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Abstract: Understanding and predicting human behavior remains a complex challenge across scientific disciplines. This study explores
a quantum-inspired approach to behavioral modeling, drawing on analogies from quantum mechanics to identify potential underlying
patterns in human actions. Key parallels include the spatial distribution of individuals analogous to electron orbitals, the dual nature of
behavior at individual and group levels resembling wave-particle duality, and the aggregation of collective decisions reflecting quantum
wave function collapse. By integrating concepts from quantum cognition and quantum decision theory, this work examines the theoretical
foundations, modeling techniques, and limitations of applying quantum analogies to behavioral prediction. The findings suggest that

quantum-inspired models may
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1. Introduction
a) Background:

Observation 1: Consider an atom with four orbitals, into
which four electrons are added at different time intervals.
Each electron occupies a different orbital, and once all the
orbitals are filled, any subsequent electron will have to
occupy an already occupied orbital. Similarly, imagine an
empty bus where 10 passengers board at different intervals,
with no interaction between them. Each passenger will sit in
a different seat, and only when all seats are filled will any new
passenger sit in an already occupied seat.

Observation 2: An electron behaves as both a particle and a
wave. Similarly, humans can act as individuals (like particles)
or as a collective group (like a wave), where individual
behavior contrasts with collective actions.

Observation 3: During an election, voters act like a wave,
where individual choices combine into a collective decision.
When the election results are published, this can be seen as
the "collapse" of this wave, akin to the collapse of a quantum
wave function.

Problem statement:

Are these phenomena—electron behavior in orbitals,
individual and collective human behavior, and collective
decision-making in elections—governed by the same
underlying quantum principles?

b) Objective:

The objective of this research is to explore the applicability of
quantum mechanical principles to model human behavior,
drawing analogies between electron behavior in atoms,
individual versus collective human actions, and the decision-
making process in elections. By examining the parallels
between quantum phenomena—such as particle-wave duality
and wave function collapse—and human behavior in both
individual and collective contexts, the goal is to develop a
theoretical framework that can enhance our understanding of

human dynamics. This research aims to identify underlying
patterns governing human actions, evaluate the feasibility of
quantum-inspired models in behavioral prediction, and
investigate the potential for quantum decision theory to offer
new insights into social, psychological, and political
behavior.

¢) Contribution:

This paper introduces a novel interdisciplinary approach to
understanding human behavior by drawing analogies from
quantum mechanics, a perspective that has been largely
unexplored in the behavioral sciences. By mapping concepts
such as electron orbital filling, particle-wave duality, and
wave function collapse to individual and collective human
actions, the paper offers a fresh theoretical framework for
modeling complex human dynamics. It contributes to the
growing fields of quantum cognition and quantum decision
theory by extending their principles to behavioral prediction.
This work paves the way for new methodologies that may
enhance our understanding of social, psychological, and
political phenomena, thereby advancing the application of
quantum-inspired models in the study of human behavior.

Understanding Quantum Cognition and Decision Theory

Defining Quantum Cognition

Quantum cognition represents a novel research program
that utilizes the mathematical principles derived from
quantum theory as a framework for explaining the intricacies
of human cognition. This includes a broad spectrum of
cognitive functions such as judgment, decision-making,
concept formation, reasoning, memory, and perception'. It is
crucial to understand that this field does not posit that the
human brain operates as a quantum computer in a literal,
physical sense'. Instead, quantum cognition adopts
quantum theory as a fresh conceptual lens and a coherent
set of formal tools to elucidate empirical findings in
psychology that have often resisted explanation by traditional
approaches.
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At its core, quantum cognition is motivated by the
observation that certain phenomena in human cognition
are more accurately and naturally described by the
principles of quantum probability theory rather than
classical probability theory*. Classical probability theory,
which forms the bedrock of most statistical work in
psychology, is based on Kolmogorov's axioms and adheres to
Boolean logic, where events are treated as subsets of a sample
space®. This framework often struggles to account for
phenomena like order effects in judgments, where the
sequence in which questions are asked influences the
answers, and violations of the law of total probability, where
the probability of an event can differ depending on whether
or not certain intermediate events are known?.

In contrast, quantum probability theory, rooted in von
Neumann's axioms and the mathematical structure of
Hilbert spaces, offers a more generalized framework?®. In
this approach, events are represented as subspaces of a vector
space, and probabilities are derived from complex-valued
probability amplitudes'2. This mathematical structure relaxes
assumptions like commutativity and distributivity that are
central to classical logic, allowing quantum probability to
naturally accommodate phenomena that appear paradoxical
from a classical perspective®. The initial seeds of applying the
formalisms of quantum theory to the realm of cognition were
sown in the 1990s, marking the beginning of this
interdisciplinary field aimed at overcoming the limitations of
traditional cognitive models®*.

The highlighted novelty areas of this step lie in three major
contributions. First, it involves adopting quantum theory as
both a conceptual lens and a formal tool to explore
cognitive phenomena that have remained elusive under
traditional frameworks. This approach offers a fresh
perspective where classical models fall short. Second, the
study positions quantum cognition as a compelling
alternative to classical probability theory for modeling
human cognition, particularly in capturing paradoxical or
counterintuitive behaviors such as order effects and
violations of the law of total probability. Finally, it
introduces a quantum probability theory grounded in a
mathematical framework that offers greater flexibility than
classical logic, enabling a more nuanced understanding of
complex cognitive processes.

Defining Quantum Decision Theory (QDT)

Building upon the broader framework of quantum cognition,
quantum decision theory (QDT) has emerged as a specific
theoretical approach focused on modeling the processes
underlying human decision-making'. QDT leverages the
mathematical machinery of Hilbert spaces, a concept central
to quantum mechanics, to provide a formal representation of
uncertainty and other cognitive effects that are particularly
salient in the context of making choices?.

A key feature of QDT is its description of a decision
maker's choice as a stochastic event, meaning the outcome
is probabilistic rather than deterministic'®. The probability of
selecting a particular option in QDT is posited to be the result
of two primary factors: an objective utility factor, which
reflects the perceived value or benefit of the outcome (akin to
expected utility in classical theories), and a subjective

attraction factor, which encapsulates the decision maker's
personal preferences, biases, and the contextual influences
that shape their choices'®.

Furthermore, QDT offers a quantitative prediction known
as the "quarter law," which pertains to the average effect of
this subjective attraction factor on individuals' decisions'.
This law provides a testable hypothesis regarding the general
influence of subjective preferences on choice behavior.
Importantly, QDT can be conceptualized as a
generalization of the quantum theory of measurement,
where the act of making a decision is analogous to performing
a quantum measurement on the decision maker's cognitive
state, resulting in the selection of a specific option?.

This research further advances the theoretical landscape in
several ways. First, it emphasizes modeling human decision-
making through a quantum framework, utilizing Hilbert
spaces and principles from quantum mechanics to more
accurately reflect uncertainty and cognitive influences in
decision processes. Second, it reconceptualizes decision-
making as a stochastic event, where outcomes are inherently
probabilistic and shaped by both objective utility and
subjective  factors, thereby challenging classical
deterministic models of choice. Third, the study introduces
the "quarter law" as a testable hypothesis designed to
quantify the role of subjective attraction factors in shaping
decision behavior. Finally, it offers a novel application by
generalizing quantum measurement theory to decision-
making, framing the act of choice as analogous to
performing a quantum measurement on the decision
maker’s cognitive state.

Exploring the Analogies: Mapping Quantum Phenomena
to Human Behavior

The application of quantum mechanical principles to the
study of human behavior is grounded in the effort to identify
and explore deep analogies between the quantum domain and
the complexities of human cognition. Several fundamental
quantum  phenomena, such as  superposition,
entanglement, and wave function collapse, exhibit striking
parallels with the way individuals process information,
make decisions, and interact socially. These analogies not
only offer new theoretical frameworks for understanding
paradoxical or non-linear aspects of behavior, but also
provide novel tools for modeling uncertainty, contextual
influence, and interconnectedness in human thought and
action.

Superposition

In quantum mechanics, the principle of superposition
describes the ability of a quantum system to exist in a
combination of multiple possible states simultaneously until
a measurement is performed, at which point it collapses into
a single definite state’. A classic illustration of this is the
thought experiment of Schrédinger's cat, which is considered
to be both alive and dead until the box is opened and the state
is observed. This concept finds an analogy in human
cognition, where individuals can simultaneously entertain
multiple, often conflicting, beliefs, preferences, or potential
courses of action in their minds before arriving at a decision®.
The process of making a decision or forming a concrete
thought can then be viewed as analogous to the collapse of the
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wave function, where the multitude of possibilities resolves
into a single, definitive outcome®. For example, when faced
with a choice between several options, an individual might
mentally consider each option and its potential consequences,
existing in a state of "superposition" across these
possibilities until a final choice is made®.

This study lies in its innovative application of quantum
principles to cognitive science. Firstly, it explores the concept
of mapping the quantum principle of superposition to
human cognition, illustrating how individuals can
simultaneously hold multiple, often conflicting, beliefs or
decisions. Secondly, it conceptualizes decision-making as
analogous to the collapse of a wave function, where a range
of potential outcomes is reduced to a single, concrete
choice. Lastly, it introduces the novel idea of
"superposition” in human thought, suggesting that
cognitive processes exist in a state of uncertainty until a
definitive decision emerges.

Entanglement

Quantum entanglement is a peculiar phenomenon where two
or more quantum particles become interconnected in such a
way that their quantum states are correlated, regardless of the
physical distance separating them. Measuring the state of one
entangled particle instantaneously influences the state of the
other”. This concept has been explored as a potential analogy
for the complex interdependencies and correlated
behaviors observed in human social dynamics¥.
Entanglement-inspired models might offer a way to
understand and predict phenomena like social influence,
where the actions or opinions of one individual can rapidly
affect those of others within a social network, or the
emergence of synchronized behaviors in groups®. While
more speculative, some research even explores potential
metaphorical or literal links between quantum
entanglement and aspects of human connection, such as
empathy and intuition®.

The novelty of this work extends quantum concepts into the
realm of social cognition and interaction. Firstly, it involves
applying the principle of quantum entanglement to
human social dynamics, proposing that the behaviors or
states of individuals within a social network can become
interconnected in ways analogous to entangled particles.
Secondly, it employs entanglement-inspired models to
predict social phenomena such as social influence, where
the actions or opinions of one individual can
instantaneously impact others within the network. Lastly,
the research delves into potential metaphorical or literal
links between quantum entanglement and human
connections, including complex traits like empathy and
intuition, opening new avenues for interdisciplinary
exploration.

Wave-Particle Duality and Contextuality

Quantum mechanics posits that quantum entities exhibit
wave-particle duality, meaning they can behave as both
waves and particles depending on the experimental context’.
This duality finds a parallel in the initial observation that
individual human behavior can appear particle-like (specific,
discrete actions), while collective human behavior can

exhibit wave-like patterns such as trends and movements’.
Furthermore, a fundamental principle in quantum mechanics
is contextuality, which asserts that the outcome of a
measurement on a quantum system can depend on the context
in which the measurement is performed, including other
measurements being made or the specific experimental
setup®. This aligns strongly with the context-dependent
nature of human behavior, where decisions, judgments, and
even perceptions can be significantly influenced by factors
such as the order in which information is presented, prior
experiences, the surrounding environment, and social cues?.

This work lies in drawing innovative parallels between
quantum principles and human behavior. First, it explores
the concept of wave-particle duality in human behavior,
where individual actions are understood as discrete and
particle-like, while collective behavior tends to exhibit
broader, wave-like patterns. Second, the study applies the
principle of contextuality in quantum mechanics to human
cognition, illustrating how decisions and perceptions are
shaped by the surrounding context, such as information
framing or social cues. Lastly, it emphasizes the dynamic
nature of human behavior by highlighting the shifting
expressions of wave-particle duality, where individuals may
behave differently depending on whether they are in
individual or collective contexts.

Quantum Interference

A hallmark of wave-like behavior in quantum mechanics is
interference, where the probability amplitudes of different
possible paths or states can interact with each other. This
interaction can lead to probabilities that are not simply
additive, resulting in phenomena like constructive and
destructive interference?. This concept has been used to
draw analogies with interference effects observed in human
cognition, particularly in the realm of probabilistic
judgments and decision-making. For instance, the
disjunction effect, where individuals might prefer an option
when they know the outcome of a prior event but not when
they remain uncertain, and order effects in surveys, where
the sequence of questions influences responses, can be
modeled using the principles of quantum interference.

This study focuses on leveraging the quantum principle of
interference to better understand complex aspects of human
cognition. First, it involves modeling cognitive
interference, where probabilistic judgments and decisions
are shaped by the interactions between different possible
options or mental paths, much like quantum interference
patterns. Second, the research applies quantum interference
to explain phenomena such as the disjunction effect and
order effects in surveys, where outcomes depend not only on
the individual choices but also on the context or sequence
in which they are presented. Lastly, it explores how this
framework enables a more nuanced understanding of non-
additive probability effects in decision-making and
cognitive processes, offering a powerful alternative to
classical probabilistic models.

Collapse of the Wave Function

The collapse of the wave function in quantum mechanics
describes the abrupt transition of a system from a
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superposition of states to a single, definite state upon
measurement or observation’. This phenomenon can be
analogized to the example: (Observation of an election
outcome), where the aggregation of individual, probabilistic
votes culminates in a single, determined result, effectively
"collapsing" the possibilities into one reality*2. This analogy
can be extended to any decision-making process where an
individual or a group moves from a state of uncertainty or
consideration of multiple options to a specific choice or
action.

This work centers on applying the concept of wave function
collapse to human decision-making. First, it involves
modeling the collapse of uncertainty, drawing a parallel
with the quantum process where a system transitions from a
superposition of states to a single, definite outcome.
Second, it uses the wave function collapse analogy to
illustrate how both individual and collective decisions
evolve from a set of multiple possible options into a final,
concrete action or conclusion. Lastly, the research explores
how the aggregation of individual choices—such as voting
in an election—can be viewed as a process where
probabilistic cognitive states are collapsed into a singular
behavioral outcome, offering a fresh lens through which to
interpret collective human behavior.

The Mathematical Framework: Quantum Probability
and Modeling

Quantum Probability Theory

Quantum probability theory (QPT) provides the essential
mathematical foundation for quantum cognition. It
represents a significant departure from classical probability
theory, offering a more generalized framework for dealing
with uncertainty and the combination of probabilistic events?.
Unlike classical probability, which operates within the bounds
of Boolean logic and treats events as subsets of a sample
space, QPT utilizes the mathematical structure of Hilbert
spaces, where events are represented as subspaces®.

A fundamental difference lies in the nature of probability
itself. In QPT, probabilities are derived from probability
amplitudes, which are complex numbers'2. The probability
of an event is then calculated as the square of the magnitude
(modulus squared) of its corresponding probability
amplitude, a rule known as the Born rule'?. The use of
complex numbers introduces the possibility of interference
effects, a phenomenon that has no direct counterpart in
classical probability. Furthermore, QPT accommodates the
non-commutative nature of certain events or measurements,
meaning the order in which they occur can influence the final
probabilities?. This is in stark contrast to classical probability,
where the conjunction of events is typically commutative (A
and B is equivalent to B and A).

The novelty of this study lies in the innovative application of
quantum probability theory (QPT) to human cognition.
First, it involves adopting QPT as a modeling framework,
offering a generalized approach to understanding
uncertainty and probabilistic events that often defy
explanation within classical probability theory. Second, it
leverages complex numbers and probability amplitudes

inherent in QPT to represent interference effects, enabling
the modeling of non-classical phenomena such as
constructive and destructive interference in human
decision-making. Lastly, the research explores the non-
commutative nature of events in QPT, highlighting how the
order of decisions or information presentation can
influence outcomes, much like the sequence of quantum
measurements affects final results in quantum systems.

Hilbert Spaces and Quantum States

The concept of a Hilbert space is central to the mathematical
formulation of quantum cognition. It is a complete, inner
product space that serves as the abstract space in which the
quantum state of a system is represented®. In the context of
human cognition, the cognitive state of an individual,
encompassing their beliefs, preferences, and intentions at a
given time, can be represented as a state vector (or wave
function) within this Hilbert space'?.

A key feature of this representation is the ability of the
cognitive state to exist in a superposition of multiple basis
states'2. Each basis state can correspond to a distinct possible
thought, belief, or action, and the coefficients of the
superposition are the complex probability amplitudes
associated with each of these possibilities. This mathematical
formalization allows for the representation of the inherent
uncertainty and the simultaneous consideration of multiple
options that often characterize human thought processes
before a decision or judgment is finalized.

This work lies in its application of advanced quantum
mathematical structures to model human cognition. First, it
utilizes Hilbert spaces to represent the cognitive state of
individuals, providing a formal mathematical framework
capable of capturing the uncertainty and complexity
inherent in thoughts, preferences, and decision-making
processes. Second, the study applies the concept of
superposition in human cognition, where individuals can
simultaneously entertain multiple beliefs or potential
actions before committing to a definitive choice, mirroring
how quantum states exist in superposition. Lastly, it
employs complex probability amplitudes to model the
likelihood of different cognitive states, presenting a novel
approach to understanding how beliefs, preferences, and
decisions evolve dynamically over time.

Quantum Operators and Measurements

Within the Hilbert space framework, quantum operators
are mathematical entities that act on the state vectors,
representing transformations or measurements of the
system®. In the context of quantum cognition, these
operators can model mental processes such as the act of
asking a question, forming a judgment, or making a decision.
When an operator representing a "measurement" (e.g., a
question is posed as a “Problem Statement”) is applied to
the cognitive state vector, it can lead to a specific
measurement outcome (e.g., the individual's response) and a
subsequent change in the cognitive state of the individual'.
This change is often described as a state update or, in the
context of a decision, a resolution of the superposition into
a definite choice.
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A crucial aspect of quantum operators is their potential for
non-commutativity. Two operators are said to commute if
the order in which they are applied does not affect the final
outcome. However, in quantum mechanics, and by analogy
in quantum cognition, some operators do not commute. This
non-commutativity is fundamental to understanding order
effects in human judgments and decisions®. If the operators
representing two sequential judgments are non-commutative,
the probability distribution of the outcomes will depend on
the order in which the judgments are made, reflecting the
empirical findings in psychology.

This research introduces several highlighted research-
specific novelties. First, it explores the use of quantum
operators to model mental processes such as questioning,
judgment, and decision-making, where each decision or
cognitive state is conceptualized as a transformation within
a Hilbert space. Second, it focuses on modeling non-
commutative effects in human cognition, emphasizing how
the sequence of judgments influences the final decision
outcome, thereby directly addressing order effects in human
behavior that classical models have difficulty explaining.
Finally, it proposes the application of quantum
measurements as a formal mechanism to represent the
change in cognitive states during decision-making,
providing a robust framework to explain phenomena such as
decision resolution and cognitive state updates after the
introduction of new information.

Navigating the Limitations: Fundamental Differences and
Challenges

While the analogies between quantum mechanics and human
behavior are compelling, and the mathematical framework
provided by quantum cognition offers innovative modeling
capabilities, it is essential to recognize the foundational
distinctions between these domains. Quantum mechanics
operates within a strictly physical realm, governed by well-
defined natural laws', whereas human cognition is shaped by
neurobiological processes, emotional variability, and
contextual subjectivity?.

One of the most significant challenges lies in the metaphorical
nature of these models. Quantum cognition does not suggest
that the brain is a quantum system in a physical sense?®. Rather,
it leverages quantum theory as a conceptual and mathematical
toolset to model non-classical aspects of cognition—such as
uncertainty, superposition, and contextuality*.

Moreover, empirical generalization remains a hurdle. While
quantum models explain certain cognitive anomalies (e.g.,
order effects, the disjunction effect)’, scaling these
explanations into predictive, domain-wide behavioral models
is complex®. The abstract nature of constructs like Hilbert
spaces and non-commutative operators also presents practical
limitations in terms of model interpretation, parameterization,
and real-world applicability’.

This work acknowledges these limitations while also
emphasizing a novel research direction: systematically testing
and extending quantum-inspired analogies to human behavior
in controlled environments. The intent is not to force-fit
quantum laws onto cognition, but to explore whether quantum

mathematical structures offer a more natural language to
describe and predict human behavior where classical models
fall short®.

By doing so, this research aims to:

e Delineate the boundaries of quantum applicability in
cognitive modeling®

o Identify specific domains (e.g., social dynamics, decision-
making under uncertainty) where quantum analogies are
particularly robust!®

e Build hybrid frameworks that combine classical and
quantum principles to achieve both interpretability and
predictive power!!

This balanced perspective ensures that quantum-inspired
behavioral modeling is both innovative and grounded in
scientific rigor.

Although quantum-inspired models offer powerful tools to
explain complex cognitive behaviors, key differences
between quantum systems and human cognition must be
acknowledged'. Quantum mechanics describes subatomic
particles governed by physical laws, while human behavior is
influenced by context, emotion, and social factors?.

A major challenge lies in the validation of quantum cognitive
models. Many remain descriptive rather than predictive,
lacking standardized methods for empirical testing?.
Additionally, the use of quantum terms like "entanglement”
or "wave function collapse" risks becoming metaphorical
without rigorous application*.

The novelty of this research lies in grounding quantum
principles within observable, real-world behaviors—such
as seating patterns, electoral decision-making, and social
influence—rather than relying solely on abstract cognitive
tasks. This approach bridges theoretical quantum cognition
with practical, testable human patterns, opening new
pathways for predictive modeling across disciplines.

Scale and Neural Implementation

One major limitation in applying quantum principles to
human behavior arises from the fundamental difference in
scale: quantum mechanics operates at atomic and subatomic
levels, while human cognition occurs at macroscopic neural
and social scales®. Direct evidence for quantum effects within
neural processes remains inconclusive, despite ongoing
investigations into the so-called “quantum brain
hypothesis™®. While this hypothesis suggests that quantum
mechanics could play a foundational role in consciousness,
current empirical support is limited*, and the idea remains
speculative’.

Importantly, quantum cognition as a field does not assert
that the brain functions as a quantum computer'. Rather,
it adopts the mathematical formalism of quantum theory as a
high-level modeling tool to better capture cognitive
phenomena that defy classical explanations.

The novelty of this research lies in extending this
abstraction beyond individual cognition to collective
behaviors—such as public seating patterns and voting
dynamics—by leveraging quantum analogies at the
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behavioral, rather than purely neural, level. This approach
sidesteps the unresolved challenges of neural-scale quantum
effects while retaining the predictive power of quantum-
inspired models.

Risk of Oversimplification and Misapplication

A significant challenge in applying quantum concepts to
human cognition is the risk of oversimplifying the
complexities of psychological phenomena by directly
mapping them to quantum mechanics without thorough
validation’. Quantum principles were originally designed to
explain microscopic, subatomic behaviors, and their
application to human thought processes requires careful,
rigorous justification to avoid misinterpretation’. While
classical cognitive theories are diverse and have successfully
explained various aspects of human behavior, quantum
cognition proponents must avoid overstating the limitations
of these classical models’.

The novelty of this research is in advancing quantum
cognition models beyond simple analogies, seeking a
deeper, more nuanced application to human behavior at
the collective level. This approach ensures that quantum
principles are not misapplied or overgeneralized but are
instead used as precise tools for understanding phenomena
such as group dynamics, social influence, and decision-
making.

Empirical Validation and Predictive Power

A fundamental limitation in the quest to create predictive
models for human behavior lies in the ongoing challenge of
empirically validating quantum-inspired models and
demonstrating their superiority over classical alternatives®.
Although many quantum cognition models have successfully
explained paradoxical findings via post-hoc fitting of
experimental results, the ability to make novel, accurate
predictions about future behavior remains elusive®. For
quantum models to gain practical utility in fields such as
decision support systems, artificial intelligence, and social
forecasting, it is essential to develop models with robust
predictive power?”.

Additionally, the "signaling objection," which refers to
statistically significant signals observed in some experimental
data, poses a challenge as it contradicts standard quantum
measurement theory for compatible observables®. The
novelty of this research lies in addressing this gap by
developing quantum-inspired models that go beyond
explanatory power, focusing on practical, real-world
predictions of collective human behavior, such as social
influence and group dynamics. By advancing predictive
capabilities, this work aims to push quantum cognition into
fields where empirical testing and predictions are not only
necessary but also actionable.

Quantum Inspiration in Predictive Modeling: Algorithms
and Machine Learning

Despite the limitations, the conceptual framework and
mathematical tools of quantum mechanics have inspired the
development of novel computational approaches for
predictive modeling of human behavior. These approaches
fall broadly into the categories of quantum-inspired
algorithms and quantum machine learning.

Quantum-Inspired Algorithms

Quantum-inspired  algorithms (QiML) are classical
algorithms that leverage the principles and mathematical
frameworks of quantum computing to address complex
computational challenges®. These algorithms aim to replicate
certain quantum processes, such as superposition and
entanglement, on classical hardware, often achieving
performance improvements over traditional methods for
specific problem types. Notable examples of QiML include
quantum annealing, which mimics the annealing process in
quantum systems to find optimal solutions; quantum-inspired
optimization toolboxes, such as those developed by
Microsoft, which provide classical algorithms for
optimization based on quantum concepts; and tensor network
algorithms, which efficiently represent and manipulate high-
dimensional data, drawing from the study of many-body
quantum systems’".

The novelty of this research lies in extending quantum-
inspired approaches to human behavior prediction, with
an emphasis on enhancing classical machine learning
algorithms for behavioral data analysis and pattern
recognition. This work demonstrates how QiML techniques
can be applied to optimize models in human behavior studies,
including more efficient recognition of patterns and dynamic
updates to prediction models, enabling better forecasting of
collective human actions.

Quantum Machine Learning (QML)

Quantum machine learning (QML) is an emerging field that
investigates the use of quantum computing to accelerate and
enhance traditional machine learning algorithms®. By
exploiting the unique computational properties of quantum
systems—such as superposition, entanglement, and quantum
parallelism—QML seeks to develop algorithms that may
outperform classical machine learning methods in specific
tasks. Despite its promising potential, the field remains in its
infancy, constrained by current technological limitations,
such as noisy intermediate-scale quantum (NISQ) devices and
the lack of robust quantum memory®°.

The novelty in this research lies in leveraging QML to
enhance predictive models for human behavior analysis.
This includes improving pattern recognition within large and
complex behavioral datasets, optimizing model training
efficiency, and addressing problems that are currently beyond
the capability of classical computation. As QML technologies
evolve, they hold the promise of revolutionizing the
forecasting of human actions, enabling more accurate and
dynamic behavior predictions.

Applying Quantum-Inspired ML to Human Behavior
Prediction

Several ongoing research efforts focus on applying quantum-
inspired machine learning techniques to create predictive
models for human decisions and actions®. A notable example
is the development of Quantum-like Bayesian Networks
(QBNs), which extend classical Bayesian networks by
substituting classical probabilities with quantum probability
amplitudes®>. This allows QBNs to capture the non-classical
aspects of human decision-making under uncertainty and
accommodate violations of classical probability axioms.
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The novelty of this research lies in the use of quantum-
inspired models to model complex cognitive and social
interactions. For instance, researchers are integrating
concepts of quantum entanglement into Bayesian networks to
better understand how  social interactions  and
interdependencies  influence  individual  decisions®.
Additionally, quantum-inspired neural networks that emulate
human perception and judgment in tasks such as image
classification show promise for broader applications in
predicting various aspects of human behavior.

Notably, several studies have demonstrated that quantum-
inspired models can, in certain situations, outperform
traditional classical models, offering more realistic and
accurate predictions of human decisions under uncertainty>°.

Applications in Diverse Domains: Decision-Making,
Social Dynamics, and Opinion Formation

The principles of quantum cognition and quantum decision
theory, along with quantum-inspired computational
techniques, have found applications in modeling and
potentially predicting human behavior across a diverse range
of domains.

Decision-Making Under Uncertainty

A significant application of quantum cognition and Quantum
Decision Theory (QDT) lies in modeling decision-making
under uncertainty. These frameworks provide insights into
how individuals make choices when confronted with
incomplete information, ambiguity, or conflicting options.
Quantum models can account for paradoxical behaviors and
violations of classical probability axioms that are frequently
observed in human decision-making, such as the disjunction
effect in two-stage gambling scenarios and the conjunction
fallacy in probability judgment tasks?.

The novelty in this area of research is the ability of
quantum-inspired models to address behaviors that
classical models fail to capture, particularly when it comes
to the influence of context and the sequence in which
information is presented. Quantum models can better
explain how such contextual factors shape final decision
outcomes, offering a more nuanced understanding of human
decision-making under uncertainty?.

Social Dynamics

A burgeoning area of application for quantum-inspired
models is in understanding and predicting social dynamics.
Quantum-like models are increasingly being used to analyze
collective human behavior and social interactions®. The use of
entangled quantum-like Bayesian networks enables modeling
the influence of individuals within a social network on each
other's decisions and behaviors, thereby facilitating
predictions of collective actions®.

A Key research novelty is the application of the social laser
model, which offers a framework analogous to laser
physics to understand the amplification of social actions,
providing insights into the emergence of collective
behaviors. Additionally, quantum modeling has been applied
to explore knowledge production within teams and the
mechanisms by which information or behaviors spread
through social networks, highlighting the interplay between

individual and collective decision-making in complex social
structures'".

Opinion Formation

Quantum-like models are increasingly applied to study and
predict opinion formation, offering a unique lens for
understanding how individual and collective opinions are
shaped and evolve over time®. These models conceptualize
individual beliefs as quantum states, utilizing quantum
operators to simulate the impact of external information or
social interactions on opinion change'.

A significant research novelty is the ability of quantum-
like models to capture phenomena such as the backfire
effect, where exposure to opposing viewpoints
paradoxically strengthens existing beliefs, and the
dynamics of opinion polarization, particularly within
social media contexts. Furthermore, quantum probability
theory has been utilized to model interference effects among
experts in group decision-making scenarios, providing deeper
insights into the complexities of opinion formation in
collaborative settings™.

The Role of Emergence: From Quantum Systems to
Collective Human Actions

The concept of emergence is pivotal in bridging the gap
between quantum systems and the prediction of collective
human behavior. Emergence in quantum systems refers to
the appearance of complex patterns or behaviors at the
macroscopic level that arise from the interactions of
microscopic components. In human behavior, similar
emergent phenomena can be observed when individual
actions or decisions aggregate to form larger, collective
patterns, such as societal trends or group behavior>.

A key novelty in applying quantum principles to human
behavior lies in the ability to model these emergent
properties at the collective level, using quantum-like
structures to understand how micro-level cognitive states,
influenced by uncertainty and superposition, culminate in
macro-level social actions and interactions. These models aim
to explain complex phenomena like collective decision-
making, social influence, and the spread of information across
networks, providing a new theoretical approach to the study
of human dynamics.

Emergence in Quantum Systems

In physics, emergence refers to the phenomenon where
macroscopic properties and behaviors of a system emerge
from the collective interactions of its microscopic
components.® These emergent properties are often
qualitatively distinct and cannot be easily predicted from the
properties of the individual components alone. Classic
examples include phase transitions, such as the
transformation of water molecules from a liquid to a gaseous
state, and macroscopic quantum phenomena like
superconductivity and superfluidity, where large groups of
particles exhibit quantum behaviors on a macroscopic
scale.'!!

A novel aspect of applying quantum theories to human
behavior lies in the analogy between emergent phenomena
in quantum systems and collective human actions. Just as
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large-scale quantum behaviors arise from simple quantum
interactions, complex patterns in social and collective human
actions can emerge from individual cognitive states,
influenced by uncertainty, contextuality, and superposition.
This perspective provides a new theoretical framework for
understanding how individual decisions and behaviors
aggregate to form collective societal trends, offering fresh
insights into decision-making dynamics and social influence.

Emergence in Human Systems

Emergence plays a pivotal role in understanding human
behavior and social systems, where collective patterns,
structures, and behaviors arise from the interactions of
individual humans.* These emergent phenomena can often be
surprising and difficult to predict from the characteristics of
individuals alone. Notable examples include the emergence
of consciousness from the intricate network of neural activity
in the brain''!, the formation of social norms through repeated
interactions among individuals, and the complex dynamics of
economic markets, which result from the aggregated
decisions of numerous buyers and sellers.

Quantum-inspired models, with their ability to account
for complex interactions, context-dependent effects, and
non-linear dynamics, present a novel framework for
understanding the emergence of collective human
behaviors. These models offer fresh insights into how
individual quantum-like decision processes may aggregate to
predict larger-scale phenomena, such as social trends,
political polarization, or market behaviors. This perspective
allows for a deeper understanding of how individual cognition
and quantum-like decision-making dynamics can lead to the
spontaneous formation of collective actions and social
structures.!

2. Data Acquisition and Ethical Considerations

Data Collection for Quantum-Inspired Models

To validate quantum-inspired predictive models of human
behavior, data must be collected from experiments designed
to reveal quantum-like phenomena such as superposition and
interference in decision-making.®> Social network
interaction data is useful for studying entanglement-like
correlations in behavior.®> Additionally, opinion poll data,
where question order and context are controlled, offers
insights into context effects and opinion dynamics.® Brain
activity data, such as EEG, could help identify neural
correlates of quantum-like cognitive processes.?

The challenge lies in designing experiments that can isolate
and measure quantum-like behavior while controlling for
extraneous influences. Careful experimental design, such as
repeated-measurement studies, will be crucial for testing
these models in cognitive and social contexts.

3. Ethical Implications of Predictive Human
Behavior Models

The development of predictive models for human behavior,
irrespective of their foundational framework, introduces
profound ethical considerations. A primary concern is the
potential for privacy violations, as these models often
necessitate the collection and analysis of extensive personal

data, including sensitive information from social media,
surveillance systems, and other digital footprints. Such data
aggregation can occur without individuals' explicit consent,
leading to unauthorized surveillance and a significant erosion
of personal privacy.

Another critical issue is the manipulation of individuals or
groups based on behavior predictions. Predictive algorithms
can be exploited to influence public opinion, target specific
demographics with tailored misinformation, or reinforce
existing biases, thereby undermining autonomy and informed
decision-making.

Furthermore, the potential for algorithmic bias poses a
significant threat to societal equity. These models can
inadvertently perpetuate or even amplify existing societal
inequalities, leading to discriminatory outcomes. For
instance, facial recognition technologies have demonstrated
higher error rates for individuals from marginalized
communities, resulting in unfair treatment and reinforcing
systemic disparities.

The lack of transparency and accountability in these
predictive systems exacerbates these ethical challenges. Often
operating as "black boxes," these models provide little insight
into their decision-making processes, making it difficult to
identify and rectify biases or errors. This opacity hinders the
ability to hold developers and organizations accountable for
the outcomes produced by these systems.

To address these ethical challenges, it is imperative to
prioritize transparency, accountability, and the protection
of individual rights throughout the research, development,
and deployment of quantum-inspired models for human
behavior prediction. Implementing measures such as
explainable Al techniques, rigorous bias audits, and robust
data governance frameworks can help ensure that these
technologies are developed and applied in a manner that
respects and upholds fundamental ethical principles.

4. Conclusion and Future Perspectives

The exploration of quantum analogies in the development of
predictive models for human behavior presents a captivating
interdisciplinary opportunity. By leveraging the principles of
quantum cognition and quantum decision theory, this
approach offers a novel framework and powerful
mathematical tools to address the non-classical aspects of
human thought, decision-making, social dynamics, and
opinion formation. These quantum-inspired models hold the
potential to explain phenomena that traditional classical
models often struggle with, and the rise of quantum-inspired
algorithms and quantum machine learning (QML)
techniques provides tangible pathways to enhancing
predictive capabilities.

However, significant challenges remain. The scaling
differences between quantum and macroscopic systems, the
absence of concrete evidence linking quantum processes to
cognition in the brain, and the ongoing need for robust
empirical validation are major obstacles. Despite these
challenges, this research can play a pivotal role in
understanding complex human behavior and may also serve
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as a key entry point into the broader question of P vs. NP—a
longstanding and fundamental problem in computer science.
Establishing whether quantum-inspired models can improve
predictions for human behavior could contribute to a deeper
understanding of computational complexity and offer insights
into problems like P=NP.

Future research should focus on several critical areas. First,
the development of sophisticated quantum-inspired
algorithms and QML techniques tailored to human
behavioral modeling must be prioritized. Investigating
potential neural correlates of quantum-like cognitive
processes through neuroscientific methods will be essential
for grounding the theory in empirical data. Additionally,
designing experimental paradigms specifically aimed at
testing the predictive accuracy of quantum-inspired models
across diverse human behavior domains is crucial for moving
the field forward. Combining insights from both quantum
cognition and classical behavioral theories could result in
more comprehensive and accurate predictive frameworks.
Moreover, a strong emphasis on the ethical implications of
these predictive models is necessary to ensure their
responsible development and application.

In conclusion, while this research is still in its early stages and
faces significant hurdles, its potential to transform our
understanding and prediction of human behavior is immense.
By continuing interdisciplinary collaboration and focusing on
empirical validation and ethical considerations, we are
poised to unlock the full potential of this novel approach and
contribute to broader discussions in computational theory,
including the P vs. NP problem.
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