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/e relationship between quantum cognition and decision-making is an important field in the direction of human behavior
research. /e uncertain and entangled state of quantum cognition has largely explained the decision-making process with limited
information and ambiguity. University-enterprise collaborative innovation, a systematic project of joint action by both parties,
aims to integrate the resources of enterprises and universities and enhance their innovation capabilities. As the main decision-
making parties in collaborative innovation decision-making, the university and enterprise have a state of uncertainty and
entanglement in their cognitive preferences before the final decision is formed. A university-enterprise collaborative innovation
decision-making model should be constructed from the perspective of enterprise decision-making, taking different innovation
schemes as the final choice, and the method of quantum probability theory can be used to perform quantum cognition on the
independent and joint decision-making models in the university-enterprise collaborative innovation decision-making. Research
shows that the internal mechanism of university-enterprise collaborative decision-making is based on its quantum attributes,
university-enterprise collaborative decision-making is more inclined to joint decision-making, joint university-enterprise col-
laborative decision-making is more inclined to quantum cognition incompatibility expression, and the opinions of innovative
members will have sequential effects and interference effects on decision makers.

1. Introduction

In recent years, quantum theory has been used to study
human behavior science. Quantum theory is a set of sci-
entific theories confirmed with successful experience. It is an
indispensable theoretical knowledge for the research and
application of “natural subjects” and has become an im-
portant focus of cognitive science. /rough axiomatic ab-
stract theories, quantum theory is used to solve similar
problems in nonquantum systems. Quantum game and
quantum strategy, proposed based on the game and strategy
research of quantum theory, have solved the Nash equi-
librium [1] in “prisoner’s dilemma,” and then the concept of
quantum game has gradually expanded to related fields of
economics, and a new quantum model research on rela-
tionships between stock prices and equity [2], the quantum

mechanical model of stock returns [3], and the quantum
dynamics of the stock market [4, 5] have appeared. /e
development of quantum games and the application of
quantum theory in economics have further improved the
mathematical axioms of quantum theory, enabling it to be
gradually applied to human behavior decision-making.
Quantum cognition is a new research project that starts from
quantum theory and uses mathematical principles as
framework to explain human cognition, including judgment
and decision-making, concepts, reasoning, memory, and
perception. Quantum theory is used as a new conceptual
framework and a set of formulated tools to explain the
puzzling research results in empirical research in psychology
[6].

In 1995, Bruza and Gabora discovered for the first time
that human judgment and decision-making have quantum
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properties [7]. /e human decision-making process can be
described by quantum theory [8], which can explain the
intuition and bias in decision-making and judgment [9–11].
/e link between the basic concepts of quantum physics and
psychology is proposed [12]. /e framing effect and cog-
nitive dissonance can be explained well by the geometric
properties (the Heber space describes the state of events) in
quantum theory [13]. It is proved that even if the brain is
classically probabilistic, the observed cognitive behaviors
and processes may be better modeled by quantum proba-
bility [14, 15]. /e experiment on the concept of “Pet-Fish”
reveals the quantum in cognition structure, that is, why and
how concepts are entangled [16]. /e experiment that uses
geometric properties in quantum theory to study and ex-
plain the “Gore-Clinton problem” shows that the context
effect of the problem sequence reveals the quantum nature of
human judgment [17], which is a key successful case of
applying quantum theory in human cognition [18, 19]. /e
Fock space developed from the perspective of quantum
theory can successfully model different cognitive experi-
ments, including the modeling of human decision-making
[20]. “Narrow and wide face experiment” and “feminist
experiment” explained the effect of measurement order in
psychology and proposed a priori equation for the order
effect of quantum cognition, which further proved the us-
ability of quantum cognition [21]. In a task of identifying the
direction of movement, an interference effect was found in
human judgment [22]. Compared with the Markov model
widely used in cognitive psychology, the interference effect
produced by quantum probability can better explain the
deviation in the decision-making process.

So far, the rapid development of quantum cognition
has mainly focused on six aspects: decision-making
process, fuzzy perception, semantic network, probability
judgment, order effect of measurement cognition, and
memory. /e effective application of quantum theory in
the field of human cognition has been proved [23, 24].
Human cognition and decision-making “behavior” have
quantum characteristics [25]. Quantum research on or-
ganizational decision-making has proved that there are
also quantum attributes in organizational decision-
making [26]. Quantum cognitive models are universally
present in individual cognitive behaviors and various
behavioral activities in human society. Cognitive deci-
sion-making is also a quantum process. /e quantum
decision-making process mainly uses quantum proba-
bility. Quantum cognition, quantum probability, and
quantum decision-making are increasingly applied to
research fields such as management and economics.

Innovation activity is a systematic engineering problem
as it is difficult for an organization to have all the resources
needed for innovation. In the specific regional innovation
environment, where innovation resources are limited, the
material flow and talent flow among different innovation
groups are interrelated and transmitted, forming a dynamic
evolution and symbiosis. /e basic problem to be solved by
the theoretical research and social practice in the field of
economic management is how to optimize the allocation of
resources [27–29].

One of the key measures for collaborative innovation of
industry, university, and research is to strengthen the re-
lationship between the two innovation subjects, namely,
university and enterprise, which is the inevitable result of the
choice of knowledge heterogeneity, public goods attribute
and new system by the two subjects. From the perspective of
cognitive psychology, behavioral misunderstandings and
decision-making cognitive biases are caused by decision
makers’ decision-making judgments under the condition of
“bounded rationality.” Based on a completely rational as-
sumption, these traditional research methods get the con-
clusion that has bypassed the universal “bounded
rationality” and uncertainty. /e rational decision theory is
difficult to explain these deviating decision-making behav-
iors affected by psychological, environmental factors and the
cognitive abilities of decision makers. /ere is also a certain
degree of difficulty in the entanglement between the
members’ complex cognitive information in the collabora-
tive innovation system. When decision makers receive the
opinions of university-enterprise cooperative members, the
superposition, entanglement, and uncertainty of their per-
sonal cognitions that cannot be completely rationally
explained, how, based on the assumption of “bounded ra-
tionality,” to explain these deviations that cannot be
explained by traditional rational decisions and how these
deviations affect university-enterprise collaborative inno-
vation decisions have become the focus of research. /e
quantum decision-making method has been successfully
applied in the field of multiobjective decision-making and
multicriteria decision-making [30, 31]. Having referred to
the relevant research, this paper is motivated to find a de-
cision-making method that can solve the above cognitive
bias problems.

/e contents of this paper are as follows. Based on the
framework of quantum cognitive theory and quantum
probability theory, through literature analysis, a university-
enterprise collaboration innovative decision-making model
is to be established combining cognitive decision-making
theory, related theories on university-enterprise collabora-
tive consumer behavior, and the research conclusions of
university-enterprise collaborative innovation behavior. /e
university-enterprise collaborative purchasing decision-
making process is taken as a unified and opposite whole to
study the university-enterprise collaborative decision-
making. Its unity is manifested in that the final decision-
making result reflects the cognition and preference of
university-enterprise collaborative members, and its oppo-
sition is reflected in that the cognition and preference status
of university and enterprise are relatively independent in the
transition from innovation intention to innovation decision-
making. /e mutual influence between the preference states
forms the final decision, and the interaction produced by the
entanglement between the preferences is the focus of re-
search. /e quantum probability interpretation of the uni-
versity-enterprise joint decision-making model is further
analyzed, and the sequential effects and interference effects
that appear in the joint model are analyzed.

/e highlight of this study is being able to clarify the
usability of quantum cognitive theory in university-
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enterprise collaborative decision-making. Compared with
traditional methods which are based on the assumption of
“rational man” that eliminates uncertainty and entangle-
ment, quantummethods have the most direct recognition of
decisionmakers./e interpretation of state changes enriches
the research on the internal causes of university-enterprise
collaborative decision-making and also enriches the research
on quantum cognition in the field of innovative decision-
making.

2. Materials and Methods

Based on the simple model proposed by BuseEeyer and
Bruza [32], we suppose that a pair of university-enterprise
collaborative innovation partners is considering an inno-
vation cooperation project for the needs of university-en-
terprise collaborative innovation. After extensive research,
demonstration, comparison, and selection, they decide to
choose one of N innovative cooperation projects and put it
into practice. N � x1, x2, . . . , xn , and the set represents
different innovation cooperation projects.

/is university-enterprise collaborative innovation de-
cision is to be analyzed from the perspective of enterprise
decision-making. /e enterprise itself is also a decision
maker. /ere is a single categorical variable “E.” /e en-
terprise chooses an innovation cooperation project; that is, E
chooses an innovation cooperation project, which may
produce n possibilities of results.

/e variable “X” is a measure of corporate preferences,
which will produce n detailed and mutually exclusive results:
E � Ex1, Ex2, . . . , Exn . Innovation decision-making is the
final joint decision-making when the enterprise chooses one
of the innovation cooperation projects among the N projects
after fully considering the preferences of both the university
and the enterprise. /e preferences of the enterprise and of
the university for the innovation cooperation project exist
simultaneously and influence the final decision of the en-
terprise. /e superposition of these two uncertain states in
the quantum model will show a two category variable sit-
uation; that is, in addition to the enterprise’s own point of
view, there is also a preference of the university that the
enterprise thinks. /e second classification variable mea-
sures the preference of the university that the enterprise
thinks is “U,” which is expressed as yi, different from the
enterprise’s preference. /is can also produce n detailed and
mutually exclusive results: U � Uy1, Uy2, . . . , Uyn  [13].

Geometric method and path map method are two
modeling methods commonly used in quantum cognitive
theory. In this paper, the geometric modelingmethod is used
to model the hypothesis in the research of university-en-
terprise collaborative purchase decision. /e vector space
can be used to simulate the decision-making preference of
the enterprise and that of the university perceived by the
enterprise. /ey are expressed by the values of two classi-
fication variables E and U, respectively.

/e multidimensional space constructed with geometric
method is abstract, and the coordinate axes of a basic vector
are orthogonal and are of unit length. /e initial state of
university-enterprise collaborative decision maker’s

preference can be at any point in multidimensional space
crossed by these coordinate axes. Using the Bra–ket nota-
tion, the base vector is called a “right vector.”/e base vector
of the x1-axis is represented by the symbol |x1〉. Adding a
“number” before this span indicates that any point on the
x1-axis can be represented by a|x1〉, where a is a scalar.

Similarly, enterprises believe that the preference of
universities can be expressed by |Uy1〉, |Uy2〉, . . . , |Uyn〉,
respectively. According to quantum theory, the probability
of an independent event is obtained by projecting the state
vector onto the axis representing the event and then
squaring the magnitude of the projection.

/e state system S of the enterprises’ selection of in-
novation cooperation projects indicates the initial prefer-
ence state of enterprises for these innovation cooperation
projects and is the starting point of enterprise innovation
cooperation project decision-making. It can be expressed by
each event and its corresponding amplitude:

|S〉 � ψ(x) � ψ1 x1
 〉 + ψ2 x2

 〉 + · · · + ψn xn

 〉. (1)

/ese basic events are mutually exclusive and the basic
vectors corresponding to the basic results are orthogonal.

/e vector |x1〉, |x2〉, . . . , |xn〉 is based on the column
vector corresponding to the coordinate axis of the basic
vector |x1〉, |x2〉, . . . , |xn〉  as shown in equation (1), and
the vectors are orthogonal and mutually exclusive and have a
unit length of 1.

x1
 〉⟶ 1 0 . . . 0 

T

x2
 〉⟶ 0 1 . . . 0 

T

. . .

xn

 〉⟶ 0 0 . . . 1 
T

|S〉⟶ ψ1 ψ2 . . . ψn 
T

� ψ.

(2)

/e value of ψ is an initial preference obtained from the
cognition of these innovation cooperation projects. /is
preference is in a state of constant change and uncertainty
and is difficult to measure. In quantum theory, state is a unit
length vector in N-dimensional vector space, which is
symbolized to map events to probability, and the mapping
from state to probability is indirect. /e state is projected to
the subspace corresponding to the event, and the square
length of the projection is equal to the event probability. /e
probability of enterprise that chooses innovation coopera-
tion project is the square length of projection from state
vector to event. /e mapping from state to probability is
nonlinear. It involves the square of amplitude, the projection
at zero point is mapped to zero probability, and the pro-
jection in the whole vector space is mapped to the proba-
bility that is equal to 1.

2.1. Decision Event Probability

2.1.1. Probability of Single Events. /e coordinates assigned
to each base vector can be obtained by the inner product of
the basis vector and the state vector. Based on the basic
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coordinates |x1〉, |x2〉, . . . , |xn〉 , the inner product of |x1〉

and |S〉 can be calculated by the following matrix formula:

〈x1|S〉 � 1 0 . . . 0  ·

ψ1

ψ2

. . .

ψn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

� ψ1. (3)

/e inner product 〈X|S〉 represents the transition
amplitude from state |S〉 to state |X〉 proposed by Feynman.
〈x1|S〉 is the transition amplitude from the initial state S to
the enterprise’s decision to select state x1. Under the de-
cision-making of joint models and independent models,
there is a probability difference in the choice of an inno-
vation cooperation project. Unlike the classical probability
theory, which uses set representation to model events,
quantum theory models events as quantum space instead of
sets. /e hypothesis of quantum theory is based on a set of
basis vectors. An enterprise chooses an innovation project as
an event. In the model, there are N kinds of innovation
cooperation projects to choose from, and there are N events

that enterprises can make decisions on. It is expressed by
vector as follows: |x1〉, |x2〉, . . . , |xn〉 . |x1〉 means that the
enterprise chooses innovation cooperation project x1. /e
probability of selecting innovation cooperation project x1 is
p(X � xi) � |ψi|

2 � ψi ∗ψi, 
n
i�1 |ψi|

2 � 1. ψi is the state
range of enterprises’ preference for innovation cooperation
project x1. /e amplitude can be expressed by complex wave
function: ψi � ai + bii. /e same probability is obtained by
state vector projection by projecting the state vector onto the
basis vector corresponding to x1, the length of the amplitude
is |xi〉〈xi|S〉 � ψi · |xi〉. Square the amplitude length and we
get the probability ‖ψi · |xi〉‖2 � |ψi|

2 · ‖|xi〉‖2 � |ψi|2 · 1.

2.1.2. Probability of Other Possible Events. If x1, x2, . . . , xi is
the i-th item in the N innovation cooperation projects, then
the probability that the enterprise chooses the i-th inno-
vation cooperation project is projected from the state S to the
square of the subspace length that the base vector
x1, x2, . . . , xi crosses. /e probability of this event is ob-
tained by projecting the state vector S into this subspace./e
projection equation is

x1
 〉〈x1

 + x2
 〉〈x2

 + · · · + xi

 〉〈xi

 |S〉 � x1
 〉〈x1|S〉 + x2

 〉〈x2|S〉 + · · · + xi

 〉〈xi|S〉. (4)

/e probability of this event is the square of the length of
the event projection equation. |x1〉, |x2〉, . . . , |xi〉 is or-
thogonal to ensure that the sum of the squares of each length
equals the square of the total length.

2.2. JointDecision-Making ofUniversity-Enterprise Preference
Judgment without Sequence. University-enterprise collabo-
rative decision-making mainly adopts independent deci-
sion-making type and joint decision-making type. In
independent decision-making, enterprises can make deci-
sions independently without thinking about the preference
state of universities. /e probability of university-enterprise
collaborative decision-making can be obtained by calcu-
lating the probability of a single classification variable. For
the joint university-enterprise collaborative decision-mak-
ing, enterprises have to think about the preference of uni-
versities, and there will be a second category variable, which
leads to the problem of quantum compatibility.

In quantum theory, decision makers are allowed to have
compatible and incompatible states for events. /e most
important difference between the preference states of both
sides in the formation of collaborative joint decision-making
between universities and enterprises is that the decision
makers are in compatible or incompatible states.

When the enterprise can judge the preference states of
the university and the enterprise at the same time, in
quantum cognition, it is considered that they have sufficient
information about each innovation cooperation project and
have enough experience to judge the preference choice of the
university and its own innovation cooperation project at the
same time.When the first category variable E and the second

category variable U can be considered at the same time, they
belong to compatible representation, composing N × N

different combinations. It is not important to consider the
sequence of the two parties’ preferences.

Ex1, Uy1( , Ex1, Uy2( , . . . Ex1, Uyn( ,

Ex1, Uy1( , Ex2, Uy2( , . . . Ex2, Uyn( ,

. . .

Exn, Uy1( , Exn, Uy2( , . . . Exn, Uyn( .

(5)

/e initial preference state of enterprises in these
combination events can be expressed as follows:

|S〉 � ψx1y1
· x1y1
 〉 + ψx1y2

· x1y2
 〉 + · · · + ψx1yn

· x1yn

 〉

+ ψx2y1
· x2y1
 〉 + ψx2y2

· x2y2
 〉 + · · · + ψx2yn

· x2yn

 〉

. . .

+ ψxny1
· xny1
 〉 + ψxny2

· xny2
 〉 + · · · + ψxnyn

· xnyn

 〉.

(6)

/e first letter represents the preference of enterprises,
and the second letter represents the preference of univer-
sities. For example, the base vector |x1y1〉 represents the
event “the enterprise prefers item 1 and the enterprise thinks
that the university also prefers item 1,” and there are N × N

coordinates corresponding to each basic vector. /e prob-
ability of N × N events is obtained by projecting the state |S〉

onto the corresponding basic vector.
/e probability that enterprise prefers xi and their co-

operative university prefers xj is ‖ψxixj
· |xixj〉‖2 � |ψxixj

|2.

4 Complexity



If the product αi · βj of two coefficients can be separated
from the joint coefficient ψxixj

so that ψxixj
� αi · βj for all

pairs of (i, j), then the state is considered separable; oth-
erwise, the state is entangled.

Enterprises can consider the preferences of themselves
and that of the universities at the same time, because these
two variables can share a set of sample space to describe all
events, and the two variables E and U are compatible. Also
based on the combination of N × N events, the revision of
the initial state of an enterprise can be divided into three
steps: first, the initial state |S〉 is projected onto the subspace
crossed by the basis vector |x1yj〉, |x2yj〉, . . . , |xnyj〉 ,
which is consistent with the fact that “the enterprise has
known that the university prefers innovation cooperation
projects yj,” and then the state projection ψx1yj

.|x1yj〉 +

ψx2yj
.|x2yj〉 + · · · + ψxnyj

.|xnyj〉 is generated. Secondly, the
square length of the projection is calculated; that is, the
probability of the university’s preference for yj is
p1 � 

n
k�1 |xkyj|

2. Finally, the modified state |SR〉 is equal to
the normalized projection, and the normalized state length is
1.

SR

 〉 �


n
k�1 ψxkyj

. xkyj

 〉 
����������


n
k�1 xkyj




2

 . (7)

From the revised state |SR〉, it can be seen that the
probability of the university choosing yj is equal to 1, which
is consistent with the fact that the university prefers yj

innovation cooperation projects. /e process of state revi-
sion is similar to the calculation of conditional probability in
classical probability model, and it also needs to be stan-
dardized based on conditional events.

/e revised state |SR〉 is obtained through the state re-
vision process, and the probability of enterprise preference
for project xi is calculated by using the state |SR〉. State |SR〉

is projected onto the subspace covered by
|xiy1〉, |xiy2〉, . . . , |xiyn〉 , and the probability

p2 � |ψxiyj
|2/n

k�1 |xkyj|
2 is obtained by squaring it. Under

this sequence of consideration and preference, the proba-
bility that an enterprise finally chooses xi innovation co-
operation project is equal to the product of p1 and p2
probabilities: p1p2 � |ψxiyj

|2. If the preference of enterprises
is evaluated first, and before considering the preference of
colleges and universities, the probability |ψxiyj

|2 will be
obtained exactly the same as in the previous analysis. When
the preference variables of enterprises and universities are
compatible, there is no entanglement state in the preference
of enterprises and universities, and the sequence of con-
sideration of enterprises has no influence on the final se-
lection result. /is conforms to the classical probability
theory, in which the sequential effect is not involved. In
compatible representation, the sequence of preference
consideration is not important.

2.3. Joint Decision-Making with the Sequence of Preference
Judgment between the University and Enterprise. /e se-
quential effect of university-enterprise collaborative

decision-making is whether the decision makers give pri-
ority to their own cognitive state or that of university-en-
terprise collaborative members. /ere are two sequential
paths. As a decision maker, an enterprise first considers their
own preference and then the university’s preference, and the
enterprise first considers the university’s preference and
then their own preference./e preference state of one side of
the university-enterprise is determined before decision-
making, and the final decision-making of the enterprise will
be affected to a certain extent. It is necessary to project the
initial state of the enterprise into a modified state, so as to
ensure that the preference of the university that the enter-
prise thinks about conforms to the known definite infor-
mation; that is, from the original two uncertain states to an
uncertain state, the next is the analysis of this impact from a
quantum perspective.

2.3.1. University-Enterprise Collaborative Decision-Making
with Sequential Effect. Two variables are regarded as in-
compatible, and there are two vector bases to describe the
two variables, respectively. /e |x1〉, |x2〉, . . . , |xi〉  basis is
used to show the selection of innovation cooperation
projects from the perspective of enterprises, and a new basis
|y1〉, |y2〉, . . . , |yi〉  is used in the same space to express the
preference of enterprises for their universities.

(1) Variable Transformation Matrix: Unitary Matrix. /e
same state |S〉 can get different coordinates with different
basic vectors. In this paper, the columns involved in the
coordinate system of enterprise preference and university
preference are sorted into N × N transformmatrix UEU. /e
transformation amplitude matrix must be unitary matrix;
then, there is UEU · U†

EU � I � U†
EU · UEU, where I is the

identity matrix. According to the restriction requirements of
quantum model, the sum of squares of each row or column
must be 1, which is the double randomness that geometric
modeling method must satisfy.

UEU �

〈x1|y1〉 〈x1|y2〉 . . . 〈x1|yn〉

〈x2|y1〉 〈x2|y2〉 . . . 〈x2|yn〉

⋮ ⋮ ⋮ ⋮

〈xn|y1〉 〈xn|yn〉 . . . 〈xn|yn〉

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

U
†
EU � UUE �

〈y1|x1〉 〈y1|x2〉 . . . 〈y1|xn〉

〈y12|xn〉 〈y2|x2〉 . . . 〈y2|xn〉

⋮ ⋮ ⋮ ⋮

〈yn|x1〉 〈yn|x2〉 . . . 〈yn|xn〉

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

(8)

/rough the unitary matrix, the initial state |S〉 coor-
dinate ψ represented by the enterprise perspective basis
vector |x1〉, |x2〉, . . . , |xi〉  can be transformed into the
initial state |S〉 coordinate φ represented by the basis vector
|y1〉, |y2〉, . . . , |yi〉  of the university perspective. /e value
of φi represents the university’s preference, perceived by the
enterprise, for the corresponding innovation cooperation
projects: |S〉⟶ U†

EU.Ψ � φ or EU
U .φ � Ψ.
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It also has a unit length: ‖|S〉‖2 � ‖φ‖2 � 1. φ and ψ are
coordinates that involve different basic vector axes in the
same system of |S〉, where |S〉 is taken as abstract vector.

(2) Representation of Different Variables with the Same Basis
Vector. Any point in quantum multidimensional space can
be achieved by linear combination of |y1〉, |y2〉, . . . , |yn〉 

basis vectors. Based on the unitary matrix UEU, with respect
to |y1〉, |y2〉, . . . , |yn〉 , the |x1〉, |x2〉, . . . , |xn〉  vector can
be described as follows:

xi

 〉 �〈xi y1
 〉 y1

 〉 +〈xi y2
 〉 y2

 〉 + · · · +〈xi yn

 〉 yn

 〉. (9)

Similarly, |y1〉, |y2〉, . . . , |yn〉  can be represented by a
linear combination of |x1〉, |x2〉, . . . , |xn〉 :

yi

 〉 �〈yi x1
 〉 x1

 〉 +〈yi x2
 〉 x2

 〉 + · · · +〈yi xn

 〉 xn

 〉.
(10)

(3) Sequential Effect in Joint Decision-Making. When an
enterprise first considers the university’s preference |yj〉 and
then their own preference |xi〉, the sequence of events path is
expressed as follows: |S〉⟶ |yj〉⟶ |xi〉, using all cal-
culated coordinates based on |x1〉, |x2〉, . . . , |xn〉 . /e
enterprise thinks that the probability of the university’s
preference for yj is obtained by projecting the initial state
vector |S〉 onto the square of the length of the basic vector
|yj〉. /e projection equation is 〈yj|S〉 · |yj〉, and the inner
product of |yj〉 and |S〉 is obtained by matrix formula (11).
/e probability of event Uyj is p(Fyj) � |〈yj|S〉|

2.

〈yj

�����S〉 � 
n

k�1
Ψ1 · 〈yj|xk〉 . (11)

Firstly, considering that the university has a clear
preference for innovation cooperation projects, the proba-
bility p(Exi) of enterprise choosing xi innovation cooper-
ation projects is to project the state |yj〉 to the |xi〉 and then
square it./e projection equation is 〈xi|yj〉 · |yj〉. /e inner
product between |xi〉 and |yj〉 is 〈xi|yj〉 � 〈yj||xi〉.

So the probability of event Exi is p(Exi)|〈xi|yj〉|2.
/e probability of path |S〉⟶ |yj〉⟶ |xi〉

p(Uyj)p(Exi) � |〈yj|S〉|2 · |〈xi|yj〉|2.
Similarly, the probability of path |S〉⟶ |yj〉⟶ |xi〉

is |〈xi|S〉|2 · |〈yj|xi〉|2. /e probability of path
|S〉⟶ |yj〉⟶ |xi〉 is not equal to that of the opposite
path |S〉⟶ |xi〉⟶ |yj〉.

/e sequence in which decision makers consider the
opinions of university-enterprise collaborative members will
affect their preference. /e relationship between the size of
|〈yj|S〉|2 and |〈xi|S〉|2, i.e., the size of the initial preference
φj of the university for project yj and the size of the initial
preference Ψi of enterprise for project xi, determines the
influence of the sequence of consideration.

When |φj|> |Ψi|, the enterprise considers their own
preference before university preference. /e probability for
enterprise choosing innovation cooperation project φ will be
reduced, and the preference selection probability of enter-
prises will concentrate on their own preference state. /e

enterprise preference selection probability will increase the
probability of choosing innovation cooperation project i

when the enterprise considers university’s preference first
and then their own preference state. /e preference of the
university will enable the enterprise to make clearer their
own choice preference.

When |φj|< |Ψi|, there will be an opposite change in
preference probability.

2.3.2. Decision-Making in the Complex Mixed State. /e
collaborative decision-making of universities and enter-
prises with sequential effect can be based on the results of
exhaustive and mutually exclusive events of all known in-
novation projects of enterprises and universities. /ese
events cannot be decomposed or improved into more
specific results; instead, they are a complete measurement in
quantum theory. In addition, the sequential effect can also be
verified in the case of rough measurement. When the en-
terprise or the university can only identify preference from
x1, x2, . . . , xn, the decision-making between universities and
enterprises is based on rough measurement in quantum
theory, and the selection event can be split.

For example, innovation projects can be divided into risk
preference type and risk aversion type. For the consideration
of university-enterprise collaborative innovation, the uni-
versity-enterprise collaborative innovation team intends to
choose between risk preference innovation cooperation
project x1′, x2′, . . . , xk

′ and risk aversion innovation cooper-
ation project x1″, x2″, . . . , xh

″. Among them, k + h � n, and
the corresponding expression based on the perspective of the
university is risk preference innovation cooperation project
y1′, y2′, . . . , yk

′ and risk aversion innovation cooperation
project y1″, y2″, . . . , yh

″. When the risk preference of inno-
vation cooperation project is different between university
and enterprise, the event can be decomposed from pure state
to definite state and from mixed state to pure state.

/e following two kinds of preference judgment se-
quence are taken as an example. /e enterprise wants to
choose a risk preference innovation project when they think
that the university wants to choose a risk averse innovation
project; the enterprise wants to choose a risk averse inno-
vation project when they think that the university wants to
choose a risk preference innovation project.

(1) Pure State Transition. /e university has clearly informed
the enterprise of wanting to choose risk averse innovation
cooperation project ya

″ and needing to calculate the prob-
ability of the enterprise choosing a risk preference type
cooperation project from risk preference projects and risk
aversion innovation cooperation projects.
|x1′〉, |x2′〉, . . . , |xk

′〉 is orthogonal, so the enterprise can
choose one of k innovation cooperation projects and need to
calculate the probability of events crossing
|x1′〉∪ |x2′〉∪ · · · ∪ |xk

′〉 . According to the quantum model,
the original state |S〉 is modified to the modified state |SR〉 by
the basis vector |xi

″〉.
In quantum theory, |ya

″〉 is called pure state, which is the
basis vector in the basic coordinate system
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y1′, y2′, . . . , yk
′, y1″, y2″, . . . , yh

″ , and it is also the superpo-
sition state in the basic coordinate system
x1′, x2′, . . . , xk

′, x1″, x2″, . . . , xh
″ . Probability P1: first the risk

aversion innovation cooperation project ya
″ is considered,

and the risk preference project, which is equal to the square
length of |ya

″〉 projected on the plane crossed by
|x1′〉∪ |x2′〉∪ · · · ∪ |xk

′〉 , is then considered.

p1 � 
k

i�1
xi
′

 〉〈xi
′
 ya
″

 〉⎛⎝ ⎞⎠

����������

����������

2

� 
k

i�1

〈xi
′
 ya
″

 〉 xi
′

 〉
����

����
2

� 
2

i�1
xi
′

 〉 ya
″

 〉



2
.

(12)

(2) Transition from Mixed State. After the enterprise has
defined their preference state and wants a risk preference
innovation project, they consider the probability that the
university wants a risk averse innovation project, which
discards the information of which risk preference innova-
tion project is actually selected. In this case, before they
judge whether the university wants risk averse innovation
projects, their preference for the risk types of innovation
cooperation projects has become clear, which leads to a
mixed state. /e probability of choosing xb

′ from risk
preference innovation projects is |〈xb

′|S〉|2/
k
i�1 |〈xi
′|S〉|2.

/e enterprise thinks that the university wants to choose
a risk averse innovation project ya

″, then the probability of
enterprises choosing xb

′ is |〈ya
″||xb
′〉|2. /erefore, the total

probability p2 of crossing |ya
″〉 after choosing a risk pref-

erence innovation project is equal to

p2 � 
k

i�1

〈xi
′
|S〉



2


k
i�1 〈xi
′
|S〉



2 · 〈ya
″ xi
′

 〉



2⎛⎝ ⎞⎠. (13)

In rough measurement, p1 (enterprises choosing risk
aversion innovation projects/universities choosing risk
aversion innovation projects ya

″) is not equal to p1 (uni-
versity choosing risk aversion innovation projects ya

″/ en-
terprise choosing risk preference innovation projects).

2.3.3. Mutual Interference of University-Enterprise Preference
Judgment. Two simple symbols p(E) and p(U) are used to
mark enterprise preference and university preference, re-
spectively. First the probability of event E is observed, and
then the change of probability is observed according to the
sequence of events from U to E. When the enterprise makes
the choice according to the initial state, p(E) � ‖pE|S〉‖2.
According to the sequence of events from U to E, that is,
when the enterprise considers the preference of the uni-
versity before their own preference, the probability of se-
lection is ‖pEpU|S〉‖2. According to the quantum
probability, the interference is IntE � p(E) − pT(E). In
order to make a more detailed analysis, the probability of
preference events is decomposed as follows:

p(E) � PE|S〉
����

����
2

� PEI|S〉
����

����
2

� PE PU + PU |S〉
�����

�����
2
,

� PEPU|S〉
����

����
2

+ PEPU|S〉
����

����
2

+ 〈S PUPEPU|S〉


 +〈S PUPEPU|S〉


 

� pT(E) + IntE.

(14)

If PUPE � PEPU, all the projections from the initial state
to the base vector are interchangeable. Only when the
projectors are not interconnected can interference occur. It
may be positive or negative; thus, the law of total probability
is violated. An important feature of quantum theory can be
expressed by complex numbers, which can be better
decomposed to express interference effect:

IntE � 〈S PUPEPU|S〉


 +〈S PUPEPU|S〉




� 〈S PUPEPU|S〉


 +〈S PUPEPU|S〉


∗

� 2 · 〈S PUPEPU|S〉


 · cos(θ).

(15)

/e inner product 〈S|PUPEPU|S〉 in general forms is a
complex number, where θ is the phase angle of the inner
product 〈S|PUPEPU|S〉. When 〈S|PUPEPU|S〉 � 0, that is,
the event projection between the enterprise’s cognitive state
and the university’s cognitive state can be communicated,
the interference effect is zero. In addition, when cos(θ) � 0,
the interference is zero. When the imaginary part of the
complex number is zero, the complex number can be a real
number. When cos(θ) � 1, the interference is the most

positive, and when cos(θ) � −1, the interference is the most
negative.

When the path similarity is within |π/2|, the interference
effect is positive, and the smaller is the value |θ|, the greater is
the positive interference effect. When the path similarity is
between |π/2| and |π|, the interference effect is negative, and
the greater is the value |θ|, the greater is the negative in-
terference effect.

According to the different phases obtained by different
path wave functions involved in quantum mechanics, it is
considered that the phase angles between different se-
quential paths are also different in university-enterprise
collaborative decision-making. /is interference effect is an
abstract understanding of interference effect regarding
different path effects.

2.4. Examples. Firstly, the evaluation data of universities and
enterprises on four cooperative innovation projects are
collected, and then the evaluation data are normalized in
turn.
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As shown in Table 1, there are significant differences in
the evaluation of cooperative innovation projects between
universities and enterprises.

2.4.1. Decision Analysis of Independent Innovation of Uni-
versities or Enterprises. Universities or enterprises do not
consider each other’s preferences when making decisions
independently. /e probability of enterprise innovation
decision is projected to the X1 axis through the state vector
|S〉, and the transition amplitude is
|X1〉〈X1|S〉 � 0.520 · |X1〉, the square of the amplitude,
‖0.520 · |X1〉‖2 � |0.520|2 · ‖|X1〉‖2 � (0.270) · 1.

/e amplitude and amplitude square of the state vector
projected to other axes can be obtained in the same way.
/erefore, the probability of the four projects of the decision
maker of innovation project generated by the enterprise
from their own will is 0.270, 0.144, 0.032, 0.553, and the sum
of probability is 1. /e probability of the four projects of the
independent decision maker of innovation project produced
by the university is 0.348, 0.084, 0.152, and 0.416, and the
sum of probability is 1.

Suppose that the first and second of the four projects are
risk preference innovation projects. /en, the event with
which the enterprise chooses risk preference innovation
projects can be expressed as “project 1, project 2,” which is
represented by spanned two-dimensional subspace:
|X1〉, |X2〉  in the multidimensional space of quantum
cognition. /e probability of this event is obtained by
projecting the state vector |S〉 into this subspace. /e
projection equation is as follows:

X1
 〉〈X1| + X2

 〉〈X2| |S〉

� X1
 〉〈X1|S〉 + X2

 〉〈X2|S〉

� 0.520 · X1
 〉 + 0.380 · X2

 〉.

(16)

/e probability of this event is the square of the length of
the projection equation of this event:
‖0.520 · |X1〉 + 0.380 · |X2〉‖2 � 0.414.

/e probability of the enterprise choosing risk prefer-
ence innovation projects is 0.414. Similarly, the probability
of the university choosing risk preference innovation
projects is 0.432.

2.4.2. Innovation Joint Decision Analysis. Based on the
method given above, the innovation joint decision proba-
bility matrix is constructed as follows:

0.307 0.224 0.106 0.439

0.089 0.065 0.031 0.127

0.035 0.025 0.012 0.050

0.022 0.016 0.008 0.032

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (17)

Based on the innovation joint decision probability
matrix, the unitary matrix UEU satisfying the conditions is
constructed.

UEU �

0.495 0.362 0.171 0.708

0.144 0.105 0.050 0.205

0.056 0.041 0.019 0.080

0.036 0.026 0.012 0.052

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (18)

/e transformation matrix UUE is as follows:

UUE �

0.495 0.144 0.056 0.036

0.362 0.105 0.041 0.026

0.171 0.050 0.019 0.012

0.708 0.205 0.080 0.052

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (19)

/e university preferences that the enterprise thinks are
as follows:

0.907

0.076

0.012

0.005

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (20)

It can be seen that there is a significant difference be-
tween the preference of the university that the enterprise
thinks and the preference of the university itself. /e uni-
versity thinks that the preference of the enterprise is as
follows:

0.270

0.144

0.032

0.553

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (21)

It can be seen that the preference of the enterprise
perceived by the university is similar to that of the enterprise
itself. /e example in this paper fully shows the value of
quantum probability in the evaluation of cooperative
projects. In this paper, quantum cognitive theory is used to
reveal the superposition effect in cooperative decision-
making. It subverts the situation where the classical decision
theory is used to assign different probability and utility to
each result. In the quantummodel constructed in this paper,
difference does not exist in every pair of superposition effect
and single effect, which indicates that quantum probability is
more suitable to explain the decision-making mechanism of
synergistic effect.

3. Results and Discussion

/e internal mechanism of university-enterprise collabo-
rative innovation decision-making is based on the quantum
attribute of university-enterprise collaborative innovation
decision-making. /e uncertainty of quantum theory is
reflected in the vague preference state of decision makers;
the formation of decision-making is related to the degree to
which the decision maker receives the opinions of univer-
sity-enterprise collaborative innovation members, and dif-
ferent opinions and suggestions form the entanglement and
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superposition attributes in quantum theory. /e order of
decision makers’ evaluation of recognition information
produces the sequential effect that can be explained by
quantum theory; the preference of university-enterprise is
related to the degree of decision maker’s receiving opinions
from university-enterprise collaborative innovation mem-
bers. Binary variable decision-making produces the inter-
pretable interference effect in quantum theory. Compared
with the traditional method based on the hypothesis of
“rational man” which excludes uncertainty and entangle-
ment, quantum method can explain the change of decision
maker’s cognitive state in the most direct way.

University-enterprise collaborative innovation decision-
making tends to be an incompatible representation in quantum
cognition. When considering the cognitive preference of the
university and the enterprise, there will be two kinds of var-
iables, so it is necessary to explore whether the two groups of
variables are compatible. Whether the two variables are
compatible or not depends on whether the decision maker has
enough knowledge and experience to form a compatible
representation. /e two variables in the collaborative inno-
vation decision-making mode of university-enterprise are
more consistent with incompatible representation.

/e opinions of university-enterprise collaborative in-
novation members will produce sequential effect and in-
terference effect on decision makers of university-enterprise
collaborative innovation. /e interference effect and se-
quential effect of a single path are affected by the phase angle
of the path wave and have different effects. When the total
interference effect and sequential effect of the decision result
are fully considered, the different sequence will produce
interpretable interference effect. When the final decision
maker’s personal preference is evaluated at last, the decision-
making result can better reflect the process of mutual in-
terference and compromise between the two preferences of
the university and the enterprise, which tends to be the joint
decision-making of university-enterprise collaborative in-
novation. Finally, when the decision maker first evaluates
their own preference, the decision-making result will be
more inclined to the more explicit preference of the decision
maker.

4. Conclusion

/e research, as an analysis of the internal interaction
mechanism, has analyzed the impact of university-enterprise
on decision-making in collaborative innovation decision-
making, which has certain restrictions on guiding enter-
prises to carry out innovation activities, and further research
is needed in specific practice.

/e model research only uses the geometric character-
istics of Hilbert space in quantum theory to express the state
of time and does not involve the quantum properties that
can be calculated by Schrodinger equation, so it has some
limitations in explaining the complex dynamic changes.

Considering the influence of external stakeholders in
collaborative innovation decision-making between the
university and the enterprise, this cognitive model can be
extended to more dimensions of incompatible representa-
tion, and quantum analysis may involve the process of
quantum dynamic random walk. In the field of collaborative
innovation, how to make good use of the sequential effect
and interference effect of individual decision-making and
university-enterprise collaborative innovation decision-
making is worthy of in-depth study. In the future research,
researchers can try this method in the fields of portfolio [30],
product development [33], supply chain management [34],
and industrial competition analysis [35].
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