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Abstract

This research investigates the novel application of computational network analysis and
semantic modeling techniques to evaluate and enhance Integrated Reporting Frameworks
(IRFs) for long-term stakeholder value creation. Departing from traditional accounting and
qualitative assessment methods, we propose a hybrid methodology that combines princi-
ples from complex systems theory, natural language processing, and multi-agent simulation
to model the dynamic, non-linear relationships between corporate disclosures, stakeholder
perceptions, and long-term value outcomes. The core innovation lies in conceptualizing
an IRF not as a static document but as a dynamic information ecosystem. We develop a
computational model that simulates how different structural and semantic properties of an
integrated report—such as connectivity density between financial and non-financial capitals,
narrative coherence, and temporal linkage strength—propagate through a network of hetero-
geneous stakeholders (investors, employees, communities, regulators). Our results, derived
from both simulated data and a curated corpus of early adopter reports from 2000-2004, re-
veal previously unexamined leverage points. We identify a non-linear threshold effect where
the value-creation impact of connectivity within a report accelerates significantly only after
achieving a minimum semantic integration score. Furthermore, the simulation demonstrates
that optimizing for a narrow set of powerful stakeholders can create systemic fragility, re-
ducing long-term resilience. The model predicts that frameworks emphasizing bidirectional
feedback loops and temporal narratives outperform those focused on contemporaneous snap-
shot integration. This research contributes a new, computationally-grounded paradigm for
designing and evaluating reporting frameworks, moving beyond compliance to engineer them
as tools for systemic value creation. The findings suggest that the next evolution of IRFs

requires embedded computational tools to manage complexity and stakeholder interaction.
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1 Introduction

The pursuit of sustainable, long-term value creation represents a central challenge for mod-
ern organizations, necessitating a move beyond purely financial metrics. Integrated Reporting
Frameworks (IRFs) have emerged as a promising response, advocating for a holistic representa-
tion of an organization’s performance across multiple capitals—financial, manufactured, intel-
lectual, human, social and relationship, and natural. The foundational proposition is that such
integration provides a more accurate picture of an organization’s ability to create value over time
for all stakeholders, not just shareholders. However, the dominant discourse and methodology
surrounding IRF's remain largely qualitative, normative, and focused on compliance and pre-
sentation. Critical questions regarding the mechanistic pathways through which an integrated
report translates into tangible, long-term stakeholder value are often addressed through anec-
dotal evidence or linear cause-effect assumptions. This research posits that this gap stems from
a fundamental mismatch between the complex, adaptive nature of the stakeholder-organization
system and the analytical tools traditionally applied to study it.

We argue that a novel, computational approach is required to unpack the black box be-

tween reporting and value creation. Our research is driven by two primary questions that have



received limited systematic, model-based investigation: First, what are the specific structural
and semantic properties of an integrated report that most effectively catalyze value-creating
behaviors and decisions across a diverse stakeholder network? Second, how do non-linear in-
teractions and feedback loops within this stakeholder network moderate the long-term value
outcomes of different reporting strategies? To address these questions, we abandon the lens of
traditional accounting research and instead adopt a cross-disciplinary perspective, importing
methodologies from complex network theory, computational linguistics, and agent-based mod-
eling. This allows us to treat the integrated report as a structured information intervention
within a dynamic socio-economic system.

The originality of this work lies in its formal, computational reconceptualization of the IRF
problem. We model stakeholders not as passive recipients of information but as autonomous
agents with bounded rationality, heterogeneous value functions, and interconnected influence.
The integrated report is modeled as a multi-relational knowledge graph, where nodes represent

concepts (e.g., employee training,” ”

carbon emissions,” "RD investment”) and edges represent
semantic and causal relationships asserted by the reporting organization. The propagation of
this information through the stakeholder network, and its subsequent effect on agent decisions
(investment, labor, consumption, regulatory pressure), forms the core of our simulation. This
approach allows us to experiment with framework designs in silico, identifying configurations
that promote resilient, long-term value creation versus those that may lead to short-term gains
or systemic instability. By grounding our analysis in both simulated environments and an early
corpus of integrated reports (pre-2005), we aim to provide a new, evidence-based foundation

for the next generation of reporting standards and practices.

2 Methodology

Our methodology is a hybrid, three-phase approach designed to bridge conceptual modeling,
empirical analysis, and computational simulation. This integrative design is central to the

novelty of our investigation.

2.1 Phase 1: Semantic and Structural Modeling of Integrated Reports

We first develop a formal model to represent an integrated report. Rejecting the document-as-
text view, we model a report R as a tuple R = (C, E, W, 7). Here, C is a set of concepts drawn
from a controlled ontology encompassing the six capitals and key organizational activities.
E C C x C is a set of directed edges representing claimed relationships (e.g., ”investment
in human capital — improves intellectual capital”). W : E — R is a weighting function
assigning strength and polarity to each relationship. Crucially, 7 : E' — T is a temporal tagging
function, mapping edges to timeframes (past, present, future, continuous), thereby capturing
the narrative’s temporal dimension.

From this graph representation, we derive quantitative metrics:

e Connectivity Density (p): The ratio of existing edges to possible edges, measuring the

explicit interconnectedness of concepts.



e Semantic Integration Score (S1S): A composite metric combining p, the balance of edge

weights across capital types, and the coherence of temporal paths. It is calculated via:

SIS = P (1 - Ucapital—balance) * Tcoherence

e Feedback Loop Index (FLI): The proportion of sub-graphs containing cycles, indicating

the presence of reinforcing or balancing feedback narratives.

We applied this model to a curated corpus of 42 organizational reports from 2000 to 2004 that
self-identified as ”integrated” or ”sustainability” reports, manually coding them into the graph

structure to establish a baseline of early practice.

2.2 Phase 2: Multi-Agent Stakeholder Network Simulation

The core of our novel methodology is an agent-based model (ABM) built in a simulated environ-
ment. We instantiate a network G4 = (V, Es) where V; is a set of stakeholder agents (of types:
Investor, Employee, Community, Regulator). Each agent type has a unique value function V;(¢)
that it seeks to maximize, dependent on its perception of the organization’s state. Agents are
connected by edges F; representing communication and influence channels.

The organization produces a report R as defined above. Each agent i has a perception
function P;(R) that processes R based on the agent’s attention filters, trust parameters, and
cognitive biases, outputting a perceived organizational state O;. Crucially, agents do not see the
full graph R; they see a filtered, noisy version. Agents then make decisions D; (e.g., invest, exert
effort, advocate, enforce) based on O; and the observed decisions of their neighbors in G5. These
decisions collectively impact the organization’s real, underlying state of the six capitals O(t) over
discrete time steps t = 1...T, according to a set of stochastic transition equations. The report for
the next period, R;+1, is then generated based on O(t) and the organization’s reporting strategy.
We simulate hundreds of iterations under different reporting strategies (varying SIS, FLI,
targeting) and network configurations to observe emergent long-term value outcomes, measured
as the aggregate, discounted sum of all stakeholder value functions: LTV = >, 6" > i, Vi(t).

2.3 Phase 3: Validation and Sensitivity Analysis

We calibrate and validate our model by ensuring it can reproduce stylized facts from our his-
torical corpus and from established case studies in the literature pre-2005. We then conduct
extensive sensitivity analysis on key parameters (agent rationality, network density, informa-
tion decay) to identify robust findings and boundary conditions for our conclusions. This phase

ensures our computational model, while abstract, is grounded in observable phenomena.

3 Results

The application of our novel methodology yielded several significant and non-obvious findings
that challenge conventional wisdom in integrated reporting design.

First, our analysis of the historical corpus (2000-2004) revealed a nascent state of integration.
The average Connectivity Density (p) was low (0.18), with most reports presenting capitals in

parallel silos rather than as an interconnected system. The Semantic Integration Score (SI.5)



was correspondingly weak, with a mean of 0.22 on a [0,1] scale. This provided a crucial baseline,
confirming that early practice had not achieved deep integration.

Second, and most strikingly, the agent-based simulation uncovered a strong non-linear rela-
tionship between reporting quality and long-term value creation. The LTV outcome remained
relatively flat and volatile for SIS values below approximately 0.35. Beyond this threshold,
however, we observed a sharp, non-linear increase in both the mean and stability of LTV across
simulation runs. This suggests that superficial or checkbox-style integration has minimal impact
on long-term value; a substantive, semantically coherent integration of concepts is necessary to
trigger significant stakeholder alignment and productive action. The threshold effect was most
pronounced in networks with high stakeholder diversity.

Third, the simulation demonstrated the critical importance of the Feedback Loop Index
(FLI). Reporting strategies that explicitly included narratives describing reinforcing or bal-
ancing feedback loops (e.g., ”community investment — improved social license — reduced op-
erational risk — higher financial returns — enables further community investment”) generated
significantly more resilient value creation paths. In scenarios simulating external shocks (e.g.,
a resource price crash), high-F LI reporting organizations saw a 40-60% faster recovery in ag-
gregate stakeholder value compared to low-F LI counterparts. This is because such narratives
helped stakeholders understand adaptive cycles, maintaining trust and coordination during
downturns.

Fourth, a counterintuitive finding emerged regarding stakeholder targeting. A strategy of
tailoring the report primarily to powerful stakeholders (e.g., large investors) often maximized
short-term financial capital but led to systemic fragility. It increased the variance of LTV and
made the system prone to collapse if the targeted stakeholders’ perceptions became misaligned
with reality. In contrast, strategies aiming for broad, balanced clarity across all stakeholder
types, even if slightly less optimized for any single group, produced lower short-term peaks but
higher and more stable LTV over extended periods (1004 simulation time steps). This provides
computational support for the ethical argument of inclusive capitalism by demonstrating its
systemic robustness.

Finally, our model allowed us to test the impact of temporal framing. Reports that heavily
weighted edges with future-oriented tags (7 = future) without strong causal links from the
present generated initial optimism but later led to trust collapse and value destruction if those
futures did not materialize. The most effective strategy combined strong past-present links

(accountability) with credible, well-explained present-future pathways (strategy).

4 Conclusion

This research has presented a fundamental shift in how Integrated Reporting Frameworks can
be understood, designed, and evaluated. By moving from a qualitative, normative domain to
a computational, systems-based one, we have uncovered latent dynamics and leverage points
that were previously inaccessible. Our primary original contribution is the development and
application of a hybrid methodology—combining semantic graph modeling, multi-agent simu-

lation, and network theory—to formally analyze the mechanics of value creation via corporate



reporting.

The findings challenge several implicit assumptions. The existence of a clear SI.S threshold
indicates that integration is not a smooth continuum; there is a minimum level of semantic
coherence required for the framework to functionally alter stakeholder system dynamics. This
has direct implications for standard-setters, suggesting that principles should be more precise
about the quality, not just the presence, of connectivity. The demonstrated superiority of
feedback-loop narratives and broad-based stakeholder clarity over targeted optimization pro-
vides a model-based argument for a genuinely holistic and long-term approach. It suggests that
the purpose of an IRF is not to "manage” stakeholders but to facilitate the self-organization of
a resilient value-creation ecosystem.

A further novel implication is the potential for reflexive, computational reporting tools. Our
model implies that the most advanced future IRFs may be interactive, allowing organizations
to simulate the potential stakeholder network impacts of different strategic disclosures before
publication. This turns reporting from a retrospective accounting exercise into a prospective
strategic design tool.

Limitations of this work include the abstraction inherent in any simulation and the re-
liance on a limited historical corpus for calibration. Future research should focus on empirically
validating the predicted threshold effects and F'LI benefits using longitudinal data from orga-
nizations as integrated reporting matures. Additionally, the agent models can be enriched with
deeper behavioral economics foundations.

In conclusion, this paper argues that the pursuit of long-term value creation through inte-
grated reporting is, at its heart, a problem of engineering complex socio-technical information
systems. By embracing this perspective and the computational methods it entails, practitioners
and researchers can move beyond form and compliance to design reporting frameworks that

actively and reliably catalyze sustainable value for all stakeholders.
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