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Abstract: In information systems research, the advantages of Customer Experience (CX) and its
contribution to organizations are largely recognized. The CX analytics evaluate how customers
perceive products, ranging from their functional usage to their cognitive states regarding the product,
such as emotions, sentiment, and satisfaction. The most recent research in psychology reveals that
cognition analytics research based on Classical Probability Theory (CPT) and statistical learning,
which is used to evaluate people’s cognitive states, is limited due to their reliance on rational
decision-making. However, the cognitive attitudes of customers are characterized by uncertainty and
entanglement, resulting in irrational decision-making bias. What is captured by traditional CPT-based
data science in the context of cognition aspects of CX analytics is only a small portion of what should
be captured. Current CX analytics efforts fall far short of their full potential. In this paper, we set a
novel research direction for CX analytics by Quantum Probability Theory (QPT). QPT-based analytics
have been introduced recently in psychology research and reveal better cognition assessment under
uncertainty, with a high level of irrational behavior. Adopting recent advances in the psychology
domain, this paper develops a vision and sets a research agenda for expanding the application of
CX analytics by QPT to overcome CPT shortcomings, identifies research areas that contribute to the
vision, and proposes elements of a future research agenda. To stimulate debate and research QPT-CX
analytics, we attempt a preliminary characterization of the novel method by introducing a QPT-based
rich mathematical framework for CX cognitive modeling based on quantum superposition, Bloch
sphere, and Hilbert space. We demonstrate the implementation of the QPT-CX model by the use case
of customers’ emotional motivator assessments while implementing quantum vector space with a set
of mathematical axioms for CX analytics. Finally, we outline the key advantages of quantum CX over
classical by supporting theoretical proof for each key.

Keywords: customer experience analytics; classical probability; quantum probability; quantum
theory; data science

1. Introduction

The Customer Experience (CX) on digital platforms is becoming increasingly crucial
to organizations due to the rapid growth of digital environments and the need to develop
personal customer relationships [1]. It highly depends on context, subjectivity, and dy-
namics [2]. Digital CX emphasizes the significance of interactive, impactful, useful, and
valuable human–computer interaction and product ownership and considers pragmatic
aspects such as utility, functionality, and aesthetics [3]. CX is the term used to describe how
customers perceive a company based on their interactions and perceptions of the brand. A
CX incorporates the customers’ cognitive states of feelings, including emotions, sentiment,
and satisfaction [4].

Artificial Intelligence (AI) may revolutionize the interactions between organizations
and customers by supporting CX analytics [5–14]. In the case of customers’ interactions in
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online environments, businesses must collect and analyze data from multiple digital touch-
points to better understand customer preferences, minimize friction in digital journeys,
and identify opportunities to enhance user and customer experiences with digital products.
Businesses can realize substantial returns by carefully employing AI technology at crucial
digital client touchpoints [14]. AI advancements could improve customers’ impressions of
a company’s brand, their thoughts about online purchasing experiences, and their ability
to operate technology-related components of digital commerce platforms. Additionally,
CX analytics must focus on customers’ cognitive states and assessment of feelings, in-
cluding emotions, sentiment, and satisfaction [4]. Current CX analytics research focuses
on evaluating functional and usage aspects rather than the cognitive states of customers
regarding the product or service [7–10]. These studies analyzed over 800 research papers
related to CX analytics and identified a clear research gap in the field of customer cognition
analytics. Only a few studies have presented customer sentiment analysis based on various
CPT-based techniques for analyzing customer reviews [11–13]. There are no identified
studies that analyze the customers’ emotion analytics. Our research’s primary objective is
to define the research direction for customer cognition analytics as part of a comprehensive
evaluation of CX analytics.

The latest cognition research in psychology focuses on what type of probability the-
ory best describes how humans make judgments under uncertainty and decisions under
conflict. Psychology research considers three main theories regarding the relevance of prob-
ability theory to cognition. The first is Bayesian/Classical Probability Theory (CPT) [15].
CPT axioms embody rational decision-making. Second, there are heuristics and biases, a
toolbox of rules which offer fast and frugal accounts that describe numerous behavioral
findings [16]. Third, there is Quantum Probability Theory (QPT), a newer direction, sug-
gested by psychology research for decision-making analytics under uncertainty [17]. Like
CPT, QPT is a general probability theory, that is, a set of rules for how to combine and
update probabilities. Although rational CPT models of cognition have become prominent
and have achieved much success, they adhere to the laws of classical probability theory
even though human reasoning does not always conform to these laws. For this reason, the
recent emergence of QPT models based on an alternative probabilistic framework is drawn
from quantum theory.

QPT has provided a novel, rich mathematical framework for cognitive modeling,
especially for use cases that appear paradoxical from classical perspectives. CX analytics is
one of the paradoxical use cases in that CPT could fail in evaluation. Customers’ decision-
making process is characterized by uncertainty, which is well studied in the cognition
domain [18,19]. Existing CX analytics research presumes the cognitive states of customers
to be rational decision-making processes, employing data science methodologies based
on CPT, assuming rational decision-making to evaluate CX probabilities and change their
preferences. CPT-based CX analytics cannot reach its full potential due to an insufficient
grasp of cognitive fallacies and illogical user decision-making.

Quantum theory can alleviate the difficulties of CPT in characterizing human cog-
nition [20–23]. As a result of recent advances in quantum cognition research, we offer
a novel quantum paradigm based on QPT for the CX analytics domain to impose the
constraints of the conventional method. While traditional CPT-based data science implies
a customer is always in a specific state, the QPT-based data science implies a customer
could be in multiple cognitive states simultaneously considering each system feature. To
this end, quantum probability presents a mathematical model in which a customer can
exist in an unlimited state at any given time, with the capacity to express all possible states,
implementing the quantum total-probability approach.

At the time of our current research (February–September 2022), we could not locate
any studies on implementing QPT for CX analytics. Consequently, this study highlights the
novel theoretical direction for future CX analytics research. Our contribution to theory is the
formalizing of a QPT-CX analytics method that has the potential to improve the evaluation
of customers’ cognition states significantly. Our research demonstrates the benefits of
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QPT-based analytics for customers’ cognition analytics over CPT. We demonstrate how
some of the distinctive principles of QPT can facilitate CX cognitive event representation
and capture cognitive biases that CPT cannot. We expose and explore the fundamental
axioms and definitions of CPT and QPT, discuss the theoretical advantages of the QPT
over the CPT for CX analytics and present substantial theoretical evidence to support our
vision. Using a customer’s emotional motivator analytics use case, we demonstrate how
the QPT-based mathematical formalism can be used to model observed deviations from
classicality for CX assessment.

The remaining sections are organized as follows. The second section describes the state
of the art. It provides a theoretical foundation for the QPT-based CX approach, providing
the theoretical evidence why QPT is superior to CPT for CX cognitive analytics. The
third section introduces the established QPT-based method for CX analytics: QPT-CX. The
concluding section addresses a discussion of research findings, research limitations, and
future directions.

2. State of the Art

In recent years, numerous studies have been conducted on applying quantum theory
to cognitive science [21–27]. Researchers have recognized the significance of quantum
theory in mitigating cognitive bias, particularly when analyzing human cognition. Recent
research has demonstrated that QPT predicts human emotional states more accurately than
CPT [21,22]. QPT provides a simple conceptual paradigm for expressing human cognitive
science concepts. This theory is based on the idea that psychological and quantum processes
are conceptually similar [21]. While CPT assumes that a human is in a specific state relative
to all potential states at any given time, the QPT assumes that until a system is measured,
all conceivable definite user’s cognitive states have the potential to become actual. The
actual quantum state is a combination of all user states’ possibilities, where a complex
number specifies the proportion of each.

CX is similar to quantum theory. Most customers perceive system features differently.
Despite the simplicity of rational decision-making, customer decision problems have many
potential outcomes correlated with each action [20]. Similarities between CX and quantum
theory suggest a rich research area, especially for CX cognitive analytics challenges involv-
ing context and uncertainty. QPT has the potential to enhance CX analytics evaluation, as
previous studies have acknowledged the importance of quantum theory in mitigating bias,
especially when analyzing customers’ cognitive abilities.

Classical vs. Quantum Approach for Human Cognition Analytics

Our world is composed of particles that assemble into objects. Within the quantum
theory, quantum mechanics allows a particle to simultaneously occupy multiple locations,
a phenomenon known as quantum superposition. Quantum mechanics can explain the
behavior of systems with multiple particles in any position. Quantum particles do not
have a defined velocity but a velocity distribution; they do not have defined energy but an
energy distribution. When one of these properties is measured, the particle collapses into
one of the possibilities. It is challenging to make a precise prediction for measurements of
its position, velocity, and energy simultaneously because measuring one of them can affect
the results of measuring the others.

Quantum mechanics was adopted to explain the human cognitive state that could
not be explained by classical theories [21–23]. Previously, cognitive studies relied on
classical probability theory and classical mechanics principles. Recent research has revealed,
however, that certain experimental data on human cognition, such as violations of the
sure-thing principle, conjunction fallacies, disjunction fallacies, and order effects, cannot be
investigated using classical theory [22,23].

Quantum cognition is a new cognitive field resulting from applying quantum theory
to cognitive science research. According to certain aspects of quantum theory, such as
complementarity, superposition, contextuality, and entanglement, QPT appears to be an
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effective framework for describing a vast array of human behavior. The brain is biologically
complex; its operation and interactions with the external environment are not yet fully
understood. It is commonly asserted that human behavior is irrational [28].

At the theoretical level, our vision for pursuing a total CX formulation by the QPT is
to bring greater insight into the design of CX analytics, which is associated with high irra-
tionality in humans’ decision-making. Specifically, an underlying mathematical basis that
provides a quantitative characterization of quantum theory, but in the context of a classical
CX use case, would help bridge the gap between the quantum nature of multidimensional
data science based on QPT and the classical nature of existing data science methods based
on CPT.

Classical data science based on CPT, like classical physics, assumes that a CX is always
in a particular state. However, the CX may be in multiple cognitive states regarding each
system feature, technical support, training efforts, and system roadmap issues. To this
end, quantum probability provides a mathematical model in which a user can exist in an
indefinite state at any given time, with the potential to express all possible “superposition
states”. The quantum theory allows a person to be in an indefinite state (utilized by a
quantum superposition) at any given time. In contrast, the classical model assumes that
a person is always in a certain state. As a result, a person can exist in an indefinite state
in which all possible states (utilized by probability amplitudes) have the potential to be
expressed at any given time. People’s disputes, uncertainty, and confusion are better
represented in a superposition state [22]. As the Born rule specifies, quantum formalism
allows for an interference term in the law of total probability, allowing probabilities to be
calculated as squared norms of ψ-function projections.

A quantum system is modeled mathematically by a vector space equipped with an
inner product over complex numbers, known as Hilbert space [23]. The central idea is that a
neuron’s state space must have the Hilbert space structure. A single neuron must “operate”
with probabilistic superpositions of states, including cognitive information. At the same
time, a neuron is viewed as an open system whose superposition state is influenced by
information flows from the electrochemical environment, composed of signals generated
by other neurons [17].

CPT implies that a system is in a particular state regarding all potential states at any
given time. This actual state can change randomly over time, but it is still definite at any
time, and the system generates a definite sample path. On the other hand, QPT assumes
that until a system is measured, it is always in an indeterminate superposition state [21]. In
a superposed condition, all conceivable definite states have the potential to become actual,
but only one of them will when they are measured. That actual state is a combination of all
these possibilities, where the amount of each one is specified by a complex number. Many
psychological phenomena are characterized by fuzzy, ambiguous, and uncertain feelings,
which are reflected in the idea of superposition [23–25]. The ability to simultaneously
exist in multiple states is achieved by qubits that can simultaneously represent a variety of
1 and 0 combinations. More formally, a qubit state is a mathematical entity that provides
a probability distribution for the outcomes of each possible measurement on a system.
According to quantum superposition theory, any two (or more) qubits can be joined together
(“superposed”) to form a further viable quantum state.

In contrast, each quantum state can be represented as the sum of two or more separate
states, which clarifies the explainability of the model. This vector space is created (span)
by a set of basis state vectors, each representing some property of the particle we wish to
measure. For example, a quantum logical qubit state is a quantum superposition of the
“basis states” 0 and 1. A qubit, unlike a traditional bit, which can only be in one of two
states: 0 or 1, can be in a state that is a superposition of both. It indicates that the probability
of a qubit being measured as 0 or 1 is rarely 0.0 or 1.0 and that multiple measurements
on identical qubits will not always yield the same result. For example, three independent
basis vectors will represent the three-particle properties of position, velocity, and energy.
A vector in the Hilbert space represents a particle, usually called a pure state vector or a
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superposition state, which is a linear combination of all the basis states. Note that we obtain
different linear combinations for the same pure state for different basis states. To measure
our particle’s current position, velocity, and energy, we must project its state vector onto
each of the three basis vectors. The projection is a mathematical operation that multiplies
the state vector with some matrix. Each basis vector has its projection matrix.

CPT starts with an event sample space, where a subset of the sample space represents a
possible question outcome. A combination of events is calculated by the relevant interaction
of some subsets, which is also a subset, representing the result of a combination of questions.
Its probability is calculated and derived according to the probabilities of each of the original
equations participating in that combination.

On the other hand, QPT starts with a vector space span by a set of pure (basic) vectors,
where a vector is a line with a defined direction and length. All possible outcomes for
our inquiries are contained in such a vector space. Orthogonal vectors rotated by an
angle represent a question’s possible responses. The x and y axes for various queries are
linked together by simple rotations. A ray is a one-dimensional subspace that a vector
representing a question outcome traverses (see Figure 1). A (unit length) state vector
represents a person’s collection of views concerning these issues, i.e., some sampled data.
The probability of a question outcome on a state vector can be calculated by projecting that
state vector onto the corresponding subspace and determining the squared length. CPT
inference is considered rational, forcing us to follow the axioms of CPT, which are founded
on set theory. In particular, the probability that two events will happen simultaneously
equals the probability of their intersection.

Figure 1. There are three questions, Q1, Q2, and Q3, each with its own basis state e1, e2, and e3

together with their corresponding orthogonal vectors e1, e2, and e3, where each pair ei and ei spans a
two-dimensional plane. e1 and e1 are colored blue, e2 and e2 are colored red, and e3 and e3 are colored
black. The gray vectors, together with their orthogonal vectors, can potentially represent some
additional other questions rather than the ones we presented before. The green vector represents the
customer data during their digital purchases, and the dashed lines represent the projection on each of
the three questions, which indicates the probability of each of these questions’ outcomes.

3. QPT-CX Visionary Method for CX Cognitive Analytics
3.1. Customer Emotional Motivator Model

Digital customer emotions are feelings mainly affected, augmented, formed, or con-
veyed by digital technology. Contextual content and experiences trigger digital emotions
and services online platforms provide, while customer activity data can be stored, edited,
and analyzed at scale, revealing CX’s emotional state [29]. Consequently, the digital emo-
tions evaluation has the potential to offer a novel perspective on CX on online platforms. CX
emotional analytics will be able to illuminate what influences customers’ decisions and why
by recognizing and interpreting the new and constantly evolving digital communication
tools underlying digital emotion, as well as how customers’ online behaviors reflect their
emotional state [30].
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Since online platforms provide a virtual abstraction from reality, most digital customers
are more at ease expressing feelings online that they might be uncomfortable expressing
in person. According to research from hundreds of brands across multiple industries,
emotional needs are a key driver of digital CX, leading to engagement, conversion, and
loyalty [30]. Hundreds of “emotional motivators” influence digital customer behavior,
ranging from ideas of safety and collectivism to freedom and excitement. Implementing a
digital CX strategy based on emotional connection reduced attrition rates by 23.8 percent,
increased customer advocacy by 10.8 percent, increased the number of active customers by
15 percent, and increased same-store sales by 50 percent [30]. The top emotional motivators
for digital customers are outlined in Table 1, which will aid QPT-CX model development.

Table 1. Top 10 customers’ emotional motivators (adopted from Magidis, 2015 [30]).

# Customers’
Emotion Motivators Motivator Description

1 Stand out from the crowd Stand out from the crowd.

2 Have confidence in the future
Digital services give customers long-term trust in the
brand’s future interconnection and a clear picture of

what is to come.

3 Enjoy a sense of well-being

Customers feel that life is living up to expectations,
and a sense of balance has been obtained. For

example, customers seek a stress-free environment
free of dispute and risks.

4 Feel a sense of freedom

Customers feel the act without being bound by any
commitments or prohibitions. For example,

customers can add as many names and phrases to a
tag as they want by going to an online platform.

5 Feel a sense of thrill
Customers feel they participate in exciting, fun
events; experience visceral emotions, such as

overwhelming pleasure and excitement.

6 Feel a sense of belonging

Customers feel a sense of belonging to a customer
group they relate to or aspire to be part of. For

example, if a customer shared a review, customers
felt like they were part of a group of people who had

made a genuine connection with one another and
could also create their reviews.

7 Protect the environment
Customers feel that the digital environment is sacred;
for example, customers should feel safe and secure

when thinking about security and privacy concerns.

8 Be the person I want to be

During the operation of the digital platform,
customers could fulfill their desire for continuous
self-improvement; they could live up to their ideal

self-image.

9 Feel secure

Customers feel that digital businesses that serve
them today will be there tomorrow. For example,
customers should believe that the company will

fulfill all obligations related to the digital product.

10 Succeed in life
Customers feel they live meaningful lives; they

value themselves in ways that go beyond financial or
socioeconomic considerations.

Understanding digital CX emotional motivators is essential because most businesses
fail to align themselves with the emotions that drive their customers’ most valuable actions.
As a result, emotional motivators can reveal where businesses should focus, revealing
that they frequently invest in the wrong areas, such as focusing on changing dissatisfied
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consumers into satisfied customers. Mobile app browsing and purchasing, visits to the
retailer’s social media pages, e-commerce site navigation, feedback, and in-store returns of
online products are omnichannel touchpoints that digital customers use to interact with the
retailer. Each touchpoint can influence a subset of the emotional motivators differently [31].
The following section examines the current state of the art in digital CX experience analytics.

As depicted in Figure 2, we have identified four primary data sources for customers’
emotional motivators. Most AI-based emotion analytics research currently focuses on text,
audio, and image signals. Businesses can check the online reviews their customers leave
after a transaction but determining the key drivers of consumer satisfaction can become
complicated and time-consuming as reviews grow [32]. Organizations use big data, text
mining, and analytics to detect trends, patterns, and major topics that customers create
on digital platforms for customer analytics. Online feedback can be obtained through
reviews, quizzes, social media, and direct messaging [33]. Whereas basic text data analysis
can recognize subjects based on keywords or rules, machine learning techniques improve
text analytics accuracy. The ability of algorithms to label data (supervised learning), find
patterns in data (unsupervised learning), and learn from their own experience and results
(reinforcement learning) increased the possibility of transforming raw data into useful
information and analyzing the relationship between touchpoints such as services, product
features, descriptions, calls, and customer experience, among other things.

Figure 2. Data sources for customer’s emotional motivator analytics.

3.2. Mathematical Framework for Quantum-Based Costumer Emotional Motivator Analytics

In our vision model, a particle represents a customer, and the particle properties we
wish to measure represent the ten customers’ emotional motivators as presented in Table 1.
Each motivator contains two positive and negative emotions in the same range. Thus,
we will have twenty basis vectors that can be divided into pairs of positive and negative
emotions of the same class. These vectors of the same pair, i.e., the same emotional class,
are orthogonal (which means mathematically that their inner product is zero). Every pair
of orthogonal basis state vectors spans a two-dimensional Hilbert space (i.e., a subspace
of the entire Hilbert space representing the full quantum mechanical system), known as
the Bloch sphere. The north and south poles of the Bloch sphere are typically chosen to
correspond to the basis vectors, and the points on the surface of the sphere correspond to
the pure states of the system, whereas the interior points correspond to the mixed states.
The Bloch sphere can be generalized to an n-level quantum system, but it is harder to think
about it visually.

Quantum superposition, which describes the uncertainty of a single particle (a photon,
for example), is expressed by a probability distribution of mutually exclusive basis states.
Let {| e1〉, | e2〉, . . . , | en〉 } be a basis state which spans the Hilbert space as an orthogonal
basis. Each | ei〉 is a vector of dimension n over the real numbers, i.e., | ei〉 ∈ Rn for every
1 ≤ i ≤ n. A pure state |ψ〉, in that space, can be represented as a linear combination of
the basis states, together with probability amplitudes wi, i.e., |ψ〉= w1| e1〉+ . . . + wn|en〉.
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Notice that each coefficient wi is a complex number, such that ∑n
i=1|wi|2 = 1, where | · |

is the absolute value of a complex number. If |ψ〉 6=|ei〉 for all 1 ≤ i ≤ n, then that pure
state |ψ〉 is called a superposition state. Denote by H2 a two-dimentional Hilbert space,
also known as the Bloch sphere, and let |0〉 and |1〉 be its orthogonal basis. A familiar
way to represent a pure state in that special sphere H2 uniquely involves the parameters
θ, φ ∈ [0, π] as follows:

|ψ〉 = cos
θ

2
|0〉+ eiφ sin

θ

2
|1〉, (1)

where i is the imaginary number, and both θ, φ set the degrees of that pure vector state. In
particular, θ stands for the degrees between the z and y axes (i.e., up and down), and φ
stands for the degrees between the x and y axes on the sphere (i.e., left to right), as shown
in Figure 3.

Figure 3. (a) Bloch sphere illustrated visually with two basis states |0〉 and |1〉 and a state vector
|ψ〉. (b) Bloch sphere with ten vectors representing all ten emotional motivator classes. Note that all
their ten orthogonal vectors are omitted for simplicity.

The measurement concept, which is used to calculate quantum probabilities, is also
included in quantum cognition. The Projection-Valued Measure (PVM) in quantum me-
chanics transforms an uncertain system state into a specific event by projecting a state to
its equivalent basis state. The state is uncertain in the absence of measurement because it
takes all possible measurement values at the same time.

Following measurement, the state collapses to a specific basis state. Because PVMs
cannot represent subsystems of a larger system, the Positive-Operator Valued Measure
(POVM) can be used to solve this problem by assigning a positive probability to each
measurement outcome while ignoring the post-measurement condition [34], i.e., POVM
is an extension of PVM that provides mixed state information for the entire ensemble
of subsystems. A POVM is composed of a collection of Hermitian positive semidefinite
matrices on Hilbert space Πe1 , . . . , Πen whose sum equals the identity matrix. Each matrix
Πei is of dimension n × n over the real numbers, i.e., Πei ∈ Rn×n for every 1 ≤ i ≤ n,
where Πei = |ei 〉〈ei|. These matrices are known as orthogonal projectors in the simplest
instance of the POVM, and they project a given pure state |ψ〉 on each one of the selected
events ei by computing ‖Πei ·|ψ〉‖

2 (i.e., calculating the inner product of the resulting
vector—matrix multiplication) in order to determine the probability that our mixed state is
in that specific event.

Incompatibility is a concept that applies exclusively to a Hilbert space. Each basis
state that defines a probability event includes a projector that evaluates the event. The
combination of two events is not always commutative [35]. In quantum cognition, the
joint probability distribution of two events A, B which are represented by the basis vectors
ei and ej, correspondingly for some i, j ∈ [n], equals the product of the two projectors
Πei and Πej . If

Πei Πej = Πej Πei , (2)



Big Data Cogn. Comput. 2022, 6, 135 9 of 15

then the two events are called compatible, and Πk = Πei Πej is a projector of a basis state
vector ek which is in the intersection (middle) between ei and ej, where k ∈ [n].

Otherwise, their product is not a projector, and the two events do not commute. In-
compatibility means that the two measurements cannot be obtained parallelly without
interfering with one another. Classical probability, which assumes that measurements are
always consistent, is incapable of accounting for such a disturbance. However, the mathe-
matical framework of quantum probability allows for both compatible and incompatible
measurements to exist [36].

Recall that the most common models of human decision-making have been based on
classical probability theory, although there is strong evidence (by experiences in psychology)
that the way people tend to make decisions is irrational and more compatible with quantum
probability theory. To be able to compare our quantum model with a similar one that uses
classical probability, we define ten events E1, . . . , E10 for each of the emotional motivators
listed above. In particular, let E4 stand for “feel a sense of freedom” and E9 for “feel secure”.
Similarly, let e1, . . . , e10 be the basis vectors in Hilbert space, where vi represents the
i− th emotion motivator in our model, and ei is its orthogonal vector. For example, e4
is the basis vector for “feel a sense of freedom” while e4 is its orthogonal vector, which
stands for “not feeling freedom”, and e9 is the basis vector for “feel secure” while e9 is its
orthogonal vector, which stands for “not feeling secure”. Consider now asking a customer
whether they feel a sense of freedom or not. Before asking the question, they might be in
an indefinite (superposition) state

|ψ〉= α|e4〉+β|e4〉. (3)

Notice that Equation (3) symbolizes that the customer is in an indefinite state regarding
freedom, simultaneously entertaining both possibilities but uncommitted to either. In
classical probability, one cannot represent that uncertainty state regarding feeling freedom
or not. Asking the question is equivalent to measuring the state on the “freedom basis”,
which is carried out by the two projectors:

Πe4 =|e4〉
〈
e4
∣∣, Πe4 =

∣∣e4
〉
〈e4|. (4)

The probability that the customer responds “feeling freedom” is:

‖Πe4 · |ψ〉 ‖
2 = |α|2. (5)

As in quantum mechanics, questions can be compatible or incompatible. For example,
we can ask our customers two questions, whether they feel free and feel secure. In classic
probability, it is always possible to specify a joint probability distribution over the four
possible pairs of answers, i.e., E4, ¬E4, E9, and ¬E9. In applying QPT in psychology, we
can ask whether one decision is likely to affect the other. It is plausible that freedom and
security are related. The angle between the two bases e4 and e9 reflects the fact that freedom
is likely to be correlated to security. Notice that once we get an answer regarding freedom,
we will be in an indefinite state regarding security, and vice versa. Suppose we first ask the
customer if they feel secure and then ask if they feel free. The probability that they answer
“yes” to both questions is given by

P(E4&E9) = P(E9&E4) = P(E9)P(E4|E9). (6)

The rules of QPT give the probability:

‖Πe4 ·Πe9 |ψ〉‖
2. (7)

Meanwhile, asking these two questions in the opposite order gives the probability:

‖Πe9 ·Πe4 |ψ〉‖
2, (8)
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which might be equal to or different from the result of Equation (7). Moreover, as can be
seen in Figure 4, the probability of answering positively to one question may be smaller
than answering positively to two or more questions, as opposed to classical probability, i.e.,

P(E4) < P(E9&E4). (9)

Figure 4. Denote by |ψ〉 the state vector, and let Q1, Q2 be two questions with their corresponding
basis vectors {e1, e1, e2, e2}, and denote by Πe1 , Πe2 their projectors. (a) The outcome when first
asking Q1 and then Q2 on the state vector, i.e., ‖Πe2 ·Πe1 |ψ〉‖

2. (b) The outcome when first asking Q2

and then Q1 on the state vector, i.e.,‖Πe1 ·Πe2 |ψ〉‖
2. In that case, P(Q1 then Q2) < P(Q2 then Q1).

Equation (9) holds since feeling secure denotes the feeling of freedom, while in CPT

P(E4) ≥ P(E9&E4). (10)

The complex exponent eiφ is a periodic function repeating itself after every 2π radians.
It defines the circular topology of the phase dimension, suitable for mapping relationships
between emotions. In this scheme, the quantum (Bloch) sphere contains the following
ten pure vectors, where each one of them represents one emotional class out of all the ten
emotional motivators. The uncertainty between pure states (i.e., emotions) is expressed
as mixed vectors of the ten emotional motivators. All these vectors span the quantum
vector space (up to 210 − 1 different vector classes). The following are the ten fundamental
emotional classes:

1. Stand out from the crowd φ = π
5

Highlights a unique social identity of the customer to make customers to feel special,
for example, by personal customization in a digital platform, offering unique personalized
value preposition.

2. Have confidence in the future φ = 2π
5

Digital services give customers a long-term feeling of trust in the brand’s future
interconnection and a clear picture of what is to come.

3. Enjoy a sense of well-being φ = 3π
5

Customers feel that life is living up to expectations, and a sense of balance has been
obtained. For example, customers seek a stress-free environment free of dispute and risks.

4. Feel a sense of freedom φ = 4π
5

Customers feel the act without being bound by any commitments or prohibitions. For
example, customers can add as many names and phrases to a tag as they want by going to
an online platform.

5. Feel a sense of thrill φ = Π

Customers feel that they participate in exciting, fun events; experience visceral emo-
tions, such as overwhelming pleasure and excitement.
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6. Feel a sense of belonging φ = 6π
5

Customers feel a sense of belonging to a customer group they relate to or aspire to be
part of. If a customer shared a review, for example, customers felt like they were part of
a group of people who had made a genuine connection with one another and could also
create their review.

7. Protect the environment φ = 7π
5

Customers feel that the digital environment is sacred; for example, customers should
feel safe and secure when thinking about security and privacy concerns.

8. Be the person I want to be φ = 8π
5

During the operation of the digital platform, customers were able to fulfill their desire
for continuous self-improvement; they were able to live up to their ideal self-image.

9. Feel secure φ = 9π
5

Customers feel that digital businesses that serve them today will be there tomorrow.
For example, customers should have faith that the company will fulfill all obligations
related to the digital product.

10. Succeed in life φ = 2Π

Customers feel they live meaningful lives; they value themselves in ways that go
beyond financial or socioeconomic considerations.

The process structure holds for both pure and mixed qubit states. The circular process
dimension associated with the basic behavioral alternative {|0〉 , |1〉} is a key difference
from classical probability space describing binary uncertainty. The similarity metric indi-
cates that the distinction between different emotions becomes less distinct as one moves
from the sphere’s surface to its center. Any new sample with d features is a state vec-
tor which is usually a mixed one, i.e., a combination of our ten basis vectors (emotional
classes) defined above. That state vector can be projected to any of the ten pure vectors.
Probabilities are calculated as the squared length of the state vector’s projection onto the
appropriate axis. Furthermore, one can add up to O

(
210) different pure vectors (emotion

classes), each representing a subset of the ten emotional motivators. For example, let Ψ
be the vector with Φ = 6π/7 that represents the event that a customer feels secure and
successful in life (i.e., emotion numbers 9 and 10) simultaneously. This vector class Ψ differs
from the superposition of both emotional motivators. In that case, the meaning is that
we are uncertain whether the customer feels secure or successful. It is expressed by the
probability that the customer feels exactly one out of these two different emotion classes.

4. Discussion

This article aims to formulate a novel research direction and develop a vision for
expanding the application of CX analytics by QPT to address CPT limitations. Additionally,
it identifies research areas that contribute to the vision and proposes future research agenda
elements to stimulate discussion and research on QPT-CX analytics. We introduce a QPT-
based rich mathematical framework for CX cognitive modeling and a set of mathematical
axioms for CX analytics in an attempt to characterize the novel method. We illustrate the
implementation of the QPT-CX model by analyzing customers’ emotional drivers.

As a new theoretical approach to CX analytics, we employed the quantum cognition
method first proposed by Bruza [17] to achieve this goal. We recognize the rich value
of quantum theory for CX analytics and consider QPT to enable emotional analytics for
customers during product usage. As a result, we developed the QPT-CX method. We
demonstrated the QPT-CX through emotional customer analytics, a subset of the broader
QPT-CX analytics domain. The method could also analyze user emotions, engagement,
and motivation throughout the product usage experience.

The current era is known as “The Age of the Customer”, in which customers, not
companies, drive business decisions [37]. For this reason, it is more important than ever for
businesses to gain a deeper understanding of their customers, and they are beginning to
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utilize big data for this purpose. Increasing smartphone usage and internet penetration
generate massive amounts of data daily. Also known as a data lake or big data, they
consist of structured and unstructured data. In an era where online businesses must
truly comprehend their customers’ experiences and behaviors to succeed (or survive), it is
imperative that they have access to big data sources and can leverage these data to gain
crucial insight. Everyone knows those analytics are only as good as the data they are based
on. Still, organizational roadblocks and technological constraints have made it difficult for
many brands to feed their analytics with quality data. This paper demonstrates that classical
probability models alone are insufficient for revealing crucial customer behavior insights.
Consequently, their analytics are frequently misleading, insufficient, or inaccessible. Based
on likes, shares, search history, and more, the capability of high-quality quantum CX
analytics allows for a more accurate evaluation of customers’ needs. It is effective to
utilize a recommendation engine that employs data filtering tools that collect data and then
filter them using algorithms. The techniques, tools, and frameworks that result from big
data analytics make this possible. Our research reveals three advantages of the quantum
approach over the classical one for the QPT-CX.

The first advantage is the disjunction effect phenomenon. It was discovered while
testing a rational axiom of decision theory called the sure-thing principle [38]. According
to the sure-thing principle, if under a state of the world X individual feels emotion A over
B, and if under the complementary state of the world ¬X individual also feels emotion A
over B, then the individual should feel emotion A over B even when an individual does
not know the state of the world. Usually, people do not behave according to the sure-thing
principle. Consider, for example, asking a person whether they are happy or sad. Before
asking the question, they might be in an indefinite (superposition) state. It is not just that we
do not know whether the person is happy or sad; rather, the person “is in an indefinite state
regarding happiness and sadness, simultaneously entertaining both possibilities, but being
uncommitted to either” [39]. Followed by superposition, one can model users’ uncertainty
in different emotional states. Measurement (decision) turns indefinite into definite. The
state-based judgment or decision disambiguates the superposition state.

The second advantage is the conjunction fallacy [40]. In classical probability, we
have a strong dependency between the probabilities of intersections of events. In general,
the probability of any subset of events is derived from a set of classical probability rules.
For example, the probability that two events, A and B, occur is smaller or equal to the
probability that A occurs and the probability that B occurs separately, i.e., P(A&B) ≤ P(A)
and P(A&B) ≤ P(B). Other stiff inequalities hold for union and conditional events. Yet,
these rules are not always compatible with real-world events. For instance, the probability
of feeling both anxious and scared might be bigger than the probability of feeling only
anxiety, i.e., P(A&B) > P(A). Quantum probability can be used to tackle this problem by
defining a new basis vector for every subset of events (emotions). The direction of each
such new basis vector can be set independently of all the previous basis vectors, which
implies 2n degrees of freedom. See Figure 5 for illustration. Notice that this problem might
be overcome via very complex and big classic machine learning models requiring enormous
CPU and memory resources and a huge amount of data to train these models.

The third advantage is the incompatibility property or asymmetric similarity. In
classical probability, it does not matter which event you measure; first, the probability will
always be the same, i.e., P(A & then B) = P(B & then A). However, Moore [41] proved
that the order might affect the probability of an outcome in real-world events. Since classical
probability cannot describe and model such events, it seems more suitable to use quantum
probability theory in that case, which enables us to model and represent the following
inequality: P(A & then B) 6= P(B & then A).
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Figure 5. (a) The probabilities of the events A, B and A&B in classical probability:
P(A) = 0.6; P(B) = 0.68; P(A&B) = P(B&A) = 0.18, whereas (b) presents the same three events,
but in terms of quantum probability, the length of the projection of the state vector (colored in green)
onto each of the basis vectors A, B and A&B indicates the probability of each of them occurring
according to the state vector.

5. Conclusions

Followed by quantum theory’s progress in psychological research to evaluate humans’
cognitive state, we argue that quantum theory has great potential for CX analytics. We
theoretically show how QPT can improve CX cognitive analytics using a customer’s emo-
tional evaluation use case. Finally, we reflect on quantum theory’s current limitations using
CX use cases and sketch research activities needed to realize our vision. This paper guides
academia and industry in quantum theory research and CX analytics applications.

The proposed QPT-CX could account for uncertain or irrational elements in customers’
decision-making processes, more accurately reflecting customers’ true emotional states. We
introduce Hilbert space and quantum cognition to CX analytics. Some key axioms and
definitions of classical AI and quantum data science are discussed. The incompatibility
captures cognitive biases in decision-making that would be impossible to measure using
traditional probability. We show how some of the Hilbert space’s and quantum cognition’s
unique principles, such as compatibility, can help in event representation and capture cogni-
tive biases that classical probability cannot. We demonstrate how the quantum probability
mathematical formalism can be used to model observed deviations from classicality for CX
assessment through an emotion analytics case study.

Although the QPT-CX method improves emotion prediction, it does have some draw-
backs. The analytical framework’s obvious flaw is its lack of empirical validation. To
turn the framework and its underlying definition into useful tools for researchers and
practitioners, the framework and its underlying definition must be studied conceptually
and empirically. However, it does open up possibilities for future research. We recommend
empirical studies to validate the QPT-CX and evaluate the analytical framework, either
in its entirety or in parts, when attempting to identify, understand, and explain flawed
QPT-CX adoptions such as users’ sentiments, engagement, motivation, and emotions.
Suppose the analytical framework is found to be useful. In that case, future empirical
work can include empirical experiments while implementing new information systems
or open source validated data sources. The experiment will evaluate the correctness of
QPT-CX results by observing real-time users’ experiences and deploying quantum-based
algorithms. As quantum CX research progresses, it is tempting to set more ambitious
goals to treat many-particle CX phenomena where quantum behavior is a significant or
dominant contribution. Future research on quantum CX analytics could place emphasis on
the domain of customer loyalty. Customer relationships are characterized by their loyalty.
Customers with a high level of loyalty can have a higher average spend and make more
repeat purchases than those with a low level of loyalty. In some instances, a loyal customer
can be more valuable than a new customer who makes a single purchase; therefore, the
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greater the number of loyal customers and the greater their loyalty, the better. Improving
customer loyalty can have a substantial impact on a company’s bottom line, which justifies
making it a primary marketing initiative. In addition to enhancing customer understanding,
quantum CX has the potential to improve the accuracy of personalized recommendations
that contribute to enhanced customer experiences. By personalizing each micro-moment of
the customer experience, businesses can deliver the right offer or interaction at the right
time throughout the customer journey and for each customer.

This study’s findings have both theoretical and practical implications. First, this paper
provides a summary of quantum cognition research regarding the evolution and application
of the term within the context of CX analytics. We provide complete theoretical proof of
the superiority of the QPT-CX method over the conventional method. Second, researchers
can use the QPT-CX presented in this study to expand the broad user experience domain,
thereby enhancing the information system management research. Through the analysis
of the case study, this research validates that practitioners can use QPT-CX to understand
the customer decision-making process better, clarify the customer service delivery process,
and consequently improve their service design process and customer service experience, as
well as their service sustainability.
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