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Abstract 
 

Governance simulation has traditionally focused upon the consequences of 

policy interventions within economic, social, environmental or infrastructural systems. 

These approaches remain indispensable, but they often represent the cognitive 

processes through which institutions perceive problems, integrate knowledge, interpret 

uncertainty, coordinate actors, exercise judgement and learn from feedback only 

indirectly or not at all. Institutional Cognition introduces a different experimental object: 

the governance architecture itself. This Working Paper develops the Governance 

Cognitive Simulation Architecture (GCSA) as a methodological framework for 

constructing bounded computational representations through which selected 

relationships among institutional cognitive structures, information flows, coordination 

mechanisms, feedback processes and adaptive dynamics can be manipulated 

systematically under controlled conditions. 

GCSA defines a Governance Cognitive Simulation (GCS) as a computational 

representation of selected institutional cognitive structures and interactions designed for 

experimental investigation rather than comprehensive institutional replication. The 

framework therefore introduces Bounded Cognitive Representation, the Simulation 

Boundary and Research-Relevant Fidelity as complementary principles governing 

what enters the simulation, which mechanisms remain outside it and how much 

representational detail is scientifically necessary for a particular research question. 

Institutional actors and infrastructures can be represented through Simulated Cognitive 

Nodes, Simulated Cognitive Interfaces, Governance Information Objects, Cognitive 

State Representations and human, artificial or organisational cognitive agents, while 

Governance Environment Models and Governance Simulation Scenarios provide the 

conditions under which simulated cognitive architectures operate. 

The architecture transforms these representations into experimental 

infrastructure through Simulation Interventions, Controlled Cognitive Experiments, 

Counterfactual Governance Experiments, stochastic and Monte Carlo experimentation, 

Institutional Cognitive Stress Testing, Cognitive Failure Injection and Epistemic 

Perturbation. These mechanisms allow researchers to manipulate feedback latency, 

institutional memory, information overload, cognitive diversity, human–AI allocation, 

network topology and other theoretically specified properties in order to investigate how 

alternative architectures behave under shared assumptions. Experimental Portfolios and 

Simulation Ensembles further support cumulative investigation by examining common 

mechanisms across multiple scenarios, interventions and model representations rather 

than assigning excessive evidential weight to individual simulations. 

Particular emphasis is placed upon the epistemological boundaries of 

computational experimentation. GCSA distinguishes Simulation Observables from 

Empirical Observables, recognising that properties measured precisely inside a model 

do not automatically become measurable within real institutions. Verification is separated 

from validation, calibration from validation, and validation itself is organised across 

internal, structural, behavioural and empirical layers. Sensitivity Analysis, explicit 

representation of parameter, structural, scenario and stochastic uncertainty, Causal 

Interpretability, Simulation Provenance, Assumption Registers and reproducibility 

requirements are introduced to ensure that simulated behaviour remains connected to 

the theoretical, empirical and technical assumptions through which it was generated. 
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Emergent behaviour within the model is consequently treated as a source of hypotheses 

rather than as evidence of equivalent emergence in institutional reality. 

GCSA also addresses the institutional consequences of simulation itself. 

Simulation Cognitive Authority describes the influence computational representations 

can acquire over institutional problem framing and judgement, while Simulation 

Deference identifies the risk that conditional model outputs become privileged beyond 

their evidential justification. Simulation Governance therefore becomes necessary to 

regulate model development, validation, use, revision and retirement. The framework 

extends cautiously towards Governance Cognitive Digital Twins and Partial Cognitive 

Twins, treating them as dynamically updated but necessarily selective experimental 

representations rather than computational duplicates of institutions. 

By connecting ICAM, CPDF, PGNM, HAICA and GCPIF with AI Governance Pilot 

Programmes, GCSA establishes a broader Governance Experimental Learning Cycle 

through which theory, architecture, observability, simulation, hypotheses, institutional 

pilots and empirical evidence can interact recursively. Its central scientific contribution is 

therefore not the creation of a universal simulation of governance, but the construction 

of transparent, bounded and empirically challengeable experimental environments 

through which propositions concerning Institutional Cognition can be 

manipulated, stress-tested and progressively confronted with institutional reality. 

.. 

David González 

Director 

IDHUS Institute 

. 

  



WP-G-L02-001 — Governance Cognitive Simulation Architecture 

© IDHUS Institute                                                                                                                       8 
 

1. Introduction — From 

Governance Modelling to 

Cognitive Simulation 
 

Governance institutions have relied upon models for centuries in order to reason 

about systems whose complexity exceeds direct observation. Statistical projections, 

economic models, demographic forecasts, epidemiological simulations, transport 

models and environmental scenarios have progressively expanded the ability of 

institutions to examine possible futures before acting upon them. Computational 

development has greatly extended this tradition, allowing increasingly complex 

relationships among populations, infrastructures, markets, technologies and ecological 

systems to be represented within formal environments where alternative assumptions 

and interventions can be explored systematically. 

Most governance simulation has therefore concentrated upon the relationship 

between intervention and consequence. A policy is introduced into a representation of 

an economic, social or environmental system, and the model is used to examine how 

that system might respond. This approach remains indispensable. Policy-makers need 

to understand how changes in taxation may affect economic behaviour, how transport 

infrastructure may alter mobility patterns or how alternative public-health interventions 

may influence disease transmission. Yet the institutional processes through which those 

policies become conceivable, interpreted, selected and revised often remain largely 

outside the simulation. 

Institutional Cognition introduces a different object of inquiry. Institutions do not 

simply select interventions and apply them to external environments; they perceive 

signals, construct representations, integrate knowledge, interpret uncertainty, coordinate 

specialised actors, preserve memory, exercise judgement and learn from consequences. 

These cognitive processes shape the interventions that eventually enter conventional 

policy models. A governance institution may fail not because the policy selected was 

intrinsically ineffective, but because relevant information arrived too late, knowledge 

remained fragmented, feedback did not reach decision-makers or the architecture 

became dependent upon a narrow analytical representation. 

The possibility of simulating such relationships creates a new methodological 

domain. Rather than asking only how a governed system behaves under different 

policies, researchers can ask how governing cognitive architectures themselves 

behave under different informational, organisational and technological 

conditions. What happens when feedback latency increases? How does resilience 

change when a central analytical node fails? Does greater epistemic diversity improve 

interpretation under uncertainty, or create coordination costs that overwhelm the 

architecture? How does an institution behave when artificial cognitive systems 

accelerate information processing while simultaneously increasing dependency or 

overload? 

The Governance Cognitive Simulation Architecture (GCSA) is developed in 

this Working Paper to provide a methodological framework for investigating such 

questions. Its purpose is not to reproduce institutions comprehensively or to predict 
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organisational behaviour deterministically. It is to construct controlled computational 

representations through which selected relationships among cognitive structures, 

information flows, institutional behaviour and adaptation can become experimentally 

manipulable. 

This distinction is foundational. The scientific value of governance cognitive 

simulation lies not in creating a complete virtual institution, but in making 

theoretically specified cognitive relationships available for controlled 

investigation. Simulation thereby becomes an experimental complement to empirical 

institutional research rather than a substitute for it. 

 

2. The Historical Logic of Policy 

Simulation 
 

The intellectual foundations of governance simulation developed through several 

overlapping traditions. Economic modelling created formal representations of 

relationships among production, consumption, employment and public policy. Operations 

research supported decisions concerning resource allocation and organisational 

logistics. System dynamics introduced feedback-oriented representations of complex 

systems, while microsimulation allowed researchers to examine how policy changes 

might affect heterogeneous individuals or households. Agent-based modelling 

subsequently expanded the capacity to explore how system-level patterns can emerge 

from interactions among heterogeneous actors. 

These approaches differ substantially in method, epistemology and application, 

yet they share a broad objective: to construct simplified representations of complex 

systems in order to investigate relationships that cannot be manipulated easily within 

reality itself. Simulation becomes valuable because governments rarely possess the 

possibility of testing several national tax systems, pandemic responses or infrastructure 

configurations simultaneously while keeping all external conditions constant. 

This capacity for counterfactual exploration has made simulation especially 

attractive within policy analysis. Researchers can compare alternative interventions 

under shared assumptions, examine sensitivity to uncertain parameters and explore 

scenarios that have not yet occurred. Computational environments therefore extend the 

policy possibility space described within CPDF by allowing portions of that space to be 

explored dynamically. 

Yet conventional policy simulation often treats the governance institution 

producing or implementing policy as comparatively exogenous. The model may 

represent citizen behaviour, market responses or ecological dynamics with considerable 

sophistication while representing the institution itself through a relatively simple policy 

rule. Information arrives, a decision is assumed and an intervention enters the simulated 

environment. 

For many research questions this simplification is entirely appropriate. A model 

designed to estimate flood risk does not necessarily require a detailed simulation of how 
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environmental agencies deliberate internally. Scientific models should contain only the 

complexity necessary for their purpose. Problems arise only when the cognitive 

behaviour of institutions becomes part of the phenomenon researchers seek to explain. 

Institutional Cognition makes precisely this shift possible. Once governance 

failures are understood partly through sensing, integration, interpretation, memory, 

feedback or coordination, institutional architecture becomes endogenous to the research 

problem. The model can no longer assume that relevant knowledge reaches decision-

makers instantaneously, that organisational representations are identical or that 

feedback automatically generates learning. 

Governance Cognitive Simulation therefore extends rather than replaces 

existing traditions of policy modelling. It introduces the cognitive architecture of 

governance as an additional possible object of formal experimentation whenever 

institutional cognition itself forms part of the causal explanation. 

 

3. From Outcome Simulation to 

Cognitive Simulation 
 

The distinction between conventional policy simulation and Governance 

Cognitive Simulation can be expressed through the different causal pathways each 

seeks to represent. A simplified policy model may begin with an intervention, simulate its 

interaction with an external system and examine resulting outcomes. The institutional 

process producing the intervention remains outside the principal analytical boundary. 

Governance Cognitive Simulation begins earlier. It can represent how information 

enters an institutional system, how knowledge is distributed among cognitive nodes, how 

interpretations form, how coordination affects collective judgement, how decisions 

emerge and how resulting consequences return through feedback. The simulated 

intervention is therefore partially endogenous to the architecture of cognition that 

produced it. 

The difference is not merely chronological. It changes the causal object. An 

institution receiving delayed or distorted information may choose differently from one 

receiving timely evidence. A centralised architecture may process information differently 

from a polycentric one. A hybrid human–AI configuration may identify patterns rapidly 

while becoming vulnerable to correlated artificial error. Governance outcomes can 

therefore depend upon relationships inside the cognitive system before policy reaches 

the external environment. 

A simplified representation of this distinction can be expressed as: 

Conventional policy simulation: 

Policy Intervention → Governed Environment → Outcome 

Governance Cognitive Simulation: 

Signals → Cognitive Architecture → Representation → Coordination → 
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Institutional Judgement → Intervention → Consequences → Feedback → 

Adaptation 

This sequence should not be interpreted as a mandatory linear process. ICAM, 

CPDF, PGNM and HAICA have already established that cognition is recursive and 

distributed. Signals can modify representations continuously, feedback can alter 

coordination and artificial systems can intervene at several stages simultaneously. The 

sequence simply makes explicit that institutional cognition itself can become part of the 

simulation. 

This extension opens different experimental questions. Researchers can 

compare identical external environments while varying the governance architecture that 

responds to them. They can examine whether one cognitive configuration detects weak 

signals earlier, whether another integrates evidence more effectively or whether 

particular feedback structures produce faster adaptation after model error. 

The outputs of such simulations also differ from conventional policy predictions. 

The primary result may not be a forecast concerning unemployment, emissions or 

infection rates. It may instead concern information latency, cognitive resilience, 

dependency concentration, coordination failure or the capacity of the architecture to 

recover from disruption. 

Governance Cognitive Simulation therefore shifts part of simulation 

science from asking what a policy does to asking how the cognitive architecture 

of governance shapes what institutions perceive, decide and learn before and after 

intervention. 

 

4. Governance Cognitive 

Simulation as an Experimental 

Object 
 

GCSA defines a Governance Cognitive Simulation (GCS) as a computational 

representation of selected institutional cognitive structures, processes and interactions 

designed to investigate how specified cognitive architectures behave under controlled 

assumptions and experimental conditions. 

Several elements of this definition are deliberate. First, the representation is 

computational because experimentation requires sufficiently formal relationships for 

repeated manipulation. Second, it concerns selected cognitive structures rather than the 

institution as a whole. Third, its purpose is investigative rather than predictive by default. 

And finally, behaviour occurs under explicit assumptions whose influence must remain 

visible. 

A Governance Cognitive Simulation can therefore represent a limited set of 

relationships without attempting to reproduce the full complexity of organisational life. A 

study concerned with feedback architecture might model information generation, 
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reporting latency, interpretative capacity and policy revision while leaving organisational 

culture outside the simulation. Another concerned with human–AI dependency might 

represent cognitive function allocation, model reliability, human expertise and system 

failure without modelling political conflict. 

This boundedness is a scientific strength rather than an imperfection when the 

research question is clearly defined. Controlled experimentation depends upon 

simplification because causal relationships become more difficult to interpret as the 

number of mechanisms increases. A model that reproduces every observable 

institutional detail would not necessarily produce greater scientific insight if researchers 

could no longer determine why particular outcomes emerged. 

The experimental character of GCS also distinguishes it from purely descriptive 

institutional modelling. Researchers should be able to alter architecture, environmental 

conditions or information properties systematically and observe how the simulated 

cognitive system responds. A node can be removed, an interface delayed, feedback 

degraded or artificial capability introduced while other conditions remain sufficiently 

controlled for comparison. 

Repeated runs can then reveal distributions rather than singular outcomes. If 

probabilistic behaviour is incorporated, identical architectures may produce different 

trajectories across runs, allowing researchers to study robustness, failure frequency or 

sensitivity rather than treating one simulation as a deterministic prediction. 

A Governance Cognitive Simulation is therefore best understood as an 

experimental representation of selected institutional cognitive mechanisms, 

constructed so that architectural hypotheses can be manipulated explicitly and 

their simulated consequences observed systematically. 

 

5. Bounded Cognitive 

Representation 
 

Any attempt to simulate Institutional Cognition confronts an obvious limit: human 

organisations contain forms of interpretation, experience, political meaning, social 

interaction and tacit knowledge that cannot be represented comprehensively within a 

computational model. GCSA responds through the principle of Bounded Cognitive 

Representation. 

Bounded Cognitive Representation means that a simulation should represent 

only those cognitive properties required to investigate the research question and should 

make the limits of that representation explicit. The purpose is not to approximate an 

institution through maximum detail but to capture enough of the relevant mechanisms for 

the experiment to remain theoretically meaningful. 

A simulation examining information overload might represent attention capacity, 

incoming information volume and processing delay without simulating the full psychology 

of individual decision-makers. A study of institutional memory could represent retention, 

retrieval probability and personnel turnover without claiming to reproduce human 
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recollection. A network study might model trust as a parameter affecting information 

acceptance while acknowledging that real institutional trust contains historical, political 

and social dimensions beyond the representation. 

This principle protects GCSA against anthropomorphic overreach. A 

computational agent representing an official does not need to possess a complete model 

of human cognition. It represents selected behavioural relationships relevant to the 

hypothesis. Similarly, an artificial cognitive node can be represented through attributes 

such as accuracy, speed or failure correlation without simulating the internal architecture 

of the actual AI system. 

The validity of a bounded representation therefore depends upon the relationship 

between simplification and research purpose. Omitting irrelevant detail improves 

interpretability; omitting a mechanism central to the phenomenon being studied 

undermines the experiment. The boundary must therefore remain theoretically justified. 

Bounded representation also makes model disagreement legitimate. Different 

simulations may represent the same institutional process through alternative 

abstractions. Comparing their behaviour can reveal whether conclusions depend upon 

specific assumptions rather than indicating that one model must necessarily replace the 

others. 

GCSA therefore treats every cognitive simulation as a partial theoretical 

instrument: useful to the extent that its abstractions illuminate selected 

relationships, misleading when those abstractions are mistaken for complete 

representations of institutional cognition. 

 

6. The Simulation Boundary 
 

Bounded representation requires a formal mechanism for determining which 

elements belong within the simulated system. GCSA introduces the Simulation 

Boundary as the explicit specification of the actors, cognitive functions, information 

flows, environmental variables and relationships included within a particular governance 

cognitive experiment. 

The Simulation Boundary defines what the model treats as endogenous and what 

remains external. A simulation of a regulatory agency might include internal analysts, 

artificial decision-support systems, information sources, review mechanisms and 

feedback from implementation while treating legislative authority and broader political 

change as external variables. A network simulation might include several institutions and 

their interfaces while representing wider social behaviour through aggregated 

environmental signals. 

Boundary construction is consequential because causal conclusions depend 

upon it. A model may identify coordination failure as the principal source of poor 

performance while excluding political incentives that influence coordination in reality. The 

result can remain scientifically useful if the limitation is explicit and the research question 

genuinely concerns cognitive architecture, but it becomes misleading if the simulated 

boundary is treated as a complete causal account. 
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Boundaries can also operate across scale. Researchers may choose to represent 

individuals as cognitive nodes, entire departments as aggregated nodes or institutions 

as nodes within governance networks. Different scales reveal different mechanisms and 

conceal others. No level should be assumed to be intrinsically superior. 

The Simulation Boundary should therefore be documented as part of model 

provenance. Researchers need to know which cognitive functions were represented 

explicitly, which were simplified, which mechanisms were excluded and how the external 

environment interacts with the model. 

Boundary sensitivity can itself become an experimental question. Researchers 

may expand or contract the simulated system to determine whether conclusions remain 

stable. If a finding disappears when a previously excluded mechanism is introduced, the 

narrower simulation may have overstated the robustness of its explanation. 

The Simulation Boundary is therefore not merely a technical modelling 

choice; it is an epistemic statement concerning which relationships the 

experiment claims to represent and which dimensions of institutional reality 

remain outside its explanatory scope. 

 

7. Research-Relevant Fidelity 
 

Simulation research often treats greater realism as an obvious objective. More 

detailed data, more agents, more complex behavioural rules and richer environmental 

representation can make a model appear increasingly similar to the system it seeks to 

describe. GCSA adopts a more cautious principle: Research-Relevant Fidelity. 

Research-Relevant Fidelity refers to the degree and type of representational 

detail necessary for a simulation to investigate a particular research question credibly. 

Fidelity is therefore relative to purpose rather than a general measure of realism. 

A simulation examining whether delayed feedback increases repeated 

institutional error may require accurate representation of feedback pathways and 

learning rules while needing only a highly simplified external environment. Adding 

detailed demographic or political behaviour would increase complexity without 

necessarily strengthening the relevant experiment. 

Conversely, a simulation testing cross-scale cognitive translation may require 

heterogeneous institutional representations because variation across governance levels 

forms part of the mechanism. An overly abstract model could eliminate precisely the 

differences the research seeks to investigate. 

The principle therefore encourages selective realism. Components central to the 

hypothesis should receive sufficient representational detail, while peripheral elements 

can remain deliberately simplified. This improves interpretability because researchers 

retain greater capacity to identify which mechanisms generate observed behaviour. 

Research-Relevant Fidelity also protects against the Simulation Complexity 

Trap, in which models accumulate detail faster than their explanatory value increases. 

Highly complex simulations can reproduce intricate dynamics while becoming difficult to 
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validate, interpret or reproduce. Apparent realism can then conceal uncertainty 

concerning the assumptions generating results. 

The appropriate level of fidelity may change as research matures. Early 

theoretical experiments may use abstract architectures to explore mechanism 

plausibility, while later models incorporate empirical calibration and richer institutional 

data. Neither stage should be judged solely by representational detail. 

The scientific quality of a Governance Cognitive Simulation therefore 

depends not upon how much reality it contains, but upon whether the aspects of 

reality necessary for the research question are represented with sufficient fidelity 

for the resulting experiment to remain interpretable and empirically challengeable. 

 

8. Simulation as Experimental 

Infrastructure rather than 

Prediction Engine 
 

The increasing sophistication of computational modelling can encourage 

institutions to interpret simulations primarily as forecasting technologies. In some 

domains, prediction is both possible and valuable. Yet complex governance systems 

contain strategic behaviour, institutional change, political uncertainty and emergent 

interactions that limit deterministic forecasting. GCSA therefore positions simulation 

primarily as experimental infrastructure. 

An experimental simulation asks what happens under specified assumptions 

rather than claiming to identify what will happen in reality. Researchers can vary 

architecture, information quality or environmental conditions and examine whether 

particular patterns remain stable across plausible configurations. 

This distinction changes the language through which results should be 

interpreted. A simulation should rarely conclude that a particular governance architecture 

will fail. It can instead demonstrate that under specified assumptions and parameter 

ranges, the architecture exhibits greater simulated vulnerability to particular forms of 

disruption. 

Such conditional findings can be scientifically valuable. They identify 

mechanisms deserving empirical investigation, expose hidden dependencies and allow 

researchers to compare counterfactual architectures that cannot be tested directly in real 

institutions. 

Experimental use also supports negative results. If changing feedback latency 

has little effect across wide parameter ranges, a theoretical claim concerning the 

importance of feedback timing may require reconsideration. Simulation therefore 

becomes capable of challenging theory rather than merely illustrating it. 

The distinction between exploration and prediction established within CPDF 

becomes especially important here. GCSA can explore ranges of possible institutional 



WP-G-L02-001 — Governance Cognitive Simulation Architecture 

© IDHUS Institute                                                                                                                       16 
 

behaviour, identify threshold effects and investigate robustness without claiming that a 

particular simulated trajectory represents the future. 

Governance Cognitive Simulation becomes scientifically strongest when it 

expands the range of institutional hypotheses that can be explored under 

controlled conditions while leaving empirical reality responsible for determining 

which of those hypotheses deserve confidence. 

 

9. Simulated Cognitive Nodes 
 

If Governance Cognitive Simulation is to represent institutional cognition 

experimentally, it requires a way to model the entities through which cognitive functions 

become distributed. GCSA introduces the Simulated Cognitive Node (SCN) as the 

basic functional unit through which selected cognitive roles can be represented within a 

simulation. 

A Simulated Cognitive Node does not correspond necessarily to an individual 

person. Depending upon the research question, a node may represent a human 

decision-maker, an analytical team, an organisational unit, an AI system, a knowledge 

repository or an entire institution. The relevant criterion is whether the node performs a 

sufficiently distinct cognitive function within the simulated architecture. 

This flexibility allows GCSA to operate across several scales. A micro-level 

simulation might represent individual analysts as separate nodes, while a network-level 

model may aggregate an entire agency into a single node possessing defined sensing, 

memory and coordination capacities. The same institutional reality can therefore be 

represented differently depending upon the explanatory purpose. 

Each SCN can be characterised through selected properties such as information-

processing capacity, expertise, memory, uncertainty tolerance, trust, decision thresholds 

or processing speed. These properties should not be interpreted as complete 

psychological or organisational descriptions. They are research-specific abstractions 

designed to make particular mechanisms manipulable. 

The epistemic caution is especially important when modelling human actors. A 

numerical parameter representing attention does not reproduce human attention; it 

represents one simplified relationship between information load and processing 

capability. Similarly, a node representing an AI system through accuracy and speed 

parameters does not simulate the internal cognition of that system. 

Different nodes can also possess asymmetric capabilities. One may excel at 

sensing while another integrates knowledge. A third may possess strong memory but 

limited interpretative flexibility. This differentiation allows the simulated architecture to 

reproduce the distributed specialisation developed across ICAM and PGNM. 

The Simulated Cognitive Node therefore provides GCSA with a functional 

abstraction through which heterogeneous contributors to institutional cognition 

can become experimentally represented without implying equivalence between 

the computational node and the real actor or organisation it represents. 
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10. Simulated Cognitive Interfaces 
 

Cognition within institutions depends not only upon the capabilities of nodes but 

upon the relationships connecting them. Information can be delayed, transformed, 

filtered, misunderstood or lost as it moves across organisational boundaries. GCSA 

therefore represents these relationships through Simulated Cognitive Interfaces 

(SCIs). 

A Simulated Cognitive Interface defines the conditions under which one node can 

transmit cognitive content to another. Such conditions may include communication 

latency, bandwidth, translation quality, information loss, trust, authentication, distortion 

or processing cost. Interfaces therefore become manipulable experimental objects rather 

than invisible assumptions of perfect communication. 

This is methodologically significant because many governance failures arise from 

weak interfaces rather than weak nodes. A simulation in which every actor receives 

complete and instantaneous information would conceal precisely the architectural 

mechanisms Institutional Cognition seeks to investigate. 

SCIs can also differ by direction. A local institution may transmit detailed 

observational data upward while receiving only highly aggregated guidance in return. A 

human actor may communicate a broad contextual instruction to an AI system while 

receiving a highly structured recommendation. These asymmetries can be represented 

explicitly. 

Interfaces may also be conditional. Information can move only when thresholds 

are met, trust is sufficient or particular organisational procedures are activated. During 

crises, interfaces may change temporarily, reproducing Activated Cognitive 

Configurations. 

The performance of an interface can also deteriorate under stress. High 

information volume may increase latency, translation error may rise under ambiguity or 

trust may decline after repeated inaccuracies. Such dynamics allow the simulation to 

move beyond static network representation. 

Simulated Cognitive Interfaces make communication itself experimentally 

visible, allowing researchers to study how delay, distortion, trust and translation 

shape institutional cognition even when the nodes connected by those interfaces 

remain unchanged. 
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11. Governance Information 

Objects 
 

Nodes and interfaces provide the structural architecture of a simulation, but 

cognition also requires something to move through that architecture. GCSA introduces 

Governance Information Objects (GIOs) as abstract representations of the 

informational units that circulate within simulated governance processes. 

A GIO may represent an observation, warning, dataset, report, model output, 

scientific assessment, policy evaluation, AI recommendation or other object capable of 

influencing cognition. The concept is deliberately broad because different research 

questions require different informational granularity. 

Each information object can possess attributes relevant to the experiment. These 

may include accuracy, uncertainty, provenance, timeliness, complexity, sensitivity, 

relevance or credibility. A warning generated early but with high uncertainty can therefore 

behave differently from a late but highly reliable assessment. 

Information objects may also change as they travel. A local observation can 

become aggregated into a national indicator, losing contextual detail while gaining 

comparability. A model output can be translated into a briefing, reducing complexity but 

potentially altering uncertainty. These transformations can be represented as operations 

performed by nodes or interfaces. 

The provenance of GIOs is especially important. Researchers may wish to 

examine whether nodes respond differently to information from trusted or untrusted 

sources, or whether provenance loss increases susceptibility to misinformation. This 

creates a direct bridge with epistemic traceability. 

GIOs also make information overload experimentally tractable. Instead of 

representing overload as an abstract condition, researchers can vary the number, 

complexity or arrival rate of information objects entering a node and observe processing 

delays, omission or error. 

Governance Information Objects provide GCSA with a flexible language for 

representing the cognitive material that moves through institutional architectures, 

including not only content but the epistemic properties that shape how that 

content becomes interpreted and acted upon. 
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12. Cognitive State 

Representation 
 

For simulated nodes to behave dynamically, they require some representation of 

their current cognitive condition. GCSA therefore introduces Cognitive State 

Representation (CSR) as a bounded description of those internal variables necessary 

for the research question. 

A cognitive state might include currently available knowledge, confidence in 

particular interpretations, memory of previous events, trust in other nodes, workload, 

perceived uncertainty or attention allocation. Not every simulation needs all of these 

properties, and the principle of Bounded Cognitive Representation remains essential. 

The purpose of CSR is not to create a computational theory of consciousness or 

complete human reasoning. It allows researchers to specify how selected internal 

variables influence subsequent behaviour. A node with high workload may process fewer 

information objects; a node with low trust may discount incoming evidence; a node with 

strong memory may avoid repeating earlier errors. 

State variables can change through interaction. Information objects update 

knowledge or confidence; repeated inaccurate messages reduce trust; successful 

coordination increases reliance; organisational turnover may reduce memory. This 

dynamic evolution allows institutional cognition to become more than a sequence of fixed 

rules. 

CSR also makes path dependence visible. Two identical nodes can respond 

differently to the same new signal if their prior experiences produced different cognitive 

states. This is particularly important for modelling institutional learning and memory. 

Some states may remain probabilistic. Rather than assigning a fixed belief, the 

model can represent distributions or confidence ranges. This allows uncertainty to 

remain part of the simulation architecture. 

Cognitive State Representation provides a bounded mechanism for 

modelling how prior information, memory, trust, workload and uncertainty 

influence simulated cognitive behaviour without implying that the model 

reproduces the full internal cognition of real institutional actors. 
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13. Human Cognitive Agents 
 

When the research question requires individual or role-level representation, 

GCSA can model human participants through Human Cognitive Agents (HCAs). These 

agents are computational abstractions of selected behavioural and cognitive 

relationships rather than psychological replicas. 

Human Cognitive Agents may be assigned properties such as expertise, attention 

limits, trust, risk tolerance, response thresholds, memory or susceptibility to overload. 

The model can then examine how these properties influence interpretation, 

communication or decision behaviour under controlled conditions. 

Such representations should remain theoretically explicit. A researcher modelling 

confirmation bias, for example, must specify the behavioural rule through which prior 

belief influences evidence weighting. The simulation does not prove that all humans 

behave according to that rule; it tests what follows if the hypothesised mechanism 

operates under specified conditions. 

Heterogeneity among HCAs can be especially important. Different agents may 

possess different expertise, values or trust relationships, allowing the model to explore 

cognitive diversity and coordination. Homogeneous human agents would often erase 

precisely the institutional variation researchers seek to study. 

Human agents can also learn or deskill over time. Expertise may increase through 

repeated exposure, while sustained delegation to artificial systems could reduce 

independent capability in simulations designed to investigate HAICA-related 

mechanisms. Such learning rules must remain hypotheses open to empirical calibration. 

Human Cognitive Agents allow selected dimensions of human institutional 

behaviour to enter simulation without collapsing the complexity of human 

cognition into claims of computational equivalence. 

 

14. Artificial Cognitive Agents 
 

Artificial intelligence can be represented within GCSA through Artificial 

Cognitive Agents (ACAs), computational abstractions of artificial systems that 

contribute cognitive functions within simulated institutional architectures. 

An ACA may be characterised by attributes such as processing speed, accuracy, 

confidence calibration, interpretability, error correlation, information capacity or failure 

probability. Different artificial agents can represent distinct model types or configurations 

without requiring the simulation to reproduce their internal technical architecture. 

This allows researchers to investigate HAICA propositions experimentally. A 

simulation can compare configurations in which artificial systems provide retrieval only, 

perform initial analysis or occupy more central cognitive roles. Researchers can vary 
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accuracy while holding interface structure constant, or vary explainability while 

maintaining model performance. 

Correlated error deserves particular attention. Multiple artificial agents may 

appear to provide redundancy while relying upon similar data or model architectures. By 

explicitly representing correlation among failures, GCSA can distinguish genuine 

cognitive diversity from superficial multiplicity. 

Artificial agents can also influence human states. Repeated high performance 

may increase trust, while unexpected failure may reduce it. These dynamics allow 

Artificial Cognitive Deference and dependency to emerge through interaction rather than 

being imposed directly. 

The model should nevertheless avoid assuming that all artificial behaviour can 

be reduced to stable accuracy parameters. Generative systems may produce context-

dependent and stochastic outputs. Where relevant, output variability should be 

represented explicitly. 

Artificial Cognitive Agents provide a controlled abstraction of AI 

participation that allows researchers to manipulate capability, reliability, speed 

and dependency relationships while keeping the institutional consequences of 

those properties analytically visible. 

 

15. Organisational Cognitive 

Agents 
 

Some research questions require a level of abstraction above individual actors. 

GCSA therefore allows departments, agencies or entire institutions to be represented as 

Organisational Cognitive Agents (OCAs). 

An OCA aggregates internal processes into a bounded set of cognitive properties 

such as sensing capacity, knowledge integration, memory, decision speed, trust 

relationships or adaptive capability. This can be useful when the internal details of the 

organisation are not the primary object of investigation. 

For example, a PGNM-inspired simulation may represent several national 

institutions as organisational agents connected through cross-institutional interfaces. 

The researcher may care primarily about network coordination and translation rather 

than the internal cognition of each ministry. 

Aggregation necessarily hides mechanisms. An OCA with a high memory 

parameter does not reveal whether memory resides in archives, professional 

communities or digital infrastructure. Such simplification is acceptable only when those 

internal distinctions are not central to the research question. 

Nested modelling can partially resolve this problem. A simulation may represent 

one focal institution through detailed HCAs and ACAs while representing external 

institutions as higher-level OCAs. Multi-resolution architectures can therefore balance 

detail and computational tractability. 
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Organisational agents can also change over time. Institutional learning can alter 

their parameters, while shocks or reforms can modify internal capability. Again, these 

changes represent hypotheses about aggregated behaviour rather than direct 

reproduction of organisational reality. 

Organisational Cognitive Agents allow GCSA to represent institutional 

cognition at meso and macro scales while preserving the principle that every 

aggregated node remains a purposeful abstraction whose hidden internal 

complexity must be acknowledged. 

 

16. Governance Environment 

Models 
 

Institutional cognition does not operate in isolation. Governance systems 

perceive and respond to environments containing events, signals, constraints and other 

actors whose behaviour can change independently of the institution. GCSA therefore 

requires a Governance Environment Model (GEM) representing the external 

conditions with which the simulated cognitive architecture interacts. 

The environment may generate events such as economic shocks, disease 

outbreaks, technological changes, regulatory incidents or environmental disturbances. It 

can also generate continuous signals, noise and uncertainty. The level of environmental 

detail depends upon the research question. 

A simulation studying sensing performance might require a rich signal 

environment containing weak and strong signals with varying detectability. A study of 

feedback architecture may need only a simplified environment that generates 

consequences after institutional action. A network resilience experiment may focus 

primarily upon inter-institutional shocks rather than wider social dynamics. 

Environmental parameters can include volatility, predictability, event frequency, 

signal-to-noise ratio, interdependence and resource scarcity. Varying these conditions 

allows researchers to investigate Architectural Fit: the same cognitive architecture may 

perform differently under stable and turbulent environments. 

The environment can also respond to institutional action. Policies may change 

future signals, and actors outside the institution may adapt strategically. This introduces 

feedback between cognition and governed systems. 

Yet environmental complexity should remain bounded. A detailed social model is 

unnecessary if the scientific question concerns internal memory performance. GCSA 

should resist expanding the environment simply to increase apparent realism. 

The Governance Environment Model provides the external source of 

signals, uncertainty and consequence against which simulated cognitive 

architectures can be tested, allowing institutional performance to be studied as a 

relationship between cognition and environmental demand. 
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17. Multi-Level Governance 

Cognitive Simulation 
 

The models developed across L02 operate at different scales: ICAM focuses 

largely upon institutional architecture, HAICA upon hybrid configurations and PGNM 

upon inter-institutional networks. GCSA therefore requires the capacity to connect 

several levels of representation within a common experimental environment. This 

creates Multi-Level Governance Cognitive Simulation. 

At the micro level, simulations may represent individual Human Cognitive Agents 

and Artificial Cognitive Agents. At the meso level, departments or institutions can operate 

as Organisational Cognitive Agents. At the macro level, networks of institutions can be 

modelled through PGNM-inspired structures. These levels can interact rather than being 

simulated separately. 

Such integration allows cross-scale questions to become experimentally 

accessible. A change in AI allocation within one department may influence the 

performance of the wider institution, which in turn alters information provided to an 

international network. Conversely, network-level information delays may affect the 

cognitive states of local actors. 

Multi-level simulation also reveals emergent properties. Institutional coordination 

may arise from local interactions without being programmed centrally, while network 

fragility may emerge from dependencies invisible at the level of individual organisations. 

The methodological cost is complexity. Each additional scale introduces new 

assumptions and validation challenges. Multi-level models should therefore be used only 

when the research question genuinely depends upon cross-scale interaction. 

Researchers may also employ selective resolution, modelling some levels in 

detail and others abstractly. This preserves Research-Relevant Fidelity while avoiding 

unnecessary computational expansion. 

Multi-Level Governance Cognitive Simulation allows GCSA to investigate 

how cognitive mechanisms operating at different institutional scales interact, 

while preserving the requirement that every additional level of representation must 

be justified by the research question. 
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18. Governance Simulation 

Scenarios 
 

Experimental simulation requires reproducible descriptions of the conditions 

under which model behaviour is observed. GCSA introduces the Governance 

Simulation Scenario (GSS) as the structured specification of architecture, environment, 

initial conditions, parameters and events defining a particular simulation experiment. 

A scenario determines which nodes exist, how they are connected, what cognitive 

states they begin with, what information sources are available and how the external 

environment behaves. It may also define policy constraints, shock events or activation 

thresholds. 

The same architecture can be tested under multiple scenarios. A governance 

network might perform well under stable conditions but fail under rapid environmental 

change. Conversely, an architecture designed for crisis response may appear inefficient 

during routine operation. 

Scenarios therefore support robustness analysis. Rather than evaluating one 

architecture under one set of assumptions, researchers can examine performance 

across a family of plausible conditions. 

Scenario design should remain distinct from prediction. A scenario represents a 

controlled possibility, not a forecast. Even empirically informed scenarios remain 

conditional constructions whose value lies in exploring behaviour under specified 

assumptions. 

Documentation is essential. Each scenario should preserve parameter settings, 

initial states, event sequences and random seeds where relevant so that results can be 

reproduced. 

Governance Simulation Scenarios provide the experimental context 

through which cognitive architectures become comparable, allowing the same 

model to be investigated across different assumptions without confusing scenario 

exploration with claims about future reality. 

These concepts operate at different analytical levels: the GCS is the simulated 

cognitive system, the GSS defines the conditions under which it operates, and a 

Simulation Intervention specifies the deliberate modification introduced within or across 

scenarios. A Governance Cognitive Digital Twin represents a further implementation 

class in which selected elements of the GCS are updated recurrently through empirical 

data. 
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19. Simulation Interventions 
 

A simulation becomes experimentally useful when researchers can alter selected 

properties of the cognitive architecture while preserving sufficient control over the 

surrounding conditions to interpret the resulting differences. GCSA describes such 

deliberate modifications as Simulation Interventions. 

A Simulation Intervention can affect nodes, interfaces, information objects, 

cognitive states, environmental parameters or organisational rules. Researchers may 

add or remove a cognitive node, reduce communication latency, increase the diversity 

of information sources, introduce an artificial cognitive agent, modify trust relationships 

or alter the speed through which feedback returns. The intervention therefore represents 

a controlled change to the architecture rather than a generic event occurring within the 

simulated environment. 

The distinction between intervention and scenario is important. A Governance 

Simulation Scenario establishes the broader experimental context, while the intervention 

defines the specific manipulation whose consequences researchers seek to observe. 

The same intervention can therefore be tested across several scenarios in order to 

determine whether its effects remain stable under different environmental conditions. 

Interventions can also vary in scale. Some may target a single interface, while 

others involve substantial reconfiguration of the network. A minor change in information 

routing may produce system-level consequences if the affected interface occupies a 

critical cognitive position. Conversely, a large structural intervention may have limited 

effect if alternative pathways already compensate for the modified component. 

The experimental value of an intervention depends upon theoretical clarity. 

Adding an AI system simply because the technology is available provides little scientific 

insight unless the experiment specifies which cognitive function changes and why a 

particular effect is expected. GCSA therefore treats interventions as tests of architectural 

propositions rather than demonstrations of technological capability. 

A Simulation Intervention is scientifically meaningful when it modifies a 

theoretically specified component of the cognitive architecture in a way that 

allows the consequences of that modification to be compared systematically 

across controlled simulated conditions. 
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20. Controlled Cognitive 

Experiments 
 

One of the principal advantages of simulation lies in the possibility of holding 

many conditions constant while altering a limited number of variables. Real institutions 

rarely permit such experimental control. Leadership changes, environmental shocks, 

political incentives and organisational routines evolve simultaneously, making causal 

attribution difficult. GCSA uses computational environments to create Controlled 

Cognitive Experiments in which selected cognitive relationships can be isolated more 

precisely. 

A controlled experiment may compare two otherwise identical architectures while 

altering feedback latency, information quality or node redundancy. Researchers can then 

examine whether observed differences in sensing, coordination or resilience emerge 

consistently from that modification. 

Control does not eliminate model uncertainty. The simulation itself contains 

assumptions concerning how nodes behave and how interfaces transmit information. 

Experimental control therefore strengthens internal interpretation without establishing 

external validity automatically. 

Controlled experiments can be especially valuable during early theory 

development. If a proposed mechanism produces no meaningful change under a wide 

range of simulated conditions, researchers may reconsider whether the theoretical 

relationship deserves priority in empirical investigation. Conversely, a strong and robust 

simulated effect can justify targeted field research. 

The design should also include appropriate comparison conditions. A human–AI 

configuration, for example, should not be compared only with an unrealistic baseline 

designed to perform poorly. Plausible alternative architectures provide stronger tests. 

Repeated experimentation can reveal interactions among variables. A reduction 

in feedback latency may improve learning only when interpretative capacity exceeds a 

particular threshold, illustrating why institutional cognition often depends upon 

combinations of architectural properties rather than isolated mechanisms. 

Controlled Cognitive Experiments allow Institutional Cognition hypotheses 

to become manipulable under explicit assumptions, creating a methodological 

space between purely conceptual reasoning and the complexity of real 

institutional intervention. 
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21. Counterfactual Governance 

Experiments 
 

Governance research frequently asks questions that cannot be answered directly 

through observation because the alternative condition never occurred. What would have 

happened if an institution possessed stronger memory during a crisis, if a governance 

network had contained alternative information pathways or if artificial analysis had been 

introduced at a different stage of policy design? GCSA addresses such questions 

through Counterfactual Governance Experiments. 

A counterfactual experiment compares alternative cognitive architectures or 

interventions under sufficiently equivalent simulated environmental conditions. The 

objective is not to reconstruct with certainty what would have happened in historical 

reality, but to examine the consequences implied by different theoretical architectures. 

Such experiments are especially valuable when institutional reform is difficult, 

expensive or ethically inappropriate to manipulate directly. Researchers can compare 

centralised and polycentric information structures, different human–AI allocations or 

alternative feedback designs before any real-world intervention occurs. 

Counterfactuals must nevertheless remain conditional. Their conclusions depend 

upon behavioural rules, parameter choices and Simulation Boundaries. A simulation 

showing that Architecture A performs better than Architecture B does not establish that a 

historical institution would necessarily have succeeded under Architecture A. It 

demonstrates that, within the specified model, the structural difference produces a 

particular pattern. 

The strength of counterfactual inference increases when several model 

specifications generate similar results and when simulated mechanisms correspond with 

empirical observations. Sensitivity analysis and Simulation Ensembles therefore become 

important companions. 

Counterfactual Governance Experiments expand the space of institutional 

reasoning by allowing alternative cognitive architectures to be explored 

systematically while preserving the distinction between computational possibility 

and historical fact. 
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22. Stochastic Simulation and 

Monte Carlo Institutional 

Experiments 
Institutional behaviour rarely unfolds deterministically. Similar information can 

produce different decisions, external environments contain uncertainty and system 

failures occur probabilistically. GCSA therefore benefits from simulations in which 

randomness becomes an explicit part of the experimental design. 

Monte Carlo Institutional Experiments involve repeated simulation runs under 

equivalent architecture and parameter distributions in order to examine the range and 

frequency of possible outcomes rather than relying upon a single trajectory. 

This approach changes interpretation substantially. Instead of reporting that a 

particular architecture succeeds or fails, researchers can describe distributions: the 

frequency of coordination failure, average recovery time, probability of missed signals or 

variance in cognitive performance across repeated runs. 

Such distributions can reveal rare but consequential vulnerabilities. An 

architecture may perform well in most simulations while occasionally producing 

catastrophic failure when several low-probability events coincide. Average performance 

alone would conceal this tail risk. 

Monte Carlo experiments also support comparison among architectures. 

Researchers can examine whether one configuration produces narrower outcome 

distributions, lower failure probabilities or stronger performance under uncertainty. 

Randomness should not become a substitute for theory. Probability distributions 

need empirical or theoretical justification where possible. Arbitrary stochasticity can 

create impressive output without meaningful institutional interpretation. 

Stochastic simulation allows GCSA to represent Institutional Cognition as 

a probabilistic process whose performance should often be understood through 

distributions, robustness and failure likelihood rather than singular simulated 

outcomes. 
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23. Institutional Cognitive Stress 

Testing 
 

Governance architectures are frequently evaluated under normal operating 

conditions, even though their most consequential weaknesses become visible during 

disruption. GCSA therefore introduces Institutional Cognitive Stress Testing as the 

deliberate exposure of simulated cognitive architectures to demanding conditions 

designed to reveal latent vulnerability. 

Stress conditions may include rapid information growth, sudden node failure, 

communication disruption, model error, loss of expertise, environmental volatility or 

simultaneous competing crises. The objective is not to construct the most dramatic 

scenario possible but to test whether essential cognitive functions remain viable when 

normal assumptions deteriorate. 

A stress test can examine whether sensing continues when primary data sources 

disappear, whether coordination remains possible after loss of a central hub or whether 

human judgement remains meaningful when artificial systems generate conflicting 

recommendations. 

Stress testing also allows threshold analysis. Cognitive performance may decline 

gradually until a particular workload or dependency level is reached, after which the 

architecture deteriorates rapidly. Identifying such thresholds can generate important 

hypotheses for empirical monitoring. 

The results should be interpreted as vulnerability evidence rather than prediction. 

A simulated failure under extreme conditions does not establish that the same institution 

will experience that event, but it can reveal mechanisms deserving resilience planning. 

GCPIF provides a natural observation layer for these experiments. Sensing, 

feedback, resilience and metacognitive performance can be tracked as stress increases. 

Institutional Cognitive Stress Testing makes latent architectural fragility 

experimentally visible by examining whether governance cognition remains 

functional when the conditions supporting ordinary performance are deliberately 

weakened. 

 

24. Cognitive Failure Injection 
 

Stress testing changes the environment or load surrounding an architecture, 

while some experiments require direct manipulation of the architecture itself. GCSA 

describes this as Cognitive Failure Injection: the deliberate introduction of specified 

failures into simulated cognitive components in order to examine how the wider system 

responds. 
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Researchers may disable a memory node, corrupt an information source, reduce 

the reliability of an artificial agent, interrupt an interface or remove a coordinating 

institution. These interventions allow failure propagation and recovery to become explicit 

objects of study. 

Failure injection can help distinguish local robustness from systemic resilience. A 

single node may fail completely while the wider architecture continues functioning 

through alternative pathways. Conversely, a minor degradation in a strategically central 

interface may produce disproportionate system-wide consequences. 

The method also exposes hidden dependencies. An institution may appear highly 

distributed until one particular model, database or expert node is removed, revealing that 

multiple processes depend upon the same underlying component. 

Failures can be temporary or permanent, isolated or correlated. Correlated failure 

is especially important in hybrid systems where several AI tools rely upon shared 

infrastructures or data sources. 

Cognitive Failure Injection can also support metacognitive research by testing 

whether the simulated institution recognises that failure has occurred. An architecture 

that continues operating confidently after corruption may be more dangerous than one 

whose performance simply declines visibly. 

Cognitive Failure Injection provides a controlled method for identifying 

which nodes, interfaces and dependencies are genuinely critical to institutional 

cognition and how failures propagate through the wider architecture. 

 

25. Epistemic Perturbation 
 

Not all cognitive failures involve loss of infrastructure. Institutions can continue 

receiving information while the epistemic quality of that information changes. GCSA 

therefore introduces Epistemic Perturbation as the deliberate modification of the 

accuracy, uncertainty, provenance, completeness or consistency of Governance 

Information Objects entering the simulation. 

An experiment may introduce misinformation, conflicting scientific assessments, 

biased data, missing observations or increasing uncertainty. Researchers can then 

examine whether the architecture detects, amplifies, filters or corrects the perturbation. 

This method is particularly useful for studying interpretative performance and 

epistemic diversity. An architecture relying upon one dominant source may propagate 

error quickly, while a plural system may detect inconsistency through disagreement 

among independent pathways. 

Perturbation can also test trust dynamics. Repeated inaccurate information from 

a previously reliable node may reduce trust, affecting later information flows even after 

accuracy improves. Such history-dependent effects can reveal trade-offs between 

resilience and coordination. 
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The distinction between epistemic perturbation and random noise is important. A 

theoretically meaningful perturbation targets properties relevant to knowledge quality 

and should be designed according to the research question. 

Artificial systems create new possibilities because generated misinformation may 

possess high linguistic coherence. Simulations can examine whether provenance and 

independent review reduce the cognitive influence of such outputs. 

Epistemic Perturbation allows GCSA to investigate not simply whether 

institutions possess information, but how their cognitive architectures respond 

when the reliability and coherence of that information become uncertain. 

 

26. Information Overload 

Experiments 
 

The expansion of digital and artificial information systems means that institutional 

failure can arise through abundance as well as scarcity. GCSA can investigate this 

through Information Overload Experiments, in which the volume, velocity or 

complexity of Governance Information Objects is systematically varied. 

Nodes can be assigned bounded processing capacities, allowing researchers to 

observe how increasing information load affects detection, interpretation, coordination 

and decision latency. Some nodes may begin ignoring low-priority signals, while others 

may develop backlogs or rely increasingly upon automated filters. 

The effects can be nonlinear. Moderate increases in information may improve 

cognition by expanding evidence, while further growth pushes the architecture beyond 

processing capacity and reduces performance. 

Artificial augmentation can shift these thresholds. AI systems may allow greater 

information volume to be processed, but they can also create Augmentation Overload if 

the resulting outputs exceed human interpretative capacity. Simulating both stages 

provides a bridge with HAICA. 

Overload experiments should also consider information quality. A small volume 

of highly complex or conflicting information may be more demanding than a large volume 

of routine signals. 

These experiments can generate candidate leading indicators for GCPIF. Rising 

queue length, delayed review or increasing reliance upon summaries may precede 

visible cognitive failure. 

Information Overload Experiments allow researchers to examine the 

conditions under which expanding informational access ceases to increase 

institutional intelligence and begins instead to degrade the architecture's capacity 

to interpret what it receives. 
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27. Feedback Experiments 
 

Feedback occupies a central position across ICAM, CPDF and GCPIF, making it 

an especially important candidate for experimental simulation. Feedback Experiments 

systematically vary the speed, completeness, accuracy or destination of information 

concerning the consequences of previous action. 

Researchers can compare architectures receiving immediate but noisy feedback 

with those receiving slower but more reliable evaluation. They can examine whether 

feedback reaches the nodes responsible for original assumptions or remains confined to 

separate evaluation units. 

Such experiments can test whether faster feedback always improves learning. 

Under some conditions, rapid but unstable signals may encourage overreaction, while 

slower feedback allows more reliable interpretation. The relationship is therefore likely to 

depend upon environment and cognitive architecture. 

Feedback saturation can also be simulated by increasing frequency until 

evaluative information exceeds interpretative capacity. Institutions may then react 

continuously without developing deeper learning. 

The most important distinction concerns parameter correction versus 

representational revision. A simulated institution can be designed either to adjust existing 

decision rules or to reconsider its underlying problem representation when repeated 

evidence contradicts expectations. Comparing these architectures can help investigate 

shallow versus deeper institutional learning. 

Feedback Experiments allow GCSA to manipulate one of the central 

mechanisms of Institutional Cognition and examine how the timing, quality and 

depth of feedback shape subsequent adaptation. 

 

28. Institutional Memory 

Experiments 
 

Institutional memory can be difficult to study empirically because knowledge loss 

often becomes visible only after relevant expertise has disappeared. GCSA allows 

memory processes to become experimentally manipulable through Institutional 

Memory Experiments. 

Researchers can vary retention duration, retrieval quality, documentation 

completeness or rates of personnel turnover. They can examine whether an institution 

repeats previous errors when memory decays or whether redundant repositories 

preserve learning after human expertise disappears. 
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Memory can also be represented selectively. A system may preserve final 

decisions while losing the rationale behind them, allowing researchers to investigate 

whether contextual memory matters for future interpretation. 

Retrieval is as important as retention. An institution may contain complete 

historical records while failing to access them when relevant. Experiments can therefore 

manipulate search efficiency, metadata quality or activation thresholds. 

Interaction with environmental change is especially interesting. Excessively 

persistent memory may create path dependence if outdated knowledge continues 

influencing decisions after conditions change. Effective memory therefore requires both 

retention and revision. 

Institutional Memory Experiments make it possible to investigate how 

persistence, retrieval, forgetting and turnover affect cumulative institutional 

learning across simulated time. 

 

29. Cognitive Diversity 

Experiments 
 

Theoretical arguments throughout Institutional Cognition suggest that cognitive 

diversity can improve error detection and representation while simultaneously increasing 

coordination costs. GCSA provides an environment for examining this relationship 

through Cognitive Diversity Experiments. 

Researchers can vary the number of distinct models, expertise profiles or 

interpretative rules represented within an architecture. More importantly, they can vary 

the independence among those perspectives. Several agents may appear structurally 

diverse while sharing identical assumptions, creating low epistemic diversity despite high 

nominal heterogeneity. 

Experiments can then observe whether increasing independence improves 

detection of epistemic perturbations, expands scenario coverage or reduces correlated 

error. At the same time, researchers can measure whether disagreement delays 

coordination or makes collective judgement more difficult. 

The relationship may be non-monotonic. Very low diversity can create blind spots, 

while very high diversity without adequate integration can produce fragmentation. An 

intermediate range may perform best under particular environmental conditions. 

Interface design becomes important because the same level of diversity can 

generate different outcomes depending upon how disagreement is managed. Structured 

comparison may preserve complementarity, while forced early consensus destroys it. 

Cognitive Diversity Experiments allow GCSA to investigate when plurality 

becomes a source of institutional intelligence and when the costs of integration 

begin to outweigh its epistemic benefits. 
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30. Hybrid Cognition Experiments 
 

HAICA provides a particularly rich domain for simulation because Human–AI 

Cognitive Configurations can be represented through combinations of Human Cognitive 

Agents, Artificial Cognitive Agents and Hybrid Cognitive Interfaces. GCSA can therefore 

support Hybrid Cognition Experiments comparing alternative allocations of cognitive 

functions. 

Researchers may compare human-only analysis, AI-assisted retrieval, AI-first 

interpretation with human review, parallel independent human–AI reasoning or more 

complex multi-agent configurations. The same artificial capability can be placed at 

different points within the workflow to observe how location alters institutional 

performance. 

Artificial accuracy, processing speed and confidence calibration can be varied 

independently from human expertise, workload and trust. This allows experiments 

concerning complementarity, deference and dependency. 

Longitudinal simulation can also explore deskilling hypotheses. Human expertise 

can decay gradually as functions are delegated, allowing researchers to examine how 

short-term efficiency gains interact with long-term resilience. 

Failure injection provides additional insight. An artificial system can be removed 

after the institution has become dependent upon it, revealing whether residual human 

capability remains sufficient for recovery. 

Hybrid Cognition Experiments allow HAICA propositions to become 

experimentally manipulable, shifting analysis from whether AI is individually 

capable towards how alternative distributions of human and artificial cognition 

shape institutional performance over time. 

 

31. Network Governance 

Experiments 
 

PGNM extends simulation beyond individual institutions towards networks whose 

cognition emerges through cross-institutional relationships. GCSA can represent these 

systems through Network Governance Experiments in which nodes, interfaces and 

knowledge flows are manipulated across institutional boundaries. 

Researchers can vary network centralisation, remove epistemic hubs, change 

translation latency, alter trust relationships or introduce asymmetric cognitive capacity 

among institutions. These interventions can reveal how network intelligence depends 

upon topology and interface quality. 
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Experiments can also examine transboundary feedback. Consequences arising 

in one simulated jurisdiction can be returned—or deliberately prevented from returning—

to upstream decision-makers elsewhere. 

Network memory can be manipulated by removing shared repositories or 

professional communities after a simulated crisis, allowing researchers to observe 

whether later configurations repeat earlier failures. 

Epistemic concentration provides another important variable. A network may 

contain many institutions while depending heavily upon one analytical infrastructure. 

Failure or bias within that hub can then propagate through apparently distributed 

architecture. 

Network experiments can also compare centralised and polycentric 

arrangements under identical environments without assuming that either structure is 

universally superior. 

Network Governance Experiments provide a controlled environment for 

investigating how connectivity, cognitive specialisation, translation, feedback and 

epistemic concentration interact to produce resilience or fragility across Planetary 

Governance Networks. 

 

32. Experimental Portfolios and 

Mechanism Families 
 

The variety of experiments available within GCSA creates a risk of fragmentation 

if individual simulations are conducted as isolated demonstrations. A stronger research 

programme requires experiments to be organised around theoretically coherent 

mechanism families. 

A mechanism family can group experiments concerning feedback, memory, 

cognitive diversity, human–AI allocation or network resilience. Multiple simulation 

designs can then test related propositions under different assumptions and scales. 

GCSA therefore favours Experimental Portfolios: structured sets of simulation 

experiments designed to investigate a common theoretical mechanism through 

complementary architectures, scenarios and interventions. 

A feedback portfolio might include latency manipulation, saturation experiments, 

feedback failure injection and comparisons between parameter updating and 

representational revision. Results across these experiments can reveal whether findings 

depend upon one particular model specification. 

Portfolios also make Simulation Ensembles easier to construct because several 

independently designed models can address the same conceptual question. 

This approach mirrors the Indicator Portfolios introduced through GCPIF. No 

single simulation should carry excessive evidential weight. Convergence across different 
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models, scenarios and experimental methods provides stronger grounds for hypothesis 

generation. 

Experimental Portfolios transform simulation from a collection of 

computational demonstrations into a cumulative programme in which 

theoretically related mechanisms are investigated through multiple, mutually 

informative experimental representations. 

 

33. Simulation Observables and 

Empirical Observables 
 

Governance Cognitive Simulation creates an unusual measurement environment 

because researchers possess access to variables that may be partially or completely 

inaccessible within real institutions. Every information transmission can be timestamped, 

every simulated cognitive state can be inspected and every dependency can be 

reconstructed because those properties have been explicitly represented within the 

model. This creates analytical opportunities, but it also introduces an important epistemic 

risk: ease of measurement inside a simulation can be mistaken for measurability outside 

it. 

GCSA therefore distinguishes between Simulation Observables and Empirical 

Observables. A Simulation Observable is a property that can be identified or measured 

within the computational environment because the model explicitly represents it. An 

Empirical Observable is evidence concerning a corresponding property that can be 

identified within real institutional systems through defensible research procedures. 

The distinction matters because these categories need not possess equivalent 

Measurement Maturity. A simulation may calculate information latency with millisecond 

precision because every transmission event is recorded automatically, while equivalent 

institutional communication may leave incomplete or inconsistent empirical traces. 

Similarly, the model may contain an explicit variable representing trust, uncertainty or 

cognitive dependency even though these constructs remain difficult to observe reliably 

within real organisations. 

Simulation precision therefore reflects the architecture of the model rather than 

automatically establishing empirical measurement validity. A precisely measured 

simulated variable may correspond only approximately to the theoretical construct it 

represents, and the relationship between that construct and institutional reality may 

remain weakly validated. 

The reverse situation can also occur. Rich qualitative evidence from real 

institutions may reveal properties that the simulation represents poorly or not at all. 

Empirical research can therefore expose dimensions of cognition omitted by the 

computational architecture. 

Simulation Observables describe what can be measured inside a model; 

Empirical Observables describe what can be defensibly identified in institutional 
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reality, and scientific progress requires the relationship between them to be 

demonstrated rather than assumed. 

 

34. GCPIF as the Observation 

Layer of GCSA 
 

The Governance Cognitive Performance Indicator Framework provides GCSA 

with a natural architecture for organising what should be observed during simulation 

experiments. GCPIF identifies dimensions of cognitive performance, differentiates 

indicator families and establishes Measurement Maturity, while GCSA creates controlled 

environments in which selected cognitive mechanisms can be manipulated. 

This relationship allows simulation output to be organised theoretically rather than 

simply collected because it is computationally available. A cognitive stress test, for 

example, may generate hundreds of variables, but GCPIF helps researchers determine 

which of those variables correspond meaningfully to Sensing Performance, Knowledge 

Integration, Feedback Performance, Cognitive Resilience or Metacognitive 

Performance. 

Indicator Portfolios can also be adapted for simulation. Multiple Simulation 

Observables may provide complementary evidence concerning one cognitive construct. 

Information latency, signal detection rate and missed-event frequency might jointly 

characterise aspects of simulated Sensing Performance without requiring them to 

collapse into a single metric. 

The relationship nevertheless remains asymmetric. A GCPIF construct does not 

automatically become empirically measurable merely because GCSA can represent it 

computationally. Simulation can help explore candidate indicators, test their sensitivity 

and generate hypotheses concerning expected relationships, but Measurement Maturity 

must ultimately depend upon evidence beyond the model. 

This makes GCSA potentially valuable for measurement development. 

Researchers can deliberately modify a theoretical construct within a simulation and 

observe whether candidate indicators respond as expected. If an indicator intended to 

capture resilience remains unchanged after critical redundancy is removed, its construct 

validity may deserve reconsideration before empirical deployment. 

GCPIF provides the observational grammar through which GCSA 

experiments can be interpreted, while GCSA provides a controlled environment in 

which candidate relationships between cognitive constructs and indicators can 

be explored before stronger empirical measurement claims are attempted. 

Simulated cognitive performance should therefore be interpreted as model-

conditional evidence concerning architectural behaviour, not as a direct estimate of real-

world institutional performance unless empirical validation supports such an inference. 
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35. Verification and Validation 
 

Computational models can fail in at least two fundamentally different ways. A 

model may implement its intended rules incorrectly, or it may implement those rules 

perfectly while representing the relevant institutional phenomenon inadequately. GCSA 

therefore maintains a strict distinction between Verification and Validation. 

Verification asks whether the simulation has been implemented according to its 

formal specification. Are information objects transmitted according to the defined 

interface rules? Do state transitions occur as intended? Are stochastic processes 

sampled correctly? Does the code reproduce the architecture researchers believe they 

constructed? 

Validation asks a different question: whether that architecture constitutes a 

sufficiently defensible representation of the institutional mechanisms relevant to the 

research question. A perfectly verified simulation can remain scientifically weak if its 

assumptions about cognition, coordination or learning have little relationship with 

observed institutions. 

This distinction becomes increasingly important as models grow technically 

sophisticated. Computational complexity can create confidence because outputs appear 

precise and internally coherent. Yet software correctness cannot establish theoretical 

adequacy. 

Verification can draw upon software testing, code review, unit tests, consistency 

checks and independent implementation. Validation requires broader evidence, including 

institutional observation, comparative cases, expert knowledge, historical data and 

eventually experimental or quasi-experimental evidence. 

Neither process should be understood as producing permanent certification. 

Models evolve, assumptions change and new empirical evidence can challenge 

previously accepted representations. Verification and validation therefore require 

continuing revision. 

Verification asks whether researchers built the model they intended to 

build; validation asks whether the model they intended to build is sufficiently 

meaningful for the institutional phenomenon they seek to investigate. 
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36. Layers of Simulation 

Validation 
 

Internal Validation should be distinguished from Verification. Verification concerns 

whether the model has been implemented as specified; Internal Validation concerns 

whether the behaviour produced by that correctly implemented specification remains 

coherent with the theoretical relationships the model claims to represent. 

Because Governance Cognitive Simulations combine theoretical constructs, 

computational representations and empirical claims, validation cannot be treated as a 

single test. GCSA therefore distinguishes several complementary layers of validation. 

Internal Validation concerns whether relationships within the simulation behave 

consistently with the model's stated logic. If increasing interface latency produces no 

change despite communication time being central to the formal mechanism, the model 

may contain implementation or conceptual inconsistencies. 

Structural Validation concerns whether the represented cognitive architecture 

corresponds sufficiently to the relevant architecture of the institutional system being 

studied. Researchers may examine whether important nodes, interfaces, dependencies 

and information pathways have been represented appropriately for the research 

question. 

Behavioural Validation concerns whether the dynamics generated by the 

simulation resemble relevant patterns observed empirically. A model of institutional 

learning might be expected to reproduce documented relationships between delayed 

feedback and repeated error, for example. 

Empirical Validation concerns the broader relationship between simulation-

derived propositions and evidence from real institutional settings. This can involve 

historical comparison, observational research, controlled pilots or other empirical 

designs capable of challenging the model. 

These layers need not mature simultaneously. An abstract theoretical simulation 

may possess strong internal validation while intentionally remaining weak in empirical 

correspondence. Such a model can still be useful for exploring mechanisms if its 

evidential status is stated clearly. 

Validation should therefore remain proportional to intended use. A simulation 

employed for conceptual exploration requires different evidential support from one used 

to influence a consequential public decision. 

Simulation validity is multidimensional: confidence in computational 

behaviour, architectural representation and empirical relevance must be 

established separately rather than compressed into a single declaration that a 

model has been validated. 
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37. Simulation Calibration 
 

Many Governance Cognitive Simulations will contain parameters whose values 

cannot be derived from theory alone. Processing times, trust thresholds, learning rates, 

error probabilities and communication delays may require empirical estimation. GCSA 

describes the process of adjusting such parameters using relevant evidence as 

Simulation Calibration. 

Calibration can draw upon administrative records, process tracing, surveys, 

experiments, historical cases or expert elicitation. The objective is to constrain the model 

so that its parameters correspond more plausibly to the institutional conditions being 

represented. 

Yet calibration must remain distinct from validation. A model can be calibrated to 

reproduce historical observations while relying upon incorrect mechanisms. Multiple 

architectures may generate similar outputs, creating an identification problem familiar 

across modelling sciences. 

Overfitting represents another risk. A model adjusted too closely to one 

institutional case may reproduce that case accurately while performing poorly elsewhere. 

Calibration should therefore preserve enough independence between calibration 

evidence and validation evidence to test whether the model generalises beyond the data 

used to configure it. 

Parameter uncertainty should also remain visible. Where empirical evidence 

supports only a plausible range, simulations should explore that range rather than 

selecting an artificially precise value. 

Calibration can become recursive as empirical research progresses. Pilot 

programmes may generate new observations that refine parameters, after which 

simulations can be rerun and their hypotheses reconsidered. 

Simulation Calibration anchors computational parameters to empirical 

evidence, but correspondence between model outputs and calibration data should 

never be mistaken for independent validation of the cognitive mechanisms 

represented by the model. 

 

38. Sensitivity Analysis 
 

Every simulation contains assumptions whose precise values may influence its 

conclusions. GCSA therefore treats Sensitivity Analysis as a central requirement rather 

than an optional technical exercise. 

Sensitivity analysis examines how simulation outputs change when parameters, 

assumptions or structural choices are varied. Researchers can modify processing 

capacity, trust thresholds, AI reliability, feedback latency or environmental volatility and 

determine whether the observed pattern remains stable. 



WP-G-L02-001 — Governance Cognitive Simulation Architecture 

© IDHUS Institute                                                                                                                       41 
 

A conclusion that survives substantial variation is generally more informative than 

one dependent upon a narrow parameter range. If a simulated advantage disappears 

after a minor change in an uncertain assumption, the result should be interpreted 

cautiously. 

Sensitivity analysis can also reveal thresholds and nonlinear relationships. A 

governance architecture may tolerate increasing information load until a critical point, 

after which coordination deteriorates rapidly. Identifying such transitions can generate 

empirically testable hypotheses. 

Structural sensitivity is equally important. Researchers should sometimes vary 

not only numerical parameters but modelling assumptions themselves. Alternative 

learning rules, network topologies or decision mechanisms may reveal whether findings 

depend upon one theoretical representation. 

Sensitivity results should accompany substantive conclusions. Reporting only the 

preferred parameterisation can conceal fragility and create unjustified confidence. 

Sensitivity Analysis transforms model uncertainty from a hidden limitation 

into an explicit research object, revealing which conclusions remain robust and 

which depend upon assumptions that require stronger empirical justification. 

 

39. Simulation Ensembles 
 

No single model can represent all plausible mechanisms of Institutional 

Cognition. Different research teams may reasonably choose different abstractions, 

behavioural rules or parameterisations while investigating the same theoretical question. 

GCSA therefore encourages the use of Simulation Ensembles when the scientific 

objective permits. 

A Simulation Ensemble consists of multiple models or model configurations 

designed to investigate a common mechanism through partially independent 

representations. One model of cognitive diversity might use agent-based interactions, 

while another employs network dynamics or aggregated organisational agents. 

Agreement across models does not establish truth, especially when they share 

underlying assumptions. Nevertheless, convergence among genuinely different 

representations can strengthen confidence that a finding is not simply an artefact of one 

modelling choice. 

Divergence is equally informative. If alternative models produce contradictory 

results, researchers can examine which assumptions generate the difference. Simulation 

disagreement thereby becomes a mechanism for theoretical refinement rather than a 

problem to be concealed. 

Ensembles can also vary parameter distributions, environmental scenarios and 

Simulation Boundaries. This creates a broader map of the conditions under which a 

theoretical proposition appears robust. 
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The independence of models should therefore be documented. Several 

implementations of essentially identical assumptions provide less epistemic diversity 

than models constructed from genuinely different theoretical perspectives. 

Simulation Ensembles strengthen governance cognitive research by 

treating model plurality as a source of epistemic testing, allowing convergence 

and disagreement among alternative representations to expose the assumptions 

upon which theoretical conclusions depend. 

 

40. Representing Simulation 

Uncertainty 
 

Simulation outputs can appear more certain than the knowledge underlying them 

because computational systems necessarily produce determinate values or probability 

distributions once assumptions are specified. GCSA therefore requires explicit 

representation of Simulation Uncertainty. 

Several sources should be distinguished. Parameter Uncertainty concerns 

uncertainty about numerical values used within the model. Structural Uncertainty 

concerns uncertainty about whether the represented mechanisms and relationships are 

appropriate. Scenario Uncertainty concerns uncertainty regarding the external 

conditions under which the architecture may operate. Stochastic Uncertainty concerns 

variability generated by probabilistic processes within the simulation. 

These forms of uncertainty cannot always be combined meaningfully into one 

confidence interval. Structural uncertainty in particular may require alternative model 

architectures rather than numerical adjustment. 

Model outputs should therefore be accompanied by information concerning which 

uncertainties were explored and which remain outside the experiment. A narrow 

simulated distribution can coexist with substantial structural uncertainty. 

Uncertainty representation is especially important when simulation informs policy. 

Decision-makers may interpret numerical outputs as probabilities concerning reality even 

when those numbers describe only behaviour inside a conditional model. 

GCSA consequently favours conditional language: under specified assumptions, 

within the tested parameter range and across the simulated scenarios, a particular 

pattern emerged with a particular frequency. 

Simulation uncertainty belongs to the result itself; removing uncertainty 

from presentation does not increase knowledge but merely conceals the 

conditions upon which the simulated conclusion depends. 
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41. Causal Interpretability 
 

Complex simulations can generate emergent patterns without making the 

mechanisms producing those patterns immediately obvious. Yet the scientific purpose of 

GCSA is not simply to generate behaviour; it is to investigate relationships among 

cognitive architecture, information flows and institutional performance. This requires 

Causal Interpretability. 

Causal Interpretability refers to the capacity to identify sufficiently clearly which 

simulated mechanisms, interactions or interventions contribute to an observed pattern. 

A model showing that one architecture outperforms another provides limited theoretical 

insight if researchers cannot determine why. 

Controlled interventions, ablation experiments and failure injection can support 

interpretation by isolating mechanisms. Researchers can remove one component, alter 

one interface or disable one learning rule and examine how behaviour changes. 

Traceability across the simulation is also important. If an epistemic perturbation 

eventually produces a coordination failure, researchers should ideally be able to 

reconstruct the path through which information moved, states changed and decisions 

accumulated. 

Machine-learning components can complicate interpretation when internal 

behaviour is difficult to inspect. In such cases, the simulation architecture should 

distinguish uncertainty arising from the institutional model from opacity introduced by 

embedded computational systems. 

Causal interpretability need not imply complete analytical simplicity. Emergent 

systems can contain interactions that resist reduction to one cause. The objective is to 

preserve enough explanatory access for simulation to contribute to theory. 

A Governance Cognitive Simulation becomes scientifically useful not 

merely when it produces an interesting pattern, but when researchers can 

investigate the mechanisms through which that pattern emerged. 
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42. Emergence and the 

Interpretation of Simulated 

Behaviour 
 

One of the principal attractions of simulation lies in its capacity to generate 

system-level patterns that were not specified directly as outcomes. Coordination failure, 

epistemic concentration, dependency or resilience may emerge through repeated 

interactions among relatively simple components. 

GCSA treats such Emergent Behaviour as scientifically interesting but 

epistemically conditional. A pattern can be genuinely emergent within the model while 

possessing no demonstrated counterpart in real institutions. 

This distinction protects against a common interpretative error. Researchers may 

observe an unexpected simulated phenomenon and infer that they have discovered a 

hidden law of governance. What they have discovered initially is a consequence of the 

model's rules, architecture and initial conditions. 

Emergence nevertheless provides valuable hypothesis-generating power. 

Unexpected patterns can reveal interactions that were not obvious from theoretical 

inspection alone. These can then be subjected to sensitivity analysis, alternative models 

and empirical investigation. 

Repeated emergence across independent Simulation Ensembles is particularly 

interesting because it reduces the likelihood that the pattern depends upon one narrow 

implementation. Even then, external evidence remains necessary. 

Emergent behaviour can also challenge existing theory. If architectures 

repeatedly produce outcomes inconsistent with theoretical expectations, researchers 

should examine whether the theory, the representation or both require revision. 

Simulation can reveal consequences that researchers did not anticipate, 

but the transition from simulated emergence to scientific knowledge about 

institutions requires an additional journey through validation and empirical 

evidence. 
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43. The Simulation Complexity 

Trap 
 

As computational resources increase, researchers can add more agents, 

behavioural rules, datasets and environmental variables to simulations. This creates a 

temptation to equate complexity with realism and realism with scientific quality. GCSA 

describes the resulting methodological risk as the Simulation Complexity Trap. 

Additional detail can improve a model when it represents mechanisms essential 

to the research question. Yet complexity also increases parameter uncertainty, validation 

burden and difficulty of causal interpretation. Beyond a certain point, the model may 

become more visually or computationally impressive while becoming scientifically harder 

to understand. 

Complexity can also conceal weak assumptions. A simple model makes its 

behavioural rules visible; a highly elaborate simulation may distribute assumptions 

across thousands of interactions, making their influence difficult to identify. 

The principle of Research-Relevant Fidelity provides the primary safeguard. 

Complexity should be added when it improves representation of a mechanism necessary 

for the experiment, not because greater detail appears inherently more realistic. 

Modular design can also help. Researchers can begin with minimal architectures 

and introduce additional mechanisms incrementally, observing how each extension 

changes behaviour. 

A complex model may ultimately be necessary for some multi-level governance 

questions. GCSA does not privilege simplicity universally. It requires complexity to earn 

its place through explanatory value. 

The Simulation Complexity Trap occurs when increasing representational 

detail creates an appearance of realism while reducing the transparency, 

testability and interpretability that make simulation scientifically useful. 

 

44. Simulation Provenance and 

Assumption Registers 
 

Every simulation result depends upon a chain of design decisions extending from 

theoretical assumptions to code, parameters, data and scenario configuration. If that 

chain cannot be reconstructed, the result becomes difficult to reproduce or challenge. 

GCSA therefore requires explicit Simulation Provenance. 

Simulation Provenance records the origin and evolution of the model: theoretical 

dependencies, model version, code version, data sources, parameter settings, 
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calibration procedures, scenario definitions, interventions and relevant computational 

conditions. 

Complementing this record, GCSA introduces the Simulation Assumption 

Register as a structured account of assumptions embedded within the representation. 

These may include behavioural rules, simplifications, excluded mechanisms, probability 

distributions and aggregation decisions. 

The register should distinguish empirically supported assumptions from 

theoretically motivated or exploratory ones. This allows readers to understand where the 

model rests upon strong evidence and where it functions primarily as a hypothesis-

generating instrument. 

Assumptions should also be revisable. New empirical evidence may require 

changes, and version histories should preserve how modifications alter simulation 

behaviour. 

Provenance becomes particularly important when models influence institutional 

decisions. A simulation output detached from its assumptions can acquire authority 

simply because its computational origins are invisible. 

Simulation Provenance and Assumption Registers preserve the epistemic 

history of computational experiments, ensuring that results remain connected to 

the theoretical, empirical and technical choices through which they were 

produced. 

 

45. Reproducibility of Governance 

Cognitive Experiments 
 

Scientific simulation requires more than the ability to describe a result. Other 

researchers should, where feasible, be able to reconstruct the experiment sufficiently to 

determine whether equivalent conditions produce comparable behaviour. 

GCSA therefore treats Simulation Reproducibility as a core methodological 

principle. Reproducibility may require preservation of model versions, parameter 

configurations, scenario definitions, intervention specifications, datasets and random 

seeds. 

For stochastic simulations, reproduction does not mean generating the identical 

trajectory unless the same seed is used. It means recovering statistically comparable 

distributions under equivalent conditions. 

Reproducibility also has conceptual dimensions. Researchers need enough 

documentation to understand how theoretical constructs were translated into 

computational mechanisms. Source code alone may be insufficient if the rationale behind 

those mechanisms remains undocumented. 

Institutional data can create legitimate constraints because confidentiality, 

security or legal restrictions may prevent complete release. In such cases, researchers 
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should preserve as much methodological transparency as possible and distinguish 

computational reproducibility from unrestricted data accessibility. 

Independent implementation provides an especially strong test. If another 

research team reconstructs the theoretical model through different code and obtains 

similar patterns, confidence that findings are not implementation artefacts increases. 

Reproducibility allows Governance Cognitive Simulation to become 

cumulative science rather than isolated computational demonstration, because 

experiments can be reconstructed, challenged, modified and extended by 

researchers beyond the original model. 

 

46. Simulation Cognitive Authority 
 

As governance simulations become more sophisticated, their outputs can acquire 

substantial influence over institutional reasoning even when the simulations themselves 

possess no formal decision authority. Scenario comparisons, risk distributions, stress-

test results and counterfactual analyses can shape how decision-makers understand a 

problem, which alternatives appear feasible and which risks receive institutional 

attention. GCSA describes this influence as Simulation Cognitive Authority. 

Simulation Cognitive Authority refers to the capacity of a computational 

representation to shape institutional problem framing, interpretation or judgement 

because its outputs are perceived as analytically credible, comprehensive or 

scientifically privileged. The concept parallels the distinction developed within HAICA 

between Cognitive Authority and Decision Authority. A simulation may remain formally 

advisory while exercising considerable influence over the cognitive environment within 

which authorised actors decide. 

Such authority can be legitimate and useful. Institutions often require specialised 

analytical infrastructures precisely because decision-makers cannot independently 

reproduce complex modelling. Simulation can reveal relationships that would remain 

difficult to perceive through qualitative reasoning alone and can expand the range of 

scenarios considered during deliberation. The problem arises when computational 

representation becomes cognitively dominant without sufficient visibility into its 

assumptions, limitations or alternative models. 

The apparent precision of simulation outputs can amplify this effect. Numerical 

distributions, visualisations and complex model behaviour may create an impression of 

objectivity that exceeds the empirical foundations of the underlying architecture. A 

simulation containing explicit probabilities can appear more authoritative than expert 

judgement even when those probabilities depend substantially upon uncertain 

assumptions. 

Simulation Cognitive Authority therefore depends partly upon institutional context. 

The same model may function as one contribution among several within a plural 

analytical process or become the central representation through which all subsequent 

reasoning occurs. Its epistemic influence cannot be inferred from formal documentation 

alone. 
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The relevant governance question is therefore not whether simulations 

influence institutional judgement—they inevitably can—but whether that influence 

remains proportionate to the evidential strength, transparency and validation of 

the model from which it arises. 

 

47. Simulation Deference 
 

Simulation Deference should therefore be distinguished from Simulation 

Cognitive Authority: the former concerns how institutional actors respond to simulation 

influence, while the latter concerns the influence available to the simulation within 

institutional cognition. 

Simulation Cognitive Authority can gradually produce a behavioural consequence 

analogous to Artificial Cognitive Deference within HAICA. Institutional actors may begin 

relying upon simulation outputs not simply because those outputs provide useful 

evidence but because computational analysis becomes treated as epistemically superior 

to alternative forms of institutional judgement. GCSA describes this condition as 

Simulation Deference. 

Simulation Deference emerges when model outputs become privileged beyond 

what their validation, uncertainty or Research-Relevant Fidelity justify. Decision-makers 

may defer to a simulated ranking of policy alternatives even when important mechanisms 

remain outside the Simulation Boundary, or analysts may suppress competing 

interpretations because the computational model appears more systematic. 

This deference can arise through organisational incentives. Departing from a 

simulation-supported recommendation may require extensive justification, while 

following the model can appear institutionally defensible even when uncertainty is 

substantial. Over time, this asymmetry can transform simulation from decision support 

into an implicit cognitive default. 

The problem should not be confused with appropriate reliance upon well-

validated models. Institutions should use strong evidence when it exists. Simulation 

Deference becomes problematic when users lose the capacity or willingness to 

distinguish between model results and the assumptions conditioning them. 

Model pluralism can provide one protection. Alternative simulations constructed 

through different assumptions can reveal how conclusions depend upon representational 

choices. Assumption Registers, provenance and explicit uncertainty can likewise reduce 

the tendency to treat one output as a singular description of reality. 

Human expertise remains important, not because human judgement is 

intrinsically superior, but because contextual interpretation can identify dimensions that 

simulations intentionally exclude. Meaningful institutional interpretation therefore 

requires the ability to relate computational evidence to other forms of knowledge. 

Simulation Deference occurs when computational outputs cease 

functioning as conditional evidence and begin functioning as unquestioned 

representations of what governance reality requires. 
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48. Simulation Governance 
 

The cognitive influence of simulation creates the need for institutional structures 

capable of governing how models are developed, validated, interpreted and used. GCSA 

introduces Simulation Governance as the set of principles, responsibilities and review 

mechanisms through which governance simulations remain scientifically accountable 

throughout their lifecycle. 

Simulation Governance begins before model construction. Institutions should 

determine the intended use of the simulation, the decisions it may inform and the level 

of validation appropriate to those consequences. A model used for exploratory research 

requires different safeguards from one used to shape emergency resource allocation or 

regulatory intervention. 

Governance should also preserve responsibility for assumptions. Behavioural 

rules, simplifications and exclusions should not become invisible merely because they 

are implemented technically. Assumption Registers and Simulation Provenance make 

these choices available for review, but institutional processes are required to determine 

whether the assumptions remain acceptable. 

Version control becomes particularly important as models evolve. A simulation 

used repeatedly across policy cycles may change gradually through recalibration, new 

data or altered architecture. Decision-makers need to know which version produced 

which findings and whether earlier conclusions remain applicable. 

Independent review can provide additional protection where simulations exercise 

substantial Cognitive Authority. Review may examine verification, structural validity, 

empirical correspondence, uncertainty and the appropriateness of intended use. 

Independence should nevertheless be proportionate; not every exploratory model 

requires formal external certification. 

Simulation Governance also requires retirement mechanisms. Models can 

become obsolete as institutional environments, data or scientific understanding change. 

Continued use can create path dependency simply because the simulation has become 

embedded within organisational processes. 

A governed simulation is therefore not merely technically maintained; it 

remains subject to continuing institutional judgement concerning what it 

represents, what evidence supports it, how it may be used and when its cognitive 

authority should end. 
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49. Ethical and Institutional 

Boundaries of Governance 

Simulation 
 

Governance simulation can be scientifically valuable while still producing 

institutional consequences that require ethical and political scrutiny. Models may 

represent populations, vulnerabilities, behavioural responses or policy trade-offs whose 

use affects real people even when experimentation occurs computationally rather than 

directly within society. 

The first boundary concerns representation. Simplifying human behaviour into 

computational rules can inadvertently reproduce stereotypes or obscure forms of social 

variation that matter normatively. A simulation may be useful for a narrow research 

question while becoming inappropriate if its abstraction is interpreted as a 

comprehensive representation of affected populations. 

A second concern involves data. Empirical calibration may depend upon sensitive 

administrative or behavioural information. Simulation research therefore intersects with 

privacy, data governance and institutional security, especially when models integrate 

information across multiple agencies. 

A third boundary concerns decision influence. A model that is ethically acceptable 

as an exploratory research instrument may require much stronger scrutiny if its outputs 

become consequential for rights, resource allocation or coercive policy. 

Simulation also creates questions of distributive epistemic power. Institutions 

possessing sophisticated modelling capability may gain greater influence over collective 

problem representation than actors whose knowledge is qualitative, local or difficult to 

formalise. Simulation should therefore not become a mechanism through which 

computational legibility determines which forms of knowledge count as institutionally 

relevant. 

The framework cannot resolve all such normative questions internally. GCSA 

provides mechanisms for identifying where simulation enters cognition and how its 

assumptions remain visible, but legitimate use depends upon wider legal, ethical and 

democratic structures. 

The ethical legitimacy of governance simulation therefore depends not only 

upon whether the model is technically sound, but upon how representation, data, 

authority and affected interests are governed around its use. 
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50. Governance Cognitive Digital 

Twins 
 

The growing availability of continuous institutional data creates the possibility of 

simulations that are repeatedly updated as the systems they represent change. This has 

encouraged interest in digital twins: computational representations whose states remain 

linked to empirical systems through ongoing data flows. GCSA can extend this idea 

cautiously through the concept of a Governance Cognitive Digital Twin. 

A Governance Cognitive Digital Twin would be a continuously or periodically 

updated simulation of selected properties of an institutional cognitive architecture, 

informed by empirical data concerning nodes, information flows, workload, feedback, 

dependencies or other relevant mechanisms. Its purpose would be to provide a 

dynamically calibrated experimental representation rather than a complete digital replica 

of the institution. 

The qualifier selected remains essential. Institutional cognition contains tacit, 

political and contextual processes that cannot be captured comprehensively through 

continuous data. Even a highly instrumented institution would therefore possess only a 

partial cognitive twin. 

Digital-twin architectures can nevertheless provide significant research value. 

They might allow institutions to monitor changes in information latency, simulate the 

consequences of removing critical nodes or examine how alternative workflows could 

respond to expected shocks using relatively current empirical parameters. 

The approach also creates new risks. Continuous data integration can produce 

strong impressions of real-time accuracy while structural assumptions remain weak. A 

model can update its parameters constantly without revising an incorrect architecture. 

Fresh data therefore does not eliminate model uncertainty. 

Governance Cognitive Digital Twins could also acquire substantial Simulation 

Cognitive Authority because their continuous empirical connection may make them 

appear equivalent to institutional reality. This increases the importance of Simulation 

Governance and explicit representation of omitted mechanisms. 

A Governance Cognitive Digital Twin should therefore be understood as a 

dynamically updated experimental representation of selected cognitive 

properties, not as a computational duplicate of the institution whose outputs can 

replace direct institutional observation. 
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51. Partial Cognitive Twins and 

Progressive Fidelity 
 

The practical development of Governance Cognitive Digital Twins will likely occur 

gradually. Rather than attempting comprehensive institutional replication, researchers 

can construct Partial Cognitive Twins focused upon particular functions such as 

sensing, information flow, feedback, workload or hybrid human–AI configurations. 

A partial twin of a regulatory information system might represent how reports 

move across units and how bottlenecks develop, while leaving broader political 

deliberation outside the model. Another might focus upon organisational memory, 

tracking how knowledge retrieval changes after personnel turnover. 

This modular approach aligns naturally with Research-Relevant Fidelity. The 

model acquires detail where empirical observation and the research question justify it, 

while other parts of the institution remain abstract or outside the Simulation Boundary. 

Partial twins can also support progressive validation. A narrow model can be 

compared intensively with empirical behaviour before additional mechanisms are 

introduced. If the initial representation performs poorly, researchers can revise it without 

having invested in an unnecessarily complex system. 

Several partial twins could eventually become interoperable, allowing different 

aspects of cognition to be studied together while retaining modular transparency. Yet 

integration should not become an objective in itself. Connecting weak models produces 

a larger weak model. 

The development path should therefore follow empirical maturity rather than 

technological ambition: 

bounded model → calibrated partial twin → validated dynamic 

representation → selective integration 

rather than attempting to build a complete institutional twin from the outset. 

Partial Cognitive Twins provide a scientifically cautious pathway towards 

dynamic governance modelling by allowing fidelity and complexity to increase 

only as empirical evidence demonstrates that additional representation improves 

explanatory or experimental value. 
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52. GCSA in Relation to ICAM 
 

GCSA depends directly upon ICAM because the architectural language of 

cognitive nodes, interfaces, flows, feedback and activated configurations provides much 

of the conceptual structure that simulation makes dynamic. ICAM describes how 

institutional cognition can be organised; GCSA asks how selected versions of those 

architectures behave when their properties are represented computationally and 

manipulated experimentally. 

Simulated Cognitive Nodes derive their functional logic from ICAM's cognitive 

nodes, while Simulated Cognitive Interfaces translate architectural relationships into 

explicit transmission conditions. Activated configurations can become dynamic changes 

in network topology, allowing researchers to examine how institutional cognition 

reorganises around changing problems. 

The relationship does not imply that every ICAM concept should be simulated. 

Some properties may remain theoretically important while lacking sufficient empirical or 

computational representation. GCSA therefore inherits ICAM selectively through the 

principle of Bounded Cognitive Representation. 

Simulation can also feed back into architectural theory. If particular ICAM 

relationships repeatedly produce unexpected dynamics across simulations, researchers 

may discover that the conceptual model requires refinement. Computational 

implementation forces assumptions that remain implicit in prose to become explicit, 

creating a useful form of theoretical discipline. 

ICAM provides the architecture that GCSA can render experimentally 

dynamic, while GCSA provides a laboratory in which selected architectural 

propositions from ICAM can be made explicit, manipulated and challenged. 

 

53. GCSA in Relation to CPDF 
 

CPDF established computational policy design as a recursive process involving 

representation, evidence integration, possibility-space exploration, institutional 

judgement, implementation and feedback. GCSA provides an environment in which 

portions of that process can become experimentally simulated. 

Researchers can represent alternative policy-design architectures, vary the 

quality of evidence, alter scenario-generation capability or change feedback latency and 

examine how policy cognition develops under controlled conditions. Several 

representations of the same public problem can be introduced to investigate model 

pluralism and robustness. 

The relationship is especially useful for counterfactual research. CPDF asks 

institutions to explore alternative policy possibilities; GCSA can model how different 

cognitive architectures discover, evaluate or ignore those possibilities. 
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Yet simulation should not collapse policy design into optimisation. CPDF 

established that legitimate policy choice contains normative and constitutional 

dimensions that computational analysis cannot determine independently. GCSA 

therefore simulates selected relationships within policy cognition rather than treating 

policy authority as a numerical objective function. 

CPDF defines one of the institutional processes that GCSA can investigate 

experimentally, while GCSA provides a controlled environment for examining how 

computational policy-design architectures behave under alternative assumptions 

and informational conditions. 

 

54. GCSA in Relation to PGNM 
 

PGNM provides the conceptual basis for network-level governance simulations. 

Institutional nodes operating across jurisdictions can be represented through 

Organisational Cognitive Agents, while cross-institutional interfaces can encode 

translation quality, trust, communication latency and information asymmetry. 

This allows GCSA to investigate Polycentric Governance Intelligence 

experimentally. Researchers can compare centralised and distributed architectures, 

examine how network memory affects repeated crises or test how epistemic 

concentration changes resilience when critical hubs fail. 

Cognitive Scale Translation can also become a simulated mechanism. 

Information can lose contextual detail during aggregation or acquire local specificity 

during downward translation, allowing cross-scale knowledge distortion to become 

measurable inside the model. 

Activated Planetary Cognitive Configurations provide another dynamic 

component. Crisis scenarios can activate temporary relationships among previously 

weakly connected nodes, while deactivation can test whether Network Memory 

preserves relevant learning afterward. 

The greatest caution concerns scale. Planetary governance systems are 

extraordinarily complex, and network simulation can create an illusion of 

comprehensiveness quickly. PGNM-inspired GCSA models should therefore remain 

bounded around specific mechanisms rather than claiming to reproduce planetary 

governance as a whole. 

PGNM provides the network architecture through which GCSA can 

investigate distributed governance cognition across institutional boundaries, 

while GCSA allows the resilience, translation, concentration and activation 

mechanisms proposed by PGNM to become experimentally manipulable. 
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55. GCSA in Relation to HAICA 
 

HAICA provides GCSA with a specialised architecture for representing hybrid 

human–artificial cognition. Human Cognitive Agents and Artificial Cognitive Agents can 

be organised into simulated HACCs, while Hybrid Cognitive Interfaces can become 

explicit pathways through which outputs, uncertainty and trust move between 

components. 

This allows experiments concerning Cognitive Function Allocation, Artificial 

Cognitive Deference, Augmentation Overload, deskilling and dependency. Researchers 

can manipulate model accuracy, human expertise or workload independently and 

observe how the configuration evolves through repeated interaction. 

Longitudinal simulation is particularly important because many HAICA 

mechanisms are temporal. Cognitive Dependency or Institutional Cognitive Deskilling 

may emerge only after sustained delegation, while short-term performance remains 

strong. 

GCSA can therefore generate hypotheses concerning configurations that may 

later be tested empirically through I2. For example, simulations might suggest that 

parallel independent human–AI analysis preserves resilience better than sequential AI-

first review under certain conditions. Such findings would remain conditional until real 

institutional evidence confirms them. 

The relationship also raises methodological caution. Human Cognitive Agents 

remain simplified representations, meaning that simulation cannot establish claims 

concerning actual human behaviour solely through computational experiments. 

HAICA defines the hybrid cognitive mechanisms that GCSA can 

manipulate; GCSA provides a controlled environment for exploring how those 

mechanisms interact before their institutional consequences are tested 

empirically. 

 

56. GCSA in Relation to GCPIF 
 

The relationship between GCSA and GCPIF forms one of the strongest 

methodological connections within the Operational Model Suite. GCSA creates 

experimental architectures; GCPIF provides the conceptual discipline through which 

their cognitive behaviour can be observed and interpreted. 

A simulation can produce virtually unlimited output data, but computational 

availability does not establish theoretical relevance. GCPIF identifies dimensions such 

as Sensing Performance, Feedback Performance, Cognitive Diversity, Resilience and 

Metacognition that can organise experimental observation. 

Conversely, GCSA can support GCPIF development by allowing researchers to 

manipulate theoretical constructs deliberately and test whether candidate indicators 
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respond appropriately. The simulation thus becomes a methodological laboratory for 

examining measurement sensitivity. 

The relationship nevertheless preserves the distinction between Simulation 

Observables and Empirical Observables. A simulated resilience indicator can be 

perfectly measurable within GCSA while remaining at a lower Measurement Maturity in 

real institutions. 

This interaction creates a productive cycle. GCPIF proposes observables; GCSA 

tests relationships under controlled assumptions; empirical research evaluates whether 

those relationships occur in institutions; and the results feed back into both frameworks. 

GCPIF provides the measurement language through which GCSA becomes 

scientifically interpretable, while GCSA provides an experimental environment 

through which candidate cognitive measures can be stress-tested before stronger 

empirical claims are made. 

 

57. GCSA and AI Governance Pilot 

Programmes 
 

I2 provides the empirical bridge between simulated institutional experiments and 

real governance intervention. GCSA can help identify candidate configurations, 

vulnerabilities or mechanisms worth testing before institutions undertake more 

consequential pilot programmes. 

The sequence should not be interpreted as simulation automatically prescribing 

intervention. A simulated architecture may appear promising because of assumptions 

that later prove unrealistic. Its role is to narrow the hypothesis space and identify 

conditions that empirical pilots should examine carefully. 

Before a pilot, GCSA can compare alternative designs and perform stress tests. 

GCPIF can then establish an empirical Cognitive Performance Baseline within the 

participating institution. The selected intervention is implemented through I2, and 

subsequent observations can be compared with both the baseline and simulated 

expectations. 

Differences between simulated and empirical behaviour are scientifically 

valuable. They reveal mechanisms missing from the model or assumptions requiring 

recalibration. The objective is therefore not to make reality conform to the simulation but 

to use discrepancy as evidence. 

Repeated cycles can progressively strengthen models. If simulated relationships 

repeatedly fail in institutional pilots, GCSA must change. If particular patterns remain 

robust, confidence in the underlying theoretical mechanism can increase. 

I2 transforms governance cognitive simulation from an internally coherent 

experimental system into an empirically challengeable component of institutional 

science. 



WP-G-L02-001 — Governance Cognitive Simulation Architecture 

© IDHUS Institute                                                                                                                       57 
 

58. The Governance Experimental 

Learning Cycle 
 

The relationships among architecture, measurement, simulation and pilot 

experimentation can now be formalised as a broader Governance Experimental 

Learning Cycle. This cycle represents a methodological pathway through which 

Institutional Cognition can move recursively between theory and evidence. 

The process begins with theory. ICCA, ICAM and specialised frameworks identify 

cognitive properties and architectural relationships that may influence institutional 

performance. GCPIF translates selected properties into empirical observables and 

candidate measures. 

GCSA then constructs bounded computational representations of those 

mechanisms, allowing interventions, stress conditions and counterfactual architectures 

to be explored experimentally. Simulation generates hypotheses concerning which 

relationships may be important and under what conditions they appear consequential. 

I2 provides a route for testing selected propositions within real institutional 

environments through carefully bounded pilot programmes. Empirical evidence can 

confirm, contradict or complicate the simulated result. 

That evidence returns to the models. Simulation parameters may be recalibrated, 

assumptions revised, Measurement Maturity updated and theoretical relationships 

reconsidered. New experiments then begin from a more constrained evidential 

foundation. 

The cycle can therefore be represented as: 

Theory → Architecture → Observability → Simulation → Hypothesis → 

Pilot → Empirical Evidence → Model Revision → Theory Revision 

This sequence is not strictly linear. Empirical observation can precede simulation, 

pilot findings may generate new theory directly and simulation can expose measurement 

problems that return to GCPIF before any pilot occurs. Its value lies in the recursive 

relationship among methods. 

The Governance Experimental Learning Cycle transforms the Operational 

Model Suite from a collection of conceptual frameworks into a potential 

cumulative research system through which theoretical claims can become 

progressively exposed to computational and institutional evidence. 
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59. GCSA as a Research 

Framework 
 

GCSA should therefore be understood not as a specification for one simulation 

platform but as a research framework capable of supporting multiple computational 

approaches. Agent-based models, system dynamics, network simulations, discrete-

event systems and hybrid modelling environments may each provide useful 

representations depending upon the institutional mechanism under investigation. 

The framework specifies methodological requirements rather than prescribing a 

single technology. Simulations should possess explicit boundaries, Research-Relevant 

Fidelity, documented assumptions, appropriate verification, proportionate validation, 

uncertainty representation and sufficient provenance for reproduction. 

Research can begin through relatively abstract mechanism experiments. 

Feedback, memory or interface latency can be represented simply in order to investigate 

theoretical plausibility. Later studies can incorporate empirical calibration and Partial 

Cognitive Twins where observational maturity allows. 

Comparative modelling should become particularly important. Different 

approaches can examine the same cognitive mechanism, revealing whether findings 

depend upon one computational paradigm. Such comparison can become a form of 

theoretical pluralism within simulation science. 

Research should also examine the limits of simulation itself. Some Institutional 

Cognition constructs may prove computationally unproductive because representation 

requires simplifications that eliminate their meaning. Recognising those limits is part of 

scientific maturity rather than a failure of modelling. 

GCSA becomes a research framework by providing common epistemic and 

experimental principles through which diverse computational models of 

Institutional Cognition can contribute to a cumulative scientific programme 

without being mistaken for direct replicas of institutional reality. 

 

60. Future Research Directions 
 

The research agenda emerging from GCSA is extensive because the simulation 

of institutional cognition remains comparatively undeveloped. One immediate priority 

concerns simple mechanism models capable of investigating core ICAM propositions 

concerning interfaces, feedback, memory and activated configurations. 

Feedback experiments provide a promising starting point because latency, 

completeness and learning rules can be manipulated transparently. Memory models 

could examine relationships among retention, retrieval, turnover and repeated error. 

These relatively bounded experiments would allow the methodological architecture to 

mature before researchers attempt highly complex multi-level simulations. 
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Hybrid cognition represents another important domain. HAICA generates testable 

hypotheses concerning allocation, deference, overload and dependency whose temporal 

dynamics are difficult to study experimentally in real institutions. Simulation can help 

identify configurations deserving pilot investigation. 

Network cognition also offers substantial potential. PGNM propositions 

concerning epistemic concentration, polycentricity, Cognitive Scale Translation and 

Network Resilience can be explored across alternative network topologies and 

information architectures. 

Another research priority concerns calibration. Detailed empirical studies of 

institutional information flows, workload, decision latency and feedback could provide 

parameter ranges for increasingly realistic models. This will require close coordination 

with GCPIF. 

Partial Cognitive Twins represent a longer-term programme. Selected public 

institutions could develop dynamic models of specific cognitive processes, allowing 

simulated stress testing to become integrated with ongoing institutional learning. 

Simulation Ensembles should also receive dedicated methodological attention. 

Independent modelling teams could investigate the same Institutional Cognition 

proposition through different computational approaches, establishing whether 

convergence strengthens theory. 

Finally, researchers should study the institutional use of simulations themselves. 

Simulation Cognitive Authority, deference and Measurement Reactivity create a reflexive 

problem: once models become part of governance, their influence becomes another 

object of Institutional Cognition research. 

The future development of GCSA therefore involves both building better 

simulations of institutional cognition and understanding how the growing use of 

those simulations changes institutional cognition in return. 

 

61. Scientific Contribution of the 

Governance Cognitive Simulation 

Architecture 
 

The principal scientific contribution of GCSA is to establish institutional 

cognitive architecture as an experimentally manipulable object. Previous models 

within L02 identify how cognition is distributed across institutions, policy processes, 

governance networks and human–AI configurations. GCSA creates a methodological 

environment in which selected relationships among those components can be 

represented dynamically and altered under controlled assumptions. 

A second contribution lies in separating simulation from prediction. GCSA treats 

computational models primarily as experimental representations through which 

hypotheses can be generated, mechanisms investigated and counterfactual 
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architectures explored. This prevents simulated trajectories from being interpreted 

automatically as forecasts of institutional reality. 

A third contribution concerns methodological discipline. Bounded Cognitive 

Representation, Simulation Boundaries, Research-Relevant Fidelity, Simulation 

Provenance, Assumption Registers, sensitivity analysis and layered validation create 

explicit safeguards against confusing computational precision with empirical certainty. 

A fourth contribution is the integration of measurement and experimentation. 

GCPIF provides the observational architecture through which simulated cognition can be 

evaluated, while simulation allows candidate cognitive indicators to be manipulated and 

stress-tested. This creates a reciprocal relationship between measurement development 

and experimental modelling. 

A fifth contribution concerns the connection between computational and empirical 

institutional science. Through I2 and the Governance Experimental Learning Cycle, 

simulation-generated hypotheses can encounter real institutional environments, and 

discrepancies can feed back into model and theory revision. 

GCSA therefore contributes not a universal simulation of governance, but 

the experimental architecture through which Institutional Cognition can begin to 

investigate its own theoretical propositions computationally while remaining 

accountable to empirical reality. 
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62. Closing Perspective — 

Simulation as an Instrument of 

Institutional Inquiry 
 

The ambition to simulate governance can easily become confused with the 

ambition to reproduce it. As computational capability increases and institutional data 

become more abundant, increasingly detailed models may create the impression that 

organisations, policy systems or even governance networks can eventually be 

represented with enough fidelity to allow their behaviour to be predicted directly. The 

architecture developed throughout this Working Paper proposes a more restrained and 

scientifically productive ambition. 

Institutions are complex cognitive systems containing human judgement, 

organisational history, political meaning, tacit knowledge and evolving relationships that 

no simulation can represent exhaustively. This incompleteness does not make simulation 

scientifically weak. It makes explicit modelling discipline necessary. A model becomes 

useful when it isolates relationships clearly enough for hypotheses to be manipulated, 

compared and challenged. 

Governance Cognitive Simulation therefore gains value through selectivity. 

Researchers can ask what happens when feedback slows, information becomes 

unreliable, memory decays, artificial dependency increases or network interfaces fail. 

They can compare architectures under shared environmental conditions and expose 

mechanisms that real institutions would be too difficult, expensive or ethically 

inappropriate to manipulate experimentally. 

The resulting evidence remains conditional. Simulated emergence is not 

institutional fact, calibration is not validation and computational precision is not empirical 

certainty. Every result remains connected to a boundary, a set of assumptions and a 

particular representation of cognition. Scientific confidence grows only when findings 

survive sensitivity analysis, alternative models and eventual confrontation with 

institutional evidence. 

This humility does not diminish the transformative potential of simulation. On the 

contrary, it allows GCSA to occupy a precise place within the emerging science of 

Institutional Cognition. Simulation can extend theoretical imagination, expose 

architectural fragility before real failure occurs, generate counterfactuals and help design 

more informative institutional pilots. 

The deepest contribution may therefore lie in the relationship between virtual 

experimentation and real institutional learning. Models generate hypotheses; institutions 

challenge them; evidence transforms models; and revised models generate better 

questions. Simulation becomes part of a recursive scientific architecture rather than a 

computational oracle. 

The central transition established by GCSA is consequently not from 

observing institutions towards predicting them computationally, but from 

conceptual theories of Institutional Cognition towards controlled experimental 



WP-G-L02-001 — Governance Cognitive Simulation Architecture 

© IDHUS Institute                                                                                                                       62 
 

representations whose value lies in making institutional hypotheses more explicit, 

more testable and ultimately more accountable to reality. 

.  
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About the IDHUS Working Papers 
 

This publication forms part of the constitutional publication ecosystem of the 

IDHUS Institute. It should not be interpreted as an isolated academic paper but as one 

component within a progressively expanding scientific architecture dedicated to the 

development of the emerging discipline of Institutional Cognition. 

Within the organisational architecture of the IDHUS Institute, the Working Paper 

occupies a distinctive position. It comprises the elementary cognitive module through 

which operational research is conducted. At the structural level, however, the Working 

Paper also functions as the smallest autonomous organisational unit capable of 

generating identifiable scientific contributions within the broader research ecosystem. 

For the way we conduct our research, it represents the point at which constitutional 

concepts, Research Series, Research Lines, methodologies, computational 

developments and empirical investigations converge into a coherent research product 

capable of contributing directly to the cumulative evolution of institutional knowledge. 

 

Series A — Foundations of Institutional Cognition 
Series A preserves the constitutional foundations of the entire research ecosystem. 

Rather than constructing new constitutional theories, it continuously refines, clarifies and 

strengthens the conceptual architecture established throughout The IDHUS Method, 

the Research Validation Papers and the Research Atlas. It provides the common 

scientific language that allows every other Research Series to remain conceptually 

coherent while supporting the long-term evolution of Institutional Cognition. 

Research Lines 

 

A1 — Constitutional Evolution of Institutional Cognition 

A2 — Conceptual Architecture and Theory Integration 

A3 — Epistemology of Institutional Intelligence 

A4 — Philosophy of Adaptive Governance 

A5 — Scientific Foundations of Planetary Cognitive Civilisation 

 

Series B — Cognitive Architectures 
Series B investigates how cognition emerges and operates across multiple 

organisational scales, from individuals and institutions to artificial intelligence systems 

and distributed governance environments. Research within this Series explores 

organisational learning, collective intelligence, institutional memory, cognitive networks 

and adaptive decision-making, providing many of the theoretical and computational 

models that support the broader research programme. 

Research Lines 

 

B1 — Individual and Collective Cognition 

B2 — Institutional Cognitive Architectures 

B3 — Distributed Intelligence Systems 



WP-G-L02-001 — Governance Cognitive Simulation Architecture 

© IDHUS Institute                                                                                                                       64 
 

B4 — Human-AI Cognitive Collaboration 

B5 — Organisational Learning Architectures 
 

Series C — Computational Governance 

Series C examines how artificial intelligence, computational modelling and digital 

infrastructures are transforming governance and public administration. Its objective is to 

understand how computational systems become active components of institutional 

cognition through intelligent decision-support, AI-native public administration, digital 

governance architectures and adaptive regulatory systems capable of responding to 

increasing societal complexity. 

Research Lines 

 

C1 — AI-Augmented Public Administration 

C2 — Computational Policy Design 

C3 — Intelligent Decision-Support Systems 

C4 — Algorithmic Governance Architectures 

C5 — AI-Native Institutional Ecosystems 

 

Series D — Planetary Systems 
Series D expands the scope of research from individual institutions towards planetary-

scale systems of governance and coordination. Drawing upon systems thinking, 

complexity science and computational simulation, it investigates global governance 

networks, civilisational dynamics, resilience, distributed coordination and the cognitive 

infrastructures required to understand increasingly interconnected planetary systems. 

Research Lines 

 

D1 — Global Cognitive Systems 

D2 — Planetary Governance Networks 

D3 — Civilisational Systems Dynamics 

D4 — Global Coordination Mechanisms 

D5 — Planetary Resilience Architectures 

 

Series E — AI and Institutional Intelligence 
Series E explores the relationship between human intelligence, institutional cognition 

and artificial intelligence. Rather than studying AI as an isolated technology, it 

investigates how hybrid cognitive systems emerge through the interaction of people, 

organisations and intelligent computational agents. This Series provides the principal 

research environment for understanding the future evolution of AI-enabled institutions 

and distributed governance. 
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Research Lines 

 

E1 — Institutional Intelligence 

E2 — Human-AI Collaboration 

E3 — AI Governance Systems 

E4 — Autonomous Institutional Agents 

E5 — Constitutional AI for Public Governance 

 

Series F — Cognitive Metrics and Measurement 
Series F develops the methodological foundations required to observe and evaluate 

Institutional Cognition. It designs metrics, indicators, assessment frameworks and 

measurement methodologies capable of transforming constitutional concepts into 

operational research variables. These tools support empirical research, comparative 

analysis, validation programmes and evidence-based governance across the entire 

research ecosystem. 

Research Lines 

 

F1 — Institutional Intelligence Metrics 

F2 — Governance Performance Indicators 

F3 — Cognitive Capacity Assessment 

F4 — Adaptive Systems Measurement 

F5 — Planetary Governance Metrics 

 

Series G — Simulation and Digital Twins 
Series G establishes the computational laboratories of the Institute. Through simulation 

environments, digital twins, systems dynamics and agent-based modelling, it creates 

experimental platforms for exploring institutional behaviour under controlled conditions. 

These environments allow researchers to investigate alternative governance 

architectures, analyse complex adaptive systems and evaluate future scenarios before 

they emerge in practice. 

Research Lines 

 

G1 — Institutional Digital Twins 

G2 — Governance Simulation Platforms 

G3 — Multi-Agent Governance Models 

G4 — Scenario Generation and Strategic Foresight 

G5 — Computational Experimentation 
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Series H — Comparative Civilisational Studies 
Series H investigates how different societies, institutions and historical periods have 

organised governance, knowledge and collective intelligence. By comparing diverse 

civilisational experiences, governance models and institutional traditions, it seeks to 

identify recurring cognitive principles while understanding the contextual diversity 

through which Institutional Cognition evolves across cultures and historical epochs. 

Research Lines 

 

H1 — Comparative Institutional Cognition 

H2 — Civilisational Governance Evolution 

H3 — Cross-Cultural Adaptive Systems 

H4 — Historical Institutional Intelligence 

H5 — Comparative Planetary Governance 

 

Series I — Applied Governance Laboratories 

Series I serves as the operational bridge between scientific research and institutional 

practice. It develops collaborative research environments in which conceptual models, 

computational systems and governance methodologies can be explored through pilot 

projects, organisational experimentation, innovation programmes and long-term 

partnerships with public institutions. Practical experience generated through these 

laboratories continuously feeds back into the broader research programme. 

Research Lines 

 

I1 — Public Sector Innovation Laboratories 

I2 — AI Governance Pilot Programmes 

I3 — Institutional Transformation Frameworks 

I4 — Governance Prototyping and Testing 

I5 — Living Governance Laboratories 

 

Series J — Future Research Frontiers 
Series J ensures that the research ecosystem remains permanently open to future 

scientific developments. It explores emerging technologies, new governance paradigms, 

evolving AI capabilities and other frontier topics whose long-term significance may not 

yet be fully understood. By institutionalising organised exploration, this Series enables 

the IDHUS Institute to adapt continuously to future scientific opportunities while 

preserving the constitutional coherence of its broader research architecture. 

Research Lines 

 

J1 — Emerging AI Paradigms 

J2 — Future Institutional Architectures 

J3 — Post-Governance Systems 

J4 — Civilisational Foresight 

J5 — Unknown Research Horizons  
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Internal Constitutional References 
 

The present Working Paper forms part of the constitutional and operational 

architecture of the IDHUS Institute. It should be read in conjunction with the following 

foundational publications, which collectively establish the constitutional framework within 

which the Working Papers Programme develops. 

 

Constitutional Framework 

• The IDHUS Canon  

• The IDHUS Method  

Programme I Research Validation Papers 

• RVP-001 Operational Cognitive Architecture  

• RVP-002 Operational Consciousness  

• RVP-003 Collective Cognition  

• RVP-004 Institutional Cognition  

• RVP-005 Governance Intelligence  

• RVP-006 Adaptive Public Administration  

• RVP-007 AI-Augmented Public Administration  

• RVP-008 Adaptive Public Policy  

• RVP-009 Cognitive Public Services  

• RVP-010 Self-Evolving Governmental Systems  

Research Atlas 

• Volume 0 Research Ecosystem Architecture  

• Volume 1 Research Architecture  

• Volume 2 Planetary Research Ecosystems  

• Volume 3 Planetary Cognitive Systems  

• Volume 4 Planetary Governance Architecture  

• Volume 5 Civilisational Evolution  

• Volume 6 Planetary Cognitive Civilisation  
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Operational Research Programme 

• Operational Research Programme- Working Papers 

Framework  

These publications together establish the constitutional foundations upon which 

the operational research developed throughout the IDHUS Working Papers Programme 

is constructed.  
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Glossary 
 

Artificial Cognitive Agent (ACA) 

A computational abstraction representing selected cognitive functions performed by an artificial 

intelligence system within a Governance Cognitive Simulation. ACAs may be characterised 

through properties such as processing speed, accuracy, confidence calibration, interpretability, 

information capacity, error correlation or failure probability, without implying that the simulation 

reproduces the internal computational architecture of the real AI system. 

Behavioural Validation 

A layer of simulation validation concerned with whether the dynamic patterns generated by a 

model correspond meaningfully with relevant patterns observed within real institutional 

systems. Behavioural Validation examines similarity in behaviour rather than merely similarity in 

structural representation. 

Bounded Cognitive Representation 

The principle that a Governance Cognitive Simulation should represent only those cognitive 

properties necessary to investigate the research question. Bounded Cognitive Representation 

treats computational models as selective theoretical instruments rather than comprehensive 

replicas of institutional cognition. 

Calibration 

The process through which simulation parameters are constrained or adjusted using empirical 

evidence. Calibration may improve the empirical plausibility of a model but does not by itself 

establish that the mechanisms represented within the model are valid. 

Causal Interpretability 

The degree to which researchers can identify and investigate the simulated mechanisms, 

interactions or interventions responsible for an observed pattern. Causal Interpretability 

concerns explanatory access to model behaviour rather than merely the readability of simulation 

outputs. 

Cognitive Failure Injection 

The deliberate degradation, corruption, interruption or removal of selected cognitive 

components within a simulation in order to investigate failure propagation, dependency, 

recovery and systemic resilience. 

Cognitive State Representation (CSR) 

A bounded computational representation of selected internal variables influencing the 

behaviour of a Simulated Cognitive Node, such as available knowledge, confidence, memory, 

trust, workload, attention or perceived uncertainty. CSR does not imply comprehensive 

representation of human or organisational cognition. 

Controlled Cognitive Experiment 
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A simulation experiment in which selected properties of a cognitive architecture are deliberately 

manipulated while other relevant conditions are held sufficiently stable to permit systematic 

comparison. Controlled Cognitive Experiment is an umbrella category encompassing several 

more specialised experimental designs within GCSA. 

Counterfactual Governance Experiment 

A controlled comparison between alternative simulated cognitive architectures, interventions or 

configurations under sufficiently equivalent conditions. Counterfactual Governance Experiments 

explore what follows from alternative institutional arrangements within the model without 

claiming to establish what would necessarily have occurred in historical or future reality. 

Empirical Observable 

A property of Institutional Cognition that can be identified or measured within real institutional 

systems through defensible empirical research procedures. Empirical Observables should be 

distinguished from Simulation Observables, whose measurability derives from the architecture 

of the computational model. 

Empirical Validation 

The evaluation of whether simulation-derived propositions, relationships or patterns receive 

meaningful support from evidence generated outside the simulation through institutional 

observation, historical analysis, comparative research, pilot programmes or other empirical 

methods. 

Emergent Behaviour 

A system-level pattern generated through interactions among simulated components without 

being specified directly as an intended output. Emergent Behaviour within a simulation 

constitutes evidence about the consequences of the model's assumptions and rules, not by itself 

evidence that an equivalent phenomenon occurs within real institutions. 

Epistemic Perturbation 

The deliberate modification of the accuracy, uncertainty, provenance, completeness, consistency 

or reliability of Governance Information Objects entering or circulating within a simulation in 

order to investigate how cognitive architectures respond to degraded or conflicting knowledge. 

Experimental Portfolio 

A structured collection of simulation experiments designed to investigate a common theoretical 

mechanism or mechanism family through complementary scenarios, interventions and 

experimental designs. Experimental Portfolios support cumulative investigation by reducing 

dependence upon individual simulation results. 

Feedback Experiment 

A simulation experiment in which the speed, accuracy, completeness, frequency or destination 

of feedback is systematically manipulated in order to investigate its influence upon institutional 

learning and adaptation. 
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Governance Cognitive Digital Twin 

A dynamically updated Governance Cognitive Simulation representing selected properties of an 

institutional cognitive architecture and linked recurrently to empirical data. A Governance 

Cognitive Digital Twin remains a selective experimental representation rather than a 

computational duplicate of the institution. 

Governance Cognitive Simulation (GCS) 

 

A computational representation of selected institutional cognitive structures, processes and 

interactions designed to investigate how specified cognitive architectures behave under 

controlled assumptions and experimental conditions. 

Governance Cognitive Simulation Architecture (GCSA) 

The methodological architecture for constructing, manipulating, observing, validating and 

governing computational representations of Institutional Cognition. GCSA provides common 

principles for experimental simulation without prescribing a single computational technology or 

modelling paradigm. 

Governance Environment Model (GEM) 

The computational representation of external conditions with which a simulated cognitive 

architecture interacts. A GEM may generate signals, events, shocks, uncertainty, constraints or 

consequences and may vary in volatility, predictability, signal-to-noise ratio, interdependence 

and other properties relevant to the research question. 

Governance Experimental Learning Cycle 

The recursive methodological relationship through which Institutional Cognition theory, 

architectural modelling, observability, simulation, hypothesis generation, institutional pilots, 

empirical evidence and model or theory revision interact. Its general form is: Theory → 

Architecture → Observability → Simulation → Hypothesis → Pilot → Empirical Evidence → 

Model Revision → Theory Revision. 

Governance Information Object (GIO) 

An abstract representation of informational content circulating within a Governance Cognitive 

Simulation. GIOs may represent signals, datasets, reports, warnings, scientific assessments, 

policy evaluations or AI recommendations and can possess attributes such as accuracy, 

uncertainty, provenance, timeliness, complexity or credibility. 

Governance Simulation Scenario (GSS) 

The structured specification of the experimental context within which a Governance Cognitive 

Simulation operates, including architecture, environment, initial conditions, parameters, events 

and other conditions relevant to the experiment. 

Human Cognitive Agent (HCA) 

A computational abstraction representing selected dimensions of human institutional behaviour 

within a simulation. HCAs may include properties such as expertise, attention capacity, trust, 

memory, risk tolerance or decision thresholds without claiming to reproduce human cognition 

comprehensively. 
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Hybrid Cognition Experiment 

A simulation experiment investigating alternative allocations, interactions or dependencies 

among human and artificial cognitive agents. Hybrid Cognition Experiments can examine 

mechanisms including complementarity, Cognitive Function Allocation, Artificial Cognitive 

Deference, Augmentation Overload, dependency and deskilling. 

Information Overload Experiment 

A simulation experiment in which information volume, velocity, complexity or processing 

demand is systematically varied in order to investigate when increasing informational availability 

begins to exceed institutional cognitive capacity. 

Institutional Cognitive Stress Test 

A simulation experiment that exposes a cognitive architecture to demanding environmental or 

operational conditions in order to identify latent vulnerabilities, performance thresholds, failure 

modes and resilience characteristics. 

Institutional Memory Experiment 

A simulation experiment in which properties such as knowledge retention, retrieval, 

documentation, forgetting or personnel turnover are manipulated in order to investigate their 

influence upon cumulative institutional learning. 

Internal Validation 

A layer of validation concerned with whether the relationships and behaviours generated by a 

correctly implemented model remain coherent with the theoretical logic the simulation claims 

to represent. Internal Validation is distinct from Verification, which concerns whether the 

computational implementation matches its formal specification. 

Monte Carlo Institutional Experiment 

A repeated stochastic simulation experiment used to examine distributions of possible outcomes 

under specified architectures, parameter ranges and conditions. Monte Carlo Institutional 

Experiments support analysis of robustness, variance, failure probability and low-frequency 

consequences rather than reliance upon individual simulated trajectories. 

Multi-Level Governance Cognitive Simulation 

A simulation architecture in which cognitive mechanisms operating at multiple institutional 

scales—such as individuals, organisational units, institutions and governance networks—can 

interact within a common experimental environment. 

Network Governance Experiment 

A simulation experiment examining how connectivity, topology, translation, trust, cognitive 

specialisation, feedback, redundancy or epistemic concentration influence the performance and 

resilience of governance networks. 

Organisational Cognitive Agent (OCA) 

A computational abstraction representing a department, agency, institution or other 

organisational entity through selected aggregate cognitive properties such as sensing capacity, 

integration, memory, decision speed, trust relationships or adaptive capability. 
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Parameter Uncertainty 

Uncertainty concerning the numerical values assigned to variables or parameters within a 

simulation. 

Partial Cognitive Twin 

A deliberately bounded form of Governance Cognitive Digital Twin representing selected 

cognitive functions, processes or subsystems rather than attempting comprehensive 

representation of an institution. Partial Cognitive Twins provide a pathway towards progressively 

increasing empirical fidelity where research maturity justifies additional complexity. 

Research-Relevant Fidelity 

The degree and type of representational detail required for a simulation to investigate a specific 

research question credibly. Research-Relevant Fidelity rejects the assumption that greater 

representational complexity necessarily produces greater scientific validity. 

Scenario Uncertainty 

Uncertainty concerning the external conditions, events or future environments under which a 

simulated cognitive architecture may operate. 

Sensitivity Analysis 

The systematic examination of how simulation results change when parameters, structural 

assumptions or model configurations are varied. Sensitivity Analysis identifies which findings 

remain robust and which depend upon uncertain or narrowly specified assumptions. 

Simulated Cognitive Interface (SCI) 

A computational representation of the relationship through which cognitive content moves 

between Simulated Cognitive Nodes. SCIs may represent latency, bandwidth, information loss, 

translation quality, trust, distortion, authentication, processing cost or other properties affecting 

cognitive transmission. 

Simulated Cognitive Node (SCN) 

The basic functional unit through which a distinct contributor to Institutional Cognition is 

represented within GCSA. An SCN may correspond to a human actor, analytical unit, AI system, 

knowledge repository, organisation or institution depending upon the scale and purpose of the 

simulation. 

Simulation Assumption Register 

A structured record of the theoretical, behavioural, empirical and computational assumptions 

embedded within a Governance Cognitive Simulation, including simplifications, exclusions, 

probability distributions, aggregation choices and behavioural rules. 

Simulation Boundary 

The explicit specification of which actors, cognitive functions, information flows, environmental 

variables and relationships are included within a Governance Cognitive Simulation and which 

remain outside its explanatory scope. 
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Simulation Cognitive Authority 

The influence a simulation acquires over institutional problem representation, interpretation 

and judgement because its outputs are treated as analytically relevant or authoritative. 

Simulation Cognitive Authority concerns the influence available to the simulation within 

institutional cognition rather than the behavioural response of institutional actors to that 

influence. 

Simulation Complexity Trap 

The methodological failure mode in which increasing representational detail creates an 

appearance of greater realism while reducing interpretability, validation capacity, transparency 

or explanatory value. 

Simulation Deference 

The behavioural or institutional tendency to privilege simulation outputs beyond the evidential 

weight justified by their assumptions, validation and uncertainty. Simulation Deference is a 

response to Simulation Cognitive Authority rather than a synonym for it. 

Simulation Ensemble 

A collection of alternative models or model configurations investigating a common research 

question through partially independent representations, assumptions or computational 

approaches. Simulation Ensembles allow convergence and disagreement among models to 

become sources of theoretical evidence. 

Simulation Governance 

The principles, responsibilities and institutional mechanisms through which simulations are 

approved, documented, reviewed, validated, used, revised and eventually retired. Simulation 

Governance regulates the lifecycle and institutional use of models rather than merely their 

technical operation. 

Simulation Intervention 

A deliberate modification of a simulated cognitive architecture, environment or informational 

condition introduced in order to investigate a theoretically specified relationship. A Simulation 

Intervention occurs within or across Governance Simulation Scenarios and should be 

distinguished from the scenario itself. 

Simulation Observable 

A property that can be directly identified or measured within a simulation because it is explicitly 

represented by the computational model. The precision of a Simulation Observable does not 

imply equivalent empirical measurability or Measurement Maturity. 

Simulation Provenance 

The reconstructable record of the theoretical, empirical and technical history of a simulation, 

including model and code versions, data sources, parameter configurations, calibration 

procedures, scenarios, interventions and other information necessary to understand how 

particular results were generated. 
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Simulation Reproducibility 

The capacity for a Governance Cognitive Simulation experiment to be reconstructed sufficiently 

for equivalent conditions to generate comparable behaviour or statistical distributions. 

Reproducibility includes both computational documentation and conceptual transparency 

concerning how theoretical constructs were translated into model mechanisms. 

Simulation Uncertainty 

The broader set of uncertainties conditioning interpretation of simulation results, including 

Parameter Uncertainty, Structural Uncertainty, Scenario Uncertainty and Stochastic Uncertainty. 

Stochastic Uncertainty 

Variability arising from probabilistic processes intentionally represented within a simulation, 

such that equivalent initial conditions can generate different trajectories across repeated runs. 

Structural Uncertainty 

Uncertainty concerning whether the mechanisms, relationships, boundaries or architectural 

assumptions represented within a simulation provide an appropriate account of the institutional 

phenomenon under investigation. 

Structural Validation 

A layer of simulation validation concerned with whether the represented nodes, interfaces, 

dependencies and cognitive relationships correspond sufficiently to the relevant architecture of 

the institutional system for the purposes of the research question. 

Verification 

The process of determining whether a simulation has been computationally implemented 

according to its intended formal specification. Verification concerns whether the model was built 

correctly and should be distinguished from Validation, which concerns whether the resulting 

representation is scientifically appropriate for the phenomenon being investigated. 

 

 

 

 

 

 

 

 


