
Abstract 
 
This paper presents a novel theoretical framework connecting the sunk cost fallacy, ego, and 
uncertainty as a dynamic interplay within emergent systems. Drawing from the principles of Chiral 
Dynamics of Emergent Systems (CODES), the theory posits that the sunk cost fallacy is a 
manifestation of ego’s response to uncertainty, creating a self-reinforcing loop. This framework 
resolves traditional gaps in behavioral economics, psychology, and philosophy, offering a robust lens 
to analyze decision-making and consciousness. The paper includes examples, mathematical 
approximations, and philosophical reflections to argue that this model not only redefines the sunk 
cost fallacy but also contributes to resolving broader philosophical paradoxes, such as determinism 
versus free will and Zeno’s paradox. 
 
Introduction 
 
The sunk cost fallacy—the tendency to persist in a failing endeavor due to prior investments—has 
been extensively studied in behavioral economics and psychology. However, its deeper connection 
to ego and uncertainty remains underexplored. This paper proposes that the sunk cost fallacy 
emerges from the ego’s adaptive mechanism to mitigate uncertainty, binding individuals in a 
feedback loop of self-justification. By reframing this through the CODES framework, we see how 
ego, as a product of emergent dynamics, seeks equilibrium between chaos (uncertainty) and order 
(investment rationale). 
We argue that this framework: 

 1. Reveals the underlying dynamics of decision-making as a balance between adaptive 
uncertainty and emergent patterns. 

 2. Resolves classical paradoxes like Zeno’s and Descartes’ dualism by situating free 
will and determinism as emergent properties of this equilibrium. 

 3. Refines our understanding of human behavior as part of a larger chiral dynamic 
system. 

 
Theoretical Framework 
 
1. Ego as an Adaptive Mechanism 
 
The ego is traditionally viewed as the mediator between the id (instincts) and the superego 
(morality). Here, we reinterpret ego as a dynamic system, adapting to maintain equilibrium between 
external chaos (uncertainty) and internal order (self-concept). 

 • Ego’s Role in Uncertainty: The ego perceives uncertainty as a threat to its equilibrium. To 
restore balance, it anchors to sunk costs, creating a false sense of order. 

 • Feedback Loop: Investment (sunk cost) → Ego Attachment → Rationalization → Increased 
Resistance to Change → Amplified Uncertainty. 

This loop mirrors the sinusoidal oscillation in CODES, where equilibrium is achieved not by 
eliminating chaos or order but by maintaining their dynamic interplay. 
 



2. Sunk Cost Fallacy as Emergent Behavior 
 
The sunk cost fallacy is not merely a cognitive error but an emergent behavior resulting from ego’s 
interaction with uncertainty. The fallacy represents the ego’s attempt to impose order on a chaotic 
system, stabilizing its self-concept. 

 • Mathematical Model: Let  E  represent ego,  U  uncertainty, and  C  the cost invested. The 
system can be approximated as: 

 

 
 
Where stability is a function of the ego’s capacity to counteract uncertainty, moderated by sunk costs 
over time. 

 • Dynamic Feedback: As uncertainty ( U ) increases, ego amplifies the perceived value of 
sunk costs ( C ), creating a non-linear relationship where excessive investment reinforces the 
loop. 

 
Philosophical Implications 
 
3. Resolving Zeno’s Paradox 
 
Zeno’s paradoxes rest on a mistaken assumption of static infinity. By introducing complex dynamics, 
we see motion not as a discrete summation of parts but as a probabilistic emergence constrained by 
equilibrium. 

 • Horse Analogy: A horse moving toward a wall is not constrained by infinite divisions but by 
the emergent dynamics of its biological and physical systems. The probability of reaching the 
wall reflects the interplay of deterministic (physiology) and stochastic (external stimuli) factors. 

4. Free Will and Determinism 
Free will and determinism coexist within the CODES framework as interdependent forces. 

 • Determinism: Represents order, the constraints of biology and environment. 

 • Free Will: Emerges from chaos, the adaptive capacity to navigate constraints. 
Thus, decisions are not fully determined or free but emerge probabilistically from the interaction of 
these forces. 
 
5. Descartes’ Dualism 
 
“I think, therefore I am” reflects the emergent nature of self-awareness. Within CODES: 

 • Thinking is the adaptive function of chaos. 

 • Being is the stabilizing function of order. 



 
The self emerges as a chiral equilibrium, reconciling Descartes’ dualism. 
 
Applied Examples 
 
Case Study: Corporate Decision-Making 

 • A company persists with a failing project due to significant prior investments (sunk cost). 
Ego, embodied in corporate identity, resists acknowledging uncertainty (failure), reinforcing the 
fallacy. 

 • Solution via CODES: Introduce dynamic recalibration, where periodic chaos (e.g., disruptive 
innovation) is allowed to destabilize entrenched order, enabling adaptive decisions. 

 
Case Study: Personal Growth 

 • An individual clings to a toxic relationship, rationalizing sunk costs of time and emotion. 

 • CODES reframes this as a balance between internal ego (order) and external chaos 
(unpredictable outcomes). Embracing uncertainty facilitates growth. 

 
Strengths and Weaknesses 
 
Strengths 

 • Interdisciplinary Integration: Bridges philosophy, psychology, and mathematics. 

 • Resolutive Power: Addresses classical paradoxes and modern behavioral theories. 

 • Actionable Insights: Provides a practical framework for decision-making and 
self-awareness. 

Weaknesses 

 • Abstract Nature: May require simplification for broader accessibility. 

 • Empirical Validation: Needs experimental studies to test mathematical models and 
predictions. 

 
Conclusion 
 
The CODES framework redefines the sunk cost fallacy as an emergent behavior of ego navigating 
uncertainty. By resolving philosophical paradoxes and bridging disciplines, this theory positions itself 
as a foundational step toward understanding adaptive systems. In applying CODES to 
decision-making, free will, and identity, we see that the human condition is not constrained by static 
truths but thrives within the dynamic equilibrium of chaos and order. 
Appendix: Thought Study 

 • Probability of human existence and consciousness. 



 • Estimation of complex adaptive systems on other planets. 

 • Mathematical modeling of emergent behaviors. 

 
(See earlier calculations for details.) 
 
Appendix: Quantitative Explorations in the Framework of CODES 
 
1. Probability of the Human Condition 
 
Premise: Estimating the likelihood of human existence as an emergent property of the universe’s 
adaptive dynamics. 

 1. Initial Conditions: 

 • Universe age:  t = 13.8^10^9  years 

 • Total number of stars:  ~ 10^22. 

 • Planets per star (average):  ~ 1  

 • Fraction of planets in habitable zones:  fh ~ 0.2  

 • Fraction with organic chemistry:  fo ~ 0.01 

 

 2. Emergent Complexity: 

 
Adaptive systems rely on stochastic resonance: 

 

 
 
Where  Rchemical(t)  is the rate of chemical interactions under stable conditions and  Penergy stability is the 
likelihood of consistent energy sources (e.g., stellar output). 
 

 3. Result: 

 
Applying the above parameters: 
 

 
 



 4. Interpretation: 

 
Human existence reflects a fine-tuned balance of order (physical laws) and chaos (random cosmic 
events). The emergent probability supports the framework of CODES as an equilibrium-driven 
system. 
 
2. Estimation of Planets with Emergent Systems 
 
Scope: 
 

 
 
Conclusion: 

 • Estimated planets with life:  10^{17}. 

 • Estimated planets with human-grade consciousness:  10^{12}  

 • Higher intelligence:  100,000  
 
3. IQ Distribution Across the Universe 
 
Premise: Assuming neural complexity correlates with biological capacity: 
 



 
 
4. Mathematical Representation of CODES 
 
The dynamics of emergent systems can be captured by: 

 
 
5. Overcoming Computational Constraints 
 
To resolve gaps in current approximations: 

 • Quantum Computing: Simulate chiral dynamics across high-dimensional spaces. 

 • AI Integration: Employ machine learning to refine emergent system parameters. 

 • Distributed Data Collection: Harness global astronomical, biological, and computational 
data to better constrain unknown variables. 

 

2. The Sunk Cost Fallacy and Natural Extinction – A CODES Perspective 

 
Introduction 



Nature’s extinction events—whether mass die-offs or localized species extinctions—are not simply 
products of environmental catastrophe or biological competition. They can also be reframed through 
the lens of CODES (Chiral Dynamics of Emergent Systems) and the sunk cost fallacy, 
demonstrating how systemic inertia and adaptation failure contribute to these collapses. 
 
The Sunk Cost Fallacy in Evolutionary Context 
 
The sunk cost fallacy describes a scenario where continued investment in a failing strategy occurs 
because prior investments make abandoning it emotionally or structurally difficult. In evolutionary 
terms: 

 • Species often adapt to highly specific environmental niches, investing heavily in specialized 
traits. 

 • These adaptations, while beneficial in the short term, create constraints that limit flexibility 
when conditions change. 

 • The more “investment” in a particular evolutionary strategy, the harder it becomes to adapt or 
shift to a new equilibrium under chaotic pressures. 

 
Applying CODES to Extinction 
 
CODES posits that systems operate within a chiral equilibrium between chaos and order, where: 

 • Chaos drives mutation, innovation, and exploration of new niches. 

 • Order represents stability, specialization, and optimization for existing conditions. 
When a species or ecosystem overcommits to one side (e.g., extreme specialization), the dynamic 
equilibrium is disrupted. The system’s inability to adapt swiftly enough to external pressures results 
in collapse. 
 
Case Study: The Dinosaurs 

 1. Specialization and Overinvestment: 

 • Dinosaurs dominated Earth for millions of years, heavily investing in traits suited to 
stable Mesozoic climates (e.g., massive body sizes, dietary specializations). 

 • These adaptations represented “sunk costs” in evolutionary terms—traits that worked 
exceedingly well in their existing environment but were costly to maintain and difficult to 
pivot away from when conditions shifted. 

 2. External Chaos (Asteroid Impact): 

 • The asteroid that struck Earth 66 million years ago introduced rapid, chaotic 
environmental changes: global cooling, loss of sunlight, and collapsing food chains. 

 • Dinosaur species, highly adapted to prior stability, lacked the flexibility to re-enter 
equilibrium in the drastically altered system. 



 3. Emergent Systems Post-Extinction: 

 • The extinction event did not obliterate life but rebalanced the system by favoring 
smaller, more adaptive species (e.g., mammals) capable of navigating chaotic conditions. 

 
Nature’s Extinction as Systemic Failure 
 
Using CODES, extinction becomes a failure of equilibrium, where: 

 1. Sunk Costs Create Rigidity: 

 • Over-specialization reduces the system’s capacity to explore new adaptive 
pathways. 

 • This rigidity amplifies the cost of adapting when external chaos disrupts stability. 

 2. Feedback Loops Accelerate Collapse: 

 • Environmental changes (e.g., temperature shifts, food scarcity) create a feedback 
loop, amplifying the gap between the system’s current state and the equilibrium needed 
for survival. 

 3. Adaptive Potential and Emergence: 

 • Survival depends on whether the emergent properties of a system (e.g., genetic 
diversity, behavioral plasticity) can counterbalance the sunk cost inertia. 

 
Generalizing the Sunk Cost Fallacy Across Nature 
 
Extinction events often follow a similar pattern: 

 1. Investment Phase: 

 • Species optimize traits for a particular environment, becoming increasingly 
specialized. 

 2. Stressor Introduction: 

 • A chaotic event (e.g., climate change, invasive species) disrupts the system’s 
equilibrium. 

 3. Inertia and Collapse: 

 • The species’ “investment” in prior adaptations prevents it from pivoting toward new 
equilibria, leading to systemic failure. 

 
CODES and Lessons from Extinction 
 



CODES reframes extinction as a natural consequence of adaptive inertia within a dynamic system. 
The interplay between chaos and order ensures that no system remains stable indefinitely. 
Extinctions are not failures of nature but resets that allow for new emergent properties to take root: 

 • The sunk cost fallacy highlights how over-investment in specific traits can doom systems 
when equilibrium shifts. 

 • Adaptive flexibility, as seen in emergent species post-extinction, underscores the importance 
of maintaining dynamic balance within a chiral framework. 

 

 
 


