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TL;DR

Whilst complex Al models are increasingly used in scientific research, their "black box" nature creates
tension with scientific understanding. Some argue we should only utilise simpler, inherently interpretable
models, especially for high-stakes decisions. This paper introduces Computational Interpretabilism - a
framework that justifies using complex models with post-hoc explanations. Drawing parallels with human
expertise, the paper shows how post-hoc explanations can generate valid scientific insights when
properly bounded and validated. The key insight is that complete mechanical transparency is not
necessary for legitimate scientific knowledge.
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The Idealisation process subsequently
involves the strategic simplification of
key patterns and establishment of
explicit boundaries for interpretations,
wherein aspects of the model's
behaviour are meaningfully simplified
whilst maintaining scientific validity.

Scientific Idealisation

Theoretical Refinement

Culminates in the contribution of
validated insights to broader scientific
understanding. These insights, though
bounded by acknowledged limitations,
provide reliable and actionable
knowledge suitable for integration into
existing scientific frameworks.

Boundary Scope

Through the establishment of explicit
limits on simplifications, one
acknowledges both the scope and
limitations of the interpretative
framework, thereby creating a bounded
space conducive to effective analysis.

Interpretability Validation

Subjects simplified interpretations to
rigorous empirical testing within their
defined bounds, with domain knowledge
proving instrumental in verifying
interpretations and ensuring that
simplifications, whilst enhancing model
comprehensibility, remain faithful to the
underlying phenomena under
investigation.
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We establish two key principles that
together justify post-hoc interpretability
methods in scientific ML. Mediated
Understanding reveals how scientific
knowledge emerges through structured
Interactions between models, methods,
and domain knowledge, while Bounded
Factivity demonstrates why such
mediated processes can be
epistemically valid despite their
approximative nature.

Mediated Understanding

Direct access to model mechanics is
not necessary for scientific insight
[Sullivan, 2022, Beisbart and Raz,
2022]. Instead, understanding emerges
through structured interpretation of
model behaviour, and the relationship
between model understanding and
phenomenon understanding is
reciprocal.

Bounded Factivity

Rather than demanding complete
factivity — perfect correspondence
between interpretation and model
mechanics — we advocate for truth
within explicitly acknowledged limits
and simplifications; just as traditional
scientific models advance
understanding despite their
simplifications.

Theoretical Refinement
(Corroborate / Falsify)

Instrumental Refinement

The validation-driven refinement process
propels improvements in both interpretation
methods and model development through
continuous empirical feedback. When validation
reveals artifacts or limitations in current

Systematic comparison between model
behaviour and real-world phenomena
helps refine our understanding of
real-world relationships, either through
corroboration (giving support to a
statement, theory or finding) or
falsification.

methods, it triggers targeted refinements, while
also guiding model improvements through
better understanding of biases and important
patterns.

Method Selection & Guidance

Hypothesis Testing

Learns Patterns

Post-hoc methods act as
translators, converting opaque

model computations into more
understandable patterns

How domain knowledge shapes our
choice and application of
interpretability methods. This
theory-laden process ensures that our
interpretative approaches align with
established scientific understanding
while remaining open to new
discoveries.

The scientific understanding
generated must face empirical
validation. This crucial step tests
whether model-derived insights
truly align with real-world
phenomena, ensuring scientific
rigor and epistemic justification.

Hypothesis Generation
(Pattern Recognition & Contextualisation)

Post-hoc methods work in concert with domain
knowledge to generate scientific hypotheses. This
isn't simply describing what the model does; rather,
it's an active process of knowledge creation where
model-derived patterns merge with existing scientific
understanding.
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