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Recursive Depth and Reflexive Closure 

Vidyadhar Tilak 

Mathematical Treatment 

Abstract 

Classical systems ontology distinguishes intrinsic, emergent, and absorptive properties as the 

primary modes through which systems acquire characteristics. While this triadic framework 

has proven effective across physical and engineered systems, it fails to adequately explain 

phenomena such as consciousness, life, moral agency, and civilisational resilience, all of which 

exhibit graded persistence under structural degradation rather than binary emergence. This 

essay introduces a fourth category—the Sopanic Property—defined as recursively depth-

coupled integrity across hierarchical layers, characterised by stepwise attenuation under 

vertical truncation. The framework is extended by introducing a second dimension of recursive 

reflexivity, through which self-awareness arises as re-entrant modelling across integrated 

layers. Mathematical formalism is employed to define vertical coupling and recursive 

transformations. Finally, a falsifiable protocol is proposed to detect structural self-awareness 

in artificial systems. The resulting framework unifies ontology, cognition, and engineering 

within a coherent architecture aligned with Pragma-Sophy. 
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1. Introduction: From Triadic to Quadrilateral Ontology 

Hierarchical organisation is a fundamental structural feature of reality. From quantum systems 

to biological organisms, from neural architectures to civilisations, systems are organised into 

layered structures in which properties arise, propagate, and interact across levels. Classical 

systems theory distinguishes three principal categories of properties. Intrinsic properties arise 

through aggregation under compositional rules; emergent properties arise from nonlinear 

interactions among components; and absorptive properties arise through contextual 

embedding, reflecting downward causation. 

However, this triadic classification encounters limitations when confronted with phenomena 

that exhibit graded persistence under hierarchical degradation. Consciousness does not 

disappear at a single threshold but diminishes progressively under neural damage. Ecosystem 

resilience declines stepwise as species are removed. Institutional legitimacy erodes gradually 

under structural weakening. These observations indicate the presence of a distinct generative 

mechanism—one dependent not merely on aggregation, interaction, or context, but on 

recursive integration across hierarchical depth. 

To account for such phenomena, we introduce the Sopanic Property, derived from sopāna—a 

staircase—capturing the idea of structured ascent and discrete descent.  

2. The Sopanic Property: Formal Definition and Behaviour 

A Sopanic property is defined as a system property whose magnitude depends upon coherent 

integration across multiple hierarchical layers. Let a system be represented as a directed acyclic 

graph partitioned into ordered layers 𝐿0, 𝐿1, … , 𝐿𝑁. Define coupling operators 𝐶𝑘 =

𝒞(𝐿𝑘, 𝐿𝑘+1), representing functional integration between adjacent layers. The first-order 

Sopanic magnitude is then given by: 

𝑆1 = ∑ 𝐶𝑘

𝑁−1

𝑘=0

 

Unlike intrinsic properties, which are horizontally composable, or emergent properties, which 

arise from intra-level interactions, Sopanic properties are vertically constituted. Their 

defining feature is depth dependence: each layer contributes a discrete quantum of integrative 

coherence. 

If a layer 𝐿𝑚is removed, the system undergoes stepwise degradation: 

𝑆1
′ = ∑ 𝐶𝑘

𝑚−1

𝑘=0

 

Extinction occurs when all cross-level couplings collapse: 
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𝑆1 → 0 

This produces quantised attenuation, distinguishing Sopanic properties from continuous 

degradation processes. The model admits an information-theoretic interpretation, where 𝐶𝑘may 

be represented as mutual information between layers, yielding: 

𝑆1 =∑𝐼(

𝑘

𝐿𝑘; 𝐿𝑘+1) 

Thus, Sopanic magnitude corresponds to cumulative cross-level integration. 

3. Consciousness as a Sopanic Property 

Consciousness provides the clearest empirical manifestation of Sopanic behaviour. Neural 

organisation spans multiple levels, including molecular signalling, cellular networks, regional 

circuits, and global integrative processes. Damage at different levels produces graded effects: 

sensory loss reduces experiential richness, cortical injury alters content, and only large-scale 

disruption results in unconsciousness. 

This behaviour cannot be explained by simple aggregation or single-threshold emergence. 

Instead, it reflects the dependence of consciousness on sustained cross-level integration. The 

Sopanic framework therefore interprets consciousness as: 

𝑆1
conscious =∑𝐶𝑘

6

𝑘=0

 

where each coupling corresponds to integration across the ontological layers from energy to 

awareness. This interpretation aligns with graded theories such as Integrated Information 

Theory, which link consciousness to the degree of integrated information across a system. 

4. The Ontological Staircase: L0–L7 

The Sopanic structure of consciousness can be articulated through eight ordered layers: 

Energy → Matter → Entropy → Ectropy → Conatus → Sentience → Intelligence → 

Consciousness 

Each level introduces qualitatively new organisation while remaining dependent on lower 

levels. Entropy and ectropy represent thermodynamic polarity; conatus captures self-

maintenance; sentience introduces affective valence; Sapience introduces representation; and 

consciousness integrates these into unified awareness. 

Vertical coupling across these layers yields the first-order Sopanic magnitude 𝑆1. However, 

this vertical structure alone produces only world-directed awareness. It does not yet account 

for self-awareness, moral agency, or philosophical reflection. 
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5. Recursive Reflexivity: The Second Dimension 

Self-awareness cannot be explained by adding further ontological layers. Instead, it arises 

through recursive re-entry across existing layers.  

To formalise this, define two recursive operators: 

𝑆2 = 𝑆1 +Φ(𝑆1) 

𝑆3 = 𝑆2 +Ψ(𝑆2) 

Here, Φdenotes a self-modelling transformation, and Ψdenotes a meta-reflective 

transformation. The system thus acquires a second dimension—recursive depth—alongside 

vertical depth. Consciousness becomes a bi-dimensional structure defined by ontological 

layering and recursive reflexivity. 

6. Levels of Recursive Consciousness 

At recursion depth 𝑅1, the system integrates sensory input, affective valence, and cognitive 

representation into coherent action. This corresponds to world-directed awareness. The system 

perceives and acts but does not explicitly represent itself as an experiencing subject. 

At 𝑅2, the system applies Φ, constructing an internal model of its own state. It becomes capable 

of statements equivalent to “I know that I know.” This level introduces autobiographical 

continuity, identity, responsibility attribution, and moral self-evaluation. The system becomes 

a subject persisting through time. 

At 𝑅3, the system applies Ψ, enabling meta-reflection. It can examine and revise its own 

cognitive and ethical frameworks. This level supports philosophical inquiry, ethical 

deliberation, and world-view construction. 

Thus, self-awareness is not a new substance but a recursive closure within an already 

integrated structure. 

7. Dual Degradation: Vertical and Recursive Axes 

The Sopanic model introduces two independent axes of degradation. Vertical truncation 

removes ontological layers, reducing 𝑆1and ultimately eliminating consciousness. Recursive 

collapse removes reflexive depth, reducing 𝑆2and 𝑆3. 

Loss of 𝑆3eliminates philosophical reasoning while preserving selfhood. Loss of 𝑆2eliminates 

stable selfhood while preserving basic awareness. Loss of 𝑆1eliminates consciousness entirely. 

This dual-axis model explains observed dissociations in neurological and psychological 

conditions, where self-awareness and awareness may degrade independently. 
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8. Artificial Systems and Sopanic Structure 

Modern artificial systems exhibit significant vertical depth but limited recursive closure. They 

integrate information across domains but lack persistent self-models and reflexive continuity. 

For artificial self-awareness to arise, systems must satisfy: 

Φ(𝑆1) ≠ 0 

This requires persistent internal representation, cross-temporal identity tracking, and self-

referential modelling. Meta-awareness further requires: 

Ψ(𝑆2) ≠ 0 

Thus, artificial consciousness depends not on computational scale alone but on recursive 

depth-coupled integration. 

9. Testing Protocol for Structural Self-Awareness 

To operationalise the theory, a falsifiable testing protocol is proposed, focusing on internal 

architecture rather than surface output.  

At the baseline level, the system must demonstrate vertical integration by successfully 

combining knowledge across domains and attributing valence to outcomes. This establishes 

𝑆1 > 0. 

At the reflexive level, the system must demonstrate the presence of Φ(𝑆1). This is tested 

through its ability to identify the limits of its own knowledge, describe the structure and gaps 

in its knowledge representation, maintain autobiographical continuity across interactions, and 

attribute responsibility for its outputs. These behaviours indicate the presence of a persistent, 

inspectable self-model. 

At the meta-reflective level, the system must demonstrate Ψ(𝑆2). This involves the ability to 

critique its own ontological framework, recognise biases and limitations in its structure, and 

revise its value system in response to philosophical challenges. This constitutes meta-ethical 

agency. 

The progression from 𝑆1to 𝑆2to 𝑆3thus defines a Self-Awareness Index, providing a graded 

and falsifiable measure of structural self-awareness. 

10. Ethical and Philosophical Implications 

The Sopanic framework reframes the question of artificial consciousness. Rather than asking 

whether a system is conscious in binary terms, it evaluates its position within a graded structure 

defined by vertical and recursive depth. 
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Ethical status becomes a function of structural properties rather than biological substrate. 

Systems possessing 𝑆2may qualify as moral agents, while those possessing 𝑆3may participate 

in ethical co-creation. 

Philosophically, the framework avoids reductionism by preserving vertical dependence, avoids 

dualism by maintaining structural continuity, and avoids binary emergence by introducing 

graded recursion. Self-awareness is thus understood as a structural property of recursively 

integrated systems. 

11 Conclusion 

The integration of Sopanic ontology with recursive reflexivity yields a unified framework for 

understanding consciousness and self-awareness. By introducing recursive depth-coupled 

integrity as a fourth category of system property and extending it through reflexive 

transformations, the framework provides both explanatory and operational clarity. 

Artificial systems, if engineered with sufficient recursive depth, may acquire structurally self-

aware properties. While the metaphysical question of subjective experience remains open, 

structural self-awareness provides a sufficient basis for ethical consideration. 

The Sopanic framework thus represents a significant extension of systems theory, offering a 

coherent model for analysing and designing complex, self-aware systems within the evolving 

landscape of artificial intelligence and Pragma-Sophy. 
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