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Abstract

This paper presents an ongoing PhD research project that re-
frames transparency in AI systems from a property of models
to a participatory relation between a system and the people
interacting with it. Rather than asking whether a model is in-
terpretable, the project asks what a system and its deployment
context must be like for the demands of those interacting with
it — their questions, their need to act, their accountability and
governance requirements — to be genuinely satisfiable. This
alignment between system structure and observer demand is
formalized as semantic transparency, using refineable graph
structures grounded in logic and inquisitive semantics. The
framework has been validated in sociotechnical decision pro-
cesses through close collaboration with public sector organi-
zations on EU AI Act compliance and recruitment AI, pro-
ducing formal results and practical tools for accountability
and fairness analysis. Ongoing work extends the framework
to the causal structure of intentional agency and knowledge
formation as mediated through AI systems.

Motivation, Problem, and Approach
People and organizations interacting with, or acting through,
AI systems need to understand the tools they are using
— not as isolated models, but as components of processes
that shape decisions, knowledge, and agency. Existing ap-
proaches to explainability and fairness analyze the model
in isolation, separated from the sociotechnical context in
which it operates (Selbst et al. 2019), producing post-hoc ap-
proximations that may be pedagogically useful without be-
ing structurally true (Arrieta et al. 2020; Ananny and Craw-
ford 2018). The result is that transparency remains a surface
property rather than a substantive one: systems can be de-
clared explainable while the questions that matter to those
affected remain structurally unanswerable.

This project reframes transparency from a property of
models to a participatory relation between a system and
the people interacting with it. Rather than asking whether
a model is interpretable, I ask what a system and its deploy-
ment context must be like for the demands of those interact-
ing with it — their questions, their need to act, their account-
ability requirements — to be genuinely satisfiable. I call
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this alignment between system structure and observer de-
mand semantic transparency (Brännström, Xanthopoulou,
and Jiang 2025b; Brännström 2023), and it is the central
concept unifying this research.

To formalize this, I take a unified structural approach
to representation, knowledge, and agency applicable to hu-
mans, automated systems, and their interaction. The core
machinery consists of refineable graph structures grounded
in logic and inquisitive semantics (Ciardelli, Groenendijk,
and Roelofsen 2018; Pearl 2009): information flow graphs
representing how decisions form across human and auto-
mated components, and structural causal models represent-
ing how goals, knowledge, and actions relate over time.
These structures support analysis of transparency as answer-
ability at the level of sociotechnical systems, knowledge rep-
resentation, and human-AI agency.

Work Accomplished
The Semantic Transparency framework (Brännström 2023;
Brännström, Xanthopoulou, and Jiang 2025b) formalizes
the conditions under which a system composed of opaque
components is decomposable relative to a set of ques-
tions — establishing what structural properties are nec-
essary for transparency demands to be satisfiable at all.
Building on this, and on earlier work structuring how high-
level normative requirements attach to socio-technical con-
text (Brännström, Theodorou, and Dignum 2022), the Infor-
mation Flow Methodology (IFM) (Brännström et al. 2023;
Brännström, Xanthopoulou, and Jiang 2025a,c; Brännström
and Xanthopoulou 2025) operationalizes transparency as
answerability in hybrid human-AI settings through a par-
ticipatory modeling method that captures both automated
components and the organizational processes surrounding
them, separating sources of bias from stakeholder impact.
Validated in close collaboration with public-sector orga-
nizations, AI developers, and stakeholder groups across
close to 40 interviews, IFM has been applied to EU AI
Act compliance assessment and recruitment AI: in the lat-
ter, structurally identified bias pathways were quantitatively
confirmed, revealing an intersectional gender-by-nationality
effect invisible to aggregate analysis (Brännström, Xan-
thopoulou, and Jiang 2025a). This demonstrates that struc-
tural modeling can surface accountability failures that statis-
tical analysis cannot reach.
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The user is not a passive recipient of answers but an agent
whose knowledge and intentions are themselves shaped by
and effected through the tools they use. I have developed the
Intentional Frames framework to address this directly, con-
structing a causal account of intentional reach and agency as
mediated through AI systems — modeling the causal con-
nections between epistemic states, internal models, and in-
tentions across both the user and the AI system. This work
started with a HumaneAI-Net micro-project I initiated and
led on explainable agent behavior (Giménez-Abalos et al.
2026), has continued through ongoing collaborations and the
CLEAR workshop series on relational transparency, and has
motivated the Intermediate Knowledge Problem as a formal
account of the epistemic conditions that coherent intentional
agency requires. This provides a formal basis for reasoning
about what kinds of understanding and control are struc-
turally possible in a given human-AI interaction, and what
governance or design interventions can expand them.

The same question of epistemic coherence arises within
automated and hybrid reasoning systems themselves. The
Intermediate Knowledge Problem (IKP) (Brännström, Xan-
thopoulou, and Brännström 2026b) identifies and formalizes
this: in multi-step reasoning processes, intermediate repre-
sentations must preserve coherence, grounding, and goal-
alignment across the steps linking evidence to conclusion —
a condition that existing systems, from symbolic pipelines
to LLMs, systematically fail to meet. The Hybrid-Human
Grounded Theory workflow (Brännström, Xanthopoulou,
and Brännström 2026a) takes a first step toward address-
ing this, introducing epistemic graph structures that maintain
traceable paths from source material to the formal represen-
tations built on them.

Current and Future Work
The Intentional Frames framework is being formalized and
extended through several ongoing projects: a study of fric-
tional AI design in Human-in-the-Loop scenarios (accepted,
HHAI workshop), the Keyhole Maze — a structured rein-
forcement learning environment applying the framework to
agent-observing-agent scenarios (in preparation) — and a
formal treatment of how observer mental models determine
the functional role of an AI system, from opaque oracle to
internalized tool (in preparation). A parallel effort is unify-
ing the formal language of IF graphs and SCMs to enable co-
herent analysis across both decision processes and agent be-
havior. The expected outcome is a unified account of trans-
parency as a participatory relation — structural, formally
grounded, and applicable across the range of ways people
and organizations interact with and through AI systems.
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