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1. Introduction

It is common for technology to be used to obscure the role of humans, and artificial
intelligence (Al)is a field where this is even more true than for many others. From ghost
workers and data scraping to algorithmic management and automated decision making, Al
technologies are used to displace, appropriate, and hide human labour in various ways.
Decisions are hidden inside technical systems, externalising them from individuals and
organisations who could be held meaningfully accountable, which can make agency and
power flow in new and often poorly understood ways. By having automated systems imitate
humans, teleworkers can be seamlessly swapped in and out as needed with users none the
wiser, making the systems appear significantly more capable than they actually are.

A useful abstraction for studying and exposing the workings of these systems is to consider
how and where information is flowing through them. However, tools for such analyses tend
to either be highly abstracted and focused on the broader sociotechnical systems where Al
components are situated, or highly technical and focused on the details of specific software
and hardware architectures, or onidealized and abstract models thereof. The proposed work
will attempt to bridge this gap. On the one hand, it will take a more rigorous approach
grounded in information theory to qualify and quantify the information that the humans
involved share both through some specific technical system and through outside channels.
On the other hand, it will take a wider view on the concrete workings of those technical
systems, incorporating sociotechnical metadata into analyses of digital information flows.

In sum, we aimto use tools and methods from information theory and sociotechnical system
modelling, together with formal graph models and complexity theory, to investigate and
explain how diverse human labour and knowledge is discretized, datafied, and expressed
throughout the development and deployment of different types and architectures of Al
systems.
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A complementary aim of this work is to build on and further develop existing research

connecting information, computation, labour, and value, and how these concepts interact,
specifically in the context of Al systems, making concrete contributions to interdisciplinary
studies on Al and data work. A second major aim is to yield new insights into how to quantify
and qualify information flows, through a focused study of sociotechnical systems involving
Al components, where information and its flows in the digital realm can be directly studied,
and comparisons can be made to both models and empirical realities of the social realm
surrounding them.

Ultimately, we aim to investigate the following research questions: * RQ1 What types of
information flows can be identified within different Al system architectures, and how can
these be formally categorized? * RQ2 How do human actors contribute to and engage with
information flows in and around Al systems, and how can these social interactions be
systematically modeled? * RQ3 How can we develop and validate models of information
flows in Al-based sociotechnical systems that integrate both technical and human
components? * RQ4 How do modeled information flows reflect or reinforce particular
organizational or institutional power structures?

2. Related work

Though to the best of the authors knowledge there is very little research on precisely the
present topic, its interdisciplinary nature means that there are a number of intersecting
areas of active research. In particular, works that cover the intersection between Al and
information theory, between information theory and labour, between labour and Al, and
between any of these three areas and sociotechnical modelling are all relevant.

For the first intersection, Jeon and Roy have recently investigated the connections between
Bayesian machine learning and Shannon information theory, drawing an equivalence
between the cumulative errors during a learning process of an optimal machine learning
algorithm, and the amount of information contained in the data. From a different angle,
several works such as Tseng et al. [2] and [3] have looked specifically at large language
models (LLMs), drawing on compression and entropy calculations to study the use, and
training, respectively of LLMs as related to natural language texts.

For the second, Dantas [4] has drawn direct connections between information and both
labor and value in an explicitly Marxist framework, distinguishing between not only use and
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exchange value, but also semiotic value, and deriving a specific notion of information work

which will be of direct use in the proposed work. Dantas also draws a distinction between
random and redundant information work, which is similar to the distinction between
semantic and syntactic information work in [5] which is further nuanced into an explicit
spectrumin [6].

The third intersection is itself a broad area, with many different aspects of relevance. Nguyen
and Mateescu [7] gives a good overview of the current landscape in relation to Generative Al
specifically, while Davis [8] provides a broader review of relevant issues, making an explicit
(and useful) distinction between cases where Al use impacts labour demand (through
automation) and those relating more to worker power (through surveillance, algorithmic
management, and the like). Further, works such as Crawford [9], Miceli and Posada [10],
Gray and Suri[11], Merchant[12], Sadowski [13], and Mejias and Couldry [14] are all relevant
for further developing this work. The Data Workers Inquiry (https://data-workers.org) will be
another important source of alternate perspectives on Al and labour.

In terms of studying Al sociotechnical systems, once again several active areas are of
interest. In particular Wu et al. [15] has developed a framework for integrating various types
of models of sociotechnical systems (STS) into a single meta-model. Several modelling
languages for sociotechnical systems exist, including STS-ml[16], which was developed for
cybersecurity applications, and the host of standards and notations related to Business
Process Model and Notation (BPMN), such as Decision Model and Notation (DMN), which is
particularly relevant for models integrating Al decision support systems. However, all of
these abstractions and models tend to integrate assumptions that are not always helpful for
the purposes of this work. A relevant example of how existing modelling framework scan be
extended to cover new areas is [17], which adds properties and functionality to STS-ml in
order to check sociotechnical systems for compliance with the EU General Data Protection
Regulation (GDPR).

A relevant parallel effort, though not directly related to the work we propose here, is that of
Gutierrez Lopez and Halford [18], who aim towards an extension of XAl principles that
including the sociotechnical environment of the machine learning system.
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3. Aims

The main contribution of this work will be to integrate previous work on sociotechnical
systems modelling with several notions of information and labour, specifically in the context
of artificial intelligence. An additional benefit of this work will be to lay a basis for a further
analysis of agency and accountability: By studying the information flows and potential inputs
and decisions from humans involved in an Al sociotechnical system, together with an
analysis of the power relations among them, accountability and responsibility can be
transparently and meaningfully assigned.

We hope to make meaningful contributions to the practical use of information theory and
information flow, as well as yield actionable and concrete directions for further exploration
of new Al sociotechnical architectures. As part of this, a major component will consist of
qualitatively and quantitively analysing the information flows into and out of Al and ML
systems, which will also give new and useful insights into the design of Hybrid Al systems in
particular.

By creating concrete tools and methods for tracing information flows through both technical
and social layers of Al systems, this work will attempt to offer not just theoretical insight, but
practical value for those developing, regulating, or critically analyzing such systems. In a
time when the societal consequences of Al are increasingly opaque yet consequential, this
research will provide actionable models that can inform transparency standards, system
audits, and future Al governance efforts.

4. Preliminary results

4.1. Categories of information

A foundational topic of this work includes clarifying and classifying different types of
information. In particular, though at extreme small ranges reality can occasionally appear to
be digital, for most practical purposes, itis continuous. In contrast, digital information, and
computer and Al systems, while implemented on physical hardware, are conceptually and
practically discrete. As such, while abstractions of the human and physical sections and
relations of a sociotechnical system are going to inevitably be lossy, for the digital parts itis
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in principle possible to be both precise and concrete. This then, must be our first distinction

between fundamentally different types of information: Abstracted notions and models of the
real world, and concrete digital bits and bytes.

In terms of different theoretical notions of information, we further contrast the more
mathematical definitions of Shannon [19] ('minimal code’) and Kolmogorov [20] ('minimal
program’) with the Batesonian concept of ’a difference which makes a difference’ [21]. A
fourth relevant conceptis Corning’s’ control information’[22], which rather than connecting
Shannon entropy/negentropy directly to the physical thermodynamic concepts with the
same name, instead quantifies the amount of information contained in some signal or
phenomenon by the amount of physical changes that it can effect. An example taken directly
from Corning [22] is that of a car approaching a stoplight. If the driver does not notice or
understand the traffic light, there is no control information being transferred by whatever
lightis shown. Only if the driver both sees the light, understands it, and is prepared to change
the future trajectory of the car, is there any control information being sent out by the light
switching to red. Broadly, we can thus consider two very different types of information flows:
The almost entirely discrete and abstract digital information exchanges between and inside
of software components, and the messy, socially situated, and necessarily contingent and
abstracted information flows that can be modelled to exist between humans, technological
artefacts, and their surrounding physical context. The main interest of this work lies precisely
where these information flows intersect and interact.

4.2. Human-computer information interactions

With a minimal distinction of information flows as above, consider the interactions between
a human and a computer system: the transfer of information from human to computer will
necessarily abstract some concrete intention of the human into a concrete digital signal, but
likewise a (digital) computer output will take on a specific meaning to the human which
depends on their prior knowledge and the context in which the outputis given. We can depict
these shifts as in figure 1.
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4.3. Analysis example

As an illustrative example of the type of analysis that we aim to make more concrete,
detailed, and empirically grounded, consider the case of an article being written about a
sports event. It is, at this point, plausible that such an article could be written by a large
language model (LLM) given an appropriate prompt, including some sort of summary of the
’relevant facts’ of the event in question (e.g. the final tally of points, who made them when,
and any injuries and other specific incidents, which are accessible from some sort of API).
The situation would look something like figure 2. We can complicate this picture, however,
by adding more context. The article will not reach publication without an editor, and the
hidden labour that has resulted inthe LLM is entirely absentin our initial figure, as is the work
to set up the “sports API” and the later work to feed it with the ’relevant facts’ from
observations of the event. A more realistic picture emerges, as in figure 3.

Compare this to a situation where a human writer is the author of the same article. Though
the plain (abstract) facts of the eventin question may be the same, the human will also have
access to an infinitely larger context as part of their writing process, both through direct
experience and memory, and through communications with other humans, computer
systems, and physical objects such as books and recordings, nevermind the sights, sounds,
and smells of the event itself if the writer was also present at the event. In this case, the
situation will look more like figure 4. This too can be made more complex, particularly if we
imagine the writer to make use of an LLM for writing assistance of some sort, yielding a
situation as in figure 5.

5. The path forward

Though primarily based in computing science, the nature of the problems addressed by the
work call for an interdisciplinary approach. Notably, by building on existing work in Science
and Technology Studies, as well critical marxist literature, it is possible to better situate and
analyse the information flows and Al sociotechnical systems inside existing societal power
structures and socioeconomic realities. In addition to the various theories of information
mentioned in Section 4.1, we will also distinguish between different types of information
work, as outlined in Section 2. The distinctions between data, information, and knowledge
have been explored e.g. in [23], [24], and these perspectives will also be considered.
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We will primarily be building on existing frameworks for the analysis of program structure

and information flow through software. Notably, the theory and practice of Quantitative
Information Flow (QIF) analysis in computer security, though focused on detecting and
plugging information leaks between public and private variables under static source code
analysis conditions, offers a range of useful tools for modelling intentional information flows
as well. From a software engineering lens, constructing program flow graphs and clearly and
consistently delineating components in a software system is a well established practice,
with a host of frameworks available for use. An example of an abstract framework for
describing program and information flows that has been specifically developed for purposes
of describing Hybrid Al systems is the boxology of Harmelen and Teije [25].

For situating a software system in an organisational context, tools from business modelling
are available as well, with well-established frameworks such as BPMN, STS-ml and various
derivatives having seen extensive use to analyse information flows and decision processes
in business contexts. Concretely, the near parts of this work will consist a phase of
conceptual and theoretical grounding, studying and comparing existing frameworks for
information flow analysis, to arrive at a rigorous and flexible framework for modelling
information flows in sociotechnical systems, incorporating the above distinctions and
specificities, and giving specific attention to questions of agency and valuation. This work
will aim at identifying connections and distinctions in how different frameworks frame
decisions, and how labour is considered within them.

Inthe course of this development, a metadata schema forinformation and information flows
will be developed that can describe and categorise information both in terms of its qualities,
its different information contents, as well as its role at a specific point in a described
sociotechnical process. Tracing the changes of these properties as attached to a particular
piece of information will be an important complement to the analyses of the flows
themselves, and of the various transformations imposed on and driven by the information.

During and after these developments, the framework and schema will be empirically applied
to real-world cases, both existing ones from the literature, and new and comparable studies
of previously understudied sociotechnical contexts. Modelling these flows will be
accomplished through direct study of technical artefacts and their documentation, as well
as organisational policies and descriptions of their surrounding sociotechnical contexts.
These will be supplemented by interviews and surveys of involved stakeholders to elicit new
and undocumented perspectives not previously represented even in internal documents.
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Through comparative analysis across multiple cases (to be selected to reflect diversity in Al

architecture and deployment and across different domains, e.g. public-sector automation,
language models, decision-support tools) the framework will be further refined to capture
how different system configurations mediate flows of information, labour, and power across
different Al configurations. Ultimately, we aim for a formal, extensible modelling framework
for analyzing information flows in sociotechnical systems involving Al, as well as a richly
annotated library of concrete case studies. Additionally, we aim to make both conceptual
and methodological contributions to the study of accountability, power, and labour in Al, as
well as help drive further developments in related fields.
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