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Abstract

This paper introduces the ¥ model, a five-dimensional state-space representation of mental states
grounded in active inference. In this formulation, an individual’s psychological state is represented by
avector ¥ = (Q, F,II, X, A), corresponding to Order, Energy, Precision, Social Coupling, and Learn-
ing. The model is proposed as a clinically interpretable coordinate system for representing both ordinary
psychological variation and psychopathology within a continuous dynamical space. By linking these
dimensions to key constructs in active inference and predictive processing, the ¥ model aims to bridge
phenomenological psychiatric description and computational accounts of mental-state organization and
change. This conceptual framework provides a foundation for longitudinal modeling, comparative psy-
chopathology, and computational psychiatry.

Keywords: Active inference, Computational psychiatry, State-space model, Variational free energy,
Mental-state dynamics, ¥ model.

1 Introduction

Understanding and describing mental states remains a central challenge in psychiatry, psychology, and cog-
nitive science. Clinical psychiatry traditionally relies on categorical diagnostic systems such as the Diag-
nostic and Statistical Manual of Mental Disorders (DSM) and the International Classification of Diseases
(ICD). While these frameworks are useful for clinical communication and epidemiology, they often struggle
to capture the continuous, multidimensional, and dynamic nature of psychological states. Patients frequently
present with heterogeneous symptom patterns, overlapping diagnostic features, and changes over time, sug-
gesting the need for a more flexible representational framework.

Recent developments in computational neuroscience have increasingly framed brain function in terms
of predictive processing and active inference. Within this perspective, cognition and behavior are under-
stood as emerging from the updating of internal generative models and the minimization of prediction error
through perception, action, and learning. These ideas have also been extended to psychiatry, where disorders
have been interpreted as disturbances in processes such as precision weighting, belief updating, and policy
selection.

Despite these advances, a simple and clinically interpretable coordinate system for describing mental
states in a unified manner remains lacking. In particular, clinical practice often requires a representation
that can jointly capture psychological organization, behavioral activation, social relatedness, and adaptive
learning.



To address this gap, this paper introduces the ¥ model, a five-dimensional coordinate system for rep-
resenting mental states within the theoretical framework of active inference. The model is formalized in
Section 3, where its variables and mathematical structure are defined. The aim of the present work is to
provide a compact conceptual framework that may support the visualization of mental states, comparison of
psychiatric conditions, and future integration with computational psychiatry.

The ¥ model is proposed not as a replacement for diagnostic systems such as DSM or ICD, but as a
semantically interpretable coordinate system for representing the underlying configuration and dynamics of
mental states. In this view, conventional psychiatric disorders may be understood as characteristic regions,
patterns, or trajectories within a continuous W space rather than as isolated categorical entities.

2 Related Work

2.1 Predictive Processing and Active Inference

Recent advances in theoretical neuroscience increasingly describe brain function within the framework of
predictive processing and active inference. In these accounts, the brain is modeled as a hierarchical gener-
ative system that continuously predicts sensory inputs and minimizes prediction errors through perception,
action, and learning. Active inference, in particular, provides a formal framework in which agents update
beliefs about hidden states of the world while selecting actions that minimize expected free energy.

This framework has been widely applied to explain perception, decision making, and social interaction,
and has also been proposed as a theoretical foundation for understanding psychiatric disorders. Disturbances
in belief updating, precision allocation, and policy selection have been suggested as potential computational
mechanisms underlying various forms of psychopathology. The ¥ model builds on this theoretical back-
ground by proposing a low-dimensional coordinate system that captures key psychological variables relevant
to active inference dynamics.

2.2 Computational Psychiatry

Computational psychiatry aims to describe psychiatric phenomena using formal models derived from neu-
roscience, cognitive science, and machine learning. Rather than focusing solely on categorical diagnostic
classifications, this approach attempts to characterize mental disorders in terms of alterations in computa-
tional parameters governing perception, learning, and decision making.

Several models within computational psychiatry have proposed parameter-based descriptions of psy-
chiatric symptoms, including abnormal precision weighting, altered learning rates, or maladaptive policy
selection. However, these approaches often rely on complex model-specific parameters that are difficult to
interpret within everyday clinical contexts. The ¥ model seeks to complement these approaches by intro-
ducing a compact and interpretable set of psychological dimensions that can be mapped onto active inference
constructs while remaining conceptually accessible for clinical interpretation.

2.3 Personality and Dimensional Psychological Models

Psychology has long attempted to describe individual differences and psychological organization using di-
mensional models. Personality frameworks such as the Five-Factor Model (Big Five), as well as dimensional
approaches to psychopathology such as the Research Domain Criteria (RDoC), propose that psychological
phenomena may be better understood as continuous dimensions rather than discrete categories.



While these models primarily describe relatively stable traits or behavioral tendencies, they do not ex-
plicitly provide a state-space representation of moment-to-moment mental states. The ¥ model differs from
trait-based approaches by defining a coordinate system for mental states themselves, allowing psychological
conditions to be represented as points and trajectories within a multidimensional state space.

2.4 Dynamical Systems Approaches to Mental States

Recent work in psychology and psychiatry has also explored dynamical systems approaches to mental pro-
cesses. In these models, psychological states evolve over time within a phase space, where attractors, tran-
sitions, and instabilities may correspond to characteristic patterns of cognition, mood, or behavior.

Such approaches emphasize that mental states are dynamic and context-dependent. The ¥ model is
compatible with this perspective by defining a five-dimensional state space in which mental states can be
represented as positions and changes as trajectories.

3 The U Model

This section defines the ¥ model as a five-dimensional state-space representation of mental states. An
individual’s psychological state is represented as a vector in a continuous space whose axes correspond to
core variables of mental organization and adaptation.

3.1 Why Five Dimensions?

The selection of five dimensions is motivated by a minimal representational requirement. The aim of the
U model is not merely to summarize symptoms, but to represent mental states as continuous dynamical
configurations that remain clinically discriminative across major forms of psychopathology.

To serve this function, the coordinate system should preserve at least five partially independent modes
of variation: coherence of the internal generative model, behavioral activation, precision allocation, social
coupling, and adaptive updating. Each of these dimensions can vary substantially while the others remain
relatively unchanged, and each contributes to clinically meaningful distinctions that are not adequately re-
ducible to the remaining variables.

A representation with four or fewer dimensions would tend to collapse at least one of these axes and
thereby merge clinically distinct psychopathological configurations. For example, omitting Order would
make it difficult to distinguish highly vigilant but organized anxiety states from forms of psychopathology
involving both aberrant salience and disorganization; omitting Energy would blur the distinction between
depressive inhibition and stable low-activity states; omitting Learning would obscure the difference between
rigid chronic configurations and highly plastic, therapy-responsive ones. These examples are illustrative, but
they clarify why fewer than five dimensions would risk losing clinically meaningful distinctions.

For these reasons, the ¥ model adopts five dimensions not as a formally proven unique decomposi-
tion, but as a minimal candidate basis that appears sufficient to preserve several major clinically meaningful
distinctions while remaining interpretable as a semantic state-space representation of mental-state dynamics.

3.2 Model Overview

The ¥ model represents mental states as a vector in a five-dimensional state space. The symbol ¥ (psi)
is used to denote the model’s state vector, reflecting its longstanding association with psychological and



psychophysical notation:
U= (Q,FEIXA)

where 2 denotes Order, ¥ denotes Energy, 11 denotes Precision, X denotes Social Coupling, and A denotes
Learning.

Together, these variables define a coordinate system for locating an individual’s mental state at a given
time. Psychological conditions may thus be represented as characteristic configurations within this space,
and changes over time may be described as trajectories through it.

Because the full five-dimensional space cannot be visualized directly, lower-dimensional projections
can be used for intuition. Figure 1 shows an illustrative two-dimensional projection onto the II-F plane, in
which representative psychopathology-like regions are schematically positioned according to differences in
precision weighting and behavioral activation. This projection is not intended as a diagnostic map, but as a
conceptual visualization of how characteristic mental-state configurations may occupy different regions of
the broader ¥ space. These regions can be interpreted as attractor-like configurations in this projected space.
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Figure 1: Illustrative psychopathology-like regions in the II-E projection of the W space. The horizontal
axis represents Precision (II), and the vertical axis represents Energy (). The plotted regions are schematic
and intended only to illustrate how different classes of mental-state configurations may occupy distinct areas
in a lower-dimensional projection of the full five-dimensional ¥ space.

3.3 Variable Definitions

These dimensions are not assumed to be empirically orthogonal; rather, they are proposed as conceptually
distinguishable state variables that preserve different clinically relevant modes of variation. In the present
conceptual formulation, each dimension is treated as a continuous variable, while its precise scaling and
empirical operationalization remain to be determined.

The five variables defining the ¥ vector correspond to key components of mental organization and be-
havior.



Q) (Order)

Q) represents the coherence and stability of the internal generative model. This dimension reflects the degree
to which an individual’s self-model, world model, and temporal narrative remain internally consistent and
integrated.

High values of €2 correspond to stable identity, coherent thought processes, and consistent interpre-
tation of experience. Low values of () are associated with fragmentation of thought, instability of self-
representation, delusional belief formation, or dissociative phenomena.

Clinically, reduced {2 may be observed in schizophrenia spectrum conditions, severe dissociation, or
states involving disruption of self-world coherence.

E (Energy)

E represents the level of behavioral activation driving action generation. This variable captures motivational
intensity, exploration behavior, and the propensity to initiate actions.

High values of F correspond to heightened activity, impulsivity, or manic states, whereas low values
correspond to apathy, psychomotor slowing, and depressive states characterized by reduced behavioral ini-
tiation.

Conceptually, E relates to the activation of behavioral policies and may be interpreted in relation to
policy activation in reinforcement learning or control gain in control-theoretic models of behavior.

II (Precision)

1T represents the allocation of precision or confidence to prediction errors and sensory signals. In predic-
tive processing frameworks, precision determines the relative influence of incoming information on belief
updating.

High values of IT correspond to heightened salience attribution, hypervigilance, anxiety, obsessive atten-
tion, or aberrant assignment of meaning to stimuli. Low values correspond to reduced salience, emotional
blunting, or diminished responsiveness to environmental signals.

Altered precision allocation has been widely proposed as a computational mechanism underlying several
psychiatric conditions, including anxiety disorders and psychosis.

> (Social Coupling)

> represents the degree of coupling between an individual’s generative model and those of other agents. This
dimension captures social cognition, empathy, social referencing, and sensitivity to interpersonal feedback.
High values of ¥ correspond to strong social attunement, conformity, or interpersonal dependency. Low
values correspond to social detachment, reduced social motivation, or traits associated with autism spectrum
conditions.
From a computational perspective, X can be interpreted as the coupling strength between agents in multi-
agent generative models.

A (Learning)

A represents the capacity of the generative model to update in response to experience. This dimension
reflects belief updating, behavioral adaptation, and the flexibility with which internal models incorporate



new information.

High values of A correspond to cognitive flexibility, rapid adaptation, and responsiveness to feedback or
therapeutic intervention. Low values correspond to rigidity, persistence of maladaptive beliefs, and repetitive
behavioral patterns.

Within computational frameworks, A is related to the learning rate in reinforcement learning and to the
rate of belief updating in active inference models.

3.4 Mathematical Formulation

In the ¥ model, the psychological state of an individual at time ¢ is represented as a vector in a five-
dimensional continuous space:

U(t) = (Qt), E(t),1(t),2(t), A(t)) € R

Each dimension represents the instantaneous value of a psychological variable governing mental-state
organization and dynamics.

The dynamics of the psychological state are formulated as a gradient descent on a variational free energy
landscape, which represents the informational strain between the internal model and the environment:

¥ = —TVgF(T;0,u)

where F denotes the variational free energy, o represents environmental observations, u denotes environ-
mental inputs or perturbations, and I' is a diagonal matrix of update rates (or kinetic precisions) for each
dimension. In this formulation, the mental state U naturally evolves toward configurations that minimize
surprise and maximize model evidence.

In this formulation, the mental state W is not a static point but a dynamic trajectory. The state natu-
rally evolves toward configurations (attractor basins) that minimize surprise and maximize model evidence.
Psychiatric conditions can thus be formalized as:

1. Maladaptive Attractors: Regions of the space where the system becomes trapped, such as the rigid,
low-energy state of clinical depression.

2. Landscape Instability: A flattening of the free energy landscape (often linked to low €2), where the
mental state drifts inconsistently, as seen in fragmented or psychotic states.

Figure 2 provides an illustrative three-dimensional projection of such dynamics in the (2-II-F subspace.
In this schematic example, successive states (Vo—V4) trace a recovery-like trajectory from a more dysregu-
lated configuration toward a more stable and adaptive one. This visualization is intended only to demonstrate
how clinically meaningful change may be represented as movement through W space, rather than as a tran-
sition between fixed diagnostic categories.
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Figure 2: Illustrative recovery trajectory in a three-dimensional projection of ¥ space. The axes show Order
(£2), Precision (II), and Energy (£). Successive states (Vo—V,) represent a schematic treatment-related
trajectory, with dotted projections indicating each state’s location relative to the coordinate planes.

Environmental inputs v act as forces that shift the morphology of the free energy landscape itself, either
facilitating transitions between states (as in effective therapy) or inducing informational shocks that drive
the state toward pathological regions. By defining ¥ as a formal state vector, we move from a descriptive
taxonomy of symptoms to a dynamical systems account of mental-state transitions.

3.5 Relation to Active Inference

The ¥ model is conceptually grounded in the framework of predictive processing and active inference.
Within this framework, cognition and behavior emerge from the continuous updating of hierarchical gener-
ative models that aim to minimize prediction errors.

The ¥ vector parameters directly modulate the shape of the free energy landscape F. Specifically,
Precision (II) determines the curvature (steepness) of the landscape around sensory evidence, while Order
(92) reflects the structural integrity of the prior beliefs that anchor the landscape. Learning (A) and Energy (E)
govern the velocity and policy-selection gain, respectively, with which the system traverses this manifold.
Furthermore, Social Coupling (X) scales the influence of other agents’ generative models on the individual’s
own free energy minimization. This links clinical phenomenology to the fundamental principle of self-
organization through free-energy minimization.

By organizing these variables within a single state-space representation, the ¥ model provides an inter-
pretable framework that links clinical psychological descriptions to computational principles derived from



active inference.

4 Applications

The ¥ model may provide a useful conceptual framework for psychiatry, psychotherapy, and the analysis of
social systems. The following subsections outline several domains in which this state-space representation
may be informative.

4.1 Psychiatric Disorders

Within the ¥ framework, psychiatric conditions may be conceptualized as characteristic regions or config-
urations within the five-dimensional state space. Rather than representing disorders as discrete categories,
the model allows them to be interpreted as patterns of deviation along specific psychological dimensions.

For example, depressive states may be characterized by markedly reduced behavioral energy (low F)
together with reduced learning (low A), reflecting diminished behavioral activation and reduced responsive-
ness to environmental feedback. Manic states, in contrast, may involve elevated behavioral energy (high E)
and increased learning (high A), leading to heightened exploration and rapid belief updating.

Psychotic conditions may involve reductions in internal model stability (low €2) combined with abnormal
precision allocation (high II), potentially resulting in unstable belief formation and aberrant attribution of
salience to environmental signals. Anxiety states may correspond to elevated precision weighting (high IT),
leading to excessive vigilance toward potential threats.

By mapping psychiatric conditions into the U state space, the model provides a way to visualize rela-
tionships between disorders and to conceptualize symptom transitions as movements within this multidi-
mensional landscape. These examples are intended to be illustrative rather than diagnostic, and the same
dimension may contribute to different clinical presentations depending on its interaction with the remaining
variables.

In schematic lower-dimensional projections, some of these configurations can be visualized as partially
separable regions. Figure 1 illustrates this point in the [I-E plane, where representative psychopathology-
like configurations are shown as occupying different zones of precision and behavioral activation.

4.2 Psychotherapy

The ¥ model may also offer a conceptual framework for understanding psychotherapeutic processes. In this
context, therapy can be interpreted as an intervention that modifies the position or trajectory of an individual’s
mental state within the ¥ state space.

Different therapeutic approaches may influence different dimensions of the model. Behavioral activation
strategies may increase behavioral energy (), encouraging the initiation of adaptive actions. Cognitive
therapies may influence precision allocation (IT) by modifying the weighting of interpretations and beliefs.
Psychodynamic or narrative-based therapies may contribute to the stabilization and integration of the internal
generative model, thereby increasing order (£2).

Similarly, therapeutic learning processes may enhance learning (A), allowing individuals to update mal-
adaptive beliefs and behavioral patterns more effectively. Interpersonal therapies may influence social cou-
pling (¥) by modifying the ways in which individuals relate to and model other agents.



Within this framework, psychotherapy can be conceptualized as guiding individuals toward more adap-
tive regions of the U state space.

4.3 Social Systems

Although the ¥ model is defined at the level of individual mental states, the same framework may also
provide insights into collective and social dynamics. Human social systems can be viewed as networks
of interacting agents whose internal models influence one another through communication, imitation, and
shared beliefs.

In this context, the social coupling parameter (3) plays a central role, as it reflects the degree to which
individuals integrate information from other agents. Collective phenomena such as group conformity, po-
larization, and social contagion may emerge from interactions among individuals whose generative models
are dynamically coupled.

From this perspective, social systems may be conceptualized as higher-order dynamical structures emerg-
ing from the interactions of many agents moving through their respective W state spaces. Large-scale social
stability or instability may therefore reflect collective dynamics across these five dimensions.

S Dynamics of the U Model

The ¥ model can also be interpreted dynamically. Rather than treating mental states as static positions, the
framework allows psychological change to be described as movement through the state space in response to
internal regulation, environmental input, and social interaction.

5.1 State Dynamics

Formally, mental states are conceptualized as trajectories toward attractor basins within the W state space. A
healthy state corresponds to a flexible yet stable attractor, while psychopathology can be viewed as the system
becoming trapped in maladaptive attractors (e.g., the deep, rigid basin of depression or the fragmented,
unstable landscape of psychosis). Environmental perturbations w act by shifting the position of these basins
or altering the system’s ability to transition between them.

These dynamics may reflect regulatory processes that stabilize internal models, modulate behavioral
activation, allocate precision, regulate social engagement, and update beliefs through learning.

As illustrated in Figure 2, such trajectories can be represented as movement through a lower-dimensional
projection of the ¥ space.

5.2 Environmental Perturbations

Mental states are continuously influenced by environmental inputs. External events such as social inter-
actions, stressors, rewards, and novel experiences may perturb the system and alter the trajectory of the ¥
vector.

For example, stressful environments may increase precision weighting (II) and behavioral energy (F),
producing heightened vigilance and defensive behavior. Social support may increase social coupling (X)
and stabilize internal model coherence (§2). Therapeutic interventions may increase learning (A), facilitating
adaptive belief updating.

10



In this sense, environmental influences can be interpreted as forces acting on the W vector, altering its
position within the state space.

The influence of environmental and therapeutic conditions can also be illustrated in simplified time-
series form. Figure 3 shows schematic trajectories of Energy (F) and Precision (II) under four combinations
of Order (£2) and Social Coupling (%). In this example, higher {2 and/or higher X are associated with distinct
recovery-like profiles, suggesting that internal model stability and interpersonal support may shape the time
course of behavioral activation and salience regulation during treatment. These curves are illustrative rather
than empirical, but they highlight how changes in one subset of ¥ variables may alter the temporal evolution
of others.
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Figure 3: Illustrative time courses of Energy (F) and Precision (II) during treatment under different combi-
nations of Order (£2) and Social Coupling (32). The curves are schematic and show how differing levels of
internal stability and interpersonal support may shape recovery trajectories over time.

5.3 Multi-Agent Interactions

Human mental states do not evolve in isolation but are embedded within networks of interacting agents.
Social interaction introduces additional dynamics in which the generative models of different individuals
become coupled.

Within the ¥ framework, this interaction may be captured primarily through the social coupling variable
3. When coupling is strong, individuals may influence one another’s beliefs, emotional states, and behavioral
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policies.

At the population level, such interactions may produce collective phenomena including synchronization
of emotional states, group polarization, or large-scale social dynamics. These effects can be conceptualized
as emergent patterns arising from the interaction of many agents moving through their respective U state
spaces.

6 Discussion

This section considers the theoretical significance of the ¥ model, its relation to existing frameworks, and
its possible clinical relevance.

6.1 Theoretical Implications

A central contribution of the ¥ model is the proposal that a broad range of psychological phenomena can
be represented within a low-dimensional coordinate system. Rather than treating mental states as discrete
categories, the model treats them as positions within a continuous space defined by a small set of variables.

Such a representation may help bridge clinical psychiatry, cognitive science, and computational neuro-
science. It also provides a natural way to conceptualize psychological change, including symptom emer-
gence, transitions between affective states, and recovery processes.

This perspective is consistent with dynamical systems approaches to cognition, in which mental pro-
cesses emerge from the interaction of multiple continuously varying parameters.

The present claim is therefore limited but specific. The ¥ model is not intended to imply that all psy-
chopathology is exhaustively reducible to five variables. Rather, it proposes that five dimensions may consti-
tute a minimal candidate basis for preserving the major clinically relevant distinctions required of a dynamical
and semantically interpretable representation of mental states.

6.2 Comparison with Existing Models

Several existing frameworks describe psychological phenomena using dimensional structures. Personality
models such as the Five-Factor Model characterize relatively stable traits, while dimensional psychiatric
frameworks such as the Research Domain Criteria (RDoC) organize psychopathology across behavioral and
neurobiological dimensions.

The ¥ model differs from these approaches by being explicitly formulated as a state-space representation
of current mental state rather than a trait taxonomy. In this sense, it may serve as a conceptual bridge between
phenomenological descriptions of mental states and formal models in computational psychiatry.

6.3 Clinical Implications

From a clinical perspective, the ¥ model may offer a useful way to conceptualize psychiatric conditions
within a shared multidimensional space. It may also help in thinking about interventions, since different
treatment modalities may influence different dimensions of the ¥ vector. Although the model remains
conceptual at this stage, it may provide a basis for future empirical work aimed at operationalizing these
dimensions and mapping clinical observations onto the proposed state space.
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7 Limitations

While the ¥ model provides a conceptual framework for representing mental states within a five-dimensional
state space, several limitations should be acknowledged.

7.1 Lack of Empirical Validation

The present work primarily introduces a theoretical model. Although the dimensions proposed in the ¥
framework are motivated by concepts from active inference, psychiatry, and cognitive science, empirical
validation remains an important direction for future research.

Further studies will be necessary to determine how these variables can be operationalized and measured
in real-world psychological or clinical settings.

Preliminary exploratory mapping, including informal Al-assisted semantic classification, suggests that a
broad range of common DSM- and ICD-based diagnostic presentations can be meaningfully located within
the proposed W space. However, such exploratory alignment should be regarded as heuristic rather than
confirmatory, and systematic empirical validation remains necessary.

7.2 Parameter Estimation

Another challenge concerns the estimation of the five variables defining the ¥ vector. Psychological con-
structs such as internal model stability, precision allocation, and social coupling may not be directly observ-
able and may require indirect measurement through behavioral, cognitive, or neurobiological indicators.

Developing reliable methods for estimating these parameters will be an important step toward applying
the ¥ model in empirical and clinical contexts.

7.3 Model Simplification

The ¥ model intentionally reduces the complexity of mental states to a small number of core variables.
While this low-dimensional representation offers conceptual clarity, it inevitably simplifies the full richness
of human cognition and behavior.

Additional variables or hierarchical structures may be required to capture specific psychological phe-
nomena in greater detail.

Despite these limitations, the model provides a starting point for exploring whether a compact state-space
representation can meaningfully describe the organization and dynamics of mental states.

8 Conclusion

This paper introduced the ¥ model, a five-dimensional state-space framework for representing mental states
in relation to active inference. The model is intended as a compact and interpretable coordinate system for
describing mental-state organization and change.

Although still conceptual, the framework may support future work in computational psychiatry and re-
lated fields. Possible next steps include empirical operationalization of the five dimensions, digital-twin
approaches to longitudinal mental-state tracking, and multi-agent simulations of socially coupled psycho-
logical dynamics.
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By proposing a state-space representation grounded in active inference, the ¥ model offers a conceptual
basis for further theoretical and empirical work in psychiatry and cognitive science.
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A Appendix: Variable Summary

Variable Meaning Computational Interpretation
Q Order stability of generative model
E Energy behavioral activation
I1 Precision weighting of prediction error
z Social coupling coupling with other agents
A Learning belief update rate

Figure 4: Summary of the ¥ model variables.
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