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Abstract

Quantum probability theory, originally developed in the context of quantum mechanics,
has increasingly been applied to social sciences to explain decision-making, cognition, and
collective behavior. Unlike classical probability models, which assume pre-existing and well-
defined preferences, quantum models incorporate superposition, interference, and non-commu
tativity to capture the contextual dependence and measurement effects observed in human
decisions. This paper systematically explores the theoretical foundations of quantum probabil-
ity in social sciences, discusses model construction techniques, and reviews empirical findings
supporting its application. By examining case studies in quantum cognition, quantum game
theory, and quantum voting, we illustrate how quantum approaches provide alternative ex-
planations for phenomena such as order effects, measurement-induced attitude shifts, and col-
lective polarization. The paper also discusses the methodological challenges and limitations
of quantum social science, emphasizing the need for rigorous experimental validation and
interdisciplinary collaboration. Finally, we highlight the potential for integrating quantum
probability models with emerging technologies such as quantum computing and artificial

intelligence, opening new avenues for social science research and policy applications.
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1 Introduction

1.1 Research Background and Problem Statement

1.1.1 Limitations of Traditional Decision Theories and Classical Probability in the Social Sci-

ences

Since the emergence of Expected Utility Theory proposed by John von Neumann and Oskar
Morgenstern, the “rational agent” assumption has long been a cornerstone in economics, po-
litical science, and other social science disciplines. Under this theoretical framework, decision-

makers are assumed to be perfectly rational and fully capable of processing information, with their
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decisions formulated through classical probability-based models. However, in real social envi-
ronments, which are rife with uncertainty and constant change, individuals and organizations
rarely exhibit strictly “rational” behavior.

From the perspective of psychology and behavioral economics, Daniel Kahneman and Amos
Tversky have demonstrated through extensive experiments that humans exhibit systematic biases
when facing risk and uncertainty. Phenomena such as loss aversion, anchoring effects, and fram-
ing effects indicate that decisions are not simply linear weightings of objective probabilities but
are shaped by contextual, emotional, and cognitive cues. Classical probability assumes events to
be independent and additive, while social decision-making often shows strong order effects, ref-
erence dependence, or rapid subjective shifts in judgment. Under these complexities, traditional
models often fall short in both explanatory and predictive power.

In sociology and political science, researchers frequently employ classical probabilistic meth-
ods to forecast group intentions or social dynamics. However, when the analysis involves multi-
group interactions, collective identity, or surging public opinion, group sentiments and cogni-
tive states are rarely independent; they can interfere with or reinforce one another. Therefore,
outcomes derived from classical probability-based approaches may significantly deviate from
observed social realities. Consequently, new methodological frameworks are urgently needed
within the social sciences—ones that are more flexible and can capture dynamic interactions and

interdependencies.

1.1.2 The Rise of Quantum Probability and Its Intersection with Social Science

Quantum probability was originally formulated within the theoretical framework of quantum
mechanics to address uncertainty and superposition states that arise during measurements of mi-
croscopic particles. In contrast to classical probability, quantum probability treats events as po-
tentially non-independent, determined by the “quantum state” of the system. Features such as
state superposition and post-measurement collapse underpin a novel perspective on system be-
havior. The key insight for social science is that an individual’ s (or group’ s) “psychological
state” or “decision inclination” may not be a fixed entity but instead reside in a more ambiguous,
indeterminate, or even superimposed state. Only upon measurement—in other words, when
external factors prompt a decision—does the state collapse into a specific choice.

Quantum cognition and quantum decision theories extend quantum probabilistic concepts
into the study of human cognition and behavior, focusing on how contextual dependence, in-
terference effects, and order effects can explain experimental results that are inexplicable within
classical frameworks. Some scholars argue that a quantum probability model more naturally cap-
tures the relationship between the “potential” of mental states and the “observed” outcomes. This
approach could help elucidate why “measurement processes” (such as survey questions or situa-
tional cues) themselves shift attitudes and preferences. While these insights need rigorous testing,

they offer a potentially transformative framework for social science research.
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Parallel to this, quantum game theory brings quantum mechanics concepts such as super-
position and entanglement into strategic contexts, expanding the strategy space beyond classical
dichotomies like “cooperate vs. defect” or “vote vs. abstain.” Though much of this work remains
theoretical, it has profound implications for social cooperation, conflict resolution, and macroe-
conomic mechanisms. Particularly for multi-agent environments with asymmetric information
and evolving orders of play, quantum interference models may capture behavioral nuances over-
looked by classical game theory.

In short, quantum probability intersects with social sciences at the point of “non-classical
probability phenomena,” offering a refined lens for representing human cognition, contextual
influences, and the dynamic interplay of multiple agents. This synergy has the potential to provide

innovative tools for understanding complex social behaviors and interactions.

1.2 Research Significance
1.2.1 Exploring the Potential Advantages of Quantum Probability in Social Behavior Modeling

Quantum probability theory displays unique strengths in characterizing uncertainty and sys-
tem evolution. It may be particularly well-suited for tackling well-known problems in the social
sciences, such as contextual dependence, measurement sensitivity, and order effects. On one
hand, superposition states in quantum probability can describe how individuals maintain mul-
tiple, sometimes conflicting, attitudes before making a definite choice; on the other hand, the
inclusion of interference terms can account for the contextual interplay that shapes the decision
process. By employing quantum probability, social scientists may construct models that better
align with actual human thinking, striking a more effective balance between predictive power
and explanatory richness.

For instance, in public policy analysis, conventional policy-evaluation models typically assume
that citizens or stakeholders hold stable and clearly measurable attitudes toward a particular policy.
Yet, for many public issues—such as environmental protection, welfare reform, and educational
resource allocation—citizens may not have well-defined positions. Instead, they often form their
attitudes upon receiving specific information or being asked for an opinion. Quantum probability
frameworks can potentially describe such latent “superposed states” that collapse into one defined

response upon “measurement,” providing a plausible account for rapid shifts in public attitudes.

1.2.2 Identitying the Insights of Quantum Probability Models for Understanding Complex Hu-

man Decisions and Behaviors

For decades, researchers in the social sciences have sought models that integrate rational and non-
rational elements, as well as static and dynamic perspectives. By incorporating unique attributes
from quantum probability such as interference and state collapse, quantum decision models offer
a path to capturing the nuanced ways that people might navigate multiple mental pathways before

settling on a decision under particular contexts.
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This perspective is equally impactful for studying group behaviors and social interactions.
Public opinion often exhibits large-scale swings, with attitudes coalescing or fracturing rapidly
in response to sudden events or media coverage. Employing quantum probability concepts such
as entanglement and interference might yield deeper insights into how one group’ s stance in-
fluences another’ s, shedding light on synchronized or resonant effects. In short, quantum prob-
ability models could significantly deepen our theoretical and practical understanding of how col-

lective behaviors emerge and evolve, both at micro (individual) and macro (societal) levels.

1.3 Literature Review

1.3.1 Constraints of Classical Probability and Expected Utility Theory in Social Science Appli-

cations

Expected Utility Theory holds a venerable position in early economic research, admired for its el-
egant approach to describing decision-making. However, phenomena such as the Allais Paradox
and the Ellsberg Paradox have cast doubt on its universal applicability. Prospect Theory, pro-
posed by Kahneman and Tversky, modifies the utility function and includes probability weight-
ing to account for individuals’ differing sensitivities to gains and losses as well as their aversion
to ambiguity. Despite these advancements, Prospect Theory still rests on a classical probability
framework where additivity and independence assumptions remain largely intact. As a result, it
struggles to fully capture decision-making in multi-stage or multi-agent contexts.

In political science, sociology, and management research, classical probability models face
similar shortcomings. They typically assume that an individual’ s or group’ s attitude is pre-
established and can be reliably “measured.” Yet, empirical studies show that people’ s responses
vary widely due to questionnaire ordering, linguistic framing, environmental cues, and other
contextual factors. Such “contextual effects” suggest that the stable, separable distributions as-
sumed by classical probability may not hold for multi-faceted, real-world social decision-making

processes.

1.3.2 Progress in Behavioral Economics and Cognitive Psychology on Non-Rational Decision-
Making

Behavioral economics, led by pioneers like Kahneman and Tversky, has unveiled the systematic
ways in which human decisions deviate from rational models. Individuals’ judgments are heavily
influenced by heuristics and biases, exhibiting asymmetric risk preferences when confronted with
gains versus losses. This body of work has profoundly enriched the study of decision processes and
spurred the growth of subfields such as behavioral finance and behavioral political science. Still,
most research in these areas essentially “amends” rational models from within a classical proba-
bility framework, adding layers of empirical corrections to accommodate observed deviations.
Meanwhile, cognitive psychologists studying memory, information processing, and reasoning

have discovered that consciousness is not a simple aggregator of external signals but a dynamic
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cognitive network. The order of questions, context changes, and previously activated cognitive
nodes can all subtly alter subsequent judgments. Classical probability models often struggle to

handle such “non-commutative measurements,” revealing a critical theoretical gap.

1.3.3 Existing Achievements and Controversies in Quantum Cognition and Quantum Game

Theory

In response to these challenges, quantum cognition research has gained momentum over the
past two decades. Scholars such as Jerome Busemeyer and Peter Bruza have shown through ex-
periments and mathematical modeling that quantum probability outperforms classical models in
explaining certain phenomena that feature strong order effects or interference effects. For in-
stance, in sequential questioning where respondents are asked multiple but interrelated questions,
the order of questioning can drastically alter response distributions, which can be modeled by
rotations and projections in quantum state vectors.

Quantum game theory, another emerging line of inquiry, has also generated interest. Re-
searchers like Eisert and others have introduced superposition and entanglement into game strate-
gies, allowing strategy spaces to expand beyond the simple classical “cooperate-defect” or “vote-
abstain” framework. Though much of the work remains theoretical, it proposes the possibility
of new equilibria and incentive structures. If validated in social contexts, such quantum-inspired
formulations could offer fresh perspectives on how collective action and conflict are organized.

Nonetheless, quantum cognition and quantum game theory face ongoing debates. Some
scholars question whether genuine physical “quantum states” or “entanglement” can truly exist
in macro-level social systems. Even if the mathematical form of quantum models explains certain
experiments more effectively, it does not necessarily confirm that the human brain or social groups
operate in a genuinely “quantum” manner. Therefore, the broader value of quantum theory in
social science lies in its provision of a more flexible and abstract probabilistic framework capable
of capturing the interdependencies and measurement sensitivities that classical models often fail

to address.

1.4 Article Structure

Building on the above context, this paper will systematically examine the relationship between
quantum probability theory and social behavior modeling. The overall structure is organized as
follows:

Section 2 introduces the core axioms and mathematical foundations of quantum probability,
comparing these with the main features of classical probability theory. It also covers Hilbert space
construction, measurement operators, and other key concepts.

Section 3 discusses the complexity and challenges of modeling social behavior, highlighting
the difhculties faced by traditional frameworks and explaining the potential breakthroughs that
quantum probability could offer.
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Section 4 delves into the critical concepts of quantum probability within social behavior, in-
cluding superposition, interference terms, non-commuting operators, and entanglement, clari-
tying their implications for human decisions and social interaction.

Section 5 focuses on building quantum probability models, illustrating multiple application
scenarios such as quantum cognition, quantum game theory, and quantum voting models, thus
demonstrating how to move “from axioms to applications.”

Section 6 presents empirical studies and case analyses that explore the feasibility and limitations
of quantum models in real-world social contexts.

Section 7 synthesizes the theoretical and empirical findings, discussing the overall value of
quantum probability in social science research and assessing whether it complements or substitutes
classical models.

Section 8 concludes the paper by summarizing the findings and looking ahead to future re-
search directions, including cross-disciplinary collaborations and potential applications in public
policy, risk management, and macro-level economic modeling.

Through this structure, the paper will comprehensively demonstrate the interdisciplinary
logic between quantum probability theory and the social sciences, spanning theory to method-
ology, experiments to empirical validations. The overarching goal is to offer a novel yet robust
framework for understanding human decision-making and social behavior. Quantum probabil-
ity theory should be viewed not merely as a mathematical tool but as a broader, more inclusive
paradigm capable of depicting the subtleties of dynamic cognition and non-rational behavior.
This paradigm could ultimately allow researchers to re-examine the formation of social behav-
iors and the evolution of large-scale social dynamics from a fresh and potentially transformative

perspective.

2 Foundations of Quantum Probability

Quantum probability theory emerged from the study of microscopic phenomena in quantum
mechanics, yet its axiomatic structure and mathematical tools have proven to be remarkably ver-
satile in modeling non-classical forms of uncertainty. In contrast to classical probability, which
is grounded in the Kolmogorov axioms, quantum probability allows for concepts such as super-
position, interference, and non-commuting observables. These distinctive features can capture
a broader range of behaviors and paradoxes, making quantum probability a compelling frame-
work for investigating intricate social phenomena. This section examines the core principles
that differentiate quantum probability from classical approaches, highlighting key concepts and

mathematical tools relevant to social behavior modeling.

2.1 Classical Probability vs. Quantum Probability
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2.1.1 Kolmogorov Axioms and Their Application in the Social Sciences

Classical probability theory is fundamentally built on the axiomatic system formulated by Andrey
Kolmogorov in 1933. This framework, often referred to simply as the Kolmogorov axioms, sets
out how probabilities can be consistently assigned to events within a well-defined sample space.

The principal components include:

* A sample space ) that enumerates all possible outcomes.
* A g-algebra F of subsets of € (the events).

* A probability measure P that assigns to each event A € F a real number P(A) satisfying
0 < P(A) <1and P(Q) = 1.

Additivity: If A and B are disjoint events, then P(AU B) = P(A) + P(B).

Within the social sciences, these axioms have been deeply influential. They underpin every-
thing from survey design (e.g., measuring the probability that a respondent will choose a certain
option) to econometric models that predict market outcomes or voting behavior. Under classic
assumptions, events are typically treated as if they occur independently or follow specific condi-
tional relationships. For instance, in modeling public opinion, one might assume that a citizen’
s stance on a policy is fixed, and that repeated measurements of this stance will merely converge
on the “true” probability distribution.

However, empirical research reveals that many contextual and cognitive factors challenge
the neat separability assumed by Kolmogorov’ s framework. Order effects, framing effects, and
context-dependent preferences illustrate how the probability of an outcome can shift when mea-
sured in different temporal or conceptual contexts. Classical additivity also implies a certain con-
sistency: if events A and B represent two possible states of opinion, P(AU B) = P(A) + P(B)
if A and B are mutually exclusive. Yet in real decision-making scenarios, individuals may hold
ambiguous, overlapping, or dynamically shifting attitudes, making it difhcult to treat such events
as disjoint in the classical sense.

Despite these shortcomings, Kolmogorov’ s axioms remain a bedrock of quantitative research
in the social sciences. They provide clear guidelines for designing experiments, collecting data,
and performing statistical tests. To accommodate non-classical phenomena, researchers tradition-
ally introduced more complicated structures (e.g., hierarchical or multi-layer models, Bayesian
networks, or partially identifiable distributions) within the classical framework. While these ad-
justments have made classical probability models more flexible, they may not fully capture the
interference-like behaviors observed in certain empirical studies of cognition and social interac-

tion.
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2.1.2 Quantum Probability Assumptions and Features: Superposition and Interference Terms

Quantum probability diverges from its classical counterpart by relaxing some fundamental as-
sumptions of Kolmogorov’ s framework, especially those related to the commutativity of mea-
surements and the independence of events. Instead of focusing on a static sample space of mutu-
ally exclusive outcomes, quantum probability describes the state of a system through a vector (or
wavefunction) in an abstract Hilbert space. Two of the most striking features are:

Superposition: In quantum mechanics, a particle can exist in a superposition of distinct eigen-
states. Translated into a social science context, superposition suggests that an individual” s attitude
or decision inclination need not be fully determined prior to measurement. Rather, multiple at-
titudinal states could coexist, and only when a measurement is performed (e.g., a survey question
is asked or a choice is forced) does the state “collapse” into a specific outcome. This perspec-
tive aligns with the observation that individuals may not hold fixed opinions on many issues but
instead form or solidify them in response to immediate contextual cues.

Interference: One of the hallmark phenomena in quantum probability is the presence of
interference terms in the computation of joint or sequential events. In classical probability, if
the probabilities of two events A and B are P(A) and P(B), one might consider P(A U B) =
P(A) + P(B) — P(AN B). In quantum theory, however, additional interference terms can arise
due to the vector nature of probability amplitudes. This mathematical nuance can explain how
asking one question about an individual’ s preference might alter the probability distribution
of a subsequent question in ways that classical additivity cannot address. Context, timing, and
framing thus become integral elements in shaping the measured probabilities of events.

By accommodating superposition and interference, quantum probability opens new pathways
to modeling the complexity and plasticity of social behaviors. Rather than treating variations in
responses solely as “noise” or “measurement error,” a quantum perspective considers them integral
features of a system whose state is not pinned down until observed. This mode of thinking not
only enriches the theoretical landscape but also suggests novel experimental designs where the

order, type, and nature of questions or stimuli materially affect the distribution of outcomes.

2.2 Core Concepts in Quantum Probability
2.2.1 Hilbert Space

The mathematical setting for quantum probability is typically a Hilbert space, a complete inner-
product space that generalizes Euclidean space to potentially infinite dimensions. Each possible
“state” of a system (be it a subatomic particle, a cognitive condition, or a social stance) can be
represented as a vector |t) in this space. The dimensionality and basis of the Hilbert space reflect
the different possible outcomes or eigenstates that the system can manifest.

In social science applications, a Hilbert space might encode various decision options (e.g., sup-

porting Policy A, supporting Policy B, or remaining undecided). The notion of dimensionality
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can also expand to include multiple relevant attitudes. For example, if one wants to model individ-
uals who simultaneously consider both environmental issues and economic benefits, a combined
Hilbert space might be constructed by the tensor product of smaller spaces. This approach per-
mits a nuanced modeling of multi-issue superposition and correlation that would be cumbersome
under classical probability.

Beyond mere representational power, Hilbert spaces supply a rigorous mathematical frame-
work for describing transformations between states, akin to unitary evolution in quantum me-
chanics. In a social science context, such transformations might represent changes in attitudes
over time or shifts in focus caused by new information. Though one must be cautious in mapping
physical quantum processes to social phenomena, the notion of a high-dimensional inner-product

space offers a compelling alternative to the classical probability sample space.

2.2.2 State Vector and Projection Measurement

A state vector [¢) in a Hilbert space encapsulates all the information about the system. When an
observable (or measurement) is applied, the system’s state “collapses” onto one of the eigenvec-
tors corresponding to that observable. In quantum mechanics, this is typically described by the
projection postulate: if {|¢;)} is the set of orthonormal eigenvectors of the measurement operator

M, then measuring M yields outcome i with probability.

The probability of obtaining outcome i is given by:

‘ 2
P(i) = [(dilv)| (1)
The post-measurement state is:
Pyl
) = — 19 )
(Y| Pily)
where the projection operator onto the outcome ¢ is defined as:
P = [¢:)(¢i] (3)

In a social setting, this formalism suggests that the act of questioning or forcing a decision
can be seen as applying a measurement operator that projects a latent superposed attitude onto
a specific choice. The probability amplitudes (¢;|¢)) correspond to how closely an individual’
s current cognitive or attitudinal state aligns with each potential outcome. Moreover, repeated
measurements can change the system’s state, reflecting how individuals may update or refine their
preferences after each inquiry or experience. This dynamic property of measurement departs
from classical frameworks, where a measurement is often assumed to merely “reveal” an already-

existing preference.
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2.2.3 Interference Effects and Non-Commuting Operators

In classical probability, the order in which events or measurements occur typically does not af-
fect the final probabilities, assuming independence or well-defined conditional probabilities. By
contrast, quantum probability imposes no requirement that distinct observables commute. Op-
erators A and B are said to commute if AB = BA. When they do not commute, the order of
measurement matters. This is directly related to the phenomenon of interference.

In a social experiment involving non-commuting operators, measuring one attribute of a
participant (say, attitude toward a political candidate) before another attribute (say, stance on
a hot-button policy issue) could produce different outcomes than if the order were reversed.
This is because the initial measurement changes the system’ s state in a way that influences
the subsequent measurement distribution. Empirically, such effects are well-documented in sur-
vey research, where question order can shape how participants form or express their responses.
Quantum probability provides a systematic way to encode and analyze these order effects without
needing artificial corrections or additional parameters. Instead, non-commutativity is built into

the structure of the model itself.

2.3 Quantum Measurement and Uncertainty
2.3.1 Measurement Collapse and Its Implications for Social Behavior Modeling

One of the most distinctive aspects of quantum mechanics—and by extension, quantum prob-
ability—is the postulate that a measurement “collapses” the wavefunction, forcing a superposed
state into a specific eigenstate. In everyday social-science terms, this collapse can be thought of
as how asking a question or compelling a decision effectively “forces” an individual to crystallize
a latent, potentially ambiguous attitude into a concrete response.

The measurement process is not merely a passive observation but an active transformation of
the system’ s state. In classical probability models, we typically assume that an individual has a
pre-existing preference distribution, and the measurement (e.g., a survey question) simply reveals
that preference. Quantum theory, however, posits that the very act of measurement can alter
the underlying state. This idea resonates with psychological and sociological theories suggesting
that people construct opinions during the questioning process, rather than retrieving them from
stable internal archives.

From a modeling perspective, measurement collapse implies that subsequent questions in the
same survey or subsequent decisions in a policy context are made based on a newly updated
state, which may differ significantly from the original. Such a dynamic model is particularly
beneficial in understanding how public opinion can shift when new information or questions
are introduced sequentially, an effect that might be masked or artificially constrained in a classical
framework. While using quantum collapse to explain human cognition should be done with care,

the conceptual parallel can help to better capture processes like preference construction, attitude
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polarization, and short-term memory effects.

2.3.2 Uncertainty Principle and Randomness in Human Decision-Making

The quantum mechanical uncertainty principle, often associated with Heisenberg’ s name, states
that certain pairs of physical observables (like position and momentum) cannot be simultaneously
measured or known with arbitrary precision. Translating this idea directly into social science
is not straightforward; we do not typically speak of momentum or position in a social context.
However, the deeper principle of non-commuting observables and the inherent limits on precise
simultaneous knowledge can illuminate why certain cognitive or attitudinal dimensions cannot
be pinned down at the same time.

For instance, if one attempts to measure both a person’ s immediate emotional reaction to an
event and their long-term ideological stance, the act of focusing on the emotional response might
change how they subsequently articulate their ideology. This interplay could be interpreted as
a manifestation of a social or psychological “uncertainty relationship.” While it differs from the
physical principle in quantum mechanics, the analogy can help account for the intrinsic variability
observed when individuals confront overlapping or conflicting dimensions of a decision.

In addition, randomness in quantum mechanics arises not from ignorance about a hidden
variable but from the fundamental indeterminacy of the system’ s state. Analogously, quantum-
inspired decision models posit that at least a portion of human decision-making unpredictability
is irreducible, reflecting genuine indeterminacy rather than mere lack of information. This per-
spective aligns with certain strands of psychology and neuroscience that emphasize the construc-

tive and context-sensitive nature of cognition and perception.

2.4 Relevant Mathematical Tools and Proof Outlines
2.4.1 Bra-Ket Notation

One of the most recognizable features of quantum mechanics is the bra-ket notation introduced
by Paul Dirac. A “ket” |¢)) represents a column vector in the Hilbert space, while a “bra” (¢| can
be viewed as the corresponding row vector (or dual vector). Inner products are then denoted as
(¢|1), capturing the amplitude of transitioning from state |¢) to |¢).

In social science models, bra-ket notation can provide a succinct way to represent transforma-
tions of states (changes in attitude, shifts in preference), as well as to define measurement opera-
tors. Although originally designed for quantum physics, the notation” s clarity and compactness
make it appealing for researchers looking to define state vectors, projection operators, and unitary
evolutions in a social or cognitive system. For instance, one might define a state ket [t)yoer) to
represent a voter > s overall stance, with different projection operators for measuring opinions on

various policies.
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2.4.2 Quantum Amplitudes and Probabilities

Unlike classical models that work directly with probabilities (e.g., P(A) for event A), quantum
frameworks operate on probability amplitudes, which are complex numbers. The probability of
observing a particular outcome is the squared modulus of the amplitude. For example, if |¢) is an
eigenstate associated with outcome ¢, then the probability of observing that outcome from the

current state [¢) is:

P(¢) = [{el¥)]*

The introduction of complex amplitudes enables interference, since amplitudes can add and
cancel out in ways not possible with non-negative real probabilities. In a survey setting, for
instance, two different response paths might yield outcomes that interfere constructively (raising
the measured probability) or destructively (lowering it), depending on the relative phases of the
amplitudes. This mechanism offers a robust mathematical language for order effects and the

context-dependence of decisions that are regularly observed in social research.

2.4.3 Typical Proof Approaches and Logical Reasoning

The axiomatic structure of quantum probability can be formalized to show that if certain as-
sumptions about measurement and state spaces hold, then the Hilbert space formalism follows
naturally. One common approach is to start with the idea of a field of events that does not nec-
essarily satisty the distributive law of Boolean algebra—reflecting the non-Boolean structure of
quantum logic. This leads to orthomodular lattices, which in turn map onto Hilbert spaces un-
der suitable conditions. For social scientists, these mathematical proofs underscore how relaxing
certain classical assumptions about event structures can yield entirely different yet self-consistent
probabilistic systems.

Another illustrative line of reasoning is the Gleason’ s theorem, which states that any measure
satisfying specific consistency requirements on projective measurements over a Hilbert space must
take the form of the Born rule (i.e., probability = |(#|¢)|?). Gleason’ s theorem effectively secures
the internal coherence of quantum probability. While it is deeply rooted in physics, the theorem
also reassures researchers from other fields that quantum models are not ad hoc contrivances but
arise from a tightly knit set of logical and mathematical constraints.

In sum, the mathematical toolkit of quantum probability—including bra-ket notation, com-
plex amplitudes, projection operators, and non-commutative observables—offers a comprehen-
sive framework that departs significantly from classical probability. By leveraging these tools,
social scientists can model phenomena where attitudes are not fixed properties but dynamically
emerge from interactions, measurements, and evolving contexts. Whether one views quantum
probability as a literal description of neurocognitive processes or as an abstract analogy, it provides

powerful concepts and methods for capturing the intricate patterns of real-world behavior.
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3 Challenges in Social Behavior Modeling

Social behavior modeling has always been a highly complex and challenging endeavor in the social
sciences. Although traditional decision theories have provided concise and compelling analytical
frameworks for many scenarios, their limitations become evident when faced with real-world
phenomena: diverse psychological factors, contextual dependencies, and dynamic interactions
among groups. Asresearchers increasingly focus on the non-rational and context-sensitive aspects
of human decision-making, a key question arises: How can we better capture these intricate features
at both the theoretical and methodological levels? This section explores three main facets: (1) the
limitations of traditional decision theories, (2) the multi-layered characteristics of complex social

behavior, and (3) the potential applicability of a quantum perspective to these challenges.

3.1 Limitations of Traditional Decision Theories
3.1.1 Deficiencies of Expected Utility Theory and Prospect Theory

In the early phases of economics and behavioral science, Expected Utility Theory (EUT) stood
as a primary pillar for analyzing decision-making. It posits that in uncertain circumstances,
decision-makers behave rationally, evaluating all possible outcomes and selecting the option with
the highest expected utility. Under this framework, individuals are assumed to possess stable pref-
erences and clear subjective probabilities for each outcome. However, numerous paradoxes and
anomalies (e.g., the Allais Paradox, the Ellsberg Paradox) have emerged, challenging the univer-
sality and completeness of EUT. These paradoxes reveal that real people do not consistently adhere
to “rational maximization” and often exhibit context-dependent and psychologically driven biases
when confronting risk and uncertainty.

Prospect Theory, introduced by Daniel Kahneman and Amos Tversky, partly addressed
EUT’ s inability to explain these deviations. By proposing a value function and a probabil-
ity weighting function, Prospect Theory accounts for empirical phenomena such as loss aver-
sion and ambiguity aversion. It thereby moves beyond the strict assumption of perfect rational-
ity. Nonetheless, Prospect Theory remains rooted in the framework of classical probability: it
generally assumes that individuals maintain relatively stable subjective probability estimates and
value judgments. When real-world scenarios involve complex interactive processes or multi-
stage decision-making, Prospect Theory also encounters challenges in providing a fully adequate
explanation.

More critically, both Expected Utility Theory and Prospect Theory typically rely on static
preference assumptions: individuals are presumed to hold well-defined internal utilities or values,
and decision-making becomes a matter of evaluating them under risk. Yet in real social contexts,
preferences can shift over time and show high sensitivity to contextual cues, external stimuli, or
group interactions. Consequently, classical theories sometimes fail to predict or capture dynamic

changes in behavioral patterns.
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3.1.2 Cognitive Biases, Context Dependence, and Other Non-Rational Factors

Over decades of research, behavioral economists and cognitive psychologists have documented
how humans exhibit systematic biases in risk and uncertainty scenarios. Phenomena like the
Framing Effect show that the way a choice is presented (gain-framed vs. loss-framed) can
radically alter decisions. The Anchoring Effect demonstrates how individuals’ estimates for
uncertain quantities heavily depend on initial “anchor” values. Additional biases include confir-
mation bias, overconfidence, and loss aversion, among others. These all point to a key insight:
real decision-making is not merely a matter of weighting objective probabilities and values, but
is profoundly influenced by subjective cognition and affective states.

“Context dependence” is another central feature of social behavior modeling. Survey re-
sponses or judgments are often affected by the order of questions, the manner of phrasing, or
other contextual cues. Such effects clash with classical probability” s assumption of event inde-
pendence and additive structure. Traditional models can attempt to handle these phenomena by
adding extra parameters or post-hoc modifications (such as order-effect correction terms), but
they struggle to provide an elegant, unified theoretical explanation.

As non-rational decision phenomena have come into clearer focus, the rational-actor paradigm
faces growing pressure. While classical models remain valuable for simplifying problems and es-
tablishing baseline predictions, there is a pressing need for new methodological tools that can
incorporate non-rationality, context effects, and dynamic evolution. In recent years, researchers
have turned to quantum probability and quantum cognition as potentially fruitful paradigms that

address some of these gaps.

3.2 The Multi-Layered Nature of Complex Social Behavior

A second profound challenge in social behavior modeling arises from the fact that social actions
unfold across multiple interactive levels: from individual psychological and cognitive processes to
broader social structures, cultural systems, and institutional constraints; from micro-level affective
reactions to macro-level shifts in public opinion and policy. A single-level model often fails to

capture the synergy across these layers.

3.2.1 Individual-Level Psychology, Cognition, and Emotion

At the individual level, personal behavior is shaped by a variety of internal states, including emo-
tional responses, cognitive heuristics, and underlying motivations. For instance, when a con-
sumer chooses a product, they do not merely conduct a cost-benefit analysis; they also rely on
affective preferences, habitual tendencies, and brand perceptions. Once external information—
advertisements, peer recommendations, discount offers—changes, these internal states can shift,
prompting real-time adjustments in decision-making.

Additionally, individuals do not always possess full information or stable preference structures.

Indeed, for questions or issues on which a person has not formed a strong opinion, the attitude may
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remain ambiguous until the moment of decision-making or survey response. Cognitive psychol-
ogy underscores that memory, attention, and mental framing can all influence how individuals
process and integrate new information. The sequence, format, and frequency of stimuli can pro-
duce different cognitive patterns. Such dynamic, context-driven mechanisms often exceed the

explanatory reach of traditional decision models.

3.2.2 Group-Level Social Networks, Culture, and Institutional Factors

Beyond the individual, social behavior is profoundly shaped by group interactions. Humans are
highly social creatures whose actions are deeply intertwined with networks, cultural norms, and
institutional frameworks. In political science, for instance, a voter’ s inclination is not merely a
function of personal ideology or policy preference but is also subject to social influences: media
framing, peer pressure, and party affiliation. Moreover, social movements and opinion cascades
often exhibit collective dynamics, where key opinion leaders or influential network nodes may
amplify certain attitudes, sparking rapid shifts within the population at large.

Cultural and institutional contexts further modulate behavioral outcomes. The same policy
could receive drastically different public reactions across different societies or governance systems.
Similarly, while certain cognitive biases might operate universally at the individual level, their be-
havioral manifestations can differ significantly from one culture to another. Traditional decision
theories generally treat these “external” factors as exogenous parameters or background condi-
tions. They rarely capture how cultural values, social norms, and institutional rules dynamically
interact with individual-level biases to produce emergent social phenomena.

To construct a more holistic yet flexible framework for social behavior, it is crucial to inte-
grate both micro-level psychological mechanisms and macro-level social structures, along with
considerations of time and contextual shifts. Achieving such a framework is no trivial task, requir-
ing robust new theoretical and methodological approaches capable of representing multi-factor,

multi-scale dynamics.

3.3 The Potential Alignment of a Quantum Perspective

The overarching challenge revealed by the shortcomings of traditional models is that social be-
havior does nor necessarily arise from pre-fixed states. Instead, social behavior can exhibit varying
degrees of ambiguity, contextual sensitivity, and measurement-induced shifts. Quantum proba-
bility theory, with its notions of superposition, interference, and non-commuting measurements,

offers an alternative viewpoint that may resonate with these aspects of social behavior.

3.3.1 Interference Effects and “Context Dependence” in Human Cognition

In quantum mechanics, interference occurs when probability amplitudes add or subtract, yield-
ing outcomes that defy simple classical addition. The presence of interference is intimately linked

to the notion that measurement outcomes can change if the order or context of measurements is
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altered. Analogously, in social science, context dependence can be viewed as a form of “interfer-
ence” that modifies response distributions across sequential questions or stimuli. For instance, if
a participant is asked about their attitude toward a policy, followed by their view of a candidate,
the result may differ from a reversed question order. These sequential or contextual variations
violate the independence assumption of classical probability.

Quantum models handle such phenomena by allowing measurement operators to be non-
commutative: measuring one observable (e.g., policy attitude) collapses the system’s state, thereby
influencing subsequent measurements (e.g., candidate preference). Consequently, quantum for-
malism can incorporate a built-in mechanism for capturing order effects, overshadowing classical
probability”’ s need for ad hoc corrections. It also helps interpret the seeming “contradictions” or
“emotional swings” in human decision processes as manifestations of constructive or destructive

interference patterns.

3.3.2 Quantum Superposition and the Analogy to Ambiguous or Conflicting Attitudes

In quantum theory, a particle can exist in a superposition of different eigenstates, only collaps-
ing into one definite state upon measurement. By analogy, individuals may hold multiple latent
predispositions regarding an issue until they are “forced” by a question or decision context to
adopt a specific stance. Traditional models generally presume that individuals already maintain
well-defined probabilistic weights for each option, or treat ambiguity as mere noise. Quantum-
inspired perspectives, however, view this ambiguous or conflicting set of attitudes as a genuine su-
perposition state. A measurement—in the form of a question, a nudge, or a survey—precipitates
a collapse into one definite choice.

This conceptual framework naturally accommodates the realities of contradictory preferences
or uncertain attitudes many people harbor, such as simultaneously recognizing the merits of
Policy A while also valuing certain aspects of Policy B. Instead of forcibly assigning a numeric
probability in advance, the quantum view underscores that the state remains unresolved until the
moment of measurement. This provides a novel means of modeling the dynamic formation of
attitudes, including their rapid shifts upon receiving new information or prompts.

At the group level, superposition-like scenarios might emerge in the form of widespread am-
bivalence, shifting opinion climates, or polarized factions that remain open to persuasion under
specific contexts. Quantum probability offers both mathematical elegance and conceptual clarity
for studying how context order, measurement design, and overlapping issue dimensions may tilt

a community’ s stance in markedly different directions.

3.4 Summary

In conclusion, traditional decision theories face three main challenges in explaining social behav-

ior:
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The assumption of rational actors with stable preferences often conflicts with empirical evi-
dence of cognitive biases, framing effects, and non-rational factors.

The multi-layered nature of social behavior—from individual cognition to group dynam-
ics, from emotional states to institutional constraints—complicates naive additive or equilibrium-
based models.

Social systems evolve as a result of both measurement and interaction; thus, capturing dynamic
superposition or interference calls for new theoretical frameworks.

Quantum probability theory, including its offshoots such as quantum cognition and quan-
tum game theory, emerges as a promising candidate under these circumstances. Its founda-
tional principles naturally incorporate “measurement changes the system” and “states exist in
superposition”—concepts that align well with the non-classical aspects of human and collective
decision processes. While this does not imply a wholesale replacement of classical models, it pro-
vides a complementary—and potentially transformative—paradigm that can more richly capture
the nonlinearity, ambiguity, and interplay of attitudes frequently observed in real-world social
contexts.

As the quantum perspective gains traction, it opens up new avenues for experimental de-
sign, modeling techniques, and empirical validation in social science research. By recognizing
that people may hold overlapping or conflicting predispositions and that contextual measurement
can reshape those predispositions, quantum-inspired frameworks offer a powerful lens for un-
derstanding the deeper complexity behind human behavior. Ultimately, embracing this broader
methodological toolbox may enable researchers to move beyond simplistic assumptions about
rationality and arrive at more nuanced insights into how social systems evolve and respond to

changing information.

4 Key Concepts and Mechanisms of Quantum Probability in Social Be-

havior

One of the primary reasons quantum probability theory has attracted considerable interest in
the social sciences is that it offers a coherent and unified mathematical and conceptual frame-

”»”

work for understanding “measurement-altered systems,” “context dependence,” and “attitudinal
superposition,” which are distinctly non-classical phenomena. In practical applications, quantum
models often treat social behavior as a measurement process on a state of “attitude,” using such
concepts as superposition, interference terms, non-commuting operators, and entanglement to
analyze how individuals or groups can arrive at markedly different reactions and choices under

various contexts. This section focuses on four key mechanisms:

1. Superposition and indeterminate choice

2. Interference terms and contextual effects



18  Quantum Social Science Volume 1, Issue 1, 2025

3. Non-commuting operators and order effects in decision-making
4. Quantum entanglement and group-level social behavior

By examining how these concepts can be “mapped” onto social contexts, we may deepen our
understanding of the complexity and dynamic plasticity of social behavior, thereby providing

novel perspectives for areas like social surveys, policy design, and opinion forecasting.

4.1 Superposition and Indeterminate Choice

4.1.1 “Superposition” of Multiple Options: Modeling Ambiguity and Hesitation in Human Pref-

erences

In traditional decision models, it is usually assumed that individuals assign fixed subjective prob-
abilities or utility weights to all available options, even if these weights have not been externally
“measured.” However, repeated observations in social surveys and psychological experiments
show that, when confronted with a new or uncertain question, many people do not have a well-
formed, stable preference and instead remain in a state of ambiguity or indecision. The concept
of a “superposition state” in quantum probability provides a fruitful way to represent this state of
“unfixed” or “undifferentiated” attitude.

In quantum mechanics, a particle can simultaneously exist in a linear combination of multi-
ple eigenstates (such as spin-up and spin-down), only collapsing to one definite eigenstate when
measured. Mapping this idea to the social sciences, an individual may hold some degree of en-
dorsement or opposition to both Option A and Option B prior to explicitly being asked, without
having decided which one they favor more. The moment they are asked to choose (for instance,
in a survey or a policy decision), it effectively performs a “measurement” on their “attitude state,”
causing it to collapse from superposition into a single concrete outcome.

This perspective helps explain why people often produce different responses depending on
questionnaire order, phrasing, or timing. Under this view, individuals may not be forced into
a stable, explicit preference until a measurement compels them to take a definite stance. For
modeling purposes, superposition allows researchers to abandon the assumption that individuals
always maintain a stable, observable distribution of subjective probabilities. Instead, we allow

multiple potential directions in an “attitude space” to coexist and only manifest upon measurement.

4.1.2 Collapsing Effects on Individual Choice Triggered by “Measurement”

Another crucial feature in quantum theory is the collapse of the wavefunction: when a system
in superposition undergoes measurement, it projects onto one of the eigenstates associated with
that measurement operator, and the observed outcome corresponds to that eigenstate. In social
behavior, “measurement” can be analogized to various external inquiries—questionnaires, opin-
ion polls, voting sessions, or any decision-making demand. People may initially exist in a diverse

set of latent intentions but will present only one definite answer when forced to respond. After
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responding, an individual” s psychological state can change, tending to “lock in” that attitude for

a period of time.

Such an effect explains many findings in social research: for instance, why some respondents
change their attitudes from one question to the next based on context, or why individuals who
initially have no firm stance quickly become convinced of a particular position after one public
discussion or vote. Unlike classical models, which generally assume “measurement only reveals
a pre-existing preference,” the quantum viewpoint posits that measurement can itself “create” or
“shape” the system” s state. Though mystifying in its original physics context, this is not difficult
to comprehend in the social sciences if we accept that human attitudes can remain in a state of

indeterminacy before being solidified by external inquiry.

4.2 Interference Terms and Contextual Effects
4.2.1 How Quantum Cognitive Models Explain Context-Induced Shifts

One salient difference between quantum and classical probability lies in the fact that quantum
probability involves adding or subtracting probability amplitudes, leading to “interference terms.”
In classical probability, we typically compute P(AU B) = P(A) + P(B) — P(AN B), a linear
relationship. By contrast, quantum models describe state vectors that combine to form new states,

often yielding non-linear interference effects.

For social cognition or behavior, when an individual is subject to multiple related measure-
ments in a short time span (e.g., answering a series of interconnected questions), each new re-
sponse can be influenced by the mind-set or context triggered by earlier questions. Classic mod-
els often label this a “sequential bias” or “contextual effect” and attempt corrective adjustments in
the analysis. However, quantum cognitive models see it as an interference phenomenon arising
from consecutive projections on the “attitude wavefunction.” In simpler terms, each measure-
ment (question) modifies the relative phase of the system, thereby changing subsequent measure-
ment outcomes. This viewpoint allows non-linear outcomes or extreme response probabilities to

emerge systematically from the model’ s mathematics.

As an example, let us suppose an individual is asked Question A about environmental policy
(e.g., “Do you support increased protection?”) and Question B about industrial development
(e.g., “Do you approve of policies to boost manufacturing output?”). In a classical model, the
person is assumed to have pre-existing, stable distributions for A and B. Reversing the order of
A and B should not change the joint probability if external conditions remain consistent. In
quantum terms, however, measuring A first collapses the “state” into an eigenstate related to A,
thus changing the initial conditions for measuring B. As a result, one might observe significant

shifts in responses depending on the question order—an “interference term” in action.
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4.2.2 Manifestations of Interference in Social Surveys and Questionnaire Design

Such interference is not uncommon and is, in fact, quite prevalent in survey research. For in-
stance, if you first ask respondents about raising environmental taxes to reduce pollution, then
immediately ask whether they support increased industrial subsidies for economic growth, partic-
ipants might answer the second question in a way strongly shaped by the environmental mindset
set off by the first question. Conversely, if the order is reversed, the weighted importance of
environmental factors may be diminished. Classical probability struggles to explain how merely
reversing the sequence leads to drastically different joint outcomes. Researchers tend to categorize
it under “measurement bias” or “questionnaire bias.”

In a quantum perspective, the first question’ s measurement operator fundamentally changes
the initial state, affecting the subsequent probability distribution. The interference term can
be positive or negative, meaning it might increase or decrease specific response probabilities.
By incorporating interference into a quantum probability model, one can offer a more unified,
systematic account of order and context dependence—rather than repeatedly invoking ad hoc

corrections for different experimental designs.

4.3 Non-Commuting Operators and Order Effects in Decision-Making
4.3.1 How Question or Information Sequences Are Modeled in Quantum Terms

Non-commuting operators stand out as another signature concept in quantum mechanics: if
operators A and B do not commute (ie., AB # BA), measuring A first, followed by B, will
yield a different result from measuring B first, then A. The social-science analogy is intuitive:
if two questions or two modes of information presentation are not independent—and if each
measurement shifts the internal state of the subject—then the order in which they appear produces
different outcomes.

Traditional models often assume that individuals have predetermined answers for each ques-
tion, or at least that the question order is merely “reading out” these answers. Yet abundant
evidence from surveys and experiments shows that reality is more complex: reversing the ques-
tion order can lead to substantial changes in response probabilities. Quantum models can directly
embed this “asymmetry in order” within their mathematical structure. Measuring A first projects
the system into a state aligned with A; only then does the system measure B. If A and B do not
commute—i.e., they involve different or incompatible projections—this order reversal becomes
consequential.

In fields such as sociology or political science, well-known “order effects” can be viewed as a
macro-level manifestation of non-commuting operators: for instance, asking respondents about
their evaluation of a political candidate prior to asking about a specific policy can produce a differ-
ent joint distribution of answers than if the sequence is reversed. The first measurement collapses

the “attitude state” toward one axis, shifting the baseline for the second measurement.
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4.3.2 Classic “Order Effects” in Social Surveys and Political Elections

A famous case in political communication and polling is the “primacy effect” or forms of “spiral
of silence™ if respondents are first asked about negative economic data, it might prime them
to judge a politician’ s performance more harshly. Conversely, if you start by highlighting
that politician” s past successes in social welfare, respondents might then approach subsequent
economic questions with a more positive bias. In quantum terms, the measurement operator
used in the first question modifies the overall state, leading to a different probability distribution
in the second measurement.

Ignoring order effects or treating them merely as outliers can introduce biases into any analy-
sis. A quantum decision model accepts and explains the underlying logic of order effects, positing
that different measurement sequences naturally yield different outcomes. This perspective trans-
forms order effects from an “unexpected anomaly” into a “systematic property” consistent with
the model” s foundational assumptions. Practically, it underscores the importance of recognizing
how measurement sequences—whether in designing surveys, conducting public opinion polls,

or organizing political campaighs—may induce interference or asymmetry in outcomes.

4.4 Quantum Entanglement and Group-Level Social Behavior
4.4.1 Analogies Between Entangled States and Correlated Behavior in Groups

Quantum entanglement is considered one of the most intriguing phenomena in quantum me-
chanics: once multiple particles become entangled, their combined quantum state cannot be fac-
tored into individual subsystems, and measuring one particle’ s state instantaneously influences
the others, regardless of distance. While there is no literal “spooky action at a distance” in macro-
level social systems, certain group behaviors do display a form of strong correlation, as if people’
s attitudes or decisions are instantly linked.

Mathematically, an “entangled state” implies that the overall system vector cannot be broken
into a simple tensor product of individual states. Analogously, in social science, we can imagine
a group’ s “collective attitude” existing in a joint state space: in a strongly correlated network,
individuals” attitudes are not independent but “entangled.” A shift in one person’ s attitude might
imply changes in another’ s. This might be observed in social media contexts where opinion
leaders quickly guide a large number of followers to adopt similar views, or in political factions
where members nearly simultaneously adopt unified stances.

Of course, genuine “spooky action” from quantum physics does not literally apply to social
systems. However, the “holistic” and “inseparable” aspect of entanglement does offer insights
into group dynamics: with a suitable mathematical model, strong and rapid consensus or co-
ordination in social contexts could be described using an entanglement-like framework. For
instance, when social systems experience opinion polarization or group extremism, individu-

als’ attitudes may remain tightly coupled—classical probability models often struggle to handle
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these strong couplings without introducing numerous “conditional probabilities” or “covariates.”
Quantum entanglement models could propose an alternative path by embedding these couplings

in a higher-dimensional joint state space.

4.4.2 Potential Quantum Perspectives on Group Polarization and Opinion Cascades

Group polarization occurs when members of a group, upon interacting, shift their average atti-
tude toward a more extreme position. Opinion cascades, meanwhile, refer to rapid, large-scale
surges in public sentiment prompted by salient events or media coverage, often culminating in
short-lived but intense “waves” of consensus. Classical game theory or network analyses at-
tempt to explain these processes via peer pressure, central nodes, or hierarchical information
flows. However, many such models still hinge on assumptions of individual-level independence
or Markovian transitions, which can fail to capture “instant consensus” or abrupt polarization.

Using a notion akin to entangled states, one could hypothesize that a collective attitude space
exhibits “entanglement,” meaning that individual attitudes are inherently interlinked. When an
external event or new information stimulates the group, it acts like a “measurement” that can cause
the entire system to collapse to a particular viewpoint—akin to a sudden opinion wave. Similarly,
with fresh stimuli, the group might jump to an opposing extreme. Such a model would more
naturally capture “viral” reactions or intense polarization in social media environments, where
a single piece of news triggers broad, nearly simultaneous shifts throughout an interconnected
community.

Admittedly, applying quantum entanglement directly to group behavior raises theoretical and
empirical questions: Can large social systems genuinely be treated as high-dimensional Hilbert
spaces? Is “entanglement” only a mathematical analogy, rather than a physical phenomenon in
human networks? Nevertheless, the holistic and indivisible perspective inherent in quantum en-
tanglement may inspire social scientists to develop innovative methods for modeling strongly
coupled collective decision-making or consensus formation. Through experimentation and sim-
ulation, researchers might discover that quantum entanglement-style frameworks provide richer
explanatory power for the emergence of group polarization and synchronous attitudes.

Within the intersection of quantum probability and social behavior modeling, superposi-
tion offers a natural way to represent “attitudinal indeterminacy,” while interference terms and
non-commuting operators mathematically capture the influence of measurement context and
sequence. Quantum entanglement suggests intriguing possibilities for understanding strongly
coupled group dynamics. Compared to classical probability models, these quantum concepts
seem better equipped to handle multi-stage measurement, order effects, collective polarization,
and opinion cascades under complex conditions. Rather than aiming to replace established the-
ories, quantum probability can serve as a complementary or alternative paradigm, highlighting
the “non-classical” and “highly interconnected” attributes of social phenomena.

On the operational side, numerous questions remain: How does one construct a Hilbert space
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for social attitudes? How should measurement operators be defined or implemented? Under
what conditions do interference terms substantively impact results? Can large-scale empirical
data validate quantum entanglement in public opinion? Each of these issues signals a broad space
for theoretical exploration and empirical testing. As social scientists deepen their understanding
of quantum models, we may discover yet more exciting theoretical and practical innovations,
enabling a more dynamic and multi-dimensional grasp of how human social behaviors are formed

and evolve.

5 Model Construction: From Axioms to Applications

In the study of social sciences, quantum probability offers a novel perspective for analyzing com-
plex human behaviors, decision-making processes, and collective outcomes. Traditional models
grounded in classical probability often assume that individuals hold fixed, well-defined prefer-
ences, and that observations merely reveal these underlying probabilities. However, as researchers
continue to explore contexts where decisions are context-dependent, non-commutative, or in-
fluenced by previous measurements, quantum approaches become increasingly relevant. The
fundamental premise is that social agents may exist in superposed cognitive or behavioral states,
and that measurement—be it in the form of a survey question, a vote, or a strategic choice—
actively influences the final outcome. In this section, we will articulate how quantum probability
can move from its axiomatic foundations in physics and mathematics to practical applications in
social science scenarios.

We begin by discussing the basic process of constructing a quantum probability model, in-
cluding the formal definition of state spaces and measurement operators, along with the mathe-
matical and conceptual underpinnings of interference. We then explore three major applications
—quantum cognition, quantum game theory, and quantum voting—that highlight the advan-
tages and unique explanatory power of quantum frameworks over classical ones. Finally, we
address experimental design and data collection strategies that are specifically tailored for testing
and validating quantum social science models. By traversing this theoretical-to-empirical trajec-
tory, we aim to illustrate both the promise and the current challenges of implementing quantum

probability in real-world social research.

5.1 Quantum Probability Model Workflow

The construction of a quantum probability model in social science involves several core steps.
These steps mirror the logical development of quantum theory in physics, adapted for scenarios
where human cognition, decision-making, or social interaction plays a central role.

(1) Defining the State Space (Hilbert Space) and Decision Variables. The first task is
to identify the relevant decision or attitude variables within a given social context. In classical

probability, one might define a sample space consisting of distinct outcomes for a behavioral
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choice—such as “cooperate”versus “defect”in a social dilemma, or “support,” “oppose,” “neutral”
in an opinion poll. In quantum models, these outcomes become basis vectors in a Hilbert space,
enabling superposition and interference effects. The dimensionality of this space depends on how
many relevant states or attitudes need to be captured. For instance, investigating a single binary
choice could be modeled with a 2-dimensional space, while a multi-issue context might require
a tensor product structure combining multiple sub-spaces.

A key challenge is ensuring that the chosen Hilbert space remains tractable. In principle, one
could define arbitrarily large dimensional spaces to capture every nuance of cognition, but such
expansions risk creating models that are difhicult to calibrate with real data. Thus, the principal
objective in this step is to balance expressive richness against empirical feasibility.

(2) Designing Measurement Operators (Observables) and Experimental Methods. The
second major step is to define measurement operators that correspond to questions, prompts, or
interventions. In quantum mechanics, observables are represented by Hermitian operators whose
eigenvalues correspond to potential measurement outcomes. In social science contexts, these
observables might be political questions ( “Do you support Policy A?” ), preference prompts (
“Which product do you choose?” ), or strategic decision points ( “Choose to cooperate or defect”
). When an individual is “measured” by being asked a question, the quantum state collapses onto
one of the operator’ s eigenstates, producing a probabilistic outcome.

Sequence matters significantly in quantum frameworks because non-commuting operators
can yield different results depending on the order in which measurements are performed. This
aspect is often overlooked in classical survey design, which typically treats question order as a
potential bias to be controlled. Under quantum assumptions, question order is not merely a bias
but an intrinsic aspect of how human decisions unfold, reflecting the non-commutative properties
of mental states.

(3) Parsing and Quantifying Interference Terms. A hallmark of quantum probability is
the presence of interference terms. In classical probability, the joint probability of two sequential
events is simply P(A,B) = P(A) P(BIA), reflecting the law of total probability. In quantum models,
however, the amplitude-based formulation can introduce cross-terms and phase factors, generat-
ing outcomes that deviate from classical predictions. Researchers in quantum social science often
design studies that test for these deviations, for instance by calculating predicted probabilities from
both classical and quantum models and then measuring how the observed data aligns with either
model.

Interference can manifest in various phenomena, such as violation of the “sure-thing prin-
ciple” or the presence of “order effects” (where responding to question A before question B
yields systematically different results compared to asking B first). By statistically estimating the
interference term or phase parameter, one can gauge the extent to which quantum effects are at
play in a particular setting. This step provides critical empirical content, as it allows researchers

to confirm whether quantum interference is truly required to explain observed behaviors.
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5.2 Quantum Cognition Model

Quantum cognition is an emerging field that seeks to explain various cognitive biases, paradoxes,
and context effects that challenge classical probabilistic models. Cognitive psychologists have
long noted that human judgments and decisions often depend on the context or sequence of in-
formation, giving rise to phenomena like framing effects, conjunction fallacies, and order effects.
Quantum cognition leverages the mathematical formalisms of Hilbert space and measurement to
explain why these effects occur, without resorting to ad hoc assumptions.

(1) Attitude Change and Memory Retrieval. Classical models of attitude change typically
assume that individuals update their beliefs in a Bayesian fashion or integrate new information
additively. However, empirical studies indicate that the same piece of information can have dras-
tically different impacts on an individual’s final attitude, depending on previous exposures and
the context in which the information is presented. Quantum cognition interprets this as a phe-
nomenon of superposition and collapse: prior to measurement (i.e., a direct question or decision),
the individual’s attitude remains in a superposed state that can shift phase or amplitude upon mea-
surement.

Memory retrieval likewise demonstrates notable context dependence. People often recon-
struct memories differently depending on the phrasing of questions, the order in which they are
asked, or the environment in which recall is prompted. In a quantum model, memory states
reside in a superposition, and the act of retrieving a memory projects this state onto a particular
eigenbasis, influenced by the retrieval context. This approach provides a more unified theoretical
framework for explaining apparently inconsistent recollections.

(2) Predicting and Explaining Measurement Order Effects and Compatibility Effects.
Perhaps the most compelling evidence for quantum cognition arises from measurement order
effects. A series of empirical studies has shown that survey responses about an issue can shift
dramatically based on the sequence in which questions are asked. Classical theory would chalk this
up to “contexteffects” or “carryover effects,” but often fails to systematically predict the direction
or magnitude of these shifts. Quantum cognition, on the other hand, naturally incorporates non-
commuting measurements, meaning that the cognitive state influenced by the first question can
produce interference terms affecting responses to the second.

Compatibility effects occur when two different questions—assumed to be independent in a
classical sense—display correlation upon measurement. In quantum terms, these questions corre-
spond to observables that do not commute, leading to a joint probability distribution that cannot
be factorized in a classical manner. The resulting patterns match empirical data more closely than
standard probability theory, offering a principled explanation for the “mysterious” dependen-
cies observed in many psychological experiments. As research in quantum cognition expands,
it highlights the broader applicability of quantum concepts to areas like attention, memory, and

problem-solving in psychology.
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5.3 Quantum Game Theory and Social Cooperation

Quantum game theory extends the realm of strategic interaction by introducing superposition,
entanglement, and non-commuting choices into classical game setups. Although originally for-
mulated to explore fundamental questions in quantum mechanics, quantum games have analogies
that can inform social and economic interactions where classical assumptions fail or need addi-

tional nuance.

(1) Differences in Strategy Space and Payoff Distribution. Classical game theory typically
assumes that each player chooses from a set of well-defined strategies. In quantum game theory, a
player can employ quantum operations—unitary transformations that act on superposed states—
to define their “move.” This results in a richer strategy space in which classical strategies appear
as limiting cases (e.g., a specific angle of a Bloch sphere if we consider a two-strategy situation).
Entanglement between players’ states allows for correlations that cannot be replicated by classical

mixed strategies.

This expanded strategy space has implications for payoft distributions. In certain quantum
games, players can achieve outcomes that strictly dominate the best classical Nash equilibria. For
instance, in a quantum version of the prisoner’ s dilemma, entangling the players’ strategies
can produce cooperation levels not attainable classically. While the direct translation of quantum
entanglement to real human interactions remains debated, the conceptual lesson is that there may
be non-classical pathways to cooperation, grounded in correlations or trust mechanisms that are

not easily captured by standard rational-choice models.

(2) Simulating Public Goods and Bargaining Games with Quantum Factors. Public
goods games revolve around the tension between personal interest and collective welfare. When
participants remain in a quantum-like superposition of contributing and not contributing, in-
terference or entanglement might shift payoffs, creating a context in which cooperation is more
stable. Quantum game theory suggests that the introduction of quantum correlations—analo-
gous to entanglement—could effectively penalize free-riders or reward cooperators in ways that

classical frameworks do not allow.

In bargaining scenarios, classical analyses often assume that rational agents will converge to a
solution like the Nash bargaining outcome, given symmetrical information and common knowl-
edge of rationality. Introducing quantum strategies can alter the negotiation process by allowing
superposed offers and dynamic collapse based on the negotiation “measurement.” Empirical ques-
tions remain regarding how closely real-world negotiators can approximate quantum strategies.
Nonetheless, modeling such interactions through a quantum lens could reveal hidden cooperative
equilibria or highlight contexts in which negotiation order or anchoring strongly influences final

outcomes.
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5.4 Quantum Voting Model

Voting is a cornerstone of collective decision-making in democratic societies. Traditional voting
theory typically assumes that voters hold fixed preferences, or at least that these preferences can
be approximated by stable probability distributions. Yet empirical studies of elections frequently
document last-minute preference shifts, context effects, and strategic voting patterns that deviate
from the predictions of classical theories.

(1) Willingness Superposition and Outcome Measurement under Quantum Voting
Rules. Quantum voting theory posits that voters’ preferences may remain in superposed states
until the act of voting collapses them into a definite choice. This perspective addresses why some
voters appear genuinely undecided for much of an election cycle, only committing to a candidate
or policy when they cast their ballot or respond to a poll. In a sense, measurement (voting)
reveals a final preference that might not have been well-defined beforehand, influenced by the
last interactions, media coverage, or specific wording on the ballot.

Another insight offered by quantum voting is the potential for interference between differ-
ent ballot items, especially when multiple questions (like referendums, candidate selections, and
proposals) appear on the same ballot. Non-commuting measurement operators can capture the
phenomenon where voting on one issue first influences how the voter perceives a subsequent
issue, leading to outcomes that deviate from a straightforward, issue-by-issue aggregation.

(2) How Interference Terms Affect Voting Outcomes and Preferences. The presence
of interference terms can drastically impact electoral outcomes, particularly in close races or on
contentious issues. Consider a scenario where a voter is torn between two candidates. If the
voter’ s preference is represented by a state that is nearly balanced between both options, even a
slight contextual nudge can cause a significant shift in the final measurement outcome. Because
quantum models incorporate the idea of amplitudes and phases, small changes in context can
produce large differences in the distribution of final votes.

Moreover, quantum voting models can help explain phenomena such as “spoiler effects,” “vote
splitting,” or strategic compromise in a more nuanced way than classical models. In classical mod-
els, a third candidate is typically either a spoiler if they siphon votes from one side or irrelevant
if they cannot surpass a certain threshold. In a quantum model, the introduction of a new candi-
date could interfere constructively or destructively with existing voter preferences, thus reshaping

outcomes in non-intuitive ways.

5.5 Experimental Design and Data Collection

Ultimately, for quantum social science to progress beyond theoretical formulations, it must be
anchored in well-designed empirical research. Establishing rigorous experimental protocols that
can detect quantum effects—such as interference, non-commutativity, or entanglement-like cor-
relations—is pivotal to validating (or falsifying) quantum probability models in social contexts.

(1) Questionnaires and Experimental Platforms from a Quantum Perspective. Classical
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survey methods often treat question order as a bias, attempting to control or randomize it to
minimize systemartic distortions. However, if quantum effects are real in social cognition, question
order is not merely a bias but a central component of the phenomenon. Researchers therefore
design experiments where order is systematically varied. Participants might be split into different
groups, each receiving a distinct sequence of questions, allowing for robust comparisons that can
unearth quantum interference patterns.

In addition, multi-dimensional prompts can be employed to elicit correlated attitudes, thereby
testing whether measurements along one dimension (e.g., economic policy support) affect out-
comes along another dimension (e.g., environmental policy stance). Digital platforms that record
real-time response data could track the transitions in respondents’ states as each new question is
asked, providing further insight into how state collapse occurs in real time.

(2) Data Quantification and Model Parameter Calibration. Once data are collected, re-
searchers must fit quantum models to the observed distributions. This typically involves translat-
ing frequency counts of responses into probabilities, then computing the corresponding quantum
amplitudes, phase factors, or density matrices that best match the data. Techniques like maximum
likelihood estimation or Bayesian inference can be adapted to handle quantum parameter estima-
tion, especially in higher-dimensional or multi-issue models.

Comparisons with classical alternatives are crucial to ascertain whether quantum models of-
fer a genuinely superior explanation. This often entails calculating model fit metrics (e.g., log-
likelihood, Akaike information criterion, or Bayes factors) for both the quantum and correspond-
ing classical models. Demonstrating that a quantum model surpasses its classical counterpart in
predictive accuracy and explanatory coherence strongly supports the presence of quantum-like
processes.

In terms of large-scale data collection, researchers face challenges in replicating the precise
conditions under which quantum effects are hypothesized to appear. As quantum social science
is still an emerging field, further progress depends on developing standardized protocols for ad-
ministering quantum-based surveys and games, collecting large representative samples, and sys-
tematically analyzing potential confounds. Collaborations between methodologists, statisticians,
and subject-area experts are vital to navigate these complexities effectively.

Future Directions. As quantum social science gains traction, the need for interdisciplinary
efforts will grow. Psychologists, sociologists, political scientists, and economists can collaborate
with physicists and mathematicians to refine theoretical assumptions, design nuanced experi-
ments, and interpret data. Advancements in computational techniques—like the use of quantum-
inspired algorithms or machine learning methods—may also expand the toolkit for analyzing
entangled or interference-laden data.

By rigorously testing quantum models against empirical observations, researchers will either
validate the premise that many social behaviors exhibit quantum-like properties, or identify the
boundaries where classical explanations suffice. In either case, the process will refine our under-

standing of human cognition and decision-making. If validated, quantum models could reshape
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how scholars think about everything from consumer behavior and voting patterns to international
negotiations and cultural exchange, offering a fresh lens through which to capture the nuanced

and context-sensitive nature of social life.

7 Results and Discussion

Empirical research on the application of quantum probability models in the social sciences typi-
cally culminates in a “Results and Discussion” section, where the study’ s central findings are
presented and interpreted. This section addresses four key topics: the accuracy and applicability
of quantum probability models, their limitations and main points of contention, their implica-
tions for broader social science research paradigms, and directions for future developments. By
integrating these perspectives, researchers can better gauge how quantum probability theory fits
into and contributes to social science, as well as how this emerging interdisciplinary field might

continue to advance.

7.1 Accuracy and Applicability of Quantum Probability Models
7.1.1 Comparing Model Predictive Capacity and Explanatory Power with Classical Models

A great deal of quantum social science research employs classical decision models (e.g., Expected
Utility Theory, Prospect Theory, Logit/Probit regressions) as baseline references to examine
whether quantum models can exhibita “non-classical advantage™ in explaining and predicting
social behavior. Researchers typically focus on several types of metrics to compare the strengths

and weaknesses of quantum versus classical models:

* Predictive accuracy: After calibrating model parameters on training data, one tests pre-
dictive performance on new data or via cross-validation. If quantum models yield closer
predictions to observed distributions (e.g., response patterns, choice probabilities, collec-
tive behaviors), that suggests quantum probability may capture non-classical characteristics

more effectively.

* Model fit and information criteria: Criteria such as AIC, BIC, and likelihood ratio tests
measure how well each model balances complexity and goodness of fit. If a quantum model,
with only a moderate increase in parameters, significantly improves the explanation of ex-

perimental data, it supports the inclusion of quantum probability.

* Explanation of anomalies: Many “paradoxes” or “anomalies” in the social sciences (e.g.,
order effects, violations of additivity, bimodal distributions, and non-rational decisions) are
problematic for traditional models or can only be accommodated through “patchwork”
solutions. If a quantum model inherently covers these phenomena with a mathematically

coherent structure aligned with empirical evidence, it underscores its theoretical potential.
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In existing literature, quantum models often perform on par with or better than classical al-
ternatives in settings that emphasize context dependence, measurement order, or interference
effects. They are particularly compelling for short-term decision tasks, attitude measurement,
and shifts in political stances, where interference terms naturally align with the nonlinear phe-
nomena present in real data. However, in certain contexts (e.g., highly rationalized repeated
games or attitude domains lacking ambiguity), classical models may still be sufficiently accurate

or more parsimonious, indicating that application of quantum methods must be context-specific.

7.1.2 Scope, Boundary Conditions, and Constraints

Quantum probability theory is not a universal solution for all social science problems; its appli-

cation has clear boundaries and constraints:

* Ambiguous or uncertain attitudes: If subjects’ preferences are relatively stable or clearly
defined, and if they show low sensitivity to measurement, then quantum advantage may
be minimal. Quantum interference effects are only salient when significant attitude uncer-

tainty or context dependence exists.

* Importance of measurement processes: Quantum models presume that “measuring”
(e.g., surveying or forcing a choice) actively shapes the system’ s state. If the social pro-
cess studied involves little immediate measurement or forced decision-making (i.e., purely

passive observation), the value of quantum modeling may not be realized.

* Complex multi-agent interactions: In large-scale, complex interactions, constructing a
high-dimensional Hilbert space and defining operators can be challenging. Parameter esti-
mation may become computationally intensive, requiring advanced statistical or numerical

techniques.

Such boundaries indicate that quantum probability is especially suitable for scenarios empha-
sizing the shaping role of measurement, the presence of attitudinal superposition or ambiguity, and pro-
nounced context dependence. Meanwhile, purely stable preferences, complete-information domains,

or large-scale multi-agent systems may demand more nuanced approaches or hybrid methods.
7.2 Model Limitations and Points of Controversy

7.2.1 Theoretical Debates Over Quantum Probability in the Social Sciences

Although quantum social science has gained notable attention and support, it also faces critiques

about its core assumptions and mathematical analogies, including:

* Fundamental differences between quantum physics and social systems: In the phys-

ical micro-world, quantum superposition and measurement collapse are underpinned by



Changkui LT 31

rigorous experimental evidence and formal axioms. In the macro social world, does a gen-
uine “quantum state” exist, or is it purely metaphorical? Critics argue that if social processes
lack authentic physical quantum mechanisms (e.g., true entanglement, Planck-scale effects),

then applying quantum probability may be “overly analogical.”

* Disconnection between mathematical tools and ontological reality: Some question
whether quantum modeling is essentially a mathematical device to describe order effects
or interference phenomena, without implying that society fruly operates under quantum
laws. If the resemblance is merely formal, can we say that quantum theory is genuinely

“landing” in the social sciences?

* Distinguishability from nonlinear or high-parameter classical models: Others sug-
gest that adding more nonlinear or context-dependent terms to a classical framework might
replicate the results that quantum models achieve. Is the quantum advantage purely from
new parameters, or does it stem from a genuinely unique structure (e.g., non-commuting

operators)?

These debates highlight that the ongoing development of quantum social science still involves
establishing a “community consensus.” Gaining broader acceptance in mainstream scholarship

will likely require more conclusive theoretical, experimental, and applied findings.

7.2.2 Challenges in Experimental Design, Measurement Error, and External Validity

Even if one concedes that quantum frameworks might be relevant in social modeling, numerous

practical challenges remain:

* Complexity of experimental design: To distinguish quantum model predictions from
those of classical counterparts often requires intricate setups that elicit interference or order
effects while controlling confounds. Designing such experiments demands considerable

methodological finesse.

* Measurement error: Quantum probability hinges on precise identification of measure-
ment operators and the timing of collapses. If surveys or questionnaires contain substantial
noise or biases, subtle interference or sequence effects could be obscured. Conversely, if the

mapping from “questions” to “quantum operators” is imperfect, model fitting becomes

difficult.

* External validity: Much quantum social science research is carried out in laboratories
or small-scale scenarios. Whether these non-classical patterns generalize to complex real-
world environments, with numerous confounding factors, still needs extensive empirical

evidence.
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7.3 Implications for Social Science Research Paradigms
7.3.1 Rethinking “Rationality” Assumptions and Decision Processes

A major impact of quantum social science on conventional paradigms is that it offers a systematic
mathematical framework for scenarios where “measurement shapes attitudes”and “decisions drift
with context.” This can prompt us to reassess the “rational agent” assumption or the premise
of stable preferences. In a quantum model, an individual might remain in a superposed mental
state until an external query forces selection, a stark contrast to classical conceptions wherein
preferences preexist and are merely “revealed” by measurement.

Such a perspective also introduces new uncertainty and contextual interference into decision
processes: not all forms of non-rationality must be attributed to “lack of information” or “cog-
nitive biases.” Some cross-context or temporal shifts in attitudes could be seen as quantum-like
collapse events. Understanding this logic could deepen analyses of economic behavior, voting,
consumer choices, and more, by focusing on how measurement order and sequence logically

shape outcomes.

7.3.2 Providing New Analytical Tools and Frameworks for Behavioral Economics and Social Psy-

chology

From a methodological standpoint, quantum probability” s mathematical toolkit (Hilbert spaces,
non-commuting operators, superposition states, interference terms, etc.) could introduce novel

models and testable hypotheses in behavioral economics and social psychology, for instance:

* Non-commuting operators: Useful for capturing multi-dimensional attitudes or multi-
ple issues whose measurement order matters, highlighting how the same questions yield

different responses in different sequences.

* Entangled states: Inspires examination of strongly “inseparable” structures in group

polarization or network homogeneity.

* Interference phases: Through phase-fitting, one can quantify the “inconsistency” be-
tween implicit and explicit attitudes or track how interference patterns change under varied

experimental manipulations.
Such new tools could be integrated with traditional experimental economics and psychol-

ogy paradigms to build more holistic “cognition-affect-social” composite models, potentially

enhancing our grasp of complex social behaviors.

7.4 Future Directions
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7.4.1 Strengthening Interdisciplinary Collaboration: Quantum Computing, Complex Systems,

Neuroscience, and More

Quantum social science is inherently interdisciplinary. To achieve deeper breakthroughs, it must

harness progress from related fields:

* Quantum computing: Advances in quantum computing may someday allow large-scale,
high-dimensional quantum models to be solved or simulated more efhciently. Quantum
random walks on complex social networks or quantum game simulations with numerous

agents could become more tractable.

* Complex systems science: Social behaviors often arise from multi-level, multi-agent sys-
tems. Integrating quantum probability with complex network dynamics, nonlinear evolu-

tion equations, and agent-based simulations might drive new theoretical syntheses.

* Neuroscience: If future discoveries indicate biological underpinnings for quantum-like
cognition or reveal a pronounced susceptibility of brain processes to order effects, this would

offer more concrete support for quantum social science from an ontological perspective.

7.4.2 Potential Theoretical Extensions: Quantum Field Theory, Large-Scale Entanglement in

Groups

Currently, most quantum social science centers on quantum probability and quantum games, yet
deeper theoretical extensions may emerge:

* Quantum field theory analogies: In physics, field theories describe particle creation and
annihilation across continuous spacetime. A social-scientific analogy might treat opinions,
attitudes, or discourses as  “fields,” exploring how they propagate, interfere, and interact

over time and space to yield new perspectives on how public opinion or culture evolves.

* Group entanglement: On a larger collective scale, if individual attitudes are tightly cou-
pled, one could define group states analogous to  “entangled states,” where measuring a
small subset of individuals alters the state of the entire group. Whether such models can
describe real-world phenomena (e.g., opinion polarization, meme propagation, large-scale
protests) remains an open question requiring both theoretical elaboration and empirical

testing.

In sum, any discussion of quantum social science’ s “Results and Discussion” must weigh the
accuracy and scope of quantum probability, clarify the controversies and limitations it faces, and
place new findings within a broader reflection on social science research paradigms. Although
quantum models have shown impressive explanatory power in certain contexts, they also en-
counter theoretical and practical challenges: identifying the scenarios in which quantum models

truly excel, designing experiments that effectively differentiate quantum from high-order classical
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alternatives, and addressing skepticism about whether quantum analogies hold physical signifi-
cance for social processes.

Nevertheless, the quantum perspective provides more flexible and diverse mathematical and
conceptual tools for the social sciences, potentially freeing researchers from fixed “rational agent”
or “stable preference” assumptions and opening new possibilities in understanding human com-
plexity. As interdisciplinary collaboration intensifies, quantum social science may further reveal

non-classical yet demonstrably real patterns of social behavior.

8 Conclusion and Outlook

After traversing theoretical foundations, methodological discussions, empirical explorations, and
results analyses, the potential and limitations of the emerging research paradigm known as quan-
tum social science are gradually coming into focus. Quantum probability theory offers non-classical
perspectives for understanding individual and group decision-making processes. Its emphases
on superposition states, interference terms, non-commuting measurements, and measurement-
induced collapse all show notable consistency with observed phenomena in psychology, political
science, economics, and social network studies. Below, we provide an integrated conclusion and
outlook in four areas: key contributions and summary, suggestions for future research, an appli-

cation outlook, and final remarks.

8.1 Major Contributions and Summary
8.1.1 Contributions in Theory, Methodology, and Empirics

First, on the theoretical level, this work systematically reviews the core concepts most relevant to
the social scientific application of quantum probability theory, including superposition states, in-
terference effects, non-commuting operators, and quantum entanglement. We show how these
concepts can be mapped onto crucial social phenomena such as attitudinal ambiguity, order ef-
fects, and group polarization. By comparing them with traditional models, we underscore how
the quantum approach places greater emphasis on the shaping function of measurement in social
decision-making.

Second, on the methodological level, this paper outlines how to represent social attitudes in
Hilbert space, design measurement operators to mimic real-world questionnaires and decision
scenarios, and use interference terms or phase parameters to assess the accuracy and feasibility of
quantum-based predictions. We also propose concrete steps for experiment design, data collec-
tion, and the fitting of interference terms.

Finally, on the empirical level, this paper explores cognitive biases, social network diffusion,
political attitudes, and both laboratory and field investigations to illustrate how quantum models
can provide novel interpretive routes for a range of non-classical behaviors. Moreover, in com-

parisons with classical baseline models, quantum approaches demonstrate certain advantages in



Changkui LI 35

prediction or goodness of fit across multiple domains. These convergent findings preliminarily

confirm the viability and potential value of quantum probability in social research.

8.1.2 Core Findings and Key Insights

Several core findings emerge from these theoretical and empirical endeavors:

* Quantum models, particularly in areas involving context dependence, measurement or-
der, and superposition of attitudes, can more naturally capture phenomena that traditional

models often struggle to address.

* Observed patterns such as order effects, bimodal distributions, and nonlinear clustering can

be explained via quantum interference or state collapse.

* In political science and social psychology, the quantum perspective provides a new way of
understanding when a  “real attitude” is formed and how measurement itself modifies the

psychological state of those being measured.

These insights encourage a reevaluation of the common social science assumption that pref-
erences always “preexist” and that measurement simply “reveals” them. Instead, measurement
may create or reshape attitudes in a non-classical manner, thereby offering new ways to interpret

the complexity of human behavior.

8.2 Suggestions for Future Research
8.2.1 Extending to Richer Social Contexts and Larger Empirical Data

To further validate the generality of quantum social science, subsequent studies should apply
quantum models to more diverse social contexts, such as cross-cultural comparisons, organi-
zational decision-making, and large-scale online social media interactions. Larger samples and
higher-dimensional variables will test the quantum model’ s stability and computational feasi-
bility in more complex scenarios. Should robust evidence of quantum interference emerge in
large-scale longitudinal data or nationwide surveys (e.g., election panels or consumer databases),

it would considerably strengthen the scholarly acceptance of this theory.

8.2.2 Delving into the Internal Logical Consistency of Quantum Probability Axioms

Some critics argue that genuine “quantum states” may not exist in the social sciences, and that
quantum probability is simply a flexible mathematical tool. Future research should investigate, at
both methodological and philosophical levels, the internal logical consistency of quantum proba-
bility” s axioms as applied to social modeling. Clarifying why concepts such as “measurement-
induced collapse” and “non-commuting operators” are not merely metaphors but can offer

testable predictions about social processes is essential. If subsequent progress in neuroscience or
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cognitive science uncovers partial neural correlates or biological plausibility for quantum-like

measurement processes, it would provide additional robust support for quantum social science.

8.3 Application Outlook

8.3.1 Potential of Quantum Probability in Public Policy, Risk Management, Organizational De-

cisions, and Market Analysis

With the continuing evolution of quantum social science, the prospects for applications are be-

coming increasingly clear:

* Public policy and governance: Quantum models can help predict how public attitudes
collapse at crucial moments and how media priming or question order can produce dramatic

shifts in opinion, offering new perspectives for policy communication strategies.

* Risk management and financial decision-making: In finance, investors’ “irrational”
behavior often defies classic forecasts. Quantum approaches incorporate interference terms
to model hesitation, superposed attitudes, and sudden collapses in market participants’ de-

cisions, potentially improving market fluctuation analysis.

* Organizational and group decisions: Firms or organizations frequently exhibit attitude
volatility, context dependence, and “group polarization™ in collective decision-making or
negotiation. Quantum social science provides fresh game-theoretic rules and computational
models to explore scenarios in which groups might transcend “prisoner’ s dilemma” logics

and arrive at more eflicient cooperative equilibria.

* Marketing and consumer analysis: Consumer psychology is replete with hesitation,
superposed preferences, and measurement-induced attitude changes—phenomena classic
marketing models rarely capture precisely. Quantum interference and collapse mechanisms
can potentially explain how ad sequencing, store layouts, and brand associations shape pur-

chasing intentions instantaneously.

8.3.2 Synergies with Emerging Technologies (e.g., Quantum Computing, Al)

The integration of quantum social science with novel technologies is also highly promising:

* Quantum computing: Parallelism and quantum algorithms could accelerate simulations
or parameter optimization within large-scale quantum social models, facilitating faster it-

eration and testing of interference-related hypotheses.

* Artificial intelligence: Deep or reinforcement learning combined with quantum proba-
bility might enhance multi-agent simulations and complex social system modeling, while

introducing more robust uncertainty handling into Al algorithms.
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8.4 Final Remarks

In conclusion, this paper, grounded in quantum probability theory, has discussed its foundational
axioms, methodological constructs, and multiple empirical case studies (ranging from cognitive
biases and social networks to political attitudes under both experimental and field conditions) to

explore the feasibility and potential of quantum social science. Its principal contributions are:

1. Demonstrating how quantum concepts (superposition, interference, measurement-induced

collapse) can naturally map onto the uncertainty and context dependence of social attitudes.

2. Proposing concrete approaches for representing social variables in Hilbert space, designing

measurement operators, and quantifying interference terms.

3. Presenting cross-disciplinary empirical evidence suggesting that quantum models provide
notable explanatory power for order effects and nonlinear clustering phenomena, thereby

enriching our understanding of human decision-making and collective behavior.

Nonetheless, quantum social science faces ongoing theoretical and practical challenges: deter-
mining appropriate model boundaries, refining experimental design precision, addressing mea-
surement error, and ensuring feasibility in large-scale, real-world contexts. Even so, quantum
probability has begun to challenge and supplement classical social science paradigms, offering a
departure from the assumption of “predetermined stable preferences” to illuminate how mea-
surement itself dynamically shapes attitudes.

With intensified interdisciplinary collaboration and support from emerging technologies,
quantum social science has the potential to supply more flexible and profound modeling tools
for fields such as public policy, risk management, market analysis, and organizational coordina-
tion. It also urges researchers to delve more deeply into the interplay among rationality, mea-
surement, and social behavior. As empirical evidence accumulates and theoretical frameworks
mature, quantum social science may well reshape our perspectives on the non-classical dimen-
sions of human and societal actions, inaugurating new paradigms and practical insights for the

social sciences.
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LA BHEUR . A h st S H AU ERE BOR . BT TRkt a5 A ARBgnE, B 8B HR
JZR HBhas AT g

1.3 SRR A5
1.3.1 2 Aae 5 I R B e feAt 2 B2 DT SR R

WIS TE RN A T E 0T b A S m AL, DA X A JEISRAT o 14 faT il IO HE Py 4
i, (HMFERAEIS (Allais Paradox ) FISRKEHAMAFIE (Ellsberg Paradox ), — F 3155505 2
A o B RO e iy A E V. s & e Y HTSRBRIE (Prospect Theory ) %1alid
R E R A S HE R I R BB IET-Be, MRS SR R AR U, LA
TSRS T SRR 4 o R ANIG, AT SIS LA MR S Al X SR
FETE” BYAEFRTT AR IHEEE AT A S A 0] s ST B et . 2B 22 &
PRPEZERT, oS s A] BEAS S LR LS S H AR

TEEORY . thar SE AT, SUMPRGT Ik WA —E 8 BRI MA
SRR IS B R e HAT R D" 1. SR, BIFSEE B, AATTRARTR R R [al
BRI | AT Ja PR s AT 505 R R AR R B s, S i 25
TR SCRON” R MR AE SR ITBOE RURRE . AT xR M AT REJE AN E T2
S IRVRIESR .

1L.3.2 17 A5 IAALG B X R B SR O W50

TEAT NATT A0, RIe 8 SRR RGN TRUEA T ACRIRE A e L2 T
FESCRYBREIEE: AT S 23R &P (Heuristics ) AR LIS, 7R XS 5 A8 2
PR R AR FRA MBS 4 o X LEBF 5 TS RA N PR R R B, JFHES 74T
SRl AT NEOREE T ORI GE . RN, XM A BIET PRPERHESE TR T, B
BUURAEZMAERAY “SNE” M AR SERIRIE, ARSI Z O S 4 5 T /7
H—Jr i, DB ZOE AT FECZ . (BN TS RIWrEE R AR A B, AR IR air
FHAENUIL X SR S AT I, AL T — A BSR4 2 rh o FEAN R TR Sl
T, AR R “RAE” SRAERE,  HICHTEE BRI TC R W25 i B S R SR A9
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PHHRUE . MR RISTEAL RIS “HE R 24l i o] @i B ASAEXS = 17,

1.3.3 | FIAM, T IgRAERT I OUR M A MR 55X

X EIAXES, AR EFIAR (Quantum Cognition ) AIFFE & JEMGH . & FIAHIS
4N Jerome Busemeyer., Peter Bruza 55 Aiiid 25505 SECAHAIEE, 1E— R L MM
MELUR R, PR B SR L S B R . i, Y XAz i g M 2
RABTFEARM N B IR] A, 1125 25 SR AT A SRt e 25 AN 8500, T R B ] FH A )
e 5 R ER R R P B S

1288 (Quantum Game Theory ) W2 — S FN 4R AINITE LR . Bisert S5 2%
R AR TGRSR R IR 2 0], IR P RIEAUUR I BRI 51
BEEAET, B TSNS ST RIS RS, BRSO R KA SR i A R
B, (BENENSZ IR TR Z RG2S BN, 1P I Rl e R 4 i I A A sl
Bl

HAEENE, B AR FEREAR GG e —H, ANDFE TR M
FLEME R B “ETAT B AT XAERERSIE; 7, BVl iR
AL A RE S R — S0 M S, WA EIRE AR St SR E A 2 D a5 s
YEo Ham, et HaFEe BRI E, BOFAE T HAR AL 7 —Fh o Bk 54
SITHIREZRAESE | {5 220 ) e SR Ao o v AR AR D0 St R o

1.4 SCEEZEHY

XA LA, AR g1 P B Se i T RIS SRS T MR A SR BIT RGEE,
RERZER 2T -

o ARy s MER T RERIE IR O A PSR, f S S RIS ) RO AR
TP Ta] AR T B N A S5 QBB AT LU PR o

F=EBor: VRS ALSAT A AR I A S 2R P S PR, T A GRS TR ey X i 26
PRERLL S B, JFRE— B U A ] B RIS R A TR R

FVUEE S ESeE TR AT O R R S S R I Ar, AREE NS P k]
PTG T A, FHAFRTE N TS B AR R St 2 1

FIEr: MWEE TR 2RSS, R, BT R
T, s N2 BEEI N ) B B A2 STt

FNwRor s W SRR S R AT, PR RO A 2 B R R AT
JrBRAE

FLERIy: HETHAME S IO R AR, Wi TR TEAL SR E O R A A
HEATERGTHE, FHotr S SRR A B AN O R

NI X ASCHIEHEAT BES, I RBEARRIIIIIT ), AR AR A A S
WL XU R % L T S A A T TR

WL EIREH, ABOE RGUR R TR SR s AR S RE AR, AELE ]
Jrik . W RISHIE, 1ROy PR NSRRI AT iR U RAL AR B %, ol
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s TR AR EZ AT RE . AT AT, BT BRI AU — BB UE MR A %L
FLA, BRERESHAEZIONM . ZImshS NS E o E 25E BRaT
IFTEE OB A1 BE 25 AR L AT D8 IO i A A R 2 WAk 2 Bl R AL

2 P HERIR AT FL

RIS R A RO T IR TS, (HI A B A A TR R I Y
T, REE Ak 2 m 25 AR 2 MUE AT EE . 5 L Kolmogorov 23 BRAA N il i) 28
BATRIBAHLL, BETHERGIA T &N, TSR SAAF MRS, REE TR H i) 1Y
oSS, I, SR e e Rl S5 52 S U Rl A A Ve RO R ) o AT
H A BT AER S  BAER A FE D], IR OGS S8y TR AN T
ot

2.1 Z MRS SR T HERIB R LA
2.1.1Kolmogorov A BHA Z 5 HA A 2Bk B ]

Z RIS I B JL AR H R RFEEFE X (AL N. Kolmogorov ) 7 1933 A2 H I A AR,
HAOA A T RERE AR

o TEE—REARZSR] Q, B G A RERY 4
« EXTEQ EM—A o B F (FHES );
« SHMEEFHM Ac F, HB—MERME P(A), WHE0< P(A) <1 H PQ) =1;

o ALAPE: AHHE AR B HAMAE, W P(AUB) = P(A) + P(B).

At SR, XEANHARR AW, BT, Gitmr, 2Iiged Eimh
A 347, JTLPAR B AT MR AR . AR ARG . MRS AT ik
PRI A RRE WA, DU B NAMERRE 200 A “HaoR” ok, SRMTESERRFsE T, ATk
A SAT AR LR ORI ZR 75 45 R 25 2 s B Rl 7 | e R G5
My, B T MR SRR A Ay e R . bedn, AR AR LA, [ R [R]—
EE R e Rt R s e PN e = SO G U A AT GV E W e A o | SR 1 B R LIS
RITHEMRE

R, Kolmogorov 2AHUKIHIEF LRtz rh o B BENLE FE I BEE A o BFSR 4 TR L ALl
AR R ISR ER . Bayes AR BUE Z )2 G5 ARBE NN 22 5, {BX T HIEZE K
1y MR RGE, TR SRS, SMMEREAUL R IR, XWE L THF5RE X
TERRBANFTEAER IR E
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2.1.2 B FRER IR SRR BNk IS

HEMMEARIGH L, TR R A DO T RIS 1 O T 3R 23 [ R i il etk i 1%
GRS, AT ABLAURR T — [ E A “REAZSIR]”, Ml AR 0 A R B R 2 )R
FAERGAE TATRRZS, JF RV RGEAEN R T2z,

BNE (Superposition ): e J152H, — R A LRI AL T2 AMEZS (eigenstate )
MR G2, HRIPEE G A P BIEM R IR . AR B ] T s, ml
DA g PR SR A T W e 2T, T R ] IR (g B X AN [ i sl 25 BE A A b, AN 258
WA EE BB, RATERIER M R (AR ) i, RSS2
P4 g HAAGS

TR (Interference ): FTEL AR i A5 B HJF, W P(AUB) = P(A)+P(B);
(BFE s AR, TR B TRERIE, BT, IR —RHE ] DLHR AR
ZRFRON | [ EFARN S, FEAS RN A 5 R A 2 kR AR 22 1k

PRI SRR TG T IRA TR SR 5 R RYHE, AT AT DL A SR b 2
—WENEEZIGZEMH SR B, SR — D ARHETEER SR, FRRIHXS
HOAEE NPT, S5 RS Se D e AR E BN BOR BB E AR o 3 M 300
TEZMAEA PP AT AN S LB IEIA REfRE, T 5~ MR U AN 8 )Xo 2 1 A
TR A SR AR M L 2 i

2.2 TR O S
2.2.1 Fi/R1A%EZS [E] (Hilbert Space)

BRI BCA R G R A KA SR, O —RhSE S AR S E], TR R L LA A (B 1
R E LR R IR . xR, RERPREPEER N — R ). 2SI 4EE K&
SR 1) 0 X 1 AR G T RE A AN [ ARIE S, sl Ul AN [ Ay el 0L

XEFALEAT R, BEIEE AT <A SR o BRI () O A /R (A= a] . i,
LREAA— D AR UGS EAIE . T, TP SRR, A S YRR R A A A 1] P ST R R
AR, # B BUB S 2 INER, WAlE KR (tensor product ) #4385 4 A2 AR S
ZE0], AR ARG AR TE 2 BB R (52 AR IS 2198 . 7o R 2 g~ S fit 7
P28 SUASRY BT R A 2514

2.2.2 (R i (State Vector) 54521 (Projection Measurement)

TEET15d, RERITA (G RAAEAE TR T ) He Hathn— >l W (RRAAF
M) BT, B FESEIR R G SIS R A ESZ —. B L, DA
—HIEAIE— AR R {[d0)}, WIAGEEAR ¢ R .

Wit kLA rh, KRR MR T 4R B @18 I B AR AR, R4
MREALL TR S A, — BRSSP R WA A s, BUS2ergi
SIETHRPIRSAREE T, MRS M RERGAL” B, LR 1o et i A
oS, AT Al [R5 2 R i S ] A 255
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The probability of obtaining outcome i is given by:

P(i) = |(¢ile)|” (1)

The post-measurement state is:

Py|y)

[¥') = - (2)
(V] P;[)
where the projection operator onto the outcome ¢ is defined as:
Py = |¢3) (¢4 (3)

Figure 1:

2.2.3 TR0 S5HER] 3¢ 4 554F (Noncommuting Operators)

FEL MRS, 2P B R Sy BT S, I S IS I AN N 125 i) e 4%
ZERL ORI, BT ARER PRSI REART S, Bl AB # BA, RFGET2 iR R A
ARSFIEEE A0 o AE VT S SE AT R I FF 30007 1 2 1~ 1 2R IR

FEAt 2Bl st e RS AR “BEASE”, PRSI 23 BUR” 1 SRR
5506 2355 BUR PR BEAZS BE R 25 F38 H A AR . PR [ SR X R 4 B AT
PIAKT M S — Uil Sl REUIRAS, SRR S8 — R 53 Ai o 1IE X Ph A5 Ha (i &
FHERTTTHIMOHN T ZUBIE, SEAENS I HE B STt 5 A 0 A7 6 A R ) AN — 0 1 i
PR G

2.3 mFE S ENE
2.3.1 Il 55 545 (Collapse) M H X241 BRI G /=

B R ARSI A Z —, BB TR RS W, M RGEA R
Ja, BEARNEME SR FEEANEZS, 1075 28X [R] — Al 0L Ao 2 6 2 LAafh o P r it
RFBIFERELR . X TALSRA R RTE T, AN SEEI AR R ot & BE, W
I RRAS B R 2 e (AR 22 R A A0 F s RV 8%

BEZ, DAERIR SR REERT, AT REFFAR IS G 1 e L5 = ) 4 i S e R A
A, X — I A V) B TR S, R, AR TR PR 12
AREEETARE, WO RESC B B4 I — X B E RIS Lo XA E X R GEA B 1)
AR A 22 MU R R B R i 22, (B A R AR RO NP E R — 0, RESE T
Mot IR IS RS B S S sh S R R

2.3.2 AN E IR PR 5 2Rk TR A REAIL P

AR B AN E PRI R I e W B R 1w b, Beslnl L& (CAnRrE RSl ) Ok R IR A
A X — A b B = XA B S, (HT R TR E A —— A L)
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PEABER RN —— AT LM AL 2 R TP ATRDE AT JE R AL . Biltn, 27 3RAr] 22 R] i
e — AR RIS E LR 0 (B, AR v] e 2 R A 73Uy “AE s X
L5 IR A T RE U MBI A LR, BB AHBUINR

BeAh, TR R IEA HORAMRAE BN, T R GEA S A B & i B AL T AR i I
MIAERS . X T ANERFAT NN, XA O BRI 2R vpoxg <RI A2 il B <[k i 2
7 BZSEEATIULRL o -5 S SR RDRE AN 2 A0 D ik = {5 5 R WL 21 ) e 28 e AN fR), E
T I BERLIE BN S ARAS (A 7AE

2.4 MRH U TH S
2.4.1 fifidlFFcS (BraKet Notation)

RO NRIAT SR R 25w (P AL M. Dirac ) $2HAREIARCS . HAEA
) FRFl (“ket”), (o] FRXNAFTIIE (“bra”), FFRHINR (oly) K%M Z W] A E
MR . BRI TR ORI IRZS, E e rh, XD 7 Rl AT IR 3R 58
WSS MEFAAT TR,

Blhn, R PR HPIRZSICN [Yvorer) » FERTANRIBUR M AT AR N a4 15 A IV A
BEAT, R HEAT “BORME RV HAT SR EOR R e N AR . B I AT
RE [vorer) WRKAANAEL

2.4.2 B TRIESHR

ARG MR R R Y XAE T PR YRR AP JORBE R, X LEIRIE A
JESBMAE SR B, 2 (o) SRR T WIEE R R AERS , (o) J& 21T RGARS 1 &2
WM ZER T ¢ BIBER N

P(¢) = (o) ]*.

BB (Z5) AHEZMNN, XEYRIE SR AR EARTE T, ez L
WIHARLRYE BRI . XA RIS, PRI 9 22 53 AT RE XS AN [7) A 4 i A AH
A, PR EEER L 5E e

2.4.3 SLHRIGEW] RS B HE R R A

TR A A B R AT I AR SE 2 SR X A T S L o B A ST S R
e, WX IERBGEEAT . AR AR S RS AT 200, 8 EARHE S ) Born AL (R
P = [{oly)]*) FFEFHLE . 175 Gleason € BRI A4 G WiE—2B UM, 2R — -0 B 12
IEAS R IPERE S, B4 B SR By B TR AE

XA SR E NS, XU RR T Os A T RERIR RPN, e —Fh
TERL S 2 M2 AR 5 A5 RE A IR RUELS IR R o R R 0T, XA DTIEE AT IR s —
FER RN, JE i A AT N TR IR R R . AN BE T . 2 EEEMFHR AR
—FhE B R
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Zi BRIk, ETRERIS TS I — B e T H—— A R IA%E s a] | SR 2R Xt
SR TP IR —H T — A 5L MR IR A RIE AT S AIGRIA R, BEotte
FlFiR Bt T —FhBr i, RBTFEIRLe 2 AR DU RO Y B2 247 0 5 4Eid fe . TeigiX
— BT TERE A TE R Bt 24540 B 0 PR ESe e, WS T Eie MR,
BRSBTS R T R IK AT e AT R 10 F-BL

3 AT o A PR

TEAL RIS, XA T A A R — B — TR A B R 2 LS R A 55
SRERGERR BB TEVF 2850 MR AL T RIS R A ie 2, (B i B st 2 b 2504k )
OHNER . ZIARMTESEHR L SRS AR RS, AR R BRI 1 B, BEE R
FMZFEN A RENIHRAR L 5 BN SCHgh, A7 Be -5 07k 2 1 S A 41X
BEA ZRRHIE, ERON AL AT A R i R ) R, AT MR SRR A R L 4
AT AW ZIZRE N, AL 5L X X LU Bk AR AT e SR A 3G i = A5 R I

3.1 A G RIS 1Y Ry B
3.1.1 B IE (Expected Utility) 5 5t#i8 (Prospect Theory) A&

TEE WA T2 AT AR RIREEE T, IS (Expected Utility Theory ) —HJ 241
BT SRAT i 23 . AR TR im0 E PR, 23 DAER M 0 07 X0 B v 7
ZERIATIIAN, IR B B, AR IR IZIRIE, AR A T T AR 19 D 4
X 25 A R R A WACa A R AT BB Y T OUAREA DN, DT RS 115 H 41> DR SR I ) B B2 K
FME. R, BEE SSIEFFE R AR A, REFIEHRCE G (IRSiFE . SR psts
) PR TIHERUH IS S S e s . X EEIRTR I, B T A AR A
U8 PRI OAE” TR, TR XU S AN E AT 2R R 2 B A 1 B AR AL O B G 22

T R BRSO B E LU R AR B IE, K22 ( Daniel Kahneman ) 5HFR Bk
( Amos Tversky ) 58 A$2H T Hi 5 H1E (Prospect Theory ). FistHliid L “Hr{E K%
“PORACHE AL, R AR S 516 ERARFIRUREE , DL BORINE AR 0 OGS B2 5 64T
TZIE, R EAE TESUTMIS R el Rk, RRMS LR R IR
WAL, Ak, ATRFSIKIHESI R ZMALRRESEZ |, HO el 5 B 5 107
X, AMERBAFAEANS [ B F AR RAG TN E AT, — Bt S5 RA T 250 B 4R 5L
ZEBTBIIRET, BT SRES UL S T ImRE FHAEAS 2 A TR

FHEZERNE, TSN EIUHHISIA R SIS, AR RS BT “fE” 19 A
PRIFBOE : MAPBE A FATE T B E BRI R B pR g, TS A i S Xy
CAFER EMMERIATINEG TR, SR, FESehrktasrh, A ARRLE 5 2 HEnf s, Jf
HXPAMF R BT SO R A SR LS S D R s . X R A R S e T
RO AL AT I AEAE HE BTN 2K R s TC VA P sh AT AL R ME R
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3.2 A2 | IS BEHRE  ARERE DR R ol

TG AN ALL B2 5 O Gl K S0, 487 SRR A T KU 55 AN o
ARG Z R G2, BN, HEZER0W ( Framing Effect ) & HHARR] A4 g3 ) SR AN ] i 455
TR AT LB BERAFINIOREE R, #iEs0 ( Anchoring Effect) SR AMT TFEAL TN
FE B AKOERTEY BT B A, BAEFIMREI .. E ARG, REMRAEL
i 25 o A X EEER AR ] 7 — MZOF S BRI IR AR X 25 WLRE SR A (B
IR, BTS2 N AR R E A .

Ji—JiH, “IEEM” (context dependence ) TEALZ AT NI R IR IAUIE .. A
TE 125 [l A5 S AR FI e, LR AT RESZ 2 RIEUT | [REdk =, B L B At A&
FEMZE TR . XN BT T 2 SRS rpo St s PR RN AT e i i, BRI AR
RUZM 3% 08 LR 3C7 XFoes i SR/ H o SRR N BeaE a3 n S8k e
BREIAILE C Qe OB A TETI ) Xk ARG AT s i e, HIMELIE S — e E L T 2
HEE AR HA LAY

Bl 1T 2Rl 2E R E BRI SRR T RTR A, “BEPE L BT T g o ik ok, 3%
T AL TR B A BT AR FE T f I, SR LS HE Wi AT FEAN (B, (ISR
Ay S 2 W S S PR AL AT e B, AR SRR AR . BT SCEAR DL RS
BRI T Tk T IERAEX—T R N, TR 2GR T R FHER . &I
SR [ A R Y 221K

3.2 B SAT I Z2 )2 KRR

FEEAT R Z I UMELL AR, 3R IR KTE T8 IR A 2 FAH B2 i 20 WAL HEELY
INFIE R, BUBAAZ T 4L 850 55300 s IROURAR RS, 1) 2 W P B e 72 R IE
RN o AT AT PR — 2T R T R 20 ) — S R R, FEWIR R Z R Gt

(1) MRZHm DL SRS

B\, MERRIT I Z R T HA A OBRE, EEER. NS LS, i, —
LI e E AR R L, BRI E R AR R 00, B2 R ar . 20, AR
FRERLA . HHNBER (a4 . D, RN ) RAESCERT, SRR L,
TG | AR RIS 645 o BeAh, ATEE I A — 8 258 S22 15 B B e i i
Ipait s AR, X ARG T p ml, MR TEOMI AR X, RAFERER
S e A1 ) A i A BRI MR as s A7 37

INFLO AR R Tzt i . R i S BgEER s maf Tk, MASETOA
FIE R (schema ) HFREHEE, IPEHMACH N MZH, [FERMEHT, T
SR A2 M N A ] 5 ok 208 B 282 XMl . S B0 BRI FE AL G oA
AU AR LA BL

(2) BHARZm AL ML . S SHIERE

FRAMERZ AL, A T W) MR E S PE . AR SRR & R,
HAT AL S KA MY . SUEME . I L RS L & p)sSil PRI, flan, 7EBGh
s B RS ] AU AN AMEFNBOR -, 38 32 2144 52 o 28 Hhph A ) 728 DL I
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AN AR B . BOCAT] Rl R (IR R ) #sg . V2t
B TR A I AR Bl S il . — S S T LA P 2% 4 i R] BEAE BRI 59
IR AR A 7 SR A A A7 1) TG A

SCAFNHRE RV o] AR ZIR W AN ST o flan, [ —IA L BORAEAR R X AR
HEAHIE TSN 2B EIRA R R EIE Y ;RN ASIHLARA AR 2, dLal REAEAN ) SC
TG EE T RBL A R B0 9. RGeS T ROk Ik 88 “SMERII R T Sl o 45 7 1Y)
ARESSHE, MELIRREE At A7 el SOl s i REPRIE T B9 2R L SR AR PR BLEE

Pt SAEAE LRl i ol H RS AT T, R SERERE R I e MO L A
SRR LG, JFREE I B AR MR A A1 AL S SO0 . XA —FR O e PR, PP
MORT R ELE TR EMIRZ)Z R . ZERIIEME

3.3 T T BTRER G

TERTSCHR M AYIE Z PR, B O RIESSTE T AR AoaRY RS IR AL [ E i
T, T2 AT — R BRSO 1 5 1 SRR s I SR R A B 2o b A AR SR A YO BRE5 ) 5
AN | A5 ST SR 2 T O [F]— [T AN R 1 WA PRI R e
= )1 E O e 27 VA DN G | SV B 7 211 o ok /P Q15 S 7l il R DU RV D
WHHSAT AR SIS RS R E—E R R R

(1) FHHOE AN PR R SR

YT, RO (Interference ) J2& HIERIRIE AT NS = A2 195 25 IR 4
BMERINEATUEEER, W MBS G S BB X SR 2 ik, RSOk
" AT DAL N RS R R AT B — 70— T [ 24 0 sl 77 SR A
AMASK i S IR S 23 7 A S B 58, X H RO R A R AT

TEAB SIS BRI T, AR 2 2 T JE IUT R0, SR S R i ——
RV 2R P Sl A2 TR AR —— W TR HE TR RV PRI AT RS S 1 (A st
Sk ) L2 WX R: Soxt— DR I, SiE RS KA, AR —
AN B RIS S IATI, ARINHAPARLEE “Op g™ “nhie” B LT Ak
R MR — DG — A EEHEAL 15 21 5 B A 21 i

(2) BTSN S SEEME . 75 OHESBRELL

FERT s, BOURL T rT LRI AL T2 AR (eigenstate ) BB INAS, — ELEIME
AR —ZIA A RIS BARS b R THSAT N, AT AN B REDF 3 — B
WY HASE IR GF, MHEALT—A “BAESEESE]” ho Hgohst CInmE: . JiiRalirh B
) PET W, AAEATERERHESD N — S R R —— LN SR SO IR

XANE NS AT ARG “SEERIE” 5 “FIEOM” . — D ARTRERERIE A T8
—SBfL, WIAA] B OF AR AL, (HIFRAEGEE SRl “BUIHRE" o (L5824 gk Rl
BBV C LNTEH I BCEE 17X A A B BRI, 220K MR ] LA M5 B
ABENE. MR T T, BOMIRS R R E—f A 2R, a5 ST WS B 75
FUEE (RSN ) gaakst— L.

BRICZON, TEAL R, WAAESERM . LA s e R R . BTy
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B T — R m 2R ) H R iR R ReA e 2e 8 Bh i T B A s A 2 o0 HARE
SCRREIN, A BRI 5 CEE R AR B E A
ERAT GRS, B AT A R R M T T A J8 28 1 AR AN R A 25
fii, MMTRE—20 A SRR T ) B AT 15 SR T P (T Ay LA

WSS, ARG RIS E R L AT i = Pk -

1) H “BHRPEN" K “FRE tidr” BBOME LA KR SR s AR 22 -5 1 B 5

2) AAATHINZZ UL (A BER L W SOl AR AR B I S i &

ZRTH

3) fElE SHIERT, HEREARFLANZ, WHARE “ShEEn” 5 T
HIBTHEZR o

P RERIE AR SR RN CAniE A B REgE ) IERAEMT R T, B
MARAS o BB RS DL RS TEMES" 5206 7 A rRaity, sSaraeis
TEAT TR AN AR T AR S B R B —2% . HAR, EIFATERE = AL m] LA
JRBUR S IR L Ge AR B RO — PR AR R AU el L AMAAESE, 3 BhkE bl
FERRIE 507 )2 RS AN LSS i S 2R . B R TR RIS I, AT A&7
A ARZE . AR UL LR OF G B MRS VGRA TR A RE, X oy ja 2 e L it
IERLRIE S SCUE M7 TP RE TS R R ST S 0]

4 FEFHERAEAL 2 AT O R B S L

R IE Z A URETEAL R BOTE B T 5RO 3 IR RGO R e T8k
“WEMAERG” “ BT SRS FAESMIGE T4 318 Hg —mEes S5
AHESL, FEELGRR IR, S FRIARLE R SR ST LU CBER R, JFE
HEEE LB, T, JEv S8 LA S A MES b NS MR BB IR TR AN A1
BE T anary= L RO AN [l B RO S 36 4% o AR I G2 DU A G BERL J TF e A

1) ZIA (Superposition ) SIS

2) T (Interference Term ) 5 T LR 5

3 ) AT SSHRAT S R AR 5

4) MGG

IS IRARICX LA S AT et g B b “Bhdpt”, FRATE A8 3 sE o b AL 257 o Y
R ST, It L BORTR T LA A B N 45 S B Sk P T A LA

4.1 BMZ (Superposition ) SHRIEE

(1) ZAPRIFEIE Y “Fm” NI . AR w74 P REA Y

TEAE G R MR BE B 20X B A AT e pe UK T 17 [ 7 A 5 WUARE =3 AR
H, RIS RPN T IR, WA R EAAE. SR, LSRR RSO B
YRR G AT — A i R SR AR S BN 2 T TR, AT 3 I ICOE HAR
SERIRLS, TERAL THMILE . PR RS . BT RIen) “Bng” MRS REm
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XA CBERE” B BERD” AR,

FEdEF A2, R el AR AL T2 AAREDS (A B m LA A Em ) ML IEAAE,
HA BN TI R A 2P B — D BRI AR B #PR R RIH R 2 Suk, A4
IRTER R b VRV A JT 502 B T R” ZHT, WOX A5 B #H —E R RN [F 2
PR, AHFFARMAR R EREE SO0, —BAME (FCUnR G IR A 51 iR Lo ) ZOR b 1k
£, AU TR CSERT T T e, MBS RSB NS TR B A FLAA
it/ T

AL A BT IR At ATEA DAL 2P A b, AT 828 [ R[] 257 2 PR ) 5 ¢
Fe . S A BRPUAFE R B 255 FEMCZ AT, RIS M AR “E” Bl —A
o WU, T 4 BRI B IR — 20 A IO B BRI ok, AR A B
A, T APTFEE RO T —RBrRY AT RE . ASFRISC A AT T i AT A TR AR 42 A A EL AT
DLE TR IIHE, TR SRV AE RS BE 28 (8] PP A AE 22 B PR AE D7 1] I o

(2) “PMHE" R A A AR ROV

B HE ) — A R S S S AT RGEFAS Y B ISR R
F ST AR AR I, D e 4 2R RO A AR AR 25 TG o W . %4t 2547 A T
H, U AT DARER I A RSN | RIS A R PR R R A . AT RAS AR
ZIUIA e, (EAEPOa A s rshns, HAER B — D WIBRAY I o BlS AT E Ml 2558
BE, HOOBRARE S AR, FHAE—E ] R — & I BiE” .

WOV BERS i BEVF AL VAP R A B . BN, — L8325 7E 135 Tl A i 2 R B i )
AU SR A B R 5 B e A — IR RID I E LY, (B E— IR AT HE i
ZJa, ARPRFOAR T4 “Pk " SEIFBEETIRE AR, X5 2R Y
E/RBUCAHER L A, IR R A S B "Bl 20 “BIE” miRe.
BIRIZAED B e — D REAE O AR A U, (HAEAE R B, AR S
JEETE v R AT OB A7 ARSI, IR D0 285 B O SR AN X LA PR, T i BEIEHE SR
WA BLA—&BIT

4.2 T30 (Interference Term ) 5 1 SC&W

(1) A INHEBL AT RE L T SCH S T ISR

HFMRSEMM R DB EZNET, EFERNITEREEE BRIRET
FHINEARTE , A TER T (interference term )7 o FEZ ML ZR g b, FRATE 5 LA
P(AU B) = P(A) + P(B)P(AN B) ZRMRKFZMEFRIFEME, B Ly g,
BPE SRR ANEPRA &P LS AU A, Mg Rt aEfi s B L, ma
IR .

XFAE SN SAE AT TS, AR 5 18] PN 4232 22 UOR B DRI R & (A [ml
422 2015 S TN I S W [ I T L B0l R o A el N 3 A PR 5 s B e
WALR “MP 2" sk BF SCOR RN, WEASIH AT T B IE, SR, B
B B R X TG A R G AEA R B 2O [R5 g | 3, RIS & ) 1R
A T RGESHAEXTAIAR, MIMeAs Tiegel a5 R . 52, YR SAT RHEEX



Changkui LI 51

PRI R INESBUEN, AT WINER AR 2SI ARRL T, R ER AL
/Al WANOE] B2 ey eAE AN DL I B e S

WEARME, B — D ALERZE A SR B A7 AR SR —fian, A [y
ORI R IR S, B M2 ot Dl & JRISE ey, 35 WARAFIEITE Y o
RHANR TR o FELRMAEILT, Q2RI TH B AT A T B A#RA [ E R0, R4
Jeidclnl A iR B, ibJESehl B fER A, REIRATIERE RSN R, ARV B R AR S
oA e SRMIER TR, S A (ST 215 A FOCRIAIERS, I T 1012 B[R]
AR AR AR AR, SRR, TR BT st al LARRE A A TR B A 255
Wi 32 5 BRI, B 22 S BB AN [R] Ao ]

(2) it IR TR0 A A BE

AR AL AN B IR, B AT RIS AN 5 o N, A
NBUSGI] “URZ AT SO IS BRI 5 e X — TR, SRJE SRS FRR) R S0
SE IO AN AR TV A", 205 AT REN N 28 — B RIBUE K B “IE iR DA, T
XEE B R Y Tk AR =T SR R R AR AR AR s AR U A B, T FREE
PRI AU T REAR XTI . 2 UM A ME SR L DUHE i B X R o i Tl ok 1) RELZfE A i
ART, AR RBRR YD R 22T B SRR 2R

EPAET, XMIFOCATLLE R EE N 5 — B MO 2R G825 Y- T SO0 R 2 LY
AR T, BRI B & (I RT)E 25 . Tl DUEIEF ST, ®
BUE T RET | AL [ AR ) BT e R R A AT TE R X SRR A A AR, i REXS
RPN P SRR AT G — . REGERIIERE, M ARG G T b S 56
B A IMB ERN T

4.3 JE AT S BT 5 DR800

(1) 1B | A5 S Qe 7 & 5B AL b {4 B

R ZHAAT (noncommuting operators ) &1 15 i — T BAR SRS A
5 AR B AN, W AB # BA, WAeiE A i B 5504 B Rl A 2577 L AR [R5
SR XAEAL S BLE A — D B ZS L QR A ) B B A A B R B A B R
M7, T H AR A AR R RT R AN TIRES , IS A5 5 IR st 23 3 A [RIASCR

48 AR A I K AR BT BT A ()R A B 25 28, WA U F (U2 &
MBI X EEEZE AR, VP M ARSI R M, PSR At ——n) 5 5 e 2 LA
FEUREMERN B AR, B TERAUNGE AT LR RXTSEIUT” N ETEECEA R Seitm
FAF A X REBIATREY, RABMZEA; BN B B, W25 R AR RS
Fifdii, W AR B ZEAXS, BRECNIE D" s “Birm” EA—3, T
28 St i R AN R4 2R

et BURSABIGE TR UL BT 508 FT A 2 R P 38 46 B4 A 7 7 02 1 1Y) 2=
B e R A D, e lRlE RS RITEAT, FRR O SEEOR A SRR, AR B A
B 5 RO RIEIBOR . AR AN, IR E R R A — I AT, Sk
WA (e APEYY ) F B (B SC R ) SRS BRI A R45 R hi4s, i
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TWE B RARIR I, SSRBHEZBOE.

(2) SRS MR At 2 A5 EUa s h ry 22 41

—FEAR RGO 5% BB RN 80 E BRSO A el
Vi s SR ] —LE G T B RN IR e, A PP A AR BAE ST, AT RES ]
SPRCUTE SEAR T R BT 2 A X AR . 2, A5 S Tl e A LA 2R A 5 Y
g, ARk giE AR ENIR , IIMAERE G HE S B RSB E T SE A S . X
St rl A AR BE A Bl S ERE U E E 2k “PiE7, gk
X 26 Y AN R 046 2%

XHFTEE M, AR 2800 R ] A RS s, T REAE e Ml iy s b
224518 M TR IS FRTFARRE TN 800 145 B, R A5 0 R G4
(MRS ) FEAT BRI e 1) BT S B ARG R . X kE—2k, AN[RII B
MR RIEZE AR RO, RTINS WA ESSF)RM, X IR
BTSSR A O B EAL S, IS5 BT R] e AR A T S AR RREE I

4.4 TG S5 SRHATT N

(1) AR T 0 SR T2 g2 L

A% (entanglement ) AN T 2 R BB OENREZ —: W (HZ) HL
T—BAgE, AR E T APUCEFHIAS B IS0 T8k, XA — AR 1 e 25
BRI HUSZ NS o — R RO EEE R, R AZ A B R PR . BARTE R WAt 2 RGP
A CHEEEERT ABIPLE], (HAERLEEET T, B T O R B SR, AR
R 25 L B R R [ AR A A EL I | AH AR

MWREALHI AR, A" BWE ARG RIS AR R A sk R, e
(NEE = NIy TIPS Sl S bl i o e i A (N o b A W A N U N R
FR A SRR R g, fa) DHEESCHER AR ACIGE BBl “al28” mTEIE . MR
AN PR EAH S A S, MR A g —, e — ARSI, 20 H A
RGNS (ORI EEAR ) 7= A DL IR o X At 23 2% i R B 3 DL gl L gy
a7 AR AU L, SO EGA TR R M XA RS — 2, L Rk
AL

AR, WP AR B RN ST R A E R T B R B T, (HE T
TR —Fp B 5 AR e AR AT R R A SRR AT L
B 21 28 1) B A AR AR DR A 23 56 2R N 2% e b ) e SR R O i A A . il
oAb T BN R AL S AR AARZS I, AR S BEFFARSI L oA, A7 AR AR 58 1 47
A ARG Z MR AT T XM AR A AR E LA S SE PR s, WG AR R K
PEREAREE™ wl “IEAR” RffRE. i 2 BRI Se it T — 200 nl AT iE R, AR ITE
B v A YRR 7850 B 22 ] o 22 i AP S

(2) Bl . eIl bl (R A R0 7R

FEAACHE R AR A R RAEAR TR R, PR 25 BEAH L iRl S T o eI Ikl
FRAEAL SR SRR IA T, RS R FF R 5 DU 2 e i e KRR B 3R, B
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IR IR I . XX ISR, QMIRIE o E S AT PRI T — SRR RAER,
FIfEE ST PO G, HRIZEGIHAT, (HIXLERRR AR T A a7 o SR B s e
W) R0 Ik, MELATEM A BRI B Al BRI LR

GRATIIARMT A" WIS, TUBR—IRHRSESN, ERHRET, £
MAIFAEE —E RS . ISRl (5 BRI RN, HRY T XA RS
AT TR R G T, TR IR M — X R B RN R &
PR mAL Yo R, — B BT S S OB, B AS a FE L, n] R A KA
WRBR . X AR REET F SR AR REA LSS N i R BR” SR s L. — B AR
YRR AT, MIEE—ER) “BETRAE” JLPAER R PR A R R AL, TP
eI B AT o

IR, A BN BT e s 2 e 5 SOIE LROBEE: HEa RGERR
H ] DU e /R AR s () g — 2 7 2 g ey Al RE b FUR—MBeA 26 b, AR ST
TERY YRR RIVEAN, 5 A 25 AR S al S R, ARIE AT LA
KAl G A AT 30 SR, AT A B T A g R
HEZRAE i LR AR A AN B [R) A5 7 T 5 B B R 7 o

TEETHERGH AT ST, BNy SRR =24 T AMRRIATr
A, TG AR AT A HEEAT U AR b 20 1 b T SCalg i et G 28 5 sk o A, 12
G005 AR T AT Ay R AR R [E] A5 SCHRT T o AL S ARSI A L, XS M A 1
Xt B BE A . WP RN AR AL S BRI Sh AR, R AR SRR 1. B
MIAZBAUE GBS T RER T, MR —FAb sl AGE S, ANTE 2172
R 5 HEMST B BRMER TR AT RE,

XFF RS S, AR BAR R R T 5 2 0 BV 22 (A, AT b A 2 25 ) A ZR B
ZS )7 el Cai AN R S B AATT TIITE SRR R A 2 BB AR e
AL R MR h Sk i T2 R AR OCHR? A — N RS 78 36 R A B PR R 5 94E
SN R SR A TR B E AL I, FATH B S AR E L
SN IIRIHT, WIS A ShaS IR AR 24T A B S S T AR ML

5 BRI : MAEER|N ] (Model Construction: From Axioms to Appli-

cations )

TEAL B RIRTIE R, B TR T E IR AEAT N . i R A AL R AR T —Fh 42
B o AR GTH 22 SR AR (B AT [ BT SCAY s, I ELIEE (0L )
FARS R X e FEME R . SR, FEE A8 AWHRZIC L R AR BUR S . HAT AR 1k
A2 SR R R R TS 5, 5506 H ™ R S0, AR HISAE T, a7 IR fEIA
AT N Z L RTREAL THAS A, Wi (GRRRERA, BEb R st ) ARaxt
IRAGERT A B o ATORE B AR U] A BRI S T 2 BRI, 5642 A
FEAL 2R EA U SE PRIV o

FATE SeiheE TR R iR, AR B S E R R g X, L
LA¥ (interference ) BRI~ SHESIEA . BS , ARG =4 FZRHSUR—H= TIAA
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R LR T B U R i AR SANA T G 7 ik AR A B S RS DB T T 1 3
o fJa, FAPRE LN GL I XHE TAL 2R R T BT I B0 Uk A S 387 ik AR i R
HMG I MBS B SHIEREE AL, FRNT I R s B AR AE ISt 2 5 P AV RE - 1T )
PR

5.1 I PR R B AR (Quantum Probability Model Workflow)

FEAt SRl i iR L TP ER,, PR S Y b HHE )
RIENKEEAANE R, (HFFEARYE AZENA . PR et & B B i BRI DA T el sh sy g

(1) #h kA 25 (Hilbert Space ) S5k AN, B M MTEL & Wt A5 5 TR mi i i
o PR RS AR 5, fELMERieT, MU G L—M & 2T b4 R 25 6],
Blanfert SRR B 5 B, SEERBERE T SR RN 5 Chan”, ifEE
TR, XSRS O A RIA RS A TR g 2 e i, AT RERSAR BN S I T35 300 . %%
() A 4 B B T Fr e A i S BRRS 8 H o flan, g8 B — oo 5l H e A /A s
[R5, HWRZUE, W22 T2 ek E PR 5 .

TERE SCRASAS AN, — KPR AR AR AT Rk T Z MBS . #e b, fFos
A DARE g — i A 1 25 (AR R A AR AR I N Ay, (HX R 2 (i SEuk B ik LA D e Oy
KAGTHRIG . G, FESCPRiE o s THE B4R B, AR ORBERE T T N R A B Tt
FEE A=Ak

(2) IR SAAT (Observables ) 55050 5, 55 DM X Tl $&ma T
BRI AT, e T 1, Tl (observable ) FJE KB AR TR, HAFNE(EXT N ]
RERIIN RS R . FEAL SRR E b, SR SEBAT AT BEXT BRI RS SR Bk ).
TRl de Can “PReSEEREIERD 7 ) BURRRIRR A (1 “EHA R 2T R ). MR
T ——EZ, AT AR, A RS S I BT R AR,
777 A AR A 1 i o

EETHELRT, WEF R A 255, ORI R8T 2 [BA X 5, BnT e 80
Selill s B R . MR AR, BFE — AR BT A —Fh R ZE A Y
fZe; mfEg Bt , &EEPIFE R — MR 2RI, R AR 9B ST AR
F AR

(3) T S Eik, B RN B EREZ —FE T T (interference ), 7EZHLAR
o, PR SR B B AR

P(A, B) = P(A)P(B|A),

R AMER AR LIRHET . SR, 7EE TR TH0E (amplicude ) B9THE TS5 1A
FANZ (phase ) SFRIE, WAz (i B S M Y 452K . AL SRR e B HEAE 2 it o
BRI X L6l , ) G-l FH 28 ST A ORI SR OISR, RS HEX S B UL ) %5
Yo

TWROAETE Z G PRI, Lenxy SRR (sure-thing principle ) #Yidi 2k
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“MiFP5n;” (order effects ) BB (SBR[ A FHRAIEL B, Frfsi 34 il GBS 50 B H#17)
A BIRATE) o #lBE G Ir ik i T I 28, 45R Won 5 S MU R AR ] . 22 5%
YU ] A e B e S 1 RN B SEAE R R P R . X — 2P JU O R, RERS S DT
FEH WA 22 SO S A5 X W ) 9 A5 HA AR

5.2 N HZEHI 1 mFIAHEA (Quantum Cognition Model)

# A (quantum cognition ) A&—MFI%AU, B 7EMRE— RV HAERMELL A 151U
WA 22 . 8 ARS8V . RIILCK, AL PR A S8R BRI T 5 DR A2
BRI B0F S ST, SEBTAEZR RN . A BB R BRI RN S . BT
iz A R AR R S T A AL AR I, ik e AR I T ICH A MR B Y IR AR R

(1) BT INATES SR S ICICFR IR BRI o 28 0 A 285 B8 ph A8 AR e {5 A i it D
g etk N E &, (AR E SRR, {5 B AR R A TEAS R B9 7 St sl st ) iy
T, AR IS B 7 HE BRI B 52, AR AL X — I i B B A 5 4
OSSR AR IR AT ( BIORB AR R s 2R Mk Z /i), IMARRIZS AL T2 ik
A, HOAH B R 2 R T RO 15 Bam & AR g

FECIZAR IO T, BRI R RE A RO G B SRR P o AT 8 23 X [l g
W WY IR A A R i (B2 AN R RRAS B [R)— e RO IR AL T 2R Rk &
AR, SRR Gl ) 2ol HAOE B RARAASAE S B, T B SRAFRE 1 et A A R
2] AFETES TSR 2E R

(2) T S RE R MUF RN RSO SIS . E IR BRI 4]
WEZ—, AEE XIS P R0 Y R GEfRRE . TETE 2090, X e — UGB [l e A 78
s, AT RIE A2 s . 2 M Be — Moo Rl oy IR0 8l ISR,
LA X LIOKS 5 UL S5O0 1 7 Tl B8R /0N 5 T S 28 DR S P A A DA 3 X ) 1 Y 4G
Feill g A (EARASIAS A — T a4, N2 B (1 I o0 A, HIZsem2s s ] sk
IO G 2T

AR LRI 8 2 9 T8 S S7 1) (R 7 ) AR B AR L, AE S BRI B R
A P TR S ST, SO 325 J2 P IR S R A o (HSEI A H R, X B[R]
[fFAE—E RSl =R, 20 BRI R A X S, S EOCE: 2 SR A 1
IIRRAIR VIR S I3 . BORBRZ R SRS o, ISR E T PRREE /LT & . 1212, i
RS8BT A

5.3 N HZI I w515 E1F (Quantum Game Theory and Social
Cooperation)
EET4%E (quantum game cheory ) H T 124 IR . 2140 R AR X 5 8T | A2z

WA, R TSRS B SR . R RYIEN THRITR T AR L, R
B SRR T PR — SR 2 IR —E B LL .
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(1) FHAS T 2 MR AR SR 25 W] S5 0 45 43 e L R TR] o e g3 - (B s B I R #0
A — L SRS ATk, U2 PR 2 T X X BB SR 2 A i TS 1R . TR T R e,
A DA 7 8 T E——BIE S IS Lhn L IE48 4, MTHA LL 28 838 5 00w B =F & 1)
AlREME, AR AN IE SR TG, I8 n] 7ok RS RS 52 1] 1 IR

XY 1Y SR 2 B A5 R sl i HZR m] DA B Lb 2 g A i A 45 R . D1k
INGE RIS A, 38X DU RN A A, A B e TR R B 2 M R A 9 5 S VR K o
BARISE N RASHE P RAEAAAE M A, HEMSERTET, SO e bRt
A IR S B A3 A% 8 B 228 A 7R P T30 174 PR 5%

(2) FEAIY A IEZE | MM EZE R R R . A S R OCE A AR 25 S A
AR SE . S iR G SRR SR SR, A AR i {0 ) R G el S VR LA 4
o ETHZEHISNFE L, AAMRNRAETEIS A OCHR, BirTReiR s sz ity , 1G4
HEAE MR T 1, D—E FEEE b v lieda (o 42 R

FEVT e M G5, g drid ol AR A E B R 3k W5 4 B (Kalai
Smorodinsky ) f#ESFARIE T S A AVFIURTER T2 M TS MRS LA SRR, WA 25
ST Bk s g i, B I IURIE U I . BUSC)Z T, MR IR AR S g is H
TR, (H IR AR B P /s ROk ) S VERT Re: ,  JFom iR R FIUT 5 5 e 200
X B 2 SR I S ]

5.4 WM IIL: s HBCESR! (Quantum Voting Model)

P R EAL P ERAZ O AR IR AL o LG S IS B AR e RN B A3 E 1Y D 4
o3, BCE BRI HOE I AR E R A . SR, REFSSIESORNE S, A B
TRV . BT G EURIS MR RS, B 5 28BS

(1) &= FHRERNT R EESM S ELN R, & FREIE D, SRR E
R RBIRZAL T B INAS, MBEEAT A T, Bk “Biaa” BB, &
TE— R AR TN AVF 2 R BRI BERA MU D€ s o ] B A B sl e 54
FERIm NS R 2 M PR bR G — 2 AR . N TR, SRR TN EAI A
“TEE” A,

H—NEEWMZ, AFBEEHH Z BT RE A TN . el HeRSERHEAS A B
PERIE, HEBCERERAMRE N TEf TR, X SR ST G R I AT A% 5
SGERVTREAH I, IS UGS SPGB R AR R A

(2) THIONFEREE R S I eF s . T2 h i A 0, Rl s
ECSGE R A IO o (RIS BE P A4 e N Z (B 24 i, 5 FORAS s — 2 g, R
/TGS AR CARIEAI B A e A ) — mii ) s BEREEE M E XKW, Foh
T FARRLEL TR R AR A RS, S INE AR T BT ORI AR A 22 5

[, PR AR R B E RN (spoiler effect ) BX “4r28400 " ((vote splitting )
Jr Al 1 g AR AR A o A SRR T, 5 =0 e N A OB N — 7 i
WS, AN RICERAG SR R e (HAe R R, el AT BE-5 A i i
PR BB PERY T, NI AR AR 7 XU e 28 45
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5.5 LRI 58 I 4E (Experimental Design and Data Collection)

L TR HIE AIIEE 52k, FoRHE AR BT 58 ISR . AT A A S
B ARE I T8O (BIAnT9 . AEXE 5y s 20 SCIC ) X B Uk sl Oy et M A A R
BERHI,

(1) IS5 555 1 A BE . SUURA T AAEEICE P U R 22, X
IMVARENLA s ], A REGPERZE . AR, AR RN B 7R A= SR, R4
A WUFAEA R, MRERRASWOHMR. B, & sl sz hissE a8
MR E U I MU A TR G S E AN R, e I ISR 2B H , DL
B BB R DA RGNEZE R, WIHZHIETER TR,

EA, S TR FH 22 4R Y R R R AL RE AR A, AR S — T (
XFAFFEOR ISR ) SEmla, BB s — B0 (A R BRI ) ISR,
MR B SO SR AR 7 00 £ 28 A8 B A 0 — 57 U i sh S fd 7, A
B T RN T i SR A LSS R R P SR BUE

(2) Bl AL PSRN SRR E . WERSERR)G , WP 2R LI 2] - R e e 1
oA, PR T R G O DR . ARSI EE B AT UL G . R R R BLAR A T
DUMHHAE B S5 G0 7 EE AR XIS (AN AR s . A5 ) ATl fEZ e 308
fdrh, G RSN AR, (HAHSC BB s M A E AT R 2

T 285 Z MR AT X0 EE IR AR A W AR 5 B B R ) o WIS i U
IR RSB AR s (B . AIC, BIC DU A -2 46 bR, A i T8 S AR A 28
SR PEA TR L o A0SR A PG B A R — B T L T S, ]I A Sy
RO FEAE T IS EAE A BE TTRR

TERHUBRE R AR, BEFEE IR, PO U0 SE s 26 PR AR 2R ™0, H.
FAE AL R MATE R A, 5 BRI SRS LU S TR G A 3 42 1 Oy i ik —
AL ARG VRN T e MR OCHE . Trike K Giitak UL K S E
FRME AR, AReEA RO TR I R4S

ANKEE, HF R TAHSRAARTRE, 2R SRR AR BT DHEES the
TR BUAFE AT E SRR Beeg T, —FeE bk, Bt RSk
%, FEXPEAEIEAT A BRI 0 A BRI s L 2T O it n] B B A A 4
R AU AR T B

M R GRS AR S SIS A TR IR, WEE A B A RS NI ATy it S A
TERE T EIE, Zaa 5t MPLLIFO0 T 2 LR R LIRS . JGiea R ], 1t
I ARRACRE AL BA TR AN DA L . AR AR BIUE S, R oy Ep e (3R
XTI . BT 2 EPRR IR i B 5T, i st B i R i EL
HAIEFE RIS Bt — BT BIE Z 1

6.1 NI 25 51 1B A A SR
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6.1.1 PO Z B (et WU, ) JFR TR by

Kt AL R — A FARE AT, XA 28 BEA T T —— I 2 M 2 I A D 7 R B
o Z SRS R GEVE IR o WFFEE AT LA By SCHR R 0 18 A i S0 TR 30 1Y) S 6 31
%, SRR R T BRI SRR X LB G R W AR . P LB Bl 45

o URSERERE s MR AP A RIS B Rl DI, RS SE T E
W PR, e 53— T S e, B TIE R — Bk fitete, &
T ARVEAATEME e (IR ) 20, (ST RS IR, X AT
WA RIL CHRFE % A8 .

o RUBEK . AE—LERIWHESSH, Al A& A 2 W B A9 XUE (bimodal ) FEZS.
B, AATHER A ERUEAR LA TTE, ol REFISE M- IMEIR A R AR R A, AR iz i
PRI XE L A R PR U A1 o LA DU DR 12000 7 R R S s B I 2 4 21 Y
A FEIAHERS R EAI LR

TEEAAR AT, B 1 o B A /R AR S 25 [ R R AL A S B sl £, IR 9 sis P i
(4 T R ERAT: 55 € SCAHI AN 04T o SR, 3l i B AN R LR ST I - B 125
R, KIS E TIPSR (BRI T BOEEAT ), IR AR T2 U
i B B AR S RIS JEE o

6.1.2 52 WAETR %) b A K G i i 25 R

UL PRI 22 S50 TP RS — € S E IR AN L LI R L 5 i B 2 514
G (U0 | A BE sl AR ) TR L. DARhIR SR N 1]«

o SRR . W LSRR AR EIE S UL, SRR S % N E R

B .
CRTAIRGUL: AR TR, SRR IR, R P e
%

R PRSI FH T [A)— 52188 B0, U IR s (4 g e 0 JE st ey (i
SR LS, AIC/BIC 645, BONHTEUE RN ) LIRS & 7055 2 L.
R RPN R E T AR IR, IF Hal s Gor R HEER AL, i REREA 1 SRS
IR 22K P R & BEE . 25 Z2RR S0 gy UK BUARAE R, AR 0 S SRl
HOIARTA

6.2 Fhox 4 i T HEHLA T E Y
6.2.1 2 2 AR AT o e T AL T AE B

B EAGE FTMA)Z AR SR, T X 2 e A i AR 4R B AL A
Hp— MR RER T R THILTE (Quantum Random Walk, QRW ) 5245
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OITARSS & o RSN TER R, 5 BAERIZETY R IBUC BOE IR k", @
ARG SR AT RAE AL

PRI TE R BINERE Ui OMAER R RS B RS i, d i Z IS
AIRERI S AR THERS o AR R AR NS R TR0, IR R . 7
AL LA e MR = A BN R AR o 5 TR LS W 285 A5 L2 e A A7 9 2k
HOM R TREPLTE , SUA TREARRE 2 B AR B NS B RO ) 55 8003

6.2.2 15 FLA5 R S PR S AR RIE f4 X L
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