
technology, a temporal-ontological interpretation may provide a suitable founda-
tion. This is firstly motivated by simple practicalities, given that Heidegger’s 
concept of horizonality can be more clearly aligned with a particular philosophy 
of technology than Husserl’s. Secondly, more conceptually, it also clearly comple-
ments post-phenomenology’s heretofore spatial-phenomenal understanding of 
horizonality—as I have attempted to show by synthetically interlinking Heideg-
ger’s early phenomenology and later philosophy of technology. Accordingly, a 
possible temporal-ontological interpretation of horizonality in post-phenomeno-
logical terms could center on technological mediation as ‘extending’ over tempor-
ality-structuring technē and temporality-instantiating artefact.

 However, while I argue that a Heideggerian temporal-ontological under-
standing suggests the way forward, the disparity to Ihdean spatial-phenomenal 
analyses necessitates further investigation. For instance, Verbeek diagnoses a 
fundamental distinction between investigations that orient themselves backwards 
“to the conditions of possibility” (Verbeek, 2006:26) that transcendental or 
ontological phenomenologies pursue, and the post-phenomenological way of 
analyzing “forwards to what [technology] actually does” (ibid.:29). A key question 
then lies in how these apparently divergent hermeneutic styles can be integrated, 
and in a way that retains the pragmatic productiveness of post-phenomenology’s 
empirical orientation. Therefore, in the following, I investigate whether more 
contemporary treatments of similar questions can provide exhaustive scaffolding.

2. Considering Expansions of and Alternatives to Ihde’s Material Hermen-
eutics

In the previous section, I have identified that in Ihde’s approach to horizonal-
ity, significant dimensions of Husserlian and Heideggerian phenomenology are 
not taken up. On the contrary, post-phenomenology’s horizonality is restricted to 
a spatial-phenomenal dimension of technological opacity and transparency, 
respectively; foregoing the essentially temporal dimensions of horizonality both 
Husserl and Heidegger stress. Particularly the latter’s foundational influence on 
post-phenomenology, I have argued, suggests that appropriate vectors of analysis 
could be found from which to develop a more fundamental, and genuinely post-
phenomenological approach to the horizon-problematic. However, in parallel to 
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current discussions in the field, the fundamental differences between Ihde’s 
empirical-analytical framework and Heidegger’s temporal-ontological lines of 
inquiry first requires further hermeneutic clarification. In a way, this finding 
actually aligns on a methodological level with Ihde’s caveat in outlining his 
material hermeneutics, stating that the latter is “at all times” to be accompanied 
by an appropriate “cultural hermeneutics” (Ihde, 1990:30). 

However, Ihde does not specify what kind of cultural hermeneutics this 
would have to be, either specifically or generally; and the hypothesis on the dual 
role of technology as temporalized artefact and temporal structure in fact sug-
gests that these two angles of interpretation may need to be more comprehens-
ively integrated. To probe how an integration of something like Heideggerian 
horizonality can be attempted, it therefore now consider whether a specific 
interpretive stance towards horizonality exists in current work in (post-)phe-
nomenology and philosophy of technology that may circumvent or bridge the 
apparent mismatch.  Specifically, I discuss Olya Kudina’s hermeneutic lemniscate 
which is predominantly influenced by Gadamer (Kudina, 2019), Alberto Romele’s 
digital hermeneutics influenced by Ricoeur (Romele, 2020), and Ciano Aydin’s 
philosophical-anthropological theory of extimate technology (Aydin, 2021). In the 
following, I briefly provide a two-fold rationale for the selection of these works. 

First, the above authors match my motivation to expand phenomenological 
approaches to twentieth and twenty-first technologies, and particularly in light of 
recent advances. Kudina develops a temporal understanding for interpretation 
mediated through information technologies, Romele seeks a hermeneutics for the 
increasing world-directedness of such technologies, and Aydin motivates his 
philosophical-anthropological work from advances in bio-/nano-technologies 
that provoke questions on the human condition. In their approaches, and similar 
to my argument thus far as well as the broader discussion in the field, these 
authors all reflect different takes on the question of how transcendental or ontolo-
gical (post-)phenomenology may have to become in order to adequately account 
for technological mediation in emerging technologies.  Second, they all build their 
expansions on different theoretical predecessors than either the majority of post-
phenomenological theorists (i.e., Ihde and Verbeek); or indeed my own focus on 
Husserl and, particularly, Heidegger. This allows me to counterbalance my 
necessarily limited discussion of horizonality and technology with related, but 
differently weighted theoretical avenues. The major take-away of this subchapter 
is that I ultimately suggest that a genuinely post-phenomenological horizon-
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problematic can be developed by calling in a philosophical-anthropological 
perspective.

2.1. Kudina’s Hermeneutic Lemniscate

My first choice as an alternative route towards a horizon-problematic is, 
initially, not all that alternative. Kudina’s work is, after all, firmly situated within 
post-phenomenology. The goal is to understand more fully how technological 
mediation, following Ihde and Verbeek, transforms moral values. However, 
Kudina pursues an original dimension in her research by being focussed on 
understanding the specifics of change, for example as “value dynamism” (Kudina 
and Verbeek, 2019:293), in the context of technological mediation. The temporal 
dimension of change suggests a connection to the Husserlian and Heideggerian 
conceptualizations of the horizon-problematic, which I have argued as heretofore 
not elaborated in post-phenomenology. To construct this concern as an empirical-
analytical dimension, Kudina predominantly draws on Gadamer’s hermeneutic 
phenomenology; and it is also in this regard that her research becomes of interest 
to my investigation. Rather than building directly on either Husserl or Heidegger, 
Kudina sees in Gadamer’s hermeneutics a search for particular conditions of 
‘truths’ as a series of preliminary, interpretive gestures. As one of Gadamer’s key 
notions, the “fusion of horizons”  in which human beings project their “effective 
history” onto a “hermeneutic situation” (Gadamer, 2013:304) is interrogated by 
Kudina for the particular interpretive processes involved in human-technology-
world relations. 

The most significant hermeneutic instrument developed in her research, 
Kudina’s hermeneutic lemniscate (Kudina, 2019:101ff) integrates the processes 
involved in how technologies shape human interpretation without falling into 
either technological neutrality or determinism. Building on Gadamer, her “lem-
niscate” (any figure-eight type structure) differentiates various arcs between the 
components of Ihde’s human-technology-world relations (Figure 10).
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Figure 10: Sketch for Kudina’s hermeneutic lemniscate: Relationality among the general post-
phenomenological schema is differentiated into distinct hermeneutic arcs between constituent 

entities. From Kudina, 2019:225.

 In this differentiation, Kudina not only specifies the principal Ihdean human-
technology-world schema. Instead, already by building on Gadamer’s hermen-
eutic circle, her approach concerns an interrelationship between (i) how the 
interpretations of an “I” must, to some extent, be pre-given (Husserl) by way of a 
historical horizon, and (ii) how the disclosure of the world by technological 
artefacts not only fulfills, but modifies this pre-givenness (cf. ibid.:90ff). Already 
through this consideration, human-world relations are seen as more radically 
‘horizonal’ than in Ihde or Verbeek. However, Kudina furthermore stresses that in 
human-technology-world relations, there is a secondary ‘hermeneutic circle’ that is 
tightly interlaced with the one Gadamer saw in human-world relations.  

Therefore, Kudina’s lemniscate is not only a re-introduction of temporality to 
interpreting of technological mediation by building on Gadamer, it is furthermore 
a ‘horizonal’ radicalization of Ihde’s multistability. In Kudina’s lemniscate, there 
is no stability that is simply given once a human-technology-world relation 
manifests as, e.g., an embodiment relation. On the contrary, by stressing the 
temporal and temporary nature of interpretation, Kudina argues that “a hermen-
eutic situation will resemble a combination of two hermeneutic circles, interre-
lated and always in flux” (ibid.:92). In light of the horizon-problematic discussed 
above, Kudina’s lemniscate therefore advances into territory not yet broadly 
considered by Ihdean post-phenomenology. It is particularly noteworthy that, in 
foregrounding the distributed events of disclosure, interpretation and modifica-
tion, Kudina reintroduces issues of temporality into investigations of how specific 
forms of intentionality may ‘ebb’ and ‘flow.’ However, there are two shortcomings 
that indicate that the hermeneutic lemniscate may not yet fully account for the 
relationship of horizonality and technological mediation pursued here, and 
particular with regards to AI technologies. 

First, similar to Ihde and Verbeek, Kudina’s lemniscate relies on the artefactu-
al manifestation of technologies in spatial-phenomenal terms. Accordingly, the 
scope of inquiry, i.e. the movements of experience that post-phenomenological 
analyses lays claim to, remains the same. For example, reading an e-book on a 
device, which is a prominent example of Kudina’s, is both transparently (i.e., as a 
physical artefact which withdraws) and opaquely (i.e., as image-to-be-read) given 
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(cf. ibid.:99-103). Therefore, without elaboration of how the lemniscate itself is 
given, horizonality as pursued here; i.e., in the form of a general post-phenomeno-
logical horizon-problematic, is not offered. For instance, it is not clear how exactly 
background relations or horizonal phenomena are covered by the hermeneutic 
lemniscate, in which there are no focal artefacts for technological mediation.

Second, the lemniscate as a structure is by definition fixed into a particular 
topology (i.e., a figure eight constellation). Yet can this be the case for any phe-
nomenon of technological mediation? Do information technologies in particular 
not rely on further ‘loops’ of modification, as for example Hongladarom’s 
machine hermeneutics would suggest? Kudina approaches this question by 
referring to Capurro’s digital hermeneutics (Capurro, 2010). Briefly, the latter argues 
that by way of the ubiquitous mediation of the world through information 
technologies, we increasingly interpret the world in terms of what can be digit-
ized (cf. Kudina, 2019:94ff) as a pre-reflective ‘truth’ in the Heideggerian sense. 
However, as the phenomena I have discussed above indicate (e.g., Bogost’s 
technological expectancy, Introduction; or emotional contagion, Chapter 2), 
questions of representation does not fully exhaust how AI technologies shape 
contemporary experience.

Therefore, given the focus on the spatially-phenomenally situated artefact, the 
specifics of contemporary AI technologies seem to not be accounted for in this 
post-phenomenological take on Gadamer’s fusion of horizons. Additionally, 
while Kudina’s lemniscate reintroduces notions of temporal horizonality into 
Ihde’s material hermeneutics, I argue that a full articulation of how post-phe-
nomenology may generally interpret the relationship between horizonality and 
technological mediation is still missing. To take another approach into account, in 
the following I focus on Romele’s recent work that instead builds on the phe-
nomenology of Riceour with the explicit goal of accounting for the hermeneutic 
effect of information technologies.

2.2. Romele's Emagination

A further alternative route towards a horizon-problematic lies in Romele’s 
Digital Hermeneutics. Similar to Kudina, there is a basic affinity with post-phe-
nomenology, in that fundamental premises are shared, and Romele extensively 
cites and elaborates on Verbeek and Ihde. However, as Reijers notes in a review of 
Romele’s book, the latter is more in line with the phenomenological critique 
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developed by Zwier and colleagues. Like the latter, Romele reevaluates the 
ontological line of questioning left behind in the empirical turn, as information 
technologies increasingly withdraw from experience; “blending in seamlessly 
with aspects of our lifeworld” (Reijers, 2020:1). Romele’s project of digital her-
meneutics, therefore, can be framed as seeking to expand Ihdean material 
hermeneutics. However, Romele’s project is also distinct from Capurro’s digital 
hermeneutics mentioned above. In building on Riceour’s focus on the externaliza-
tion of language, Romele investigates whether some information technologies 
may be an externalization of “productive imagination” (Romele, 2020:86). 

Unlike the material hermeneutics of Ihde, or Capurro’s digital hermeneutics, 
Romele’s take on the experiential transformation afforded by information 
technologies is therefore not exhausted by investigating what kind of pre-select-
ive interpretations are embodied by technological artefacts. On the contrary, his 
digital hermeneutics is an interpretive framing of how technologies such as AI 
could be regarded as having an interpretive capacity without “material concretiza-
tion” (Schütz, 1953:513) into manifest human-technology-world relations. In this 
regard, Romele’s investigation seems ready-made for the purposes of this 
dissertation by preparing a theoretical foundation for how information technolo-
gies shape the horizons within which ‘reality’ becomes referencable without 
yielding an experiential ‘correlate’ of intentional experience. Therefore, using 
Riceour as his foundation, Romele seems to target exactly the kind of phenomena 
of technological mediation I have argued post-phenomenology cannot currently 
approach robustly.

To consider productive imagination as a potential technological characteristic, 
Romele first builds on Riceour’s phenomenology as a methodology to critique 
extant hermeneutics of the digital and information. He states explicitly that his 
digital hermeneutics are “a Ricoeurian plea for the methods without losing touch 
with existence” (Romele, 2020:74). This leads Romele to argue that, unlike 
Capurro’s digital hermeneutics, the point of a hermeneutics of digitality is not to 
condemn a perceived virtualization of the ‘real,’ but rather “to show the existence 
and resistance of a gap between the reality and its digital representations” 
(ibid.:80). Accordingly, Romele argues that information technologies “play a 
fundamental role in human schematization” (ibid.:96) of narratives. Romele 
builds this argument on Ricoeurian productive imagination as an ‘emplotment’ 
formed by the externality of language, and argues that technologies are just such 
externalizations—in effect, aligning with Ihde’s thesis on technological artefacts 
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as “language-analogues” (Ihde, 1998:25).

However, with his theory of “emagination” (Romele, 2020:83), Romele goes a 
step further than Ihde’s material hermeneutics. Indeed, similar to Wiltse (cf. 
Chapter 1, 2.5.), he argues first that information technologies manifest as ‘traces’ 
in, for example, Ihdean human-technology-world relations. Second, and on a 
more ontological level, Romele argues that such spatially-situated artefacts are 
already “emplotted” (ibid.:104) in ‘narratives’ that draw from the interpretive 
capacities of withdrawn information technologies. Similar to Ricoeur’s productive 
imagination, then, such technologies can be seen as analogues to narrative as a ”
distanciation from reality and reappropriation of it” (ibid.:93). Going even further 
than Hongladarom’s assertion of a special agential status of AI technologies, 
Romele therefore effectively argues that emagination is not only a pre-structuring, 
but rather a potentially autonomous imaginative layer of how the world can appear 
meaningfully at all. An Ihdean schema would represent this as a human-techno-
logy-world relationality in which the world is already ‘emplotted’ ([] ⇐) by 
information technologies.

Human - Technology - [ World ] ⇐ emagination

Schema for Romele’s emagination

This schema indicates that, if Romele’s assertion of an autonomous imaginat-
ive layer holds in case of information technologies, then (at least) two layers of 
technological mediation would be open to analysis. First, emagination is always-
already at work in how the world is given within particular ‘narratives.’ Second, 
the technological intentionality of a given artefact correlates human intentionality 
with a particular narrative ‘track’ in the minutiae of experience. From a phe-
nomenological point of view, separating technological mediation in this way 
undoubtedly is more appropriate than, for instance, the assertion of distinct 
human and technological ‘worlds.’ However, as Reijers continues in his review, 
the question of autonomy regarding emagination also blurs the contribution that 
Romele’s research can make to post-phenomenology, and in the context of this 
dissertation, a conceptualization of horizonality. In short, Reijers argues that if 
technologies are an example of a Ricoeurian externalization of language, then 
Romele’s emagination “should be regarded as yet another extension—not as an 
autonomous process” (Reijers, 2020:3). This is a substantial critique in light of my 
interest in Romele’s Ricoeurian project, namely as an alternative route towards a 
post-phenomenological understanding of the horizon-problematic. 
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On a surface-level read, the focus on technological emplotment of human-
technology-world relations would seem to account for the fundamentally with-
drawn transformative impact of AI technologies. So-called ‘real-world’ data, often 
derived from user interactions (e.g., liking something on Facebook), become 
transformed by algorithms and disclosed via a particular artefact, such as an 
interface. Yet Reijers’ critique highlights that an overemphasis on agential 
autonomy, the proposed ontologically distinct emagination of algorithmic 
information technologies, may be too hasty as the eventual human interpretant is 
nevertheless dependent on Heideggerian temporal horizons “for the sake of which 
[they are]” (ibid.:3). Accordingly, while a horizon-problematic for post-phe-
nomenology could include emagination, it would have to be part of a much more 
fundamental understanding of horizonality and technological mediation as such.

Therefore, I argue that Romele’s work is essentially a supplementary special 
hermeneutics for a more general problem—that of horizonality. Indeed, Romele’s 
work only explicitly names horizonality in the context of critiquing hermeneutics 
which would argue that information technologies are predominantly determinist-
ic, such as Capurro’s (cf. Romele, 2020:34ff). While semantic faithfulness is not the 
issue, it seems that the blurring of the virtual and the real in the latter theorist, 
which Romele is eager to supersede, also results in an exaggerated separation of 
horizonality into fully human and fully technical spheres of concern. As I have 
already discussed regarding Hongladarom’s machine hermeneutics, such a 
separation hinders more than supports the potential for post-phenomenological 
AI studies to investigate the particular ways in which AI technologies modulate 
the experience of the world. Therefore, whereas Kudina’s hermeneutic lemniscate 
does not seem to fully account for withdrawn technologies, Romele’s digital 
hermeneutics are too dependent on a claim to agential capacities to exhaustively 
define a horizon-problematic for technological mediation.

2.3. Aydin's Extimate Technologies of Self-Formation
 
In this section on alternative routes towards a post-phenomenological 

horizon-problematic, the most significant departure from the post-phenomenolo-
gical program proper can be found in Aydin’s development of the notion of ”
extimate technology” (Aydin, 2021:248). In bringing together such diverse 
thinkers as Peirce, Lacan, Plessner, Nancy and Nietzsche; Aydin takes up a 
philosophical-anthropological perspective regarding technology and human 
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being. While the majority of his work concerns the question of whether 
(emerging) technologies can play a productive role in the formation of a self—
formulated in a “technological sublimation theory” (ibid.:235ff)—the synthesis of 
such diverse thinkers also leads to significant implications regarding what 
particular interpretive stance may be required for a post-phenomenological 
understanding of horizonality.

Against the backdrop of transhumanist readings of emerging bio-/nanotech-
nologies, Aydin first advocates for an “interactionist view" (ibid.:85ff) of the self 
that is positioned as a critique of substantialist or dualist views of the self, as these 
can neither account for novelty nor relational structures that characterize the 
practice of living. The latter is key: insofar as that selves are always historically 
situated, the practices of selfhood are materially and environmentally extended in 
ways that are neither simply ‘out there’ by pure forms (as the lenses for such 
invariably change) or nature (as the nature-culture divide is constantly and 
technologically reconfigured). The fundamental philosophical anthropology of 
Plessner is key, and particular his conceptualization of “excentric positionality” 
(Plessner, 2019:296) of human beings. 

Briefly, excentric positionality refers to the continuous human “boundary-
realizing” (Grenzrealisierung; ibid.:118) between the ‘outside’ world and the 
‘inside’ self. This is a continuous human phenomenon because, as a “lack-being” 
(Mängelwesen; Gehlen, 1988:27), the human is constantly at work establishing 
boundaries between an inside (i.e., “the” self, “culture”) and an outside (i.e., ”the” 
Other, “nature”) that are not given by animal instinct. And precisely because these 
boundaries are not simply given, the capacity to relate to and modify this relation of 
inside and outside is judged to be a fundamental human condition. Accordingly, 
Aydin adapts the notion that the self is never to be located on a Cartesian divide 
of an inside or outside, but needs to be thought as extimate in the sense that the 
self is constantly required to determine, reconcile as well as differentiate the 
relations of ‘the’ inside and outside—particularly as contemporary bio-/nano- 
and neuro-technologies increasingly permeate the ‘inside.’

For the purposes of my dissertation, the key further development lies in 
Aydin’s integration of Plessnerian ‘excentric positionality’ with the phenomenon 
of being “closed open” (Nancy, 2002:10) to technology from an autobiographical 
account of the postmodern theorist Nancy. The latter’s personal experience of 
open heart surgery leads him to reflect on how the “‘I’ always finds itself caught 
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in the battlements and gaps of technical possibilities” (ibid.:3). As Aydin notes, 
“the idea of being ‘closed open’ indicates that the technologies used to treat 
Nancy should not be seen as strangers from an outside realm that infringe the 
self; rather, the self is exposed as always having been part of that  ‘outside’” 
(Aydin, 2021:205). In effect, Aydin therefore positions technology as an intimate 
part of the deeply human work of boundary-realizing, both conditioning and 
affording the ‘excentric’ possibilities of human-world relations. 

I suggest that in this argument, Aydin’s synthetic work not only adds further 
conceptual vocabulary, in the sense of hermeneutic edifices, to the post-phe-
nomenological framing of, for example, the co-constitution of subjectivity. Rather, 
in identifying that in the self’s fundamental openness to ‘technical possibilities’ 
lies a simultaneous enclosure of the self, Aydin’s work echoes my findings. 
Specifically, that a post-phenomenological horizon-problematic cannot center on 
specific technologies (such as a specific information or AI technology) because 
‘technical possibilities’ are always already part of the ‘constellation’ (Heidegger) 
of human-world relations.

Accordingly, I argue that Aydin’s work essentially suggests that the self is co-
constituted by technological mediation irrespective of any concrete technological 
artefact, and, crucially, that this co-constitution is intimately temporal in a 
Heideggerian sense—i.e., as ‘always having been closed open.’ In canonical post-
phenomenological mediation theory, the self is seen as co-constituted in situated 
events of technological mediation—the here and now. But Aydin’s notion of the 
technological extimacy of the self is more radical than this spatially-situated and 
temporally-discrete conceptualization: rather than a stable self emerging given a 
particular artefactual encounter, being closed open to technical possibilities means 
incorporating the latter not just in the specific co-constituting event of mediation, but as a 
general mode of relating to the world. Crucially, there is a close connection here to the 
Heideggerian constellation, in the sense that technical possibilities do not need to 
be ready- or present-at-hand to exert an influence on experience—technē is 
always-already at work in the world.

In this sense, Aydin’s analysis of the involvement of technical possibilities in 
the “extimate structure of the self” (ibid.:208) adds further weight to the argument 
that a post-phenomenological horizon-problematic cannot avoid but stray into 
dimensions of temporal-ontological inquiry. Therefore, my earlier argument for a 
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Heideggerian temporal-ontological interpretation44 as a starting point for a post-
phenomenological horizon-problematic is reaffirmed precisely at this point. 
Rather than separate spheres, being closed open to technical possibilities can be 
understood as a quasi-Heideggerien technē of possible temporalizations of the self 
(e.g., the surgical subject) always lurking to be instantiated via actual artefacts 
(e.g., the pacemaker).

Via Plessner’s excentric positionality, Aydin’s technological extimacy can 
therefore be interpreted as a philosophical-anthropological line of inquiry that 
more precisely questions how technologies which are not phenomenally apparent 
in the here and now as material artefacts nonetheless structure the delimiting 
horizons of human-world relations. At the same time, Aydin’s high-level account 
does not exhaustively discuss emerging technologies such as AI technologies 
specifically. However, most significantly, I argue that Aydin’s work suggests that 
philosophical anthropology may provide the lines of inquiry that post-phe-
nomenology currently lacks for an account of horizonality. Specifically, by 
problematizing the relationship of human intentional experience and the technolo-
gically mediated conditions of human-world relations, philosophical anthropo-
logy can be levied to synthesize these seemingly divergent approaches into a 
post-phenomenological horizon-problematic.

2.4. Conclusion: Steps towards a Post-Phenomenological Horizon-Problem-
atic

The argument made in this section can be summarized as follows. Earlier, I 
have discerned that post-phenomenology lacks an original horizon-problematic, 
which is a challenge provoked by information technologies as well as, most 
significant in terms of this dissertation, AI technologies. Then, I found that 
Heidegger’s temporal-ontological horizonality, in combination with his early and 
late philosophy of technology, is highly promising for conceptualizing this lack. 
At the same time, this finding resulted in realizing that ultimately, temporal-
ontological and spatial-phenomenal lines of inquiry would have to be reconciled. 
This section therefore interrogated whether existing work can fulfill this specific 
requirement, and, if not, how exactly an adequately hermeneutic-existential 
reconciliation could occur.

44 Sketched above as technological mediation ‘extending’ over temporality-structuring 
technē and temporality-instantiating artefact; cf. 1.4..
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Via recent work of Kudina and Romele, I showed that this challenge is not 
resolved in alternative theoretical routes building on Gadamer and Riceour in 
contemporary efforts. Kudina’s hermeneutic lemniscate argues for a temporal 
understanding of technological mediation reminiscent of my cursory attempt to 
link Heidegger’s existential phenomenology to his later philosophy of technology 
(see above, 1.3.). Whereas the scope of Kudina’s argument remains on the level of 
situated human-technology-world relations, the notion of a hermeneutic dynamic 
at work in technological mediation confirms that temporality is indeed a key 
factor for further development. Romele’s work on emagination confirms this as 
well. While I have argued that his focus on the question of imaginative autonomy 
in this context is not necessarily pertinent to my investigation, Romele’s position-
ing of technologies in a Ricoeurian emplotment of existential structures suggests 
that technologies seem to ‘stretch’ along the various scales of Heidegger’s 
temporal horizons—structuring the unity of past, present and future in the 
implicit and explicit narratives of Dasein. 

However, neither Romele’s ‘divisionary’ conceptualization of technological 
autonomy, nor Kudina’s integration of Gadamer’s fusion of horizons into spatial-
phenomenal human-technology-world relations, account for how temporal-
ontological horizonality can be generally linked to interpretations of technological 
meditation. Lastly, however, Aydin’s philosophical-anthropological notion of 
technological extimacy decisively sharpens the questions heretofore posed. His 
thesis is, in a nutshell, that technologies both disclose as well as modulate the 
(pre-)reflective and practical experiences of the self in the ongoing work of 
Plessnerian boundary-making—without necessarily being part of the intentional 
experience of the world. Accordingly, I argue that philosophical anthropology is a 
potential source for developing a post-phenomenological notion of horizonality, 
which I summarize as an overdue ‘turn’ for post-phenomenology in the 
following.

3. Summary: Horizonality as an Overdue ‘Turn’ for Post-Phenomen-

ology 

At this point, it has become clear that developing a post-phenomenological 
approach to horizonality has significant methodological implications. While I 
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have first explicated the challenge of a horizon-problematic from information and 
AI technologies, it seems to have always resided in the inexhaustively elaborated 
relationship between technological artefacts in manifest human-technology-world 
relations and technology as a more fundamental structure of human Being. As a 
result, the technologies which most clearly provoke such an account (i.e., AI and 
information technologies more generally) present themselves to the status quo of 
post-phenomenology as a “secret with no mystery” (Derrida, 2005:23)—meaning 
as objects of inquiry for which no direct questions present themselves. Indeed, the 
initial findings of this chapter show that Ihde’s conceptualization of the horizon-
problematic can be elaborated far beyond its current use in post-phenomenology. 
Ihde generally retains Merleau-Ponty’s concept of horizonality (i.e., situated 
being-geared-into-the-world), and technology is constrained to artefacts on the 
spatial-phenomenal transparency/opacity-spectrum. 

I therefore argue that similarly to how Ihde’s empirical turn modified core 
phenomenological concepts towards an empirical-analytical framework, horizon-
ality ought to have undergone a similar modification. Whether we consider the 
correlational a priori qua Husserl, or Technology as a mode of revealing qua Heidegger
—each are ‘turned’ into post-phenomenological vectors of analysis as technologic-
al intentionality and as technological mediation, respectively. The same has not 
occurred with horizonality: a specifically post-phenomenological concept is missing. 
Accordingly, based on my findings the key challenge, the overdue ‘turn,’ is to 
make horizonality as essentially temporal-ontological available as a line of inquiry 
for investigating technological mediation that complements the interpretive ‘bias’ 
on the spatial-phenomenal dimension. However, how these distinct angles of 
interpretation could be aligned remained an opened question. Therefore, I next 
examined whether contemporary efforts suggest a way to reconcile the spatial-
phenomenal and temporal-ontological dimensions of phenomenological research. 

However, I found that neither the temporalization of human-technology-
world relations in Kudina’s hermeneutic lemniscate, nor Romele’s machine-exclus-
ive emagination, can be used to exhaustively formulate a general post-phenomeno-
logical approach to the horizon-problematic. Yet, in Aydin’s notion of extimate 
technology, I found that his conceptualization of how technical possibilities shape 
human being, without necessarily being explicit in the minutiae of that Being, 
suggests that philosophical anthropology is a fitting candidate to scaffold the 
development of post-phenomenological horizonality. Indeed, as has also been 
shown repeatedly, such dimensions and differentiations are increasingly called for 
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from both within and without post-phenomenology, reflected in ongoing discus-
sions precisely motivated by emerging information and AI technologies (e.g., 
Wiltse, 2014; Wellner, 2018; Reijers, 2020; Coeckelbergh, 2020). Accordingly, I 
argue that post-phenomenology requires interpretive expansion before the 
fundamental lines of inquiry that post-phenomenological AI studies ought to be 
able to follow become actionable. Therefore, I propose that philosophical anthro-
pology promises adequate conceptual scaffolding to provide a genuinely post-
phenomenological interpretation of horizonality. Accordingly, in the following 
chapter I follow through on this hypothesis with a theoretical synthesis of post-
phenomenology and a specific philosophical-anthropological work, before 
developing a model that can guide the ‘horizonal’ interpretation of technological 
mediation in dimensions heretofore inexhaustively considered.
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Chapter 4. Horizonality as an Interpretive Basis for Post-Phenomeno-

logical AI Studies

To enable post-phenomenological AI studies, I have argued that Ihde’s 
material hermeneutics cannot exhaustively account for always-already absent 
technologies. I then investigated approaches to the horizon-problematic in 
Husserl and Heidegger, ending on the hypothesis that extant concepts from 
Heideggerian phenomenology and philosophy of technology could be used to 
define post-phenomenological horizonality, as an overdue ‘turn.’ Indeed, I have 
argued that Ihde’s material hermeneutics limits post-phenomenological inquiries 
to a spatial-phenomenal dimension, i.e. the manifestation of human-technology-
world relations along a spectrum of transparency/opacity. I have also noted that a 
recurring theme when discussing the relationship of horizon-problematic(s) and 
technology is the tension between transcendental/ontological and empirical-
analytical lines of inquiry; which is also reflected in contemporary discourse on 
post-phenomenology as well as work that seeks to expand Ihde’s material 
hermeneutics. However, I found that the latter throw up even more fundamental 
questions regarding the lines of inquiry that are required for a post-phenomenolo-
gical concept of horizonality. Then, in Aydin’s synthetic work on the technologic-
ally shaped extimacy of the self, of always-already being ‘closed open’ to technical 
possibilities, a promising ‘integrative’ route was found: philosophical anthropo-
logy. 

My hypothesis at this point, then, is that the latter is promising for scaffolding 
the theoretical development of post-phenomenological horizonality because it 
problematizes precisely the issues at stake: human Being and its technological 
condition(s). However, inasmuch as there is not “a” philosophical anthropology, 
care must be taken to avoid conceptual inaccuracies, terminological overload and, 
crucially, losing sight of interpreting actual human-technology-world relations. As 
a consequence, I introduce the proposed synthesis with a brief summary of the 
relationship between philosophical anthropology and post-phenomenology as it 
has been articulated in the field (1.). While I find promising overlaps, these stop 
short of a providing a suitable basis for my argument, largely because they are 
restricted to foundational Plessnerian philosophical anthropology. Therefore, I 
then turn to the contemporary work of Löffler, whose philosophical-anthropolo-
gical study of technological and civilizational co-evolution allows for an elabora-
tion and integration of my findings to this point. 
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At the same time, given the highly synthetic nature of Löffler’s study,45 it will 
be both necessary and productive to accompany my reading of his study both 
with the hypotheses developed and the still fluidly post- and phenomenological 
vocabulary employed so far. Therefore, I first detail the empirical work of Haidle 
and colleagues that Löffler bases his work on (1.1.). Then, I outline how the latter 
advances on the former, synthesizing first answers to the challenges of post-
phenomenological horizonality thus far proposed: the need (i) for a reconciliation 
of spatial-phenomenal and temporal-ontological lines of inquiry; (ii) an account of 
how distinct kinds of technical possibilities shape horizonality; and, most cru-
cially, (iii) a defined relationship of Ihdean technological mediation and Heideg-
gerian horizonality (1.2.). Through Löffler’s work, I therefore propose a horizonal 
interpretation of technological mediation, framing the latter as a commensuration of 
temporal-ontological (technology as temporality structure) and spatial-phenom-
enal (technology as temporalized artefact) dimensions of human-world relations.

 Subsequently, I turn to the challenge of how to make this interpretation 
actionable for actual post-phenomenological investigations (2). First reflecting on 
the use of models as interpretive tools in post-phenomenology, I note that the 
horizonal interpretation of technological mediation requires a more differentiated 
way of analysis than discrete entities (2.1.). Therefore, I next draw on Seibt’s 
processual approach to philosophical modeling, and specifically her theory on the 
interference of constituent parts of a phenomenon (2.2.). Accordingly, I then 
propose a first heuristic model for the horizonal interpretation of technological 
mediation. This model complements the established post-phenomenological 
transparency/opacity-spectrum with a delimitation/constellation-spectrum; which 
draws on the discussion of Husserlian and Heideggerian horizonality in Chapter 
3. 

Through proof-of-concept analyses of alterity relations (i.e., technology as 
quasi-Other) and horizonal phenomena (i.e., technology as atmosphere), I then 
refine and substantiate the proposed model (2.3.). Importantly, this way I also 
show how the latter allows for more in-depth analyses of technological mediation 
in cases that trouble the general dependence of post-phenomenological analyses 
on a presence/absence dichotomy. Precisely because the latter was shown to be 
the fundamental obstacle for interpreting  information and AI technologies, I 

45 Who builds on, among others, Haidle, Bammé, Jaspers, Whitehead, Heidegger, 
Plessner, Cassirer, Piaget, Assmann, Wiener, Shannon, von Foerster, Hayles; to name just a 
few.
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therefore close Part I by outlining the achieved foundation for post-phenomenolo-
gical AI studies.

1. Interpreting Horizonality and Technological Mediation

While the roots of the post-phenomenological framework lie in Ihde’s fusion 
of pragmatic and phenomenological philosophies, it can be argued that founda-
tional texts draw extensively from anthropological sensibilities. In Experimental 
Phenomenology, variations on “bow-under-tension” technologies and associated 
practices (e.g., English longbow and Mongolian horseback-archery) provide a 
substantiation for the theory of technological multistability (cf. Ihde, 
2012[1977]:175ff). And in Technology and the Lifeworld, the Achulean handaxe, a 
stone age tool, is employed as a principal argument for the empirical turn 
towards manifest human-technology-world relations in praxis, and away from 
transcendental or ontological conditions (cf. idem., 1990:70ff).  

In effect, Ihde employs cultural anthropology to further the development of 
post-phenomenology as an empirical-analytical approach to spatial-phenomenal 
experience. However, as I have tried to articulate following the issues en-
countered in post-phenomenological analyses of information and AI technologies, 
the latter provoke a more fundamental reflection on the relationship of 
technology, technological mediation and human Being. And it is precisely this 
relationship that cannot be exhaustively answered through Ihde’s reliance on 
examples from cultural anthropology. In recent years, philosophical anthropology 
has reentered the post-phenomenological discourse. In general, philosophical 
anthropology, particularly that of Gehlen and Plessner, has experienced a renais-
sance in Anglophone philosophy of technology due to the publication of seminal 
texts in English. And indeed, key post-phenomenological theorists such as 
Verbeek have particularly centered on Plessner’s notion of excentric positionality, 
which I have also above noted as a key dimension in Aydin’s development of 
extimate technologies. 

Particularly noteworthy is the concept “polyeccentric positionality” (de Mul, 
2003:249), which is suggested by de Mul as an update to Plessner’s excentric 
positionality (see also Chapter 3, 2.3.). De Mul argues that in particular through 
information technologies, phenomena such as telepresence lead to a multiplica-
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tion of possible ‘bodies’ that a self may lay claim to, and therefore, a plurality of 
possible ‘boundaries’ of self-world relations. Verbeek, however, argues that this 
does not fully account for the capacities of “technologies such as psychotropic 
drugs, deep brain stimulation and genetic intervention” (Verbeek in de Mul, 
2014:451). As these operate below the threshold of bodily-perceptual reflection, 
Verbeek proposes that such novel technologies bring about a “meta-eccentricity” 
(ibid.:453), in the sense that human excentric positionality itself has become 
subject to manipulation, which he argues can be investigated using mediation 
theory. 

However, while this suggests a post-phenomenological entry into the kind of 
investigation pursued by Aydin, Verbeek furthermore goes on to revise his 
position by stating that “upon closer inspection however, this meta-eccentricity 
appears to be a phenomenon that has always accompanied human eccentricity” 
(ibid.:455). The cause for this revision is a deeper engagement with Stiegler’s 
theory of humanity’s “originary technicity” (Stiegler, 1998:4)—to be human is to 
be technological. While Verbeek therefore acknowledges that a phenomenological 
structure such as meta-eccentricity requires a more historical-ontological apprais-
al than only analyzing particular technological capacities, he does not go on to 
substantiate his earlier claim that this can be done with the status quo of post-
phenomenological mediation theory. 

Therefore, Verbeek seems to hint at a hypothesis which he does not go on to 
unfold: that technological mediation, as a factor in the changing character of 
meta-eccentricity, also changes structurally and qualitatively depending on the 
kinds of excentric positionalities that are afforded by ’technical 
possibilities’ (Aydin). Accordingly, given that this engagement with Plessnerian 
philosophical anthropology leads towards hypotheses I have also unfolded earlier 
(cf. Chapter 3, 1.4.), I suggest that a philosophical-anthropological inquiry is 
indeed a promising source for conceptual scaffolding post-phenomenological 
horizonality. However, what particular philosophical anthropology is actually 
suited? Aydin’s approach, for instance, cannot be sustained as there is no exhaust-
ive, integrative account of specific technological artefacts and mediation. 
Likewise, Plessner’s original program neither affords the kind of granularity 
required of empirical-analytical investigations of spatial-phenomenal manifesta-
tions, nor the encompassing scope of Heideggerian temporal-ontological horizon-
ality.
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In the following, I will therefore draw from the philosophical anthropology of 
Löffler (cf. Löffler 2018, 2019), as his project interrogates the relationship of 
human being and technology in three ways directly related to my pursuit of a 
post-phenomenological conceptualization of horizonality. First, unlike the 
preceding applications of post-phenomenological theory to Plessnerian philo-
sophical anthropology (e.g., in de Mul or Verbeek), Löffler is explicitly concerned 
with defining structuring principles for the qualitative changes in the co-evolution-
ary development of civilization and technology. Therefore, his program offers a 
general account for how ‘technical possibilities’ are shaped by and co-shape their 
eras—something which post-phenomenological horizonality will have to address 
with regards to, e.g., differentiating modes of technological mediation in the 
steam and information age, respectively. 

Second, drawing from Heideggerian philosophy of technology, Löffler 
furthermore stresses how technologies both co-constitute and are realized within 
particular ontologies of temporality of respective eras; again aligning with the 
basic argument that has led me to this point. Third, Löffler’s generally macroscop-
ic study builds on empirical evidence from cultural anthropology archaeology 
regarding the emergence of and qualitative shifts in technology in early hominid 
cultures. This is crucial, because as will be shown, it (i) guarantees a place for the 
spatial-phenomenal dimension of material hermeneutics, and (ii) aligns with 
Ihde’s argument that the latter should be accompanied by a “cultural hermeneut-
ics” (Ihde, 1990:30). Accordingly, I argue that Löffler’s philosophical anthropology 
represents the necessary scaffolding for refining and specifying post-phenomeno-
logical horizonality.

1.1. Technology and “The Nature of Culture”

How humans relate to the world and each other, the praxis of what it means to 
be human, is intimately related to human beings as tool-making hominids—the 
only beings fabricating tools to make tools based on the capacity for abstractive 
thought. At the root of Löffler’s study, tools play a foundational and transformat-
ive role as embodiments of abstraction as well as bases of abstracting; effectively 
meaning that “tools, cognition and culture co-evolve” (Löffler, 2018:11). Löffler’s 
philosophical anthropology, however, does not take this for granted, but builds on 
empirical findings from the ground up in the form of Haidle’s cognitive archae-
ology. The latter is described as the study of technology as a “widely accepted 
indicator of culture” (Haidle et al., 2015:44), and seeks an “integrative concept of 
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cultural behavior and evolution” (ibid.:46). 

Haidle’s work, and by extension Löffler’s, therefore follows a ‘methodological 
post-humanism’ (Sharon) in the strongest sense: the most fundamental onto-
epistemological commitment of their work lies in the co-evolution of human 
sapience (noogenesis) and tool-making (technogenesis).46 This is a first indication of 
substantial overlap with post-phenomenology, as also suggested in Verbeek and 
Ihde’s recent reflections on Stiegler’s notion of originary technicity (cf. Verbeek in 
de Mul, 2014; Ihde, 2021) as well as Ihde’s work in material engagement theory 
(cf. Ihde and Malafouris, 2018). In the following, I briefly summarize Haidle’s 
work as the empirical starting point of Löffler’s research, before subsequently 
using the latter in a synthetic approach with post-phenomenology to conceptual-
ize the relationship of technological mediation and horizonality.

The cognitive archaeological approach aims at to explain how the unfolding 
complexities of cultural behavior indicate an “evolution of working memory” 
(Haidle, 2010:150). This evolution can be found in the qualitatively and quantitat-
ively distinct “problem-solution distances” (PSD, ibid.:152) addressed by early 
hominid cultures over time. A PSD, in Haidle’s work, is used as an interpretive 
“[heuristic] measure of cognitive complexity, flexibility, and decision-making” 
(ibid.:152). In this sense, a PSD offers a comprehensive overview of how, in goal-
oriented cultural behavior like hunting or food gathering, “discrete elements of 
attention” (ibid.:159) such as agents, resources, locations, subjects and objects 
need to be addressed by a cultural group. The cognitive archaeological approach, 
then, complements this perspective in that “cognitive processes materialize 
partially in artefacts and to a lesser extent even fossilize as such” (ibid.:153). 
Based on the archaeological record, Haidle finds that subsequent PSDs increase in 
complexity and length, indicating an increasing “decoupling [of] satisfaction and 
basic need” (ibid.:162)—hence, evidence for the co-evolution of culture, tools and 
cognitive capacities.

The most comprehensive result of Haidle’s work on the “nature of culture” is 
a model that “differentiates between empirically traceable behavioral performances 
and behavioral capacities as theoretical constructs” (Haidle et al., 2015:46). The 
former develop along three dimensions, namely “evolutionary-biological, 
historical-social, and ontogenetic-individual” (ibid.:47). Importantly, these 

46 Specifically, the impulse for Haidle’s work lies in the “creative explosion” (Lombard 
and Haidle, 2012:262 qua Bar-Yosef) of tools and practices in the Paleolithic era.
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performances can be derived from the actual archaeological record of cultural 
development, such as nutrition, food acquisition, and communication as “mani-
fest in material products“ (ibid.:47), and can be represented in PSDs as “the 
behavioral route from perceiving a problem or need to its solution or satisfaction 
including possible loops or sidetracks” (ibid.:52). Capacities, on the other hand, 
represent the (i) “maximum range” (ibid.:50) of all performances at a specific 
point of cultural development and (ii) how this range is counterposed with the 
“specific functional environment” (ibid.:50), e.g., resources, agents and objects, 
that is addressed by the performances. 

Therefore, whereas at any given stage in cultural evolution, various kinds of 
empirically traceable performances may co-exist, their cumulative extension along 
the three developmental dimensions together expresses one particular cultural 
capacity. The differentiation which the proposed model affords is the most 
significant aspect, both internally concerning the cultural anthropological field 
addressed by cognitive archaeology as well as for the subsequent philosophical 
anthropological adaption by Löffler. To ground the latter more precisely, I detail 
the application of the model to the discerned stages of cultural capacities by 
Haidle. I will specifically center on the historical-social dimension,47 which is 
defined as the trajectory of cultural evolution along which “storage, transmission, 
permutation, and transformation of the historical-social set support or hamper the 
unfolding of cultural performances“ (ibid.:48).48

Haidle discerns eight stages of qualitatively distinct cultural capacities based 
on the cognitive facilities that the increasing complexity of PSDs indicate. I will 
skip the first four, as these are shared with various animals such as great apes; 
where some information is shared among individuals to pursue particular goals. 
However, as evidenced from the archaeological records, tools used in these stages 
are unmodified objects, such as found stones or sticks, and are therefore entirely 
bound to a particular “result-specific context” (Haidle et al., 2015:56); such as 

47 As Haidle’s work is particularly concerned with the cognitive evolution of the 
hominid organism, the evolutionary-biological and ontogenetic-individual dimension are to 
be understood on the species level rather than in techno-cultural human-world relations as I 
pursue here.

48  While this dimension can be found initially in oral cultural memory, the 
archaeological record of increasing PSDs evidences the role of technology as “tertiary 
memory” (Stiegler, 1999:246). Again, this principal commitment to methodological post-
humanism further provide evidence for a basic affinity between the cultural anthropology 
of Haidle and Ihde’s post-phenomenology.
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digging termites out of a mound.49 In contrast to these stages, however, the later 
four stages of hominid cultural evolution evidence a “cultural repertoire” 
(ibid.:52) of practices that see tools and related socio-cultural roles become much 
more flexible. Crucially, the know-how of this flexibility, a cohesion guaranteed by 
the singularly “self-enhancing” (ibid.:48) historical-social dimension of hominid 
cultural evolution, “extends the behavioral options and repertoire while retaining 
the possibilities of earlier states” (ibid.:53). Differently put, unlike the immediate 
means-ends structure of result-specific PSDs (A →  B), the capacity to pass on 
knowledge through abstraction from immediate effects allows early humans to 
continuously configure their relationship with their specific functional environ-
ment, take up socially significant roles—i.e., develop culture.

The first cultural capacity that transcends the immediate means-ends struc-
ture is defined by Haidle and colleagues as “modular” (ibid.:56). Approximately 
2.6 Ma, early hominids began abstracting from immediate goals to a series of 
steps that could be addressed differently. An example is the creation of a cutting 
tool by knapping a stone or sharpening a stick into a wooden spear with a so-
called hammerstone. The latter “is not directly linked to butchering a carcass to 
gain food, but it is an effective element in the process of flaking” (ibid.:57). Tools 
like the hammerstone, therefore, represent and shape “an extension of time depth 
between perception of a problem and its final solution” (ibid.:57), vastly increas-
ing the possible actions by a cultural group as modules can be pre-produced and 
employed for various ends. The structure of PSDs addressed by modular capacit-
ies, therefore, is expressed by Haidle and colleagues as “A →  B →  C” (ibid.:61), 
showing a decoupling of immediate problem-solution satisfaction via intermedi-
ate steps.  

The two subsequent cultural capacities unfold from the key advance of the 
modular independence of individual tools through a cumulative “ratchet effect” 
(ibid.:51)—a combination of mutual diversifying tool-behavior and solidifying 
social knowledge along the historical-social dimension, providing plateaus (i.e., 
ratchets) for future developments (see also Tennie et al., 2009:2408ff). Unlike 
modular tools, which can be differentially combined but remain, in the sub-
sequent composite cultural capacity, “[tools] are fused to form composites, with 
new qualities” (ibid.:57). A paradigmatic example is the spear, where a stone 
spearhead is fused with a prepared haft through sourced adhesive material. Each 

49 For detail on these stages see Haidle et al., 2015:53-56.
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individual part (stone, haft, adhesive), then, can remain as modular and flexible 
as in the preceding cultural capacity, but through composite techniques such as 
glueing they may become tools which “possess new qualities that go beyond the 
qualities of the parts“ (ibid.:58). Accordingly, Haidle and colleagues to argue that 
the principle structure of PSDs in composite cultural capacity can be expressed as  
“A ⊕ B → C” (ibid.:61). 

In a further historically-socially progressed ‘ratchet,’ the “complementary 
cultural capacity” (ibid.:58), further differentiates cultural behavior with tools: 
entirely independent composite modules become integrated. An exemplary case 
is the emergence of bow-and-arrow hunting. Each cultural module is already a 
composite: arrow = stonetip ⊕  haft ⊕  fletching; bowstring = sinew ⊕  adhesive; 
stave = flaking stone ⊕  haft.50 Their “symbiotic” (ibid.:58) interaction, however, 
fashions an entirely new praxis: bow-and-arrow hunting. The modular symbiosis 
now found in PSDs is expressed by Haidle and colleagues with a bracket, i.e. as 
“A - B } C” (ibid.:61). From the cognitive archaeological standpoint, this develop-
ment is significant, because “symbiotic elements must be developed and used in 
complementary correspondence with each other” (ibid.:58)—which requires 
“formal information about the comprehensive system [which] is needed to 
understand how the different components can be used together” (ibid.:58). 
Differently put, a social knowledge of group goals and roles must exist that 
embeds such correspondences. The formal aspect of this knowledge is key, as it 
forms the basis for the final cultural capacity discerned by Haidle and colleagues.

By the end of the Paleolithic era, the final “notional cultural capacity” (ibid., 
58) fully abstracts from individual physical-concrete modules (i.e., artefacts or 
direct means-ends behavior). Instead, notional modules are ‘fully’ cultural 
modules as “mentally constructed and socially shared entities and relationships” 
(ibid.:59). As Haidle defines elsewhere, “notional concepts [are] “objects” […] 
which can be manipulated only in the mind or through imagination, but can be 
combined with and may have effects on physical or other notional modules” 
(Haidle, 2014:9). In cave paintings or religious idols;51 early hominid cultures 

50 See also Lombard and Haidle, 2012, for detailed diagramms on the cognitive and 
practical processes involved.

51 Haidle mentions as examples “a) the signification of objects/signs (e.g. cross, 
crescent, and Star of David as symbols of religions), b) systems of ideas (e.g. myths, 
religious beliefs, philosophical questions, constitutions of states), c) normative definitions 
(e.g. metric and value systems), or d) virtual beings (e.g. angels) and characters (e.g. 
protecting capacities of an amulet)” (Haidle et al., 2015:59).
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begin to share a “virtual nature” (Haidle et al., 2015:59) as part of their specific 
functional environment, yet one which cannot be ‘found’ empirically in the latter 
by unmediated perception. Differently put, notional modules can be integrated in 
PSDs as physical components, such as fetish objects, as well as structure the 
entirety of cultural behavior. With this cultural capacity, then, history begins 
properly due to the emergence of symbolic media that allow for longitudinal 
sharing of formal knowledge independent of individual actors.52 

With the notional cultural capacity, Haidle’s work proposes the final stage on 
the emergence of culture from the co-evolution of noo- and technogenesis. At the 
same time, with fully ‘virtual’ cultural modules, PSDs can no longer model 
subsequent cultural behavior due to (i) the often immaterial aspect of such 
modules (e.g., demons) and (ii) the encompassing of  chained and physical 
cultural modules by notional concepts of a higher order (e.g., beliefs). That is why 
the structure of PSDs in this cultural capacity does not, in Haidle, progress from 
the complimentary stage (i.e., A - B } C). In this sense, the analytic treatment of 
cultural behavior by Haidle finds itself in a similar bind as Ihde’s post-phenomen-
ology: restricted to what can be represented in “spatial-diagrammatic” (Denson, 
2020:31) schemata of discrete entities in ‘linear’ intentionality structures. 
However, in the following, I show how Löffler’s philosophical anthropology 
radically expands on Haidle’s empirical findings, which lays a foundation for 
post-phenomenological horizonality.

1.2. Developing a Horizonal Interpretation Technological Mediation

As stated above, Haidle’s work on the expansion of cultural capacities forms 
a basis for Löffler’s macroscopic study on civilizational evolution. However, 
whereas the former’s cognitive archaeology is by definition constrained to the 
archaeological record, the latter’s philosophical anthropology can abstract from this 
limitation. Löffler expands on Haidle’s model for the co-evolutionary relationship 
of cognition and culture in two ways. First, he discerns a logical structure in the 
co-evolutionary development from modular to notional capacities, which Löffler 
formalizes into the principle of process-emulative recursion (“Prozessemulative 
Rekursion,” Löffler, 2019:195). Second, using this principle he expands beyond the 

52 While Floridi already terms such artefacts as “information technologies” (Floridi, 
2014:3ff), for reasons of technical accuracy I will restrict this term to the technologies 
developed in the wake of information theory and cybernetics further below in line with 
Flusser and Kittler, cf. Chapter 5, 1.
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early hominid cultural evolution investigated by Haidle to structure and analyze 
qualitative distinct stages in the development of Western civilizational capacities 
(“Zivilisatorische Kapazitäten,” ibid.:249). The latter span three caesura in 
Western history:53 Ancient Greece, modernity and the post-industrial “technolo-
gical civilization” (“Technologische Zivilisation,” ibid.:401), and allow for formal 
analyses of the co-evolution of temporal-ontological structures with technology.54 
In the following I will first center on the principle of process-emulative recursion, 
and how this allows for a subsequent understanding of the influence of preceding 
and withdrawn technical possibilities on intentional experience. As will be 
shown, these core concepts from Löffler’s macroscopic work precisely fill the gap 
for an appreciation of the temporal-ontological dimension of technological 
mediation, and therefore allow for an articulation of a genuinely post-phenomeno-
logical concept of horizonality.

Löffler’s first significant expansion of Haidle’s work lies in a philosophical 
consideration of the ‘specific functional environment,’ or ecological niche, that 
technological advances reconfigure in the evolution of hominid cultures. The 
principal argument here is that each advance—from modular to composite to 
complementary to notional capacity—evidences an increasing degree of abstrac-
tion from an unmediated human-world relation that is both qualitatively distinct 
from as well as structurally dependent on its predecessor. The latter are necessary 
“transitional states” (“Durchgangszustände,” ibid.:184) in the cumulative widen-
ing of operational chains, a term Löffler adopts from Leroi-Gourhan to define 
techno-cultural co-evolution of complexity and interdependency (cf. idem, 
2018:10ff). However, though increasing abstraction from prior and widening of 
successive operational chains is generally cumulative, it is neither additive nor 
teleological in a strictly linear fashion. On the contrary, an increase of technological 
sophistication allows for a higher, but generally undirected “resolution” (“Au-
flösung der Umwelt,” idem., 2019:243) in a quantitative (i.e., number of tools, 
agents, objectives) and qualitative sense (i.e., social structures). That is, a historic-

53 Note that Löffler bases this differentiation on the theory of ‘axial ages’ by Jaspers (cf. 
Jaspers, 1953) and especially the extensive elaboration on the latter by Bammé (cf. Bammé, 
2011).

54 With this term, I subsume a whole suite of theoretical concepts that Löffler uses 
from, for example, Whiteheadian process philosophy, Piaget’s psychological pedagogy, or 
Sohn-Rethel’s economic philosophy. For the sake of clarity, I will attempt to maintain a 
more general phenomenological vocabulary; which I argue is justifiable given that 
Heidegger’s philosophy of technology forms a principle component of the aspects of 
Löffler’s work I am interested in here.
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ally-socially shared “virtual nature” (Haidle et al., 2015:59) in terms of practical 
know-how and meaningful solutions needs to pre-exist that is both encoded in, 
perpetuated through, as well as shifted via technological artefacts. This core 
theory of Löffler’s work is approached in a way that, as will become clear, 
fundamentally aligns with my investigation thus far.

In his philosophical-anthropological interpretation of widening operation 
chains, Löffler’s focus on the specific role of technology is quasi-Heideggerian. As 
elaborated earlier, Ihde’s post-phenomenological program is quasi-Heideggerian 
in relying on particular instances of technological revealing of the world (cf. 
Chapter 1, 1.2.); while eschewing the status of the Enframing as the ‘essence’ of a 
particular kind of technology as a mode of revealing. Löffler’s study, however, is 
quasi-Heideggerian in a different way: it proposes a fundamental re-interpreta-
tion of Heidegger’s Gestell by way of Haidle’s study of problem-solution dis-
tances. In Löffler’s argument, the latter are precisely accompanied by a reconfig-
uration of the human ecological niche because they function as a “temporally 
extended enframing” (“ein in der Zeit gedehntes Gestell,” ibid.:228). It is tempor-
ally extended in one sense due to the diversification of processes and distribution 
of roles in increasing technological sophistication, i.e. the increasingly abstract 
character of problem-solution distances. 

In another, philosophically more significant sense, this temporal extension by 
necessity furthermore presupposes a general temporal unity in exactly Heideg-
ger’s sense of horizonality. For instance, the future-oriented making of tools, or 
assigning of roles in a particular cultural unit such as hunting, is structured 
cohesively by knowing hunting-practice relations. Accordingly, the temporally 
extended enframing can be interpreted as the non-explicit technē (cf. Chapter 3, 
1.3.) of a specific cultural capacity— a ‘human means of orientation’ (Elias) that 
establishes and reconfigures its niche in interdependence with how humans 
‘know’ their world to be. The central principle that Löffler extracts from this 
interdependence is the aforementioned process-emulative recursion (PER) as a 
formal definition for the patterns of co-evolutionary cultural and technological 
development (i.e., from modular to notional). It states that preceding operational 
chains as well as their specific functional environment (i.e., entities, goals, agents) 
are abstracted, materialized, and emulated in subsequent operational chains (cf. 
ibid.:199ff). Through this definition, Löffler offers a formal way of identifying the 
‘anthropological recoil’ (“anthropologische Rückschlag,” Flusser, 2015:32; my 
translation) of technological development. 
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A paradigmatic example for the PER is the shift from the composite capacity of 
spear-hunting to the complimentary capacity of bow-and-arrow hunting: the bow-
and-arrow cultural unit contains the preceding unit of arm-and-spear as an 
abstract module within itself—throwing-a-spear is emulated in the arrow-bow-
string coupling (cf. Löffler, 2019:200ff). At the same time, as evidenced in Haidle’s 
empirical findings from the archaeological record, the socio-cultural steps of 
production for the spear are a necessary prerequisite that is integrated on a new 
‘plateau’ of objectivity. In other words, the resulting human-technology-world 
relation (bowhunter) has ontological consequences: the world is ‘rendered’ with a 
different ‘resolution.’ This new resolution constitutes a qualitatively new layer of 
affordances, meaning for particular processes to be “isolated” (with reference to 
Heidegger’s Gestell termed as “freigestellt,” cf. idem., 2018:19-30). In the case of 
bow-and-arrow-hunting, empirically observed highly effective hit-zones on prey 
animals stabilize as regularly appearing phenomena. Returning to the post-phe-
nomenological toolbox, we can sketch this process as an embodiment relation 
situated in the already ‘rendered’ world of the hunter’s specific niche ([]):

ComplimentaryNiche[ (I-Bow) ⇒ {Blattschuss}/Prey ]

Schema for the technological enframing of a novel affordant ontology: In the bow-hunter-
relation, the arrow hitting the area below the shoulder (Blattschuss) stabilizes as a regularly 

appearing phenomenon ({}). 

In the bowhunter-relation, shooting through the ribcage below the shoulder 
of a deer can penetrate heart or lungs, leading to a quicker retrieval of the prey 
and therefore, more effective hunting. The historically-socially transmitted 
cultural reference to this “Blattschuss” (idem., 2019:219), then, stabilizes as ({}) a 
distinct temporal phenomenon, i.e. a shot that will-have-made prey more easily 
retrievable. This contributes to the ‘resolution’ of the world in which this novel 
objectivity becomes referenceable—reconfiguring the world available to intention-
al engagement for cultures with complimentary capacities. From the philosophic-
al-anthropological perspective, then, each newly constituted capacity is a way “to 
domesticate temporality” (“Zeiträume zu domestizieren,” ibid.:228) for cultural 
(i.e., human) intervention. Interpreted in this manner, there are two important 
insights that can be derived for post-phenomenology. 

First, the manifest human-technology-world relation of the bowhunter is not 
only a passive instance of the given operational chain. On the contrary, it can be 
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interpreted in a Husserlian manner, and similar to Kudina, as a driving factor in 
the “plasticity” (Geniusas, 2012:103) of human-world relations, always potentially 
modifying the temporal-ontological structures of the lifeworld—for example, by 
stabilizing the Blattschuss as a referenceable phenomenon within the latter. This is 
a crucial aspect of my argument: only within the temporalized human-technology-
world relation of the bow-hunter can the Blattschuss be intended in the first place. 
In other words, the ‘bodily’ manifest  human-technology-world relation is a pivot 
(“Umschlagstelle,” Waldenfels, 2017:29) for the continuous configuration of the 
boundary between nature and culture, or in other words, of a self and its 
historical-social niche in the world. As such, while the lifeworld already includes 
latent human-world relations in its structural “formation of Being” (Heidegger, 
1972:40), technology is both expressive of as well as transformative of this struc-
ture. 

Second, and crucially, technological artefacts mediate the lifeworld as an 
affordant ontology (“affordante Ontologien,” Löffler, 2019:189) in interdependence 
with the operational chains that artefacts are embedded within: The world in 
which the Blattschuss is known depends on operational chains that produce the 
bow-hunter relation. This radically expands the reciprocal (Langsdorf) relation-
ships of technological mediation (i.e., human-technology-world). Indeed, from the 
perspective adopted here, reciprocity plays out not only in actual human engage-
ment, but also the operational chain inclusive of other agents, techniques, and 
cultural forms that a particular technological artefact is embedded in. In a way, 
this expands on Kiran’s argument for a post-phenomenological concept of 
“technological presence” (Kiran, 2012:78) rather than appearance. Kiran refers to the 
“virtual action” (ibid.:78) that any technological artefact embodies—a way of 
making actions or perceptions possible that is not dependent on direct usage, but 
is rather informed by an “existential horizon” (ibid.:79) in which potential actions 
are part of technological mediation. Therefore, I argue that here lies an important 
argument: artefacts are not only ad hoc technical possibilities, but always-already 
deeply engaged with the affordant ontology of the world that can be engaged via 
a particular artefact. 
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Figure 11: The bow-hunter relation is embedded reciprocally between its respective 
operational chain (e.g., bow production, hunting party formation) and the corresponding 
appearance of the world as an affordant ontology from which the Blattschuss phenomenon 

may appear.

This framing can be applied to the case of the bow-hunter relation, illustrated 
above (Figure 11), showing how a specific human-technology-world relation can 
be understood as a pivot that is both (i) embedded within a particular operational 
chain, as well as enriches (ii) the latter’s temporally extended enframing of the 
world as an affordant ontology. For instance, with the Blattschuss ‘secured’ as a 
known phenomenon, the prey can be approached through different tactics by a 
hunting party, which implies the diversification of tribal roles (e.g., fewer 
hunters). Accordingly, the abstraction, materialization and emulation of the spear-
hunter relation in the bow-hunter relation not only reconfigures the practices of 
one specific hunter, but rather shapes the world in which hunting occurs.

As mentioned above, having identified a logical structure in the evolution of 
cultural capacities, Löffler proceeds to apply the PER. However, as with Haidle, 
later expansions of operational chains cease to be empirically verifiable, as with the 
emergence of the notional cultural capacity, a qualitative seachange occurs.  
Keeping with the bow-and-arrow example, an important subsequent develop-
ment are traps. Löffler notes the latter as a significant departure because they 
signify a novel independence from strictly material affordances (e.g., adhesives, 
knapping stones). Instead, they evidence a “capacity to reflect and anticipate 
intentionality, attention and conceptualization” (”Fähigkeit zur Reflexion und 
Antizipation von Intentionalität, Attentionalität und Konzeptualisierungs-
fähigkeit,” Löffler, 2019:294). Traps therefore not only embody the know-how of 
their manufacture and use, but furthermore a rendering of the lifeworld in terms 
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as much temporal-ontological as spatial-phenomenal: the anticipation of move-
ments and routines of prey animals, the kinds of modules (e.g., sharpened stakes, 
snares) necessary for a successful trap for a specific animal, and so forth. Because 
of this materialization of abstract knowledge, Löffler groups traps with other artefacts 
such as cave paintings, scripts or icons directed at a non-material ‘virtual 
nature’ (Haidle).55 

With the notional capacity to materialize, integrate, and operate with abstract 
objectivities, particular technologies emerge: media. It is at this stage that Löffler 
begins to deploy the PER in his larger theory of civilizational capacities, as men-
tioned above. Indeed, Löffler’s macroscopic philosophical-anthropological study 
proceeds to discern qualitatively distinct civilizational capacities with a similar 
focus. In this sense, the co-evolution of technologies and civilization is also found 
to establish, configure and become reconfigured in particular temporal-ontologic-
al structures. At this point, however, I want to rather reflect on the lines of inquiry 
that my reading up to this point have made possible. Therefore, while I will refer 
to various findings of Löffler’s throughout the later parts of this dissertation, the 
goal of my dissertation is oriented at more microscopic instances of the overall 
milennia-spanning processes of process-emulative recursion. For this reason, I 
here focus on the utility of Löffler’s approach for opening up appropriate ‘hori-
zonal’ lines of inquiry for post-phenomenology.

At this point, therefore, a sufficient example for the interpretive applicability 
of the PER principle and accompanying concepts in later civilizational history is 
the following. By the late eighteenth century, mechanical ‘indicators’56 were 
invented to monitor the haphazard performances of early steam engines (Kranc, 
2021; see e.g. Burgh, 1873:99ff). Over time, regularities appeared which allowed 
for a formalization into first Newtonian laws of thermodynamics, such as the 
Carnot cycle (cf. Carnot, 1890). This can be formulated as a hermeneutic relation 
as follows:  

55 Specifically, Löffler uses Donald’s definition of “exographic media” (Donald, 
2010:72). Such artefacts “have important properties that are absent in natural memory 
systems [such as] the crucial option of flexible reformatting of the memory record, which 
affords new opportunities for custom designing more sophisticated cognitive outputs — 
ideas, records and messages — in which format and content are closely matched” 
(ibid.:72). 

56 For this perfect illustration, I am indebted to Stan Kranc’s presentation at the 2021 
Society for Philosophy of Technology conference.
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SteamEngine[ I ⇒ (Indicator - {Regularity/Force}) ]

Sketch for the technological enframing of a novel objectivity: A hermeneutic relation with a 
mechanical indicator discloses a regularity ({}) in generated force, seeding the development of 

thermodynamic laws.

The schemata shows that a hermeneutic human-indicator relation not only 
discloses a random objectivity, but introduces a regularity as a phenomenon first 
into the intentional experience of an operator. Second, this particular phenomen-
on (e.g., regularly appearing Carnot cycles) also permeates into the temporal-
ontological dimension of general human-world relations (e.g., a world in which )
—as a subsequent technological advance is the abstraction, materialization and 
emulation of the human-indicator relation into a mechanical regulator-indicator 
action. Accordingly, the latter does not only draw from ‘the’ phenomenon of 
regular force in steam engines. On the contrary, it draws from a world that has 
already integrated the human-indicator relation into its affordant ontologies.

In sum, the implications of Löffler’s quasi-Heideggerian philosophical 
anthropology for establishing a post-phenomenological approach to horizonality 
can be summarized as follows. Human-world relations are shaped by and shape 
thoroughly “technomorph” (Hubig, 2015:218) temporal-ontological horizons. 
Accordingly, even if there is no present or absent artefact involved, human-world 
relations are always technologically mediated in how the world is ‘available’ in 
the first place—at the very least through the tacit ‘knowledge’ (i.e., technē) that 
humans as historical-social beings share. Crucially, this suggests that the “techno-
logical” in technological mediation can be interpreted on a much wider footing 
than heretofore considered in post-phenomenology. Technology is not reducible 
to any one specific artefact because as the latter is always-already embedded in 
particular operational chains, technological mediation is likewise irreducible to 
one specific artefact. On the contrary, it is always-already inclusive of the ‘render-
ing’ of the world through a specific temporally extended framing. 

Accordingly, the “technological” in technological mediation can be inter-
preted as both (i) an implicit, yet indisputably material technē rendering the world 
as knowable, and (ii) an artefactual manifestation disclosing a corresponding 
affordant ontology. Therefore, I argue that a horizonal interpretation of technolo-
gical mediation means seeing the latter as a commensuration (“Kommensurabilis-
ierung,” Löffler, 2019:263ff) of the temporal-ontological (technology as temporally 
extended enframing) and spatial-phenomenal (technology as temporalizing 
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intentionality) dimensions of human-world relations. Interpreted in this way, 
technological mediation is horizonality in post-phenomenological terms. In the 
following conclusion to this section, I therefore reflect on this synthetic reading of 
Löffler’s philosophical anthropology, and the implications brought forth for 
developing a horizonal line of inquiry for post-phenomenology.

1.3. Conclusion: Discerning a General Post-Phenomenological Horizon-
Problematic

In this section, I have discussed how Löffler’s philosophical anthropology 
supports the development of a temporal-ontological dimension in technological 
mediation; which supports an interpretation of the latter as a commensuration of 
temporal-ontological and spatial-phenomenal dimensions of human-world 
relations. Furthermore, I have also suggested that this interpretation is intimately 
tied up with what is meant by “technological” in technological mediation. 
Reflecting my earlier hypothesis that horizonality represents an overdue turn for 
post-phenomenology, a Heideggerian synopsis of the argument presented in this 
section could be: the ‘essence’ of technological mediation is nothing artefactual. The 
‘technological’ in technological mediation does not concern one particular 
artefact, but the way that the world is ‘rendered’ into an affordant ontology in 
correspondence to the resolution of a particular operational chain. 

In a fundamentally phenomenological manner, and recalling Zwier and 
colleagues’ critique (cf. Chapter 3, 1.1.), this definition suggests that on the one 
hand, human-technology-world relations rely on particular temporal-ontological 
structures that allow the former to manifest as phenomena in the first place. On 
the other hand, and this is my key argument for the suitability of this definition 
for post-phenomenology, the horizonal interpretation of technological mediation 
neither weakens the empirical turn of post-phenomenology, nor introduces a 
trivial, supplemental line of pseudo-ontological inquiry. On the contrary, human-
artefact relations mediate and possibly enrich given affordant ontologies as the 
pivots through which the world actually manifests. Accordingly, I argue that the 
horizonal interpretation of technological mediation unifies an inner problematic of 
interpreting always-already absent technologies with an outer problematic of 
reconciling ‘empirical’ and ‘ontological’ modes of inquiry I have repeatedly noted 
in this section—thus offering a general post-phenomenological horizon-problem-
atic rather than a particular ‘case’ of technological mediation.
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Table iv. Ihde’s pragmatic-phenomenological concept of horizonality versus the proposed general 
post-phenomenological horizonality.

Ihdean Pragmatic-Phenomenologic-

al
General Post-Phenomenological

Horizonality Extreme Field-Fringe Relations Spatial-Phenomenal/Temporal-On-
tological Commensuration

Example
Atmosphere of nuclear threat 
‘texturing’ figure-field relations 
such 

Temporalized intentionality (e.g., 
bow-hunter) manifesting and modi-
fying temporal relations (e.g., Blatt-
schuss)

As Table iv indicates, Ihdean horizonality is restricted to one specific techno-
logical mediation of human-world relations: “the extremities beyond which there 
is no recovery, where perhaps technologies cease to be technologies” (Ihde, 
1990:113). These ‘extremities,’ however, are spatial-phenomenal: the atmosphere 
of nuclear threats to existence are put in relation to the site of the actual technolo-
gies; i.e., in extreme ‘fringe’ awareness. In contrast, the proposed general post-
phenomenological horizonality is agnostic as to how exactly a particular artefact 
is situated with regards to ‘bodily-perceptual’ experience. For instance, while the 
bow-hunter undoubtedly has an artefact at hand, the stabilization of the Blatt-
schuss not only concerns the praxis of bow-hunting but rather reconfigures the 
‘resolution’ of the world at hand for the tribe. By drawing on the broader, quasi-
Heideggerian reading of Löffler in combination with my own (cf. Chapter 3, 1.3.), 
the question of horizonality here does not concern any particular given artefact. 
On the contrary: 

Post-phenomenological horizonality concerns how technological medi-

ation commensurates (i) the spatial-phenomenal manifestation of intention-

al experience (i.e., the manifest directedness at things) with (ii) the tempor-

al-ontological enframing of a particular world (i.e., the temporal relations 

in which directedness is always-already embedded).

A post-phenomenological horizon-problematic, therefore, calls for empirical-
analytical approaches to explicate the structural specificities of technological 
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mediation itself. For instance, how does or must technological mediation com-
mensurate what is empirically given with what is ontologically indispensable for 
the phenomenological experience of the given? Where, when and how, in the 
process of commensuration, does technological intentionality manifest? How 
precisely the commensuration of the spatial-phenomenal and temporal-ontological 
dimensions of human-world relations unfolds, then, is the question that a post-
phenomenological horizon-problematic poses. Accordingly, I propose that the 
horizonal interpretation of technological mediation promises substantial lines of 
inquiry that may allow post-phenomenology to transcend the reliance on 
situated, concrete technological artefacts. 

In fact, the above already shows the intuitive potential for this approach to 
address the issue of always-already withdrawn technologies. For example, while 
social media interfaces are particular technological artefacts in relation with a 
particular human being at a particular point in time, they also relate to the specific 
temporally extended enframing of a technological system—e.g., what information 
a platform considers likely to lead to sought after patterns of engagement (cf. 
Chapter 2, 1.1.). The commensuration of the temporalized intentional experience of 
an interface, and the manner in which a specific temporality is technologically co-
constituted within the given system, would accordingly call for investigation 
through the proposed post-phenomenological horizonality.

At this point, however, a problem emerges regarding how this kind of 
interpretation could actually be carried out in a way suitable for post-phenomen-
ological inquiries—i.e., through its established interpretive tools, procedure of 
analysis, with comparable results, etc. In this sense, while Haidle’s work lent 
empirical evidence for my argument, its modeling approach in the form of 
diagrammatic problem-solution distances (see above, 1.1.) does not progress 
qualitatively once media emerge in techno-cultural evolution with the stage of 
notional capacity. And while Löffler does propose definitive models, these are 
concerned with century-spanning civilizational developments on scales that are 
not immediately applicable to post-phenomenological investigations (cf. Löffler, 
2019:599). Overcoming the dependency on discrete entities (i.e., humans, 
artefacts, perceptions) seems to require a specifically temporal modeling 
approach. In the following, I will accordingly discuss how technological medi-
ation can be interpreted in terms less focussed on discrete artefacts, and from a 
more processual and relational lens.
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2. Engaging the Post-Phenomenological Horizon-Problematic

The goal of this section is to make a general post-phenomenological horizon-
problematic actionable, i.e. define an angle of interpretation for always-already 
absent technologies. In the preceding section, I have used philosophical anthropo-
logy to lay the groundwork for such an approach in the form of a 
‘horizonal’ (re-)interpretation. By integrating both temporalized artefactual and 
temporally extended, technological mediation commensuration of the spatial-
phenomenal and temporal-ontological dimensions of human-world relations. 
Accordingly, I defined the post-phenomenological horizon-problematic as ac-
counting for this commensuration in empirical-analytical terms, i.e., through 
human-technology-world relations. Most significantly in a methodological sense, 
this (re-)interpretation of technological mediation calls for an additional spectrum 
to the already defined transparency/opacity-spectrum (see Chapter 1, 1.3.). While 
I argue that this will significantly advance the analyses post-phenomenology is 
able to do regarding always-already absent technologies, it is as yet unclear how 
this can be done practically. 

Therefore, in this section, I will outline a pragmatic model for the horizonal 
interpretation of technological mediation as a ‘hermeneutic edifice’ (Ihde) for 
post-phenomenological investigations—and thereby, post-phenomenological AI 
studies. In this sense, while I argue that this is a necessity when considering 
technological mediation from the vantage point I pursue here (i.e., concerning 
always-already absent technologies), I do not suggest that the proposed model 
will have to be implemented across post-phenomenology or indeed replace extant 
ways of doing interpretation. However, this also offers a guiding constraint for 
the kind of model that I am after: Insofar as the sought after model is an expansion 
of the dimensions heretofore considered in post-phenomenological analyses, it 
should at the very least “reproduce in its own way the old model’s successes” 
(Williamson, 2018:22). The ‘old’ model, in this sense, are the analytic schemata of 
human-technology-world relations. 

I first consider what kind of modeling approach the latter represent, and 
reflect critically on recent phenomenological work by Vial that could arguably 
also stand in for the expanded model (2.1). However, I note that the dependence 
on spatially-phenomenally discrete entities as well as the lack for differentiating 
modes of technological mediation qualitatively does not fulfill the criteria of 
horizonality needed. Next, using Seibt’s general process theory (2.2.), I therefore 
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consider how technological mediation can be considered from a more processual 
perspective in relation to temporal-ontological structures. before proposing a 
delimitation/constellation-spectrum as a complimentary interpretive focus to the 
existing transparency/opacity-spectrum. Through subsequent proof-of-concept 
analyses of established human-technology-world relations (2.3.), I propose and 
substantiate a guiding hermeneutic model that integrates both spectrums in a 
contextually sensitive way that affords pragmatic interpretation. In closing this 
section, I therefore argue that the proposed model supports interpreting actual 
technologies through the wider horizonal scope on technological mediation I 
have proposed (2.4.).

2.1. Modeling in Post-Phenomenology

The use of modeling in philosophy is widespread, and a full discussion of the 
history of this practice in general are beyond the scope of this section. However, 
there are general constraints for developing a model that also hold, and particu-
larly for developing a model within post-phenomenology. The kind of model I am 
looking for is one for practical hermeneutic use, fulfilling the role of a “hypothetic-
al structure that [researchers] describe and investigate in the hope of using it to 
understand some more complex. real-world ‘target’ system or domain” (Godfrey-
Smith, 2006b:7). In my case, the target for interpretation is technological medi-
ation in terms of horizonality, to which the model needs to bear a “resemblance 
relation” (ibid.:7). This resemblance, then, concerns how a particular human-
technological-world relation may involve a spatial-phenomenal ‘artefactual’ 
manifestation, but is always indicative of a specifically ‘affordant’ temporal-
ontological enframing. However, because the latter is a line of inquiry that had 
generally been excised from post-phenomenology, a model as a hermeneutic 
‘edifice’ also needs to fulfill the role of a “buffer” (idem., 2006a:739)—in the sense 
that it can be used with a minimum of theoretical foreknowledge aside from basic 
post-phenomenological concepts. To this end, implications can be discerned from 
the literature discussed so far, both specifically from post-phenomenology as well 
as insights gained from Haidle and Löffler’s respective studies.

Post-phenomenology, of course, has always relied on some form of modeling 
its phenomena. Already in his 1977 book Experimental Phenomenology, Ihde uses 
schemata and diagrams to model concepts such as figure/field/fringe relations, 
multistability or isomorphism (cf. Ihde, 2012[1977]:64ff). Subsequently, in arguing 
for a pragmatism-infused phenomenology, Ihde calls for explicit ‘hermeneutic 
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edifices’ to scaffold phenomenological inquiry (cf. idem., 1986:187ff). And in the 
foundational post-phenomenological text Technology and the Lifeworld, the canonic-
al schemata for human-technology-world relations are introduced to fulfill exactly 
this role for post-phenomenology as a “relativistic science” (idem., 1990:23). 

With the introduction of a temporal-ontological dimension to post-phe-
nomenology, it has already become clear that the ‘spatial-diagrammatic’ (Denson) 
schemata may not be exhaustive. For instance, I have made use of Ihdean 
schemata both to investigate Husserl’s and Heidegger’s respective concepts of 
horizonality, as well as to outline how Löffler’s work allows for a more post-
phenomenological understanding of horizonality. At the same time, here 
schemata were used to facilitate my argument, and hardly provide a case-specific 
adequacy regarding actual phenomena that would be required for post-phenomen-
ological AI studies. What is needed, then, is a more exhaustive model for a 
horizonal interpretation that integrates both spatial-phenomenal and temporal-
ontological dimensions. In this sense, it is noteworthy that while the generative 
flexibility of post-phenomenological inquiries has generated numerous schemata 
subsequently (see e.g. Chapter 1, 2.), these are by no means the only kind of 
modeling approach found in the field.

Indeed, following Verbeek’s development of post-phenomenology as a 
framework for the “anticipation of technological mediations” (Verbeek, 2011:97) 
in applied fields as diverse as engineering, ethics policy, or design; numerous 
kinds of post-phenomenological models have been developed. As a paradigmatic 
example, Dorrestijn and colleagues’ “product impact model” separates potential 
future impacts of technology into four areas: “before-the-eye [cognitive], to-the-
hand [physical], behind-the-back [environmental], and above-the-head [abstract]” 
(Dorrestijn et al., 2014:7). In line with Verbeek’s proposal, the proposed product 
impact model is supposed to support designers to connect “the context of design 
and the context of use” (Verbeek, 2011:99) in an anticipatory manner. However, 
Dorrestijn and colleagues’ “points of contact” (idem., 2015:30) can only be applied 
post hoc to an assumed future human-technology-world relation—meaning that 
the latter will have to be anticipated as manifest. However, as argued repeatedly, 
in the case of AI technologies exactly this manifestation needs to be troubled and 
differentiated; which is why I originally took up the pursuit of a horizonal 
interpretation of technological mediation. Therefore, the four dimensions of the 
product impact model do not directly support the latter, because my approach 
regards human-technology-world relations as the critical pivot, but not exhaustive 
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focus, for analyses of technological mediation.  

Also considering more recent phenomenological work, Vial’s concept of 
experience as structured by an “ontophanic matrix” (Vial, 2019:8) could be seen as 
a potential source—and one that seems ‘closer to home’ than my proposed 
philosophical-anthropological basis. Similar to Löffler’s research, Vial argues that 
particular technological advances (such as the printing press, or the computer) 
alter the fundamental ways in which humans relate to the world. The basic 
premise of Vial’s work is that technologies affect “how being (ontos) appears 
(phaino)” (ibid.:42). Particular civilizational eras shape and are shaped by onto-
phanic matrices that are dependent on a particular technological rendering. For 
instance, Vial distinguishes between the mechanical ontophany of the printing 
press and the “digital ontophany” (ibid.:49ff) of twentieth century technologies. 
However, the crucial difference between Vial and Löffler’s work is that in the 
latter, the structure of such matrices also changes. 

Löffler’s principle of process-emulative recursion is not only more radical in 
the influence it grants to technology as a temporally extended enframing (see 
above, 1.2.), but also more exhaustive: it accounts not only for what phenomena 
can be given by way of historical-ontological developments, but rather how the 
very structure of how they are given also changes. Vial’s ontophanic matrices only 
change in the sense of what they are ‘made of:’ for example, entirely new phe-
nomena (e.g. emoji, liking, selfie) become available in digital ontophany that 
could not have existed in mechanical ontophany. In this sense Vial’s concept 
could be interpreted as a kind of ‘ontological’ catalogue of ‘ontic’ phenomena in 
the world. Exactly this, however, also indicates the inexhaustiveness of Vial’s 
ontophanic matrices for my purposes: the matrix itself is not structurally subject to 
change. 

In sum, current work in (post-)phenomenology does not immediately lend 
itself for modeling the horizonal interpretation of technological mediation in an 
actionable manner. At the same time, as noted above, the same can be said of 
Haidle’s approach: with the cultural capacity of notional media, the ‘heuristic’ of 
problem-solution distances loses its grasp because they rely on discrete, situated 
artefacts and agents. And while Löffler’s work has fundamentally informed my 
argument for a horizonal interpretation of technological mediation, his formaliza-
tions and modeling endeavors are of a more macroscopic order than actual 
human-world relations. In this light, I therefore next turn to an alternative yet 
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complimentary approach to more granular modeling of phenomena informed by 
process philosophy.

2.2. Analytical Dimensions for Post-Phenomenological Horizonality

In the introduction to this section, I have noted that current modeling ap-
proaches in (post-)phenomenology are inexhaustive for my purposes because 
they rely on discrete, situated artefacts and agents. Indeed, as Nicholson and 
Dupré argue, philosophical modeling generally is afflicted with a “pervasive bias 
towards things” (Nicholson and Dupré, 2018:11). In their argument for a more 
processual understanding, they showcase Seibt’s general process theory as a 
potential alleviation of this bias. Seibt’s project is directly oriented at the predom-
inant “theoretical bias in favor of concrete, countable, particular (i.e. uniquely 
located) individuals” (Seibt, 2009:481). From a different perspective, this bias can 
be seen to apply to the ‘local ontologies’ of post-phenomenological human-
technology-world relations—and echoing the recurring criticism that post-
phenomenology cannot account for how such ‘local ontologies’ manifest in the 
first place. In contrast, to Seibt, “ontology is a theory” (ibid.:484), that is, an 
interpretive tool that should not be restricted to any definite generalization of 
‘how things are.’ Accordingly, Seibt focusses instead on “processes” that are (i) 
“temporally extended” (ibid.:486) and (ii) “differentiated in terms of their func-
tional features” (idem., 2018:116). The attribute of temporal extension is a first 
implication for the potential contribution of this view, as it aligns with Löffler’s 
argument for technological enframing of human-world relations precisely 
through temporal extension (see 1.2. above). 

However, from a more pragmatic perspective, the functional differentiation of 
processes is equally, if not more, important for post-phenomenological interpreta-
tion. Throughout this dissertation I have repeatedly stressed that interpreting 
technological mediation by always-already absent technologies cannot rely on 
one particular artefact, but must be able to offer a more expansive and differenti-
ated view. And indeed, as Seibt tellingly notes in an example, “computers are not 
like-parted: no spatial part of my computer is a computer” (idem., 2009:488). In 
her approach, she therefore considers the processual relations of “parts at differ-
ent ‘levels’ of conceptual partition of a phenomenon” (idem., 2018:117). Returning 
to post-phenomenology, the phenomena in question (i.e., mediated intentionality, 
subjectivity, objectivity, etc.) are also ‘partitioned’ in Ihdean schemata. However, 
since this only concerns the spatial-phenomenal dimension, constituent yet 
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withdrawn ‘parts’ of respective operational chains are missing. This is exactly 
where I argue that Seibt’s processual interpretation can be of great use: in her 
definition of the relations between all ‘parts’ of a phenomenon. 

Seibt argues that in “parthood loops” (ibid.:119), processes constitute ‘parts’ 
of a phenomenon through their interaction, which qualitatively shapes the 
phenomenon as a whole. Specifically, she proposes that “when processes interact 
they ‘interfere’ with one another in some fashion, thus changing the overall make-
up” (idem., 2009:493) of their respective phenomenon. These relational interfer-
ences, furthermore, are generative towards the latter, as they bring forth an 
“interference product of two (or more) component processes” (ibid.:508). An 
example that Seibt provides for the differentiation that this model affords is 
photosynthesis in turf grass and crab grass (cf. idem., 2018:136). At the surface-
level, this phenomenon manifests equally in both cases. However, at lower levels 
of ‘parthood,’ Seibt discerns significant structural differences in how carbon is 
fixated in turf and crab grass, respectively—with subsequent implications for how 
energy is stored. Therefore, whereas the interference product may manifest as the 
same phenomenon, the “interference structure” (idem., 2009:493, my emphasis) of 
its constituent parts can evidence significant qualitative differences.

 
I argue that the notion of an interference product provides a suitable inter-

pretive shorthand for a horizonal interpretation of human-technology-world 
relations. While I have argued that a specific artefact is not exhaustive of techno-
logical mediation generally, I have also maintained that the structures of the 
lifeworld only unfold via specific human-technology-world relations. In this sense, 
the latter are the product of an “act of bounding” (Waldenfels, 2014:14) that is 
dependent on both a particular artefact and its embedding in a particular opera-
tional chain. Accordingly, in correspondence to the horizonal interpretation begun 
above, a further definition can be made: 

As the intentionality structure of technologically mediated experience, a 

human-technology-world relation is the interference product of the inter-

ference structure that is technological mediation; i.e., a particularly con-

figured commensuration of the spatial-phenomenal and temporal-ontologic-

al dimensions of human-world relations. Through the commensurating 

interference of technological mediation, the ‘here’ and ‘now’ of intentional 
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experience is produced. 

This interpretation of human-technology-world relations has a major advant-
age going forward. By stressing the mutual spatio-phenomenal and temporal-
ontological interference in technological mediation, a hermeneutic dependence on 
one particular artefact as well as a an arbitrary list of relations that may obfuscate 
the actual “movements of experience” (Ihde, 2010:21) can be avoided. 
Accordingly, while I have argued that Ihde’s horizonality lacks a temporal-
ontological dimension of technological mediation, it can now be complemented 
on the basis that both dimensions interfere with each other, with neither claiming 
a particular hermeneutic precedence. Specifically, I propose that whereas Ihde’s 
human-technology-world relations span the established spectrum of transparency 
and opacity (see also Chapter 1, 1.3.); a complementary temporal-ontological 
dimension can be spanned as a spectrum along delimitation and constellation. The 
former draws from a more Husserlian understanding of horizonality as funda-
mental limit structure (cf. Chapter 3, 1.2.) of experience, and refers to the explicit 
appearance of the lifeworld as a temporal phenomenon among many—such as a 
moment, activity, memory, period etc. 

At the other end of the spectrum, constellation directly refers to Heidegger’s 
discussion of the Enframing as a definite configuration of the “concealing-
revealing constellation” (cf. Chapter 3, 1.3.) of the world’s appearance. However, 
building on Löffler’s interpretation of the Enframing, this constellation is not an 
‘essential’ characteristic of Being dominated by one particular kind of technology; 
such as the technoscientific mathematization of every aspect of being-in-the-
world. On the contrary, through Löffler’s proposal of the interdependence of 
operational chains and affordant ontologies, I propose to use constellation as the 
temporal relations which enable the delimitation of a phenomenon in the first place. 
Differently put, and in accordance with Ihde’s multistability as well as Heideg-
ger’s temporal unity, every delimitation is dependent on a constellation of possible 
delimitations—such as a musical note being dependent on the series of notes that 
make the former what it is. Accordingly, just as every human-technology-world 
relation is always to some degree transparent and opaque, so every temporal 
aspect of it is to some degree delimited and constellated.

With the proposal of a delimitation/constellation-spectrum, my hypothesis is 
that post-phenomenology is in a position to interpret the “continuum” (Verbeek, 



164

2006:134) of technological mediation more exhaustively; specifically with regards 
to the temporal-ontological ‘inference’ in the lifeworld by specific technologies. To 
demonstrate the suitability of the proposed supplementary spectrum for prag-
matic interpretation of technological mediation, in the following I will briefly 
conduct analyses of Ihde’s paradigmatic human-technology-world relations. As 
will be shown, this allows for pragmatic interpretive approach of diagramming 
the horizonal interpretation of technological mediation.

2.3. Horizonal Interpretations of Human-Technology-World Relation

Drawing from the previous section, an initial simplified model for the rela-
tionship of the spatial-phenomenal and temporal-ontological dimensions of 
technological mediation can be proposed (Figure 12). In either dimension, a 
spectrum indicates the various ways in which their mutual ‘interference’ in 
technological mediation may unfold. Concerning the spatial-phenomenal dimen-
sion, technological mediation can be distributed along the established transpar-
ency/opacity-spectrum of human-technology-world relations (see also Chapter 2, 
1.3. and 1.4.; note that I also integrate ‘my’ schema for horizonal phenomena). The 
additional temporal-ontological dimension, however, is not yet as clearly popu-
lated, as I have only argued to define the extremes of the respective spectrum as 
delimitation and constellation. An initial hypothesis is the position of these 
extremes. First, I position the delimitation of temporal experience opposite to the 
transparency of technological artefacts—suggesting that withdrawal of technologies 
from intentional experience is balanced with explicit temporalities such as “the” 
past, “the” action, etc. Second, the constellation of temporal relations is opposite to 
the opacity of an explicit technological artefact. This represents the hypothesis that 
experiencing technology as a quasi-Other will have to rely on particularly firmly 
constellated temporal relations, such as through what phenomena agency can be 
attributed to things.
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Figure 12: Distribution of human-technology-world relations across the transparency/opacity-
spectrum, with proposed delimitation/constellation-spectrum below.

This diagrammatic confrontation of seeming opposites is deliberate, drawing 
from my reading of Löffler (see 2.2.). Specifically, I argue that following the 
horizonal interpretation of technological mediation, there is a particular ‘weight’ 
attached to the role of an artefact in this commensuration. Differently put, the 
more opaque an artefact is in human-technology-world relations, the more clearly 
temporal relations will have to be constellated in order to allow for such an 
‘extreme’ focus. Inversely, the more transparent an artefact is in human-
technology-world relations, the more clearly delimited the temporal appearance of 
a phenomenon must be in order for withdrawal into general experience to 
function. Accordingly, my hypothesis at this point is that the delimitation/
constellation-spectrum allows for a more granular analysis of how technologies 
are involved in intentional experience.

To follow this hypothesis in a productive manner, I apply the proposed model 
to human-technology-world relations on the extremes of the transparency/
opacity-spectrum, namely alterity relations and horizonal phenomena, to specify 
the delimitation/constellation-spectrum working inward. From these proof-of-
concept analyses, I explicate in which ways the latter can be made ready for post-
phenomenological interpretations of technological mediation. At the same time, 
this will also allow me to ensure that the proposed model can repeat the ‘suc-
cesses’ (Williamson) of the standard model (i.e., Ihdean schemata) as well as 
expanding on them.

First, on one extreme of the transparency/opacity-spectrum, we find maxim-
ally opaque phenomena in the form of alterity relations (cf. Ihde, 1990:97ff). In the 
latter, technological artefacts become focal points of experience to such an extent 
that they appear as a quasi-Other. Ihde’s original examples include toys, robots, 
computers, and a sportscar—which all in some way are attributed human- or 
organism-like intentions or qualities. Therefore, alterity relations are a good test 
for the proposed model for two reasons. On the one hand, more superficially, 
“AI” is often treated as just such a quasi-Other, as ‘having’ human-like intentions 
or qualities or even surpassing them. Therefore, a horizonal interpretation using 
the proposed model could give first indications on how the latter may approach 
AI technologies. On the other hand, and more methodologically significant in this 
regard, as an extreme case of a manifest artefact, alterity relations are arguably a 
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crucial test whether a temporal-ontological dimension adds anything pertinent to 
the standard analysis.

As an example for alterity relations, I consider Boston Dynamics’ well-known 
ATLAS, which is and an anthropomorphic robot designed “to walk at human 
speeds, cross rock fields, climb stairs and inclines, and negotiate outdoor terrains” 
(Nelson et al., 2019:169). In the Ihdean schema for alterity relations, the intended 
deployment of such a robot “to test chemical protective clothing for the [US] 
Army” (ibid.:170), could be modeled as follows:

I → ATLAS( - World)

Alterity Relation

This model can be interpreted as a withdrawal of the world from an observ-
er’s (e.g., scientist) perception, and an interposing of the ATLAS robot as an 
intermediary entity. The apparent agency of ATLAS is the key factor here for 
technological mediation: it is ATLAS’ real or imagined capacities for action which 
make the robots’ relations to the world opaque instead of any other possible 
‘stabilization’ of appearance. For this to be the case, however, there are two 
conditions which directly relate to the proposed delimitation/constellation-
spectrum. First, the robot must be perceived, either in situ or via performance 
data, in some delimited temporal appearance that is associated with its apparent 
agency—it must be seen to be doing things. Second, on a more significant level, it 
is striking that the world can withdraw to admit ATLAS as the focal quasi-Other 
that it appears as. Differently put, the alterity relation depends on a particular 
kind of ‘interference.’ Following this interpretation, an adaptation of the presen-
ted model can be constructed for this alterity relation that, I argue, more precisely 
‘resembles’ (Godfrey-Smith) the actual phenomenon (Figure 13).
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Figure 13: The intentional experience of ATLAS’ agency is delimited in correspondence to the 
laboratory instrumentation’s interference in the constellation of the world.

The above diagram models the horizonal interpretation of the technological 
mediation of ATLAS as an alterity. The solid arrow represents the highly delimited 
human intentionality at a specific phenomenal aspect: the apparent ‘robotic 
agency’ (e.g., walking, turning, etc.). The dashed arrows, however indicate an 
absent and, crucially, temporally-extended operativity: the specific instrumental 
operation of laboratory equipment. The latter is extended in two senses. On the 
one hand, it embeds the phenomenon of robotic agency in a particular ‘interfer-
ence structure’ (Seibt): only within the specific arrangement of measuring sensors 
and actuators and their “extension and […] amplification possibilities” (Ihde, 
1975:274) can the intended phenomena of robotic actions take form. On the other 
hand, the laboratory also already works on the world as a particular kind of 
technē: ‘knowing’ the world as a quantifiable domain, which structures attendant 
practices (e.g., reporting measurements, making sense of the latter, etc.). The 
temporally extended ‘interference structure’ of technological mediation, then, is 
here productive both in terms of a delimited alterity relation, as well as the 
temporal-ontological constellation within which the former may appear. Differ-
ently put, and following the horizonal interpretation, a more accurate schema of 
this mediated alterity shows that the laboratory already interferes ([]) in the 
world in which ATLAS can appear as a quasi-Other:

I → ATLAS( - Laboratory[World])

Alterity Relation (Adapted)

Accordingly, I argue that the proposed ‘horizonal model’ for interpreting 
human-technology-world relations is not only more granular, but can rather 
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qualify the interpretation of Ihdean schemata with its expanded scope. It should 
be noted that, as will be shown further below, analyses of information technolo-
gies require a yet more granular interpretive approach than the above (see 
Chapter 5, 2.). At this point, however, it suffices to show how the proposed 
temporal-ontological dimension augments current post-phenomenological 
interpretation. To this end, I next consider the original analysis for Ihde’s spatial-
phenomenal approach to horizonality.

At the other extreme of the proposed delimitation/constellation-spectrum, 
horizonal phenomena in Ihde’s approach concern technological artefacts that are 
irretrievable into experience. In his most prominent example, this is shown in the 
way that nuclear arsenals ‘texture’ human-world relations with an ‘atmosphere’ 
of existential threat. Though Ihde does not propose a specific schema to account 
for this human-technology-world relation, I have proposed a notation for this 
phenomenon above (cf. Chapter 3, 1.1.) in which technological mediation ‘dissip-
ates’ into human-world relations:

I - (NuclearArsenal -) World

Horizonal Phenomenon

Ihde argues that as a consequence of the all-permeating atmosphere of 
nuclear threat, particular practices are brought forth. As one example, one could 
point out the famous “duck-and-cover” social guidance film (cf. Kopp, 
2015:146ff), which instructed school children to seek ad hoc shelter in case of a 
nuclear attack. Using the delimitation/constellation-spectrum to interpret this 
relation, a clearer picture emerges of how the technologically mediated ‘atmo-
sphere’ actually plays out in intentional experience (Figure 14). 
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Figure 14: The embodiment relation with a school table for duck-and-cover escape is textured by 
the need for potential shelter, which itself stems from the atmosphere of nuclear threat.

The above figure models how exactly Ihde’s paradigmatic horizonal phe-
nomenon permeates (dashed arrows) not only one particular human-technology-
world relation (solid arrow), but rather the wider temporal relations on which the 
atmosphere of nuclear threat has a texturing effect. Specifically, the ‘atmosphere’ 
that is constituted by nuclear arsenal technologies affects how one thinks about 
potential actions, dangers, consequences in daily life. Accordingly, particular 
temporal relations (e.g. I choose to be close to a shelter for-the-sake-of-myself) are 
formed in a constellation of potential human-world relations. At the same time, 
closer to the delimited site of ‘the’ present, any object or architectural feature may 
become a potential shelter. And, whether in a drill, false alarm or actual nuclear 
attack, performing the duck-and-cover procedure plays out against an already 
understood embodiment relation that draws on the mediated affordance of the 
school table to be a potential shelter. Accordingly, Ihde’s horizonal phenomena 
structure the ‘make-up’ of human-world relations in a temporal-ontological sense: 
The things in the world and the range of potential actions with them are compre-
hensively embedded within a specific constellation that is irreducible to any one 
specific ‘here’ and ‘now.’ 

A brief consideration of the other Ihdean human-technology-world relations 
furthermore indicates the compatibility of the proposed model. Moving inward 
from the extremes, hermeneutic relations require the world to be specifically 
legible in order to ‘read’ it in a specific way. Similar to the above alterity relation 
of the ATLAS robot, the mediation of such interpretive foci as texts, signs, or 
interfaces, would seem to require a particular temporal-ontological interference in 
the world that does not necessarily have to be restricted to the given artefact itself. 
For instance, in terms of the goal of this dissertation, an end-user interface such as 
the Facebook News Feed (see also Chapter 2, 1.1.) is dependent on a particular 
‘computational interference’ which delimits what can be intended in a hermeneut-
ic relation with that interface. Similarly, embodiment relations as more transpar-
ent human-technology-world relations are potentially shaped in correspondence 
with an already ‘present-at-hand’ world. As the latter can never be wholly 
‘contained’ by the given artefact, analyses may center on the constellation of 
givenness that affords the withdrawal of the artefact into embodiment.

In the same manner, background relations as a generally more ‘opaque’ 
relation than horizonal phenomena, can be interpreted as having an accordingly 
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‘narrower’ constellation. For instance, concerning the canonical example of the 
thermostat, the ways in which the latter configure potential actions in the home-
as-stable-dwelling can be seen as a constellation of temporal relations in the home 
by virtue of which other relations can be taken up. Given that I had originally 
used this example for outlining the challenges post-phenomenological AI studies 
may face (cf. Introduction, 2.3.), I argue that this more exhaustive analysis of the 
thermostat already indicates the potential hermeneutic advance made possible by 
the proposed model. Specifically, interpreting human-technology-world relations 
as ‘products’ of the interference structure of technological mediation allows for 
post-phenomenological interpretations that are not dependent on manifest 
artefacts. Accordingly, in closing this section, I next reflect on the methodological 
implications and open questions regarding the proposed model.

2.4. Conclusion: Exploding the Structure of Technological Mediation

In this section, I have presented an initial model for a horizonal interpretation 
of technological mediation; showing that it allows for a more granular appreci-
ation of the temporal-ontological aspects of the technological mediation of 
human-world relations. Accordingly, I argue that the proposed model allows for a 
horizonal interpretation of technological mediation that is still fundamentally 
post-phenomenological. Specifically, given its responsivity to the context of a 
particular human-technology-world relation, interpretation following the pro-
posed model should constrain interpretation to the affordant ontology implicated 
in each specific case. At the same time, by expanding the interpretive scope from 
what is only given in explicit human-technology-world relations, it adds a 
substantial line of inquiry that I argue has been heretofore lacking.57 Accordingly, 
it can now furthermore be demonstrated that my proposal for a horizonal 
interpretation of technological mediation supersedes the original approach to 
horizonality found in Ihde—simply due to the general applicability of its analytic-
al dimensions (see Table iii). 

Table iii. Hermeneutic differences in Ihde’s pragmatic-phenomenological concept of horizonality 
versus the proposed general post-phenomenological horizonality.

57 This does not mean, however, that post-phenomenoloy now ‘has’ a metaphysics in 
the sense proposed by Langsdorf (cf. Langsdorf in Rosenberger and Verbeek, 2015) that 
governs all analyses. On the contrary, as I have tried to argue throughout, the horizonal 
interpretation of technological mediation does not supercede the emprically-oriented focus 
on human-technology-world relations, because the latter are crucial pivots for there to be 
experience at all. 
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Ihdean Pragmatic-Phenomenologic-

al
Post-Phenomenological

Horizonality Extreme Field-Fringe Relations Technological Mediation

Analytic Fo-

cus

Spatial-Phenomenal Atmosphere

Spatial-Phenomenal/Temporal-On-
tological Commensuration

Example
Nuclear arsenal as technologies 
irretrievable into intentional hu-

man-world relations

Delimitation of intentional ‘chair-as-
shelter’ relation within constellation 
of latent human-world relations

As the above table shows, the analytic focus is more general because it does 
not only concern a specific case of technological mediation, i.e. the ‘atmosphere’ 
mediated by nuclear arsenals. Indeed, the above proof-of-concept analyses were 
shown to more exhaustively interpret how technological mediation shapes 
intentional experience despite not manifesting in given, situated objects on the 
one hand (horizonal phenomenon), or by objects that seemingly occupy the 
totality of intentional experience on the other (alterity relation). Accordingly, in 
this light, the proposed model is not a claim on what really is. On the contrary, the 
delimitation/constellation-spectrum, the model itself and the practice of diagram-
ming are a new set of interpretive tools—a post-phenomenological ‘explosion 
diagram’ for the horizonal interpretation of technological mediation. In engineer-
ing or architecture, such diagrams separate and differentiate the various constitu-
ent parts of instruments, designs or artefacts into their “intended assembly” 
(Brumbach and Clade, 2013:69). In this sense, the proposed model and practice of 
diagramming ‘explode’ the specific interference structure (see above, 2.2.) of 
technologically mediated human-world relations.

Insofar as Ihdean intentionality structures (i.e., human-technology-world 
relations) are the interference product of technological mediation, the ‘explosion’ 
of the interference structure of the latter allows for a missing hermeneutic step. 
Specifically, by allowing for an interpretation of technology beyond spatial-
phenomenal manifestation, the horizonal model can account for technological 
mediation in cases where intentional experience does not include a specific 
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artefact. As a guiding heuristic for application, just as the transparency/opacity-
spectrum spans a figure-field-fringe relationality, the corresponding delimitation/
constellation-spectrum can be roughly subdivided into temporalized-temporaliz-
ing-temporality (Figure 15). 

Figure 15: ‘Horizonal model’ of technological mediation with heuristic guides.

In this manner, the horizonal interpretation can both ‘explode’ technological 
mediation as commensuration as well as be methodologically constrained by 
requiring definitive links among its spectrums. For instance, whereas the figure of 
the ATLAS robot in the example above is temporalized in its doings, the temporaliz-
ing laboratory instrumentation shapes the appearance of the temporality of the 
world within which the robot can be intended as an alterity. And, in the case of 
Ihde’s analysis of the atmosphere of nuclear threat, the integration of the ‘chair-
as-shelter’ relation into the field of intentional experience is a consequence of the 
broader shaping of the temporality of lifeworld relations.

Therefore, while human-technology-world relations can still be ‘placed’ on 
the Ihdean transparency/opacity-spectrum, the supplementary delimitation/
constellation-spectrum allows for a much more finegrained analysis of how these 
relations are and can be given. While post-phenomenological investigations 
therefore may not necessarily need to follow the horizonal model in each case, 
specific cases of technological mediation are now more open for investigation 
through ‘exploding’ the spatial-phenomenal and temporal-ontological dimen-
sions of human-world relations. In sum, I argue that the horizonal interpretation 
of technological mediation expands post-phenomenological analyses to more 
exhaustively account for how technologies disclose the time that is ‘now’ and the 
space that is ‘here.’

3. Summary: Towards Post-Phenomenological AI Studies
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As the final chapter of the first part of this dissertation, I now offer an expans-
ive summary how this chapter has provided the theoretical foundation for post-
phenomenological AI studies. Regarding this first part at large, I initially argued 
that AI technologies, as well as information technologies more generally, provoke 
a need for a genuinely post-phenomenological horizon-problematic due to the 
irreducibility of their transformative effects to manifest human-technology-world 
relations. I have theorized the latter in a way that modifies and expands the 
current understanding of technological mediation by drawing (predominantly) 
on Heideggerian philosophy of technology and Löffler’s philosophical anthropo-
logy. In short, I argued a post-phenomenological horizon-problematic as follows: 
analyses of technological mediation cannot be fully exhausted by human-techno-
logy-world relations in the here and now, but must (i) include temporal-ontological 
dimensions which make the present ‘now’ what it is, and (ii) the latent ‘technical 
possibilities’ (Aydin) which always-already structure such dimensions. The 
methodological side of the post-phenomenological horizon-problematic is how to 
reconcile the empirical and ontological perspectives that analyses of technological 
mediation, particularly those involving fully withdrawn technologies, seem to 
require.

The horizon-problematic as positioned here, then, is a refinement of the 
fundamental object of inquiry that post-phenomenology already pursues—
technological mediation. My basic argument in this regard can be summarized as 
follows. Technological mediation has thus far been considered insufficiently 
because of a general hermeneutic dependence on spatially-phenomenally mani-
fest artefacts—i.e., things in the here and now of perception. Because such things 
can only be investigated in terms of their presence or absence (i.e., on the trans-
parency/opacity-spectrum), this complicates interpretation of information and AI 
technologies specifically, but also other kinds of artefacts which do not neatly fit 
the presence/absence dichotomy generally. Accordingly, I argued for a horizonal 
interpretation of technological mediation, which compliments the transparency/
opacity-spectrum with a spectrum which spans the (i) delimitation of phenomena 
in particular temporalizations (e.g., ‘the’ past) as well as the (ii) constellation of 
temporal relations (e.g., how ‘the’ past relates to ‘my’ present and future). 

Drawing from Seibt’s process philosophical modeling, I have furthermore 
argued that human-technology-world relations are the product of the technologic-
ally mediated interference of the respective spatial-phenomenal and temporal-
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ontological dimensions of these spectrums. Subsequently, I have proposed a 
‘horizonal model’ (Figure 16) which allows for a more temporal-ontological, yet 
still post-phenomenological interpretation of technological mediation as the 
commensuration of spatial-phenomenal and temporal-ontological dimensions of 
human-world relations. By applying the model to established human-technology-
world relations, I found that it offers a more granular treatment than heretofore 
available, essentially being an ‘explosion’ of the intricacies of technological 
mediation that neither reduces analyses to, nor loses sight of, what is given   to 
intentionality in human-technology-world relations.

In summary, as a result of the theoretical synthesis undertaken in this chapter, 
post-phenomenological AI studies can now articulate a first set of basic lines of 
inquiry, such as: Where exactly do information technology artefacts (e.g., inter-
faces, devices) and AI technologies fall into place in this horizonal interpretation 
of technological mediation? How, in the interference of spatial-phenomenal and 
temporal-ontological dimensions, does the technological intentionality of such 
technologies take shape? And, correspondingly, (how) does this affect the techno-
logically mediated intentionality of humans, and the kinds of subjectivities and 
objectivities that are co-constituted, in a way that is actually qualitatively distinct 
from other technologies? 

Additionally, while I argue that it supports a more exhaustive analysis of 
technological mediation, it is as yet unclear how the horizonal model can differen-
tiate to a sufficient degree between, for instance, specific AI technologies, or the 
components of AI-driven systems such as data, algorithms, and interfaces. 
Already in my review of the status quo of post-phenomenological analysis of 
information and AI technologies, this was noted as a one of the fundamental 
challenges that will need to be overcome. Solving this challenge and providing 
actionable hermeneutic edifices, methodological guidance and proof-of-concept 
analyses will accordingly form the second part of this dissertation, in which I 
outline my proposal for post-phenomenological AI studies.
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Part II —

From Poly-Intentionality to 
Machine Horizons

The horizonal approach to technological mediation I have laid out in the first 
part of this dissertation has two fundamental advantages for post-phenomeno-
logy, and specifically my pursuit of enabling post-phenomenological AI studies. 
First, it integrates technologies outside of intentional experience in a more 
exhaustive way than, for example, the schemata of background relations or 
horizonal phenomena by Ihde. Given the withdrawn, transparent (in the phe-
nomenological sense) implementations of contemporary AI technologies, this is 
likely to prove crucial: if post-phenomenology were only able to analyze AI 
technologies once they become referenceable as “AI,” a much more subtle line of 
technological transformations of human-world relations becomes unavailable for 
analysis. Second, by arguing that technological mediation itself changes qualitat-
ively over time—due to the changes in affordant ontologies constituted by wider 
and more highly integrated operational chains—post-phenomenology is in a 
much stronger position to articulate what in particular is actually specific about AI 
technologies. 

However, this theoretical elaboration in itself does not yet actually show how 
post-phenomenological AI studies may approach the decisive analytical categor-
ies of technological intentionality, technologically mediated intentionality, and the co-
constitution of subjectivity and objectivity. Accordingly, the goal for this second part 
of the dissertation is to enable post-phenomenological AI studies so as to move 
from the more abstract considerations of horizonality towards actionable insights 
on actual AI technologies through these established analytical categories. To this 
end, each of the following chapters approaches the latter in a specific way that 
allows for a cumulative build-up from first principles to interpretive tools to 
defining objectives for post-phenomenological AI studies.
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Chapter 5. Interpreting the Technological Intentionality of Informa-

tion Technologies

This chapter begins the trajectory towards post-phenomenological AI studies 
with the general category of its actual objects of inquiry: information 
technologies. While I argue that the preceding theoretical elaboration a horizonal 
interpretation of technological mediation is the primary requirement for post-
phenomenological AI studies, this in itself does not offer sufficient granularity for 
actual investigations. For example, it could now be argued that the ‘smart’ 
newsfeed interface gains its distinct (and, arguably, more affective) shaping force 
from the extent of operational chains (e.g., network structure, data processing, 
programming, socio-technical activity) it is embedded in, and the accordingly 
more direct interference in the temporal-ontological dimension of experience than 
a discrete artefact such as a map. But how exactly does this play out? And how 
can a particular AI technology, with particular artefacts in particular operational 
chains, be analytically distinguished from any kind of networked media, such as 
an IoT device, a GPU-cluster, or even an electrical grid? That is, if all there is to be 
said about AI technologies are blanket statements regarding vague wider work-
ings in the movements of experience, then not much is gained for investigations 
of actual technological deployments. Evidently, further investigation is needed to 
discern the qualitative and quantitative specificities of AI technologies.

Accordingly, the primary task for this chapter lies in deriving suitable inter-
pretive heuristics for technological intentionality in AI technologies, because only 
if the latter is sufficiently clear can post-phenomenological AI studies actually go 
about analyses of technologically mediated intentionality—how AI technologies 
manifest, disclose phenomena, and shape subjectivity and objectivity accordingly. 
To this end, the chapter proceeds from a straightforward hypothesis: Contempor-
ary AI technologies can reasonably be described as a subset of information 
technologies in general—again, this is a consequence of the general pragmatic 
orientation of this dissertation at actual technologies rather than, for instance, 
artificial general or super-human intelligence. Accordingly, findings on informa-
tion technologies’ technological intentionality should provide first analytical 
thresholds for post-phenomenological AI studies. This is firstly a reasonable 
assumption given a fundamental technical kinship; but secondly also because, as 
argued above, technological mediation is itself shaped by already-established 
technical possibilities (cf. Chapter 4, 1.2.). Accordingly, even if contemporary AI 
technologies turn out to be radically distinct from initial information technologies, 



178

this distinction will still be in co-dependence with the affordant ontologies (of, 
e.g., latent human-world relations) shaped by the latter. The goal of this chapter 
is, accordingly, to provide a baseline for post-phenomenological AI studies 
regarding its approach to the general category of information technologies.

First, I chart the development from probability theory through computing 
machinery, information theory and cybernetics to early digital information 
technologies (1.). In discussing this development, I follow two prominent studies, 
Hacking’s The Taming of Chance and Hayles’ How We Became Post-Human. How-
ever, rather than repeating the argument of the authors, I accompany them with 
examples of actual technologies, to demonstrate how the transition from a 
posteriori computation to ‘live’ computing machinery brings about ever increasing 
interference in the temporal-ontological dimension of human-world (1.1., 1.2.). 
However, this increasing interference requires subtle differentiation: The abstrac-
tion from explicit world reference through binary code introduces what I, follow-
ing Löffler and Kittler, refer to as the embedding ‘generic’ subject-object relations 
in information technologies—following my proposed horizonal interpretation, a 
constellation of informatic patterns and operations (1.3.). This informatic constella-
tion is always-already inclusive of multiple intentionalities, such as those of 
inputs, outputs, and correlating programs. Accordingly, post-phenomenology 
requires a way to interpret how the poly-intentional structures of information 
technologies shape the technological mediation of human-world relations.

To this end, I use Flusser’s ‘informatic-phenomenological’ model of 
apparatus, technical image and program to interpret technological poly-intention-
ality in the form of apparatic relations (2.). The latter serve as an interpretive 
modification of human-technology-world relations which support interpretations 
of the transformative effects of information technologies independently from, yet 
in correspondence to, a particular artefact (2.1.). Having derived a specific 
hermeneutic edifice in Ihde’s sense to guide post-phenomenological investiga-
tions of information technologies, I substantiate apparatic relations further 
through analyses of an early AI paradigm: Symbolic AI (SAI; 2.2.). Summarizing 
these analyses, I propose a qualifying heuristic for the structure of SAI poly-
intentionality in the form of If–Then; which describes how the narrowly adaptable 
symbolic structures of SAI technologies temporalize human-technology-world 
relations in closed feedback loops between computable states (2.3.). Explicating 
the specifics of this poly-intentional structure, then, is a minimum analytical 
threshold for post-phenomenological analyses of information technologies. 
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However, given that the SAI paradigm is no longer inclusive of contemporary AI 
technologies, I close this chapter with implications for next steps required of post-
phenomenological AI studies.

1. The Development of Technological Intentionality in Information 

Technologies

In this section, I derive first implications for how to approach technological 
intentionality with regards to AI technologies. Specifically, I will focus on a 
reading of preceding technologies to ensure the technical details on which I will 
rely on in later chapters are grounded in the emergence of computing practice 
and information technologies. While a historical exegesis is therefore not my 
objective, it is nonetheless necessary to balance interpreting AI technologies 
according to technical ‘correctness’ with the ‘truth’ of their manifestation in lived 
experience—which has a certain historical-social dimension as a major shaping 
force. I accordingly detail how the emergence of particular techniques surround-
ing probability and information theory foreshadowed, led to and structured 
computing machinery. In this sense, I am looking to explicate the particular 
“structuring sway” (“Walten eines Strukturgesetzes”, my translation, Cassirer, 
2011:19) which textured the notions of objectivity delegated to and embedded in 
such technologies. 

In the following, I will therefore clarify how the developments in statistics in 
the nineteenth century and cybernetics in the mid-twentieth century structure 
how information technologies’ intentionality take shape. I will chart this develop-
ment with a dual discussion of ‘inner’ (i.e., contemporary practitioners) and 
‘outer’ (i.e., historians of science) perspectives; generally selecting the former 
based on the latter. For the outer perspective, I follow Hacking’s study on the 
development of probability theory and associated practices (1.1.); and sub-
sequently, Hayles’ study on the interrelationship of information theory and the 
paradigm of cybernetics (1.2.). In tracing this development, I find an increasing 
abstraction from empirically manifest artefacts into ‘internal’ binary code; which 
can be described through the horizonal model of technological mediation I have 
developed. Second, and as a result, I argue for the need to differentiate between 
kinds of technological intentionality, which I pursue in the subsequent section.

1.1. The “Taming of Chance” and Punching Normalcy
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The pre-cursors to modern information technologies developed in the wake 
of an “avalanche of printed numbers” (Hacking, 1990:2) located by Hacking at the 
start of the nineteenth century. In his study on the emergence of probability 
theory, associated techniques and epiphenomenal “metaphysical, epistemological, 
logical and ethical” upheavals (ibid.:4), Hacking focuses on how post-Enlighten-
ment thought came to shape, through the filter of statistics, notions of self-, object- 
and statehood. A frequent figure is the polymath Laplace, who lends his name to 
the ‘Laplacian Universe’ in which various ‘rationalized spaces’ (e.g. laws of 
nature, civility, statehood, etc.) are interlinked. Such spaces had become increas-
ingly standardized and measured during the Renaissance and Enlightenment 
eras,58 yet as more and more local spaces became rationalized (e.g., measurements 
on the movement of planets, shipping cargo, Newtonian laws), the more absences 
of data become glaringly obvious—both within and in-between spaces. Beniger 
frames this in terms of a “crisis of control” (Beniger, 1986:279): as the growing 
means of industrial production are increasingly ‘rationalized’ in the nineteenth 
century, a commensurate need for higher-level planning of economic forces is 
equally brought forth. Despite ever more numbers, therefore, techniques were 
required that deliver “degrees of certainty” (“Sicherheitsgrade,” Esposito, 
2007:26). It is in this context that probability theory is formalized regarding (i) 
standards that allow drawing actionable insights from large amounts of numbers, 
and (ii) being able to predict variables despite missing data.

A key development in this respect can be found in the “Gauss-Laplace 
synthesis“ (Hacking, 1990:106, see also Stigler, 1986:139-158). Both thinkers, Gauss 
and Laplace, worked on various techniques associated with probability theory. 
Gauss, in his major treatise on astronomic measurements, is confronted with the 
issue of missing data given a “series of observations” (Pearson, 1905:189). Predict-
ing the movement of ‘heavenly bodies’ cannot occur without knowing a particu-
lar mathematical function, yet an axiomatic (i.e., pre-defined) function cannot be 
found given missing data (cf. Gauss, 1857:257-258). Gauss therefore executes a 
radical move to arrive at the unknown function f(x) (e.g., for the movement of 
heavily bodies): calculating the mean of his measurements.59 The result is the bell-

58 Note that in this section I do not aim for a complete history of probability theory, 
statistics, or the sociological import of these histories. See e.g. Stigler, 1986; Hacking, 1990; 
Desrosières, 2011; Esposito, 2014.

59 Preceeding this development, of course, is the turn away from static absolutes 
towards categories of experience executed over the course of the Rennaissance and 
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shaped curve and evenly scattered points of ‘normal distribution’, since associ-
ated with Gauss. Laplace, in turn, decisively extends its applicability by adding 
probabilistic formula to measure the likelihood, i.e., uncertainty, of the normal 
distribution itself. Gauss’ function could therefore be assessed post-hoc, which 
allowed not only for measuring its applicability but a measure of how precise the 
probable function actually was.

As Stigler states, it cannot be exaggerated how much the “marvelous statistic-
al technology” (Stigler, 1986:58) of the Gauss-Laplace synthesis differs to prior, 
purely axiomatic mathematical procedures. By way of Laplace’s addition, 
probability theory allows achieving “statistical stability” (Hacking, 1990:158), a 
way of judging how uncertain a Gaussian distribution is, and how to base 
inferences on them (cf. also Stigler, 1986:158). As a result, censuses, economic or 
public health decision making become fully infused with statistical techniques 
providing “Newtonian laws about people” (Hacking, 1990:46). ‘Normalcy’ in a 
socio-cultural sense becomes established as “a result of experiment, i.e., an 
empirical result” (Pearson, 1905:189) determining how society is ruled and seen to 
be structured. More relevant for my argument, the emergence of this epistemo-
logy of determinism “around 1870” (Hacking, 1990:151) was accompanied by 
technological artefacts. Such artefacts can be probed to articulate how chance was 
‘tamed’ in terms less historiographical and more post-phenomenological. 

The practices of “German thinkers and statesmen” led to the formation of the 
first national “statistical office” in Prussia (cf. ibid.:18-29).60 A brief description of 
the latter’s practices shows how Hacking’s “avalanche of printed numbers” 
(ibid.:4) was produced using particular tools. Oertzen has traced the latter in a 
historicity of ‘dating’ (“Verdatung,” Oertzen, 2017:407), regarding the Prussian 
statistical office as a precursor to today’s data-intensive information technologies. 
The 1867 census data for the Prussian statisticians were collected using tabulating 

Enlightenment; specifically philosophically with Hume, Locke, and Kant; and 
(poly-)mathematicians such as Bayes, Quetelet, Condorcet, cf. Hacking, 1990; Stigler, 1978, 
1986. 

60  An alternative example for computing machinery’s origin is Babbage’s conceived 
“analytical engine” and in particular, Lovelace’s notes on this never-constructed machine. 
Rightfully, modern programming theorists and practitioners trace the origin of their 
discipline to Lovelace, especially for her insights having “crossed the intellectual threshold 
between conceptualizing computing as only for calculation on the one hand, and on the 
other hand, computing as we know it today: with wider applications made possible by 
symbolic substitution” (Fuegi and Francis, 2003:16). However, in a post-phenomenological 
manner, I will here more closely center on artefacts that were actually used in practice.
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cards (“Zählblättchen”, ibid.:416). They were the size of playing cards to facilitate 
ease of use, and printed with the data variables that were to be collected (cf. 
ibid.:416-417). The Prussian statisticians, in this respect, could rely on a wide 
range of combinations of variables to infer statistical norms in an empirical 
fashion. 

This kind of determinist reasoning would lead to the development of a key 
precursor to computing machinery take centre stage: the punchcard. Originating 
from the burgeoning textile industry, such punchcards were similarly designed to 
the Prussian tabulating cards, but with perforated areas for data variables. This 
pre-arrangement of the world into admissible categories is not only indicative of 
certain objectivities (e.g., age, sex, employment, home-ownership), but is part of a 
determinist constellation that structures of given and potential legitimate norms. 
To recall, constellation here refers to how particular phenomena are technologic-
ally structured as temporal relations in their ‘modes of givenness’ (Husserl)—for 
instance, being-in alignment or deviation from Gaussian means, ‘rational’ norms 
or acceptable ranges of certainty. Importantly, whereas determinism as a whole 
can accordingly be understood as a constellation of a Heideggerian technē (i.e., 
intuitively knowing the world to be in such-and-such-a-way), in the case of 
punchcards the “stamping of Being” (“Prägung,” Heidegger, 2014:72) is at work 
not only abstractly but in practice. 

It would not take long for this practice to develop into one of the most direct 
antecedents of information technologies. Constructed for use by the US census 
bureau in 1890, the punchcard-fed Hollerith machine provided the “basis for an 
information industry that emerged in the 1890s” (Heide, 2008:307; see also 
Beniger, 1986:411ff). Crucially, it allowed for electro-mechanical processing: 
lowering a board with pins over an inserted punchcard, mercury connections are 
triggered wherever holes had been made in the punchcard. The resulting electric 
signal is routed to dials, which summates respective categories for subsequent 
application of statistical formula (cf. Pugh and Heide, 2013:546). Differently put, 
the electrical reading of data from punchcards does not only speed up the process 
in a utilitarian manner, but as a microscopic instance of Löffler’s process-emulat-
ive recursion (cf. Chapter 4, 1.2.) establishes a new affordant ontology of determin-
ist phenomena.

Specifically, in abstracting, materializing and integrating the manual tabulat-
ing process as a binary contact/no-contact function, the Hollerith machine 



183

discloses the world as always-already tabulated. Therefore, this early type of of 
information technology does not only circumvent the human computer, but also 
shapes the appearance of the world as ready-made with (i.e., affordant of) statistic-
al norms. The immediacy of this appearance sees the US census statistician per-
ceive a “determinate Being” (cf. Heidegger, 2014:84-87) on numerical dials. The 
statistician-dial relation can therefore be interpreted as a writing relation in 
Wellner’s sense (cf. Chapter 1, 2.4.); i.e. a relation in which intentional experience 
of something-as-something is subsequent to a particular technological operation 
making a phenomenon ‘legible’ in the first place.

Statistician ← (Punchcard - Dial) ⇒ [μ - World]

Writing Relation

 In this case, the corresponding schemata shows firstly how the punchcard-
dial coupling ‘writes’ (←) the statisticians’ directedness (⇒), and secondly at a 
determinist world. However, because the latter is mediated as always-already 
tabulated, it furthermore carries an implicit norm (μ)61 that is only waiting to be 
explicated. In effect, the punchcard-dial coupling mediates a norm will have been 
legible from the determinate ‘Laplacian universe’ disclosed by the Hollerith 
machines’ dials. The proposed horizonal model allows for further interpretive 
differentiation (Figure 17) of the yet-to-be-inferred norm. On the one hand, the 
norm carries the potential for temporalizing things in a determinist world, e.g, 
things being-found-in-alignment ([μ - World]). On the other hand, the model 
also allows for a clearer picture of intentional experience, given that the norm is 
not delimited as a concrete spatial-phenomenal objectivity. Accordingly, while the 
punchcard-dial coupling is indubitably given in one way or another (i.e., depend-
ing on focal attention), the horizonal interpretation I have proposed affords a 
space in which human-world relations are not yet bodily-perceptual, yet textured 
by technological ‘renderings’ nonetheless.

61 I use the μ glyph in conformance to statistical notation for a “true but unknown 
population mean” (Barde and Bard, 2012:114).
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Figure 17: Horizonal model of the statistician-dial writing relation.

To expand on this briefly: The statistician-dial relation introduces a distinct 
technological interference in the temporal-ontological dimension of experience as 
compared to the manual tabulating card. The norm μ, for instance the height of a 
male US citizen, is mediated as already given, and not merely due to a particularly 
hardline determinist stance by a given statistician. Rather, the emulation and 
materialization of the tabulating process into the reading-writing technology of 
the Hollerith machine constitutes an intuitively constellated world with to-be-
determined values. The electro-mechanical shortcut from punchcard to dial does 
not so much require a particular individual human knowing of the world (i.e., the 
tabulator verifying observations), but co-constitutes such knowing actively: Given 
the instantaneous quantification of the world on the dial, an associated norm-to-
be-inferred is mediated as equally ready-to-hand. The signal from punchcard to 
dial, then, is an early indication of the power of information technologies, before 
the formal definition of information or digital computing.62 Regarding the latter, 
two research fields emerged during the second world war that would greatly 
determine the distinct qualitative shape of technological mediation by future 
information technology: information theory and cybernetics.

1.2. Information Theory, Cybernetics, and Information Technologies

With the newly arrived “world of probabilities” (Hacking, 1990:201) of 

62 The Hollerith machine was only one instance in the spread of computing machinery 
around this period, but one with remarkable staying power. Together with punchcards of 
ever finer granularity, it and its derivatives played an enormous role in scientific inquiry, 
statistical endeavors and everyday labor (cf. Pugh and Heide, 2013). Only in 1962, well 
after first electronic computers had already been constructed, a “cross-over year” 
(ibid.:552) occurred when IBM’s sales of digital computers finally surpassed punchcard 
technologies.



185

determinism by the end of the nineteenth century, statistical techniques entered 
into every niche of human endeavors. The emerging positivist consensus has been 
characterized by Heidegger as the “age of the world-picture,” in which the world 
is always-already “‘set in place’ [gestellt]” (Heidegger, 1977:127) as a rational set of 
objects in an ordered ‘Laplacian Universe’. It is in this context that information 
technologies would emerge. Again, while there is a plethora of philosophical, 
mathematical and logical work appearing against the backdrop of this 
consensus,63 I will focus on particular technological developments. Accordingly, 
in the following, I will use Hayles’ study to show how “seeing the world as an 
interplay between informational patterns and material objects” (Hayles, 1999:14) 
became established through the dual lens of cybernetics and information theory, 
which would provide foundations for the technologies predating and configuring 
contemporary AI technologies. 

Shannon’s advancement of information theory,64 articulated most promin-
ently in his 1948 paper A Mathematical Theory of Communication, is foundational in 
providing formal definitions and measuring techniques. First, there is the ques-
tion of what exactly information is from an engineering perspective. Decisive, to 
Shannon, is not the contextual significance of communication, but rather that the 
“actual message is one selected from a set of possible messages” (Shannon and 
Weaver, 1961:31; original emphasis). Shannon regards information as a purely 
statistical decision represented by “binary digits, or more briefly bits” (ibid.:32). 
Hayles highlights the importance of this development, noting that “abstracting 
information from a material base meant that information could become free-
floating, unaffected by changes in context” (Hayles, 1999:19). This is a first 
indication that, in contrast to the technologies of the nascent ‘information in-
dustry’ such as the Hollerith machine, the medial independence of Shannon 
information will prove to have significant consequences.

63 Again, I will rely on an existing study to concentrate on the main points while not 
covering such important figures as Frege, Russell, Whitehead, Church, Carnap, or 
Kolmogorov. One theoretical precursor to information theory and cybernetics I want to 
note is the two-fold ‘proto-cybernetic distinction’ (“urkybernetische Unterscheidung,” 
Löffler, 2019:152) made in the environmental philosophy of Uexküll; whose work is typical 
of the widespread cross-pollination of the time; for example as found in his connection to 
Husserl and Plessner (cf. Brentari, 2015:181ff); His distinction of an organism’s “perception 
world” (Merkwelt) and “effect world” (Wirkwelt, both Uexküll, 2010:49) would grealty 
influence cybernetic notions of feedback loops between agents and their environments. On 
the legacy of Uexküll’s work, see e.g. Rüting, 2004:65.

64 Information as a signal between receivers had been defined by Hartley roughly 
twenty years earlier, cf. Hartley, Ralph VL. 1928. ‘Transmission of Information’. Bell System 
Technical Journal 7 (3): 535–63.
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The second question concerns the entropy of patterns of bits; i.e. the statistical 
uncertainty over the ‘set of possible messages.’ Indeed, firmly residing in the 
‘world of probabilities,’ measuring the entropy of information as bits circumvents 
the problem that for any message input (e.g., words), there may be a large 
number of equally probable outputs (e.g., non-/sensical sentences). Distinguish-
ing randomness from pattern is therefore the core function of Shannon informa-
tion, measuring “choices that reduce uncertainty” (ibid.:31); in other words, 
choices which delimit a system towards specific rather than random patterns. 
Information theory, therefore, outlines how technologies can make non-semantic, 
statistical decisions within a flow of signals—indicating a crucial advance over 
devices such as the Hollerith machine, which simply aggregated signals. In 
combination with the medial independence noted above, this suggest a key facet 
for my horizonal interpretation of technological mediation: if information 
technology is fundamentally about distinguishing randomness from signals, then 
the particular constellation of distinguishing techniques would have to take 
analytic precedence over post-hoc interpretations of whatever delimited signal is 
given in intentional experience. However, it is as yet unclear how the latter can be 
fruitfully integrated with this hypothesis.

Subsequent to early experiments on Shannon information, cybernetics as the 
study and control of the patterns in informatic flows emerges; and indeed, 
Wiener, the discipline’s founder, starts his titular book with a reflection on the 
human endeavor of “patterning”  (“Durchmusterung,” Wiener, 1961:31). The 
cybernetic approach to information is more directly oriented at specific activities; 
most notably in the key focus at the time: homeostasis, or the means by which a 
system maintains its ‘teleological’ behavior. Teleological is here understood 
practically: any system, whether mechanical or living, is posited as goal-oriented 
in an organic rather than transcendental sense (e.g., hunger, body-heat, survival). 
In cybernetics, the principle of homeostasis is formulated as feed-back on an 
organism’s actions towards that goal, leading to particular adaptations of behavi-
oral patterns in correspondence to that organism’s environment (cf. Rosenblueth 
et al., 1943:19-20).65 Wiener’s own work (on, for instance, self-adjusting anti-
aircraft guns) as well as that of his contemporaries inform his definition of 

65 On this point, Hayles argues for the necessity to distinguish first- and second-order 
cybernetics. In the latter, the observer of a system-environment coupling was integrated into 
the overall model (cf. Hayles, 1999); however, for the purposes of clarifying a geneaology 
of technological intentionality, I instead focus on the emergence of AI technologies.
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cybernetics. Among these, Ashby’s homeostats most explicitly showcase cybernetic 
principles. 

Ashby constructed the homeostats as proof-of-concepts for his argument on 
the universality of homeostasis (cf. Ashby, 1960:61-65), as Pickering outlines: four 
homeostat machines were built which were interconnected, and each outfitted 
with a meter which reacted to the input (i.e., electric current) coming in from the 
other three (cf. Pickering, 2008:217-219). In case of an unstable (e.g. oscillating) 
meter reading, Ashby implemented a relay-switch that input a random signal; 
leading to a feed-back loop between all homeostats to reconfigure resistances 
until the dial is in the middle, stable range again. In contrast to the Hollerith 
machine’s statistician-dial relation, in which a potential norm is mediated but yet-
to-be-determined, Ashby’s homeostat materially embodies a norm (i.e., maintain-
ing the meter in mid-range)—and the homeostat automates an informatic decision 
to achieve a particular state. It is precisely this concept that can also be found in 
early digital computing.

In line with von Neumann, Turing’s 1950 Computing Machinery and Intelligence 
outlines digital computers as a triad of store, memory and control which abstract 
from to the instructions, rule-book for formula and paper for notation of a human 
computer (Turing, 1950:436-439). Turing’s key contribution here lies in the 
conceptual clarification of “discrete state machines” vis-a-vis “digital computers” 
(ibid.:440).66 Epistemologically, such machines also represent a Laplacian universe 
of knowable (i.e. computable) states to Turing, though “rather nearer to practicab-
ility than that considered by Laplace” (ibid.:440). This practicability is key, 
because, as Turing shows, digital computers are “universal machines” (ibid.:441): 
given appropriate storage and sufficiently clear instructions (i.e., programming), 
the same digital computer can formally represent any machine that has binary 
states (such as the register in Hollerith’s census machine, but also a steam 
engine’s on-off action). Differently put, Turing’s digital computer can compute the 
next state of a particular sequence, such as “Add the number stored in position 
6809 to that in 4302 and put the result back into the latter storage position” 
(ibid.:437). Shannon information, i.e., patterns of 1s and 0s, here prove to be the 
perfect medium because through abstraction, they can be associated with symbols 

66 Note that I consciously choose to list Turing machines as subsequent to cybernetic 
machines due to the widespread actual implementation of post-WWII computing 
machinery. The relevant paper of Turing’s providing the seed for this development is 
Turing, 1937.
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(e.g., characters, numbers) that can be used to define such computations in formal 
logic. 

The Turing machine is described as outfitted with a reading-writing ‘head’ 
and an infinite ‘tape,’ which has fields with ‘symbols’ that are individually 
positioned underneath the ‘head.’ Depending on the symbol currently being read, 
the control component instructs the head to write a corresponding symbol. The 
result of such an operation is both the output of the actual operation (i.e., the 
symbol written currently on the tape) and the state associated with the last 
operation in the sequence (i.e., the updated memory). From this description of a 
tape-fed Turing machine, a hypothetical dual writing relation67 shows how this 
differs qualitatively from Hollerith’s strictly linear census machine:

I ← Head(State) ← Control(Symbols/States) ⇒ Tape([Symbol]) - World

Dual Writing Relation

In contrast to the writing relation with a Hollerith machine, a Turing machine 
needs to be differentiated into two layers of writing intentional experience. First, 
and most immediate, the ‘head,’ while itself not the intentional correlate, writes 
(←) the symbol onto the tape that is explicitly experienced (⇒). However, and 
second, it only does so upon being instructed (←) by the control component’s 
current assessment of available symbols and states. A priori to the appearance of a 
‘practicable’ Laplacian Universe, then, the Turing machine houses a fully ‘en-
closed’ constellation of relations among informatic patterns and operations. 

67 Note that as this relation is with a hypothetical Turing machine, an equally 
hypothetical “I” is used here to center on the technical specifics. The question of 
technologically mediated intentionality, and specifically the question of subjectivity, will be 
approached in Chapters 7 and 8.
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Figure 18: Hypothetical dual writing relation with a Turing machine.

This is reflected yet more precisely in the horizonal ‘explosion’ diagram above 
(Figure 18): On the level of intentional experience, the world is delimited in the 
appearance of a given ‘Symbol x’ which an “I” may be directed towards—i.e., 
reading the world through the written symbol on the output tape. At the same 
time, ‘Symbol x’ is neither wholly delimited by a given human engagement, nor 
the writing ‘head’ which withdraws into the background. Rather, the specific 
constellation of state-symbol couplings, which are embodied by the control 
component as all possible reading-writing operations, holds sway over the 
possible relata that may enter intentional experience. In sum, therefore, the Turing 
machine writes human-world relations as existing within Laplacian Universe—
precisely by already containing such a universe in the ordered constellation of 
components.

Kittler succinctly describes the importance of the Turing machine as defining 
the logic of “the medium of all media” (Kittler, 2010:225): the digital computer. 
Precisely because the latter “are perfectly indifferent towards medial contents” 
(ibid.:225) as long as these are represented in binary code, specific symbolic 
instructions can be performed on any input—such as the output of other instruc-
tions in the architectures of what we now call software. Indeed, as Beniger notes, 
in the advance from Hollerith-type data registers to digital computers, the 
coupling of various components in information technologies begins to “blur 
earlier distinctions between the communication of information and its 
processing” (Beniger, 1986:25). The capacity for “ever-feasible abstraction” 
(Kittler, 1997:154) from one into many layers of software endows information 
technologies with the power to integrate operational chains through the manipu-
lation of information as a “homogenizing interface” (“homogenisierendes 
Interface,” Löffler, 2019:568). This novel capacity of information technologies as a 
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‘universal’ medium can be further specified through the horizonal interpretation 
of technological mediation I have proposed. 

First, the ‘ever-feasible abstraction’ from the world by information technolo-
gies can be seen (i) as a further evolution of the nineteenth century techniques 
and practices following probability theory, which (ii) through radical abstraction 
brings forth a qualitatively new mode of technological mediation altogether.68 As 
Krämer points out following Kittler, the computer’s symbolic abstraction means 
that the “temporal order becomes moveable and reversible in the very experience 
of space” (Krämer, 2006:96). The latter is key to see how information technologies 
interfere in the temporal-ontological dimension of human-world relations: they 
not only delimit the appearance of the world through semantic-symbolic repres-
entation at one point in time, but actively structure the constellation of possible 
appearances through pre-scribing an interplay of informatic patterns and opera-
tions. 

While this finding offers first insights on how information technologies are 
not exhaustively considered when only relying on a given artefact, it is as yet 
unclear how post-phenomenology can interpret how the dual abstraction and 
manipulation of appearance through information actually manifests in terms of 
technological intentionality, let alone technologically mediated intentionality. For 
instance, in the hypothetical analysis of a generic Turing machine I situated the 
informatic patterns, operations and discrete entities on the delimiting/constella-
tion-spectrum—but how can this be the case? They are clearly neither of the same 
order as the written symbol, nor the tape that is perceived and interpreted by a 
given observer. Therefore, I close this section by discussing a necessary differenti-
ation among the intentionalities of operative components in information technolo-
gies for post-phenomenological analysis.

1.3. Conclusion: The Need to Differentiate Technological Intentionalities

In this section I sought to clarify the historical preconditions to information 
technologies following Hacking and Hayles’ respective studies; supplemented by 

68 This is confirmed in Löffler’s analysis of the fundamental change brought about by 
information technologies in the second half of the twentieth century. The change concerns 
the discovery, manipulation and integration of “pheno-abstract” (“phäno-abstrakte 
Detektionssysteme,” cf. Löffler, 2019:568) machines, that is, those whose operations are not 
on processes ‘in Nature’ (e.g., organisms, steam) but rather always-already abstracted in 
technologies (e.g., models, calculations, functions, bits).
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brief examples of actual technological artefacts. The socio-cultural impact of 
probability theory and statistical techniques is clear: empirical, quantifiable and 
predictable Normalcy had significant consequences for, e.g., the citizens of a 
‘normed’ populace—as, for instance, prominently explored in Foucault’s study on 
abnormalcy and the emergence of the modern penal and education system (cf. 
Foucault, 1995). However, in the later information technologies, this technologic-
ally mediated Normalcy becomes further abstracted. Post-hoc practices of compu-
tation (e.g., the statistician-citizen, their tools and available census data) are 
integrated in a priori pre-scribed information technologies such as Turing ma-
chines, which actively interfere in how the world may appear through deliberate 
constellations of arbitrary informatic patterns. However, this qualitatively novel 
mode of technological mediation through informatic integration is not yet 
accessible to post-phenomenological analyses, because it is not yet clear how 
exactly the latter may differentiate between various kinds of technological inten-
tionality—such as a particular artefact, its ‘internal’ programmatic decisions, or 
the informatic patterns the latter operationalize.

While informatic integration is qualitatively and quantitatively distinct, at 
this point it is helpful to recall how practices of bow-hunting abstract and emulate 
the principal function of the preceding practices of spear-hunting: a new affordant 
ontology becomes constituted, leading to the technological mediation of novel 
phenomena such as the Blattschuss (cf. Chapter 4, 1.2.). Löffler’s principle of 
process-emulative recursion can equally clarify the genealogy of information 
technologies’ intentionality; with the Hollerith machine and the Turing machine 
as appropriate exemplars. The principal function of the Hollerith machine is the 
interpretation of electro-mechanically generated signals by a subject with a 
specific historical-social genesis—a nineteenth century Prussian government 
statistician. Despite the abstraction from punchcard-dial relations into informatic 
patterns and symbolic structures, the Turing machine’s discrete computation of 
future states is just as directed at “the extraction of order out of noise” (Löffler, 
2018:36) as the Prussian statistician—but now already embedded in a particular 
technology. 

This fundamental qualitative shift has been illustrated by Floridi as a change 
in the accompanying “envelope” (Floridi, 2014:144) of technologies, by which he 
refers to the way the latter are placed into a structured environment. Applying 
this notion to my examples, the Hollerith machine is enveloped by set of tools, 
roles and values (e.g., punchcards, statisticians, Normalcy) which shapes a 
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determinist ‘atmosphere’ in which a yet-to-be-determined norm is mediated (see 
above, 1.1.). In other words, the Hollerith machine, while a fundamental ‘driver,’ 
is structured by its envelope—the determinism-infused beliefs and know-how of 
a given operator. In contrast, early information technologies such as a Turing 
machine already imply that a previously ‘external’ envelope is becoming emulated 
by an internal envelope—i.e., a material constellation of relations that is not only a 
list of discrete things, but rather integrates in specific informatic components (e.g., 
Turing’s control) the “reflective power of decision” (Kittler, 1997:143) for particu-
lar delimitations of intentional experience. Put into terms of my horizonal inter-
pretation of technological mediation, then, information technologies actively 
interfere in the temporal-ontological dimension of human-world relations 
precisely because they already contain a structured way of relating to the world. 
For example, a Turing machine’s computed state has already worked on its world 
by the time it is phenomenally accessible: the corresponding display (e.g., on a 
tape or computer terminal) is preceded by an internal ‘envelope’ update (e.g., 
adding the state to memory as per the control component).

In short, information technologies embody already mediated human-world 
relations (e.g., the statistician-dial relation) that are abstracted and embedded as 
generic “subject-object relations” (Löffler, 2019:42) in information technologies.69 
Both ‘subject’ and ‘object,’ however, must be seen as already-withdrawn into 
informatic patterns—for instance, as the algorithmic ‘control’ and symbolic 
‘states’ of a Turing machine, respectively. Through embedded, informatic subject-
object relations, the shape of technological mediation changes dramatically: the 
world as it can be represented in binary code is itself ‘closed open’ (Nancy) to the 
informatic constellations of patterns and operations expressed in software. It is 
precisely this dimension of analysis that I argue has thus far eluded post-phe-
nomenological studies of information and AI technologies (cf. Chapter 1, 2.; and 
Chapter 2, 3.). To put it broadly, the latter are centered on the presence or absence 
of a particular artefact and not on the effects of actual informatic operativity that is 
‘perfectly indifferent’ (Kittler) to the former. Accordingly, I close this section with 
the hypothesis that: 

A pragmatic hermeneutic grasp is required that can differentiate the 

embedding of ‘generic’ subject-object relations in informatic patterns and 

69 It should be clear that I do not suggest that such technological embodiment is 
anything like human intelligence—rather, it is a subject-object relation in the image of a 
determinist, already-mathematized human-world relation.
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operations. According to the horizonal model of technological mediation, 

this will concern both (i) the delimitation of phenomena in intentional 

experience and (ii) the withdrawn constellation of informatic patterns and 

operations. 

However, this expansion of post-phenomenology’s interpretive scope needs 
to be made actionable regarding specific technologies on the one hand, and on the 
other refrain from diminishing intentional experience to a mere addendum of 
analysis. While I argue that the horizonal interpretation of technological medi-
ation provides a suitable baseline to do so, it is yet unclear how this can be done 
concerning actual information technologies. In the following section, I therefore 
draw on Flusser’s ‘informatic phenomenology’ to develop appropriate hermen-
eutic tools through proof-of-concept analysis of predecessors to contemporary AI 
technologies.

2. Framing Information Technologies as Apparatic Relations

The previous section has shown that information technologies bring about an 
unprecedented and qualitatively distinct interference of technological mediation 
in the temporal-ontological dimension of experience. Briefly, how the world 
appears is not only shown, but actively shaped by such technologies in a way 
highly independent from intentional experience through integrated constellations 
of informatic patterns and operations. Regarding technological intentionality, 
however, it is as yet unclear how this can be interpreted in post-phenomenologic-
al terms. As I have argued in closing the previous section, post-phenomenological 
analyses must be able to differentiate between various kinds of intentionality; 
such as those of a given experienced artefact and withdrawn software, respect-
ively. A typical approach could argue that what they do is shaped through the 
particular writing practices of software programming on the one hand, and the 
execution of programmed instructions at runtime on the other hand—what 
Hayles describes as “inscribing practices and incorporating practices” (Hayles, 
1999:200). However, this does not necessarily allow for post-phenomenological 
analyses, given that a ‘correct’ differentiation of such practices does not guarantee 
that a clearer picture of technologically mediated experience can be gained. 

For example, Crawford and Joler’s macroscopic diagram of the “Alexa” voice 
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assistant70 traces the material production (e.g., resource extraction and disposal), 
system interaction (e.g., end-user and engineer), and computational (e.g., cloud 
computing and voice recognition) chains that envelop this consumer product of 
the Amazon company. While such perspectives on AI technologies can bring 
home the extent of contemporary operational chains (and highlight their extract-
ive orientation), they do not align with the goal of post-phenomenological AI 
studies to explicate, analyze and assess how such technologies shape human-
world relations. Accordingly, post-phenomenological AI studies need to fulfill 
two criteria to engage the overall superset of information technologies. First, to 
maintain the focus on human-technology-world relations, such studies will 
inevitably predominantly center on a given artefact and the ways in which its 
‘apparent’ technological intentionality shapes human-world relations. Second, 
post-phenomenological AI studies will have to be able to account for whether and 
how particular technologies that are not present—i.e., software—shape both the 
apparent and withdrawn aspects of technological mediation. In the following, I 
draw on Flusser’s ‘informatic phenomenology’ to propose apparatic relations as a 
suitable hermeneutic edifice to disentangle the role of various intentionalities in 
information technologies in a comprehensive way.

2.1. Differentiating Technological Intentionality as Apparatus, Technical 
Image and Program

To recall, information technologies embody generic subject-object relations 
between informatic patterns and operations. From the interplay of the latter, 
specific informatic patterns (e.g., a symbol) are made apparent on an output 
medium (e.g., a tape). However, given that information is technically ‘perfectly 
indifferent’ (Kittler) towards the latter, I have argued that the relationship 
between informatic interplay and appearance that must be differentiated in order 
to exhaustively grasp the technological intentionality of information technologies. 
A similar kind of inquiry has been conducted by Rheinberger in a series of studies 
on the co-shaping of technical conditions of experimental systems and the objects 
of scientific enquiry. Specifically, on the interplay of the latter, Rheinberger argues 
that “[while] object and rendering technology do not produce each other, they 
could be said to provoke each other” (Rheinberger, 2015:322). 

This technical co-provocation is interpreted as instructive for how to assess 

70 See Crawford, Kate, and Vladan Joler. 2018. ‘Anatomy of an AI System’. Accessed 25 
August 2021. http://www.anatomyof.ai.
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the rendered, i.e. phenomenally accessible, object. As Rheinberger continues, it is 
no longer decisive what particular phenomenon is referred to by the rendered 
object “but rather […] the relationship between different referents, where some-
thing […] makes, or does not make, sense” (ibid.:328). Drawing the focal point of 
analysis away from what a particularly rendered object means to how it means 
aligns Rheinberger’s argument with Flusser’s phenomenology of apparatuses, 
technical images and programs shaped by "information theory, phenomenology 
[and] analytic philosophy” (Irrgang, 2020:2). From Flusser’s work, I will construct 
workable hermeneutic tools to approach the technological poly-intentionality of 
information technologies in the following.

Flusser’s ‘informatic phenomenology’ allows for the differentiation which I 
had called for in the preceding section—and precisely this differentiation is also 
crucial given the general goal of this dissertation to enable post-phenomenological 
AI studies. After all, the latter must be in a position to robustly interpret and 
analyze the mediation of human-world relations by AI technologies, and particu-
larly regarding what may be qualitatively distinct about the latter. At the same 
time, the often-referenced limitation of post-phenomenology to the here-and-now 
of discrete artefacts hinders exactly this. Other than an intuitive impression that 
‘more’ technological transformations are going on than can be seen in mere 
appearance, it is challenging to distinguish on a phenomenological level what in 
particular is distinct about the perceptions and practices we associate with AI 
technologies. For example, in what way does smartphone photography—which is 
a prime example for the subtle transformative effects of AI technologies (cf. 
Introduction)—differ from photography generally? While, for instance, an iPhone 
may have a live image observable on its screen as opposed to a viewfinder, what 
exactly makes this distinct from a conventional digital or analogue camera?

 Indeed, Flusser would see a fundamental similarity in that both kinds of 
photography deal with the detection and visualization of particles—transforming 
light-frequencies into information (e.g., RGB values) via sensors, and affixed to 
film via photochemical effects, respectively. As such, both practices are enacted 
via an apparatus in Flusser’s sense of the word: a particular kind of technology71 
that emerged in the late nineteenth century (Flusser, 2011:72-73). The phenomeno-

71 In the early work of Flusser, the apparatus fulfills a broader, almost Althusserian 
function that can be applied to institutional (e.g., bureaucratic entities) as well as technical 
concerns. I will here center on the latter, see Guldin, 2009 for a discussion on geneaology 
and differences in use of the term in Flusser’s bibiiography.
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logical import of Flusser’s apparatus can be summarized in his brief definition: 
“A man gives an apparatus instructions that the apparatus has instructed him to 
give” (ibid.:74)—reflecting the abstraction and embedding of intentional acts (e.g., 
tabulating numbers) in technologies such as the Hollerith or Turing machine.72 In 
fact, Flusser would not differentiate as radically as I have between the latter two. 
An apparatus is, foremost, a general kind of information technology ”pro-
grammed to generate improbable situations” (Flusser, 2011:18).

As the similarity between smartphone and analogue photography shows, to 
Flusser a given program does not necessarily need not be thought of as software. 
The ‘improbable’ information-theoretic signal among noise may concern the 
general entropic tendency of the universe as much as the specific informative 
pattern of bits. In accordance with Hayles argument, the distinction to be made is 
therefore between differing types of “matter-form” (ibid.:27) relations. The 
photographic apparatus, for instance, renders a specific photo-chemical form out 
of the matter of light frequencies. The form, or, to keep with the vocabulary thus 
far employed, pattern is rendered as a technical image. However, just as the 
program of the apparatus does not necessarily need to be software, the technical 
image is not to be understood as purely visual or perceptual. Instead, there are 
two fundamental aspects of such technical images, which roughly align with their 
ontological and epistemological status. 

First, ontologically, technical images can only exist by virtue of apparatuses—
they must be constituted through pre-existing, apparatically arranged material 
and components (ibid.:7). In this sense, they differ from paintings or drawings in 
that they are not a surface, but, in Flusser’s words, “mosaics assembled from 
particles” (ibid.:6). Aligning furthermore with points raised by Hayles, Rheinber-
ger and Löffler, technical images are “objective depictions of events in the particle 
universe” (ibid.:35)—meaning, they are models of patterns in the ‘bit-world’ of a 
specific “machinic detection system” (Löffler, 2018:37). Flusser uses the term 
model to denote “containers cobbled together for phenomena” (Flusser, 1999:25). 
Accordingly, a technical image is a phenomenally apparent (i.e., rendered) model 
of informatic patterns generated within an apparatus. In this sense, Flusser sees 
technical images as “particle invasions” (idem., 2015a:23)—informatic patterns 

72 It can even be argued that Flusser’s approach is in fact an application of information 
theory through phenomenology, as Wojnowski argues that he merges “the basic tenet of 
Heideggerian existentialism (Dasein as being towards death) with a more scientifically 
informed perspective” (Wojnowski, 2017:14).
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rendered visible from other informatic patterns in a particular apparatic arrange-
ment. 

Second, and epistemologically, Flusser argues that exactly because technical 
images are not strictly representational of something in the humanly experienced 
lifeworld, but rather consist of transformed particles (e.g., light frequencies), 
phenomenological methods of inquiry need to be inverted. Similar to Kittler’s 
argument that ”images on computer monitors […] do not reproduce any extant 
things, surfaces, or spaces at all” (Kittler, 2010:228), Flusser argues that analyses 
should focus on what technical images “show for” rather than “what they show” 
(Flusser, 2011:48). Therefore, the phenomenological investigator must “read how 
[the technical image] is programmed” (ibid.:48). Similar to Rheinberger’s “epi-
stemic thing” (Rheinberger, 1995:111), the question is how relations with and 
within an apparatus literally ‘make sense.’ 

This relational aspect of technical images and the apparatuses constituting 
them is formalized in a third concept: the program. As noted above, a program 
does not necessarily have to be software, but any set of materially inscribed 
instructions. In the case of software, an apparatus may even be a program with 
various sub-programs. Most significantly, the arrangement of informatic pro-
grams in the apparatus needs to be understood recursively: through it, the appar-
atus renders technical images, which allow for human interaction and manipula-
tion in the manner the apparatus is programmed for. In other words, there is a 
circularity at work in Flusser’s informatic-phenomenological triad: The detecting 
“raster” (Flusser, 2011:21) of the apparatus constrains the realizable program(s), 
which leaves traces in the technical image (e.g., the range of possible perceptions 
and actions) it produces. 

At this point, it should be apparent that the Flusserian differentiation of 
technological artefacts into various constituent components (apparatus, program, 
and technical image) aligns fundamentally with the line of inquiry I have so far 
pursued. Stressing that post-phenomenology struggles to investigate technologies 
which are irreducible to “the same scale as the operator” (Simondon in De Boever 
et al., 2013:6), I have noted repeatedly that such differentiation is urgently needed
—but not only in terms of an enumeration of components. On the contrary, 
because the latter are an embedding of ‘generic’ subject-object relations in 
informatic patterns and operations, components such as informatic patterns and 
operations are better understood as fully withdrawn intentionalities. And, 
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according to the horizonal model of technological mediation, interpreting such 
intentionalities means considering them in terms of the delimitation/
constellation-spectrum first and foremost.

Flusser explicitly mentions horizonality only briefly in his definitive Into the 
Universe of Technical Images. Stressing that apparatuses work with particles, he 
notes that while the latter are not humanly perceivable, “to an apparatus, particles 
are no more than a field of possible ways in which to function” (Flusser, 2011:16, my 
emphasis). Elaborating on the field of possibility, Flusser states that “the two 
horizons of the possible are ‘inevitable’ and ‘impossible’; in the direction of the 
inevitable, the possible becomes probable; in the impossible direction, it becomes 
improbable” (ibid.:16-17). However, this needs to be understood in terms of 
probabilistic (i.e. Shannon) information: the improbable possibilities are distinct 
informatic patterns (e.g., symbols, functions, inputs, outputs), as these require a 
reduction of the overall ‘freedom of choice.’ Accordingly, the embedded programs 
of an apparatus can be horizonally interpreted as a constellation which delimits the 
particular technical image rendered by an apparatus. In this sense, though not 
directly quoted,73 Flusser’s notion on the horizons of the inevitable and im-
possible aligns with Löffler’s Heideggerian interpretation of ‘temporally extended 
enframings’ (cf. Chapter 4, 1.)—and crucially, on a level that is irreducible as well 
as inextricable from intentional experience. Put differently: because intentional 
experience of information technologies can only deal in the ‘improbable’ outputs 
of the latter, it is dependent on temporal relations of cause and effect74 between 
programs which delimit the possible (i.e., the randomness of information) in an 
improbable form (i.e., a particular informatic pattern).

While the qualitative distinction between, e.g., an analogue camera and 
predictive algorithms, is still an urgent necessity (see further below, Chapter 6, 
2.2.), the principal differentiation in Flusser’s ‘informatic phenomenology’ 
provides a milestone. As I will show below, interpreting information technologies 
as Flusserian apparatuses with an embedded interplay of programs and technical 
images frames the above discussion in terms of both horizonality and intentional-

73 Note that Flusser consciously avoided citing or quoting anyone in almost all of his 
work, see (in German) https://www.flusserstudies.net/node/803, accessed 01/10/2021.

74 These are temporal in the “conformal” (Whitehead, 1929:XX) sense of process 
philosophy; i.e. material and linear relations in which entities become what they are over 
time. The effect of such relations in the phenomenological sense of time will be addressed in 
the closing stages of this disseration; cf. Chapter 8, 3.
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ity. At the same time, Flusser’s work interpreted thusly finally offers a way to 
interpret Denson’s notion of “discorrelation” (Denson, 2020:21; see Chapter 2, 3.) 
in terms of information technology: an informatic dis-correlation (i.e., the with-
drawn apparatic arrangement of programs and patterns) leads to a phenomenolo-
gical re-correlation (i.e., the rendering of technical images). The above discussion 
allows for a first definitive post-phenomenological (and horizonal) interpretation 
of the intentionality of information technologies:

Information technologies are poly-intentional as they delimit the phenom-

enal appearance of a technical image from a specific constellation of pro-

grams which shapes and constrains an overall apparatic field of possibility. 

I argue that this poly-intentional shaping of technological mediation is a key 
attribute of information technologies; which already allows essential qualifica-
tions of post-phenomenological approaches to the latter. For instance, it can be 
argued that poly-intentionality is in fact the basis for de Mul’s “polyeccentric” (de 
Mul, 2003:249; my emphasis) self-realization by way of information technologies 
such as networked media. The latter’s various embedded intentionalities (e.g., 
algorithm-data, data-user couplings) are themselves not reducible ‘the’ technolo-
gical intentionality of the explicitly experienced user interface, yet shape the latter 
nonetheless. In this sense, and linking this finding back to my foundational 
outline of post-phenomenological horizonality, poly-intentionality can be de-
scribed as a specific type of ‘interference structure’ (Seibt, see Chapter 4, 2.2.) that 
shapes how technological mediation commensurates human-world relations. 
Following this interpretation, a schema for interpreting information technologies 
as apparatic relations can be sketched from the triad of technical image, apparatus, 
and program as discussed so far:75 

[ Technical Image ← ] Apparatus → ( Program → [World] )

Apparatic Relation (Generic)

This generic schema for information technologies as apparatic relations 
contains the poly-intentionality of informatic patterns and operations. Import-

75 Flusser, as outlined by Irrgang regarding unpublished notes and scribblings, had his 
own diagrammatic practice (cf. Irrgang, 2020). However, as these are more concerned with 
socio-linguistic dimensions of analysis, I focus on an adaption of his concepts to the 
established post-phenomenological diagrammatic practice.
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antly, the latter may be distributed into multiple programs. For instance, one 
program can more directly embody a generic subject-object relation such as a 
detection-input program that is itself discorrelated from direct experience; while 
another fulfills the role of rendering the output from the first program as a re-
correlated technical image. In the generic schema above, this latter program is 
labelled as “the” apparatus, which highlights the deeply recursive aspect of poly-
intentionality, through which the technical image always retains traces ([]) of the 
entangled apparatic directedness at the ‘world.’ In this sense, apparatic relations 
are not directly equivalent to Ihde’s intentionality structures (i.e., human-techno-
logy-world relations) as they obviously lack human intentionality. However, as I 
will show further below, the benefit of apparatic relations as an explicit ‘sub-
intentional’ structure lies in the interpretive modification of established human-
technology-world relations.

In sum, I argue that information technologies as apparatic relations finally 
allow for an interpretation of how exactly such technologies are transformative of 
both the spatial-phenomenal as well as temporal-ontological dimensions of 
human-world relations in a way heretofore inaccessible. Following the horizonal 
approach to technological mediation I have proposed, a guiding definition for 
interpretation can be formulated as follows:

Apparatic relations model how the poly-intentionality of information 

technologies (i) constellate a particular informatic abstraction from the 

world, and at the same time (ii) delimit the appearance of that world in a 

particularly rendered technical image. 

Differently put, I interpret information technologies as interfering in technolo-
gical mediation itself through poly-intentional relations between informatic 
components, human engagement and the world. In the following, and to advance 
my argument from information technologies towards AI technologies, I detail and 
substantiate this interpretation further. Specifically, I pursue analyses of technolo-
gies in a previous AI paradigm, which emerged following cybernetics and the 
Turing machine: Symbolic AI. This will allow me to both substantiate the pro-
posed apparatic relations as well as derive first benchmarks for post-phenomeno-
logical AI studies more generally.

2.3. Applying Apparatic Relations to Symbolic AI
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The dominance of contemporary AI technologies (e.g., machine learning) 
relied on data76 and computing power not yet available for early neural networks 
such as Rosenblatt’s Perceptron (cf. Rosenblatt, 1958). As Minsky notes with some 
finality in 1961, the “(allegedly brain-like) minimal-structure systems [like neural 
networks] will never threaten to compete with their more deliberately designed 
contemporaries” (Minsky, 1961:26)—these contemporaries instead pursuing 
symbolic manipulation in the sense of Turing machines. With technical improve-
ments over the cybernetic era such as processing power, abstract programming 
languages,77 and display technology; fundamental information technology 
capacities became established and simultaneously crystallized in the symbolic AI 
(SAI) paradigm from the 1960s onward. As Andler points out, from our contem-
porary vantage point “the old [Symbolic] AI is indistinguishable from software 
engineering” (Andler, 2006:9). While this argument could be seen as proof of 
SAI’s irrelevance, viewed through my horizonal interpretation of technological 
mediation, it means the exact opposite: The information technologies implemen-
ted under SAI, parallel to the advances in hardware and programming languages, 
brought about particular affordant ontologies from which contemporary AI 
technologies would develop.78 Therefore, in the following I center on SAI techno-
logies as a suitable testing ground for the proposed apparatic relations on the one 
hand, and one that may also provide criteria for the interpretation of contempor-
ary AI technologies on the other. 

It is first important to note that the adjective symbolic in SAI refers to a yet 
higher level of abstraction than it had in Turing’s proposal. Specifically, it con-
notes the use of programming languages to formally describe and operate on 
‘scenarios’ embedded within software. This is expressed most succinctly in the 
influential frame problem as discussed by McCarthy and Hayes. The frame repres-
ents the scenario which both enabled and constrained the capacities for action of 

76 A veritable second “avalanche of printed numbers” (Hacking, 1990:2) that would be 
provided by the Web 2.0 era of the internet; cf. Chapter 6, 1.2.

77 As Olazaran shows, McCarthy’s 1958 development of the LISP programming 
language plays a key role here: Instead of tweaking the parameters of a cybernetic black 
box, researchers now “had the possibility of online debugging and fixing of programs 
while these were running [and] effects of each change became instantly visible to the 
terminal user” (Olazaran, 1996:637). 

78 Not to mention that even though it is currently frequently dismissed as ‘good old-
fashioned AI,’ concepts from this paradigm still appear in contemporary debates around 
so-called “strong AI” pursuits (cf. Braga and Logan, 2017)—specifically regarding AI 
technologies and ‘common sense,’ ‘understanding’ or ‘intelligence.’
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SAI technologies. The ‘problematic’ aspect is that, while encoded lists of symbols 
and functions could represent a particular state of affairs and possible actions—
the frame—it is not trivial to specify axiomatically how symbolic instructions 
could account for change (cf. Hayes, 1981:224). This was a serious implication for 
SAI, which relied on a priori formal definitions of symbols and their interactions. 
The frame problem thus not only concerns the computational space in which an 
SAI implementation may act, but also the consequences of such actions on the 
space itself (cf. ibid.:223-224). 

Nonetheless, the common understanding at the time was that a general 
solution to the problem of artificial intelligence was only a matter of years. As 
soon as there would be enough axioms for a system to act ‘intelligently’ regarding 
a particular frame-problem, then given the interoperability of symbols, it was seen 
as feasible for systems to act ‘intelligently’ generally—simply by adding up all 
defined axioms. This is keenly expressed by Minsky and Papert, who argue that 
“[the SAI researcher] is absolutely dependent on highly-developed models of 
many phenomena” (Minsky and Papert, 1970:34). Such models in turn depend on 
“schematic heuristic knowledge,” i.e. symbol structures and axioms, for deduct-
ive problem-solving in a “micro-world” (ibid.:34), i.e., a fully pre-structured 
frame. Indeed, the ‘micro-world’ approach covers many of the most well-known 
SAI technologies, such as Weizenbaum’s ELIZA, Newell and Simon’s GPS and 
Shortliffe’s MYCIN; the assumption being that eventually, given enough memory 
and processing power, all micro-worlds could be joined and acted on by a general 
machine intelligence. 

These kinds of assumptions and the technologies embodying them were 
subject of intense phenomenological critique from the start, most prominently by 
Dreyfus—whose decades-long critique of (S)AI draws from Heideggerian and 
Pontean phenomenology, and centers on the presuppositions governing SAI 
principles as well as the claims to intelligent behavior exhibited by SAI technolo-
gies. The central criticism of Dreyfus that machines lack a “fringe consciousness” 
(Dreyfus, 1968:39)—i.e., the horizonality of being-in-the-world is argued as irredu-
cible to the symbolic structures of digital computers. In this sense, for Dreyfus the 
micro-worlds approach is a key failure of SAI: Insofar that each micro-world 
represents “a domain of analysis in isolation” (idem., 1981:147), the assumption 
that all micro-worlds “will soon converge on a self-contained set of facts and 
relations” (ibid.:147) in a “gradual generalization” (ibid.:149) of machinic intelli-
gence is unjustified. Dreyfus’ Heideggerian critique in this regard is that whereas 
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there may be domains of facts, the mere interrelation of facts of various micro-
worlds does not sum up to the existential structure of “a world, for a world is an 
organized body of objects, purposes, skills, and practices in terms of which 
human activities have meaning or make sense” (ibid.:150). Similar to contempor-
ary critiques of general AI, Dreyfus’ argument therefore concerns the fact that AI 
by necessity lacks a historical-ontological ground (see also Braga and Logan, 
2017:15-18)—an intuitive way of knowing the world to be in such-and-such-a-
way. 

From a critical standpoint, such arguments are valuable to counteract over-
simplification and indeed the ingress of ‘rationalization’ into every sphere of 
computerized life, such as the model of the human mind as a strictly ‘rational’ 
information processor.79 However, while arguments regarding ‘productive’ 
phenomenological interventions with regards to AI persist today, I argue that 
with regards to the line of inquiry of this dissertation, such objections and indeed 
investigations are not the core concern. Rather than a principle discussion on 
whether or not SAI technologies ‘accurately’ represent human being, it is more 
important post-phenomenologically speaking whether and how actual SAI 
technologies can be understood (i) in terms of technological mediation (and here, 
apparatic relations), and (ii) whether such analyses provide foundations for post-
phenomenological AI studies of contemporary technologies.80 In the following, I 
therefore use the developed apparatic relations to analyze a paradigmatic ‘micro-
worlds’ implementation: Terry Winograd’s SHDRLU.

79 Which was raised to a standard software engineering presupposition following the 
SAI paradigm; see e.g. Card et al., 1986:2.

80 Nilsson, in this sense, is correct regarding the Dreyfussian critique: the poverty of AI 
technologies compared to phenomenological being-in-the-world is less fatal when the goal 
is neither artificial general intelligence nor a claim of having achieved human-like 
‘intelligence’ (Nilsson, 2007:10).
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Figure 19: A screenshot from the SHDRLU demonstration. At the top, Winograd’s input query is 
displayed: “Will you please stack up both of the red blocks and either a green cube or a 
pyramid?” Below, the ‘robot arm’ can be seen picking up a block from the ‘table top.’

 In his dissertation, Winograd discusses the principles, procedure and capabil-
ities of an SAI technology, SHDRLU (cf. Winograd, 1971), which was demon-
strated widely.81 The ‘operator’ of SHDRLU perceives a ‘robot’ moving three-
dimensional geometric objects around a ‘blocks-world’ with its ‘arm’ (Figure 19). 
Particularly impressive is that the robot’s operations are based on textual instruc-
tions sent via a teletype; and that the former even appears to ask for clarification 
when the textual input was ambiguous or imprecise. From a post-phenomenolo-
gical perspective, this is a paradigmatic alterity relation: the robot appears as a 
quasi-Other, capable of exerting agency over its world on behalf of the human 
operator. Interpreted as an alterity relation, analyses of SHDRLU may center on 
how the appearance of the robot’s agency over the blocks-world shapes the then-
paradigmatic belief that ‘reality’ may also be a “Robot’s World” (ibid.:169):

Operator ⇒ Robot(BlocksWorld)

Alterity Relation (SHDRLU) 

The robot, discernible via the movements and interactions of its arm, becomes 
the explicit focal element of intentional experience (⇒), while the blocks-world 
accordingly recedes into a repertoire of potential manipulation. As the latter 

81 Winograd graciously provided detail to me on the demonstration of SHDRLU to 
contemporary SAI theorists, other researchers and third parties.
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withdraws, there is an appearance of shared agency between the operator and 
their quasi-Other: controlling and manipulating  This appearance is one of the 
prime reasons why the publication and demonstrations of Winograd’s SHDRLU, 
alongside the emergence of similarly capable systems (see further below), 
solidified enthusiasm for a human-level AI that was apparently just around the 
corner.82 However, through the apparatic interpretation of information technolo-
gies, this paradigmatic SAI technology can be more exhaustively interpreted in a 
way that further unfolds how the mediation of the ‘Robot’s World’ actually takes 
shape itself. 

The theories promoted by SAI theorists on the nature of cognition as symbolic 
information processing and manipulation where of profound influence on 
Winograd’s practical implementation.83 The key epistemological as well as 
technical challenge for Winograd was: How can we be sure that symbolic repres-
entations are interpreted correctly by other agents, whether human or machine? 
His hypothesis was that this can be achieved if individual programs for syntax, 
semantics and inference embedded in SAI technologies were highly integrated. 
And indeed, the actual software architecture of SHDRLU shows a series of 
recursively interconnected programs for dedicated operations on input, computa-
tion and output (cf. ibid.:18-20). In fact, there is no actual separation between the 
robot and the blocks-world, as both are encoded within the overall “organization 
of the programs” (ibid.:29). Using the differentiation of poly-intentionality 
afforded by apparatic relations, the above alterity relation can now be much more 
exhaustively interpreted. 

Particularly important in this regard are the “MONITOR” and “PLANNER” 
programs. The former fulfills one core function of a Flusserian program: con-
straining the ‘field of possibility’ of by initializing “the beginning and end of the 
understanding process” (ibid.:29-30). Next, the PLANNER component is defined 
by Winograd as “the deductive system used by the program […] both to direct the 
parsing process and to deduce facts about the BLOCKS world” (ibid.:33). In other 
words, the appearance of the robot as a quasi-Other is directly related to the poly-
intentionality of its embedded programs. The overall configuration of the latter is a 

82 This is reflected not only in how highly SAI researchers such as Minsky and Papert 
rated this work (Minsky and Papert, 1970:4), but also in the acclaim won by contemporary 
(S)AI critics (see e.g. Lighthill, 1972:7-9; McDermott, 1976:5 and Dreyfus, 1981:143-146).

83 Winograd would subsequently and prominently change his viewpoint on these 
issues dramatically, however this is beyond the scope of this section. See e.g. Winograd, 
2006.
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higher-level correlation of input (i.e., instruction) to output (i.e., appearance of 
robot and blocks-world). From this interpretation, the above alterity relation can 
be interpretively modified into an apparatic alterity relation, which outlines how 
multiple intentionalities shape technological mediation:

Operator [⇒] (MONITOR - [PLANNER → Robot-BlocksWorld] / World)

Apparatic Alterity Relation (SHDRLU)

The above schema conveys how the apparatic interplay of (i) the MONITOR 
program’s intentionality at the field of possibility generally, and (ii) the PLAN-
NER program’s intentionality at input, robot and blocks-world specifically 
combine to (iii) texture the directedness of the operator ([⇒]). While the demon-
stration of SHDRLU in this manner was most likely deliberate, apparatic relations 
nonetheless produce insights into the structure of poly-intentionality in SAI 
technologies. Diagramming the technological mediation of the apparatic alterity 
relation allows me to unfold this interpretation further (Figure 20).

Figure 20: Apparatic alterity mediation of SHDRLU, in which the delimitation of the robot as the 
‘operative’ agent stands forth against a seemingly mute constellation of the blocks-world; the 

latter becoming associated with a ‘functional reality’ in which any part of the lifeworld can 
equally become a ‘micro-world.’

Whereas the robot is delimited as the ‘operative’ agent, the blocks-world 
withdraws as a seemingly given constellation, accordingly becoming the ‘Robot’s 
World’ to the operator. It is this apparent separation of deliberate actions from 
mute circumstance that substantiates the mediation of the particular ‘functional 
reality’ which a shared operator-robot agency may exert control over. The 
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lifeworld, then, is mediated as a potential series of micro-worlds—a ‘reality’ open 
to apparatuses such as SHDRLU that monitor, plan and act according to one’s 
instructions. Rather than reinforcing this literally symbolic separation, an apparatic 
alterity relation therefore allows for a closer look at the poly-intentionality of this 
SAI technology. As result of the apparatic ‘organization of programs,’ an input-
output correlation is adapted into what I call a second-order program;84 i.e. the 
manipulation of a generally pre-scripted program according to current input-
output constraints. Crucially, this latter finding can be generalized in light of the 
fundamentally equivalent software architectures of other paradigmatic SAI 
technologies. 

For instance, the “General Problem Solver” (Newell et al., 1959) approaches 
formal logic problems by “abstracting” from the original “problem,” and then 
recursively testing solutions until a “plan“ (i.e., second-order program) can be 
translated “back into the original task environment” and executed (cf. ibid.:18-20). 
In the same manner, Weizenbaum’s proof-of-concept cum satire ELIZA (Weizen-
baum, 1966) appears as a computational psychotherapist precisely because it uses 
“associated transformation rules” (ibid.:37) to transform sentences into questions. 
And lastly, Shortliffe’s MYCIN, which was actually deployed as “a clinical 
consultation system” (Shortliffe, 1977:66), uses formalized “therapeutic decision 
rules” to associate input symbols with possible diagnostic outputs (cf. Shortliffe 
et. al, 1975:305). I therefore next argue in closing this section that apparatic 
relations are not only well suited to interpret information technologies such as 
SAI implementations, but rather allow for insights on the structure of the latter’s 
poly-intentionality.

2.3. Conclusion: Apparatic Relations as a Hermeneutic Edifice for Informa-
tion Technologies

From the findings in this section two conclusions can be drawn, concerning 
first the methodological utility of apparatic relations for interpreting information 
technologies, and secondly the insights on poly-intentionality in SAI technologies. 
First, methodologically speaking, I argue that the proposed apparatic relations 
allow for the interpretive differentiation of technological intentionality that 
information technologies require (see above, 1.3). At the same time, the above 

84 Note that I use second-order here in the same sense as second-order cybernetics, i.e. 
as a program whose variables have been recursively configured depending on input from 
other programs.
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modified apparatic alterity relation also showed that apparatic relations by 
necessity expand the scope of post-phenomenological analysis—from the techno-
logical intentionality of an apparent artefact to the poly-intentionality of informa-
tion technologies. Importantly, and in line with my argument for a post-phe-
nomenological horizon-problematic (cf. Chapter 4, 2.3), this expansion is not 
fundamentally at odds with the framework. Indeed, Ihde’s material hermeneutics 
can be principally compared to Flusser’s programs: similar to apparatuses, 
technological artefacts always bear inscribed interpretations which shape the 
kinds of practices that can and can’t be enacted with them. However, Flusser’s 
‘informatic phenomenology’ is more suitable to information technologies than 
Ihde’s because on the one hand, it differentiates various types of technological 
inscriptions, and on the other is more inclusive of information as a material 
stratum of phenomenological experience. 

Verbeek already hinted at this necessity for differentiation with his proposal 
of composite intentionality (see Chapter 1, 1.5.), as well as in his earlier interpreta-
tions of ‘scripts’ of perception and action embedded in artefacts (cf. Verbeek, 
2006a, 2006b). While it is therefore appropriate to see a general affinity with 
notions of ‘inscriptions,’85 I argue that the apparatic interpretation of information 
technologies allows for more analytical precision by neither arbitrarily flattening 
all entities into a network nor reducing technological mediation to a given 
apparent artefact. Furthermore, the apparatic modification of the alterity relation 
in the brief analysis of SHDRLU implies a methodological utility that reflects the 
general ‘perfect indifference’ (Kittler) of information technologies to particular 
output media. In this sense, while information technologies differ as much as 
apparatuses generally (e.g., camera, microscope, radio), apparatic relations can 
enrich the spectrum of human-technology-world relations as an interpretive 
modification (e.g., apparatic embodiment, apparatic background, etc.). 

This interpretive modification, I propose, allows post-phenomenology to 
unfold what Boer, following Bachelard, calls a “phenomenotechnical structure” 
(Boer, 2019:131). However, this can be further specified for information technolo-
gies as a poly-intentional structure—or, in other words, as an internal 
‘envelope’ (Floridi) of programs that represent and interact with the world in a 
distributed fashion in a way irreducible to intentional experience. Accordingly, I 
propose that poly-intentionality is a suitable post-phenomenological concept for 
the analysis of information technologies, specifically because it does not reduce 

85 As can also be found in Latour or Akrich, see Introduction, 2.1.
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technological intentionality to whatever may be ‘closest’ to human intentionality 
(e.g., an artefactual presence or absence). On the contrary, as fundamentally sub-
phenomenal intentionality structures, poly-intentionality promises a much 
needed opening of differentiating how information technologies actually relate to 
human-technology-world relations.

With regards to the second conclusion, the paradigmatic application of 
apparatic relations to SAI technologies indicated how the poly-intentionality of 
information technologies actually manifests. Based on the brief analysis of a 
paradigmatic SAI technology, this paradigm can be interpreted via apparatic 
relations through what I have termed a second-order program. Among the general 
poly-intentional structure, it is these higher-level programs which render SAI 
technologies apparent as specific artefacts (e.g., “the” robot, “the” clinical dia-
gnosis, etc.).86 Based on this finding, I propose that the poly-intentional structure 
of SAI technologies can be defined as follows: 

Any information technology has a sub-phenomenal, poly-intentional 

structure. In the case of Symbolic AI, this structure can be heuristically 

defined as If–Then. The first, If, describes the modification of a second-order 

program according to the constraints of the given apparatic constellation of 

programs: mapping variables according to a priori defined symbol struc-

tures. The second, Then, concerns how the modified, second-order program 

actually manifests in delimited experience (e.g., display of an image, move-

ment of a robotic arm, etc.). 

The If–Then structure of poly-intentionality, accordingly, concerns at least two 
generic subject-object relations (see above, 1.3.): mapping from specified input to 
defined symbol structure, and subsequent programming from the latter to output 
according to the mapping configuration (Figure 21). Additionally, this guiding 
heuristic allows for an interpretation of information technologies in terms of the 
post-phenomenological perspective on horizonality I have developed in this 

86  This also shows that post-phenomenological analysis can surpass 
phenomenological critique such as Dreyfus’s; because rather than a discussion of the 
‘appropriateness’ of referring to particular actions as intelligent, the proposed apparatic 
relations can unfold how precisely actual phenomena are brought forth.
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dissertation: In human-technology-world relations with information technologies, 
the appearance of the lifeworld, and what one sees and does in the delimited 
intentional experience thereof, is tightly coupled to specific apparatic constellations 
of programs and the field of possibility these bring forth. Accordingly, I argue that 
the If-Then structure is a pragmatic way to interpret technological mediation by 
SAI and similarly ’linear’ information technologies (e.g., databases, sensor-
actuator couplings, non-AI driven word processors etc.).

Figure 21: Conceptual diagram for the If–Then structure of poly-intentionality. Given an input, a 
mapping according to an a priori defined symbol structure results in a modified program that 

produces a corresponding output. 

However, it should also not be exaggerated how deterministic this intervention 
on the delimitation/constellation-spectrum actually is. While symbolic structures 
in digital computers can represent any arbitrary computable state, their trans-
formation is not arbitrary—it can only occur within the degrees of manipulation 
that a program has at its disposal. At the same time, this also means If–Then 
technologies are fundamentally open to intervention by engineers and designers, 
as the relevant apparatic constellations are explicitly inscribed in semantic 
symbols—i.e., programming languages. While, for instance, network effects such 
as unpredictable feedback loops between multiple information technologies still 
present a challenge, from a post-phenomenological perspective apparatic rela-
tions is a first step forwards to actually opening such effects for interpretation. In 
this light, the If–Then structure is not a definite account, but rather that unfolding 
this poly-intentional structure via apparatic relations is a minimum threshold for 
post-phenomenological analyses of information technologies.

4. Summary: Interpreting the Technological Intentionality of Information 
Technologies

This chapter began with the hypothesis that as contemporary AI technologies 
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are a subset of information technologies, a detailed interpretation of the latter 
may yield guidelines for post-phenomenological AI studies. I first built on a 
philosophical-anthropological reading of the evolution of information technolo-
gies. In the successive technological advances from probabilistic techniques and 
statistical norms to cybernetic feedback loops and digital computers, I used 
Löffler’s process-emulative recursion—the abstraction, materialization and 
integration of prior operational chains into subsequent technologies—to show 
consistent shifts in the structure of technological mediation. The most significant 
of the latter, the embedding of generic ‘subject-object relations’ in digital com-
puters, led me to argue that information technologies require a way to differen-
tially interpret technological intentionality. Accordingly, I next drew on Flusser’s 
‘informatic phenomenology’ to develop a hermeneutic edifice for post-phe-
nomenological investigations of information technologies in the form of apparatic 
relations. 

As a post-phenomenological adoption of Flusser’s triad of technical image, 
apparatus and program, I argued that apparatic relations allow for analyses of 
information technologies by differentiating the poly-intentionality of embedded 
programs in relation to the artefacts in technologically mediated experience. I 
then substantiated apparatic relations through analyses of information technolo-
gies in the SAI paradigm, in which I found that the abstraction from binary code 
into multiple recursive programs distinctly structures technological mediation by 
such technologies. Specifically, apparatic relations with SAI technologies unfold 
along an If–Then structure. The first, If, describes the modification of a second-
order program according to the constraints of the given apparatic constellation of 
programs—in other words, mapping variables according to a priori defined 
symbol structures. The second, Then, concerns how the modified, second-order 
program actually manifests in delimited experience (e.g., the display of an image, 
the movement of a robotic arm, etc.).

As a conclusion, the proposed apparatic relations, their differentiation of 
singular into poly-intentionality, and the specific structures of their manifestation 
represent a minimum threshold for post-phenomenological analyses of SAI 
technologies and information technologies generally. In fact, I argue that apparat-
ic relations provide the heretofore missing post-phenomenological account of 
technological operations irreducible to one particular artefact. A frequently 
highlighted issue for post-phenomenology, and indeed the impulse for this 
dissertation, was exactly the difficulty in questioning information technologies—
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expressed succinctly by Derrida’s assertion that the computer is a “secret with no 
mystery” (Derrida, 2005:23), that is, an object of inquiry for which no questions 
present themselves. I argue that the concepts and hermeneutic tools developed in 
this chapter provide substantial grounding. However, just as the Hollerith 
machine is clearly distinct from the Turing machine, contemporary AI technolo-
gies can be seen as distinct to SAI technologies. Accordingly, in the next chapter I 
will use the developed hermeneutic tools and concepts to investigate contempor-
ary AI technologies and the qualitatively distinct structure of poly-intentionality 
they bring about.
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Chapter 6. Interpreting the Poly-Intentionality of AI Technologies

The previous chapter has introduced a crucial hermeneutic tool for post-
phenomenological AI studies, apparatic relations, which supports the interpretation 
of the sub-phenomenal poly-intentionality of information technologies. Through 
analyses of the latter as developed in the Symbolic AI (SAI) paradigm, I discerned 
that technological mediation here is shaped through secondary programs that 
delimit experience from an apparatic constellation of programs, for which I sugges-
ted the shorthand If–Then. However, similarly to how the Hollerith machine 
shifted technological mediation qualitatively from manual tabulating cards (see 
above, Chapter 5, 1.1.), the SAI paradigm did not last as the definitive approach to 
AI technologies. Specifically, while the SAI paradigm long dominated the AI 
research field in terms of funding, prestige and public discourse, the promise of 
achieving human-level intelligence with sufficient heuristics didn’t materialize. In 
contrast, and drawing significantly from the cybernetic heritage of neural net-
works, the contemporary paradigm of Sub-Symbolic AI (SSAI) emerged.87 This 
chapter dissects and analyzes the qualitative differences of information technolo-
gies developed under this paradigm to its predecessors, and derives defining 
concepts for interpreting this difference post-phenomenologically.

To make this qualitative difference tangible, I first detail the principal innova-
tions of the SSAI paradigm, which includes contemporary AI technologies such as 
neural networks, from a high-level perspective guided by the external-sociologic-
al account of Mikel Olazaran (Olazaran, 1996) and the internal-technical treatment 
of Christopher Bishop (Bishop, 2006) (1.). Finding that SSAI technologies further 
abstract from the If–Then structure of SAI technologies by inferring probabilistic 
models from data, I argue that SSAI technologies accordingly evidence a distinct 
structure of poly-intentionality; for which I propose the shorthand As–If. The 
latter denotes how the probabilistic representation of a ‘datafied’ world in internal 
models (As) leads to the prediction of a function (If) in response to particular 
technical desiderata, such as minimizing uncertainty. However, I critically reflect 
that given the technical complexities of SSAI technologies, this conceptual 
shorthand may obfuscate how these capacities actually manifest—hindering 
rather than supporting post-phenomenological AI studies. 

87 While terms such as machine learning or deep learning are currently seen as 
overarching categories, I take Nilsson’s approach to identifying SSAI as a successor 
paradigm due to the re-orientation of pattern recognition from symbols to large 
interconnected signal processing algorithms, cf. Nilsson, 1998:7.
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As a first probe into this challenge, I next review design research projects in 
which artefacts and scenarios were created using or imagining scenarios of AI 
technologies (2). From analyses via apparatic relations of the conceptual and 
empirical findings in these projects, I propose that AI-driven artefacts exhibit a 
novel quality, which I term thingly uncertainty—the capacity to adapt to and act on 
a ‘datafied’ world (As) along a continuum of probable functions (If). Accordingly, 
this chapter presents a first comprehensive step towards interpreting the shaping 
of intentional experience by AI technologies, and furthermore makes next steps 
actionable to further investigate how thingly uncertainty can be used to unfold 
research trajectories for post-phenomenological AI studies.

1. Subsymbolic AI Technologies: From Taming to Leveraging 

Chance

To preface the following details, the principal qualitative difference between 
the SSAI and SAI paradigm can be easily remembered using the well-known 
differentiation shown in Figure 22. Broadly, whereas SAI technologies modify an a 
priori inscribed program to correlate input and output (i.e., the second-order 
program I have addressed above), SSAI technologies generate such programs 
altogether by generally either (1) predicting them by ‘learning’ from example 
input-output correlations (known as supervised learning), or (2) inferring them 
purely from massive amounts of input data (known as unsupervised learning). 
While this distinction suffices to broadly characterize SAI and SSAI approaches, I 
argue that only a certain technical literacy allows for deriving how this difference 
actually and concretely shapes technological mediation. Specifically, in line with 
the previous chapter, I argue that the poly-intentional structure of these technolo-
gies needs to be precisely explicated. In the following, I accordingly first detail the 
McCulloch-Pitts’ neuron as implemented in Rosenblatt’s Perceptron before 
outlining the significant theoretical and practical advances made towards the 
SSAI paradigm, such as the introduction of multi-layer neural networks, the 
backpropagation algorithm, and the concept of functional approximation.88 

88 The contemporary AI research field is notoriously complex and populated by 
unending techniques, architectures, mathematical, and vocabularies—all of which are 
challenging to trace and systematize due to a dominance of ‘internal’ rather than 
sociological or historical treatments (cf. Plasek, 2016:8). I therefore concentrate on 
significant advances that allow for general classifications. 
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Figure 22: Qualitative difference between the Symbolic AI and Subsymbolic AI paradigms. Left: 
In SAI technologies, an existing program is configured in order to correlate input and output. 
Right: In SSAI technologies, a program is predicted from example input-output correlations, or 

inferred from statistically significant amounts of input data.

1.1. From Binary Classification to Functional Approximation

In 1973, Lighthill published a crushing review of the then state-of-the-art of 
SAI technologies, charging leading researchers with a “failure to recognise the 
implications of the combinatorial explosion” (Lighthill, 1973:9) that the premise of 
coupling well-described ‘micro-worlds’ would bring about. Whereas SAI seemed 
at a dead-end due to its ”mechanistic assumption” (Dreyfus, 1981:179), Lighthill 
also notes that work in biology and neurobiology on simulating “Central Nervous 
Systems” (Lighthill, 1973:5), i.e. neural networks, promised significant progress 
regarding ”special functions like visual pattern recognition and scene analysis, 
visual and auditory memory, associative recall, psycho-linguistics classification, 
inductive generalisation and learning“ (ibid.:6). This is also pointed out retro-
spectively by Olazaran, who shows that “although neural nets were largely 
rejected as an approach to AI, throughout the 1970s [researchers] continued 
working on neural nets and related topics outside the AI field, in neuroscience 
and psychology-oriented areas” (Olazaran, 1996:641). Most important in this 
regard is the initial cybernetic definition of a ‘neuron’ and the first formal ap-
proach to what we now refer to as neural networks.

The McCulloch-Pitts neuron was first proposed in 1943 as a logical, mathem-
atical object in analogy to biological neurons. On receiving a binary input (e.g., a 1 
or 0), the McCulloch-Pitts neuron executes a simple function to pass on (‘fire’) or 
withhold the input (cf. McCulloch and Pitts, 1943). Building on this, Rosenblatt’s 
Perceptron network employs interconnected neurons—a neural network—which 
can classify information according to “statistical seperatability” (Rosenblatt, 
1958:390) into binary categories. His endeavor, grounded “in terms of probability 
theory rather than symbolic logic” (ibid.:388), therefore follows a distinctly 
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different trajectory than the then nascent SAI, which built on the digital com-
puters of von Neumann and Turing.89 Practically, the Perceptron is composed as 
follows (Figure 23). One ‘layer’ of input neurons (x1, x2, x3) is randomly assigned 
particular valued ‘weights’ (w1, w2, w3). Given an input, each neuron passes on 
the input value multiplied by its respective weight (e.g., between 0 and 1) to a 
summation function (∑) with a particular threshold. If the threshold is passed, the 
output layer is called with the detected classification. For example, if the sum of 
weighted inputs exceed ∑=1.5, class 1 is detected (i.e., the Perceptron outputs a 1). 

Figure 23: Left: Schematic for the architecture of neurons in a single-layer Perceptron. Middle: 
Diagram on the feedback connections between input and output layers (Rosenblatt, 1961:130). 
Right: Experimental results on pattern recognition and classification of two shapes (ibid.:209).

Crucially, the output ‘error’ (i.e., statistical difference to expected output) in a 
Perceptron can be used as feedback to readjust the initial weights; meaning that the 
next round of input will be treated differently, and so on. This led Rosenblatt to 
formulate a key principle for what would later become the SSAI paradigm. His 
principal convergence theorem argued that given an effective “error correction 
procedure” (Rosenblatt, 1961:109), a perceptron with randomly assigned weights 
would “always yield a solution to [a classification problem]” (ibid.:111). In other 
words, this early neural network would converge on the right combination of 
variables (i.e., inputs and weights) for a function to appropriately deal with a 
given input. In subsequent neural networks, so-called error functions would also 
be used to prompt a network to re-adjust based on performance (cf. Bishop, 
2006:23, 38-46). The use of such functions, then, is a first indication that the linear 
If–Then structure of SAI technologies (Chapter 5, 2.3.) no longer obtains: rather 

89 Note that there is ample discussion regarding whether all SSAI technologies are 
probabilistic, or whether some (such as perceptrons) are linear. However, based on the 
standard use of statistical error functions to correct initial parameters, I argue that SSAI 
technologies in general produce “probable” outputs (cf. Bishop, 2006:233).
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than narrowly modifiable variables, the function encoded in a neural network 
itself becomes adaptable. In the following, I discuss some of the most significant 
technical advances in this development, as highlighted by, for instance, Olaz-
aran’s external sociological study referred to above and Bishop’s internal technic-
al account (cf. Bishop, 2006). 

As Rosenblatt was aware, some of the shortcomings of the original Perceptron 
would be possible to overcome using more than the two input and output layers; 
but practical implementation depended on finding a way to adjust weights across 
such a network effectively. In 1986, Rumelhart, Hinton and Williams proposed the 
“back propagation” (Rumelhart, Hinton and Williams, 1986:26) method to solve 
this exact difficulty. Introducing a further layer of neurons as “hidden units” 
(ibid.:1), Rumelhart and colleagues propose that neuronal weights should be 
adjusted not only when checking if a threshold has been passed, but rather 
“during the forward iteration, and so during the back-propagation phase, errors 
are injected” (ibid.:30). Effectively, hidden units were used to generate an “intern-
al representation” as a “mapping from the input to the output units” (ibid.:2). In 
other words, an adjustable, internal model for the predicted correlation between input 
and output is created (see Figure 24). It is precisely this development that brings 
about the sub-symbolic aspect of the SSAI paradigm: systems like the multi-layer 
perceptron both (1) uncouple a neural network from “[symbolic] coding provided 
from the external world” (ibid.:1), and (2) become independent from only linear 
(i.e., a straight line) functions between explicit symbols. On the contrary, by 
updating internal models, non-linear functions can be predicted by these informa-
tion technologies.

Figure 24: Advances made through backpropagation with hidden units. Left: Diagram of a multi-
layer perceptron (MLP) with a layer of hidden neurons. Middle: Internal model of an MLP with 
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one hidden neuron. Right: Distinguishing between blue and red dots as an example for nonlinear 
classification, Bishop, 2006.

The next stages of further SSAI technologies were essentially improvements 
on this fundamental principle. New architectures for arrangement of neurons and 
layers exploded, all recalling the basic versatility of the McCulloch-Pitts’ neuron 
for diverse kinds of connections (cf. McCulloch and Pitts, 1943:130), Rosenblatt’s 
error correction principles and Rumelhart and colleagues’ critical expansion for 
sub-symbolic internal representation. As an umbrella term for these foundations, 
the notion of functional approximation emerged in the late 1980s, when Hornik and 
colleagues proposed that multilayer neural networks are “universal approximat-
ors" (Hornik et al., 1989:363). In the same year, Cybenko also suggested that the 
universal utility of neural networks lies in their capacity to “approximate continu-
ous functions in arbitrary precision” (Cybenko, 1989:308; my emphasis). 

Figure 25: Examples of the principle of functional approximation. Left: In Fourier analysis, 
simplifying waveforms (red) are mapped to signals (from Müller, 2015). Right: A model (red) 
approximates the assumed ‘true’ function (green) underlying discrete datapoints (blue). By 
tuning a model’s hyperparameters and with sufficient training data, overfitting (left) can be 

avoided (from Bishop, 2006).

The approximation principle can be made more tangible through Bishop’s 
intuitive explanation of models (cf. Bishop, 2006:4-12). Similar to the Fourier 
analysis, a neural network approximates some distribution of input signals 
through error-functions such as back-propagation (Figure 25). With neural 
networks, however, there are two important additional capacities. First, “hyper-
parameters” (ibid.:30) such as priorisation of particular layers, weights, and 
connections among layers can improve approximation. Second, and more 
prominently, the more data a neural network is trained on, the more opportunity 
there is to adjust neuron weights. Given enough data, the capacities of SSAI 
technologies to approximate functions, and thereby create models of the world 
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without relying on explicit coding, were as astounding then as they still are now. 
However, the transition of SSAI technologies into actual real-world applications 
was hindered in two regards concerning data and the generation of output. I 
briefly discuss these in the following, because as will be shown, these relate 
directly to how the poly-intentionality of SSAI technologies can be interpreted.

1.2. The Challenges of Dimensionality and Local Minima

The practical implementation of SSAI technologies’ probabilistic models—i.e., 
from mathematical formulae to into actual ‘running’ information technologies’—
was a point of significant technical hurdles as well as advancement. One of the 
most consequential challenges, Cybenko notes that while the functional approx-
imation capacities of neural networks are theoretically universal, he argues that 
actual application “will require astronomical numbers of [neurons and inputs due 
to] the curse of dimensionality” (Cybenko, 1989:313). The latter is a frequently 
noted phenomenon with two important consequences for the practical imple-
mentation of SSAI technologies for actual real-world purposes rather than 
simulated experiment. First, as described by Chen, the curse arises through the 
complexity of “the number of input variables (i.e., dimensionality)” (Chen in Ling 
and Öszu, 2009:245) from which a neural network is supposed to approximate a 
function. As more input variables and corresponding neurons are added to a 
neural network architecture in order to match the complexity, the dimensionality 
of the model increases exponentially (Figure 26). The direct consequence lies first in 
the necessity to source enough data. 

Figure 26: Consequences of new SSAI technology capacities. Left: Bishop’s illustration of the 
curse of dimensionality. As input variables (axes) increase, the necessary dimensions (rectangle) 
grow exponentially (Bishop, 2006). Right: Concept for the SVM, a hyperplane that separates data 

categories in high-dimensional space (Cortes and Vapnik, 1995).
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Indeed, until the early 2000s, sufficient data to technically overcome the curse 
of dimensionality was not available. This changed with the ‘Web 2.0,’ when 
internet resources such as websites were not only passively interactive (e.g., 
clicking a link), but rather now generated ‘metadata’ on end-user interactions—
such as the times of interaction, amount of clicks, interactions with a particular 
item, location of end-user device and so forth. As O’Reilly notes, the availability 
of large amounts of data such as “location, identity, calendaring of public events, 
product identifiers and namespaces” (O’Reilly, 2007:29), new techniques and 
markets developed which built on the possibility to “remix the data into new 
services” (ibid.:32).90 Accordingly, with the rise of large data infrastructures, the 
curse of dimensionality was seen by some SSAI practitioners to have turned into a 
blessing.91

As Gorban and Tyukin point out, “in very high-dimensional spaces many 
differences between sets and functions become negligible (vanish) and the laws 
become simpler” (Gorban and Tyukin, 2018:2), only needing techniques for 
“dimensionality reduction” to guarantee appropriate outputs from an SSAI 
technology’s “highdimensional claim” (ibid.:15). Accordingly, the Web 2.0 
‘avalanche of printed numbers’ (Hacking), now always-already digital, brought 
about technical advances and an explosion of SSAI technology architectures (see 
for instance Lejnen and van Veen, 2020:2); culminating in probably the most 
dominant contemporary SSAI approach, “deep learning” (cf. LeCun, Bengio and 
Hinton, 2015)—essentially MLPs with immense numbers of layers and input 
nodes. Additionally, different approaches to learning procedures, such as unsuper-
vised learning (i.e., no prior output definition) of models from large amounts of 
data, or transfers between architectures for previously unthinkable applications 
(see e.g. Furlanello et al., 2018), became feasible.

And yet, even with sufficient data available, there is a second problem to the 
curse of dimensionality. This brings this section to the final important note 

90 There is an equivalent, more critical stance of this development, such as Ekbia and 
Nardi’s economic theory of the heteromation in the Web 2.0 through “automatic capture, 
delivery, and analysis of data created by [interactive] augmented labor” (Ekbia and Nardi, 
2014:13) by end-users for software platforms with neither control, consent, nor 
compensation. However, I will not consider this important, and often overlooked ethical 
dimension here, but rather outline it as part of research trajectories opened up by this 
dissertation; see Conclusion, 2.

91 A more complete reflection on the interrelationship of contemporary AI technologies 
with the “active informationalism” (Löffler, 2018:38) of post-Web 2.0 information 
technologies will be provided later on; cf. Chapter 8, 3.
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regarding all technical advances made since Rosenblatt’s foundational neural 
network: how the capacities of SSAI technologies actually entered the perceptions 
and practices of everyday life. Specifically, classifying among high-dimensional 
data increases in difficulty in parallel to the number of dimensions. As a con-
sequence, models needed to approximate the most likely function not only with 
regard to input, but that can traverse the high-dimensional ‘data space’. A 
paradigmatic example is Cortes and Vapnik’s 1995 support-vector machine (SVM), 
which determines a “a small amount of the training data [as] support vectors” 
(Cortes and Vapnik, 1995:274), meaning the most likely boundaries for a “hyper-
plane” (ibid.:275) that adequately classifies inputs (Figure 26). However, from a 
technical perspective, assessing whether techniques such as a hyperplane repres-
ent the data ‘space’ correctly remained challenging.

Figure 27: The issue of local minima. Left: A two-dimensional function, with local minimum, 
saddle point, and global minimum. Right: A three-dimensional representation of an “error-

surface” (Rumelhart et al, 1986:535) with equivalent concepts; from Yadav, 2021.

As Rumelhart and colleagues note, an “obvious drawback of the [model] 
learning procedure is that the [error function] may contain local minima” (Rumel-
hart et al., 1986:535). The term local minimum denotes that, as opposed to the 
global minimum, ‘valleys’ in the error function may lead an SSAI model to 
converge at a point where the error of the internal representation has not been 
fully corrected through back-propagation (see Figure 27). Accordingly, SSAI 
technologies are frequently built as ‘pipelines’ that integrate various techniques: 
for processing input, generating ‘high-dimensional claims’ through e.g. neural 
networks, and reducing such claims for actionable output. The engineering 
challenge is how to technically avoid or at least ascertain whether the latter is 
‘only’ a local minimum. An alternative technical framing for this challenge is to 
minimize uncertainty. The latter, however, needs to be understood non-anthropo-
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centrically, and indeed, probabilistically. Shannon’s definition is famously an 
entropic, that is, uncertain theory of information. Entropy in the informatic sense is 
directly related to Gauss’ normal distribution discussed above (Chapter 5, 1.1.): an 
‘uncertain’ distribution of variables carries more information, because there is 
more “freedom of choice” (Weaver in Shannon and Weaver, 1964:13) for patterns 
to emerge. In this sense, SSAI technologies are built to leverage the uncertain 
‘indifference’ (Kittler) of information rather than ‘tame’ (Hacking) it through 
definite semantic-symbolic inscriptions.

In SSAI research, uncertainty is an engineering matter: given the reliance on 
probabilistic techniques, uncertainty is simply part and parcel of SSAI technologies, 
an effect that needs to be dealt with in an ‘appropriate’ way—for example, to 
minimize the likelihood that a particular model has converged at a local minim-
um, i.e., one that has too many ‘degrees of freedom’ to be actionable. Researchers 
in the technical fields distinguish between two types of uncertainty which are 
related to data (both training and input) and models respectively (see e.g. Kiureghi-
an and Ditlevsen, 2009; Kendall and Gal, 2017; Fox and Ülkümen, 2019). Data 
uncertainty can be framed as ‘noise’ similarly to Shannon, as incoming signals in 
training or real-world deployments are inevitably entropic. Model uncertainty, 
however, refers to a qualitatively new kind of uncertainty: the complex technical 
specifications of the ‘fit’ of an inferred probabilistic model to the phenomena they 
are meant to represent. For instance, probabilistic models originate from a given 
dataset, and can therefore only ever predict functions within the constraints of the 
latter. On the other hand, an inferred model may also produce additional uncer-
tainty when deployed 'out-of-data,’ i.e. in settings different to training environ-
ments. 

To summarize, both the inference of models as well as the prediction of 
functions by SSAI technologies revolves around uncertainty. However, and 
crucially, I argue that uncertainty can only be seen as an issue from a technical 
standpoint if it is assumed that a global minimum accurately represents anything 
’true’ in a deterministic sense. In contrast, and from the post-phenomenological 
perspective I am developing, this broad engineering concern situates SSAI 
technologies as the latest in a line of techniques for the ‘taming of chance’ (Hack-
ing). On this note, in the following I will conclude by proposing an alternative 
poly-intentionality structure to appropriately guide analyses of SSAI 
technologies.
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1.3. Conclusion: Probabilistic Models and Poly-Intentionality

SSAI technologies, in operation, are apparatic constellations of data, probabil-
istic models, their ‘high-dimensional claims’ (whether local or global), and the 
techniques required to make the latter practicable (e.g., components of dimension-
ality reduction). As shown above, both the inference and operation of probabilist-
ic models are dependent on as well as generative of informatic uncertainty. This 
shows that there is not only a qualitative difference between SSAI and SAI 
technologies in terms of what they can do. On the contrary, it evidences a distinct 
structure to these information technologies’ poly-intentionality. While SAI 
technologies sought to eradicate any uncertainty by fully linear If–Then programs 
(see Chapter 5, 2.3.), SSAI technologies engage this in a thoroughly distinct 
fashion by relying on the basic entropic (i.e., uncertain) nature of information to 
generate programs of programs (models) from information (data). While a price is 
paid in terms of possible local minima and model uncertainty, the predictive and 
adaptive models far surpass the capacities of SAI technologies (see again Figure 
22). 

This aligns with Merrill’s recent argument regarding the novelty of SSAI 
technologies such as machine learning in that they “synthesize a program” 
(Merrill, 2020) rather than simply follow an inscribed, minimally flexible 
program. To Merrill,92 this synthesis allows practitioners, corporations, or 
researchers to “[outsource] problems” (ibid.) to SSAI technologies—because as 
long as the SSAI technology can be run, a model can be inferred from a ‘datafied’ 
world, generating a program that, in turn, can interfere in the world. This allows 
SSAI-driven systems to generate programs that could not be symbolically 
programmed—such as a social media interface being composed according to the 
prediction of ‘what this particular human will enjoy seeing at this point in time 
and location on the globe based on others like them.’ Based on the above discus-
sion, it is now possible to propose a structure for the poly-intentionality of SSAI 
technologies, which will open the latter to interpretation via apparatic relations. 
Specifically, whereas in SAI technologies secondary programs are flexible only in 
a narrow sense of prescribed variables, SSAI technologies are capable of deriving 
needed variables from data and integrating them into a function. Accordingly, I 

92 Merrill specifically suggests that problems which are NP (non-polynomial, i.e. more 
complex functions) can be outsourced to  SSAI technologies, with the problem of 
programming the respective model only being P (polynomial, i.e. less complex functions) 
(cf. Merrill, 2020). 



224

define the poly-intentional structure of SSAI technologies as follows:

 SSAI technologies can be interpreted as a poly-intentional arrangement of 

programs that follows an As–If structure. The first part, As, represents the 

probabilistic model as an approximation of the ‘datafied’ world, and If 

concerns the predicted function that, regarding specific input and paramet-

er choices for the former, is executed if it transforms data from input to 

output in the ‘best’ way (i.e., with the least uncertainty). 

This conceptualization is further illustrated in Figure 28, where I draw from 
computational theory93 to illustrate that a predicted function (If) represents one 
possible ‘path’ through the modeled data space (As) among many other probable 
ones:

Figure 28: Conceptual diagram for the structure of poly-intentionality in SSAI technologies. 
The latter synthesize data (given particular parameters) into an internal representation As a 

model. Responding to specific input, a function is executed If it is predicted to transform 
data from input to output in the ‘best’ way.

In terms of poly-intentionality, i.e. the apparatic constellation of generic 
subject-object relations, the qualitative distinction with regards to linear informa-
tion technologies such as SAI becomes even clearer: a range of probable subject-
object relations is approximated from specific representations of the world As a 

93  Specifically, homotopy type theory, which studies how different paths (= functions) 
can be used to describe the same input-output relation, see The Univalent Foundations 
Program, 2013; and also Ribeiro, 2018 on the applicability to contemporary AI technologies.
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model, with a particular subject-object relation at hand If it is predicted to 
‘perform’ best in relation to specific input. In other words, rather than simply 
modifying an a priori defined linear path from input to output, SSAI technologies 
perform an “act of bounding” (Waldenfels, 2014:14) that can treat unknown (i.e., 
not a priori programmable) paths through data as known. The internal 
‘envelope’ (Floridi) of information technologies, then, becomes at the very least 
more inclusive of potential variations in the world that can be adapted to as well 
as predicted. 

Importantly, this formalization of the poly-intentional structure of contempor-
ary AI technologies relates directly to the principal challenges that AI technolo-
gies pose. First, the As–If structure can explain the technical opacity challenge 
(Introduction, 1.1.) on the level of intentional experience, which has heretofore 
been inaccessible to post-phenomenology and circumvented by technical 
research. However, and crucially, the As–If structure does not introduce a dicho-
tomy of ‘transparency’ versus ‘opacity’. On the contrary, whether in scientific or 
more everyday settings, relating to the world via the outputs of AI technologies 
can now be differentiated into the intentional experience of particular phenomena 
(e.g., scientific visualizations, newsfeed interfaces) and the sub-phenomenal 
structures that embed such phenomena. Second, the socio-technical challenge 
(Introduction, 1.2.) is equally made more accessible. For instance, the As–If 
structure clarifies that any particular high-stakes decision (e.g., classifying 
mortgage applications or predicting criminal recidivism) taken in a system 
involving AI technologies is by definition one informatic decision for a particular 
‘path’ through a specifically modeled ‘space’ of data. Accordingly, this suggests 
that analyses of an instance of decision-making (If) will always have to be 
accompanied with an assessment of the ‘field of possibility’ (As). Therefore, rather 
than treating AI technologies as the targets for attributing accountability or 
responsibility, more ’systemic’ questions can be formulated with regards to the 
deliberate constraints put in place to achieve a specific outcome. 

Furthermore, from the ‘internal’ perspective of this dissertation, I argue that 
interpreting the technical complexities of SSAI technologies through the As–If 
shorthand has significant advantages that are related to my principal hermeneutic 
question (viz. The Hermeneutic Question; Introduction, 3.). First, it clarifies the 
qualitative difference to other information technologies and predecessors such as 
SAI; which has been a recurring challenge for the status quo of post-phenomeno-
logy. Second, it directly relates the outputs of AI technologies—whether associ-
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ated with an overtly ‘smart’ device or more mundane—to particular technical 
specifics such as the arrangement of components (e.g., data and error functions), 
engineering decisions, training versus input data, and so forth. The As–If poly-
intentionality of SSAI technologies, I suggest, is therefore the next minimum 
analytical threshold for post-phenomenological AI studies. 

However, given the technical complexity that this shorthand merely points to, 
it is as yet unclear how this threshold can be achieved in the first place given 
actual SSAI implementations. Most crucially, the outputs of AI technologies do 
not necessarily present themselves any differently than any other information 
technologies (i.e., as inscriptions in interfaces, devices). How, then, does this 
qualitatively distinct poly-intentional structure actually manifest? And: (how) can 
its interference in the temporal-ontological dimensions of human-world relations 
be grasped concretely? These are urgent questions to address for two reasons. 
First, they relate back to the impulse for this dissertation, and specifically, the 
reconciliation of post-phenomenological research with phenomenological 
concepts of horizonality. Second, my argument that contemporary AI technolo-
gies are qualitatively distinct from other kinds of information technologies in 
terms of their technical capacities by necessity requires a commensurate qualitat-
ive distinction in how intentional experience is mediated. Both of these questions, 
therefore, will have to be addressed by post-phenomenological AI studies. 
Therefore, I next conduct a first probe into how the dual dependence on and 
generation of uncertainty that governs the As-If structure actually manifests in 
technological artefacts.

2. Designerly Probes into the Uncertainty of AI Technologies94

In the previous section I have outlined foundational, mostly technical prin-
ciples of contemporary SSAI (henceforth, AI) technologies that give first indica-
tions that may guide post-phenomenological AI studies. However, to proceed 
towards a post-phenomenological analysis of what particular changes in techno-
logical mediation these bring about, such technical concerns do not suffice. On the 
contrary, as has also been shown regarding SAI technologies, the crucial aspect 

94 Parts of this section have been published in Benjamin et al., 2021. See this 
publication for more exhaustive detail on related work, methodological rationale and 
findings.
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post-phenomenologically speaking is how exactly technical concerns translate 
into mediation of human-world relations. From this perspective, it is more 
important to show how the new technical capacities discerned in the 1980s and 
1990s and made practicable in the early 2000s, often ‘proven’ through simulation 
and experiment, translated into actually implemented AI technologies. While I 
argue that this chapter has provided first guidance for interpretation (e.g., the As–
If structure), it has so far neglected the crucial ‘pivot’ of post-phenomenological 
analyses: the mediation of human-world relations with technological artefacts. 
However, in contrast to the previous chapters, such analyses cannot remain 
speculative; as the information technologies developed under the SSAI paradigm 
are the exact object of inquiry for post-phenomenological AI studies as I seek to 
develop them. Therefore, analyses must avoid mapping a purely hypothetical “I” 
to some technical aspects of a given AI technology—as I have, for arguments’ 
sake, done regarding antecedent information and SAI technologies. 

To this end, it is pressing to understand how specific technological poly-
intentionalities unfold from the development of artefacts whose affordances, 
activities and intentionalities are shaped by AI technologies towards an actual 
human-world relation. Therefore, in this section, I conduct a first probe into how 
the dual dependence on and generation of uncertainty can be seen to actually 
manifest. I do this by analyzing design research projects with SSAI technologies 
through the concepts I have developed thus far: apparatic relations and poly-
intentionality. Methodologically, I argue that such a first careful probing is called 
for for two interrelated reasons. First, a hasty application of the As–If shorthand 
may obfuscate rather than reflect technical specificities. Second, while post-
phenomenological AI studies will require the latter to some degree, they most 
importantly need to be able to perspectivize it on the level of technologically 
mediated human-world relations. Accordingly, design research projects offer an 
opportunity to analyze how particular designerly and technical choices translate 
into scenarios of (non-)use, and furthermore also provide empirical secondary 
data for substantiation. In the following, I accordingly first discuss my case 
selection rationale and analytic approach, before presenting four case studies on 
how the capacities of AI technologies can be seen to manifest in intentional 
experience.

2.1. Readings from the Field: Design Research and AI Technologies

In an earlier section (Chapter 2, 2.), I have already outlined how design 



228

research can be seen as an experimental version of the “interpretive empiricism” 
(Hauser et al., 2018:468) of post-phenomenology. In the following, I extend this 
principle in a posteriori post-phenomenological analyses of design research. 
Studying design research projects, particularly regarding the resulting artefacts 
and scenarios, has become a research procedure in its own right both concerning 
methodological (e.g. Dunne and Raby, 2013; Odom et al., 2016) as well as wider 
theoretical implications (e.g. Hauser et al., 2018; Wakkary et al., 2017, Wakkary, 
2021). My rationale for this approach is as follows. Firstly, design research unfolds 
and shapes specific relations between humans and the world by designing 
technological artefacts. Secondly, seen as philosophy-in-practice, design research 
may therefore hold propositions on how to ‘think’ AI technologies’ uncertainty in 
a way that maps to post-phenomenological lines of interpretation. In the follow-
ing I will use post-phenomenology, and specifically the developed apparatic 
relations, poly-intentionality and As–If structure to explicate and conceptualize the 
role of uncertainty in design research projects involving AI technologies. The 
selected case studies (see Table v) are design research projects from diverse 
methodological strands and application domains, to reflect both research and 
real-world concerns relating to AI technologies. Furthermore, they were selected 
to cover Ihde’s ‘original’ human-technology-world relations (i.e., embodiment, 
hermeneutic, alterity, background), in each case apparatically ‘modified’ with 
different AI technologies.

Table v: Overview of the selected design research projects as case studies for analysis.

Case Study AI Technology Domain Apparatic Relation

Pierce’s Shifting 
Lines of Creepiness

Convolutional 
Neural Network Corporate/Home Background

Wong et al.’s When 
BCIs have APIs

Support-Vector Ma-

chine

Corporate/LaborHermeneutic

Wakkary et al.’s 
Morse Things

Reinforcement 
Learning Home Alterity (Back-

ground)
Biggs & Desjardins’ 
Highwater Pants

Gaussian Process 
Model Climate Futures Embodiment
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ally modifies the given human-technology-world relation (e.g., apparatic embodi-
ment relation), phenomena can be discerned that remain largely latent within the 
design research projects themselves, but are highly generative towards under-
standing how AI technologies’ dual reliance on and generation of uncertainty 
actually manifests in human-world relations. The case studies are (i) Pierce’s 
design-led inquiry into smart home security cameras to reflect issues of leaking 
surveillance in the home; (ii) Wong and colleagues’ design fiction on Brain-
Computer Interfaces (BCI) to reflect infrastructural and labor issues; (iii) Wakkary 
and colleagues’ material speculation into more-than-human design of artefacts; 
and (iv) Biggs and Desjardins’ speculative design of artefacts for relating to 
climate change predictions.

Shifting Lines of Creepiness

Pierce undertakes a Research-through-Design (RtD) inquiry into ‘smart’ home 
security camera systems, focusing on notions of ‘creepiness’ so as to interrogate 
how design artefacts navigate acceptability of smart cameras in the home. 
Specifically, Pierce investigates how smart home cameras may deliberately or 
involuntarily “leak data” into system ecologies; house more directly opaque 
“hole-and-corner” applications that exploit data; and lay the groundwork for 
future smart services by acting as a “foot-in-the-door” (Pierce, 2019:1-2). To 
investigate, Pierce proposes design scenarios which transpose the described 
phenomena into future application domains. I focus specifically on the notion of 
‘data leakage’ in Pierce’s framing, as it most directly relates to the physical 
artefact of the smart camera and the AI technology involved. As Pierce outlines, 
“leaky sensor fields form where the sensing capacities of smart cameras and 
similar devices cross socio-technical thresholds such as property lines, political 
boundaries, windowpanes, fences, and doorways” (ibid.:4-5). Depending on how 
the camera is oriented, recognized objects and people can become processed as 
data unbeknownst to or without the explicit intention of the owner of the smart 
camera (e.g., the neighbor’s visitor)—data leak ‘inward’ and become processed 
and analyzed subsequently.

Using the status quo post-phenomenological approach, smart home camera 
systems can be seen as background relations: they texture the environment as a 
‘zone-of-observation,’ and sometimes become a focal artefact through detection 
notifications or failure. However, Pierce’s data leakage already indicates that the 
smart camera is less passive than heating appliances or a thermostat: it has a 
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dynamic relation to the surrounding world due to its embedded AI technology. 
Image recognition in smart home security cameras is predominantly implemen-
ted with convolutional neural networks (ConvNet, see e.g. Lui, 2018). A ConvNet 
‘convolutes’ parts of an input (e.g., groupings of pixels) into a series of ‘features’ 
distributed over a network. The engineering rationale here is that this approach 
“can extract elementary visual features such as oriented edges, endpoints, corners 
[which are] then combined by the subsequent layers in order to detect higher 
order features [e.g., combinations of the former]” (LeCun et al., 1998:2283). For 
instance, in the case of smart home security cameras, the presence of features x 
and y in an input image may represent person-is-entering-an-otherwise-still-camera-
frame. 

As the relationships between features are learned from data, the ‘home 
environment’ which the smart camera relates to is already objectified in one sense: 
there’s a propensity to recognize specific objects according to learned features. 
Second, however, there is a yet deeper pre-objectification: because a smart 
camera’s ConvNet is not trained on the particular home in question, features for 
image recognition originate from a model that flattens diverse data into features 
of a generic “home.” This aspect of ConvNets can be expressed in an apparatic 
background relation. However, addressing the qualitative shift in AI technologies 
from linear input-output correlations to probabilistic approximations requires 
changes to notation to reflect the diagrammatic representation of the As–If 
structure above. Therefore, in the schema below, I employ the tilde operator (~) 
following Goodfellow and colleagues to denote a “probability distribution” 
(Goodfellow et al., 2016:xv) —here, the inference of features from data. Accord-
ingly, an apparatic background relation can be first schematized as follows:

Inhabitant [!] (Camera - Image[Home ~ ConvNet])

Apparatic Background Relation (Smart Home Security Camera)

Like a thermostat, people are not constantly aware of the camera, and also 
like a thermostat, sometimes people are, through notifications or alarms. The 
above schema suggests such potential intentional experience as a latent interac-
tion possibility, ‘reading’ the ‘written’ image through the camera (!). However, 
the ConvNet model furthermore aligns features in a specific image to all probable 
features in all known images—i.e., not only of “this,” but all features represented in 
training data. The importance of this latter aspect can be further specified through 
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AI uncertainty. As Kendall and Gal note, model uncertainty can lead to surplus 
features becoming associated with a particular detection—in their example, 
foothpaths become part of roads (cf. Kendall and Gal, 2017:2). Accordingly, the 
experienced image is always-already inclusive of the various functions (~) that 
may map of ‘the’ home. As a consequence, intentional experience is equally 
shaped ([]) by latent ‘homes,’ and . Differently put, security cameras with 
embedded AI technologies alter how phenomena are represented rather than 
merely register them. The horizonal model of technological mediation I have 
proposed unfolds this further:95 

Figure 29: Apparatic background relation outlining the concept of feature leakage: The home and 
things in it are objectified as probable features for recognition by AI technologies. Due to model 

uncertainty, probabilistic features not only lead to data leaking in, but features leaking out.

The diagrammatic analysis shows that it is not only the camera’s physical 
‘lurking’ which shapes people’s experience of the home as a “technological 
cocoon” (Ihde, 1990:10) as it does in a background relations. On the contrary, the 
‘exploding’ of various technological intentionalities (dashed arrows) shows . The 
way a smart security camera system relates to the environment is not only more 
adaptive than typical background technologies, but furthermore has a sub-
phenomenal normative effect regarding the ‘image’ of the home as well. The latter 
becomes configured by the poly-intentionality of AI technologies: A notification is 
triggered If the functionally approximated prediction of features x and y map to 
the world As represented in the probabilistic model of a “generic” home. Further-

95 Note that in subsequent diagrams I do not label the As–If structure so directly for 
reasons of legibility but also, as will be shown, my later research will argue that this 
structure dissipates into the horizons of human-world relations (cf. Chapter 8, 3.).
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more, the latter not only includes the features of mute images, but particular 
sequences such as a-person-is-entering-an-otherwise-still-camera-frame—which, due 
to model uncertainty, can shape how the home is experienced by way of faulty 
alarms, or inscrutable notifications. Differently put, concerning AI technologies it 
is not only data that leaks from the outside-in, as Pierce’s data leakage covers, but 
furthermore features that leak from the inside-out due to the model uncertainty of the 
respective 

 With regards to post-phenomenological AI studies, there is also another, 
more programmatic finding: the multistability of intentional experience, i.e. the 
variant ways of experiencing something-as-something, seem to be affected from 
‘within’ the uncertain interplay of data, model and prediction. Accordingly, the 
artefact that is usually seen as the pivot of multistability itself must, to some as 
yet unspecified extent, share this uncertainty. In the following case studies, which 
also feature more clearly delineated scenarios of use, I therefore investigate the 
relationship between artefact and AI technologies more closely.

When BCIs have APIs

In their design fiction on brain-computer interface (BCI) applications, Wong 
and colleagues investigate the creation of a fictional Application Programming 
Interface (API)96 for a Google service which lets developers tap into the reading of 
so-called P300 occurrences in brainwaves. P300 signals indicate general ‘recogni-
tion’ by a human brain of something through measuring spikes in brainwave 
activity, which can be used for e.g. character recognition for input devices. In their 
design fiction scenarios, Wong and colleagues focus on new forms of labor 
asymmetries such technologies may engender. Their fictional API relies on an AI 
technology that was trained on “lab-based stimuli from a controlled 
environment” (Wong et al., 2018:1362) to detect the P300 signal; which is repres-
entative of various real-world applications and the tensions between training and 
general ‘out-of-data’ application. While the researchers do not specify the al-
gorithm they had in mind, from readings in the field of AI-driven P300 recogni-
tion (e.g., Rakotomamonjy et al., 2005) I assume that a Support Vector Machine 
(SVM) was involved in Wong and colleagues’ scenario. SVMs, as has also been 

96 APIs are parts of specific programs (e.g., databases, servers) that allow other 
programs to access files, send instructions or otherwise interact with it.
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discussed above (see above, 1.2.), are programmed to “construct hyperplanes in 
[…] very high dimensional spaces yet still be left with a tractable computation” 
(Burges, 1998:25) in order to classify input data.

As a fictional application based on the P300 API, Wong and colleagues 
present the following scenario (cf. Wong et al., 2018:1366): Crowdworkers97 using 
BCIs are employed with content moderation for a social media platform. Because 
of the P300 detection that the API allows, this task does not necessitate direct 
human action from the crowdworkers. Instead, the AI technology (assumed here 
to be an SVM algorithm) registers P300 signals in crowdworker’s brainwaves in 
relation to perceived images—if a P300 signal is detected, the image is labelled 
with some category. For example, the given social media platform interface may 
use BCI-driven content moderation to provide a platform-specific measure of 
‘safety’ for end-users (e.g., from violent images). Accordingly, an apparatic 
hermeneutic relation with such an interface would mediate ‘safe content’ that is 
‘given’ based on P300 detections as follows:

User [⇒] (Interface ~ NewsfeedAlgorithm(← SVM ~ [P300 - Content]))

Apparatic Hermeneutic Relation (BCI Content Moderation)

The above schematic representation indicates increasing ‘nesting’ of apparatic 
entanglements from the given (i.e., the interface) to the potential (i.e., predictions of 
’safe’ content) objects of intentional experience. Most importantly, it shows that 
the intentional ‘reading’ (⇒) of the world through Wong and colleague’s content-
moderated interface is always-already textured ([]) by the SVMs’ predicted (~) 
function relating P300 signals to ‘content.’ However, as in Pierce’s case above, a 
horizonal model for this apparatic hermeneutic relation through AI uncertainty 
allows for a more precise analysis of mediated experience (Figure 30). 

97 Such work has become common practice through platforms such as Amazon’s 
Mechanical Turk, where people are compensated for, for instance, tagging cluttered data 
for further processing.
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Figure 30: Apparatic hermeneutic relation following Wong and colleagues’ design fiction 
scenario. Based on a platform-specific measure of ’safety,’ an interface mediates ‘content’ based 

on an SVM’s detection of violations from crowdworker’s brainwaves.

As mentioned, the fictional BCI API scenario uses an SVM model to separate 
other signals from the P300 signal. The latter is, as Wong and colleagues outlined, 
inferred from lab-stimuli in controlled environments. Here, the data uncertainty 
provides another dimension to the above concept of feature leakage: due to noise, 
the SVM hyperplane may be inclusive of non-P300 signals, and the P300 feature 
(i.e., not the ‘actual’ P300 occurrence, but its representation as a feature) can 
thereby ‘leak.’ When the trained model is transposed into other domains such as 
content moderation, erroneous P300 features may leak into subsequent human-
technology-world relations. This can have further knock-on effects in a networked 
system, for instance regarding the processing of user interactions with false 
positives of ‘unsafe’ content.

In their work, Wong and colleagues stress that design research needs to pay 
attention to the “banality of more probable outcomes” (ibid.:1368) of emerging 
technology applications. In a similar vein, I argue that looking at the apparatic 
hermeneutic relation latent in their work through AI uncertainty has an important 
implication for post-phenomenological AI studies. The poly-intentionality of this 
apparatic hermeneutic relation is distributed firstly across the P300 model (i.e., 
the hyperplane), which models input As an amalgam of P300 signals and a given 
platform’s ‘content.’ Subsequently, If a predicted function does not exceed some 
arbitrary threshold of error, content is labelled as unsafe. Given that the threshold 
is a purely statistical rather than explicitly inscribed measure, uncertainty makes 
this semi-automated content moderation system intrinsically inclusive (false 
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positives) or exclusive (false negatives) of content that could have been treated 
otherwise—in correspondence to the given platform’s vested interests.

Accordingly, post-phenomenologically speaking, ‘errors’ in AI technologies 
such as false positives in detections are not equivalent to the Heideggerian 
hammer, which becomes an object of perception when it breaks. On the contrary, 
from the perspective of technological mediation pursued here, feature leakage 
indicates a kind of ‘generative error’ that cascades into and shapes subsequent 
human-technology-world relations. This further advances the relationship 
between artefacts and AI technologies: while the former ‘themselves’ do not 
exhibit the same capacities as the latter’s probabilistic models due to existing in 
human-scale dimensionality, they nonetheless bear a trace of the high dimensional-
ity through the predicted If function. In the following, I investigate a yet more 
explicit case of such ‘traces’ to explicate its particularities further.

Morse Things

Wakkary and colleagues follow the material speculation methodology in 
designing their ‘Morse Things’ as “counterfactual artefacts [which] occupy a 
creative space at the boundary between actual and possible worlds” (Wakkary et 
al., 2015:100). Specifically, the Morse Things do not announce their interactions to 
people, but rather are designed to communicate amongst themselves when 
awake, only sonically emitting Morse code (i.e., short and long beeps) into their 
surroundings (Wakkary et al., 2017:505ff). Sets of three were distributed among 
households by the researchers, and after living with the artefacts for six weeks, a 
workshop was held in which participants shared stories and constructed scenari-
os for future technologies. Wakkary and colleagues thereby sought to probe how 
thing-centered design methodologies can elucidate design spaces for living with 
things that are not entirely reducible to expected human utility. 

Similar to Pierce’s project above, an initial post-phenomenological approach 
would center on the Morse Things as a background relation. Their activities form 
a backdrop to the domestic experience, shaping the dweller’s perceptions of the 
home, which becomes layered with technological activities and opaque beeping. 
However, as found in Wakkary and colleagues’ empirical study, the Morse Things 
were also attributed an ‘agential status’ that is closer to an alterity relation (i.e. 
seeing them as quasi-Others). As one participant describes, they were “trying to 
grab the bowls while they are `tweeting' [to hopefully] tell them apart eventually” 
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(ibid.:509). Another recalls how, after a period of living with the Morse Things, 
they were content to “let them be themselves” (ibid.:510). Morse Things, 
therefore, generally withdrew into the background while simultaneously retain-
ing their agential status for participants. This tension constitutes the “gap 
between things and us” (ibid.:506) that Wakkary and colleagues find to be fruitful 
as a design space for ambiguity and refection. Looking more closely at the 
technical side of the Morse Things allows for a further appreciation how this gap 
is mediated through the temporal-ontological interference of the embedded AI 
technology.

In a subsequent refection on the project, Oogjes and colleagues outline further 
details on how the project made use of AI technology to promote a “thing-
centered logic”98 of the Morse Things (cf. Oogjes et al., 2020:2152). Specifically, a 
reinforcement learning neural network (RLNN) was used. This type of AI 
technology is engineered according to the principle that an “individual [learns] 
from direct interaction with its environment” (Lee, 2001:691). In practice, error 
functions such as backpropagation (see above, 1.1.) are used to expose a model to 
a large amount of input data, and letting it develop a program against some 
“performance measure to optimize” (Williams, 1992:233). In the case of the Morse 
Things, the latter is simply the maximum number of possible other Morse Things 
that one Thing can communicate with. Accordingly, each Thing infers an interac-
tion schedule for a predicted “timeslot” (Oogjes et al., 2020:2153) to initiate 
communication based on the prior success of its actions in the overall environ-
ment of other Morse Things’ activity. Using this information, the participant-
MorseThings relation can now be specified as an apparatic alterity relation:

Inhabitant [⇒] Morse Thing(Timeslot ↔ [RLNN ~ Morse Things/Home])

Apparatic Alterity Relation

The above schema again highlights the ‘texturing’ of an inhabitants’ directed-
ness ([⇒]) at a particular Morse Thing by a withdrawn apparatic constellation of 
components. However, it also introduces a novel dimension: as the individual 
alterity occupies focal experience in the here and now, it is embedded in multiple 
RLNNs’ ongoing (↔) prediction of future relations. This particular temporal aspect 
of the Morse Things can again be clarified via the proposed horizonal model 

98 See https://doenjaoogjes.com/portfolio/morse-things/, accessed 15/09/2020.
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(Figure 31).

Figure 31: Apparatic alterity relation for Wakkary and colleagues’ Morse Things. The 
converging/diverging predictions (⊕) of each individual Thing play out in an experience of a 

more-than-human-home.

Considering AI uncertainty in this scenario allows for a yet closer appreci-
ation. There is not a singular, detached prediction made by a master RLNN, but 
multiple entangled predictions of varying degrees of probability. Each Morse Thing 
‘learns’ to predict timeslots individually, with the assumption that learning will 
converge in a shared timeslot for all Morse Things. In other words, multiple 
timeslots are generated for a home that is differentially modeled As the target of 
communication If timeslots are predicted to converge—showing a kind of ‘thingly 
futuring’ which, through opaque beeps and tweets, characterizes and at the same 
time is irreducible to any one human-Thing interaction. The constant divergent 
attempts towards convergence affect the apparatic alterity relation (⊕): participants 
wonder when the Morse Thing(s) will act, based on what preconditions and to 
what ends. Accordingly, the RLNN operations’ texture not only the spatial 
appearance of a home but also its temporal constellation; for instance how the 
daily routines and perceptions are experienced while co-habiting with such 
entities in a more-than-human-home. This analysis, therefore, indicates for the first 
time an explicitly temporal-ontological interference of AI technologies via an 
actual artefact: it is not only the output of the RLNN which is experienced, but the 
inherent uncertainty of multiple possible paths (i.e., predicted timeslots) which 
make-up the ‘character’ of experiencing a particular artefact. In the final case 
study, this temporal-ontological dimension of AI-driven artefacts will show itself 
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yet more clearly.

Highwater Pants

In their speculative design project, Biggs and Desjardins design and deploy 
the artefact ‘Highwater Pants’—a pair of pants whose legs lengthen or shorten 
based on whether the wearer is in an area threatened by predicted sea-level rise in 
the future. The artefact was deployed in an empirical study with cyclists, as these 
have “sensorial, embodied and gradually accrued knowledge” (Biggs and 
Desjardins, 2020:9) about interacting with their environment, and specialist 
garments are part of the cycling culture. The Highwater Pants are equipped with 
a fabric microcontroller (i.e., a small-scale computer), which carries out a variety 
of operations. First, it controls actuation of the pant legs into an up or down state. 
Second, it houses a GPS module which retrieves the current geographical location 
of the wearer. Third, it compares the location to a dataset of coordinates, which 
have been curated by the researchers for the empirical study site. Within the 
coordinates, sea-levels are predicted to rise in following decades.99 Specifically, 
the predictions are based on Kopp’s use of Gaussian process regression (GPR), a 
type of AI technology that in this case “models sea level [rise] as a spatio-tempor-
al field” (Kopp, 2013:3982) integrating and correlating multiple sites. Differently 
put, GPR generates predictions (e.g., sea level rise) for specific parameters (e.g., 
GPS coordinates) while correlating predictions into a general model for all input 
data (cf. Rasmussen and Williams, 2003:7ff). 

Initially, the above description resurfaces similar issues I have highlighted 
above with regards to smart cameras and BCIs. Viewed through AI uncertainty, 
future sea-level rises are projected into the present in ways that may lead to (i) 
predictions of one site ‘leaking’ onto, or (ii) an erroneous GPS location being 
‘included’ into, the site currently experienced by a participant. However, the 
researchers’ empirical findings also suggest a further nuance: participants actively 
probed where predictions lost their hold on the present. In their experience, 
participants noted how the Highwater Pants would be “oscillating between up 
and down at geofence boundaries, creating a kind of anticipatory sensation in a 
liminal zone” (Biggs and Desjardins, 2020:8). Drawing from the preceding 
analyses, an apparatic embodiment relation with the Highwater Pants can be 

99 In their paper, Biggs and Desjardins draw the data from the National Oceanic and 
Atmospheric Admistration; but the provenance of the AI technology is as stated (cf. Sweet 
and Park, 2014:585).
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schematized. The microcontroller unit plays a pivotal role here, as it links predic-
tions (GPR) to position (GPS) to the state of the Highwater Pants:

(I - HighwaterPants(↔ Microcontroller[GPR ~ GPS]) - Bike)[World]

Apparatic Embodiment Relation

This complex apparatic embodiment relation shows how the probable post-
sea-level-rise world ([GPR ~ GPS]) becomes experienced against the backdrop of 
one’s own bodily-perceptual relations with the environment ([World]). Indeed, 
Biggs and Desjardins’ empirical findings reflect how the participant’s perception 
of their environment is textured by likely future states of the same environment. 
For instance, one participant muses on how “it’d be a totally different experience 
living here without [the waterfront parks]” (ibid.:8) after the Highwater Pants 
indicated their probable eventual disappearance by pulling up its legs. From such 
findings, Biggs and Desjardins argue that their artefact makes such futures 
tangible as they “bend time” (ibid.:8), becoming an intermediary “oracle, or 
translator, speaking for/from an ecology-to-be” (ibid.:10). However, this ecology-
to-be is not a static ‘image’ of the future. Rather, the GPR prediction becomes an 
implication of perception and action in that future—mediating what is as what will 
have been. Diagramming this apparatic embodiment relation shows how the 
various intentionalities at play bring about this experience (Figure 32).

Figure 32: Apparatic embodiment relation with the Highwater Pants, mediating the world as a 
present unity of what is as a futural unity of what will have been.
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Highly delimited GPS readings are fed to the microcontroller and then on to 
the GPR model. The latter effectively functions as a constellation of possible 
futures (As) to the highly minute present of the former—and in this correlation, a 
particular prediction triggers the microcontroller to raise/lower the pant leg if the 
present what is does not match the future what-will-have been (If). The mediated 
present as a particular ‘temporal unity’ (Heidegger), therefore, is constituted as an 
intermediary zone of experience between the delimitation of GPS readings and 
constellation of GPR predictions. And it is this intermediary zone mediated by the 
Highwater Pants which provokes intimately subjective questions of participants, 
revolving around whether my present is the one leading up to the realization of 
this current prediction. Finally, the fundamentally uncertain relation of this 
prediction to all other feasible predictions generated by the GPR AI technology 
has a direct effect on how participants imagine constellations of their present and 
future—and their own capacity in acting in this specific, technologically delimited 
time. 

The Highwater Pants project, therefore, has highly explicit implications for 
how AI technologies interfere in the temporal-ontological dimension of experi-
ence: a delimited present is ‘synced’ via artefacts to the particular constellations of 
probabilistic models that draw predictions from data. Again, uncertainty serves as 
a useful interpretive guide to characterize the particular artefact’s role: it is doing, 
in Verbeek’s sense of the word, the ‘syncing’ to a fundamentally uncertain predic-
tion; as the latter is always both probabilistic (model) and informatic (data). In 
this syncing, the artefact therefore incorporates traces of the same uncertainty. In 
closing this section, I therefore argue that artefacts which are in apparatic arrange-
ments with AI technologies exhibit certain qualities that are unlike the ‘thingly 
interpretations’ generally considered in post-phenomenology.

2.2. Conclusion: Thingly Uncertainty as a Manifestation of the As–If 
Structure

In this section, I have conducted analyses on how AI technologies have been 
approached in design research as a first probe into how the manifestation of novel 
technical capacities can be interpreted post-phenomenologically. In the presented 
analyses, I have noted conceptual shorthands (normative adaptivity, generative 
inclusivity, and thingly futurings) in an attempt to characterize phenomena 
mediated by AI technologies. Having drawn these shorthands from analyses of 
design research projects, they all are attempts to express the complex poly-
intentionality of apparatic relations: Humans relate to the world with and via 
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artefacts, yet this relation is itself textured by AI technologies in a way irreducible 
to one specific artefact—whether due to pre-learned features, heterogeneous data 
sources, or constantly adapting predictions. However, by using the lens of AI 
uncertainty, a more general commonality can be found. Indeed, what these 
shorthands, and the analyses from which they originate, share is the notion of an 
inevitable ‘cascade’ of uncertainty100 that extends from AI technologies to arte-
facts. At this point, I therefore argue that a more general heuristic for the particu-
lar characteristic of AI-driven artefacts can be defined as follows:

Thingly uncertainty is the ‘artefactual consequence’ of the As–If structure of 

AI technologies: in delimiting experience through a predicted function (If) 

from a constellation of possible functions in a probabilistic model (As), an 

artefact bears traces of both basic informatic uncertainty as well as the 

model uncertainty of divergences between likewise probable functions.

Through thingly uncertainty, the adaptive internal ‘envelope’ (Floridi) of an 
AI technology can here be seen to directly affect how an artefact may manifest. 
Accordingly, this novel quality of technological artefacts differs markedly from 
Ihde’s material hermeneutics of thingly interpretation (cf. Chapter 1, 1.3.). Rather 
than pre-scribed interpretations of the world which are embodied by artefacts, the 
latter can now be uncertain about the world precisely in the informatic sense of 
higher degrees of freedom—to adapt to and act on a ‘datafied’ world along a 
continuum of probable functions (Figure 33). Thingly uncertainty therefore 
captures how the capacities of AI technologies interfere in the ‘temporal 
order’ (Krämer) of intentional experience in ways entirely different than the pre-
scripted, linear computations of SAI technologies—and indeed, quasi-linguistic 
‘thingly interpretations.’

100 Again, uncertainty in this regard is not a negative attribute, but simply part-and-
parcel of the use of probabilistic techniques in AI technologies (cf. 1.2.).
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Figure 33: In delimiting experience in human-technology-world relations through a predicted 
function (If) from a constellation of possible functions in probabilistic models (As), an artefact 
bears traces of both basic informatic uncertainty as well as a model’s divergences between 

possible functions. 

I argue that the concept of thingly uncertainty, like the As-If structure it has 
been derived from, can sharpen post-phenomenological studies of AI technolo-
gies significantly. With regards to definitive critiques of or ‘solutions’ to technical 
opacity (Introduction, 1.1.), thingly uncertainty supersedes any notion of ‘correct-
ness’ with regards to the explicit, semantic-symbolic or agential appearance of an 
artefact (e.g., interface, device, robot). On the contrary, thingly uncertainty 
expresses how such appearances are always in co-dependence with the probable 
functions an approximated model can predict. Accordingly, this definition allows 
for an interpretation of technical opacity not as something to be technically solved 
or definitively damned, but rather a fundamental attribute of such technologies 
that needs to be accounted for. In this sense, thingly uncertainty also enables 
analyses of socio-technical consequences (Introduction, 1.2.) to abstract from the 
“unreasonable effectiveness” (Halevy et al., 2009:9) with which given outputs 
appear. Specifically, by seeing thingly uncertainty as the byproduct of apparatic 
constellations of specific components, such investigations can more comprehens-
ively reflect on the impacts an AI technology does, may or should not have—for 
instance, regarding the ethico-political decision-making involved in ‘constraining’ 
or ‘expanding’ thingly uncertainty for particular ends (e.g., content moderation, 
financial devices).

With regards to my search for appropriate interpretive tools, thingly uncer-
tainty is a first foothold for interpreting how contemporary AI technologies shape 
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technological mediation in highly specific and qualitatively distinct ways. 
Accordingly, I suggest it as a term in post-phenomenological AI studies to express 
how technological artefacts retain a trace of the probabilistic As-If structure of AI 
technologies. At the same time, as also indicated in the conceptual diagram above, 
thingly uncertainty only provides a definition for what is qualitatively distinct 
about the artefactual manifestation of an AI technologies’ poly-intentionality. 
Therefore, in the following summary, I will argue that further investigation is 
needed to ascertain how precisely this can framed within a post-phenomenologic-
al framework that must also interrogate the co-constitution of subjectivity and 
objectivity—how humans appear to the world and the world to them.

3. Summary: Interpreting Technological Intentionality in Post-

Phenomenological AI Studies

In this section, I have first given an overview of the technical capacities of 
contemporary AI technologies; highlighting how their probabilistic models 
advance over prior information technologies by generating, rather than merely 
modifying, a program (i.e., a predicted function) in correspondence to an inferred 
probabilistic model—itself shaped by data, parameters, and the particular type of 
AI technology involved. Accordingly, I have suggested that the poly-intentional-
ity of such technologies is equally qualitatively distinct, because rather than a 
linear If–Then structure, the bounding up of data As a particular model can 
execute one of a series of functions If that particular ‘path’ can be seen as best 
suited. Additionally, I have furthermore noted that ‘best’ in this context needs to 
be seen non-anthropocentrically as uncertainty, referring both to the basic entropic 
nature of information as well as a model’s statistical uncertainty between different 
‘paths.’ However, I have also noted that the conceptual shorthand of As–If could 
potentially obfuscate how technical specificities actually relate to mediated 
experience. 

Therefore, I next investigated how this poly-intentional structure unfolds 
from the design and deployment of actual AI-driven artefacts in design research 
projects, interpreting these as philosophy-in-practice with potentially latent 
propositions on this issue. Finding that the latter align a presently delimited 
experience with particular constellations (e.g., a range of predicted functions), I 
have proposed that technological artefacts, when in an apparatic arrangement 



244

with AI technologies, exhibit a particular thingly uncertainty. The latter is a 
qualitatively distinct attribute from the general ‘thingly interpretations’ con-
sidered in post-phenomenology, because rather than the pre-scripted embodiment 
of particular interpretations, artefacts with thingly uncertainty embody a range of 
possible functions. In response to the methodological challenges posed by informa-
tion technologies, I argue that the concept of thingly uncertainty is a substantial 
opening for post-phenomenological AI studies to investigate its “fieldless field 
site” (cf. Rella, 2021:39)—how the always-already withdrawn poly-intentionality 
of AI technologies actually manifests.

However, while I argue that the concepts developed in this chapter advance 
post-phenomenological AI studies, the analyses presented have so far either (i) 
neglected the crucial ‘pivot’ of human-technology-world relations to focus on 
technical details, or (ii) focussed on secondary research which had to be re-
interpreted for my line of argumentation. Reflecting on this, I argue that this 
dissertation has therefore not yet met the criteria for proposing an actionable 
framework. Specifically, post-phenomenological AI studies will have to be able to 
articulate in what way phenomena actually manifest in relation to thingly uncer-
tainty, and deal with questions such as: How are practices and perceptions 
shaped on a bodily-perceptual level by AI technologies? What distinct effects do 
AI technologies have on how humans are present to the world (i.e., as 
subjectivity) and the world to them (i.e., as objectivity)? Differently put, while this 
chapter’s pursuit of post-phenomenological AI studies focussed on interpreting 
phenomenotechnical structures, care must be taken to avoid falling into known 
traps such as the ‘transparency fallacy’ or ‘enchanted determinism’ (cf. Introduc-
tion, 1.).

Falling into either trap would be particularly damning for my proposal of 
post-phenomenological AI studies, since it would mean considering AI technolo-
gies as an overly pre-determined object of inquiry. Concerning the transparency 
fallacy such a pre-determination would contrast present artefacts with ‘correct’ 
technical capacities, boiling down the intricacies of technologically mediated 
human-world relations to purely technical conditions. Likewise, following an 
enchanted determinism could lead to undue and vague attributions of autonomy 
to “AI,” ignoring the decidedly material stratum of information technologies. In 
both cases, the basic premise of the interpretive tools I have laid out thus far 
would also no longer hold—since following the foundational horizonal interpret-
ation of technological mediation, the point of tools such as apparatic relations or 
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thingly uncertainty lies in analytic integration rather than presupposed dicho-
tomy. Accordingly, I argue that in order to circumvent such pitfalls, a prudent 
next step lies in identifying actionable research trajectories through proof-of-
concept analyses in real-world contexts. In the following chapter, I therefore once 
more deploy design research as philosophy-in-practice to advance my proposal of 
post-phenomenological AI studies through empirically substantiated investiga-
tions.
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Chapter 7. Outlining Post-Phenomenological AI Studies through 

Philosophy-in-Practice

In this chapter, I present two design research projects that use the concept of 
thingly uncertainty as an impulse to put the developed apparatic relations and 
poly-intentionality into practice. Expanding on my initial use of design research 
as philosophy-in-practice to provoke desiderata for post-phenomenological AI 
studies (Chapter 2), I now utilize this approach to refine and articulate potential 
lines of inquiry for post-phenomenological AI studies. Importantly, through 
proof-of-concept analyses in actual contexts, this approach allows for substantiat-
ing the proposals thus far through empirical research. My argument for this step 
is that whereas the previous chapter has provided significant conceptual findings 
(i.e., the As–If structure manifesting as thingly uncertainty), these have been 
derived by interpreting technical advances, theoretical readings and secondary 
research. While I argue that the latter route was called for to systematically and 
reflectively ground post-phenomenological AI studies, at this point my disserta-
tion has provided a broad toolkit of ‘hermeneutic edifices’ that can be put to the 
test. 

In this chapter, and different to the earlier approach, philosophy-in-practice is 
here pursued for a more generative than explorative purpose: to derive actionable 
research trajectories from empirical findings on how human-world relations are 
shaped by AI technologies. Based on this understanding, this chapter concen-
trates on two design research projects that build directly on the notion of thingly 
uncertainty. The latter can be seen as my primary concept for the role of AI 
technologies at the crucial ‘pivot’ (Waldenfels) of intentional experience thus far. 
Therefore, it provides a suitable opening for verifying, refining and substantiating 
the more foundational concepts of apparatic relations and poly-intentionality in 
practice.

The first project (1.) is a philosophically-informed co-design workshop within 
a larger research project that concerns a particular goal: developing a data 
visualization for people with divergent expertises at a large natural history 
research institution. In this context, the co-design workshop is situated within the 
FAccT and XAI computer science research fields I outlined in the introduction 
(Introduction, 1.). However, owing to the post-phenomenological foundation 
developed in this dissertation, it also transcends the foci of these fields in out-
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lining how AI technologies both interfere with and are appropriated in sense-making 
practices. The findings on the latter imply a fundamentally epistemological line of 
inquiry for post-phenomenological AI studies, which aligns with as well as has 
the potential to advance current approaches in the field to, for example, the 
mediating role of scientific instruments. 

The second project is a more speculative, yet also more direct application of 
my findings thus far as philosophy-in-practice. In a Research-through-Design 
(RtD) project, I develop an AI-driven web application, in order to study more 
intimately how thingly uncertainty may translate into an actual praxis (2.). 
Specifically, I experiment with a particular type of AI technology, Generative 
Adversarial Networks (GANs, see further below), to enable a photography 
practice fully leveraging thingly uncertainty. By way of first-person research and 
a limited field study with collaborators, this project investigates what it is like to be 
and act in a world that is increasingly saturated by AI technologies. To this end, the 
findings in this RtD project imply a more existentially focussed line of inquiry for 
post-phenomenological AI studies—relating to questions on decision-making in 
self-formation, and the ways in which AI technologies configure the intuitive 
appearance of the world and the kind of practices and perceptions one takes in a 
given ‘attuned understanding’ (Heidegger). 

As will be shown, the analyses of these projects imply two lines of inquiry—
epistemological and existential—that post-phenomenological AI studies can 
proceed on subsequently. To that end, the presented design research projects are 
proofs-of-concept which supply general research trajectories within which 
particular cases can be placed. Therefore, this chapter is the key preparation for 
the subsequent and final research chapter of this dissertation, grounding post-
phenomenological AI studies in order to formalize the effects on subjectivity and 
objectivity by AI technologies in dedicated human-AI relations.

1. “Here it's not so sure:” Contextual Sense-Making of and with AI 

Technologies101

101 Parts of this section are published in Benjamin et al., 2019; and Benjamin et al., 2022. 
See these publications for more exhaustive detail on related work, methodological 
rationale and project-specific findings.
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The design research project I present in this section is part of IKON,102 a 
publicly funded research project in collaboration with a large natural history 
research institution. The latter has more than 600 employees with varying 
expertises, including a large research staff across various domains of natural 
history (e.g., geology, palaeontology, evolutionary biology) as well as administrat-
ive roles. Due to historically grown silos that insulate individual researchers and 
general staff from the goings-on of the institution, the goal of this project was to 
support knowledge exchange between these groups concerning research projects 
as well as knowledge-transfer activities (e.g., citizen science projects) by way of a 
data-driven visualization. In the following, I provide a brief background on the 
overall project in order to contextualize the subsequent deployment of the co-
design workshop. In the remainder of this section which I will center on the latter, 
and particularly the use of a workshop artefact representing the model uncer-
tainty of the developed visualization system. 

More than halfway into this three-year research project, we—a group of 
researchers at the Human-Centered Computing (HCC) group103—found 
ourselves at an unexpected impasse. Up to this point, we had followed a typical 
human-centered design methodology concerning socio-technical systems: we 
planned and hosted data modeling workshops with institution stakeholders, 
conducted contextual inquiries, designed paper prototypes for potential visualiz-
ations and held semi-structured interviews with institution employees. Based 
especially on my analysis of the latter, we concluded that a visualization system 
based on AI technology was called for (cf. Benjamin et al., 2019:8). Specifically, we 
hypothesized that visualizing data based on thematic similarity would help 
stakeholders to identify potential areas of overlap between research activities. In 
this manner, we aimed for our visualization to provide the various institution 
stakeholders, such as researchers, administrative staff, or visiting students, with a 
novel and inspiring perspective on their context; spurring collaboration and 
knowledge exchange concerning the topics and objects of their work.

However, when we presented first prototypes of our new ML-driven visualiz-
ation system, we found that institution stakeholders struggled to make sense of it. 
The issue, however, was not that stakeholders could not interpret it ‘correctly’ in a 

102 https://fub-hcc.github.io/IKON/, accessed 23/11/2021.
103 https://www.mi.fu-berlin.de/en/inf/groups/hcc/index.html, accessed 

23/11/2021.
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technical sense. Instead, we found that interpretations, on the one hand, tended to 
perpetuate particular notions about the institutional context (e.g., departmental 
hierarchies) and, on the other hand, took the visualization to show how things 
‘really’ are rather than as a proposal on possible opportunities for collaboration 
and knowledge exchange. In this context, and informed by my development of 
the notion of thingly uncertainty, we turned to design research methods to 
understand how AI technologies are and could be integrated in contextual sense-
making practices.

1.1. Software Design and Methodological Approach

From the semi-structured interviews I had conducted and analyzed, the HCC 
team and myself concluded that using AI technologies was promising to develop 
a visualization system—however, we were soon confronted with the paradoxical 
issue of ‘technical opacity.’ On the one hand, from presenting first prototypes we 
learned that stakeholders struggled to interpret what it was they were seeing. On 
the other hand, however, explaining the output of the ‘pipeline’ was not a 
straightforward task, as it could lend the veneer of ‘objective correctness’ to our 
data visualization. With regards to such phenomena as over-accepting technical 
outputs (cf. Springer et al., 2017; Kaur et al., 2020), it was clear that caution was 
needed when designing our visualization. Broadly, we needed to enable stake-
holders to interpret the latter in a reflective manner, yet without obfuscating 
actual or misleading potential areas of overlapping interests. This balance proved 
a continuous issue with regards to engineering, design as well as evaluation on 
our end. In the following, I first detail the system design of our ‘Projektor’ 
visualization (hereafter Projektor), before outlining our rationale for the sub-
sequent co-design workshop.

From an engineering perspective, the pipeline104 for the Projektor visualization 
is assembled as follows (see Figure 34), and in many ways resembles a typical 
Natural Language Processing (NLP) application. In the preprocessing stage, 
structured datasets of research projects are first ‘cleaned’ from specific words (e.g. 
“and,” “the,” “a,” etc.) and then fed into a document embedding component. The 
latter assesses statistically the ‘indexicality’ of the remaining words (cf. Jones, 

104 Accessible in an open source repository: https://github.com/FUB-HCC/IKON-
backend, accessed 24/09/2021.
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1972:13ff) occurring in the respective research abstracts—i.e., how representative a 
given word is for a particular text. With this computed, the results are fed to the 
topic extraction component, which uses the Latent Semantic Analysis (LSA) 
algorithm for deriving an “implicit higher-order (or latent) structure” (Deerwester 
et al., 1990:4) between research abstract’s representative words. Differently put, 
after a group of words was statistically identified to represent a given research 
abstract in document embedding, topic extraction generates a statistical structure 
among all the research projects thus represented. 

Figure 34: A simplified component diagram of the Projektor visualization pipeline. Research 
project abstracts are preprocessed, and then statistically analyzed for latent topics. For visualiza-
tion, the extracted topic dimensionality is reduced to generate a scatterplot. Diamonds represent 

manual engineering decisions.

Importantly, this step introduces the ‘curse of dimensionality’ (see Chapter 6, 
1.2.) into the Projektor pipeline, because topic extraction creates a “high-dimen-
sional representation” (ibid.:5) of its input—i.e., an n-dimensional space for n 
topics. At the same time, this is a deliberate engineering choice, as the amount of 
likely topics has to be set manually. As a heuristic, together with expert stakehold-
ers from the institution we derived this number from the classification of research 
subject areas105 by the federal German research funding agency (Deutsche 
Forschungsgemeinschaft), since it would be likely that research projects at a 
German institution would largely align with this classification. At the same time, 
because the LSA technique treats documents statistically, the Projektor pipeline 
would not assign research projects to discrete categories within this classification 
but rather compute a latent ‘thematic similarity’ of research projects due to their 
statistical affinity with particular ‘topics.’ It is exactly this latent similarity that we 
hoped would spur institution stakeholders to explore potential overlaps in 
research activities.

105 https://www.dfg.de/en/dfg_profile/statutory_bodies/review_boards/
subject_areas/index.jsp, accessed 26/11/2021.
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However, given the introduced ‘curse of dimensionality,’ visualizing the 

result of topic extraction required the application of yet another AI technology,106 
for which we chose the t-Distributed Stochastic Neighbor Embedding (t-SNE) 
algorithm. The latter is widely used for dimensionality reduction in order to 
produce output that can be visualized in two or three dimensions (cf. Ayesha et 
al., 2020). The t-SNE technique was specifically developed by van der Maaten and 
Hinton to infer ”the local structure of the high-dimensional data […], while also 
revealing global structure” (van der Maaten and Hinton, 2008:5980). One of the 
main challenges in achieving this balance in the form of a “low-dimensional map” 
(ibid.:5980) is that in high-dimensional spaces, points (i.e., representing input 
data) may be very close when reduced to two dimensions when in the original, 
often thousand-fold dimensional space they could be far apart. To overcome this 
challenge, t-SNE computes the distances between all points in the original space 
(in our case, the output from topic extraction) and then generates the most 
probable distribution of points in a chosen dimension (in our case, two-dimen-
sional) according to a parameter termed “perplexity” (ibid.:5982). Roughly, the 
perplexity parameter can be described as ”a guess about the number of close 
neighbors each point has” (Wattenberg et al., 2016), and is set manually. From the 
t-SNE component, a scatterplot graph can be generated (as shown on the right in 
Figure 34).

At this point, the pipeline for the Projektor visualization can be interpreted 
post-phenomenologically following the poly-intentional As–If structure I have 
proposed. Using the LSA technique, the research projects of the institution are 
modeled in a high-dimensional space of probable topics (As). Subsequently, the 
latter is visualized by the t-SNE technique through a predicted function (If) that 
produces a ‘low-dimensional mapping’ with the least uncertainty. Accordingly, 
this structure of poly-intentionality shows that the Projektor visualization will 
evidence the quality of thingly uncertainty in at least two interrelated ways. It will 
do so technically regarding the initial model and the reduction of its ‘high-dimen-
sional claim’—meaning that any low-dimensional output for our visualization 

106 Before visualizing the generated structure, we had also integrated a document 
classification component, which could be used to separate topics into discrete clusters of 
statistically similar texts. This step involves the well-known k-means algorithm, which 
separates a particular ‘embedding space’ (i.e., the structured groupings of documents 
following topic extraction) into k clusters (cf. Harigan and Wong, 1979). However, based on 
results from the co-design workshop (see next section and Benjamin et al., 2021), we 
removed this component for the final prototype.  



253

will inevitably bear the traces of this reduction. However, thingly uncertainty also 
places this technical uncertainty into an epistemological line of questioning for us 
as researchers, concerning how the interpretation of this thingly uncertainty will 
actually play out for stakeholders in their context of use. Thingly uncertainty, 
then, presents an opening for further interrogating how the  informatic uncer-
tainty of poly-intentional structures manifests in intentional reasoning practices.

  
From a technical perspective, the t-SNE dimensionality reduction technique 

introduces considerable ‘model’ uncertainty: the ‘low-dimensional map’ that 
would become the Projektor output is a probabilistic approximation rather than a 
single solution. To support stakeholder interpretations of the latter, we decided to 
develop explanations, i.e., algorithmic techniques that extract and represent data 
from the Projektor pipeline. Since we assumed that a supplementary visualization 
of model uncertainty could possibly assist stakeholders in seeing the Projektor 
visualization as a suggestion for exploring similarities between research projects, 
we created a bespoke explanation to this end. Specifically, we created an ‘uncer-
tainty-landscape’ (Figure 35) which visualizes the probability that a point (i.e., a 
research project) representing its high-dimensional origin correctly (cf. Kinkeldey 
et al., 2019). Differently put, if a point is located on a white ‘peak’ in the topo-
graphy, it is likely well-represented regarding the overall distribution of the 
‘topic’ space; and inversely if located in a dark ‘valley.’

Figure 35: Developed uncertainty explanation for the Projektor visualization. The scatterplot 
output of the AI technology pipeline is linearized into a grid, and a shaded topography indicates 
the probability that the location of a respective point resembles its position in the original ‘topic 

space.’

However, and as a more epistemological concern, how both the Projektor 
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output and its explanations would be integrated in stakeholders’ sense-making of 
the visualization were unknown to us. To recall, the Projektor visualization was 
intended to offer stakeholders an alternative perspective on research activities at 
their institution. Inevitably, it could therefore not be treated as a wholly new 
artefact in the sense of a product or speculative design proposal, but would rather 
be introduced in a highly specific context. This combination of technical and 
contextual uncertainty led us to pursue a co-design workshop, a staple method in 
human-computer interaction (HCI) design research. In a notable recent example, 
Holten Møller and colleagues employed co-design methods with multidisciplin-
ary stakeholders to disclose and problematize values in the design of a civic job 
placement scheme which uses AI technologies (cf. Holten Møller et al., 2020). And 
indeed, it has been argued that these kinds of participatory design methods are 
particularly suited to understand the actual coming together of AI technologies 
and contextual ways of sense-making (cf. Loi et al., 2019). 

What is co-designed in such workshops is therefore not necessarily a concrete 
technological product, but rather a contextually refined understanding of what 
the latter can be by soliciting the specific expertise of stakeholders (cf., Schuler 
and Namioka, 1993; Halskov and Hansen, 2015). In the context of the Projektor 
visualization, then, we deployed this method to understand how the technical 
and epistemological sides of thingly uncertainty manifested with regards to the 
local ontologies of institution stakeholders. In the next section, I briefly present 
our workshop and empirical findings, before considering the latter from the 
vantage point of post-phenomenological AI studies.

1.2. Empirical Findings from the Co-Design Workshop107

In the following, I briefly summarize the main findings from participant 
interactions with the bespoke workshop artefacts we designed (Figure 36). The 
latter were printed transparencies, each representing a possible explanation for 
the Projektor visualization, and could be overlayed onto a printout of the linear-
ized scatterplot. Thereby, we wanted to give workshop participants the opportun-
ity to select possible ‘lenses’ at will—within the context of solving a series of 
tasks. For the workshop, six participants were teamed up in groups of two, as we 
hoped that their interactions and conversations would allow us to analyze in 

107 Further project-specific findings from the co-design workshop are reported in 
Benjamin et al., 2022.
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which way their “professional vision” (Goodwin, 1994:606) would translate into 
interpreting the involvement of AI technologies in the Projektor prototype. This 
kind of objective is typical for design research in HCI, seeking to both figure out 
how (i) people’s sense-making practices are ‘encultured’ to a particular organiza-
tional context, and (ii) how technological artefacts reflect and affect this encultura-
tion (cf. Iivari, 2004:289ff).

Figure 36: Designed workshop artefacts in the form of printed transparencies that could be 
overlayed on top of a printout of the Projektor visualization. Each transparency represents 

one of the developed explanations: (A) the five ‘topwords’ most likely representing a 
research project; (B) potential ‘clusters’ of broad thematic similarity; (C) the five ’topwords’ 

for potential ‘clusters;’ and (D) the ‘uncertainty-landscape.’

We recruited participants from among the staff of the natural history research 
institution and selected six participants (two female, four male; self-reported). All 
of our participants fulfilled different roles at the institution (e.g., research, 
exhibition design, knowledge repository development and science communica-
tion). We conducted the workshop in a meeting room at the institution and  prior 
to the Covid-19 global pandemic. After a short orientation, we asked our parti-
cipants to work on the six tasks presented in a task book; a series of low-level, 
open-ended tasks. Each task introduced a new transparency use without prede-
termining valid solutions such as “Put the ‘project topwords’ transparency onto 
the printout and locate projects 52 and 46. What can you find out about the 
projects?.” At a later point, we provided the participants with a description of two 
research projects that were not represented in the printout. The task was to assign 
the projects to a location on the printout using any of the transparencies they 
deemed helpful (Figure 37). Accordingly, the tasks were designed not Regarding 
the results of the workshop, I will center on findings relating to the ‘uncertainty-
landscape’ as these show a potential focus for post-phenomenological AI studies.   
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Figure 37: Example interactions of participants with the workshop artefacts. Left: Participants 
using multiple explanations to locate a particular thematic focus on the printout. Right: 

Participants preparing to use explanations to add new projects to the printout.

We found that the uncertainty-landscape, though not the most used transpar-
ency to solve tasks overall, was applied by participants to interpret the printout in 
two ways distinct from all other explanations. Most importantly, we found that 
the uncertainty landscape led participants to attribute an algorithmic perspective 
(e.g.: “Here [the algorithm] is not so sure”). This was shown in participants' 
reasoning about the genesis of the visualization, such as how a specific research 
abstract’s “[word] occurrence may result [in the particular landscape].” Addition-
ally, participants reflected on the significance of the relationship between words 
and uncertainty, noting that a project may be classified as uncertain despite 
“matching [cluster and project] topwords.” When trying to add new projects to 
the printout in one task, participants attributed the effects of algorithmic charac-
teristics on data by way of the uncertainty-landscape even more explicitly. One 
participant, for instance, tied it explicitly to the question of “which [location] we 
would assign <emphasis> [the new projects] to.” Another participant observed 
uncertainty “trenches” where “the machine doesn't know where to go.” Such 
statements indicated, on the one hand, a readiness to take in the uncertainty 
landscape’s algorithmic perspective as a legitimate source for making sense of the 
presented printout—which stood in for the eventual Projektor visualization. On 
the other hand, this taking-in was mediated by the uncertainty-landscape to 
reflect that the Projektor is a technically produced suggestion for making sense of 
their own institutional context. The uncertainty-landscape, therefore, seemed to 
embed the ‘actual’ output (i.e., the scatterplot printout) as an object of reasoning 
with the particular technical uncertainty (i.e., the reduction of high-dimensional 
model to low-dimensional output).
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In this regard, a further use of the uncertainty-landscape by participants was 
to interpret other possible explanations. For instance, two groups reinterpreted the 
light regions of the topography (indicating a good representation) to be indicative 
of “exemplars,” meaning that the projects located in light regions were semantic-
ally “dominant” (e.g.: “This light project is significant for the [region], the rest 
follows”). Significantly, a group that had previously relied on the given organiza-
tional hierarchy exclusively for interpreting what they saw, supplemented their 
sense-making subsequent to this reinterpretation; and uncertainty-as-exemplars 
became a key lens. Interestingly, when combined with the uncertainty-landscape, 
another explanation that showed topically similar groups (see “B” in Figure 36) 
became a way to reflect more directly on contextual hierarchies. One participant, 
for example, stated that the uncertainty landscape seemed to “correspond to the 
cluster regions,” which previously had been interpreted as representing the 
institution’s four research departments. Similarly, another noted that the areas 
between the red and blue clusters were “always uncertain.” This indicates that the 
uncertainty-landscape offered opportunities for stakeholders to search for new 
hierarchies and potential similarities among research projects in relation to their 
organizational context. While other explanations were predominantly interpreted 
in a utilitarian manner, the uncertainty-landscape allowed participants to expand 
their basis for sense-making.

Within the context of the co-design workshop, we approached these findings 
explicitly concerned with the sense-making practices of institution stakeholders 
as contextual modes of reasoning. This was motivated from research surrounding 
AI technology explanations. Specifically, we drew on Miller’s work, who argues 
for the field to embrace insights from the social sciences rather than relying on, for 
instance, formal, mathematical assessments of ‘interpretability’—which is 
generally the modus operandi of the technical field of XAI (cf. Introduction, 1.1.). In 
a review, Miller suggests to instead study explanations as instances of abductive 
reasoning, generally understood as a cognitive process in which people “[derive] a 
hypothesis to explain observed phenomenon (abduction)” (Miller, 2017:13). 
However, besides this proposal, neither HCI design research nor the technical 
field offered an exhaustive lens to consider abductive reasoning while at the same 
time reflecting the transformative impact of technological artefacts—i.e., includ-
ing technological mediation as a condition for assessing cognitive processes. In 
the following, I show how we attempted such an assessment, and how this carries 
implications for post-phenomenological AI studies.
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1.3. Anticipating the Epistemic Effects of AI Technologies

To more deeply consider the relationship of contextual sense-making and 
technological mediation in this case, I drew on the work of philosopher of 
technology Hubig. Similar to Miller, Hubig argues that human sense-making with 
and via technologies occurs predominantly in the mode of abductive reasoning, 
even if scientific practices claim to follow deductive or inductive reasoning styles 
(Hubig, 2015:193ff). Drawing from a pragmatic Heideggerian interpretation, 
Hubig posits that this is due to a specific kind of technological mediation, which 
he sees in the dual role of technological artefacts as a material medium and conceptu-
al model (ibid.:204); constituting traces from which reasoning approaches will have 
to be abducted. Specifically, I centered on his conceptualization of the abduction 
of explanation strategies (“Abduktive Schlüsse auf die beste Erklärungsstrategie,” 
ibid.:213). These concern statements informed by prior reasoning strategies for 
explaining, anticipating and acting ‘technically’ (cf. ibid.:207). Put in terms of my 
horizonal interpretation of technological mediation, explanation strategies can be 
seen as a specific local technē (i.e., as ‘knowing’ in Heidegger’s sense) that corres-
ponds to particular local affordant ontologies.

The developed hermeneutic tool are clarifying in this regard. Based on the 
empirical findings summarized above, a future stakeholder-Projektor relation can 
be anticipated in form of an apparatic hermeneutic relation as follows:

Stakeholder [⇒] (Projektor - (tSNE ~ [LSA ~ Organization]) )

Apparatic Hermeneutic Relation (Projektor)

This schema explicates two poly-intentional layers, texturing intentional 
experience of the Projektor visualization ([⇒]). In the first case, the LSA models (~) 
the data representing the organization as a distribution of latent topics. As 
elaborated earlier, however, a second model is required to turn the latter into the 
visualization in intentional experience. To this end, the tSNE component’s low-
dimensional map introduces a further layer that we have explored in our co-
design workshop—represented via the uncertainty-landscape. Within the context 
of the Projektor design, the ‘algorithmic perspective’ attributed by stakeholders 
can now be more precisely located as being constituted by the interplay of the 
tSNE and LSA models. In terms of the horizonal interpretation of technological 
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mediation, the uncertainty-landscape mediates how the Projektor is delimited as 
an object for reasoning practices from a constellation of statistical topics. 

Accordingly, the anticipated stakeholder-Projektor relation can therefore be yet 
more specified. Given the opportunity to visualize the thingly uncertainty 
inherent to the Projektor visualization, this relation sees the ‘encultured’ explana-
tion strategies (e.g., organizational hierarchy) as well as ‘objective’ appearance of 
the Projektor integrated into a plausible, alternative representation of the institu-
tion’s research activities. Specifically, we the uncertainty-landscape introduces a 
supplementary layer of mediation for reflecting on the plausibility of the visualiza-
tion as an alternative way of representing the institutional context. Accordingly, 
the horizonal model here allows for an ‘explosion’ of the temporal-ontological 
‘embedding’ of the Projektor interface in the poly-intentional interplay of our 
visualization pipeline (Figure 38).

Figure 38: Anticipated technological mediation in stakeholder-Projektor relations. The dominant 
contextual explanation strategies as well as ‘objective’ appearance of the Projektor are mediated 

via the supplementary layer of the uncertainty visualization to introduce opportunities for 
reflection.

Within the context of the IKON project, this anticipation significantly in-
formed our design of the Projektor visualization interface (Figure 39). At the heart 
of the design, the visualization of research projects is presented as a colored 
scatterplot, where colors map to explicit topics (shown as filters on the right), and 
is structured by the uncertainty-landscape in the background. In fact, the uncer-
tainty-landscape was the only explanation strategy we implemented in the final 
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prototype due to its support of reflective interpretation by stakeholders. In line 
with my argument for the productive opening that thingly uncertainty provides, 
the proposed interpretive tools as well as their applicability in practice success-
fully explicated what particular explanations actually support stakeholders in 
interpreting the Projektor prototype. Corresponding to the highly contextual 
sense-making practices, we surrounded the scatterplot visualization of research 
projects with a ring of secondary activities (e.g., citizen science involvement) and 
specific institutional infrastructures (e.g., laboratories) that were used in projects. 
In this way, we sought to further support interpretations of the visualization as a 
potential source for unsuspected areas of overlap and possible exchange.

Figure 39: The final prototype for the Projektor visualization following the insights gained from 
analyzing the co-design workshop.

In the context of this dissertation, there are further programmatic implications 
for post-phenomenological AI studies that can be drawn from this applied project. 
Hubig’s thinking clearly shares similar premises as post-phenomenology, and 
specifically the notion of explanation strategies resembles what Rosenberger has 
referred to as “hermeneutic strategies” (Rosenberger, 2013:79). With the latter, 
Rosenberger proposes a post-phenomenological framing for the epistemic effects 
that technological mediation may have on, for example, scientific debates. At the 
same time, both Hubig’s concept as well as Rosenberger’s hermeneutic strategies 
rely on visible traces, or technological artefacts, respectively. From this perspect-
ive, seeing our stakeholders’ attributions of an algorithmic perspective as an 



261

explanation strategy that was mediated by the uncertainty-landscape is particularly 
noteworthy—since it relates to a particular technical component (i.e., the t-SNE 
dimensionality reduction) that is, strictly speaking, not related to the ‘inner-
worldly’ contextual concerns of institutional research activities at all. In closing 
this section, I therefore argue that these findings indicate an epistemological line of 
inquiry in which post-phenomenological AI studies investigate the complexities 
of how the ‘objects’ of reason are co-constituted from both within AI technologies’ 
poly-intentionality as well as by particular contextual hermeneutic strategies.

1.4. Conclusion: Epistemic Effects of AI Technologies as a Research Traject-
ory

In this section, I have shown that the developed hermeneutic tools may 
enable post-phenomenological AI studies to analyze and anticipate the epistemic 
effects of AI technologies. Drawing from empirical findings gathered in a co-
design workshop, this was evidenced in the way that AI technology output was 
adapted and transformed in context-specific sense-making practices by stakehold-
ers. In a case-specific sense, the studied Projektor visualization system can be 
considered as an “epistemology engine” (Ihde, 2016:135) from a post-phenomeno-
logical view. Admittedly, the Projektor is not of the same historical magnitude as 
the camera obscura, which Ihde identifies with seeding early modern ‘rational’ 
epistemology (ibid.:136ff). However, within the confines of context-specific 
affordant ontologies (see also Chapter 3, 3.1.), I argue that AI technologies can 
potentially be framed in this light as delimiting ‘objects’ of reasoning (i.e., meas-
urements, artefacts, devices, interfaces) within particular probabilistic constella-
tions, and that this brings about particular epistemic effects through relations with 
the thingly uncertainty of AI-driven artefacts. And, importantly, via thingly 
uncertainty such interpretations can be directly linked to poly-intentional struc-
tures. 

This point is important: the interrelationship of thingly uncertainty and poly-
intentionality allows for a pragmatic engagement of such commonplace artefacts 
as software architectures, component diagrams or code documentation for 
anticipating the epistemic effects of AI technologies. In our case, the development 
of our data visualization pipeline supplied the initial ground for anticipating 
challenges due to the As–If structure introducing significant thingly uncertainty. 
Within other contexts, this approach equally provides a low-level entry point for 
philosophical or designerly  engagement. Accordingly, while the preceding 
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analysis does not yet conclusively define specific human-AI relations, it nonethe-
less suggests an epistemological line of inquiry for post-phenomenological AI 
studies.

Particularly regarding scientific instruments, technological mediation in 
epistemic practices has been extensively investigated in post-phenomenological 
work, for example in Ihde’s advancing of material hermeneutics (cf. Ihde, 1991). 
For instance, Boer’s interrogation of the relationship of neuroscientific imaging 
and scientific practice leads him to conclude that scientific instruments embody 
a ”phenomenotechnical structure [which shapes the] intentional relation between 
scientists and the reality they investigate” (Boer, 2019:131). Therefore, the analysis 
of the Projektor visualization advances post-phenomenological AI studies signific-
antly. On the one hand, it aligns the latter more closely with the domains of 
general post-phenomenological inquiries, thereby substantiating my efforts to not 
radically depart from the general framework. On the other hand, the finding that 
interpretation is shaped specifically by poly-intentional structures via thingly 
uncertainty in a way not yet considered in the status quo furthermore suggests 
that AI technologies require special consideration. Therefore, in the subsequent 
chapter, I will pursue the here disclosed epistemological line of inquiry for post-
phenomenological AI studies. First, however, I will showcase a further design 
research project in the following, which in contrast investigates the deeply 
intimate, existential area of self-formation and AI technologies.

2. The Entoptic Field Camera: Self-World Formations with Thingly 

Uncertainty108

The Research-through-Design (RtD) project Entoptic Field Camera engages the 
concept of thingly uncertainty in a yet more direct manner, as it was used as the 
founding design principle for building an actual technological artefact. Both 
through my own making experience, as well as a field study conducted together 
with a group of collaborators, the created artefact allows me to more precisely 
investigate the relationship between AI technologies and co-constituted subjectiv-
ity and objectivity. This project draws inspiration first from Bogost’s article on 
Californian wildfire images (cf. Introduction), whose aberrations in color drew 

108 Parts of this section are published in Benjamin, 2021b and Benjamin, 2022.
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attention to the subtle effects of AI technologies in everyday photography. 
Second, I also draw from Reynolds’ description of entoptics in his science fiction, 
which are machine-generated and neurally induced holograms used for personal 
adornment.109 Reynolds’ entoptics here serve as a design impulse for developing 
an actual artefact that makes the former subtlety an explicit feature, and therefore 
can be studied regarding implications of such subtleties for subjectivity and 
objectivity in post-phenomenological AI studies. The latter aspect is crucial, 
because as I have noted, neither apparatic relations nor the proposed thingly 
uncertainty in themselves exhaust post-phenomenological analyses regarding 
implications for human perception, action, and responsibilities. 

In the following, I first provide a background on AI technologies and compu-
tational photography, before detailing design rationales concerning the use of 
entoptics as a principal metaphor for further exploring the concept of thingly 
uncertainty in a practical manner. Then, I outline the methodology employed in 
the Entoptic Field Camera project, before analyzing my own first-person research 
and the reported experiences of collaborators during a field study.110 From this, I 
draw implications for an existential line of inquiry post-phenomenological AI 
studies that centers on the technological mediation of self-formation, decision-
making, and self-world relations as ‘attuned understanding’ (Heidegger).

2.1. AI Technologies, Photography, and Entoptic Phenomena

In the technical fields, the prowess of AI technologies is frequently demon-
strated using tasks from image recognition, discerning semantic content—even if 
the tasks that AI technologies are designed for are unrelated to imaging per se. The 
technology company OpenAI, for instance, showcases NLP advances by generat-
ing images from text prompts;111 and researchers at Google AI visualize features 
to indicate the goings on in a neural network (see e.g. Mordvintsev at al., 2015; 
Olah et al., 2018). Differently put, despite the informatic ‘indifference’ (Kittler) of 
AI technologies to particular output media, images remain a convincing argu-
ment. On a more general level, however, imaging itself is undergoing a change 
effected by AI technologies. More overtly, augmented reality filters in social 

109 Cf. “entoptics”, http://www.alastairreynolds.com/rs-universe/rs-glossary/, 
accessed 05/08/2021.

110 The study received approval from the BMS Ethics Committee. See Appendix A for 
the Informed Consent Form shared with participants.

111 https://openai.com/blog/image-gpt/, accessed 16/11/2021.
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media apps such as SnapChat (see e.g. Cao et al., 2018) rely on trained AI techno-
logies for facial recognition and geometric projection. Practically, this affords 
users with a kind of imaging (e.g., live ad hoc CGI effects) heretofore inaccessible. 
Yet below the threshold of conscious intent, such as choosing a filter to achieve a 
particular image output accordingly, AI technologies also operate at a more 
fundamental level of imaging. Periodically, this comes to the surface in Flusserian 
‘particle invasions,’ as in the discussed example of images of Californian wildfire 
skies. Such extreme cases evidence a modus operandi—smartphone cameras are 
now AI-enabled, overcoming the physical limits of their small-sized photo lenses 
by relying on trained models. 

Indeed, Chen notes how nearly all contemporary smartphones employ 
“computational photography, which automatically processes images to look more 
professional” (Chen, 2020); meaning introducing AI technologies which can, for 
instance, simulate a (D)SLR camera’s bokeh, handle low-light situations, or zoom 
beyond the material capacities of steel and glass. A way to think about this is in 
terms of compression. Digital image sensors such as CMOS or CCD compress light 
frequencies passing through steel and glass to the 255x255x255 matrix of the 
digital RGB color-space. While the sensor-size determines how many pixels are 
encoded in this matrix, the dimensionality of the matrix itself (i.e., 255^3) is 
unchanged. With the influx of AI technologies into this compression process, 
however, the dimensionality of imaging is no longer a static property. On the 
contrary, imaging with AI technologies can rely on a model based on a theoretic-
ally infinite amount of RGB matrices (i.e., (255^3)^n) inferred from training data. 
While the input (taken image) and the output (displayed image) conform to a 
particular 255^3 compression, in between an additional imaging process occurs 
that can correlate and integrate the features of manifold 255^3 compressions. 

The specific AI technology that most implementations are based on is the 
Generative-Adversarial Network (GAN) architecture proposed by Goodfellow and 
colleagues in 2014. This powerful and indeed controversial112 AI technology is 
based on a simple premise: two neural networks competing with each other. A 
‘generator’ network is given an input (e.g., an image, text, etc.), and attempts to 
synthesize it according to learned patterns (e.g., adjusting colors, removing 
chromatic aberrations or compression artefacts). The result is then fed to a 

112 GANs are highly prominent in current conversations around so-called deepfakes, 
fully synthetic yet photorealistic images that are easily employed for misinformation, see 
for example Mirsky and Wenke, 2021.
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‘discriminator’ network, which statistically decides whether the generator’s 
output and the original input can be distinguished, and until this is not the case, 
the generative model starts a next iteration of synthesis (Figure 40). Goodfellow 
and colleagues illustrate this concept evocatively by suggesting that “the generat-
ive model can be thought of as analogous to a team of counterfeiters, trying to 
produce fake currency and use it without detection, while the discriminative 
model is analogous to the police, trying to detect the counterfeit currency” 
(Goodfellow et al., 2014:1).

Figure 40: Left: Both discriminator (green) and generator (blue) map to the distribution of a 
dataset (dotted black). Over many iterations, the generator maps to the discriminator’s expected 

distribution. Adapted from Goodfellow et al., 2014:4. Right: An example of real-time image 
“enhancement” using GANs, taken from Chen et al., 2018; face blurring applied by me.

In the context of computational photography, the capacity to generate outputs 
based on learned features can be used to construct wholly synthetic images that 
resemble an input, but also a wider range of more subtle corrections such as color 
grading, removing chromatic aberrations or applying filters. In Chen and col-
leagues’ paper, the authors propose a GAN method for real-time image enhance-
ment to overcome the poor material quality of smartphone cameras’ “small 
sensors and compact lenses” (Chen et al., 2018:6306). To achieve this, Chen and 
colleagues train their GAN network on a dataset of “5,000 images, each of which 
was retouched by five well-trained photographers using global and local adjust-
ments” (ibid.:6308). Crudely put, Chen and colleagues’ generator and discriminat-
or network develop probabilistic models for what an image ought to look like. 
Indeed, the results see a higher vibrance of color, sharper contrasts and even 
simulated high-dynamic range appearance (Figure 40). The use of AI technologies 
in computational photography, then, are what Rieder calls an “interested reading 
of reality” (Rieder, 2017:103), with the “photorealism” of electromechanical 
cameras abstracted to an always-already “empirical, ‘datafied’ reality” (ibid.:103).
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It is in this context that I situate the metaphor of entoptic photography as a 
prompt for design research. The term entoptic phenomena (Greek for “within 
vision”) has actual real-world significance beyond Reynolds’ science-fiction 
mentioned above. First, entoptic phenomena as used in the medical sense refer to 
experiential phenomena induced solely from the structural makeup of the eye 
and date back to the mid-19th century as a concept. They are defined in Oxford’s 
Concise Medical Dictionary as “visual sensations caused by changes within the eye 
itself, rather than by the normal light stimulation process,” noting that the 
“commonest are tiny floating spots (floaters) that most people can see 
occasionally, especially when gazing at a brightly illuminated background (such 
as a blue sky)” (cf. Concise Medical Dictionary). 

The second, later use of entoptic phenomena is in the cultural-anthropological 
sense as introduced by Lewis-Williams and Dowson. Expanding the medical 
focus on the eye, the authors redefine entoptic phenomena as “visual sensations 
derived from the structure of the optic system anywhere from the eyeball to the 
cortex” (Lewis-Williams and Dowson, 1988:202). Lewis-Williams and Dowson 
argue that early human cultures deliberately induced altered states of conscious-
ness (e.g. in shamanic rituals) to experience entoptic phenomena; “scrutinizing 
[the latter] in the hope of seeing specific forms” (ibid.:214). An important differ-
ence from the medical interpretation is the latter part: the authors propose that 
humans sought to experience such phenomena in order to create geometric (e.g. a 
representation of the entoptic phenomena themselves) or iconic imagery (e.g. 
entoptic zig-zags becoming the structural feature of a painted arrangement of 
goats). Similar to Haidle’s cognitive archaeology (cf. Chapter 4, 1.1.), therefore, 
seeking entoptic phenomena in the cultural-anthropological sense is a kind of 
technique for semantic-symbolic cultural imaging and imagining. 

Entoptic phenomena, for my purposes, therefore function as a designerly 
impulse for a speculative ‘photographic technique’ which explores the probabil-
istic interplay of data-processing (the “cornea”) and feature-inference (the 
“cortex”) in AI technologies. Similar to the interplay between eye and brain 
giving rise to entoptic phenomena in visual perception, the interplay between 
input data and inferred model leads to ‘entoptic phenomena’ in technological 
mediation. This interpretation therefore aligns with the concept of thingly uncer-
tainty as defined above: insofar as computational photography relies on learned 
features, some of the latter will invariably ‘leak’ into mediated perception simply 
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due to the uncertainty that is part-and-parcel of AI technologies (cf. Chapter 6, 
1.2.). Whereas this kind of ‘glitch’ could be treated as an error from an engineer-
ing perspective, I argue that it can here serve as an impulse for designerly making 
as philosophy-in-practice. In the following, I show how I used the entoptic 
metaphor to design for thingly uncertainty.

2.2. Designing for Thingly Uncertainty using the Entoptics Metaphor

This RtD project imagines an everyday imaging apparatus powered by AI 
technologies (the Entoptic Field Camera) that is built on feature leakage not as an 
annoying bug, but rather a desirable design feature. In this project, I investigate 
through first-person design practice as well as a limited field study how such an 
artefact shapes perception and praxis—from the assumption that something like 
the Entoptic Field Camera is simply a given, everyday artefact. The project is layed 
out over two stages. First, through first-person research common to RtD in the 
domain of human-computer interaction (cf. Lucero et al., 2019:286ff), I built a web 
application that allows for ‘entoptic photography.’ In experimenting with AI 
technologies to be used in the prototype, I show first insights on the kind of 
questions posed by a potential praxis of entoptic photography, and—more 
importantly—the kind of subjectivity taking shape in this praxis. Second, in a 
field study with collaborators from the field of design research, these findings are 
supplemented, diversified and reflected upon from a “second-person” perspect-
ive with “mediators [which are] eccentric to the lived experience [but have] been 
there to some degree” (Varela and Shear, 1999:8). Differently put, while the 
majority of my analysis is auto-ethnographic, my personal practice of entoptic 
photography is then put into context with the help of collaborator’s experiences. 
In the following, I detail the design and prototyping steps, before subsequently 
conducting analyses of the auto-ethnographic and collaborative phases.

The designerly goal for this project was to build a kind of imaging apparatus 
for entoptic photography. So as to enable an actual praxis, the apparatus would 
have to bear some resemblance to traditional modes of photography—because in 
contrast to the current popularity of AI-driven art113 usually viewed passively, the 
sought after Entoptic Field Camera (EFC) should be mobile and responsive both in 
terms of interaction as well as output. So whereas other approaches to using AI 
technologies in artistic or designerly imaging praxis can rely on computationally 
and time intensive solutions to await outputs, the EFC was envisioned to require 

113 See e.g. https://twitter.com/images_ai, accessed 16/11/2021.
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a certain amount of speed so as to support photographer’s relations to their 
environment; allowing for situated reflection and interpretation. For this reason, 
the prototype was built as a web application in order to use the RunwayML 
platform114 as the source for output from AI technologies. RunwayML serves as a 
‘hub’ for creative projects with AI technologies, allowing users to select among 
various types of models and host them as application programming interface 
(API) endpoints. The API allows authenticated users to send input (e.g., an image 
file) to such a hosted model, and receive corresponding output. 

For the EFC, and again drawing from traditional modes of photography, I 
selected two AI technologies that could be treated as ‘automatic’ and ‘manual’ 
modes of entoptic photography. For the automatic mode, I sought a GAN tech-
nique that, rather than ‘correcting’ an image in terms of chromatic aberrations or 
overexposure, would generate an entirely new image based on the current input. 
After testing various potential AI technologies on offer from the RunwayML 
platform with regards to processing speed and output diversity, I chose the 
BigBiGAN technique which has been trained on a dataset containing “hundreds 
of object categories and millions of images” (Russakovsky et al., 2015:211; see also 
Donahue et al., 2016); such as animals, vehicles, landscapes, faces, etc. modeling 
this benchmark-size dataset allows BigBiGAN, as the authors suggest, to be used 
for “image representation learning” (Donahue and Simonyan, 2019:9)—meaning 
it can theoretically represent any input image through an image synthesized from 
learned features.

As the second, manual mode for the EFC, I chose to add a technique that 
could be seen as a more advanced function of the prototype. From the perspective 
of prototyping for a potential entoptic photography praxis, the assumption here is 
that a certain proficiency will require such a mode. Accordingly, I chose a so-
called inpainting technique, which is an application of AI technology that builds 
on GAN techniques to fill in masked (i.e., hidden from the GAN) sections of an 
input image by drawing from learned features and the available pixel 
information. Specifically, after testing various available technologies, I chose the 
HiFill technique which is intended to generate “visually realistic and semantically 
coherent content to fill the hole regions” (Yi et al., 2020:2) of an input image. To 
achieve this, the inpainting model learns to conduct a “dynamic feature selection” 
(ibid.:8) for each input. Through trial and error as well as field testing various 

114 https://runwayml.com/, accessed 16/11/2021.
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prototypes, a software architecture for the EFC emerged from considering these 
two modes, shown below (Figure 41).

Figure 41: Architecture of the Entoptic Field Camera prototype. There are three components: the 
prototype interface (bottom left), smartphone camera interface (top middle) and RunwayML 

platform (right). Each diamond represents a user interaction.

Practically, the prototype is built with HTML, CSS and custom JavaScript 
functions.115 The visual design of the EFC (Figure 42) is meant to evoke known 
affordances of camera apparatuses, such as selector switches, viewfinders or 
technical notation on the lens mount.116 The interaction with this prototype is as 
follows. A user triggering the red button calls up their respective camera interface, 
and takes an image. When choosing to “Use [this] Photo,” the image is encoded 
and sent to the RunwayML API. The input is processed by the AI technology 
assigned to the automatic (BigBiGAN) or manual (HiFill) mode, respectively. 
Finally, the output is fed back into the web prototype, where users may choose to 
save the image manually; as no images or user data are saved automatically either 
by the prototype or the RunwayML platform. This interaction flow was derived 
from multiple prototype versions, both during programming and when testing in 
everyday settings where entoptic photography may be conducted. In sum, the 
EFC prototype is designed to enable users to take a picture of their surroundings 
and receive a sometimes vaguely representative, sometimes oddly faithful, 

115 See https://github.com/racc1/racc1.github.io for source code, accessed 
16/11/2021.

116  In case of the ‘lens mount,’ a subtle hint at the difference to preceding photography 
was integrated, with the ‘decal’ for focal length not showing a fixed number (e.g., 1:2.8f) 
but rather “1  :∑  (∞)  f”. This was intended to show that the lens (“1:”) of an entoptic 
photography apparatus does not only draw from its physical lens, but rather an infinite 
amount (“∞”) of images compressed (“∑ “) for each particular input.
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sometimes bizarrely otherwordly ‘reality autocorrect.’ 

Figure 42:  Example interaction. Left: Selecting the red button triggers the user agent 
camera interface. The toggle switch at the bottom allows users to select between Automatic 

(BigBiGAN) and Manual (HiFill) mode. Middle: Image taken with the user agent camera. 
Selecting “Use Photo” sends this image as an input to the RunwayML API. Right: Gener-

ated output image, displayed in the green square on the left.

Similarly to the Projektor visualization in the previous section, it is already 
possible at this stage to characterize the poly-intentionality of the involved AI 
technologies from the developed ‘pipeline.’ Both the automatic and manual 
modes of the EFC rely on particular models of the world in learned features (As), 
which output a generated image according to a predicted function (If) which 
synthesizes features in the best way. To recall, ‘best’ here means that the respect-
ive technique’s generator has ‘smuggled’ a synthetic image past its discriminator. 
Accordingly, through this structure, the EFC evidences thingly uncertainty 
because the delimited output image is entirely dependent on (i) the constellation of 
features embedded in the automatic and manual models, as well as (ii) the actual 
input image—which, to recall, is also fundamentally uncertain as it is composed 
of informatic bits. However, and again similar to the Projektor visualization, while 
this interpretation grounds the following analysis, it does not in itself disclose 
what doing entoptic field photography is like. As I will show in the following, it is 
exactly the analysis of the praxis that the EFC shapes which will suggest an 
existential line of inquiry for post-phenomenological AI studies.

2.3. Apparatic Relations and the Entoptic Field Camera

The following analyses were informed by the finding that, during the trial-
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and-error process of finding suitable and indeed workable AI technologies, I 
noticed a particular desire on my part. Namely, a desire to design an artefact with 
AI technologies for altering and possibly enriching experience. This kind of desire 
is indicative of a first analytic treatment of what human-EFC relations are. 
Especially in the context of his apparatus theorization, Flusser reflects extensively 
on desire, noting that the “apparatus does as the photographer desires, but the 
photographer can only desire what the apparatus can do” (Flusser, 2011:20). What 
the EFC can do, of course, is to produce a technical image in exactly Flusser’s 
sense: an ‘improbable’ form rendered from particles. At the same time, the ‘range’ 
of particles that the EFC’s program architecture can draw from is arguably of a 
different category than Flusser’s camera apparatus. On the one hand, the particles 
of the input image are already-programmed due to the use of AI technologies in 
smartphone technology. On the other hand, the use of GAN techniques in the EFC 
program architecture itself (see Figure 41 above) means that there are unknown 
multitudes of particles which will have already been modeled as particular features 
and made ready for image synthesis.

In terms of this multi-layered sourcing of particles, what exactly do the 
images of the EFC “show for” (ibid.:48)? In a way, the EFC is designed for a 
certain “intoxication of creative play” (ibid.:171), and as the “envisioner” (ibid.:77) 
of the EFC, I was both aiming for and had a role in programming exactly this 
desire. To keep with Flusser’s argument, as an envisioner I sought “to build an 
apparatus that speeds up chance events and to prescribe (program) it to stop 
when the desired coincidence has occurred” (ibid.:73). Two specific experiences in 
prototyping the two modes of the EFC are illuminating in this regard (see Figure 
43). As I noted in my journal, first I found that in the Automatic mode, “I search 
for the aspects of images that provoke either good attempts at matching the input, 
or that completely transform what comes in.” And, when prototyping the Manual 
mode, I found that “I seem to either look to suture (stitch together) things or to 
erase/camouflage things, either way I’m purposely looking at things and their 
constellations.” 
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Figure 43: Example outputs of the Entoptic Field Camera made by me during the prototyping 
phase. The two images on the left are examples from the “Automatic” mode; the other from the 

“Manual mode.” 

In these ways of perceiving the world through prototyping and using the 
EFC, I became aware of a particularly future-oriented desire. As I learned that the 
EFC can alter and reproduce my surroundings in unexpected ways, my experi-
ence can be described as looking forward to what I will have to interpret. This 
persistent searching was reflected in further notes, for example that “I desire to 
see what I will have to ‘catch up to’.” Particularly telling in this regard was my 
attempt at ‘entoptic selfies’ (Figure 44), with which I experimented extensively. 
However, even when EFC images were not directly of myself, they are nonethe-
less deeply transformative of my subjective world-orientation. In terms of Aydin’s 
philosophical-anthropological treatment of self-formation, the EFC mediated a 
desire for interfering with my self’s “extimate structures” (Aydin, 2021:208); i.e., 
the technologically mediated configuration of boundaries between my-self and the 
world. In this sense, I desired for the EFC images to will have been an unexpected 
way the world is given against which I could form a subjective position—put 
differently, to give me new ‘boundaries’ for my self-determination in the world. 

Figure 44: An example of an ‘entoptic selfie.’ Original input image on the left, returned output 
image on the right.

In terms of the field study, the desire that the EFC mediates was inevitably 
different for my collaborators. Since collaborators were not directly involved in 
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the creation of the EFC prototype, their role as entoptic field photographers can be 
better described as an ability “to instruct (program) the apparatus as to the 
desired form and to stop (control) it when this form has been produced” (Flusser, 
2011:73). My primary interest, therefore, was to investigate what forms of (i) 
practices and (ii) foci emerged for collaborators when interacting with the EFC; 
which I anticipated would allow me to more extensively reflect on the effects on 
self-hood I had experienced. Collaborators were chosen from prior co-authors and 
associates, all of which are design researchers of varying methodological orienta-
tion. Over a period of three weeks, they used the EFC prototype, documenting 
their experience as they saw fit. In a final discussion session, experiences were 
reported and discussed among collaborators. The findings below are based on my 
verbatim notes from this discussion.

In the discussion of myself and collaborators, it became clear that two kinds 
of entoptic photography practices had emerged in an uncoordinated way. Heidt, 
Merrill, Rukanskaitė and myself focussed on questions of representation (Figure 45, 
top row). As outlined above, I was experimenting with how the representation of 
the world in EFC images led me to desire unexpected self-world relations—for 
example, regarding an EFC image for an angel statue that seemed to eerily 
represent the literal ‘biblical’ description of a seraphim. For Heidt, the study 
coincided with travel abroad to a cosmopolitan city, a setting they pictured with 
the EFC as a “tool to explore post-human reality,” a way to look “at a different 
world, but never one I would like to live in” because the EFC outputs had an 
“apocalyptic” atmosphere. Merrill took pictures of scenarios that they would not 
ordinarily share, treating the EFC’s generated images “as a [cryptographic] hash” 
that would obfuscate intimate moments. Nonetheless, to Merrill a feeling of 
“intimacy” still remained, and a “fear of being interpretable” took shape concern-
ing the generally nondescript EFC outputs. Lastly, Rukanskaitė focussed on 
individual objects found around the household, “wanting to recognize” the 
original input in the output images. They noted that the EFC outputs felt like 
“pictures from the internet flowing back,” but in a way that forces one to “let go 
of expectations” due to the unpredictability of what would be flowing back.
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Figure 45: Left to right, top row: focus on issues of representation by myself, Heidt, Merrill and 
Rukanskaitė. Bottom row: documentary approach pursued by Berger, Biggs and Pierce.

The other entoptic photography practice can be grouped as following a 
documentary approach (Figure 45, bottom row). Berger, for instance, used the EFC 
while on a roadtrip, and reflected on images of this period which on the one hand 
“I could not have taken,” yet on the other still were “a mimicry of other amateur 
photographer’s pictures.” For Biggs, the field study coincided with moving home, 
leading them to experiment whether “GANs break a relationship to a space.” 
Biggs found that the “outputs are generic but have a dreaminess,” and saw 
themselves confronted with “pseudo-realities.” Lastly, Pierce supplemented a 
long-standing line of research into home surveillance artefacts during the field 
study, feeding surveillance images (e.g., of the street outside their house) to the 
EFC with the goal of “more images, less curation.” While to them, the quality of 
outputs rendered them unusable, they note that “it seems the [EFC] tries to 
picture things that are interesting to an assumed photographer.”

I see the practices and foci pursued by collaborators as an outcome of “acting 
and being acted on” (Flusser, 2011:129) by the EFC’s particular poly-intentional 
structure. On the one hand, the EFC is a technological artefact that has been 
designed and programmed by me for a specific function and with particular 
apparent affordances. Accordingly, reduced to the site of the interface, established 
notions such as embodied ‘scripts’ would seem adequate to analyze this as a 
hermeneutic relation. On the other hand, however, the EFC is not entirely pre-
scripted, as the embedded GAN techniques respond generatively to circum-
stances in a way that cannot be predicted—one has to ‘live through’ the output in 
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order to know what it will have been. From this finding, as well as the auto-ethno-
graphic and field study findings, an apparatic confronting relation (cf. Bergen and 
Verbeek, 2020; and Chapter 1, 2.3.) with the EFC can be schematized as follows:

I [⇒] (EFC → (GAN ~ [Features - Image]) ) → [self/World]

Apparatic Confronting Relation (Entoptic Field Camera)

This apparatic confronting relation is schematized to show how human-world 
relations become textured by the embedded GAN techniques in two respects. 
First, the intentional object of experience (i.e., the generated output image) 
invariably bears traces ([⇒]) of the poly-intentional constellation of learned data 
features and the input image. Second, however, in the actual practice of entoptic 
photography, both myself and collaborators experienced a similarly textured 
configuration of our self-world relations ([I/World]). The empirical findings here 
offer an important insight: even while AI technologies may be involved in the 
intentional experience of something-as-something, analyses following the 
proposed interpretive tools can further explicate more fundamental and subtle 
phenomena. Again, this interpretation can be ‘exploded’ using the horizonal 
model:

Figure 46: The anticipated interference of the EFC’s AI technologies in self-world relations 
becomes integrated (⊕) into an apparatic confronting relation.

The diagrammatic horizonal interpretation shows a yet more exhaustive 
picture of the mediation of self-world relations in this case. Both GAN techniques, 
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i.e. Automatic and Manual, draw from specific constellations of features that are 
already ‘in’ the world they are capable of representing. Precisely because the latter 
is a synthetic kind of representation, however, images made with the EFC integrate 
the informatic constellation of learned features with the intuitive constellation of 
the world—i.e., how the world appears as given in a Heideggerian ‘attuned 
understanding’. Differently put, how one knows the world to be in such-and-such 
a way is not replaced by an opaque mediation, but shaped as a potential source of 
reconfiguring my relationship to the world. Therefore, while the AI technologies 
are more ‘transparent’ than the camera interface itself, their anticipated interfer-
ence becomes integrated (⊕) into the temporal unity of self-world relations. 
Through the embedded GAN techniques, the world as it ‘has been’ inferred from 
training data ‘textures’ (Ihde) our relations via the two modes of entoptic photo-
graphy: In the case of the manual mode, ‘what’ is seen is more clearly delimited 
due to the original input image remaining present on the margins. In the case of 
the automatic mode, this ‘what’ is brought in closer alignment with the constella-
tion of learned features in the respective model—disclosing what may have been 
the world according to the EFC.117 In the following conclusion to this section, I 
therefore outline how the EFC project implies an existential line of inquiry for 
post-phenomenological AI studies.

2.4. Conclusion: Existential Effects of AI Technologies as a Research 
Trajectory

In this section, I have used a Research-through-Design project as philosophy-
in-practice to further specify the scope of post-phenomenological AI studies. 
Through prototyping and experimenting with the Entoptic Field Camera, I gained a 
first foothold on the existential questions surrounding AI technologies—such as 
how the generative capacities of thingly uncertainty allow me to orient my-self in 
unexpected confrontations with the world. Specifically, my own as well collabor-
ators’ experiences show how the “sheer receptivity” (Parisi, 2019:86) of AI 
technologies for input became a constitutive part in our self-world relations. To be 
sure, the latter were expressed to varying degrees in the documentary or repres-
entation-focussed approaches. However, I argue that the form of all approaches is 
fundamentally the same: one of being open to the “ontological surprises” (Leahu, 

117 As a sidenote, it is significant that collaborators as well as myself chose to almost 
exclusively use the automatic mode of the EFC. This reaffirms the notion of being open to 
the generative effects of AI technologies in this case, as in this mode, no trace of the 
original input image remains.
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2016:185) that AI technologies may bring about. Accordingly, and returning to the 
philosophical-anthropological approach of Aydin, my collaborators and I were 
‘closed open’ to the interference of AI technologies in self-world relations. 
However, it is not only that the artefact as an intentional object of experience 
mediated particular opportunities for boundary-making, but that the poly-
intentionality of the automatic and manual modes of EFC photography was 
experienced as explicitly boundary-giving. 

Differently put, only after having experienced how the respective models 
‘bound up’ input into output features did the intentional experience of EFC 
images allow for any kind of reflective self-formation. On the one hand, this 
finding further substantiates the direct correspondence of an artefact’s thingly 
uncertainty to AI technologies’ poly-intentional structure. On the other hand, 
there are also programmatic implications implied by this finding, which recall my 
original impulse for expanding the concept of horizonality in post-phenomeno-
logy. As Heidegger argues, the existential horizons of being-in-the-world are 
structured through practices for-the-sake-of oneself (see Chapter 3, 1.3.). The EFC 
project, therefore, indicates that AI technologies may shape the existential condi-
tions for technological mediated intentionality in a way that has heretofore not 
been accessible to post-phenomenology, because the latter generally removes 
temporal concerns as well as always-already withdrawn technologies from its 
scope of inquiry. Accordingly, existentially-oriented post-phenomenological AI 
studies can center on how AI technologies become involved in the “plasticity of 
experience” (Geniusas, 2012:236) of the self; for instance studying how the 
generative capacities of thingly uncertainty allow me to orient my-self in unex-
pected confrontations with the world—wondering what I may have been (doing) in 
possible probable futures.118

3. Summary: Two Initial Foci for Post-Phenomenological AI Studies

In this chapter, I showcased two design research projects informed by thingly 
uncertainty, one indicating a potential epistemological, the other an existential line 
of inquiry for post-phenomenological AI studies. In the co-design workshop 

118 While this may be interpreted as a rather positive reading of how selfhood is 
mediated by AI technologies that needs to be critically interrogated, I will refrain from 
opening up ethical questions until my conclusion because the ‘right’ (i.e., both technically 
robust as well as philosophically sound) questions still require substantial clarification.
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presented first, stakeholders from an actual use case were confronted with a data 
visualization of their socio-technical context, generated through a 'pipeline' 
including various AI technologies. From empirical findings showing how stake-
holders integrated and attributed a particular ‘algorithmic perspective’ in their 
contextual sense-making practices, I could anticipate an apparatic hermeneutic 
relation in this specific use case context. Consequently, I argued for an epistemolo-
gical line of inquiry for post-phenomenological AI studies. The latter may concern 
questions such as how the ‘objects’ of reason are simultaneously constituted from 
‘within’ non-given technological processes as well as embedded with particular 
contextual sense-making practices. In the case of the Entoptic Field Camera, the 
design of an actual artefact was guided from the start by the notion of thingly 
uncertainty, and both its development and use was interpreted by me in an auto-
ethnographical fashion as well as in a field study with collaborators. Based on the 
latter, I argued for a potential existential line of inquiry for post-phenomenological 
AI studies, concerning questions such as how the generative capacities of AI 
technologies may shape self-world relations in a way that is irreducible to 
intentional experience. 

Additionally, given the highly generative combination of analysis and 
practice, I argue that post-phenomenological AI studies promise to maintain the 
close affinity to design research as philosophy-in-practice found in the frame-
work’s status quo. The reflexivity fostered by this approach has not only substan-
tiated the utility of the proposed interpretive tools, but rather pointed towards 
research trajectories that post-phenomenological AI studies can pursue. With the 
latter now sketched out in terms of existential and epistemological foci, a series of 
questions can be addressed that represent a full programmatic agenda, such as: 
How do AI technologies shape reasoning practices? How can the influence of AI 
technologies on self-formation be interpreted? Accordingly, in the next chapter I 
formalize methodological guidance, define human-AI relations by way of 
comparative case studies, and discern a final umbrella concept, the titular machine 
horizons, for the proposed framework of post-phenomenological AI studies.
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Chapter 8. Machine Horizons: Co-Constitution in Human-AI Relations

In the preceding chapters, I proposed hermeneutic tools for post-phenomeno-
logical AI studies in the form of apparatic relations, the As-If structure of contem-
porary AI technologies’ poly-intentionality, and thingly uncertainty as the manifest-
ation of that structure in technological artefacts. Having developed and substanti-
ated the latter through historical case studies, technical details, and philosophy-
in-practice, the arc of analysis can—and in fact, must—once more follow Ver-
beek’s guiding formulation of mediation theory. Specifically, post-phenomenolo-
gical AI studies are only fully developed if they are able to account for what AI 
technologies do in “the ways in which we are present in our world and the world 
is present to us” (Verbeek, 2006:212). To this end, the question of the co-constitution 
of subjectivity and objectivity in light of the presented interpretive tools and 
theoretical concepts now needs to be more fully considered. Accordingly, this 
final research chapter clarifies the central issue of subjectivity and objectivity in 
post-phenomenological AI studies, definitively outlines specific human-AI 
relations and proposes a general conceptual objective for the proposed 
framework.

To address these final critical aspects with regards to my proposal for post-
phenomenological AI studies, I begin by discussing how the latter could generally 
approach the question of the co-constitution of subjectivity and objectivity (1.). 
Specifically, I draw from Asle Kiran’s differentiation of the latter into a “constitu-
tional double-act“ (Kiran, 2012:92) that takes shape between the actuality and 
potentiality of technological mediation. I then show how this framing aligns with 
my argument for an interpretive differentiation of technological mediation into 
spatial-phenomenal and temporal-ontological dimensions, and thereby suitably 
frames co-constitution for post-phenomenological AI studies. Specifically, I argue 
that post-phenomenological AI studies interpret how AI technologies shape co-
constitution in a ‘forwards-backwards’ manner in line with proposals by both 
Verbeek and Ihde (cf. Ihde, 2012; Verbeek, 2021). With this framing in place, I then 
deploy the developed hermeneutic tools of post-phenomenological AI studies in 
comparative analyses, guided by the epistemological and existential lines of 
inquiry I have opened up in the previous chapter. 

Following these trajectories, I contrast canonical post-phenomenological case 
studies that center on specific technological artefacts with analyses of contempor-
ary developments in related domains that employ AI technologies. Given that this 
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comparison highlights significant qualitative distinctions, this approach allows 
me to formalize two human-AI relations. First, I discuss how the use of AI techno-
logies in the imaging of a supermassive black hole evidences a qualitatively new 
stage of “instrumentally-mediated realism” (Ihde, 1998:154) that can be formal-
ized as co-extensive relations (2.1.). The latter allow for analyses of how AI techno-
logies shape what potential objects of reasoning will have been, and specifically, 
what they actually will have made knowable to a co-extensively shaped human 
intentionality. Second, I discuss the role of AI technologies with regards to the 
ongoing discourse on Foucauldian technologies of the self within post-phe-
nomenology (cf. Verbeek, 2008, 2011; Bergen and Verbeek, 2020). Investigating 
contemporary cases, I discern that AI technologies play a role in how an actual “I” 
is brought into relation with potential selves based on AI technologies in contexts 
as diverse as gene expression or social media user models (2.2.). Drawing from 
Sharon’s theory of “genetically responsible subjectivity” (Sharon, 2014:200), I 
formalize this finding into genetic relations, in which AI technologies are seen as 
constituting a subjective ‘genetic actuality’ based on a predicted ‘genetic potenti-
ality.’ 

In summarizing my findings, I note that the proposed formalizations on the 
one hand suggest an answer to one of the fundamental research questions of this 
dissertation—what human-AI relations are—by securing definitions for particular 
domains (2.3.); which show the potential for further definitions to be discerned in 
future work. On the other hand, however, I also suggest that the comparatively 
derived qualitative distinctions have much broader implications. Therefore, and 
finally, I argue that the proposed human-AI relations are part of a new mode of 
technological mediation altogether. Drawing from Löffler’s analysis of the 
emergence of “active informationalism” (Löffler, 2018:38) at the beginning of the 
twenty-first century, I frame AI technologies as part of a broader, currently 
unfolding shift in how humans know themselves and their world—a new kind of 
technē in Heidegger’s sense. In this context, I argue that AI technologies play a 
distinctive role. Due to their poly-intentional capacity to treat the unknown as 
known, AI technologies join the potentials of active informationalism into actual 
human-world relations. I argue that this brings about the titular machine horizons 
as the convergence of constellations of ‘a’ past and future with ‘the’ specifically delimited 
present (3.). With this final, high-level concept in place, I therefore close this final 
research chapter of the dissertation with a reflection on how post-phenomenolo-
gical AI studies has now been exhaustively outlined, and sketch lines of question-
ing that have been made possible for future work (4.).
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1. Subjectivity and Objectivity in Post-Phenomenological AI Studies

Similar to the initial theoretical expansion of technological mediation (cf. 
Chapter 4, 1.), my proposal for post-phenomenological AI studies hinges on its 
ability to follow as well as advance the lines of questioning post-phenomenology 
generally pursues. In this regard, the emphasis of this dissertation has so far been 
a slight ‘mutation’ of Verbeek’s argument on the style of post-phenomenological 
analyses going “forward to what [a technological artefact] actually does” (Verbeek, 
2006:29). My analyses have also gone forward, though from a different point of 
departure than Verbeek intends. Typically, post-phenomenological analyses 
project from a ‘fully formed’ artefact to a (real or anticipated) scenario of use, 
even though the latter may not directly concerned with the utility of a particular 
artefact in an ordinary sense. In the analyses I have thus far pursued, I have taken 
a step further backward, to consider the formation of an artefact’s intentionality 
from the poly-intentionality of information technologies; and specifically, AI 
technologies. While this style of analysis has yielded suitable hermeneutic tools in 
the form of apparatic relations, poly-intentional structures, and thingly uncer-
tainty, post-phenomenological AI studies must now continue ‘forward’ towards 
the co-constitution of subjectivity and objectivity so as to both (i) retain the scope
—and arguably, most generative aspect—of post-phenomenology, as well as (ii) 
ascertain whether there is something specific about co-constitution and AI 
technologies that may be further generalizable.

The co-constitution of subjectivity and objectivity in technological mediation 
is central to Verbeek’s elaboration of his mediation theory. To recall (see also 
Chapter 1, 1.4.), he bases this elaboration on the basic phenomenological correlat-
ory principle that “reality-in-itself is unknowable, for as soon as we experience or 
encounter it, it becomes reality-for-us: a world” (Verbeek, 2006:110). Accordingly, 
intentionality, the structures of experiencing a reality-for-us, is a prime focus for 
phenomenology—studying how in the “mutual relation of humans and world 
there arises […] a specific ‘objectivity’ of world and a specific ’subjectivity’ of 
human beings” (ibid.:112). Given that technological mediation is transformative 
of exactly this mutual human-world relation, Verbeek expands the world-directed 
technological intentionality towards a “technologically mediated intentionality” 
(ibid.:116); i.e. “the relations between human beings and world that are mediated 
by the technology” (ibid.:116). As a consequence, he further argues that “humans 
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and the world they experience are the products of technological mediation, and 
not just the poles between which the mediation plays out” (ibid.:130). In general, 
contemporary post-phenomenological investigations center on the various 
hermeneutical, epistemological, ethical, or existential questions implied by this 
formulation of mediation theory (cf. Chapter 2, 2. for an overview). 

However, it is as yet unclear whether this notion of co-constitution can be 
simply adopted in post-phenomenological AI studies. A key pointer lies in the 
quote of Verbeek’s stating that subjectivity and objectivity are products of techno-
logical mediation. In articulating the horizonal interpretation of technological 
mediation, I have argued that human-technology-world relations are the product 
of the mutual spatial-phenomenal and temporal-ontological interference that is 
technological mediation (see Chapter 4, 2.2.). Accordingly, while I have argued 
that this theoretical expansion does not mean that the co-constitution of subjectiv-
ity and objectivity in human-technology-world relations needs to be wholly 
rethought, it explicitly complicates the latter: the products, as it were, of co-
constitution have a more complex origin than can be traced to the intentionality of 
an apparent artefact. Indeed, as I have tried to show in subsequent chapters, the 
constitution of objectivity is already embedded in the heretofore unformalized 
poly-intentional structure of information technologies, which are irreducible to 
appearance. Therefore, just as the apparent objectivity in the here and now of 
experience is not exhaustive of phenomena mediated by AI technologies, it is 
unclear whether and how apparent subjectivity, as its mutual ‘correlate’ in co-
constitution, ought to be expanded for post-phenomenological AI studies.

From a critical perspective, post-phenomenological co-constitution has been 
addressed by Smith as a “materialist” (Smith, 2015:534) concept that depends on 
the correlations afforded by a specific artefact; ignoring e.g. political, socio-
economic or historical dimensions. In an attempt to integrate the latter, Smith 
accordingly proposes a “transcendental empiricism [in which] a relation between 
[empirical] ‘facts’ and their [transcendental] conditions […] must be persistently 
scrutinized and re-invigorated through critique” (ibid.:549). This critique recalls, 
firstly, Coeckelbergh’s argument that the “quasi-transcendental” (Coeckelbergh, 
2020:563) structure of technological mediation, which both pre- as well as config-
ures the movements of experience, has so far been under-appreciated in post-
phenomenology. Secondly, Zwier and colleagues’ Heideggerian critique can be 
seen to align with Smith as well, in that they argue that Ihde’s “content pragmat-
ism” (Zwier et al., 2016:319) blinds post-phenomenology to anything outside of 
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already-understood human-technology-world relations. 

However, while my proposal of a temporal-ontological dimension to some 
extent drew on and reaffirmed these critiques, the developed approach of 
interpreting this dimension suggests that co-constitution could be appropriately 
framed for post-phenomenological AI studies. Specifically, as I have outlined 
above (Chapter 4, 1.2.), I argue that the mutually constraining focus on technolo-
gical mediation as a commensuration of phenomenal experience and affordant 
ontologies in fact offers an opportunity for a pragmatic reconciliation of Ihdean 
empirical and Heideggerian ontological perspectives. In this light, my argument 
here draws on Kiran’s argument on “technological presence” (Kiran, 2012:78), 
which I have earlier referred to in the context of developing a post-phenomenolo-
gical notion of horizonality.

Indeed, Kiran approaches the question of co-constitution differently to the 
post-phenomenological canon, arguing that it can be interpreted as concerning 
how the aforementioned technological presence, rather than appearance, of 
technologies affects the co-constitution of subjectivity and objectivity. To recall, by 
technological presence Kiran refers to the “virtual action” (ibid.:78) that any 
technological artefact embodies—a way of making particular actions or percep-
tions possible that is not dependent on direct usage, but is rather informed by an 
“existential horizon” (ibid.:79) in which potential actions co-shape subjectivity. 
Kiran specifically foregrounds the issue of co-constitution in this regard, arguing 
that human subjectivity is co-constituted not just by the mediated present but 
also ”potential mediations” (ibid.:92). Therefore, for Kiran the co-constitution of 
subjectivity and objectivity must be seen as a “constitutional double-act“ (ibid.:92) 
of potentiality and actuality. In this respect, Kiran’s approach was earlier shown to 
substantiate my argument for a post-phenomenological horizon-problematic. 
Given that substantial interpretive tools are now in place, Kiran’s differentiation 
of co-constitution beyond apparent objectivity and subjectivity allows for an 
appropriate methodological understanding for post-phenomenological AI studies 
as follows:

Post-phenomenological AI studies study and anticipate the actuality of co-

constitution in human-AI relations from the potentiality of phenomeno-

technical conditions of particular apparatic relations. The actuality of 

experience can be studied regarding the interference of the poly-intentional-
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ity of a particular AI technology (e.g., probabilistic models, data, predic-

tions), whereas the potentiality of conditions can be constrained by analyz-

ing an artefact’s manifest thingly uncertainty. Because the latter links actual 

experience to its potential conditions, it constrains the latter pragmatically to 

the pertinent factors for analysis.

In this regard, the question of co-constitution has significant programmatic 
implications for post-phenomenological AI studies. Both apparatic and human-AI 
relations can be seen as  ‘interpretive poles’ for studying the relationship of co-
constitution and AI technologies in a reflexive and reflective ‘forward-backward’ 
manner (Figure 47), as has also recently argued for by Verbeek regarding emer-
ging technologies (Verbeek, 2021). 

Figure 47: Post-Phenomenological AI Studies as a recursive analytical style, going both 
“forwards” to the actual co-constitution of subjectivity and objectivity, and “backwards” to the 

conditions of potentiality for the former.

This programmatic outline finally shows how the proposed framework may 
answer, on the one hand, a series of critiques that myself and other commentators 
have made regarding the limitation of post-phenomenology to intentional 
experience. On the other hand, and crucially, the proposed approach to co-
constitution does not demote the latter. On the contrary, I position post-phe-
nomenological AI studies as uniting an Ihdean empirical and quasi-Heideggeri-
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an119 ontological perspective—but giving precedence to neither by pragmatically 
studying the mutual interference of both. In this regard, this programmatic outline 
also shows that a framework-specific concept of horizonality was a crucial 
precondition for post-phenomenological AI studies, because this kind of pro-
grammatic reconciliation presupposes a broader scope of inquiry than heretofore 
accessible. Now, with the foundational concepts of apparatic relations, poly-
intentionality and thingly uncertainty in place for such an inquiry, the question of 
co-constitution can be approached.

However, what this programmatic proposal means ‘on the ground’ regarding 
particular AI technologies specifically is yet to be substantiated. For example, how 
exactly can AI technologies be linked to a constituted subjectivity, when the latter 
apparently neither interacts with, nor is aware of, the indubitable present interfer-
ence by the former? This question, as has been repeatedly stressed, is indeed a 
principal issue for post-phenomenological AI studies; and can be seen to cover a 
wide area of AI technology implementations such as social media curation, 
targeted advertising, or predictive policing. A more comprehensive assessment is 
accordingly needed to substantiate that post-phenomenological AI studies may 
share and contribute insights in line with the most productive focus of post-
phenomenology: discerning how technologies shape notions of the self and 
others, and how this implies particular practices, opportunities, or obligations. To 
investigate this expansive area of research, in the following I draw upon the initial 
epistemological and existential research trajectories I have discerned in Chapter 7 
to outline principal human-AI relations which can guide such investigations.

2. Formalizing Human-AI Relations through Comparative Case 

Studies

I have opened this dissertation with the assertion that few AI studies, wheth-
er from an engineering, design, critical or philosophy perspective, ask what 
human-AI relations are before interrogating them. Given the philosophical-
anthropological route I took subsequently, this question could be answered with 
the commonplace refrain that as “AI” is a moving technological as well as 

119 I use the qualifying ‘quasi’ because the Heideggerian ontological elements I rely on 
are drawn from multiple (re-)interpretations by myself as well as, among others, Löffler, 
Flusser and Kiran.
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epistemological target, so are human-AI relations. In this vein, investigations 
would center predominantly on the representation (in e.g. scientific publications, 
government regulation, advertising, pop-culture) of both “human” and “AI.” 
However, this was at no point my objective in outlining post-phenomenological 
AI studies. Indeed, the restriction of post-phenomenological inquiries to the level 
of appearance of spatially-situated artefacts is the primary shortcoming which 
provided the impulse for this dissertation. Accordingly, I argue that a post-
phenomenological take on human-AI relations requires a more comprehensive 
understanding.

Above, I have articulated that post-phenomenological AI studies approach 
the co-constitution of subjectivity and objectivity as actuality and potentiality 
distributed across spatial-phenomenal and temporal-ontological dimensions. 
However, this programmatic sketch does not yet show what exactly it is that AI 
technologies do in this regard. Accordingly, in this section, I pick up the epistemo-
logical and existential research trajectories for post-phenomenological AI studies 
that I explicated in Chapter 7 in order to formalize first human-AI relations. I 
conduct two case studies that allow for comparative analyses with the post-
phenomenological status quo. First, and focussing comparatively on Ihde’s 
instrumental mediation, I derive co-extensive relations from an analysis of the 
involvement of AI technologies in imaging a supermassive black hole, showing 
how their expanded ’instrumental reality’ significantly co-shapes human inten-
tionality. Second, and from analyzing the use of AI technologies across social 
media and medical diagnostics in correspondence with the post-phenomenologic-
al discourse on subjectivity, I propose genetic relations to more directly address 
how AI technologies are involved in self-formation. Together, these proposals 
form first human-AI relations readymade for post-phenomenological AI studies, 
as well as indicate substantial qualitative differences that AI technologies bring to 
the co-constitution of subjectivity and objectivity. The latter, finally, lead me to 
argue that AI technologies are part of a substantial shift in the mode of technolo-
gical mediation altogether.

2.1. Co-Extensive Relations: Instrumentality and AI Technologies 

As has been noted above (Chapter 1, 1.1.), one of Ihde’s paradigmatic ex-
amples for his argument to fuse pragmatism and phenomenology is the Husserli-
an analysis of Galileo and his telescope. Ihde stresses that while Husserl inter-
prets the latter as “the development of an indirect means of mathematizing 



287

[qualities such as color that cannot be manipulated as shapes]” (Ihde, 1990:36), he 
does not go far enough in acknowledging the transformative effects of this novel 
technological artefact. In this section, I will pursue a similar argument. However, 
as I will show, with regards to AI technologies, it is Ihde’s framework which does 
not go far enough to reflect the transformative effects of these technologies on 
scientific practice. As a paradigmatic example, I use the 2019 release of an image 
of the supermassive black hole in the Messier 87 (M87*) galaxy by the Event 
Horizon Telescope Collaboration (EHTC). This is a particularly well-suited case, 
as (i) AI technologies play a central role in the imaging process of M87*, and 
because (ii) it is comparable to Ihde’s interpretation of Galileo and his general 
focus on scientific imaging technologies, as well as Robert Rosenberger’s work on 
space imaging. Accordingly, in the following I will first summarize the role of AI 
technologies in the EHTC project. Then, I comparatively outline the qualitative 
distinctions that need to be made regarding the use of AI technologies in the 
scientific imaging domain, as well as implications regarding the co-constitution of 
subjectivity and objectivity through instrumental mediation in this context.

Figure 48: Left: Locations of telescopes forming the global interferometry array. Right: One 
of the images of the super-massive black hole M87* shared by EHTC. Taken from EHTC, 

2019a.

The EHTC is a multinational endeavor of joining multiple telescopes from 
around the globe into one “interferometry array” (EHTC, 2019b:1; see Figure 48, 
left) for the sole purpose of imaging M87*. Interferometry is the measurement of 
interference between waves (e.g., sound or light) in order to capture information 
on the origin of this interference, and is considered extremely accurate as, for 
example, “it can even can be used to determine the rotation of distant stars” 
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(Bunch and Hellemans, 2004:695). The EHTC’s interferometry array was used to 
generate what were considered the first scientific images of a celestial body like 
M87* (Figure 48, right).120 The project of imaging this black hole poses significant 
technical challenges. In terms of imaging, an extremely high resolution is required 
due to (i) the minuscule measurement units of interferometry technology and (ii) 
the sheer distance of the M87 galaxy. As Bouman and colleagues illustrate, a 
single telescope hoping to achieve sufficient resolution would have to be 
equipped with a “13000 km diameter dish” (Bouman et al., 2016:913). And, while 
the EHTC project circumvents this impossibility with its globe-spanning collabor-
ation of telescopes, producing an image out of noisy interferometry measure-
ments is by no means straightforward. Firstly, the EHTC does not provide 
sufficient data to “reconstruct images [from interferometry data]” (ibid.:913)—
simply because the telescopes can only cover a narrow spectrum of overall 
required measurements (Figure 49, left). To this end, EHTC makes use of AI 
technologies to overcome physical material constraints through 
“autocorrelations” (EHTC, 2019c:7) of the distributed telescopic measurements.

Secondly, however, the “imaging pipeline“ (idem., 2019d:9ff) needed for 
correlating measurements of M87* introduces “[at least] 10% systematic uncer-
tainty” (ibid.:15). This is significant, because the various components of the EHTC 
imaging pipeline are extremely complex software running on highly specialized 
scientific hardware components. Therefore, while the interferometry data is itself 
already uncertain (i.e., noisy), the sheer number of possible calibrations of all 
interlinking components lead to “imaging uncertainties [being] dominated by 
imaging parameter choices” (ibid.:22). On the one hand, it was clear that an M87* 
image reconstructed from autocorrelated interferometry measurements would 
always be, probabilistically speaking, uncertain; given that this is simply part-
and-parcel of AI technologies (see Chapter 6, 2.). The M87* image, accordingly, 
evidences significant thingly uncertainty because any image is only one ‘blindly 
realized possibility’ (Flusser) of autocorrelation among others—which, as shown, 
the researchers are acutely aware of. On the other hand, however, the number of 
possible parameters and the systematic uncertainty not only complicate choosing 
parameters, but even more fundamentally, make the inevitable image uncertain-

120 There is a significant precedent in Luminet’s “simulated ‘bolometric
photography’ of a static black hole” (Luminet, 1979), derived from a plotting of 

mathetmatical formulae. I reflect on this further below.
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ties (see Figure 49, right) hard to interpret regarding any parameter choice.121 
Therefore, this case evidences how AI technologies in scientific practice bring 
forward significant epistemological opportunities as well as challenges, most 
significantly how to know what can be known about M87*. In this context, and while 
the imaging pipeline makes use of various AI technologies, I focus on the CHIRP 
technique implemented by Bouman and colleagues.

Figure 49: Left: Frequency coverage of the VLBI array. Right: Related ‘image uncertainties’ which 
correspond to “regions with enhanced brightness” (EHTC, 2019d:21; see Figure 48, right).

The CHIRP technique was specifically developed to assist in EHTC imaging 
by generating synthetic data against which pipeline calibrations could be tested. 
The use of simulated data in scientific practice is itself nothing new, and has been 
used in high-profile scientific experiments such as the CERN project (see e.g. 
Angelis et al., 1989). The CHIRP technique, however, draws from computer vision 
AI technologies to synthesize data in a process known as deconvolution.122 
Roughly, the assumption behind this technique is that (i) there is some real but 
unknown function that will have produced an unknown original image, and (ii) 
that the parameters of this function are retrievable (through deconvolution) from 

121 The EHTC researchers state that they found themselves in the position of 
“exploring [between 1000-10000] parameter combinations” (EHTC, 2019d:31) for the 
imaging pipeline.

122 As opposed to convolution, deconvolution is not only intended to detect features (for, 
e.g., classification) by statistically comparing ‘groupings’ of input data. Instead, 
deconvolution techniques derive input data from likely features, as well as the function 
that will have produced the known output. As an example, Levin and colleagues note that 
the deconvolution technique can be used to retrieve a “sharp version of a blurred input 
image when the blur parameters are unknown” (Levin et al., 2011:1).
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the ‘known’ incomplete imaging data. In the EHTC project, synthetic data was 
specifically generated “for training and blind testing” (Bouman et al., 2016:917) 
the imaging pipeline with exactly this purpose in mind: determining what 
parameters it should be set to for actual M87* images, and importantly, assuming 
that the ‘blindspots’ of the telescope array could be filled in synthetically. Bouman 
and colleagues’ CHIRP technique, accordingly, generates data as “synthetic 
measurements” (ibid.:918) in order to experimentally ”set expectations on what is 
possible to reliably reconstruct [in actual] measurements” (ibid.:918). In fact, 
CHIRP is not only an a priori aid for instrument calibration, but extends to the 
verification of the imaging pipeline output: the M87* images are deemed accurate 
by EHTC researchers precisely because they match “reconstructed accurate 
images from synthetic data sets” (EHTC, 2019a:5). Given their role in the calibra-
tion of parameters as well as verification of results, it can be argued that AI 
technologies here literally “push the limits of celestial imaging” (Bouman et al., 
2016:918).

The transformative role of AI technologies in the generation of M87* images 
places this case in a context that is extensively studied in post-phenomenology. 
Indeed, a significant part of post-phenomenological research centers around 
Ihde’s work on the “technological embodiment of science, which occurs through 
the instruments and within experimental situations” (Ihde, 1991:99). A recurring 
theme is the role of imaging technologies, particularly as instruments in scientific 
practice. In one of his earliest articles laying out principle foundations for the later 
post-phenomenology, Ihde specifically notes the “extension and […] amplification 
possibilities of the [scientific] instrument” (idem., 1975:274). Instruments, to Ihde, 
are prime examples of hermeneutic relations: they make certain aspects of the 
world ‘readable’ through particular instrumental configurations for a specific 
human interpreter. Generally, the “instrumentally-mediated realism” (idem., 
1998:154; original emphasis) of the scientist introduces various modes of measure
—scales, dials, optical mechanisms—that modulate the appearance of the world. 
That is, the world mediated by an instrument appears as specific objectivities 
according to a specific ratio, in the etymological sense of measure.

Ihde’s canonical example in this regard is “the historical Galileo, [who] while 
‘metaphysically’ proclaiming a reduced and abstract world of inertial motion of 
material objects, in practice employed an array of instruments through which his 
early science made its discoveries” (ibid.:153). Among this array, the telescope 
stands out, as its mediation of an “instrumental distance” (ibid.:155) brings 
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human and celestial object closer together. As Ihde argues elsewhere, this instru-
mental extension and amplification affords Galileo with an “indirect means of 
mathematizing [the sensory world]” (idem., 1991:20); bringing forth a new kind 
of ratio for an ‘empirical’ science to study the world through geometric formulae. 
Furthermore, Ihde has also considered the increasingly digital materiality of 
scientific instruments, and in fact specifically concerning space imaging. Regard-
ing then contemporary surface images of Venus, Ihde highlights a “[digital] double 
translation process” (idem., 1990:92)—first into binary code for transmission, and 
then reassembled “to reproduce the photograph taken millions of miles away” 
(ibid.:92). This secondary translation of “the linear text of the digits […] back into 
the span of an instantaneous visual gestalt” (ibid.:92) is what interests Ihde in a 
phenomenological sense: it amplifies and extends the scope of instrumentally 
mediated perception in which a particular ratio can be applied.

The EHTC imaging pipeline could be seen as a similar, contemporary in-
stance of the above: The autocorrelation of global interferometry instruments is an 
application of the Galilean ratio on an unprecedented scale through digital code, 
but resulting in a visual gestalt nonetheless. However, the use of Bouman and 
colleagues’ CHIRP technique also indicates a qualitative distinction that is not 
exhausted by the linear structure of Ihde’s ‘double translation.’ On the contrary, it 
is the production of synthetic data and subsequently inferred instrument configur-
ation which allow the EHTC to circumvent the linear “geometry of an array” 
(Bouman et al., 2016:918). Accordingly, rather than relying on an ‘inscribed’ 
instrumental ratio, EHTC researchers know the ‘correct’ instrument parameters 
once synthetic data will have been resulting in ‘correct’ images. Rosenberger’s 
analysis of images taken by the Mars Global Surveyor (MGS) system offers a 
more direct point of comparison in this regard. 

Similar to the ETHC, Rosenberger first notes that MGS images are “often 
composed of data collected by several technologies and created by a variety of 
techniques” (Rosenberger, 2008:68). Rosenberger focusses on the image in terms 
of representation, as “examples of multistable images in science” since their ”
various mosaic and false color manifestations” (ibid.:71) can be distinctly inter-
preted; fueling, for example, scientific controversies. Additionally, in a later 
version of his case study, Rosenberger extensively argues for an appreciation for 
how “images of [potential historic water flow] are multistable by virtue of the 
transformations brought by imaging technologies” (idem., 2013:87). In this 
context, it is noteworthy that as the MGS only takes two-dimensional images, the 
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system employs techniques to infer “altitudes and other specifics of the morpho-
logy of the [Martian] landmass“ (ibid.:87). Rosenberger places significant emphas-
is on the multistability of MGS images being a result of their production, which 
plays a role in shaping “rival hermeneutic strategies” (ibid.:89) for interpreting a 
specific instrumentally mediated image from varying perspectives. However, I 
argue that M87* imaging cannot be exhausted by Rosenberger’s point of image 
multistability. Before any debate or controversy shaped by the latter, from the 
perspective of post-phenomenological AI studies, the interference of AI technolo-
gies in the ‘reality’ accessible to scientific instrumentation in the first place would 
have to be addressed. 

Accordingly, I interpret the CHIRP technique as a ‘phenomenotechnical 
structure’ (Boer qua Bachelard) that grounds how the M87* image appears as an 
object of epistemic practices, because the CHIRP-led configuration of the EHTC 
imaging pipeline both precedes and ratifies the intentional relation between 
scientists and M87*. In terms of the As–If structure of poly-intentionality I have 
proposed, this can be expressed as follows: CHIRP infers a model of parameters 
for M87* imaging from combined synthetic and actual measurement data (As), 
which calibrates the respective imaging pipeline according to the parameters of 
the predicted function (If) that resulted in the least uncertain image. The latter 
evidences thingly uncertainty on two accounts. First, it is generated from a 
particular arrangement of information technologies—the imaging pipeline set to 
specific parameters. Second, and in this case more significantly, this arrangement 
itself is generated from a predicted ratio—the semi-synthetic possible reality that 
will have been reproduced in the eventual image. Therefore, I argue that the EHTC 
image pipeline draws from synthetic instrumental realities generated by the CHIRP 
AI technology; which needs to be seen as qualitatively distinct to the embodiment 
of ratio in particular artefacts such as the telescope, as well as pre-scribed linear 
mappings. For instance, Luminet’s seminal plotting of a black hole from mathem-
atical formulae (cf. Luminet, 1979:235) clearly grounds how EHTC researchers 
expect to reason about and produce their image. However, the probabilistic 
‘machinic detection’ (Löffler) of the CHIRP technique is qualitatively distinct in 
terms of mediation: it abstracts from one instrumental reality (i.e., inscribed ratio) 
and synthesizes multiple possible realities in which ratio can be applied.

Specifically, through the CHIRP technique both the embodiment of measuring 
(i.e., the imaging pipeline) as well as the measuring itself (i.e., the synthetic data) 
is generated from probabilistic models of what might have been the object of reason-
ing itself. Accordingly, I argue that human intentionality is here not only extended 
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by instrumental mediation, but rather co-extensive123 with the synthetic instru-
mental realities that its eventual objects of reasoning depend on. Using the 
proposed apparatic relations, an according co-extensive relation can be schematized 
as follows:

I [⇒] M87*Image(ImagingPipeline[ ~ CHIRP ⇒ ]M87*Measures)

Co-Extensive Relation (M87* Image)

In both Ihde’s analysis of Galileo and Rosenberger’s discussion of Mars 
images, human intentionality (⇒) is shaped by a given artefact towards a particu-
larly delimited instrumental reality. In contrast, in the scientist-M87* relation, 
human intentionality co-extends ([⇒]) with synthetic instrumental realities as 
they are unfolding with the calibration of the imaging pipeline through synthetic 
data ([ ~ CHIRP ⇒ ]). In other words, the delimited instrumental reality of the 
M87* image is itself extended in synthetic data-measurement-image constellations. 
Accordingly, even as the imaging pipeline or the CHIRP technique withdraw 
from experience, human intentionality co-extends with what will have been made 
accessible as objects of reasoning. This co-extension can be diagrammed according to 
the proposed horizonal interpretation of technological mediation (Figure 50), 
which shows how CHIRP extends measurements towards a broader constellation 
of potential objectivity, which textures the delimited appearance of an actual M87* 
image.

123 My use co-extensive can be compared to Hansen, who argues that information 
technologies, and in particular network media, extend the “wordly sensibility” (Hansen, 
2015:5) of human access to ‘pure’ potentiality. However, since Hansen does not attribute 
the role of mediation in this context definitively, I refrain from a broader discussion for the 
sake of clarity.
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Figure 50: Co-Extensive Mediation (M87* Image). The delimited instrumental reality of the M87* 
image is extended by AI generated synthetic instrumental realities; aligning human intentionality 

with what will have been accessible as objects of reasoning in the latter.

In this sense, co-extensive relations can be seen to correspond to composite 
relations (cf. Chapter 2., 1.4.). However, whereas the latter concern the post hoc 
intentional experience of an exclusively technology-read reality, co-extensive 
relations can be defined more specifically:

Human intentionality in co-extensive relations takes shape alongside with 

as-yet-unknown synthetic instrumental realities generated by AI technologies. 

These are as-yet-unknown, because the calibration of instruments that will 

have delimited a specific ‘reality’ in intentional experience cannot be pre-

determined. Accordingly, in terms of transparency and opacity, co-extens-

ive relations (i) partially withdraw from intentional awareness, because 

synthetic instrumental realities themselves are no part of artefactual mani-

festation, yet are also (ii) opaque because the latter is embedded as an object 

of reasoning in the former.124

Considering this case more broadly, Parisi has argued that regarding contem-

124 At the time of finishing this dissertation, a ‘live’ view of this co-extension could be 
followed with the deployment of NASA’s Webb Telescope, which was publically promoted 
in the process of setting up its measuring instruments in space; for instance tweeting that 
the public can now forward to imaging  after “five months of alignment and calibration,
“ cf.  https://twitter.com/NASA/status/1479837936430596097; acccessed 09/01/2022.
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porary AI technologies, philosophical investigations must “recuperate from 
instrumentality an experimental logic in theoretical and practical activities, 
whereby practice […] becomes the means for knowing this and that from know-
ing how things work” (Parisi, 2019:7). The EHTC case exemplifies this ‘experi-
mental logic’ clearly: AI technologies shape human intentionality in correspond-
ence to the “theoretically invested entities” (Rheinberger, 2005:215) that they both 
delimit from and bring into constellation with synthetic instrumental realities. 
Due to the latter, therefore, AI technologies can be seen as a new degree of 
“experimentality” in Rheinberger’s sense as “systems of manipulation designed 
to give unknown answers to questions which themselves we are yet not able 
clearly to ask” (idem., 1995:110). I argue that it is the experimental logic expressed 
in co-extensive relations which can be generalized regarding the use of AI 
technologies in instrumental practices. 

As an example, another recent scientific breakthrough in which AI technolo-
gies are arguably even more prominent is the Google affiliate Deepmind’s 
proposed solution to the ‘protein folding problem,’ which “has stood as a grand 
challenge in biology for the past 50 years” (The AlphaFold Team, 2020). The 
problem lies in the difficulty of predicting what exact structure a specific protein 
will ‘unfold’ into; with missing data hindering scientific modeling of biological 
processes. As a result, AlphaFold’s neural network has been developed according 
to the same ‘experimental logic’ as the CHIRP technique discussed above; using a 
“hybrid set” (cf. Jumper et al., 2021b:6) that incorporates a small amount of 
known protein structures into a generally synthetic data set; with both being 
interchanged at random steps in training. Accordingly, the ‘synthetic instrumental 
realities’ of the AlphaFold neural network are ingrained in what predicted protein 
structures will have been, and specifically, what they will have made knowable.125

Co-extensive relations, then, allow for analysis of how AI technologies shape 
epistemic practices by delimiting ‘objects’ of reasoning while at the same time 
synthetically expanding the constellations within which such objects may become 
knowable—by, for instance, generating data to supplement missing measure-
ments or calibrate instruments. To further specify this, delimitation here concerns 
the thingly uncertainty of specific instrumental forms (e.g., images, graphs, 

125 Aside from the scientific domain, the qualitative shift in instrumental mediation is 
also evident in consumer software, such as Adobe Photoshop. While the latter has always 
included high-end computational techniques for actions such as target-based automatic 
retouching, recent versions have also incorporated AI technologies for so-called “neural 
filters” (cf. Baer, 2021). 
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measurements), and the constellation of synthetic instrumental realities the latter 
draw from. From the perspective of co-constitution I have outlined above, co-
extensive relations therefore function as a first specific human-AI relation: it is in 
actuality shaped by particular AI technologies on the one hand, yet also depends 
on how the potentiality of the latter is actually integrated into extant ways of 
knowing. Therefore, co-extensive relations are not only restricted to the scientific 
domain, but can be employed regarding how AI technologies constitute certain 
synthetic instrumental realities that make the world knowable.

2.2. Genetic Relations: Self-Formation and AI Technologies

In the previous section I have argued that AI technologies bring forth a new 
mode of instrumental mediation, shaping human intentionality as co-extensive 
with synthetic as opposed to inscribed instrumental realities. In the following, I 
center on more existential concerns of subjectivity that post-phenomenological AI 
studies may investigate. Earlier, I used the study by Kramer and colleagues on 
emotional contagion on Facebook to both illustrate the modus operandi of such 
media as well as to reflect on the shortcomings of post-phenomenology to account 
for affects induced from outside spatial-phenomenal experience (see Chapter 
2).126 Indeed, the impact of AI technologies on notions of the self (e.g., self-image, 
self-curation, etc.) has arguably been one of the most prominent popular dis-
courses in recent years; especially with regards to social media platforms such as 
Facebook. In this section, I firstly reconsider this case within the broader context 
of the existential line of inquiry of post-phenomenological AI studies, in regards 
to which the Facebook newsfeed interface is a fitting starting point given both its 
high-profile relation to perceptions and practices of contemporary selfhood. This 
enables me to secondly connect analyses of AI technologies to the broader post-
phenomenological discourse on subjectivity, and specifically regarding the recent 
work on Foucauldian technologies of the self. Ultimately, this discussion will find 
that qualitative specifics about what AI technologies do in practices of self-
formation127 call for a second, dedicated human-AI relation for considering the 

126 To recall, the researchers manipulated the Facebook newsfeed algorithm of 
hundreds of thousands of platform users in order to expose users to specific kinds of 
‘content’ (e.g., posts, images, ads), and studied whether content that was emotionally 
connotated either negatively or positively affected those users’ own subsequently shared 
content (cf. Kramer et al., 2014). 

127 Note that Verbeek uses the term “self-constitution” (Verbeek, 2011:151), whereas I 
focus on formation as an analogous, quasi-Plessnerian term due to the influence of 
philosophical-anthropological authors such as Löffler and Aydin on my argument.



297

co-constitution of subjectivity.

The core user-facing component of Facebook is the newsfeed interface, where 
users’ experience content provided by other users, are presented with ads, 
interaction opportunities and so forth. Additionally, as a fulcrum of the platform’s 
financial interests, it plays a central role in its software architecture, of which 
Hazelwood and colleagues’ paper on data-intensive operations at the company 
offers enough general descriptions for analysis. The authors disclose that the 
newsfeed is composed from a probabilistic model inferred by a multi-layer 
perceptron (MLP, see Chapter 6, 1.1.); i.e. a neural network with multiple, hidden 
layers (Hazelwood et al., 2017.:621). Hazelwood and colleagues state that an 
MLP’s ability to classify continuous data is ideally suited “to generate a personal-
ized set of the best posts, images, and other content to display from thousands of 
candidates, as well as the best ordering of the chosen content” (ibid.:621-622)—in 
other words, a model for a specific user. Since the MLP employed for the newsfeed 
interface is by far not the only AI technology used at Facebook (cf. ibid.:621-622), 
a dedicated component of the platform is needed to coordinate training and 
deployment. The “FBLearner” fulfills this administrative role: scheduling when a 
model is trained, providing support for real-time prediction, and so forth (cf. 
ibid.:622). As an example, Hazelwood and colleagues provide a simplified 
infrastructure diagram for a generic AI application on Facebook (Figure 51), 
which takes the reactions of users to a post (e.g., like, share, comment) as an input 
for configuring what they may see subsequently. 

Figure 51: Simplified AI infrastructure at Facebook (Hazelwood et al., 2018:621)

The above description allows for a basic characterization of the MLP’s poly-
intentionality and its relationship to the Facebook newsfeed interface. Existing 
user models (e.g. metadata on other platform users’ profiles and interactions) are 
used as input for the MLP, which infers the user model for a specific user at a 
given point in time. In correspondence to the scheduling routines and updates 
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determined by the FBLearner program, this inferred model determines what kind 
of ‘content’ is displayed in the newsfeed interface. This could be described as a 
confronting relation, similar to how Bergen and Verbeek analyze the social 
gamification of a to-do application (Bergen and Verbeek, 2020; see also Chapter 1, 
2.3.). In the case of the newsfeed interface, however, there is a qualitative, apparatic 
distinction. Instead of a pre-scripted range of possible interactions, the user is 
confronted with delimited options for realizing themselves (e.g., through posts, 
likes, other interactions) in an already ‘modeled’ world of ‘content’. This leads to 
particular effects on how the former make sense of their potential actions. For 
instance, Eslami and colleagues’ study shows that while users have only a vague 
picture of how exactly the newsfeed is composed, their intuitive theories about 
the newsfeed lead them to “make inferences about their relationships, [for 
example] wrongly attributing the composition of their feeds to the habits or intent 
of their friends and family” (Eslami et al., 2016:9). Indeed, the composition is only 
informed by ‘friends and family’ to the extent that metadata of the latter can be 
integrated with other data into a particular user model, continuously inferred by 
the MLP.

From this brief analysis, it can already be discerned why social media, and 
particularly newsfeed algorithms are so frequently subject of debate: forming one-
self in an already formed and constantly re-forming informatic environment is 
open to manifold and subtle manipulations, such as targeted political or commer-
cial advertising which can be ‘fed’ into the user modeling as just another string of 
data. As a result, the Facebook newsfeed plays a core role not only in shaping one 
particular person’s access to the platform, but rather in the business logic of AI-
driven curated content generally; which Caplan and boyd have argued has led to 
an “isomorphic change” (Caplan and boyd, 2018:5) in the media industry more 
generally. In this sense, the Facebook newsfeed is a paradigmatic example for 
how AI technologies are involved in the contemporary ”technological milieu” 
(Aydin et al., 2018:337) of self-formation. However, what does this actually say 
about the relationship of AI technologies and subjectivity in particular? Specific-
ally, does the self that one shapes in correspondence to, for instance, the MLP user 
model actually carry ‘traces’ of the AI technology, or is the qualitative difference 
purely ‘behind the scenes’? To investigate, I retrace the emergence of Foucauldian 
technologies of the self in post-phenomenology from one of the most influential 
works of Verbeek, and how similar notions have been pursued subsequently.

In his canonical obstetric ultrasound analysis, Verbeek focusses on “the 
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mediating role of obstetric ultrasound in the relations between expecting parents 
and unborn child” (Verbeek, 2008:12). The analysis begins with the basic post-
phenomenological consideration that ultrasound technology “actively helps to 
shape the way the unborn child is given in human experience, and in doing so it 
informs the choices his or her expecting parents make” (ibid.:14). Specifically, the 
output of ultrasound technologies, a sonogram, “establishes a hermeneutic 
relation between the unborn and the people watching it” (ibid.:15). In this 
relation, Verbeek finds numerous ways in which ultrasound technologies config-
ure both fetus and expecting parents. First, he notes that the former is constituted 
as “an individual person; it is made present as a separate living being, rather than 
forming a unity with its mother, in whose body it is growing” (ibid.:16). Second, 
Verbeek finds that in “translating the unborn to a possible patient, ultrasound 
makes pregnancy into a medical process which needs to be monitored and which 
requires professional health care” (ibid.:16). 

Third, and as a consequence, the relations between parents and fetus are 
found to be transformed by ultrasound technologies, most importantly by ”
[constituting] expecting parents as decision-makers regarding the life of their 
unborn child” (ibid.:17). To quote directly from his argument: “What appears to 
be an innocent look into the womb, can end up being a first step in a decision-
making process for which many expecting couples did not explicitly choose” 
(ibid.:17). Accordingly, the obstetric ultrasound is actively involved in shaping the 
decision-making of expecting parents as specific humans with specific responsibil-
ities.

The importance of Verbeek’s findings cannot be overstated, because to him, 
this case “urges us to rethink both the status of the object and the status of the 
subject in ethical theory” (ibid.:12). Specifically, he draws on Foucauldian sub-
jectivation theory to argue that the pertinent ethical question opened up via post-
phenomenology is “the question of what kind of mediated subjects we want to 
be” (ibid.:24)—what decisions are mediated as open to us, and how do these 
change who we are, want to and can be in the world. And indeed, from the 
obstetric ultrasound analysis, Verbeek would subsequently expand initial theories 
on the “material answers” (idem., 2006b:377) that post-phenomenology can 
contribute to ethical questions; most prominently proposing a ”nonhumanist 
ethical approach” (idem., 2011:23) that admits technological operativity into 
analyses of moral decision-making processes. Concerning the post-phenomenolo-
gical field in general, the obstetric ultrasound analysis can be seen as kickstarting 
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wide-ranging research on fusing (particularly Foucauldian) ethical theory and 
post-phenomenology, which is one of the main foci of the field as it stands now. 
Returning to the existential question of self-formation, it is therefore pertinent to 
reflect on the potential qualitative differences that AI technologies may bring 
about.

AI technologies have become widely employed in medical diagnostic 
practice, and particularly in ultrasound imaging technologies. As Brattain and 
colleagues argue, ultrasound is a rich ‘target’ for AI technologies due to “operator 
dependence, noise, artifacts, limited field of view, difficulty in imaging structures 
behind bone and air, and variability across different manufacturers’ [ultrasound] 
systems” (Brattain et al., 2018:786). With the use of techniques such as neural 
networks in ultrasound imaging,128 it can already be argued that Verbeek’s 
original analysis could be supplemented with concepts I have developed previ-
ously. Rather than the focus on the already-manifest ultrasound image, for 
instance, an analysis from the perspective of the proposed co-extensive relations 
would question how it is exactly that the ultrasound image is taking form for the 
clinician’s interpretation, and particularly, from what kind of data basis. Given the 
importance that Verbeek’s analysis has for opening up technological self-forma-
tion, however, this analytical angle would again prompt epistemological ques-
tions. To investigate further, I now consider another domain of medical dia-
gnostics: genetic technologies. 

The relationship of selfhood and genetic technologies has been explored by 
Sharon in her proposal of a “genetically responsible subjectivity” (Sharon, 
2014:200), which also draws extensively from Ihde’s and Verbeek’s post-phe-
nomenological work. Contrary to determinist interpretations, Sharon argues that 
genetic technologies “help shape the relations between subjects and reality, 
[generating] a reflexive relationship between one’s genetic risk profile and social 
expectations” (ibid.:222). This reflects Aydin and Boer’s argument that particular 
kinds of medical imaging lead to an “extrospection [of the self due to] the 
existence of new perceptual experiences that can be used to deliberately intervene 
in our self-formation” (Aydin and Boer, 2020:11). Furthermore, and citing Ver-
beek’s non-humanist ethical approach mentioned above, Sharon also argues that 
personal “knowledge derived from genetic technologies reconfigures identity in 

128  See Liu et al., 2019 for an overview of AI technologies employed in this context, 
which are predominantly various kinds of neural networks; e.g Chen et al., 2014:125ff.
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terms of a genetic present and a genetic future” (Sharon, 2014:225). And finally, 
Sharon notes that genetic technologies “create an obligation to act in the present 
by adopting an informed and prudent relation to the future” (ibid.:233). 

Sharon thereby highlights the exact sought-after question regarding whether, 
in the co-constitution of subjectivity and objectivity, the actual self retains any 
aspect of the potential selves AI technologies may mediate. Specifically, the 
‘relation to the future’ is of immediate interest for my investigation, given that I 
have found the temporal-ontological dimension of experience as most pertinent 
when investigating information and AI technologies. Accordingly, if the temporal-
ontological constellation of the world can be seen to include ‘selves’ that AI 
technologies delimit into spatial-phenomenal experience in a specific way, this 
domain may hold significant pointers for post-phenomenological AI studies of 
subjectivity. Next, I therefore consider whether actual use of AI technologies in 
genetic technologies can further unfold this point.

AI technologies have been extensively used in genetic research and medical 
genomics; especially “to annotate a wide variety of genomic sequence elements” 
(Libbrecht and Noble, 2015:322) in order to generate simulations or make predic-
tions. A paradigmatic example is the development of a Bayesian neural network 
(BNN) by Beer and Tavazoi, who use this technique to predict “how a given gene 
will be expressed [i.e., in an individual’s genotype traits]” (Beer and Tavazoie, 
2004:186). Specifically, the BNN technique ”finds the most probable constraint [for 
gene expression], that which makes the observed data most likely” (ibid.:189). By 
‘most probable constraint,’ the authors mean the unknown “underlying mechan-
isms by which [gene expression] is regulated” (ibid.:185). Given the capacities of 
the BNN technique, these can be treated as no longer unknown because given 
enough data, such mechanisms can be predicted.129 However, beyond this 
epistemological concern residing with a clinician or research scientist, genetic 
expressions are leaving the purely clinical realm; for example in personalized 

129 Again, this is a considerable scientific advance brought about by AI technologies, 
that in itself could be studied using the proposed co-extensive relations, for example 
regarding the impact of AI technologies on clinical decision-making. This kind of 
investigation has been conducted recently by Kudina and de Boer, who focus mostly on 
issues of bias and opacity in clinical decision-making with AI technologies (cf. Kudina and 
de Boer, 2021:2). However, in this, they focus on epistemological questions regarding the 
clinician’s interpretation of ”the instrumental input of graphs and numbers (the 
instrumental text)” (ibid.:3).
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‘genetic profiles’ for predicted health by genomics companies such as 23andMe.130 
The insights of such profiles then can be seen as a form of ‘extrospection’ (Aydin 
and de Boer): In a ‘prudent relation to the future’ (Sharon) shaped by AI technolo-
gies, “I” am already situated within predicted ‘genetic potentialities’—disclosing 
who “I” am through what I could have become. This can be schematized in what I 
term a genetic relation:

[I’] ⇔ GeneticProfile([I-I’’ ~  BNN])

Genetic Relation (Gene Expression)

In this genetic relation, “I” find myself always-already involved (⇔) as one 
([I’]) among many possible selves (I-I’’)—mediated by a specific artefact such 
as a personalized genetic profile, but constituted from AI technologies such as a 
BNN. Accordingly, the interference of AI technologies in this technologically 
mediated ‘self-selves’ relation is fundamental: it structures the “pre-individual 
potentiality” (Hansen, 2012:52) of a specific human-world relation. Given the 
capacity of, for instance, the BNN technique, any gene sequence can be predicted 
regarding its eventual expression in a biological individual. In this case, the BNN 
is always-already withdrawn from direct experience, yet delimits possible selves 
as actual objects of experience through a probabilistic constellation of potential 
gene expressions. 

Figure 52: Example for an application of AI technologies in personal genomics; shaping the 
relations and obligations of a self to possible selves both pragmatically and existentially.

130 https://www.23andme.com/, accessed 12/10/2021.
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This technologically mediated intimacy with possible selves is not only a 
matter for the clinician, but rather brings certain opportunities as well as obliga-
tions into my lifeworld. For instance, given a potentially unfavorable “I,” my 
entire way of relating to the world is textured with a kind of Ihdean horizonal 
phenomenon—and with the availability of gene therapies, the atmosphere in 
which I may or even must intervene to avoid the realization of this “I” becomes 
an existential facet for the temporal unity of being ‘for-the-sake-of’ (Heidegger) 
myself. And, as shown above, this interpretation can be diagrammed with the 
horizonal model of technological mediation (Figure 52). Genetic relations there-
fore open up fundamentally existential lines of questioning for post-phenomeno-
logical AI studies in a way similar to Bergen and Verbeek’s confronting relations 
(cf. Chapter 1, 2.3.). In this relation, a technological artefact co-constitutes an “I” 
as “other to myself and this discrepancy may call me to action” (Bergen and 
Verbeek, 2021:333) regarding particular social or cultural behavior. However, 
similar to how co-extensive relations are distinct from composite relations (see 
above), genetic relations are qualitatively different to confronting relations: they 
put my-self into relation with already configured potential selves rather than 
merely suggesting the latter.

And at this point, I argue that genetic relations also substantially unfold the 
case that introduced this section: the Facebook newsfeed interface. For what are 
inferred user models, and the latent opportunities of extrospection that they hold, 
other than potential paths for self-formation? In the case of the Facebook newsfeed 
interface, therefore, a genetic relation can be schematized as follows:

[I’] ⇒ Newsfeed(UserModel[I-I’’ ~ MLP] - FBLearner)

Genetic Relation (Facebook Newsfeed)

To recall, the Facebook newsfeed interface is composed with particular 
affordances for action (e.g., liking, posting, following), and this composition is 
itself dependent on a user model inferred by the MLP technology from (i) a range 
of metadata (e.g., user interactions, profiles, locations) as well as (ii) outputs from 
other AI technologies of the platform (e.g., targeted advertising models, schedul-
ing routines). Crucially, the FBLearner component feeds both types of data to the 
MLP, generating a range of possible newsfeed compositions at any given time. 
Any intentional experience of the newsfeed interface, therefore, is only one 
particular opportunity for self-curation. In the diagrammatic treatment (Figure 
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53), this can be further specified. Similar to the genetic expression case described 
above, the actual ‘object’ of perception is embedded in a constellation of potential 
ways of self-formation. However, in this case, the latter itself is further embedded 
in an already-modeled world. 

Figure 53: In a genetic relation with the Facebook newsfeed interface, I find my-self as always-
already part among particular, yet constantly reconfiguring, constraints for self-formation 

according to an inferred user model.

As the above diagram shows, the genetic relation with the Facebook news-
feed interface can be interpreted as more transformative than the literal genetic 
predictions I considered above. While the latter leave a definitive imprint on how 
I may relate to versions of myself, the thingly uncertainty of personal genomic 
profiles can be taken into an ‘outside’ world in which I may pursue paths towards 
such a self. In contrast, Facebook’s software infrastructure is a near closed environ-
ment of tightly coupled and recursively reconfiguring models, meta-/data and 
vested interests. The thingly uncertainty of the newsfeed interface, therefore, is 
constrained to potential selves as realizable within the means afforded by the 
Facebook platform. 

Nevertheless, the transferability of genetic relations from genomic technolo-
gies to social media suggests that the genetic self-selves confrontation shaped by 
AI technologies is a potentially generalizable aspect of contemporary subjectivity. 
Interpreting the discrepancies between my-self and available potential selves as a 
genetic relation can therefore help elucidate one of the most contentious issues 
around the pressures of maintaining a self-image through practices shaped by AI 
technologies (see e.g. Elias et al., 2017:4ff). Similarly, the emergence of deepfakes 
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(GAN-generated imitations of people) could be studied as a genetic relation in 
which “fictions […] artificialize the real” (Le, 2020:11) through highly ‘otherized’ 
potential selves. Accordingly, genetic relations are not only specific to the health 
of a potential self within the domain of genomic technologies, but can rather be 
defined on a more general footing as follows:

In a genetic relation, subjectivity is always-already involved in implicit or 

explicit self-selves relations mediated by a specific artefact-AI technology 

coupling. While the thingly uncertainty of artefactual manifestation reflects 

an actual range of opportunities and constraints for self-formation, these are 

structured through the withdrawn probabilistic constellation of potential 

selves. In this, genetic relations are also strongly opaque because the self of 

my on-going self-formation takes shape in correspondence to a specific 

delimitation of objectified selves.

With this definition, I argue that AI technologies’ interference in the co-
constitution of subjectivity can be termed genetic in the much broader sense of 
Chu in his definition of “genetic space [as the] domain of the set of possible 
worlds” (Chu, 1998:69). Differently put, ‘genetic’ here refers to a constellation of 
potential chains of events, which Chu sees as available to human involvement 
through algorithmic information technologies. This definition is cited by Löffler, 
who I have used extensively to ground post-phenomenological AI studies, to 
theorize the “active informationalism” of the twenty-first century (cf. Löffler, 
2018:38). In this, genetic spaces explicitly are not only related to the genomic 
domain, but also “the projected scenarios of a 2°, 3° or 6° increase of global 
warming [which show] entirely different future worlds” (ibid.:39). For my 
argument, then, genetic relations are those in which “I” am brought into an 
existential confrontation with the decisions that may lead to particular scenarios of 
potential selves. Specifically, AI technologies here are seen as delimiting the 
actuality of a ‘genetic present’ (Sharon) based on the constellation of a potential 
‘genetic space’ (Chu). Therefore, I propose that genetic relations are a first suitable 
formalization of human-AI relations for the deeply existential concerns of how 
actual decisions on self-formation are embedded via AI technologies in potential 
genetic spaces.

2.3. Summary: Subjectivity and Objectivity in Human-AI Relations
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In this section, I have applied the proposed framework of post-phenomenolo-
gical AI studies in two cases which allow for an appreciation of both its continuity 
with and expansion of post-phenomenology. By leveraging the temporal-ontolo-
gical dimension of technological mediation I have made available, I have defined 
two human-AI relations: co-extensive and genetic relations; which are first results of 
epistemological and existential research trajectories of post-phenomenological AI 
studies, respectively. However, it should also be noted that the two exemplary 
case studies presented here did not feature human-technology-world relations 
that are more somatic rather than hermeneutic. Particularly with regards to the 
integration of AI technologies within the human body-plan, such as brain-
computer interfaces and epi-/subdermal or edible technologies (see e.g. Mueller 
et al., 2020:5ff), future work will have to consider in how far post-phenomenolo-
gical AI studies can or must propose specific human-technology-world relations 
for such cases as well. Yet, I argue that (i) the interpretive modification that appar-
atic relations afford (e.g., apparatic embodiment relations), and (ii) the insights 
from outlining co-extensive and genetic relations, provide a significant baseline 
for such further applications of post-phenomenological AI studies. 

Accordingly, I propose that with co-extensive and genetic relations, the 
approach to co-constitution as a balance of mediated actuality and apparatic 
potentiality for mediation has been further substantiated. Therefore, post-phe-
nomenological AI studies can now address technologically mediated intentionality 
in specific human-AI relations. Based on the latter, however, I furthermore argue 
that there is a broader conclusion that can be drawn from this section. Whether in 
scientific reasoning co-extending with synthetic instrumental realities (2.1.), or 
myself becoming embedded in a genetic confrontation with potential probable 
selves (2.2.), AI technologies have been found to shape the temporal-ontological 
conditions of experience to a qualitatively new degree by configuring what will-
have-been. I argue that this not only indicates particular case-specific human 
intentionalities—but implies that the temporal horizons of being-in-the-world are 
becoming fundamentally reshaped. To further unfold this significant implication, 
in the following section I propose a final generalizing concept for post-phenomen-
ological AI studies in the form of the titular machine horizons.

3. AI Technologies and a New Mode of Technological Mediation
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While the proposed genetic and co-extensive relations center on existential 
and epistemological aspects, respectively, they also evidently share a basic 
structure as human-world relations that are mediated through a futurity shaped 
by AI technologies. In co-extensive relations, human intentionality is shaped by 
what will have been accessible as objects of reasoning within synthetic instrumental 
realities. And in genetic relations, selfhood is balanced against what I could have 
become in variably predicted ‘paths’ of self-formation. To be sure, the particular 
temporal orientation of information technologies has been part of my argument 
since first considering the tools of nineteenth century statisticians—such as the 
mediation of a world structured with yet-to-be-determined norms. However, in 
the case of AI technologies, there is a much wider interference in the “temporal 
order” (Krämer, 2006:99) of experience. Rather than computing a subsequent state 
in a linear fashion, AI technologies’ probabilistic models can take into account 
and adapt to any state (e.g., features of input data, output requirements) by 
predicting the required (non-)linear computations. 

Both genetic and co-extensive relations reflect this intimately: in both, present 
experience (e.g., of a particular artefact) is delimited in a way that “comes back to 
itself futurally” (Heidegger, 2010:347) through the constellation of a past (e.g., 
historical meta/-data, engineering decisions) and a future (e.g., predicted func-
tion). I deliberately cite one of Heidegger’s definitions of the temporal horizons of 
Dasein because in this machinic ‘temporal unity,’ as has also been noted by 
Denson, AI technologies seem to exhibit “a futurity that is homologous to that of 
lived experience” (Denson, 2020:88). This could provoke the question whether AI 
technologies ‘have’ horizonality in any sense comparable to human being-in-the-
world. However, as I have stressed repeatedly (see e.g. Introduction), this ques-
tion is absurd in a phenomenological sense: as information technologies, AI 
technologies do not possess anything like an existential thrownness (Heidegger) 
or excentric positionality (Plessner)—a pre-reflective knowing what it is like to be 
in this world in such-and-such-a-way and relating to this knowing itself. 
However, given the discerned qualitative distinctions, resorting to this kind of 
‘Dreyfusian’ (cf. Chapter 5, 2.2.) argument by dismissing such questions out of 
hand is equally unsatisfactory. To investigate further, I therefore next consider 
whether the kind of technological epoch within which AI technologies operate 
can elucidate what it is about the latter that suggests such an apparent quasi-
horizonality.
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As shown in the analysis of genetic relations, AI technologies are deeply 
associated with what Löffler refers to as “active informationalism” (Löffler, 
2018:38). The latter, to Löffler, has been setting in since the beginning of the 
twenty-first century, and is characterized as “marking the beginning of the 
domestication of ‘genetic spaces’” (ibid.:38); which I directly applied in the 
formalization of genetic relations. In Löffler’s philosophical-anthropological 
study, however, this ‘domestication’ is associated with a more global shift in how 
the world is shaped by information technologies. The latter were previously 
passive in the sense of representing ‘pheno-concrete’ (phäno-konkret, idem., 
2019:568) aspects of the world such as biological processes, semantic decision-
making, organizational structures, manufacturing or production routines. 
However, with increasing technical ‘resolution’ and technological advances such 
as networking infrastructures, Löffler argues that processes are now directly 
interfered with by ‘pheno-abstract’ (phäno-abstrakt, ibid.:568) detections; meaning 
phenomena which are constituted in the interfaces between information technolo-
gies arranged in specific operational chains. This intimately relates back to my 
first point raised in the introduction—the beginning of what Floridi terms 
“hyperhistory” (Floridi, 2014:5ff), in which information technologies surpass 
manufacturing technologies in shaping human civilizational history. 

In Löffler’s proposal for active informationalism, he argues that this substan-
tial shift is “currently occurring in nearly every field: from self-optimization by 
datafication of the self, to biogenetics, preemptive politics and nudging, predict-
ive policing, automated speculative markets and derivative trading as bets on 
potential developments, to generative design as the automation of creativity by 
algorithms” (Löffler, 2018:38). This list is full of high-profile application domains 
of AI technologies, and in fact starts with the two domains which yielded the 
above human-AI relations. All these domains draw on the novel capacity of AI 
technologies: Bypassing the necessity for representing external matters (pheno-
concrete), the capacities of AI technologies for approximating the most probable 
function (pheno-abstract) are ingrained in the newly unfolding active informa-
tionalism. Accordingly, in the latter human-world relations are embedded in a 
suite of possible “future presents” (Esposito, 2011:24) of chains of events which 
are ‘native’ to being modeled and generated by way of information technologies. 

The ‘domestication of genetic spaces’ (Löffler), then, refers to how the potenti-
ality latent in such spaces becomes ‘at-hand:’ by way of simulation, experiment, 
inference or prediction, information technologies no longer represent ‘the’ reality 



309

but rather directly ground how specific realities may appear and become know-
able. In the case of AI technologies, this fundamental shift towards active inform-
ationalism is epiphenomenal with the post-Web 2.0 accumulation of meta-/data 
at exactly the turn of the twenty-first century. Unlike in the era of SAI technolo-
gies or first digital computers, a determined reality is no longer simply represen-
ted and perpetuated in linear symbolic structures, but rather generated by AI 
technology’s capacity to both constellate and delimit a specific reality in relation to 
particular constraints (e.g., data, apparatic components, specific users, vested 
interests). 

Accordingly, the shift towards active informationalism can be framed phe-
nomenologically as a new mode of technē altogether. To recall, according to 
Heidegger the latter is not exhausted by any one particular technology, but rather 
refers to the ever-changing structure of intentional human knowing, perceiving 
and acting in the world (Heidegger, 2014:177; see also Chapter 3, 1.3.). Löffler’s 
argument on the domestication of the ‘genetic spaces’ of potentiality for all aspects 
of human-world relations via information technologies is a new configuration of 
just such a structure.131 The affordant ontologies of human-world relations are 
accordingly radically expanded: given access to the potentiality of informatic 
genetic spaces, any part of the latter may become integrated into an actual “access 
point” (Löffler, 2018:42). Accordingly, the quasi-horizonality of AI technologies 
can be interpreted as already and increasingly being part of the intuitive “human 
means of orientation” (“menschlichen Orientierungsmittel,” Elias, 1988:ix) in their 
worlds. I argue that the proposed human-AI relations correspond to this new 
mode of technē in exactly this regard: The role of AI technologies lies in commen-
surating the potentiality of genetic spaces and and actuality of human-world 
relations into a new kind of horizonality. Therefore, and finally, I define the latter 
as follows: 

In the world of active informationalism, human-world relations are struc-

tured through machine horizons, which are specific convergences of the (i) 

probabilistic constellation of a past and future and the (ii) delimitation of 

the most likely present into (iii) one temporal-ontological unity. Specifically, 

131 In Löffler’s macroscopic study, the transition towards active informationalism is 
positioned as a change on a civilizational level (cf. Löffler, 2018:38ff; 2018:559ff). However, to 
maintain the fundamentally (post-)phenomenological nature of my argument, I restrain the 
vocabulary employed to the more immediate concerns of AI and information technologies.
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“a” past and future here refers to the constellation of informatic potentiality 

through AI technologies (e.g., historical data, inferred models, predicted 

functions). Inversely, “the” most likely present refers to the actuality of 

human-world relation mediated by a specific access point (e.g., a delimited 

artefactual manifestation).

The use of the term “machine” in this definition is deliberate, and not because 
there ‘is’ one Singularity-type machine, nor even one coherent style of ‘machine 
hermeneutics’ (Hongladarom, see Chapter 1, 2.6.). On the contrary, it is because 
human-world relat ions are structured by the specific 'machinic 
detections’ (Löffler) of particular arrangements of AI technology and artefactual 
access points. The specificity of this access point is key, because an AI technolo-
gies’ prediction of the most suitable (i.e., least uncertain) function corresponds to 
the particular circumstances of actually accessing a genetic space. For example, 
“my” genetic relation with a social media interface comes about at the intersection 
of a particular social media platform, its embedded advertising models, and the 
particular models associated with my user profile. Only from a specific predicted 
function can the overall potentiality of the latter be ’reduced’ to the composition 
of “my” newsfeed interface. And similarly, the co-extensive relation in which “I” 
find my reasoning practices unfolding with synthetic instrumental realities 
requires a specific mapping between the latter and the (eventual) object of reason-
ing. Accordingly, the convergence of a genetic space’s potentiality into an actual 
access point to specific ‘paths’ within this space, then, is the machine horizonality 
brought about by AI technologies. 

Corresponding to the manifestation of the As-If structure defined above 
(Chapter 6, 1.3.), machine horizons therefore conceptualize the saturation of 
human-world relations with the generic, adaptive and probabilistic subject-object 
relations of AI technologies. In other words, the ‘internal’ envelope of information 
technologies now substantially converges with the ‘external’ envelope of seem-
ingly independent human-world relations. In this sense, the concept of machine 
horizons also does not suggest that AI technologies “have” horizons in a phe-
nomenological sense. On the contrary, it rather signifies that the intervention of AI 
technologies is now fully integrative of a ‘temporal order’ (Krämer) that is 
brought into synchronization with the temporality of human-world relations. 
Machine horizons, then, are a high-level concept that integrates (i) the technical 
capacities of AI technologies, (ii) the specific role they play in mediating contem-
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porary human-world relations, and (iii) the way this mediation converges human 
experience in the here and now (“the” present) with a datafied historicity (“a” 
past) and predicted function (“a” future). It therefore also integrates the previ-
ously developed interpretive tools, which I briefly summarize as follows (Figure 
54). 

Figure 54: Conceptual diagram for machine horizons as the convergence of the potentialities of 
active informationalism with the actuality of human-AI relations.

A human-world relation in active informationalism is a particular access 
point to specific operational chains (represented in the figure as dashed lines and 
white circles). This access point will always involve the manifestation of an 
apparatic relation—such as a specific human-AI relation, apparatic embodiment 
relation, and so forth. In this manifestation, the poly-intentionality of AI technolo-
gies (shown as the familiar As–If representation) transforms the potentiality of a 
given operational chain(s) into a set of actual affordances of a particular artefactu-
al access point (e.g., a device, interface, environment). The latter, as part-and-
parcel of AI technologies, evidences thingly uncertainty; which can now be 
interpreted as the artefactual ‘residue’ of the AI-mediated convergence of actual-
ity and potentiality. Accordingly, thingly uncertainty is also a direct vector into 
explicating machine horizonality from interpretation of intentional experience.

Accordingly, my positioning of AI technologies in this way is not determinist, 
as the pivot of actual human-world relations in fact remains open to a kind of 
Ihdean multistability. Therefore, while I argue that the new technē (i.e., human 
ways of knowing themselves and their world) of active informationalism brings 
forth a new type of horizonality (i.e., machine horizons), the latter still evidences 
a fundamental ‘plasticity’ (Geniusas). This is crucial, because it ensures that post-
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phenomenological AI studies becomes neither overly focussed on deterministic 
threats to autonomy, nor ignorant to the novelty and change that may be found in 
what humans make of, in, and through machine horizons. With this integrative 
high-level concept in place, I close this chapter in the following by arguing that 
post-phenomenological AI studies are now finally in a position to both study 
human-AI relations and contribute to philosophical studies of emerging technolo-
gies.

4. Conclusion: An Objective for Post-Phenomenological AI Studies

With this final research chapter, I sought to both further substantiate the 
interpretive tools developed thus far as well as to provide definitive concepts for 
post-phenomenological AI studies. Due to the scope of this dissertation, it was 
only at this point that definitive human-AI relations, and particularly the co-
constitution of subjectivity and objectivity, could be investigated. Therefore, while 
my findings provide a programmatic outline for post-phenomenological AI 
studies, there are lines of inquiry left open. For instance, as noted above, further 
comparative studies of human-AI relations with regards to post-phenomenologic-
al work concerning embodiment or alterity technologies are needed for a full 
account. Equally, the suitability or consequence of the high-level concept of 
machine horizons in various domains (e.g., political, economic, cultural, ethical, 
leisurely) remains open for investigation. To this end, in this section I provide a 
definitive summary and conclusion with regards to the foothold I have achieved 
for post-phenomenological investigations of AI technologies.

Regarding this second part of the dissertation at large, my first step lay in 
explicating how exactly information technologies, as the superset of AI technolo-
gies, can be interpreted post-phenomenologically. Specifically, I drew on the 
horizonal interpretation of technological mediation developed in Part I to conduct 
a historical-ontological analysis. By following Hacking’s study on probability 
theory and statistics and Hayles’ on information theory and cybernetics, respect-
ively, I found that information technologies require differentiation regarding 
technological intentionality. This differentiation is needed because information 
technologies such as digital computers embody ’generic’ subject-object relations 
(Löffler), for instance between informatic operations (e.g., instructions) and 
patterns (e.g., data). Accordingly, the manifest technological intentionality of an 
artefact is only ever one particular delimited intentionality among a constellation of 
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informatic arrangements. To formalize this differentiation, I drew on Flusser’s 
‘informatic phenomenology’ to propose apparatic relations. The latter afford an 
analytic separation of the technological intentionality in human intentional 
experience from the poly-intentionality of information technologies (i.e., the 
apparatic arrangement of informatic operations and patterns). 

Subsequently, I conducted proof-of-concept analyses of symbolic AI technolo-
gies, as an antecedent paradigm to contemporary AI technologies. Using apparat-
ic relations, I found that poly-intentionality can here be formalized as a linear If-
Then structure:, the mapping of input to pre-inscribed variables (If), which 
modifies a particular program (Then) to produce output. While this substantiated 
the suitability of apparatic relations and poly-intentionality as interpretive tools, I 
noted that qualitative differences to contemporary AI technologies would need to 
be accounted for. In order to do so, I then followed Olazaran’s external-sociologic-
al and Bishop’s internal-technical accounts of the emergence of contemporary, 
sub-symbolic AI technologies. In combination with technical readings, I argued 
that the development of probabilistic models through techniques such as neural 
networks represent a significant qualitative advance in poly-intentional terms; 
which I formalized in an As-If structure. The latter concerns how contemporary 
AI technologies infer non-linear models of a data space (As) on the one hand, and 
predict one of many probable functions through that space (If) on the other hand
—the specific function being determined by the least uncertain output in an 
informatic sense. 

To more closely investigate how this qualitative difference can be seen to 
align with intentional experience, I then first analyzed existing design research 
projects with AI technologies through the lens of the derived interpretive tools. 
This led me to formulate the concept of thingly uncertainty, as a qualitatively 
distinct attribute of AI-driven technological artefacts with regards to Ihde’s 
thingly interpretations. In contrast to the latter, AI-driven artefacts can be uncer-
tain about the world in a highly productive sense; existing as delimitations of 
poly-intentionality in a continuum of possible probable relations. However, I also 
critically reflected that post-phenomenological AI studies as a program require 
more specific, and indeed empirically substantiated, research trajectories. To this 
end, I then again (viz. Chapter 2) deployed design research as philosophy-in-
practice. In short, through proof-of-concept analyses in an applied context of use 
and a speculative prototype I derived specific research trajectories along epistemo-
logical and existential lines of inquiry regarding AI technologies.
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The derived research trajectories brought me to the present chapter, where I 
provided definitive programmatic and theoretical aspects of post-phenomenolo-
gical AI studies. As the latter are intended to be both continuous with as well as 
expanding on post-phenomenology, in this chapter I first developed an approach 
to the co-constitution of subjectivity and objectivity beyond appearance. Drawing 
from Kiran’s work, I argued that post-phenomenological AI studies follows a 
’forwards-backwards’ style of analysis regarding co-constitution: Discerning how 
AI technologies interfere in the co-constitution of actual human-AI relations in 
correspondence to the potential subjectivities and objectivities in apparatic 
relations. Framed in this way, I furthermore argued that this way of interpreting 
gives precedence to neither empirical or ontological perspectives, as both actual-
ity and potentiality constrain the other. 

Following this framing, I proceeded to conduct comparative case studies of 
AI technologies with regards to ‘canonical’ post-phenomenological interpreta-
tions along the earlier discerned epistemological and existential lines of inquiry. 
First, from an analysis of scientific practice with AI technologies, I noted that 
Ihde’s ‘instrumental realism’ has undergone a significant shift. Through synthetic 
data and predicted instrument calibrations, AI technologies embed objects of 
reasoning in synthetic instrumental realities—shaping what will have been made 
knowable for epistemic practices. As a result, I proposed a first definitive human-
AI relation in the form of co-extensive relations, in which human intentionality is 
taking shape alongside the unfolding of its eventual objects of reasoning. Second, 
I compared AI implementations in domains as diverse as genomic technologies 
and social media platforms to the canonical obstetric ultrasound analysis of 
Verbeek. Positioning the latter as the origin for post-phenomenological inquiries 
regarding the existential questions of technologically mediated self-formation, I 
found that relations to my-self are qualitatively distinct given the interference of 
AI technologies. Drawing from Sharon’s genetically responsible subjectivity, I 
defined genetic relations as embedding a self as already part of the opportunities as 
well as obligations for self-formation in correspondence to a predicted range of 
potential selves constituted by AI technologies. 

However, while the proposed human-AI relations to some extent gave an 
answer to the research question of what such relations are (R3), I argued that the 
discerned qualitative distinctions with regards to the original post-phenomenolo-
gical analyses required further reflection. Subsequently, I proposed that this 
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necessity is prompted by the apparent futurity of AI technologies that so drastic-
ally shapes the present of human-world relations. Given that there is also a kind of 
past that AI technologies draw on (e.g., meta-/data, engineering decisions), this 
seems to suggest that they may in fact ‘have’ a kind of horizonality in the Heideg-
gerian sense of temporal unity. However, rather than positing any kind of 
equivalence between human and AI technologies, I instead framed human-AI 
relations as part of a more fundamental change in how humans can know their 
worlds (technē in Heidegger’s sense). Basing the latter on Löffler’s definition of 
active informationalism, I argued that AI technologies are at the heart of a 
corresponding qualitative shift in horizonality. I defined the latter as machine 
horizons: an AI-mediated convergence of (i) probabilistic constellations of a past and 
future with (ii) the delimitation of the most likely present. This convergence 
deeply characterizes how humans relate to the world of active informationalism 
via artefactual ‘access points’ (Löffler), as well as how this ‘access’ is intuitively 
knowable. Futhermore, with machine horizons, I argued that a final, high-level 
concept is in place that integrates all thus far developed interpretive tools. The 
machine horizons mediated by AI technologies in particular domains, therefore, 
can be seen as a high-level objective for post-phenomenological AI studies.

In closing, I argue that situating and qualifying AI technologies in this way, 
i.e. as a specific part of a shift in humanity’s ongoing technologically mediated 
self-configuration, enables post-phenomenological AI studies to connect with as 
well as enrich discourses on equally emerging technologies such as nano- or 
biotechnologies, or the Internet-of-Things. This is because machine horizons are 
not positioned as a distinct sphere (e.g., as ‘general intelligence’ or singularity) 
but rather as an embedding structure—supporting inquiries as to how the 
concerns, practices or objects of everyday life, design, engineering, or ethics come 
to be at hand. Indeed, as has been shown above, the use of AI technologies in 
scientific inquiry or life decisions both minute and high-stakes does not need to 
be concerned with “AI” as an explicit object of study at all. On the contrary, I 
argue that my proposal allows to distinguish both between the phenomenotech-
nical realities and the appearance of “AI,” as well as how phenomena of contem-
porary life are brought forth within the qualitatively distinct capacities of AI 
technologies in mediating machine horizons.

 Accordingly, post-phenomenological AI studies can substantially unfold not 
only what human-AI relations are specifically, but rather how the lifeworld of the 
twenty-first century is taking “developmental shape” (Ihde, 2012:332). To this 
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end, my work in Part II of this dissertation has furnished a line of inquiry that is 
readymade for future investigations in philosophy of technology, design research, 
applied ethics or even policy research, concerning questions as diverse and 
intriguing as: How do machine horizons configure human-Earth relations and the 
project of climate justice? What kind of design opportunities and constraints does 
thingly uncertainty as the ‘artefactual residue’ of machine horizonality imply? 
Where exactly do extant power relations lie, manifest or dissipate in machine 
horizons? What opportunities for socio-political change do machine horizons 
imply—and for justice or equity movements? Indeed, what are the implications 
for morality in a world in which potentiality is distributed through poly-inten-
tional structures that are neither generally open to intervention, nor reducible to 
any one point of intervention in the first place? In the following concluding 
section to this dissertation, I therefore present a synthesis of my findings with 
implications for future work—highlighting the kinds of inquiries which my 
proposal for post-phenomenological AI studies has now made possible.
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Conclusion: A Research Program for Technological Mediation and AI 

Technologies

The overall goal of this dissertation was to outline a program for post-phe-
nomenological AI studies that is able to both accurately interpret technical 
specificities as well as intentional experience. However, enabling post-phenomen-
ological AI studies proved to require theoretical expansion, methodological 
reconsideration, and empirical research over technical, historical and applied 
domains. As a result, there are substantial areas that I have not been able to 
address directly. Most prominently, I have refrained from any sort of ethical 
considerations of particular AI technologies, and their applications in specific 
contexts of use, even when analyses of the latter clearly involved domains or 
findings which connected directly with such lines of inquiry. Therefore, this 
conclusion provides a reflective synthesis of the dissertation contributions with 
fundamental questions for such fields as examples for broader significance. To 
recall, in my introduction I outlined three fundamental research questions:

R1: How can post-phenomenological AI studies interpret their objects of 
inquiry?

R2: (How) Are AI technologies qualitatively distinct in terms of technological 
intentionality and technologically mediated intentionality?

R3: How are subjectivities and objectivities constituted in human-AI relations?

As I have argued earlier, these all turned out to be fundamentally questions 
about questioning, as may be expected of a proposal for a bespoke line of inquiry. 
R1, in this sense, is the broadest of research questions: given the challenges 
discerned early on in the post-phenomenological statues quo regarding the 
interpretation of always-already absent technologies such as AI technologies, 
from what angle can the latter even be approached, and how? This question 
stretched over the entirety of Part I of this dissertation, as it not only concerned 
the appropriate lens for interpretation but also the manner and dimensions in 
which interpretation should proceed. Only after this had been cleared up in the 
form of a post-phenomenological concept for horizonality, could I center on the 
more programmatic questions R2 and R3 in Part II. 

In the following, I therefore first present a brief overview of my research 
contributions and the resulting program of post-phenomenological AI studies (1). 
Then, I reflect how my proposals can contribute to or enable technomoral and 
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designerly lines of inquiry (2). Given the broad implications I have drawn regard-
ing the role of AI technologies in shaping the machine horizons of contemporary 
human-world relations, I outline in which way post-phenomenological AI studies 
can contribute to these fields as exemplary directions for future work. In closing 
the dissertation, I furthermore reflect on the future of post-phenomenological AI 
studies. Here, I argue that while some of its basic interpretive tools and theoretical 
foundation may simply dissolve into general developments within post-phe-
nomenology, the high-level objective of machine horizons supplies a continuous 
and particular focus for the future of post-phenomenological AI studies (3).

1. Overview of Contributions

Post-phenomenological AI studies as a distinct program is called for on two 
accounts, one external and one internal to post-phenomenology proper. Regard-
ing the former, current critical, technical and philosophical research predomin-
antly focuses on AI technologies as already-understood objects of inquiry—
whether from a technical angle (e.g., seeing ‘transparency’ or ‘fairness’ as solu-
tions) or regarding societal consequences (e.g., preventing ’surveillance 
capitalism’ or safeguarding ‘individual autonomy’). Accordingly, post-phenomen-
ology as the study of how technological artefacts shape perception and action 
promises a more fundamental kind of investigation (Introduction): what is it that 
these technologies do in our ways of perceiving and engaging the world? And 
what are the actual stakes, opportunities and responsibilities that thereby unfold 
on both an individual as well as societal level? However, as mentioned above, 
before these questions could be approached, significant theoretical discussion, 
elaboration and formalization was required. In this overview, I therefore separate 
the two parts of my dissertation as interrelated, yet distinct contributions due to 
their respective scopes.

Part I: The Horizonal Interpretation of Technological Mediation

The first contribution lies in the horizonal interpretation of technological 
mediation, explicated as a foundational necessity for post-phenomenological AI 
studies in Part I. It is a distinct contribution with regards to the framework I have 
proposed in Part II for two reasons. First, as repeatedly noted in contemporary 
discussions on post-phenomenology, the framework struggles to account for 
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technological operations that cannot be directly located in the here and now of 
experience (Chapter 1). It is this ‘internal’ challenge that the first part of the 
dissertation has focussed on: establishing an equally robust theoretical as well as 
pragmatic way for post-phenomenology to engage phenomena in terms needed 
for AI technologies—that is, technologies that are not reducible to the intentional 
experience of a given artefact. The second reason for viewing Part I as a distinct 
contribution is that I have approached this challenge through the phenomenolo-
gical category of horizonality (explicated in Chapter 2), or the structuring dimen-
sions for how experience can be given in the first place. By way of comparison 
with extant phenomenological theories of Husserlian and Heideggerian horizon-
ality, I argued that a genuinely post-phenomenological horizonality in relation to 
the framework’s main concept of technological mediation is lacking (Chapter 3). 

With conceptual scaffolding from Aydin and especially Löffler’s philosophical 
anthropology, I subsequently argued that taking horizonality seriously means 
expanding what the “technological” in technological mediation refers to. In effect, 
“technology” from this vantage point refers to both (i) the technologically 
structured ‘resolution’ of human-world relations, and (ii) the ‘rendering’ of 
specific instances of human-technology-world relations. In this light, I argued for 
a horizonal interpretation of technological mediation as a commensuration of 
spatial-phenomenal (rendering) and temporal-ontological (resolution) dimensions 
of human-world relations (Chapter 4, 1.). 

Figure 55: The proposed ‘horizonal model’ of technological mediation with heuristic guides..

However, as this theoretical elaboration was not yet conducive to post-
phenomenological investigations of actual technologies, I then proceeded to 
propose an interpretive model (Figure 55). To ensure the latter would be continu-
ous with as well as expanding the post-phenomenological style of interpretation, I 
supplemented the established transparency/opacity-spectrum (i.e., artefactual 
presence or absence) with a delimitation/constellation-spectrum (Chapter 4, 2.). 
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Together with its opposite, the above horizonal interpretation can be engaged 
pragmatically by ‘exploding’ technological mediation into its constituent dimen-
sions. On the transparency/opacity-spectrum, human-technology-world relations 
manifest phenomena (e.g., a robot appearing as alterity) in a spatial sense (e.g., a 
test site). On the delimitation/constellation-spectrum, however, it can be further-
more discerned how such phenomena are temporally delimited (e.g., particular 
activities) in correspondence to a constellation of temporal relations (e.g., measur-
ing instruments structuring the apparent activities).

In sum, the horizonal interpretation of technological mediation is therefore 
not only of use to ground post-phenomenological AI studies. On the contrary, due 
to the continuous criticism of and discourse on post-phenomenology’s empirical 
turn (e.g., Zwier et al., 2016; Reijers, 2019; Coeckelbergh, 2020), I argue that Part I 
holds significant contributions for philosophy of technology generally and post-
phenomenology specifically. The horizonal interpretation of technological 
mediation establishes a definitive baseline that is both readymade for pragmatic 
analyses as well as further exploration. With regards to the latter, I propose that 
my horizonal interpretation establishes ample opportunities for a re-appraisal of 
post-phenomenologies’ relationship with contemporary philosophical anthropo-
logy as well as Heideggerian phenomenology and philosophy of technology. 
Briefly, while Plessnerian philosophical anthropology has been considered, I 
argue that engagement with more contemporary strains as represented by Löffler 
or Aydin are highly promising. For instance, a deeper engagement could see the 
development of a post-phenomenological anthropology, dissecting and formalizing 
historical, contemporary or future modes of technological mediation. And while 
the tool-analyses in the first half of Heidegger’s Being and Time is a key touchstone 
of Ihde’s post-phenomenology, I have shown that the ‘overdue’ turn regarding 
horizonality requires as well as supports more foundational engagement with 
phenomenologies of temporality and ontology. In this sense, the first part of this 
dissertation has provided a hermeneutic basis for philosophers of technology 
generally, and for further developing post-phenomenology specifically.

Part II: Programmatic Proposal of  Post-Phenomenological AI Studies

After establishing a post-phenomenological concept for horizonality along 
with a foundational interpretive tool, in Part II I outlined various proposals for 
the interpretive foci, hermeneutic tools and general specificities of post-phe-
nomenological AI studies. These proposals were substantiated through historical 
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and technical readings, empirical research, and comparative analyses of case 
studies in a ’bottom up’ approach; from considering information technologies in 
general to the specificities of actual human-AI relations to the overarching titular 
concept of machine horizons. Due to these diverse and in-depth research 
activities, I argue that one of the principal contributions of Part II lies in offering a 
holistic set of interpretive tools which are built up from a multiplicity of 
‘grounds.’ Therefore, Part II is comparable in intent to the studies by Hacking or 
Hayles (cf. Chapter 5, 1.): Abstracting from detailed yet indispensable technical 
intricacies and historical-ontological developments to high-level concepts and 
interpretive angles, circumventing the need for those wishing to engage with AI 
technologies to retrace my every step. With the proposed interpretive tools and 
formalized lines of inquiry, people as diverse as philosophers of technology, 
designers, (philosophical) anthropologists or general technologists can engage AI 
technologies directly. In this spirit, I provide a definitive ‘top-down’ synopsis of 
the program of post-phenomenological AI studies.

In practice, there are three levels of inquiry. At the highest level, post-phe-
nomenological AI studies study machine horizons (Chapter 8, 3.). The latter are a 
fundamental aspect of contemporary human-world relations as ‘access points’ to 
the entangled operational chains of ‘active informationalism’ (Löffler). With the 
actuality of human-world relations entering the  ‘envelope’ (Floridi) of increas-
ingly networked information technologies, the latter embody a potential for 
human-world relations to manifest in particular ways. In this context, AI techno-
logies fulfill a specific role in (i) delimiting ‘the’ present (e.g., an actual user 
interface) through (ii) probabilistic constellations of ‘a’ past and future (e.g., 
models of potential functions approximated from data). Accordingly, machine 
horizons are structured through the AI-mediated convergence of informatic 
potentiality and actuality in particular human-world relations (Figure 54). 
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Figure 54: Conceptual diagram for machine horizons as the convergence of the potentialities of 
active informationalism with the actuality of human-AI relations.

Therefore, the concept of machine horizons does not suggest that AI technolo-
gies ‘have’ horizonality themselves, but rather that the horizons of contemporary 
human-world relations are fundamentally shaped by the particular operativity of 
AI technologies. As the above table already indicates, the particular entanglement 
of AI technologies and human-world relations can also be much further differenti-
ated through post-phenomenological AI studies. When the machine horizonality 
of human-world relations involve artefacts that explicitly display or are com-
posed of the outputs of AI technologies, intentionality structures can be investig-
ated that can be properly termed human-AI relations. These are characterized 
further by the thingly uncertainty that a particular artefact exhibits due to the poly-
intentional structure of the specific interfering AI technology. 

At the level of actual human-AI relations (Chapter 8, 2.), I have proposed a 
particular style of interpretation with accompanying hermeneutic tools. Through 
comparative case studies, I outlined two distinct human-AI relations. First, 
through co-extensive relations, the effects of AI technologies on particular epistemic 
practices (e.g., scientific) can be interpreted. Specifically, the scientific use of AI 
technologies involves generating data or measurements for subsequent ‘actual’ 
instrumental use (e.g., calibrating an imaging pipeline). In contrast to Ihde’s 
‘instrumental realities,’ the probabilistic models of AI technologies can treat 
something as ‘measurable’ by inferring  (~) synthetic instrumental realities. Accord-
ingly, here human intentionality (⇒) co-extends ([]) with objects of eventual 
reasoning that are made ‘known’ from synthetic instrumental realities. A generic 
schema is shown below.
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I [⇒] Artefact(Instrument[ ~ AI Technology ⇒ ]Measurements)

Co-Extensive Relation (Generic)

In genetic relations, a particular kind of subjectivity is formed. In contexts as 
disparate as genetic technologies or social media platforms, AI technologies draw 
from large amounts of metadata to  predict and render particular affordances for 
‘self-formation:’ the opportunities and constraints for actions which draw 
boundaries between my-self and the world.  Accordingly, AI technologies’ 
probabilistic models infer (~) functions that produce potential selves (I-I’’), 
which my actual “I” always-already finds itself involved with (I’). A generic 
schema is shown below:

[I’] ⇔ Artefact([I-I’’ ~ AI Technology])

Genetic Relation (Generic)

At the material level of information technologies, the arrangement of particu-
lar artefacts (e.g., interfaces, devices) with particular AI technologies (e.g., deep 
neural networks, generative-adversarial networks, support-vector machines) are 
the objects of inquiry. Accordingly, this level deals with information technologies, 
and AI technologies as a special, qualitatively distinct case. Productively, this 
level also presents the most suitable for engagement in actual contexts of AI 
technology implementation. As I have shown in various instances (cf. e.g. Chapter 
7), commonplace artefacts such as software architectures, component diagrams or 
code documentation can provide a low-level entry point for philosophical or 
designerly engagement. Depending on the specific implementation scenario, this 
can be engaged simultaneously, iteratively or successively regarding specific 
artefacts or the architecture of information technology components; as shown in 
the following. 

First, due to the probabilistic nature of AI technologies, artefacts which 
represent, are composed by or display the outputs of the latter exhibit what I have 
termed thingly uncertainty (Chapter 6, 2.). This concept is qualitatively distinct 
from post-phenomenological ‘thingly interpretation,’ as it does not limit a given 
artefact to static inscriptions which can be humanly interpreted in this or that 
way. On the contrary, due to the part-and-parcel informatic uncertainty of AI 
technologies, artefacts which draw on the latter operate in a continuum of poten-
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tial inscriptions, corresponding to the particular prediction made by AI technolo-
gies in specific circumstances (Figure 33).

 

Figure 33: In delimiting experience in human-technology-world relations through a predicted 
function (If) from a constellation of possible functions in probabilistic models (As), an artefact 
bears traces of both basic informatic uncertainty as well as a model’s divergences between 

possible functions.

Second, and at a yet more granular level of post-phenomenological AI 
studies, the framework can even inquire into highly specific technical concerns. In 
effect, the above human-AI relations and thingly uncertainty unfold from basic 
features of information technologies, which I discerned early in Part II (Chapter 
5). Drawing from Flusser’s ‘informatic phenomenology,’ I developed the inter-
pretive tool of apparatic relations to solve the problem of differentiating between a 
present artefact’s intentionality (e.g., the hermeneutic directedness of an interface) 
and the always-already withdrawn poly-intentionality of informatic subject-object 
relations (e.g., the relation of an algorithm with specific data).
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Figure 28: Conceptual diagram for the structure of poly-intentionality in SSAI technologies. 
The latter synthesize data (given particular parameters) into an internal representation As a 

model. Responding to specific input, a function is executed If it is predicted to transform 
data from input to output in the ‘best’ way.

 I have first substantiated the concepts of apparatic relations and poly-inten-
tionality with regards to an earlier AI paradigm, Symbolic AI, where I found that 
poly-intentionality can be specified as a particular structure. In the case of contem-
porary AI technologies, I defined the latter’s poly-intentional structure through 
the As–If couplet. In a nutshell, this couplet expresses that a predicted function 
(If), such as an image-classification, represents one possible ‘path’ through the 
modeled (As) data space among many other probable ones (Figure 28). Accord-
ingly, by differentiating AI technologies into their specific model and predictions, 
post-phenomenological AI studies can inquire even into highly technical particu-
larities to interrogate how these  ‘cascade’ into and shape human-world relations.

In sum, the above three levels of inquiry of post-phenomenological AI studies 
offer numerous inflection points for interpreting and analyzing the entanglement 
of human-world relations with the particular capacities of contemporary AI 
technologies. Given the multitude of interpretive tools across these three levels, 
and their integration into one holistic set, I argue that the contributions of Part II 
can assist a variety of people in gaining a pragmatic foothold on AI technologies 
that is philosophically and technically robust. At the same time, as with Part I, 
outlining this program required substantial theoretical and empirical research for 
the development of foundational concepts and interpretive tools, which prohib-
ited broader investigations into the areas which I argued required post-phe-
nomenological AI studies in the first place. In the following, I therefore reflect 
how post-phenomenological AI studies may complement or enable more expans-
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ive lines of inquiry concerning technomoral change and design research and product 
design.

2. Contributions to and Opened Lines of Inquiry

In the following, I outline two fields that post-phenomenological AI studies 
can both contribute to, as well as ground foundational lines of inquiry. First, I 
consider the connection to questions of technomoral change, which is one of the 
most important candidates given the strong connection of post-phenomenological 
research with discerning ethical issues at stake in actual or future technological 
deployments. I reflect on how the discerned machine horizons carry implications 
for further investigation regarding normative questions on a wider, societal level. 
Second, I argue that post-phenomenological AI studies can also be approached in 
design research as philosophy-in-practice; and in product design as a reflective lens 
on the nature of ‘products’ that draw from AI technologies. Together, these 
research trajectories are exemplary for the kind of work made possible through 
my proposal for post-phenomenological AI studies.

Post-Phenomenological AI Studies and Technomoral Change

From the programmatic proposal of post-phenomenological AI studies, a 
direct line can be drawn to the “anticipation of technological mediations” (Ver-
beek, 2011:97) in future deployments of actual technologies. Such anticipatory 
analyses center on the particular responsibilities that designers, engineers and 
other decision-makers have on the one hand, and the wider frames of morality 
technologies mediate. This is perhaps the most active contemporary line of 
inquiry in post-phenomenology: Studying how technologies “materialize moral-
ity” (ibid.:19), and how technological mediation therefore both instantiates and 
shapes questions of the good, the self, the societal arrangements of care, or the 
nature of the responsibilities towards fellow (non-)humans and the planet. 
Among others, Kaplan has criticized the narrow scope of post-phenomenological 
mediation theory with regards to societal questions, insofar as it focuses predom-
inantly on the technological mediation of individual rather than collective 
experiences (cf. Kaplan, 2009). The ‘moral’ turn of post-phenomenology can be 
seen as answering this criticism by providing an approach that centers on 
concrete ethical questions as well as broader notions of morality.
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Post-phenomenological investigations of morality generally draw from 
Swierstra’s theory of “technomoral change” (Swierstra, 2013:200; see also Swier-
stra et al., 2009) and Van de Poel’s “technology-as-social-experiment approach” 
(Van de Poel, 2013:357). The former has been proposed by Swierstra to frame how 
“emerging technologies [such as bio-/nano- or AI technologies] have the potential 
to disrupt established moral norms and values” (Swierstra, 2013:200). Accounting 
for this disruption is a significant challenge, because technomoral change is 
epiphenomenal with the scenarios in which technologies would have to be 
assessed. Van de Poel’s work provides another angle in this regard, arguing that 
technologies can be fruitfully framed as experiments. On the one hand, this is 
because technologies, once brought into society, are “difficult to terminate or they 
may have irreversible consequences, [and on the other] may have a similar 
(potential) role in the gathering of knowledge” (Van de Poel, 2011:287). Both 
angles therefore stress a need for an account of technology and morality that is 
neither deontological (i.e, assumes stable values) nor consequentialist (i.e., result-
based means-ends analysis).

These foundations are a crucial reason why post-phenomenology could 
generally support the ethical and moral questions surrounding and brought forth 
by AI technologies. For instance, Tigard notes in a review of the field of AI ethics 
that the latter should shift from assumed stable values to “locating accountability 
[…] to better understand the values being promoted by designers, users, and by 
technology itself” (Tigard, 2020:17). Similarly, Barabas and colleagues argue for 
“the use of empirically-grounded tools to help understand and respond” (Barabas 
et al., 2018:73) not only to the AI technologies themselves, but also how the latter 
shape the domains within which they are deployed. In this light, what is needed 
is an “ethics of accompaniment” (Verbeek, 2010:52), which is exactly how Verbeek 
positions post-phenomenology’s role in this field. The ethics-of-accompaniment 
approach differs drastically from assessing whether a particular technology is an 
‘advance’ over another, which for instance Mohr had argued is the “motto of 
[technology assessment]” (Mohr, 1999:234). On the contrary, the question here is 
not whether clear categories of error, ethical infringement or even superiority can 
be discerned a priori. Rather, it stresses that investigations should be “engaging 
with the social embedding of technology, […] with the ways in which users help 
to incorporate technologies in their lives, and policy-makers help to shape the role 
of technologies in social practices” (Verbeek, 2010:52). As continuous interpretive 
accompaniment, I therefore argue that post-phenomenology is generally suited 
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for the urgently needed “transition [from a deontologically oriented, action-
restricting ethics] to a situation-sensitive ethical approach” (Hagendorff, 2020:114) 
regarding AI technologies.

Existing work in post-phenomenology already shows the potential for 
contributing to specific ethical and general moral questions surrounding AI 
technologies. For instance, Kudina and Verbeek consider “technomoral scenarios” 
(Kudina and Verbeek, 2019:293) with respect to how “a technology ‘at the 
threshold of society’ affects the normative frameworks with which we evaluate 
these very technologies” (ibid.:309). As I have argued in Part I (cf. Chapter 3, 2.2.), 
Kudina’s work and particularly her  ‘hermeneutic lemniscate’ as an interpretive 
tool for technomoral change in technology adaption is especially promising: It 
accounts for interpretive dynamics in concrete human-technology engagements 
on an empirical level, and at the same time can be used to discern the implications 
of such dynamics on a normative level. Accordingly, the appropriation of AI-
driven artefacts by users, and the epiphenomenal normative changes in the 
minutiae of intentional interpretation, can be seen as a promising intersection of 
work such as Kudina’s with post-phenomenological AI studies.

However, a similar challenge shows itself here which motivated my disserta-
tion in the first place: Because the post-phenomenological status quo restricts 
itself to intentional experience, the temporal-ontological interference of technolo-
gies, and in particular information technologies, remains generally out of scope. 
In this respect, I argue that my horizonal angle of interpretation provides an 
actionable foothold on the concrete ethical and general moral questions surround-
ing AI technologies that can further develop post-phenomenological studies of 
technomoral change. Importantly, Van de Poel’s notion of technology-as-social-
experiment can provide an important conceptual alignment in this regard. 
Indeed, Van de Poel’s argument resonates strongly with AI technologies, which 
even from an internal-technical perspective Plasek describes as experimental since 
“they are used both as a confirmation for and as a counterpoint to what we 
know” (Plasek, 2016:8). With regards to AI technologies, I have already shown in 
the case study on scientific imaging above (cf. Chapter 8, 2.1.) how even the 
withdrawn probabilistic constellations of models “turn into constituent parts of 
the experimental arrangement” (Rheinberger, 1995:111). And early in the disserta-
tion, I showcased how experimentation with AI technologies such as Facebook’s 
emotional contagion study (cf. Chapter 2, 1.1.) not only leads to highly question-
able ‘technomoral scenarios,’ but rather evidences a modus operandi of such 
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technologies in general.

Accordingly, post-phenomenological AI studies can ‘radicalize’ Van de Poel’s 
notion of technological experimentality in a productive way by arguing that AI 
technologies can be interpreted as bringing forth a specific technomoral experiment-
ality. As an example, an interpretation of Kudina’s lemniscate in terms of post-
phenomenological AI studies would prompt two immediate and interrelated 
questions. First, how do the interpretive dynamics in intentional experience 
correspond to the thingly uncertainty of a particular artefact? Second, how does 
this relate to the specific AI technology’s poly-intentional structure? Differently 
put, as any particular manifestation of an artefact is only ever one delimitation 
from the probabilistic constellation of an AI technology’s model, analyses of 
appropriation and technomoral change require a more exhaustive hold on the 
phenomenotechnical conditions of such phenomena. What both questions 
require, therefore, is an integrative concept such as machine horizons to unfold 
how the ‘interpretive arcs’ of the lemniscate, and the technomoral changes in 
norms and values these explicate, may always-already be embedded in the 
experimental As–If structures of AI technologies. Accordingly, I argue that both 
the horizonal interpretation of technological mediation as well as post-phenomen-
ological AI studies bear significant potential for supplementing and advancing 
existing inquiries into cases of technomoral change. 

In exactly this sense, more foundational explications can also be undertaken 
regarding how AI technologies are involved in contemporary technomoral change 
on the level of human-world relations. One possible research trajectory in this 
regard can be briefly sketched here, starting from an economic vantage point. As 
Löffler has argued with regards to the era of active informationalism, in the 
developing economic model “exchange does not revolve around consumable 
objects but around points of access to potentialities” (Löffler, 2018:42). Such access 
points serve a dual purpose in economies of active informationalism, which has 
been described by Ekbia and Nardi as “heteromation” (Ekbia and Nardi, 2014:2). 
In contrast to automation, the authors argue that this techno-economic model 
“creates technical systems that function through the actions of heterogeneous 
actors [rather than only] the actions of machines” (ibid.:2). This can be seen to 
readily apply to post-Web 2.0 technologies: affordances for users to interact with 
digital ‘content’ at particular access points are not serendipitously or altruistically 
given. On the contrary, the metadata of such interactions inform the information 
technologies, and increasingly AI technologies, that structure the conditions 
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under which access itself is given. 

Indeed, as Floridi points out, humans increasingly find themselves in the role 
of “semantic engines” (Floridi, 2014:146) for information technologies, which are 
after all semantically ‘perfectly indifferent’ (Kittler). This not only applies to 
specialized domains such as scientific instrumentation, but also increasingly 
structures labor conditions in explicit heteromation systems such as crowdwork-
ing platforms. In the latter, for instance Amazon Mechanical Turk, users complete 
tasks (for low compensation) that are often oriented around improving AI 
technologies, for instance, by tagging and labelling datasets for subsequent 
training. Such heteromation platforms, accordingly, make (i) a specific access 
point’s “labor and attention available” (Irani and Silberman, 2013:613) to (ii) AI 
technologies that may embed countless access points within their specific ma-
chine horizons. A particularly urgent question, then, is the use of AI technologies 
for and as social experimentation on the one hand, and the opportunities for 
consent that are provided at each experimental ‘access point’—whether through 
late capitalist power-relations such as crowdworking, or the seamless extraction 
of one’s own labor in using a particular service as part of leisurely. 

Given the informatic feedback loops in the highly integrated infrastructures 
of active informationalism, no access point stands on its own, but rather shapes 
the “social world of contemporaries” (soziale Mitwelt, Schütz, 1972:142). In this 
light, what kind of societal arrangements, what kind of values and notions of 
public and individual good will arise when both an individual’s as well as their 
contemporaries’ human-world relations each reside in the specific “AI-time”  
(Coeckelbergh, 2021:7) of their respective machine horizons? How can and are the 
latter ‘coupled’? What kind of institutions, organizations, political systems and 
economies bring about what kind of notions of the ‘good’ in such couplings? 
Who, if anyone, controls the latter? Who, if anyone, should? And how can a world 
of machine horizonality in which specific people or organizations are granted 
more extensive access than others be justified or overcome? These questions, I 
argue, outline a first research trajectory for post-phenomenological AI studies into 
the complex entanglement of AI technologies and technomoral change.

Post-Phenomenological AI Studies and Design Research & Product 
Design
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My multidisciplinary research has made use of both philosophical and 
designerly inquiry, the latter most clearly when design research as philosophy-in-
practice was the chosen method (Chapters 2 and 7). Therefore, I also want to 
highlight how post-phenomenological AI studies can be approached and de-
ployed in an applied sense. Generally, my methodology substantiates the philo-
sophy-in-practice approach as a fruitful and generative way to deploy post-
phenomenology, echoing in particular Hauser’s work on this issue (cf. Hauser et 
al., 2018; Hauser, 2019). To be sure, while design research as philosophy-in-
practice has played a key part in my methodology, this is not a requirement for 
pursuing post-phenomenological AI studies. Rather, I argue that the focus on 
design has been shown, as in Ihde’s, Verbeek’s and other post-phenomenologists’ 
work, to put things at the locus of philosophical analysis. Importantly, via 
interpretive tools such as thingly uncertainty, this principle was shown to still 
hold even with regards to such seemingly inscrutable technologies as AI technolo-
gies. Therefore, the alignment of post-phenomenological AI studies with design 
research has two major benefits. First, and similar to post-phenomenology 
generally, it lowers entry barriers for philosophical analyses by a multitude of 
expertises; whether philosophers, designers or technologists. Second, it places 
philosophers of technology into research and development contexts; where things 
are both made and the conditions of their making are developed. Below, I there-
fore also reflect on concrete implications for design research and product design.

With regards to design research, I argue that my horizonal interpretation of 
technological mediation, and especially the theoretical basis in philosophical 
anthropology, suggests lines of inquiry for developing this field further. Specific-
ally, design anthropology has indeed emerged as a distinct discipline—however, 
here anthropology is interpreted in an ‘Anglo-American’ pragmatic sense, i.e., 
involving empirical methods such as ethnography. Among others, Light has 
argued that design research should be seen as a kind of “generative 
anthropology” (cf. Light, 2015:81) that can contribute to philosophical lines of 
inquiry. As I have shown in my design research projects, post-phenomenological 
AI studies as philosophy-in-practice can thematize and progress deeply philo-
sophical-anthropological questions. For instance, in one project I investigated 
how AI technologies are involved in the opportunities and constraints for self-
formation in contemporary human-world relations (Chapter 7, 2.). Here, self-
formation was found to be less anthropocentric than in, for instance, Plessner. 
Rather than human beings as the ‘seat’ of agency in boundary-making (i.e., self-
world demarcations), AI technologies were found to be actively involved in 



332

boundary-giving through the machine horizons within which human-world 
relations are embedded. Specifically, the futurity of AI technologies has been 
interpreted to shape who I am through who I may have been.  In this sense, I argue 
that post-phenomenological AI studies as philosophy-in-practice can not only 
continue to unfold this experimental empirical-analytical methodology, but 
furthermore push design research into areas heretofore left under-explored.

Furthermore, I argue the interpretive tools developed under post-phenomen-
ological AI studies supply significant implications for more output-oriented 
design practices. With regards to product design, I have argued that post-phe-
nomenological AI studies, and particularly the horizonal model of technological 
mediation, support an experimental anticipation not only of particular ethical 
concerns, but of possible things. In a design research project above, I showed how a 
particular AI-driven artefact’s design can be anticipated through philosophy-in-
practice (Chapter 7, 1.). To this end, I argue that post-phenomenological AI 
studies can open up research vectors within research and development in design 
engineering—and crucially, vectors that align with technical specificities as well 
as (actual or eventual) experience. Specifically, the design engineering C-K theory 
(cf. Hatchuel and Weil, 2009) could be engaged productively by post-phenomeno-
logical AI studies. This theory models design “as the interplay between two 
interdependent spaces with different structures and logics: the space of concepts 
(C) and the space of knowledge (K)” (ibid.:181). K here concerns propositions 
about what is ‘known’ to work in designing an object, whereas C is the space of 
concepts which are “undecidable propositions in K (neither true nor false in K) 
about partially unknown objects x” (ibid.:182). Even granting that this separation 
is a heuristic, regarding AI technologies it becomes unclear how such spaces may 
be applied: as I have argued repeatedly, what can be ‘known’ about ‘objects’ such 
as input, model, and output is not reducible to how such objects appear. 

For instance, even techniques such as algorithmic explanations may misguide 
how such objects are assessed (cf. Introduction, 1.1.). However, I argue that 
interpreted through post-phenomenological AI studies, C-K theory could become 
surprisingly generative with regards to AI technologies. Specifically, an object k is 
only ever apparent as known—it is part of an inner horizon of knowing the world. 
Concepts c which may apply to k, therefore, are situated within a corresponding 
outer horizon of intuitively knowing the world. Practically, this would mean that 
an object of design or engineering (e.g., a scientific imaging instrument) material-
izes propositions (e.g., measuring standards) as well as experimental concepts 
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(e.g., data sources). With AI technologies, however, I have argued that precisely 
these modes of horizonality are actively converged into particular machine 
horizons. As a consequence, designing objects that involve AI technologies 
always means both the design of AI technologies, as well as the design with their 
particular capacities. For instance, as has been shown above (Chapter 8, 2.2.), 
what can be known about a particular designed object, its operation and its 
outputs is always-already embedded within the ’synthetic reality’ of AI technolo-
gies. Accordingly, I argue that machine horizonality implies a supplemental space 
to C and K that is more akin to a “terrain of not-knowing things“ (Wakkary, 
2021:250) than any declarative design proposition. 

I argue that this is an important insight for all technologists engaging AI 
technologies. Not only must ‘products’ be rethought in terms of the actuality of 
thingly uncertainty, but furthermore be brought into alignment with the potential-
ity of a specific poly-intentional structure. In other words, as much as intentional 
experience is no longer exhaustive of the breadth of technological mediation, so 
the things within it can no longer be designed as stable targets for propositions. 
On the contrary, I want to propose that designing with AI technologies draws 
from a “pre-language, pre-predicative, a pre-discursive” (Waldenfels, 2000:112) 
space of propositions (i.e., probabilistic models) that is irreducible to either an 
object or a particular statement about that object. Therefore, deploying post-
phenomenological AI studies as design practice would mean design with as much 
as of AI technologies. However, this does not mean attributing a vague autonomy 
to the latter, but rather encourages a design methodology that makes use of the 
proposed interpretive tools for a continuous reflective engagement of what can be 
known about, experimented with and materialized in particular objects. In this 
light, I propose that post-phenomenological AI studies as a way of making, 
whether for design research or product design, can engage AI technologies in a 
highly productive way, situating what is as well as generating what may be.

3. The Future of Post-Phenomenological AI Studies

As a concluding statement, I want to reflect on how post-phenomenological 
AI studies may develop following this dissertation in a broader, programmatic 
sense. First, the horizonal interpretation of technological mediation and specific 
interpretive tools (e.g., apparatic relations, poly-intentionality) were established to 
ground and advance my proposal of post-phenomenological AI studies. 
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However, given the broader methodological implications that the former have in 
light of contemporary issues of technological mediation, it is also not unlikely that 
some parts of this proposal may just become a post-phenomenological baseline. 
On the one hand, this is indicated by the repeatedly evidenced need for differenti-
ating post-phenomenological interpretation regarding emerging information and 
AI technologies (e.g., Wiltse, 2014; Wellner, 2018; Hongladarom, 2020). Given that 
information technologies will continue to ‘envelop’ (Floridi) human-world 
relations; individual and manifest human-artefact encounters will increasingly be 
insufficient for exhaustive analysis. Methodologically speaking, it is therefore not 
unlikely that concepts such as poly-intentionality or apparatic relations will 
simply dissipate into post-phenomenology. For the latter’s chief goal, through 
continuous reflection, is to maintain an adequate account of technological medi-
ation and the actual ‘movements of experience’ (Ihde) to be found in human-
technology-world relations. To this end, I argue that the proposed apparatic 
relations, poly-intentional structures, thingly uncertainty and human-AI relations 
lay a foundation for the further development of post-phenomenology as a whole.

On the other hand, the horizonal interpretation of technological mediation 
also reflects recurring suggestions or demands for adapting more transcendental 
and ontological ‘excursions’ in post-phenomenology (e.g., Zwier et al., 2016; 
Reijers, 2019; Coeckelbergh, 2020). Similar to the need for differentiating technolo-
gical specificities and intentionalities, such excursions will equally become ever 
more pressing. First, processes, practices, things and phenomena in the lifeworld 
which had not been directly ‘informatic’ will increasingly be reshaped and 
integrated into operational chains. Second, even those ineffable hopes, 
aspirations, and feelings that seemingly remain purely ‘in’ human-world relations 
will likewise require more expansive approaches to analysis. Indeed, such 
phenomena will increasingly become intuitive within the machine horizons 
mediated by AI technologies. Accordingly, even if future post-phenomenological 
inquiries do not directly center on the latter, an approach centering on emerging 
technologies and novel phenomena will nonetheless most likely develop a 
concept such as machine horizonality.

Lastly, if both interpretive tools as well as theoretical basis dissipate into post-
phenomenology generally, this begs the question of what may become of post-
phenomenological AI studies. The high-level concept of machine horizons, I have 
argued, can be considered the ‘objective’ of post-phenomenological AI studies. 
This programmatic impulse may then indicate the continued particularity of post-
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phenomenological AI studies. Indeed, with the further saturation of everyday life 
by AI technologies, particular machine horizons within which human-world 
relations play out will arguably become more integrated. While I do not assume, 
contra ‘strong AI’ proponents, that this integration will bring about a super-
human artificial intelligence, it is nonetheless worthwhile to consider what a 
constellation of machine horizons may result in.

Given that machine horizonality is fundamentally adaptive (i.e., modeling from 
data) as well as continuous (i.e., predicting through models); the convergence of 
multiple AI technologies will likely result in highly diversified ‘local’ and ‘global’ 
machine horizons: individual human-world relations will influence the structure of 
‘their’ machine horizons to a much higher degree. However, this is not meant as a 
net positive: while the particular predominance of the current platform oligarchy 
may relent (as no one power structure can retain ‘all’ particularities of conver-
gence), the power relations these have agglomerated will not simply disappear. In 
this respect, I argue that the philosophical-anthropological foundation for post-
phenomenological AI studies I developed from Aydin and particularly Löffler can 
be instructive. 

Following this foundation, machine horizons are part of humanity’s ongoing 
technologically-mediated self-formation. The latter are indicated through qualitat-
ively new ‘plateaus’ of human-world relations, as indicated by new levels of 
technological integration and accompanying ways of being-in-the-world. Post-
phenomenological AI studies, therefore, can be seen as a continuous and indeed 
futurological effort of philosophically discerning the new plateaus of human-world 
relations which machine horizons render available. Therefore, for instance, the 
inquiry proposed above into the technomoral change can critically interrogate the 
organizations, institutions and contracts that form, enable or limit such plateaus. 
And likewise, given the affinity to practice-based research highlighted above, 
post-phenomenological AI studies as practice can also materialize, study and 
imagine things that are indicative of as well as thinkable in such plateaus. In this 
way, I see the future of post-phenomenological AI studies as not only tracing, but 
rather sketching the “unique curvatures” (Ihde, 1990:161) of the contemporary 
and yet unfolding lifeworld.
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Appendix

Informed Consent Form

Consent	Form	for	Entop&c	Field	Camera	-	Internal	Study
YOU	WILL	BE	GIVEN	A	COPY	OF	THIS	INFORMED	CONSENT	FORM

 
Please	&ck	the	appropriate	boxes Yes No

Taking	part	in	the	study

I	have	read	and	understood	the	study	informa2on	dated	
02/08/2021,	or	it	has	been	read	to	me.	I	have	been	able	to	ask	
ques2ons	about	the	study	and	my	ques2ons	have	been	answered	
to	my	sa2sfac2on.

□ □

I	consent	voluntarily	to	be	a	par2cipant	in	this	study	and	under-
stand	that	I	can	refuse	to	answer	ques2ons	and	I	can	withdraw	
from	the	study	at	any	2me,	without	having	to	give	a	reason.	

□□

I	understand	that	taking	part	in	the	study	involves	use	of	a	web	
prototype	provided	by	the	lead	researcher,	using	the	prototype	to	
take	images	of	my	own	choosing,	saving	images	of	my	own	choos-
ing,	sharing	the	images	of	my	own	choosing	with	the	lead	re-
searcher	and	par2cipa2ng	in	an	analysis	session	at	the	end	of	the	
study	period.	I	understand	I	will	receive	no	compensa2on,	monet-
ary	or	otherwise.

Risks	associated	with	parJcipaJng	in	the	study

□□

I	understand	that	taking	part	in	the	study	involves	taking	images	
that	will	be	transformed	by	an	Ar2ficial	Intelligence	(AI)	model.	I	
understand	that	while	my	images	will	be	sent	to	an	external	
service	provider	(Runway	ML),	neither	the	images	themselves	nor	
metadata	related	to	them	will	be	saved	by	either	the	prototype	
nor	this	external	service	provider.

□ □

Use	of	the	informaJon	in	the	study

I	understand	that	informa2on	I	provide	will	be	used	in	research	
publica2ons,	doctoral	theses,	and	online	content	(e.g.	researcher	
websites).	

□ □
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I	understand	that	personal	informa2on	collected	about	me	that	
can	iden2fy	me,	such	as	[e.g.	my	name	or	where	I	live],	will	not	
be	shared	beyond	the	study	team.	

□ □

I	agree	that	my	informa2on	can	be	quoted	in	research	outputs. □ □

Future	use	and	reuse	of	the	informaJon	by	others

I	give	permission	for	any	visual	(e.g.,	images),	audio	(e.g.,	inter-
view	recordings)	and	textual	(e.g.,	interview	transcipts)	that	I	
provide	to	be	archived	in	the	University	of	Twente	and	Open	
Science	framework	research	repository,	so	it	can	be	used	for	
future	research	and	learning.	I	understand	that	public	access	to	
such	data	will	only	pertain	to	anonymized	data,	and	that	personal	
data	will	be	encrypted	and	not	publicly	accessible.

□□

I	give	the	researchers	permission	to	keep	my	contact	informa2on	
and	to	contact	me	for	future	research	projects.	

□ □

Signatures

_____________________ __________ ________
Name	of	par2cipant	[printed]					Signature													Date

I	have	accurately	read	out	the	informa2on	sheet	to	the	poten2al	
par2cipant	and,	to	the	best	of	my	ability,	ensured	that	the	par2-
cipant	understands	to	what	they	are	freely	consen2ng.

_____________________ __________ ________

Researcher	name	[printed]										Signature													Date
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Study	contact	details	for	further	informaJon:		

Jesse	Josua	Benjamin,	j.j.benjamin@utwente.nl

Contact	InformaJon	for	QuesJons	about	Your	Rights	as	a	Re-

search	ParJcipant

If	you	have	ques2ons	about	your	rights	as	a	research	par2cipant,	
or	wish	to	obtain	informa2on,	ask	ques2ons,	or	discuss	any	
concerns	about	this	study	with	someone	other	than	the	research-
er(s),	please	contact	the	Secretary	of	the	Ethics	CommiXee	of	the	
Faculty	of	Behavioural,	Management	and	Social	Sciences	at	the	
University	of	Twente	by	ethicscommiXee-bms@utwente.nl

Summary

In this dissertation, I combine philosophical analyses, technical readings and 
design research to propose post-phenomenological AI studies as a program for 
investigating how contemporary artificial intelligence (AI) technologies shape the 
relations between human beings and their worlds. My research starts from the 
perspective of the post-phenomenological framework initially theorized by Ihde 
and substantially advanced by Verbeek, which studies the technological mediation 
of human-world relations. Being empirically oriented and bearing a pragmatic 
toolkit for interpretation, post-phenomenology has become applied in design, 
engineering, and ethics to study actual technologies. In this regard, it seems that 
post-phenomenology should play a key role in the design and assessment of AI 
technologies. After all, both ethical and practical challenges abound: the automa-
tion of work, the opacity of decision-making, the data-driven perpetuation of 
historical injustices; to name just a few. However, AI technologies also challenge 
the post-phenomenological framework: with techniques such as neural networks, 
probabilistically inferred models and subsequent actions are irreducible to the 
apparent artefacts of our experience, but shape the latter nonetheless. 

Therefore, my proposal for post-phenomenological AI studies builds firstly 
on the expansion of post-phenomenonology’s interpretive scope. Through a 
review of the status quo of post-phenomenological investigations of information 
and AI technologies, as well as using design research as philosophy-in-practice, I 
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find that the phenomenological concept of horizonality, i.e. the interdependence of 
given experience on particular embedding and limiting structures, is promising 
for an adequate interpretive post-phenomenological approach to AI technologies. 
In reviewing extant phenomenological approaches to horizonality, I find that 
Ihde’s concept of horizonality is a fundamentally spatial framing; whereas Husserl 
and specifically Heidegger pursue broader, temporal notions of horizonality. 
However, how the latter could be pursued is found to be an open question. I 
therefore next review contemporary attempts at expanding the interpretive scope 
of post-phenomenology, where I find promising yet inexhaustive pointers. 
However, in reflecting on Aydin’s recent work, I find that philosophical anthropo-
logy can scaffold further development of a genuinely post-phenomenological 
concept of horizonality. 

Subsequently, based on a synthetic reading of Heideggerian philosophy of 
technology and Löffler’s philosophical anthropology, I propose a ‘horizonal’ 
interpretation of technological mediation. In this view, technological mediation is 
not exhaustively accounted for in any one particular artefact, but is rather seen as 
a commensuration of the structuring dimensions of human-world relations by 
‘stretching’ across particular artefacts as well as absent technologies. To actually 
guide analyses, I subsequently furthermore draw on Seibt’s processual approach 
to philosophical modeling to develop a first heuristic model for carrying out 
interpretations. With a theoretical foundation and heuristic model for a horizonal 
interpretation of technological mediation in place, I begin the development 
towards post-phenomenological AI studies. 

First, I argue that from a pragmatic standpoint, contemporary AI technologies 
are particular types of information technologies. Tracing the latter’s historical 
emergence through studies by Hacking and Hayles, I argue that by way of 
successive abstractions from prior technologies, information technologies require 
differentiation between multiple and always-already withdrawn technological 
intentionalities (i.e., how artefacts are ‘directed’ at the world), which I term poly-
intentionality. To interpret the latter, I then propose a fundamental hermeneutic 
tool in the form of apparatic relations drawing from Flusser, which qualifies the 
components of information technologies (e.g., programs, outputs, architecture) for 
analysis in terms of technological mediation. Through technical readings, I then 
sketch out further interpretive tools in the form of poly-intentional structures, 
which reflect the phenomenological importance of AI technologies’ technical 
specificities with regards to preceeding information technologies. Exploring such 
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structures by reviewing actual artefacts generated from design research, I further-
more derive a corresponding ‘artefactual’ attribute in the form of thingly uncer-
tainty; which conceptualizes how the poly-intentionality of AI technologies 
actually manifests.

With interpretive tools for the technological intentionality of AI technologies 
laid out, I then investigate what human-AI relations actually are. To this end, I 
first employ design research to discern epistemological and existential research 
trajectories. Following the discerned trajectories, I conduct two case studies of AI 
technologies in comparsion to influential post-phenomenological analyses in 
similar domains. From these, I propose two human-AI relations that are readymade 
for further inquiries; and center on how AI technologies shape reasoning practices 
and practices of self-formation, respectively. At the same time, given the qualitat-
ively distinctions discerned in comparison, I also argue that a more comprehens-
ive concept is needed that contextualizes the role of AI technologies in contem-
porary human-world relations, for which I propose the titular machine horizons. 
The latter conceptualize how, in a world increasingly textured by networked 
information technologies, AI technologies’ particular role lies in converging the 
potentiality of the latter with the actuality of human-world relations—leading to a 
temporal ’synching’ with the probabilistic models of AI technologies. In closing, I 
reflect on the horizonal interpretation of technological mediation as a contribution 
to post-phenomenology and philosophy of technology in general, review how the 
derived interpretive tools can be applied to AI technologies going forward, and 
reflect on the implications for philosophy-in-practice that can be drawn from my 
interdiscliplinary methodology.

Samenvatting

In dit proefschrift ontwikkel ik postfenomenologisch AI-onderzoek als een 
programma om te onderzoeken hoe hedendaagse kunstmatige intelligentie (AI) 
technologieën de relaties tussen mensen en hun wereld vormgeven. Dat doe ik 
v a n u i t e e n c o m b i n a t i e v a n fi l o s o fi s c h e a n a l y s e , t e c h n o l o g i s c h 
literatuuronderzoek, en ontwerpend onderzoek. Mijn onderzoek gaat uit van de 
postfenomenologische benadering, die werd geïnitieerd door Ihde en substantieel 
verder werd ontwikkeld door Verbeek, en die zich richt op het bestuderen van de 
technologische bemiddeling van mens-wereld relaties. Vanwege haar empirische 



368

oriëntatie en haar bruikbaarheid als ‘gereedschap voor interpretatie’ wordt 
postfenomenologie toegepast in design, engineering en ethiek om concrete 
technologieën te bestuderen. Op deze wijze beschouwd zou postfenomenologie 
een centrale rol moeten spelen bij het ontwerpen en de beoordeling van AI-
technologieën, die immers zeer veel ethische en praktische uitdagingen 
opleveren: de automatisering van werk, de ondoorzichtigheid van besluitvorm-
ing, de data-gedreven bestendiging van historisch onrecht – om er een paar te 
noemen. AI-technologieën stellen echter ook het postfenomenologische kader zélf 
op de proef: de probabilistische modellen en hun implicaties waarop AI systemen 
zijn gebaseerd, op basis van technologieën als neurale netwerken, dienen zich zelf 
immers niet zichtbaar aan in onze ervaring, maar geven er niettemin vorm aan. 

Mijn voorstel voor postfenomenologische AI-studies richt zich daarom 
allereerst op een uitbreiding van de interpretatieve reikwijdte van de post-
fenomenologie. Aan de hand van een overzicht van de status quo van post-
fenomenologisch onderzoek naar informatie- en AI-technologieën, en puttend uit 
ontwerpend onderzoek als filosofie-in-praktijk, betoog ik dat het fenomenologis-
che concept van ‘horizonaliteit’ – ofwel de onderlinge afhankelijkheid van een 
gegeven ervaring en de specifieke structuren waarin deze is ingebed en waardoor 
deze wordt begrensd – veelbelovend is voor een adequate interpretatieve post-
fenomenologische benadering van AI-technologieën. Bij het onderzoeken van 
bestaande fenomenologische benaderingen van horizonaliteit betoog ik dat Ihde's 
concept van horizonaliteit een fundamenteel ruimtelijk concept is, terwijl Husserl 
en vooral ook Heidegger een bredere, temporele opvatting van horizonaliteit 
ontwikkelen. Hoe deze laatste benadering verder kan worden ontwikkeld, blijkt 
echter een open vraag te zijn. Daarom onderzoek ik vervolgens hedendaagse 
pogingen om de interpretatieve reikwijdte van postfenomenologie uit te breiden, 
waarbij ik veelbelovende maar onvolledige aanknopingspunten identificeer. 
Reflecterend op Aydins recente werk, stel ik dat filosofisch-antropologische 
benaderingen de basis kunnen vormen voor de verdere ontwikkeling van een 
werkelijk post-fenomenologisch concept van horizonaliteit. 

Hierna stel ik een "horizonale" interpretatie van technologische bemiddeling 
voor, op basis van een synthese van Heideggers techniekfilosofie en Löfflers 
wijsgerige antropologie. In deze benadering kan technologische bemiddeling niet 
volledig worden toegeschreven aan één specifiek technologisch artefact, maar 
moet bemiddeling gezien worden als het commensureren van de structurerende 
dimensies van mens-wereld relaties door zich 'uit te strekken' over bepaalde 
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artefacten en afwezige technologieën heen. Als gids bij mijn analyses maak ik 
vervolgens gebruik van Seibts procesmatige benadering van filosofische model-
lering, als basis voor een eerste heuristisch interpretatiemodel. Vanuit deze 
theoretische basis en dit heuristische model voor een horizonale interpretatie van 
technologische bemiddeling begin ik met het ontwikkelen van post-fenomenolo-
gische AI-studies. 

Ten eerste stel ik dat hedendaagse AI-technologieën, vanuit een pragmatisch 
standpunt bezien, bijzondere soorten informatietechnologieën zijn. Ik onderzoek 
het historische ontstaan van informatietechnologieën op basis van studies van 
Hacking en Hayles en stel dat deze, door opeenvolgende abstracties van eerdere 
technologieën, een onderscheid vereisen tussen verschillende en altijd al terugget-
rokken technologische intentionaliteiten (d.w.z. de manier waarop artefacten 
"gericht" zijn op de wereld), wat ik poly-intentionaliteit noem. Om dit laatste 
nader te onderzoeken stel ik vervolgens de notie van ‘apparatische relaties’ voor 
als een fundamenteel hermeneutisch instrument, ontleend aan Flusser, dat het 
mogelijk maakt om de verschillende componenten van informatietechnologieën 
(b.v. programma's, outputs, architectuur) te analyseren in termen van technologis-
che bemiddeling. Aan de hand van technologisch literatuuronderzoek ontwikkel 
ik vervolgens de notie van ‘poly-intentionele structuren’ als interpretatief hulp-
middel, die het fenomenologische belang weerspiegelt van de specifieke technis-
che kenmerken van AI-technologieën met betrekking tot eerdere informatietech-
nologieën. Door dergelijke poly-intentionele structuren te gebruiken om concrete 
artefacten te onderzoeken die voortkomen uit ontwerpgericht onderzoek, leid ik 
vervolgens het bestaan af van een overeenkomstige ‘artefactuele’ eigenschap in 
de vorm van ‘dingmatige onzekerheid’: een begrip dat conceptualiseert hoe de 
poly-intentionaliteit van AI-technologieën zichzelf concreet manifesteert.

Op basis van deze uiteenzetting van de interpretatieve gereedschappen om 
de technologische intentionaliteit van AI-technologieën te kunnen analyseren, 
onderzoek ik vervolgens wat mens-AI relaties eigenlijk zijn. Daartoe maak ik 
eerst gebruik van ontwerpend onderzoek om epistemologische en existentiële 
onderzoekstrajecten te onderscheiden. Langs de lijnen van deze trajecten voer ik 
twee casestudies uit met betrekking tot de meest invloedrijke postfenomenologis-
che analyses, waarbij ik kom tot twee mens-AI-relaties die verder onderzocht 
dienen te worden, en waarin centraal staat hoe AI-technologieën respectievelijk 
vormgeven aan redeneerpraktijken en praktijken van zelfvorming. Tegelijkertijd 
stel ik, gezien de kwalitatieve verschillen die uit de vergelijking naar voren 



370

komen, dat er een meer omvattend concept nodig is om de rol van AI-technolo-
gieën in de hedendaagse relaties tussen mens en wereld te contextualiseren, 
waarvoor ik de term ‘machine horizons’ voorstel. Deze term maakt zichtbaar hoe 
de bijzondere rol van AI-technologieën, in een wereld die steeds meer gestructur-
eerd wordt door genetwerkte informatietechnologieën, bestaat in een convergen-
tie van de het potentieel van informatietechnologie met de actualiteit van mens-
wereld relaties – wat leidt tot een temporele 'synchronisatie' met de probabil-
istische modellen van AI-technologieën. Tot slot reflecteer ik op de horizonale 
interpretatie van technologische bemiddeling als een bijdrage aan de post-
fenomenologie en de techniekfilosofie in het algemeen, onderzoek ik hoe de 
interpretatieve instrumenten die uit deze interpretatie voortvloeien kunnen 
worden toegepast op AI-technologieën in de toekomst, en reflecteer ik op de 
implicaties van mijn interdisciplinaire methodologie voor de ‘filosofie-in-de-
praktijk’.
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