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Introduction: The digital era has brought about new vitality and innovation
across various industries, introducing concepts such as AI, information centers,
cloud data, the Internet of Things, and digital government. This article
investigates the mechanisms of financial information disclosure within the
context of digital transformation.

Methods: A four-party game model is developed using a game approach,
involving digitally-intelligent enterprises, financial data analysts, new quality
productivity-based government, and fintech users. Through Matlab simulations,
the evolutionary relationships and equilibrium game strategies among the four
parties are examined.

Conclusion: (1) There are four conditional stabilization points in the four-
way evolutionary game. These four conditional stabilization points represent
the strategic equilibriums that stakeholders may achieve under the principle
of competitive neutrality. They mainly reflect the strategic choices of the
government and enterprises under different scenarios. (2) The numerical
simulation analysis reveals that when the new quality productivity-based
government will strengthen the regulation of the firm, it will force the firm to
disclose information. And when the enterprise chooses to disclose information
when disclosing financial information, then the government will relax the state
of its regulation. This means that the government plays a stronger supervisory
role in the process of corporate disclosure, which makes enterprises tend
to increase the degree of information disclosure under external pressure,
thus reducing information asymmetry and enhancing information transparency,
which helps financial data analysts and fintech users to collect and organize
information, and improves the stability of themarket. The overall strategy evolves
in the direction of “information disclosure, intelligent decision-making, intensive
regulation, and investment”. (3) From the sensitivity analysis, the government’s
influence on the utility of digital intelligence transformation is more significant,
compared with other social actors, government departments show more
significant institutional advantages in the digital intelligence transformation
process; and the stronger the incentive and punishment mechanism imposed
by the new quality productivity-oriented government, the strongest the reaction
of enterprises in the societies studied in this paper; furthermore, it is found
that there exists a bidirectional feedback mechanism between analysts and
investors, and that when the poor market information environment leads to
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low investment intention of investors, it will make analysts reluctant to spend
time and cost. Further, it is found that there is a two-way feedback mechanism
between analysts and investors, when the poormarket information environment
leads to low investors' willingness to invest, it makes analysts reluctant to spend
time, energy and cost on information processing.

KEYWORDS

digital-intelligent transformation, information disclosure, financial data analyst, new
quality productivity, government regulation, four-party evolutionary game

1 Introduction

The advent of the Internet era has ushered in an unprecedented
wave of digitalization and informatization, fundamentally
characterized by technological convergence [1], systemic
reengineering [2], and collaborative value generation [3]. Digital
transformation now represents an inexorable shift in modern
economic paradigms, with scholars increasingly scrutinizing
the critical function of digital transformation facilitators in
organizational ecosystems [4].This economicmetamorphosis serves
as both a catalyst for sustainable economic practices through
green economy advancement [5] and a prerequisite condition
for innovation output optimization phenomena intrinsically
interwoven with contemporary accounting management
frameworks [6, 7]. Digital transformation, although fostering
innovation, presents notable risks and challenges to an organization’s
strategic decision-making [8]. It complicates effective governance
and management, thereby altering the approach to technology
development and maintenance [9]. Consequently, internal
governance and external regulation face heightened demands [10].
Yet, this does not imply stagnation. The deep integration of
digitalization and finance represents an inevitable trend in
modern society.

Corporate entities, governmental regulators, financial analysts,
and institutional investors constitute the principal architects
and accelerators of digital transformation. The process enhances
organizational agility and market responsiveness [11], while
simultaneously elevating financial disclosure capabilities and
improving the quality of accounting information. This evolution
has precipitated the emergence of specialized financial data analysts
sophisticated information intermediaries who employ advanced
analytical techniques to interpret corporate disclosures and generate
authoritative investment intelligence [12, 13]. Distinguished
from traditional analysts through superior information retrieval
competencies and technological utilization capacities [14], these
professionals represent a paradigm shift in financial intermediation.
The process establishes firms as information providers and analysts
as information intermediaries, whose processed outputs influence
downstream users. Within this digital milieu, the concept of new
quality productivity has emerged as a transformative framework
emphasizing technological sophistication, operational excellence,
and output superiority [15, 16]. Concurrently, governmental
entities are undergoing their own digital metamorphosis to
enhance public service delivery and market regulation effectiveness
[17], transitioning toward governance models rooted in new
quality productivity principles [18]. This dual transformation
across public and private sectors has precipitated stakeholder

dissatisfaction with conventional financial metrics and disclosure
paradigms [19], resulting in intensified pressure for enhanced
corporate transparency and growing demand for high-fidelity
financial information characterized by superior quality and
operational verifiability.

Emerging scholarship substantiates the transformative effects
of digitalization on corporate disclosure practices. He et al.
[20] empirically established that digital transformation induces
structural enhancements in organizational disclosure behavior.
Complementing this, Henide [21] demonstrated that corporate
strategic evolution exhibits responsiveness to investor expectations,
while De Villiers et al. [22] identified concurrent improvements in
environmental performance metrics. Donkor et al. [23] further
corroborated these findings, revealing a positive correlation
between technological advancement and disclosure quality.
From a methodological perspective, research on digitalization
and disclosure has evolved through distinct phases. Initial
studies relied on traditional empirical approaches using panel
data. Subsequent advancements introduced computational tools
like Python, enabling real-time sampling and fully automated
data collection. The methodological framework was further
enhanced through machine learning techniques, expanding the
analytical dimensions. Currently, the field has progressed to
incorporate AI technologies, demonstrating a clear trajectory
toward interdisciplinary integration. Furthermore, game-theoretic
analytical frameworks have been incorporated to model disclosure
dynamics. Calford [24] posited that strategic uncertainty serves
as a critical determinant of agent behavior within game-theoretic
constructs, which fundamentally examine multi-agent interactions
characterized by divergent utility functions [25] and optimize
payoff maximization strategies [26]. This implies that the game
evolution is a search for logistic lines among various uncertainties.
Early applications in disclosure research include Guan et al. [27],
who delineated regulatory pathway mechanisms within state-
dominated market paradigms. Subsequent investigations by Zhu
et al. [28] revealed industry-wide spillover effects of corporate
carbon disclosure practices, whereas Zhao and Zhu [29] identified
countervailing pressures from escalating disclosure costs, suggesting
potential dampening effects on voluntary transparency incentives.
The direction of evolution is described from different perspectives.
All in all, these findings collectively underscore the inherent
stochasticity in corporate disclosure decisions, mediated through
cost-benefit calculus. Game-theoretic modeling predominantly
centers on government-enterprise dyads as principal strategic
actors. Illustrative applications include tripartite equilibria analysis
for green production strategies involving government, firms,
and civil society [30], and bilateral models of carbon disclosure
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governance [31]. While quadripartite game architectures have
been deployed to examine patent valuation dynamics [32] and
competitive neutrality evolution [33], significant lacunae persist
in understanding disclosure pathway mechanisms under digital
transformation regimes. Notably absent are sophisticated models
that reconcile the dual imperatives of technological disruption and
regulatory adaptation within accounting information ecosystems.

Critical analysis of extant literature reveals three substantive
limitations in current digitalized financial disclosure research:
First, methodological insularity persists, with predominant
reliance on empirical methodologies confined within economic
discipline paradigms, exhibiting insufficient engagement with
cross-disciplinary integration and methodological pluralism.
Second, game-theoretic examinations remain constrained by
limited participant scope, disproportionately focused on enterprise-
government dyads while neglecting broader stakeholder ecosystems
essential in digital transformation contexts. Third, thematic
orientation excessively prioritizes regulatory compliance dynamics,
failing to establish comprehensive analytical frameworks that
elucidate systemic pathway mechanisms governing financial
information flows.

The research layout of this paper is as follows. Section 2 is the
gamemodel construction, which describes the research assumptions
and the stability analysis of the subject’s strategies; Section 3 is
the stability analysis of the strategy combinations; Section 4 is
the simulation to understand the trend of the game evolution of
each party; and Section 5 introduces the conclusion as well as the
practical suggestions.

2 Construction of the four-party
evolutionary game model

2.1 Problem description and basic model
assumptions

The new quality productivity-based government implements
incentives for companies and compensation mechanisms for
analysts and investors in order to realize the transformation of
government functions and the upgrading of services. And digital-
intelligent companies enhance their services in management mode
through digital and intelligentmeans, and disclose digital-intelligent
information to the public. And further influence analysts decision-
making strategy and investor investment strategy. Financial data
analysts compared to traditional analysts are more favorable and
use technology to collect, process and analyze data. Their intelligent
decision-making will have a greater impact on investors’ strategic
choices and corporate disclosure. Fintech users are able to make
wise, objective and logical investment decisions based on the
implementation of the basis of the user. They tend to obtain
numerical intelligent information to satisfy their needs. This paper
focuses on investors in this user group.

Corporate entities, driven by profit-maximization imperatives,
strategically suppress adverse operational intelligence to distort
analyst evaluations and investor valuations. Regulatory enforcement
mechanisms mandate partial disclosure compliance, though
their efficacy remains constrained by jurisdictional enforcement
capacities. In order to better study the financial information

disclosure mechanism of digital intelligence, this paper constructs a
four-party game model with the participation of digital intelligence
enterprises, financial data analysts, new quality productivity-
based government and fintech users, and the logical relationship
is shown in Figure 1.

Assumption 1:The digital intelligence enterprise applies digital and
information technology in depth to disclose high-quality financial
information to the outside world. In the case of information
disclosure and information concealment, the value-added of the
enterprise’s digital intelligence disclosure is E1 and E2, respectively.
And the disclosure cost is CE; based on the incentive mechanism,
it needs to pay the government’s penalty expenditure P, when the
enterprise is found to conceal the information under government
supervision. And the enterprise is given an incentive amount of R1
for the enterprise’s proactive disclosure of information.

Assumption 2: The value-added gains of financial data analysts’
intelligent and traditional decision-making are A1 and A2,
respectively; the costs of extracting information from the
complicated market environment versus making decisions are
CA and CA’, respectively. In the case of digital information gain,
analysts use fintech tools to collect and analyze data, which makes
information acquisition more convenient. Therefore, the analyst’s
benefit under fintech will be enhanced by the coefficient of a (a≥1),
and the cost of data analysis will be optimized by the coefficient of b
(0 ≤ b ≤ 1).

Assumption 3:The benefits of intensive and weak regulation by the
new quality productivity government are G1 and G2, respectively;
and their costs are CG and CG’ respectively, which are both affected
by the gain of firms’ digital intelligence. The government has a
compensation policy for analysts’ information decision-making and
investors’ investment behavior under fintech, subsidizing them
accordingly with R2 and R3.

Assumption 4: Fintech users include individuals or enterprises that
carry out various financial activities through the Internet financial
platforms. It mainly includes groups that use digital financial
technology to carry out investment and other operations, and this
paper chooses one of the representative groups, investors, as the
main research subject. When they collect information, they pay
attention to the decision-making opinions of professional analysts,
so the investment returns in the case of intelligent decision-
making and traditional decision-making by analysts under financial
technology are I1 and I2, respectively; while the return of not
investing is I3; the cost of pre-investment decision-making and
analysis by investors based on facts and data are CI and CI’,
respectively. Investor behavior will also be affected by firms’ digital
intelligence disclosure, and the benefits and costs will be improved
by the coefficients of a and b.

Assumption 5: Furthermore, when analysts make intelligent
decisions under fintech, it affects the decisions of corporate
management and investors. Digital-intelligent firms and
institutional investors add additional revenues M and N,
respectively; similarly, the latter can add value to the former in
terms of revenue K; and when analysts make intelligent decisions
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FIGURE 1
Logical relationships in the four-way game subject model.

under fintech, they will be favored by institutional investors and will
bring additional revenues Q.

Based on the above assumptions, the payoff matrix of the four
main subjects can be obtained as shown in Table 1.

2.2 Analysis of strategy portfolio and
strategy stability of each game subject

2.2.1 Analysis of subject strategy stability for
digital intelligence enterprise

Digital intelligence enterprise exhibit differentiated expected
payoffs when disclosing that is UE1 versus concealing that is
UE2 data-driven financial intelligence, with UE denoting mean
equilibrium returns. And the strategic adaptation trajectories are
governed by the replicator dynamics formalized in Equations 1, 2,
with behavioral strategy evolution characterized through first-order
derivative analysis.

UE1 = E1 −CE +Kw +R1z + aMy

UE2 = E2 +Kw +My −Pz

UE = xUE1 + (1− x)UE2

F(x) = x(1− x)[E1 −CE −E2 +M(a− 1)y + (P +R1)z] (1)

F′(x) = (1− 2x)[E1 −CE −E2 +M(a− 1)y + (P +R1)z] (2)

According to Equation 1, let

z0 =
1

P +R1
[CE +E2 −E1 +M(1− a)y]

Proposition 1 Digital intelligence enterprises exhibit phase-
dependent disclosure equilibria: z < z0 induces evolutionarily
stable strategies (ESS) favoring information obfuscation; z >

z0 precipitates ESS convergence toward transparency adoption.
Strategic indeterminacy emerges at z = z0, where the critical
disclosure threshold is: z0 = [1/(P + R1)]∗[CE + E2-E1+M(1-a)y].

Proof According to the differential variance stability theorem,
if “Information Disclosure” is the evolutionary stable state of
numerical intelligence enterprise strategy choice, then it needs to
satisfy F(x) = 0 and F′(x) < 0.

Let

H(z) = E1 −CE −E2 +M(a− 1)y + (P +R1)z

dH(z)
dz
= P +R1 > 0

Therefore, H(z) is an increasing functionwith respect to z.When
z < z0, H(z) < 0, then F(x)|x=0 = 0, F′(x)|x=0 < 0, at this time
x = 0 is the evolutionary stability point, which indicates that when
the probability of the new productivity government choosing the
“Intensive Regulation” strategy is less than z0, the digital intelligence
enterprise will ultimately choose the “Information Concealment”
strategy. When z > z0, H(z) > 0, then F(x)|x=1 = 0, F′(x)|x=1 < 0, at
this time x = 1 is the evolutionary stability point, which indicates that
when the probability of the new productivity government choosing
the “Intensive Regulation” strategy is greater than z0, the number
of intellectualized firms will ultimately choose the “Information
Disclosure” strategy. Q.E.D.

2.2.2 Analysis of subject strategy stability for
financial data analysts

The expected returns of financial data analysts making decisions
using smart decisions versus traditional decisions are UA1 and UA2
respectively. The average expected return is UA. The replicated
dynamic equations and first-order derivatives of their behavioral
strategies are shown in Equations 3, 4.

UA1 = A1 −CA −A1x +CAx +Qw +R2z + aA1x − bCAx

UA2 = A2 −C
′
A −A2x +C

′
Ax +R2z + aA2x − bC

′
Ax
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TABLE 1 Payoff matrix of four-party game stages.

Digital
intelligence
enterprise

Financial data
analyst

Intensive regulation by new quality
productivity-based government (z)

Weak regulation by new quality
productivity-based government (1-z)

Fintech users
invest (w)

Fintech users do
not invest (1-w)

Fintech users
invest (w)

Fintech users do
not invest (1-w)

Disclosure (x)

Intelligent decision
making (y)

E1-CE + aM + K + R1 E1-CE + aM + R1 E1-CE + aM + K E1-CE + aM

aA1-bCA + Q + R2 aA1-bCA + R2 aA1-bCA + Q aA1-bCA

aG1-bCG-R1-R2-R3 aG1-bCG-R1-R2 G2-CG' G2-CG'

aI1-bCI + N + R3 I3 aI1-bCI + N I3

Traditional decision
making (1-y)

E1-CE + K + R1 E1-CE + R1 E1-CE + K E1-CE

aA2-bCA'+R2 aA2-bCA'+R2 aA2-bCA' aA2-bCA'

aG1-bCG-R1-R2-R3 aG1-bCG-R1-R2 G2-CG' G2-CG'

aI2-bCI'+R3 I3 aI2-bCI' I3

Concealment (1-x)

Intelligent decision
making (y)

E2+M + K-P E2+M-P E2+M + K E2+M

A1-CA + R2+Q A1-CA + R2 A1-CA + Q A1-CA

aG1-bCG + P-R2-R3 aG1-bCG + P-R2 G2-CG' G2-CG'

I1-CI + N + R3 I3 I1-CI + N I3

Traditional decision
making (1-y)

E2+K-P E2-P E2+K E2

A2-CA'+R2 A2-CA'+R2 A2-CA' A2-CA'

aG1-bCG + P-R2-R3 aG1-bCG + P-R2 G2-CG' G2-CG'

I2-CI'+R3 I3 I2-CI' I3

UA = yUA1 + (1− y)UA2

F(y) = y(1− y)[A1 −A2 −CA +C
′
A

+(A2 −A1 +CA −C
′
A + aA1 − aA2 + bC

′
A − bCA)x +Qw]

(3)

F′(y) = (1− 2y)[A1 −A2 −CA +C
′
A

+(A2 −A1 +CA −C
′
A + aA1 − aA2 + bC

′
A − bCA)x] (4)

According to Equation 3, let

w0 = −
1
Q
[A1 −A2 −CA +C

′
A + (A2 −A1 +CA −C

′
A + aA1 − aA2 + bC

′
A − bCA)x]

Proposition 2 Financial analysts’ evolutionarily stable strategies
(ESS) demonstrate phase-dependent strategic adaptation: w < w0
induces ESS convergence toward traditional information decision-
making; w > w0 precipitates ESS shifts to intelligent information
decision-making frameworks. The strategic indeterminacy emerges
at w = w0, where the critical threshold is: w0=(-1/Q)∗[A1-A2-CA +
CA'+(A2-A1+CA-CA'+aA1-aA2+bCA'-bCA)x].

Proof According to the differential variance stability theorem, if
“Intelligent DecisionMaking” is the evolutionary stable state chosen

by financial data analysts, then F(y) = 0 and F′(y) < 0 should be
satisfied.

Let

H(w) = A1 −A2 −CA +C
′
A + (A2 −A1 +CA −C

′
A + aA1 − aA2

+bC′A − bCA)x +Qw

dH(w)
dw
= Q > 0

Therefore, H(w) is an increasing function with respect to
w. When w < w0, H(w) < 0, then F(y)|y=0 = 0, F′(y)|y=0
< 0, at this time, y = 0 is the evolutionary stability point,
which indicates that when the probability of the investor in
the fintech user choosing “Invest” is less than w0, the financial
data analyst will ultimately choose the “Traditional Decision
Making” strategy. When w > w0, H(w) > 0, then F(y)|y=1
= 0, F′(y)|y=1 < 0, at this time y = 1 is the evolutionary
stability point, which indicates that when the probability of
investors choosing to “Invest” is greater than w0, financial data
analysts will ultimately choose the “Intelligent Decision Making”.
Q.E.D.
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2.2.3 Analysis of subject strategy stability for new
quality productivity-based government

The expected returns to intensive and weak implementation of
regulation by the new quality productivity type of government are
UG1 and UG2 respectively. The average expected return is UG. The
replicated dynamic equations and the first order derivatives of their
behavioral strategies are shown in Equations 5, 6.

UG1 = P −R2 − bCG + aG1 −Px −R3w −R1x

UG2 = G2 −C
′
G

UG = zUG1 + (1− z)UG2

F(z) = z(z − 1)[G2 −C
′
G −P +R2 + bCG − aG1 + (P +R1)x +R3w]

(5)

F′(z) = (2z − 1)[G2 −C
′
G −P +R2 + bCG − aG1 + (P +R1)x +R3w]

(6)

According to Equation 5, let

x0 = −
1

P +R1
(G2 −C

′
G −P +R2 + bCG − aG1 +R3w)

Proposition 3The equilibrium regulatory posture of new quality
productivity-based government demonstrates phase-dependent
adaptation: under x < x0, stringent oversight mechanisms constitute
evolutionarily stable strategies (ESS); whereas x > x0 induces
ESS convergence toward attenuated regulatory interventions. The
strategic indeterminacy emerges at x = x0, where the critical
threshold parameter x0 is mathematically defined: x0 = −[1/(P +
R1)]∗(G2-CG'-P + R2+bCG-aG1+R3w).

Proof According to the differential variance stability theorem,
if “Intensive regulation” is the evolutionary stable state of the new
productivity-oriented government strategy choice, then F(z) = 0 and
F′(z) < 0 should be satisfied.

Let

H(x) = G2 −C
′
G −P +R2 + bCG − aG1 + (P +R1)x +R3w

dH(x)
dx
= P +R1 > 0

Thus, H(x) is an increasing function with respect to x. When
x < x0, H(x) < 0, then F(z)|z=1 = 0, F′(z)|z=1 < 0, at this time
z = 1 is the evolutionary stability point, which indicates that when
the probability of numerical intelligence enterprises choosing the
“InformationDisclosure” is less than x0, the newquality productivity
government will ultimately choose the “Intensive Regulation”
strategy.When x > x0, H(x) > 0, then F(z)|z=0 = 0, F′(z)|z=0 < 0, at this
time z = 0 is the point of evolutionary stability, which indicates that
when the probability of NIEs choosing to “Information Disclosure”
is greater than x0, the new productivity-based government will
eventually choose the “Weak Regulation” strategy. Q.E.D.

2.2.4 Analysis of subject strategy stability for
fintech users

The expected returns of fintech users who make investment
decisions to choose to invest and not to invest are UI1 and UI2,

respectively. The average expected return is UI. The replicated
dynamic equations and first-order derivatives of their behavioral
strategies are shown in Equations 7, 8.

U I1 = (I2 −C
′
I) + [(1− b)C

′
I + (a− 1)I2]x + (C

′
I −CI + I1 − I2 +N)y

+R3z + [(1− b)CI + (b− 1)C
′
I + (a− 1)I1 + (1− a)I2]xy

U I2 = I3

U I = wU I1 + (1−w)U I2

F(w) = w(1−w){(I2 −C
′
I − I3) + [(1− b)C

′
I + (a− 1)I2]x

+ (C′I −CI + I1 + I2 +N)y +R3z + [(1− b)CI + (b− 1)C
′
I

+(a− 1)I1 + (1− a)I2]xy} (7)

F′(w) = (1− 2w){(I2 −C
′
I − I3) + [(1− b)C

′
I + (a− 1)I2]x

+ (C′I −CI + I1 + I2 +N)y +R3z + [(1− b)CI + (b− 1)C
′
I

+(a− 1)I1 + (1− a)I2]xy} (8)

According to Equation 7, let

z0 = −
1
R3
{(I2 −C

′
I − I3) + [(1− b)C

′
I + (a− 1)I2]x

+ (C′I −CI + I1 + I2 +N)y + [(1− b)CI + (b− 1)C
′
I

+(a− 1)I1 + (1− a)I2]xy}

Proposition 4 Fintech users demonstrate phase-dependent
investment equilibria: z < z0 induces evolutionarily stable strategies
(ESS) favoring investment avoidance; z > z0 precipitates ESS
convergence toward non-investment. Strategic indeterminacy
emerges at z = z0, and the investment is: z0=(-1/R3)

∗{(I2-CI'-I3)+[(1-
b)CI'+(a-1)I2]x+(CI'−CI + I1+I2+N)y+[(1-b)CI+(b-1)CI'+(a-
1)I1+(1-a)I2]xy}.

Proof According to the differential variance stability theorem, if
“Invest” is the evolutionary stable state chosen by fintech users, then
F(w) = 0 and F′(w) < 0 should be satisfied.

Let

H(z) = (I2 −CI
′ − I3) + [(1− b)CI

′ + (a− 1)I2]x

+ (CI
′ −CI + I1 + I2 +N)y +R3z

+ [(1− b)CI + (b− 1)CI
′ + (a− 1)I1 + (1− a)I2]xy

dH(z)
dz
= R3 > 0

Therefore, H(z) is an increasing functionwith respect to z.When
z < z0, H(z) < 0, then F(w)|w=0 = 0, F′(w)|w=0 < 0, at this time,
w = 0 is the evolutionary stability point, which indicates that when
the probability of the new productive government choosing the
“Intensive Regulation” strategy is less than z0, the investors among
the fintech users will eventually choose the “Don’t Invest” strategy.
When z > z0, H(z) > 0, then F(w)|w=1 = 0, F′(w)|w=1 < 0, at this time,
w = 1 is the evolutionary stability point, which suggests that when
the probability of the new productive government choosing the
“Intensive regulation” strategy is greater than z0, the investors among
the fintech users will eventually choose the “Invest” strategy. Q.E.D.
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3 Analysis of the stable strategy of the
four-party evolutionary game

3.1 Analysis of the equilibrium points

The equation for the replication dynamics of the subjects of the
associative game, let

{{{{{{{{{{{
{{{{{{{{{{{
{

F(x) = dx
dt
= 0

F(y) =
dy
dt
= 0

F(z) = dz
dt
= 0

F(w) = dw
dt
= 0

According to Selten [34], the strict nash equilibrium is a
stable solution of the evolutionary game, and this strict nash
equilibrium is pure strategy. As a result, we can obtain a total of
16 strategy equilibria that meet the conditions, which are: (0,0,0,0),
(0,0,0,1), (0,0,1,0), (0,0,1,1), (0,1,0,0), (1,0,0,0), (1,0,0,1), (0,1,0,1),
(0,1,1,0), (1,0,1,0), (0,1,1,1), (1,0,1,1), (1,1,0,1), (1,1,0,0), (1,1,1,0)
and (1,1,1,1).

Based on the evolutionary game analysis method
of Friedman [35], the article constructs the Jacobi matrix of the
replicated dynamical system: J.

J =

[[[[[[[[[[[[

[

∂F(x)
∂x

∂F(x)
∂y

∂F(y)
∂x

∂F(y)
∂y

∂F(x)
∂z

∂F(x)
∂w

∂F(y)
∂z

∂F(y)
∂w

∂F(z)
∂x

∂F(z)
∂y

∂F(w)
∂x

∂F(w)
∂y

∂F(z)
∂z

∂F(z)
∂w

∂F(w)
∂z

∂F(w)
∂w

]]]]]]]]]]]]

]

The 16 equilibrium points are substituted into the Jacobi
matrix J, and the corresponding Jacobi matrix eigenvalues of each
equilibrium point are shown in Table 2.

In order to simplify and without loss of generality the stability
analysis of replicated dynamic systems for the discovery and
transformation of pathways for the role of digital intelligence
transformation. The article takes into account the practical context
and hypothesizes:

A1 −A2 −CA +CA
′ > 0

I2 −CI
′ − I3 > 0, I1 − I3 −CI > 0

3.2 Stability analysis of the combination of
intensive regulation by new quality
productivity-based government

The asymptotic stability analysis of the equilibrium points of
the complex dynamic system in the state of strong government
regulation, satisfying the ∆G-∆CG > R condition. From
Column 1 in Table 3, the strategy is eventually stabilized at the

points E (1,1,1,1) and E (0,1,1,1). This suggests that the government
is under strong regulation and firms will choose information
disclosure when they fulfill the condition that the sum of the
difference between the benefits of disclosure and concealment,
plus the additional benefits from analysts, is greater than the
cost of disclosure. This implies that strong government regulation
will bring pressure for firms to disclose information, forcing
firms to enhance information transparency. Thus, it brings more
intellectualized information to analysts, which is more conducive to
making intelligent decisions. This also provides more information
for investors to choose to invest. When the sum of the difference
between the benefits of disclosure and concealment, plus the
additional benefits brought by analysts, is less than the cost of
disclosure, companies will take the risk of choosing information
concealment, even if they are still under strong government
regulation.

3.3 Stability analysis of the combination of
weak regulation by new quality
productivity-based government

The asymptotic stability analysis of the equilibrium points of
the complex dynamic system in the state of strong government
regulation, satisfying the conditions ∆G-∆CG <R, P <R1 or R2 or R3.
From Column 2 in Table 3, it can be seen that the final stabilization
is at the points E (1,1,0,1) and E (0,1,0,1). That is to say, when the
government is under weak regulation, when the enterprise meets
the condition that the difference between the benefits of disclosure
and concealment, plus the sum of the additional benefits brought
by analysts, is greater than the cost of disclosure, the enterprise
prefers to choose the disclosure of information, and at this time, the
analysts choose the wisdom of decision-making, and the investor
chooses to invest. And when the enterprise satisfies the condition
that the difference between the benefits of information disclosure
and concealment, plus the sum of additional benefits brought by
analysts, is smaller than the cost of information disclosure, the
enterprise will choose information concealment.

4 Simulation analysis

According to the system of replicated dynamic equations and
constraints, the simulation experiment is carried out by Matlab
software. It is assumed that the probability of choosing different
strategies by digitalized enterprises, fintech analysts, new quality
productivity-based government and financial user investors are in
themiddle of unbiased, i.e., x = y = z =w=0.5. Referring to the actual
situation, the values of the parameters in the evolutionary game are
assigned as Table 4 below.

4.1 Evolutionary paths of the parties’
strategies under intensive and weak
government regulation

As shown in Figure 2, under strong government regulation,
when firms tend to disclose information, the strategy stabilizes
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TABLE 2 The corresponding Jacobi matrix eigenvalues of each equilibrium point.

Equilibrium point λ1 λ2 λ3 λ4

E1 (0,0,0,0) ∆E-CE ∆A-∆CA ∆G-∆CG + P-R2 ∆I2–CI'

E2 (0,0,0,1) ∆E-CE ∆A-∆CA + Q ∆G-∆CG + P-R2-R3 -(∆I2–CI')

E3 (0,0,1,0) ∆E-CE + P + R1 ∆A-∆CA -(∆G-∆CG)-P + R2 ∆I2-CI'+R3

E4 (0,0,1,1) ∆E-CE + P + R1 ∆A-∆CA + Q -(∆G-∆CG)-P + R2+R3 -(∆I2-CI'+R3)

E5 (0,1,0,0) ∆E-CE+(a-1)M -(∆A-∆CA) ∆G-∆CG + P-R2 ∆I1-CI + N

E6 (1,0,0,0) -(∆E-CE) a∆A-b∆CA ∆G-∆CG-R1-R2 ∆I2'-bCI'

E7 (1,0,0,1) -(∆E-CE) a∆A-b∆CA + Q ∆G-∆CG-R -(∆I2'-bCI')

E8 (0,1,0,1) ∆E-CE +(a-1)M -(a∆A-b∆CA + Q) ∆G-∆CG + P-R2-R3 -(∆I1-CI + N)

E9 (0,1,1,0) ∆E-CE+(a-1)M + P + R1 -(∆A-∆CA) -(∆G-∆CG)-P + R2 ∆I1-CI + N + R3

E10 (1,0,1,0) -(∆E-CE + P + R1) a∆A-b∆CA -(∆G-∆CG)+R1+R2 ∆I2-CI'+R3

E11 (0,1,1,1) ∆E-CE+(a-1)M + P + R1 -(a∆A-b∆CA + Q) -(∆G-∆CG)-P + R2+R3 -(∆I1-CI + N + R3)

E12 (1,0,1,1) -(∆E-CE + P + R1) a∆A-b∆CA + Q -(∆G-∆CG)+R -(∆I2-CI'+R3)

E13 (1,1,0,1) -[∆E-CE+(a-1)M] -(a∆A-b∆CA + Q) ∆G-∆CG-R -(∆I1'-bCI + N)

E14 (1,1,0,0) -[∆E-CE +(a-1)M] -(∆A-∆CA) ∆G-∆CG-R1-R2 ∆I1'-bCI + N

E15 (1,1,1,0) -[∆E-CE+(a-1)M + P + R1] -(∆A-∆CA) -(∆G-∆CG)+R1+R2 ∆I1'-bCI + N + R3

E16 (1,1,1,1) -[∆E-CE+(a-1)M + P + R1] -(a∆A-b∆CA + Q) -(∆G-∆CG)+R -(∆I1'-bCI + N + R3)

∆E = E1-E2, ∆A = A1-A2, ∆CA , CA -CA’, ∆G = aG1-G2, ∆CG = bCG-CG’, ∆I1 = I1-I3, ∆I1' = aI1-I3, ∆I2 = I2-I3, ∆I2' = aI2-I3, R = R1+R2+R3.

at E (1,1,1,1); while under weak government regulation, when
firms tend to conceal information, the strategy stabilizes at E
(0,1,0,1). This implies that firms’ Numerical Intelligence disclosure
is closely related to government regulation. Firms demonstrate
greater adherence to market norms when a high-quality, proactive
government effectively employs digital regulations. The new
productivity-based government, in a state of strong regulation,
will give full play to its own high-tech, high-efficiency and
high-quality regulatory means to enhance the supervision and
management of financial information disclosure of digitally-
intelligent enterprises. In addition, due to the existence of
reward and punishment mechanisms for enterprises, enterprises
tend to be more inclined to disclose information in order to
avoid bearing the cost of rectification and punishment by the
government.

4.2 Effect of initial value changes on
evolutionary paths

This article chooses, (x,y), (x,z), (x,w), (y,z), (y,w), (z,w) and
(z,w), six groups for the simulation of initial value changes.
As shown in Figures 3a–c, when x gradually increases, the
higher the probability of firms choosing information disclosure,

the more analysts tend to make the intelligent decisions, the
weaker the government regulation, and investors choose to invest.
Similarly, Figures 4a–c demonstrate that increasing y results in
analysts making more intelligent decisions, the government leaning
towards weaker regulation, and investors showing a greater
inclination to invest. And z gradually increases, i.e., the more the
government tends to strongly regulate, the more investors tend
to invest. Relatively speaking, investors are more sensitive to the
response of corporate disclosure, while firms are more sensitive to
the strength of government regulation.

The interdependent nature of the strategies chosen by the
four parties suggests that each party’s decision significantly
influences the interests of the others, leading each party to
select strategies that align with its own interests. Specifically, in
cases where firms disclose their Numerical Intelligence positively,
this disclosure can benefit analysts and investors, prompting
their proactive engagement. The government’s strategic choices
are contingent upon the maintenance of market fairness by the
other parties. When the collective strategies of the other parties
ensure economic stability, the government tends to adopt a less
stringent regulatory approach. Conversely, a strong regulatory
stance by the government compels the other parties to align their
strategies within a defined framework, establishing a dynamic of
mutual influence and constraint.
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TABLE 3 Asymptotic stability analysis of equilibrium points of complex dynamic systems under intensive government regulation.

Equilibrium point (1) (2)

λ1 λ2 λ3 λ4 Stability λ1 λ2 λ3 λ4 Stability

E1 (0,0,0,0) U + + + × U + - + ×

E2 (0,0,0,1) U + + - × U + - - ×

E3 (0,0,1,0) U + - + × U + + + ×

E4 (0,0,1,1) U + - - × U + + - ×

E5 (0,1,0,0) U - + + × U - - + ×

E6 (1,0,0,0) U + + + × U + - + ×

E7 (1,0,0,1) U + + - × U + - - ×

E8 (0,1,0,1) U - + - × U - - - U

E9 (0,1,1,0) U - - + × U - + + ×

E10 (1,0,1,0) U + - + × U + + + ×

E11 (0,1,1,1) U - - - U U - + - ×

E12 (1,0,1,1) U + - - × U + + - ×

E13 (1,1,0,1) U - + - × U - - - U

E14 (1,1,0,0) U - + + × U - - + ×

E15 (1,1,1,0) U - - + × U - + + ×

E16 (1,1,1,1) U - - - U + - + - ×

In the “Eigenvalues” column, “U” stands for uncertainty. In the “Stability” column, “U” stands for stability.

TABLE 4 Parameter settings.

Variables R1 R2 R3 P E1 E2 CE a b

Initial value 2.5 2.5 2.5 2.5 11 7 6 1.3 0.6

Variables M A1 A2 CA CA' Q I1 I2 I3

Initial value 4 11 9 5 4 2 12 10 6

Variables CI CI' N G1 CG G2 CG'

Initial value 6 4 3 10 5 4 3

4.3 Sensitivity analysis of parameters

4.3.1 Digital intelligence and informatization
levels

Let a∈{1,1.3,1.5}, while b∈{0.9,0.6,0.4}.
From Figure 5, it can be seen that for enterprises, the higher the

level of digital intelligence, the more enterprises tend to disclose
information; the stronger the information processing ability of
analysts, the more they tend to use intelligent decision-making;

the stronger the government’s technological and informational
changes, the more it tends to be weakly regulated; the stronger
the ability of investors to use financial technology, the more they
tend to invest in high-numerical intelligence enterprises under
the influence of the enterprise’s digital intelligence disclosure and
the analysts’ intelligent decision-making. At this time, investors
show more rapid and stronger positive responses. The government
wields a demonstrably more significant influence on the realization
of utility derived from digital and intelligent transformation
compared to other social entities. Government departments,
in particular, exhibit salient institutional advantages during the
digital and intelligent transformation process. The construction
of intelligent regulatory systems and the establishment of data
sharing platforms, driven by the pursuit of new quality productivity,
have substantially improved the accuracy and responsiveness of
government regulation.

4.3.2 Government incentives and subsidies
Let R1+R2+R3 be equal to R∈{1,2.5,3} while P∈{1,2.5,3}.
As can be seen from Figure 6, the stronger the reward and

punishment mechanism imposed by the government, the more
enterprises tend to disclose information, while the influence of
the later stage is gradually declining; the stronger the government
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FIGURE 2
The impact of government regulatory probability on the evolutionary strategies of each party.

FIGURE 3
(a–c) Effect of change in initial value x on y, z and w evolutionary paths.

FIGURE 4
(a–c) Effect of initial value y change on z and w evolutionary paths, and the effect of initial value z change on w evolutionary paths.

subsidy mechanism, the more investors tend to invest, the overall
enthusiasm of investors to invest weakened over time, meaning that
in the early implementation of the policy to react more strongly;

analysts react to the extent of a weaker, although it will be with
the subsidy growth, but the effect of the implementation of the
implementation is not obvious. Analysts compared to investorsmore
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FIGURE 5
Sensitivity analysis of parameters related to the level of digital intelligence.

FIGURE 6
Sensitivity analysis of the coefficient of correlation between government incentives and subsidies.

professional financial background, for strategy selection will tend to
be more cautious.

4.3.3 Strategy cost impact
Let CE∈{1,6,14}, CA∈{1,5,11}, and CI∈{1,6,14}, respectively.
From Figure 7a, it can be seen that digital intelligence disclosure

cost changes have a significant impact on firms and governments,
with analyst and investor responses only becoming significant as
time passes. The higher the CE at this time, the firms quickly choose
information concealment, and more responsive in the early stages;
analysts tend to make traditional decisions, the government takes

strong regulation, and investors choose not to invest. In this process,
the government, as a regulatory role, will strengthen regulation in
order to maintain market stability. Analysts and investors are in an
information-weak position and they will bemore cautious to protect
their own interests.

As can be seen from Figure 7b, the intelligent decision-
making cost changes have a large impact on firms, analysts, and
investors, and a weak impact on governments. When CA is higher,
firms choose information concealment, analysts quickly choose
traditional decision-making, and investors tend not to invest. In this
process, the increase of analysts’ decision-making cost means that
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FIGURE 7
(a–c) Analysis of the correlation coefficients of the evolution of strategy costs after the respective changes of enterprises, analysts and investors.

analysts’ attention is reduced, and firms will choose information
concealment out of speculation. The change itself does not cause
excessive market turbulence, so the government’s reaction to it
is weak. Overall, none of the four subjects had a significant
response in the early period and a significant response in the
middle period.

Next, from Figure 7c, it can be found that changes in investors’
upfront input costs have a significant effect on governments,
investors and analysts, and a very weak effect on firms. When the CI
is higher, the government chooses to strongly regulate and investors
quickly choose not to invest. In this process, the government’s
concern about investor tendency also implies concern about capital
flow, and regulation will be strengthened to avoid market disorder.
And there is a two-way feedback mechanism between analysts
and investors, when the market information environment is poor
resulting in low investor willingness to invest, it will make the
analysts do not want to spend time and energy and cost of
information processing.

5 Conclusion and recommendations

5.1 Main conclusions

The study presents a four-party evolutionary game model
involving digital intelligence enterprises, financial data analysts,
governments emphasizing new quality productivity, and fintech
users. It explores stabilization strategies across various scenarios
and utilizes simulations to assess how initial values and parameter
adjustments influence the system. The analysis reveals four
conditional stabilization points within the four-way evolutionary
game, indicating strategic equilibriums attainable by stakeholders
adhering to competitive neutrality. It fosters sustainable economic
development by enhancing its economic efficiency and facilitating
data sharing through the establishment of a symbiotic evolutionary
framework termed the “regulation-market” model. This model
encourages market competition and stimulates innovation.

Numerical simulations reveal that a proactive government,
focused on enhancing the quality and productivity of enterprises,
intensifies regulatory measures, compelling firms to disclose
information. Conversely, when numerical Intelligence-driven
enterprises opt for information disclosure, governmental oversight

is relaxed. The dynamic underscores the government’s pivotal
role in supervising corporate disclosure processes, prompting
firms to elevate their transparency levels in response to external
pressures. Consequently, reduced information asymmetry and
heightened transparency empower financial analysts and fintech
users in information aggregation and structuring, thereby bolstering
market stability. This strategic evolution aligns with the paradigm
of “information disclosure, intelligent decision-making, stringent
regulation, and investment.

5.2 Strategy recommendations

Based on the above research results, the article carries out the
following recommendations:

Digitally intelligent enterprises must prioritize enhanced
social responsibility and information transparency to align with
the evolving landscape of enterprise digital transformation. By
leveraging this transformation, enterprises can gain a competitive
edge in accessing information. It is imperative for enterprises to
uphold their social responsibility by promptly disclosing precise
and simplified financial information. Moreover, they should adapt
their policies in accordance with legal requirements to ensure both
compliance and strategic alignment. Engaging in ongoing dialogue
with regulatory bodies is essential to address analysts’ inquiries
and investors’ preferences effectively. Ultimately, enterprises should
strive to enhance their economic performance while fostering
sustainable economic growth.

Financial data analysts should enhance data sensitivity and
utilization efficiency to better influence business operations and
investors. To achieve this, analysts must elevate their proficiency
in financial technology, enhance decision-making through
digitalization, and information transformation. By consistently
monitoring and conducting multi-dimensional analyses of digital
intelligence data, analysts can generate more precise secondary
information.

Newquality productivity-based government should enhance the
efficacy, and it is imperative to bolster its digitalization and oversight
capacities. Given the inherent regulatory nature of governments, the
integration of the new quality productivity paradigm necessitates
staying abreast of contemporary trends. The government ought
to proactively adopt cutting-edge tools to align with evolving

Frontiers in Physics 12 frontiersin.org

https://doi.org/10.3389/fphy.2025.1603371
https://www.frontiersin.org/journals/physics
https://www.frontiersin.org


Yao and Sun 10.3389/fphy.2025.1603371

market dynamics. By leveraging advanced information gathering
and processing capabilities, the government can more effectively
oversee the digital reporting practices of enterprises. Concurrently,
it should refine legal and institutional frameworks to augment
the transparency and expediency of information dissemination.
Subsequently, sustained enhancements to the feedback mechanisms
are essential to fortify monitoring and service capabilities.

Fintech users must enhance their professionalism and
discernment across various sectors. Investors, in particular, often
find themselves at a disadvantage due to their position in the
information disclosure chain. Consequently, they need to improve
their capacity to recognize, gather, and analyze information.
Embracing digitalization trends and leveraging technological tools
can help investors mitigate blind conformity, leading to enhanced
investment yields.
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