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Abstract



This research introduces a novel, cross-disciplinary framework for analyzing the relationship be-
tween accounting measurement reliability and investor risk perception by integrating principles
from information theory, behavioral finance, and computational linguistics. Departing from
traditional archival methodologies that rely on historical market data and survey instruments,
we develop a quantum-inspired measurement model that conceptualizes accounting reliability
not as a static binary property but as a probabilistic wave function collapsing upon investor ob-
servation. Our methodology employs a three-phase approach: first, we apply natural language
processing algorithms to analyze the linguistic uncertainty embedded in financial statement
footnotes and management discussion; second, we construct a reliability entropy index quanti-
fying the dispersion of possible measurement outcomes; third, we utilize agent-based simulation
to model how heterogeneous investors with varying cognitive architectures process this entropy
to form risk assessments. We test this framework using a unique dataset comprising 1,200
corporate financial reports from 1998 to 2004, manually annotated for measurement ambigu-
ity. Our results reveal a non-linear, threshold-based relationship between measurement entropy
and perceived risk, contradicting the linear assumptions prevalent in existing literature. Specifi-
cally, we identify a ’reliability illusion zone’ where moderate increases in measurement ambiguity
paradoxically reduce risk perception for certain investor archetypes, a finding with significant
implications for financial regulation and disclosure standards. Furthermore, our computational
simulations demonstrate that market stability emerges not from uniform reliability, but from a
diversity of investor interpretation heuristics applied to imperfect measurements. This research
contributes original theoretical constructs—including the Quantum Reliability Collapse postu-
late and the Entropy-Risk Perception Nexus—while offering a novel methodological toolkit for

examining the cognitive intermediation of accounting information.
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1 Introduction

The fundamental premise of financial reporting rests upon the reliability of accounting
measurements. For decades, standard setters and researchers have operated under the
assumption that increased measurement reliability—conceptualized as verifiability and
freedom from error—leads to decreased investor risk perception, thereby enhancing mar-
ket efficiency. This linear, reductionist perspective, however, fails to capture the complex,
cognitive intermediation process through which numerical and narrative disclosures are
transformed into subjective risk assessments. This paper challenges the conventional
paradigm by proposing that the relationship between accounting measurement reliability
and investor risk perception is not merely correlational but is fundamentally mediated
by the information-theoretic properties of the measurement system and the heteroge-
neous heuristic processing of investors. Our research is driven by two original questions
that have received scant attention in the literature: First, how can we formally quantify
the latent uncertainty or ’entropy’ inherent in accounting measurements beyond simple
error margins? Second, how do different cognitive investor archetypes process this en-
tropy to form non-uniform risk judgments, and what are the systemic implications of this
diversity?

We draw inspiration from unconventional domains. From quantum mechanics, we
adopt the metaphor of superposition and collapse to model how a range of possible mea-
surement values exists prior to investor scrutiny, collapsing to a perceived ’state’ upon
observation. From information theory, we employ the concept of Shannon entropy to
create a continuous index of measurement dispersion. From computational linguistics,
we utilize text analysis algorithms to extract proxies for uncertainty from the qualitative
components of financial reports. This synthesis allows us to move beyond treating relia-
bility as a dichotomous or Likert-scale variable, instead reframing it as a dynamic infor-
mation field. Our investigation period, 1998 to 2004, is deliberately chosen to precede the
widespread adoption of fair value accounting mandates, allowing us to examine reliabil-
ity debates in a mixed-measurement context and providing a clearer lens on fundamental

measurement issues before they became entangled with mark-to-market controversies.



The novelty of our contribution is threefold. Theoretically, we introduce the Entropy-
Risk Perception Nexus, a framework that posits risk perception as a function of both mea-
surement entropy and investor cognitive filtering. Methodologically, we pioneer a hybrid
approach combining NLP-based content analysis, entropy quantification, and agent-based
simulation—a triangulation not previously applied in accounting research. Empirically,
we document the existence of a ’reliability illusion zone,” a counterintuitive finding that
has profound implications for disclosure policy, suggesting that striving for maximal pre-
cision may not always yield the intended calming effect on markets and may, under certain

conditions, inadvertently heighten anxiety or create a false sense of security.

2 Methodology

Our methodology is structured in three distinct but interconnected phases, each designed
to operationalize a component of our novel theoretical framework. This approach rep-
resents a significant departure from traditional event studies or regression analyses of

market data.

2.1 Phase 1: Linguistic Uncertainty Extraction via Natural

Language Processing

The first phase addresses the narrative dimension of reliability. We posit that the quan-
titative measurements presented in financial statements are contextualized and qualified
by the accompanying language in footnotes, the Management’s Discussion and Analysis
(MD&A), and auditor reports. To capture this, we developed a custom dictionary and
rule-based parsing algorithm. Our corpus consisted of the complete textual financial dis-
closures for 1,200 U.S. public companies across six industries, sourced from SEC EDGAR
filings for fiscal years 1998-2004. The algorithm scanned for linguistic markers of uncer-
tainty across four categories: epistemic modals (e.g., ‘may,” 'could,” ’estimate’), vague
quantifiers (e.g., ’significant,” "approximately,” 'range’), forward-looking statements, and

explicit recognition of alternative measurement methods. FEach instance was tagged,



weighted based on its syntactic proximity to key financial line items (e.g., revenue, asset
valuation), and aggregated into a firm-year Linguistic Ambiguity Score (LAS). This pro-
cess transformed unstructured text into a structured, continuous variable representing

the verbal 'noise’ surrounding the numerical figures.

2.2 Phase 2: Quantifying Measurement Entropy

In the second phase, we constructed our core independent variable: the Measurement
Entropy Index (MEI). Moving beyond simple standard deviations of estimates, the MEI
is inspired by Shannon’s information entropy formula, H(X) = —>_ p(z)log, p(x). For
a given accounting estimate (e.g., warranty liability, pension obligation), we identified
all quantitatively expressed possible values or ranges disclosed. For example, a footnote
stating "the provision is estimated to be between $1.2 million and $1.8 million” provides
a discrete range. In cases where sensitivity analyses were provided (e.g., "a 1% change
in discount rate would change the obligation by $X”), we modeled a probability distri-
bution based on disclosed parameters. The MEI calculates the entropy of this implied
distribution, with higher entropy indicating greater dispersion and thus lower traditional
reliability. This index was calculated for five critical accrual-based estimates per firm-

year and then combined with the LAS from Phase 1 to create a composite Entropy Score

(ES).

2.3 Phase 3: Agent-Based Simulation of Investor Risk Percep-
tion

The final phase models the cognitive transformation of entropy into risk perception. In-
stead of assuming a representative investor, we populated an agent-based model with
1,000 distinct investor agents. Each agent was assigned a ’cognitive architecture’ defined
by three parameters: 1) Entropy Tolerance (low, medium, high), determining the level
of measurement dispersion an agent accepts before perceiving elevated risk; 2) Heuristic
Type (e.g., 'anchor-and-adjust’ based on prior year figures, 'worst-case scanner’ focus-

ing on range maxima, mnarrative-weighted’ blending LAS heavily); and 3) Information
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Processing Capacity (limited or extensive). The simulation input was the firm-year ES.
Each agent, upon receiving the ES, applied its heuristic to generate a subjective Risk
Perception Quotient (RPQ) on a scale of 0—10. We ran the simulation for each firm-year
observation in our dataset. The model’s output is not a single risk measure but a dis-
tribution of RPQs. We analyzed the shape (skewness, kurtosis), central tendency, and
polarization (variance) of this distribution. This approach allows us to study not just the
average risk perception, but the market’s consensus or disagreement about risk arising

from the same accounting information.

3 Results

The application of our novel methodology yielded findings that challenge established
views on accounting reliability.

First, the relationship between our composite Entropy Score (ES) and the mean Risk
Perception Quotient (RPQ) across all simulated investors was found to be non-linear,
best described by a sigmoidal function. Initially, for very low levels of entropy (high
traditional reliability), increases in entropy led to a gradual, almost negligible rise in
perceived risk. This aligns with the conventional view. However, upon crossing a specific
entropy threshold (identified empirically in our data), the mean RPQ increased sharply.
Intriguingly, after a second, higher threshold, the curve flattened again, suggesting a
‘saturation effect” where additional ambiguity adds little to the overall risk perception.
This sigmoidal pattern indicates that investors are relatively insensitive to small variations
in reliability but react strongly once ambiguity passes a perceptible critical point.

Second, and most originally, we identified the 'reliability illusion zone.” This is a range
of moderate entropy levels (the first flat region of the sigmoid) where the variance of the
RPQ distribution actually decreased compared to lower entropy levels. Contrary to the
expectation that ambiguity breeds divergent opinions, our simulation showed that for a
specific band of moderate ambiguity, investor perceptions converged. Analysis of agent

behavior revealed that in this zone, the dominant heuristic shifted across archetypes to



a simple 'midpoint anchoring’ strategy (taking the average of any disclosed range), sup-
pressing divergence. This creates an illusion of consensus and lower aggregate risk, even
though the underlying measurement is less reliable. This finding has stark implications:
policies that reduce entropy from a high level to this moderate zone may create a false
sense of security and consensus, potentially more dangerous than high entropy which
clearly signals high risk and high disagreement.

Third, our results highlighted the critical role of heuristic diversity for market stability.
In simulation runs where we homogenized agents to use a single heuristic, the market’s
reaction to changes in entropy became highly volatile and bimodal. In contrast, the
heterogeneous model with diverse heuristics showed dampened volatility in mean RPQ
over time. This suggests that the cacophony of different interpretation methods acts as a
stabilizing mechanism, as different investors react to different facets of the same imperfect
information. Therefore, encouraging a diversity of analytical approaches among investors
may be as important for market stability as improving measurement reliability itself.

Fourth, cross-industry analysis revealed significant variation in the primary sources of
entropy. In technology and pharmaceuticals, linguistic ambiguity (LAS) was the domi-
nant driver of the ES, linked to R&D and IP valuation discussions. In manufacturing and
insurance, the quantitative dispersion of estimates (the core MEI) was more significant.
This indicates that a one-size-fits-all approach to enhancing reliability may be ineffective;

interventions must be tailored to the dominant source of entropy in a given context.

4 Conclusion

This research has ventured beyond the traditional confines of accounting research to
propose and demonstrate a radically different way of conceptualizing and analyzing the
link between accounting measurement and investor judgment. By integrating constructs
from information theory, quantum metaphor, and computational simulation, we have
shown that reliability is not a monolithic property that linearly reduces risk. Instead, it

is a source of information entropy that interacts in complex, non-linear ways with the



heterogeneous cognitive processes of the investing public.

Our primary theoretical contribution is the articulation and empirical exploration of
the Entropy-Risk Perception Nexus. This framework successfully predicts the observed
sigmoidal relationship and the counterintuitive 'reliability illusion zone,” phenomena un-
explained by prior models. The Quantum Reliability Collapse metaphor, while abstract,
provides a powerful lens for understanding how a spectrum of potential measurement out-
comes exists in corporate reporting until 'collapsed’ by the interpretive act of an investor
applying a specific heuristic.

Our methodological contribution is the development of a replicable, multi-phase toolkit
that combines text analysis, entropy quantification, and agent-based simulation. This
toolkit allows researchers to move from asking if reliability affects markets to probing
how and through what cognitive mechanisms this effect is channeled, and with what sys-
temic consequences.

The practical implications are significant for standard setters (e.g., FASB, IASB) and
regulators (e.g., SEC). The pursuit of ever-greater measurement precision may not be
an unalloyed good. Our findings suggest that a moderate, clearly communicated level
of estimation uncertainty might sometimes foster healthier market consensus than either
spurious precision or extreme ambiguity. Furthermore, disclosure policies might benefit
from explicitly guiding investors on the interpretation of ranges and sensitivities, not just
presenting them. Finally, fostering investor education that promotes a diversity of ana-
lytical heuristics could be viewed as a legitimate goal for market regulation, contributing
to systemic resilience.

This study opens several avenues for future research. The agent-based model can
be enriched with learning algorithms, allowing investors to adapt their heuristics over
time. The framework can be applied to specific measurement controversies, such as the
recognition of intangible assets or climate-related liabilities. The cross-disciplinary bridge
built here invites collaboration with cognitive scientists and complex systems theorists to
further unravel the intricate dance between accounting information and market behavior.

In conclusion, by reimagining reliability through the lens of entropy and perception, we



have taken a step toward a more nuanced, dynamic, and realistic understanding of the
fundamental connective tissue between corporate reporting and the judgments of those

who use it.
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