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Abstract

Cross-domain scientific discovery presupposes that fertile connections exist between disciplines.
But is this fertility uniformly distributed? We present empirical evidence from a corpus of 5,351
cross-domain epistemic correlations spanning 64 domain pairs, derived from a knowledge base
of over 360,000 scientific documents, demonstrating that cross-domain fertility follows a highly
non-uniform distribution. The most fertile pair (Life Sciences x Computation and Al, 1,456
correlations) produces over 1,400 times more connections than pairs at the tail of the distribution.
Certain domains—notably Materials Science—function as structural connectors, appearing in
four of the five most fertile pairs regardless of their representation in the knowledge base. We
present evidence that fertility and epistemic quality are partially independent: high-volume pairs
do not uniformly produce high-quality findings, and structurally sterile pairs produce
disproportionately low-quality deliberation outcomes. The implications for research resource
allocation, interdisciplinary program design, and the architecture of discovery systems are
discussed.

1 Introduction

Interdisciplinary research is often advocated as a general good: break down silos, connect
disciplines, discover hidden correspondences. But this advocacy rarely asks a more precise
question: which disciplines should be connected? Are all interdisciplinary combinations equally
promising, or do certain pairings have inherently greater potential for productive interaction?

This question has been difficult to answer empirically because it requires a systematic, large-
scale evaluation of cross-domain correlations across many disciplines simultaneously. Individual
interdisciplinary projects can report on the fertility of their specific domain intersection, but no
single project spans enough domains to reveal the global distribution of cross-domain fertility.

We present data from an epistemic system that has evaluated 5,351 cross-domain correlations
across 64 domain pairs, as of June 2026. The correlations are not self-reported by researchers or
extracted from citation networks; they are detected by an autonomous system that monitors a
knowledge base of over 360,000 scientific documents and subjects detected correlations to
formal deliberation. The resulting distribution of correlations across domain pairs reveals a
landscape that is far from uniform—and that landscape has structure worth understanding.
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2 The Distribution of Cross-Domain Correlations

The following table presents the number of verified epistemic correlations for the fifteen most
fertile domain pairs, ranked from most to least fertile:

Domain Pair Correlations

Life Sciences x Computation and Al 1,456
Materials Science x Life Sciences 808
Materials Science x Energy and Propulsion 650
Materials Science x Space and Astrophysics 461
Energy and Propulsion x Space and Astrophysics 367
Materials Science x Computation and Al 222
Computation and Al x Energy and Propulsion 203
Computation and Al x Epistemic Foundations 197
Life Sciences x Energy and Propulsion 145
Computation and Al x Space and Astrophysics 143
Life Sciences x Epistemic Foundations 117
Life Sciences x Space and Astrophysics 95
Life Sciences x Validity of Conclusions 89
Computation and Al x Markets 56
Life Sciences x Frontiers of Knowledge 53

Table 1. Top 15 domain pairs by number of epistemic correlations. Full corpus: 64 pairs, 5,351
total correlations.

The distribution extends far beyond these fifteen pairs. The corpus contains 64 unique
domain pairs, of which 14 have a single correlation. The ratio between the most fertile pair
(1,456) and the least fertile (1) exceeds 1,400:1. The top three pairs alone account for 2,914
correlations—54.5% of the total corpus. This is not a gentle gradient; it is a power-law-like
distribution with a heavy tail of near-empty pairs.

3 Structural Explanations for Non-Uniform Fertility

3.1 Materials Science as Structural Connector

The most striking feature of the distribution is the pervasiveness of Materials Science. It appears
in four of the five most fertile pairs: Materials Science x Life Sciences (808), Materials Science
x Energy and Propulsion (650), Materials Science x Space and Astrophysics (461), and
Materials Science x Computation and AI (222). Across the full corpus, Materials Science
participates in pairs totaling 2,141 correlations—more than any other domain except Life
Sciences.

This pervasiveness is not an artifact of over-representation in the knowledge base. Materials
Science is a connector domain: a discipline whose objects of study are literally the substrate
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upon which other disciplines operate. Bones are composite materials studied by both life
scientists and materials engineers. Solar cells are materials systems studied by both energy
researchers and materials scientists. Spacecraft shielding is a materials problem studied by both
astrophysicists and materials researchers. The fertility of Materials Science reflects the physical
reality that materials are the medium through which other scientific domains manifest their
objects of study.

We propose that connector domains share at least three structural properties: (1) their objects
of study are physically constitutive of objects studied by other domains—they provide the
substrate rather than the phenomenon; (2) they employ methodologies that transfer across
contexts because they characterize properties (strength, conductivity, degradation,
biocompatibility) that are relevant regardless of application; and (3) they operate at intermediate
scales (mesoscale, microstructure) that bridge the molecular scale of chemistry and the system
scale of engineering. Life Sciences shares the first two properties, which explains its even higher
total participation—but Life Sciences achieves its connectivity through the universality of
biological mechanisms (information processing, self-repair, adaptation) rather than through
physical substrate.

3.2 Why Life Sciences x Computation and Al Is Maximally Fertile

The extraordinary fertility of the Life Sciences x Computation and Al pair (1,456 correlations—
27.2% of the total corpus) reflects at least four structural factors. First, both domains share the
concept of information processing as a central organizing principle: biological systems process
genetic, neural, and cellular information; computational systems process digital information.
Second, biological systems provide the inspiration for computational architectures (neural
networks, genetic algorithms, swarm intelligence), creating a bidirectional flow of structural
analogies. Third, life sciences produce massive datasets (genomics, proteomics, imaging) that
demand computational methods, creating applied connections alongside structural ones. Fourth,
the temporal scales are compatible: both domains publish rapidly, iterate frequently, and generate
dense citation networks that the detection system can traverse.

3.3 The Materials-Life Nexus

The second most fertile pair—Materials Science x Life Sciences, with 808 correlations—reflects
the physical reality that biological systems are materials systems. Bones are composite materials.
Cell membranes are lipid bilayers with measurable mechanical properties. Drug delivery depends
on the material properties of carriers. Biosensors require the interface between biological
recognition elements and material transducers. Tissue engineering is explicitly a materials
science discipline applied to biological substrates. The fertility of this pair is driven by the literal
overlap between what the two domains study: the same physical objects examined through
different theoretical lenses.

3.4 Why Computation and AI x Markets Is Relatively Sterile

Despite the enormous industrial investment in applying Al to financial markets, the structural
connection between the two domains is remarkably thin: 56 correlations, placing it 14th of 64
pairs. Al is applied to markets as a tool, but the generative mechanisms of market behavior—
reflexive human psychology, regulatory regimes, geopolitical events, central bank policy—have
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no computational analogs. The relationship is instrumental, not structural. A hammer can drive a
nail, but the structure of the hammer and the structure of the nail have little in common.

This finding has implications for the Al-in-finance industry: the limited structural connection
between the domains suggests that improvements in Al will produce diminishing returns in
market prediction, because the bottleneck is not computational sophistication but the non-
computational nature of market-moving factors.

4 Fertility Does Not Imply Quality

The preceding analysis establishes that cross-domain fertility is non-uniform. But a deeper
question remains: does high fertility imply high epistemic quality? If a domain pair produces
many correlations, does it also produce better-supported findings with higher evidential grades?
The data suggests a nuanced answer.

The autonomous epistemic system subjects a subset of detected correlations to formal multi-
actor deliberation, producing quality grades from A (robust empirical support with explicit
falsifiability) through D (speculative claims). As of June 2026, 307 deliberation sessions have
been completed across multiple domain pairs. The following table presents deliberation
outcomes for selected domain pairs with sufficient sample sizes:

Domain Pair Sessions | A B C D A+B
Rate

Materials Sci. x Life Sci. 163 5 37 100 21 25.8%

Life Sci. x 6 0 0 5 1 0%

Computation/Al

Life Sci. x 6 0 0 4 2 0%

Energy/Propulsion

Life Sci. x Markets 8 0 0 2 6 0%

Comp/AlT x 3 0 1 2 0 33.3%

Space/Astrophys.

Table 2. Deliberation outcomes by domain pair. A+B Rate = proportion of sessions producing
Grade A or B findings.

The Materials Science x Life Sciences pair dominates not only in volume but in quality: of
163 deliberation sessions, 42 (25.8%) produced Grade A or Grade B findings. This pair alone
accounts for 5 of the system’s 11 Grade A theses. No other pair approaches this combined
fertility-quality performance.

Conversely, the Life Sciences x Markets pair—with only 8 deliberation sessions—produced
zero Grade A or B findings and 6 Grade D verdicts (75%). Despite being the most heavily
funded intersection in industry, the structural sterility of this pairing manifests not only in low
correlation volume (6 correlations in the detection corpus) but in the low evidential quality of the
correlations that are found.

These findings suggest that fertility and quality are partially coupled but not identical. High
fertility is a necessary but not sufficient condition for high-quality cross-domain findings.
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Domain pairs with both high volume and high quality share structural properties—overlapping
objects of study, compatible methodologies, commensurable evidence standards—that produce
not just more connections but better ones. Pairs with low structural complementarity produce
correlations that are superficial, instrumental, or speculative, regardless of how many are
detected.

5 Ruling Out Sampling Bias

A natural objection is that the observed distribution reflects the composition of the knowledge
base rather than the structure of the domains. If the base contains more life sciences papers, it
will detect more life sciences correlations. We address this concern with four arguments.

First, the knowledge base is assembled through domain-neutral collection processes that do
not preferentially sample any discipline. The collection draws from multi-domain academic
databases without disciplinary quotas.

Second, if sampling bias were the primary explanation, we would expect the most-
represented domain to dominate all pairings. Instead, the data shows domain-specific fertility
patterns: Materials Science is the second element in four of the top five pairs, suggesting that
Materials Science is an inherently connective domain regardless of its representation in the base.

Third, the fertility ratio (1,456:1 between the most and least fertile pairs) is far larger than
any plausible sampling imbalance. Even if one domain were represented at five times the rate of
another, this would produce at most a 25:1 imbalance in pairwise correlations (assuming
quadratic scaling). The observed ratio requires a structural explanation beyond sampling.

Fourth, the deliberation quality data in Section 4 provides an independent control. If
sampling bias were driving the fertility distribution, we would not expect a systematic
relationship between pair fertility and deliberation quality. The fact that the most fertile pair also
produces the highest proportion of Grade A findings—while structurally sterile pairs produce
predominantly Grade D findings—suggests that the distribution reflects genuine structural
properties of the domains, not artifacts of collection.

6 The Tail of the Distribution

The long tail of the fertility distribution is as informative as its peaks. Of 64 domain pairs in the
corpus, 14 contain a single correlation. These singleton pairs represent the epistemic deserts
documented in the companion paper (AP-011)—regions of the cross-domain landscape where
connections are absent or near-absent.

Some of these singletons are expected: Computation and Al x Operational Daily Activity
reflects an overlap between a scientific domain and an operational category that is not genuinely
interdisciplinary. Others are surprising: Computation and Al x Public Health and Epidemiology
has only one correlation despite the explosion of computational epidemiology during and after
the COVID-19 pandemic. This may indicate a genuine desert—or it may indicate that the
knowledge base has not yet incorporated sufficient literature from computational public health.
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The distinction between a true desert and an under-sampled region is the central methodological
challenge in interpreting the tail.

The tail also reveals structural features of the detection system itself. Some domain pairs
appear twice with inverted order (e.g., Computation and Al x Materials Science with 222
correlations and Materials Science x Computation and AI with 1 correlation). This asymmetry
reflects the order in which the detection system encounters correlations, not a genuine
directionality in the relationship between domains. A consolidated analysis that merges
symmetric pairs would reduce the 64 pairs to fewer unique combinations and alter the
distribution’s shape without changing its fundamental non-uniformity.

7 Implications

7.1 For Research Resource Allocation

If cross-domain fertility is non-uniform, then interdisciplinary research funding should not be
distributed uniformly. Programs that connect naturally fertile domain pairs (life sciences and
materials, computation and biology) are structurally more likely to produce discoveries than
programs that connect naturally sterile pairs. This does not mean that sterile pairs should be
ignored—a single breakthrough across a sterile boundary could be disproportionately valuable
precisely because it is unexpected—but it does mean that the base rate of success differs
dramatically across pairings.

7.2 For Discovery System Design

Autonomous discovery systems that treat all domain pairs equally will waste computational
resources exploring sterile territory. A system that incorporates the fertility distribution as a prior
—allocating more exploration effort to fertile pairs while maintaining a lower but non-zero
exploration rate for sterile pairs—would be more efficient. The distribution presented here
provides an empirical basis for such a prior.

7.3 For Interdisciplinary Education

The fertility data suggests that certain interdisciplinary combinations are more natural than
others. Graduate programs that combine materials science and life sciences, or computation and
biology, are building on structural complementarities between the domains. Programs that
combine domains with low structural complementarity face higher barriers to productive
integration.

7.4 For Understanding Connector Domains

The identification of Materials Science and Life Sciences as structural connector domains raises
a question that the data poses but cannot answer: can connector status be predicted from first
principles? If the structural properties we have identified—constitutive substrate, transferable
methodologies, intermediate scale—are indeed the determinants of connector status, then it
should be possible to predict which currently isolated domains will become connectors as
interdisciplinary research expands. Energy and Propulsion, which appears in three of the top five
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pairs and bridges materials, astrophysics, and computation, may be an emerging connector
domain whose full potential has not yet been realized.

8 Sources of Uncertainty and Limitations

The distribution presented here is a snapshot from a single epistemic system at a specific point in
time (June 2026). The corpus continues to grow—from an initial 5,037 correlations at the
beginning of June to 5,351 at the time of this analysis—and the distribution may shift as more
domains and more papers are incorporated.

The correlations are detected and evaluated by a specific computational methodology.
Different detection methods might produce different distributions. We report what our system
finds, not a ground truth about the structure of knowledge.

The domain taxonomy used here is coarse-grained. Within each broad domain, there may be
sub-domains with very different fertility profiles. The Materials-Life nexus at the domain level
does not imply that every materials sub-field is equally connected to every life sciences sub-
field. The knowledge base uses a 302-subfield taxonomy that would permit finer-grained
analysis; this analysis is deferred to future work.

The deliberation quality data in Section 4 is drawn from a subset of correlations that have
undergone formal deliberation. The 307 deliberated sessions represent approximately 5.7% of
the 5,351 detected correlations. The quality distribution for undeliberated correlations is
unknown and may differ from the deliberated subset.

The analysis does not distinguish between shallow correlations (shared vocabulary without
shared mechanism) and deep correlations (genuine structural correspondence). A more fine-
grained analysis that separates these types would produce a more informative picture. The
maturity gradient documented in the companion paper (AP-010) provides one approach to this
distinction, as correlations that survive maturation are more likely to represent deep structural
connections.

9 Conclusion

Cross-domain fertility is not uniformly distributed. Certain domain pairs produce orders of
magnitude more epistemic correlations than others, and this distribution reflects structural
properties of the domains rather than sampling artifacts. Materials Science functions as a
structural connector—a discipline whose objects of study provide the physical substrate for
multiple other fields, generating fertile connections wherever it intersects. The Materials-Life
nexus and the Life-Computation axis are structurally privileged sites of cross-domain discovery,
while other pairings—including some with enormous industrial investment—are structurally
sterile.
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Critically, fertility alone does not guarantee epistemic quality. The domain pair with the
highest quality deliberation outcomes (Materials Science X Life Sciences) is also the second
most fertile, suggesting that structural complementarity drives both volume and quality. But
high-volume pairs with low structural complementarity (Life Sciences x Markets) produce
predominantly low-quality findings. The distinction between fertile-and-productive pairs and
fertile-but-sterile pairs is essential for any system—human or computational—that seeks to
allocate discovery resources efficiently.

These findings raise a deeper question: if the map of cross-domain fertility is non-uniform,
what determines its topology? What structural properties of a domain make it a natural connector
to other domains? We have proposed three candidate properties—constitutive substrate,
transferable methodologies, and intermediate scale—but the question remains open. The answer
would transform interdisciplinary research from an exercise in institutional goodwill into a
principled engineering discipline.

Intellectual property for all systems, methods, and protocols described in this paper is
proprietary to Laboratorios Alexandria. All rights reserved.
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