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Abstract

This research introduces a novel, computational framework for analyzing and

strengthening the oversight functions of corporate audit committees, a domain tra-

ditionally dominated by qualitative, compliance-based assessments. Departing from

conventional governance studies, we formulate the audit committee’s role as a com-

plex adaptive system and apply principles from computational organizational the-

ory, network analysis, and information theory to model its oversight efficacy. We

posit that financial accountability is not merely a product of regulatory adherence

but emerges from specific structural and informational dynamics within the com-

mittee’s interactions with management, internal audit, and external auditors. Our

methodology constructs a multi-agent simulation model where agents represent

committee members and key organizational actors, programmed with behavioral

rules derived from governance literature and empirical data on committee failures.

The model incorporates variables for expertise diversity, inquiry intensity, informa-

tion asymmetry, and social network cohesion to simulate decision-making processes

around financial reporting and fraud risk assessment. A key innovation is the appli-

cation of a ’supervision entropy’ metric to quantify the predictability and robustness

of oversight interactions. We test this framework using a unique dataset comprising

detailed minutes from 45 audit committee meetings of anonymized firms, which we

process using natural language processing techniques to extract interaction patterns

and topic focus. Our results identify a non-linear relationship between committee

meeting frequency and oversight effectiveness, with a threshold point beyond which

additional meetings yield diminishing returns. More significantly, we find that

committees with optimal ’informational network centrality’—acting as integrators

rather than passive recipients of reports—exhibit a 40
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1 Introduction

The audit committee stands as a cornerstone of modern corporate governance, entrusted

with the critical mandate of overseeing financial reporting integrity, internal controls,

and the audit process. Traditional scholarly and regulatory approaches to evaluating

its effectiveness have largely been normative and structural, focusing on compositional

attributes such as independence, financial expertise, and meeting frequency. While these

factors are undeniably important, they represent a static and often proxy-based view

of a profoundly dynamic and interactive oversight process. This paper argues that the

pathway to strengthened financial accountability is not fully illuminated by checking these

structural boxes but requires a deeper understanding of the committee as a live, cognitive,

and social system. We propose that the committee’s true strength is an emergent property

of its internal and external interactions, the quality of its informational exchanges, and

its capacity for critical inquiry. Existing literature, while vast, has struggled to move

beyond correlational studies linking committee characteristics to broad outcomes like

restatements or fraud incidence. There remains a theoretical and methodological gap

in modeling the extitprocess of oversight itself. This research seeks to fill that gap by

introducing a novel computational framework. We draw an unconventional analogy from

distributed computing systems, viewing the audit committee not as a passive reviewer but

as an active processing node within the organization’s information network. Its function

is to receive, integrate, challenge, and verify data flows from management and auditors,

making its network position and processing algorithms critical to system reliability. This

perspective allows us to apply formal models from information theory and network science

to governance, a crossover that yields fresh insights. Our primary research questions are:

(1) How can the dynamic process of audit committee oversight be formally modeled to

move beyond static attribute checklists? (2) What specific interactive and informational

patterns within committee operations are predictive of robust financial accountability?

(3) Can a computational simulation serve as a diagnostic tool for committees to self-

evaluate and optimize their oversight processes? By addressing these questions, this paper

aims to contribute a new paradigm for both academic research and practical application in
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corporate governance, shifting the focus from extitwho is on the committee and extithow

often they meet, to extithow they collectively think, interact, and decide.

2 Methodology

Our methodology is bifurcated into a theoretical modeling component and an empirical

validation component, united by a computational lens. The core innovation lies in the

development of a multi-agent simulation (MAS) model of the audit committee ecosystem.

2.1 Theoretical Framework and Model Construction

We conceptualize the audit oversight environment as a network of autonomous, goal-

directed agents. The primary agent types are: Audit Committee Members (ACMs), the

Chief Financial Officer (CFO), the Head of Internal Audit (HIA), and the External Audit

Partner (EAP). Each agent is endowed with attributes (e.g., expertise level, risk aversion,

independence score) and behavioral rules governing communication and decision-making.

The rules are derived from a synthesis of corporate governance theory, psychological stud-

ies of group decision-making, and forensic analysis of governance failures. For instance,

an ACM’s propensity to challenge management assertions is a function of its indepen-

dence attribute, the perceived complexity of the issue, and the social cohesion within the

committee network. The simulation runs over a simulated fiscal period, with key events

such as quarterly reporting, audit planning, and control deficiency disclosures triggering

interactions.

A central construct in our model is Supervision Entropy (Hs).Borrowedfrominformationtheory, wedefineHs

as a measure of the uncertainty or variability in the oversight interactions. A committee

with very scripted, predictable interactions with management (low entropy) may indicate

superficial oversight. Conversely, extremely chaotic, unfocused interactions (very high

entropy) may indicate dysfunction. We hypothesize that an optimal, effective committee

operates in a medium-entropy zone, characterized by structured but adaptive and probing

dialogue. Hs is calculated based on the probability distribution of interaction types (e.g.,
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informational request, challenge, affirmation) across agent pairs during a simulation run.

2.2 Empirical Data and Model Calibration

To ground our simulation in reality, we utilized a unique, hand-collected dataset of de-

tailed, anonymized minutes from 45 audit committee meetings across 15 publicly traded

firms over a three-year period. Using custom natural language processing (NLP) scripts,

we transformed the textual minutes into structured data. We identified speakers, catego-

rized speech acts (question, assertion, directive), and tagged topics (revenue recognition,

valuation, compliance). This data served two purposes: first, to calibrate the parame-

ters of our agent-based model (e.g., setting realistic base rates for question-asking), and

second, to serve as a real-world benchmark against which to compare the outputs of our

simulation.

2.3 Simulation Experiments and Analysis

We designed a series of simulation experiments manipulating key independent variables:

(1) Committee network structure (e.g., centralized vs. decentralized information flow from

management), (2) Level of cognitive diversity among ACMs, (3) Degree of information

asymmetry between management and the committee, and (4) The formal and informal

authority of the committee chair. For each experimental configuration, we ran the sim-

ulation 1000 times to account for stochastic elements. The primary dependent variable

was a composite Oversight Efficacy Score, derived from simulated outcomes such as the

detection of a seeded ’material misstatement’ and the depth of investigation into control

weaknesses. We then used regression analysis on the simulation output to identify which

configurations and dynamic patterns (like interaction entropy or network centrality) most

strongly predicted high efficacy scores. Finally, we performed a comparative analysis,

checking if the patterns identified as optimal in the simulation correlated with positive

real-world outcomes (e.g., absence of restatements, favorable internal audit ratings) in

our sample of 15 firms.
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3 Results

The simulation output and empirical analysis yielded several significant and non-obvious

findings that challenge conventional wisdom.

First, the relationship between meeting frequency and oversight efficacy was non-linear,

confirming a diminishing returns hypothesis. The model indicated a strong positive effect

up to approximately six dedicated meetings per year, after which additional meetings pro-

vided minimal incremental benefit unless accompanied by a significant shift in interaction

quality. This suggests that regulators and best practice guides focusing solely on minimum

meeting numbers may be targeting a suboptimal metric.

Second, and most critically, the concept of informational network centrality emerged as

a powerful predictor. Committees that were configured in the model—and observed in the

real minutes—to act as the central integrator of information from management, internal

audit, and external audit, rather than receiving sequential, siloed reports, demonstrated

a 40% higher simulated efficacy score. In the real-world data, firms whose committees

exhibited high centrality patterns (measured by the NLP analysis of cross-referenced topics

and actors in minutes) had zero instances of financial restatement in the subsequent two-

year period, compared to a 15% incidence rate in low-centrality committees.

Third, the Supervision Entropy (Hs) metric showed a clear inverted-U relationship

with efficacy. Committees with very low Hs (rigid, formalistic interactions) and very high

Hs (disjointed, unfocused discussions) performed poorly. Peak performance was associated

with a moderate Hs range, characterized by a balance of structured agenda-following and

spontaneous, probing inquiry. This quantitative measure of interaction quality offers a

novel diagnostic tool.

Fourth, while financial expertise was a necessary condition for high performance in

the model, it was far from sufficient. A committee composed entirely of high-expertise

but cognitively similar members (e.g., all former CFOs) often performed worse than a

committee with a mix of expertise (e.g., a former CFO, a risk management specialist,

and an industry technologist). The key mechanism was enacted cognitive diversity—the

simulation showed that diverse committees generated a wider range of hypotheses and
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challenge points during discussions, leading to more robust stress-testing of management’s

assertions.

4 Conclusion

This research has presented a novel, computational framework for understanding and

strengthening audit committee oversight. By moving beyond static attributes and modeling

the committee as a complex, adaptive information-processing network, we have identified

dynamic factors—informational network centrality, optimal supervision entropy, and en-

acted cognitive diversity—that are critical drivers of financial accountability. Our findings

suggest that the future of governance research and practice lies in focusing on the process

and patterns of oversight, not just its structure. The multi-agent simulation developed

here is more than an analytical tool; it can be adapted into a practical simulator for board

education and committee self-evaluation. Directors could ’run’ their own committee’s

attributes and observed behaviors through a simplified version of the model to identify

potential weaknesses in their interaction dynamics. For regulators, our work implies that

disclosure requirements might be enhanced to shed light on process quality, perhaps through

guided commentary in proxy statements about how the committee engages in challenging

dialogue. The primary limitation of this study is the size and accessibility of its real-world

dataset; future research should aim to apply this NLP-based analysis to a larger corpus

of publicly available materials. Furthermore, the model can be extended to incorporate

cultural and national governance differences. In conclusion, by bridging computational

science and corporate governance, this paper offers a fresh pathway to fortifying the vital

link between audit committee oversight and the integrity of financial reporting, ultimately

contributing to more resilient and trustworthy capital markets.
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