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Abstract

Small and Medium Enterprises (SMEs) are pivotal to Uganda’s economy, contributing over 90% of
private sector employment and approximately 40% of GDP, yet their tax contribution remains
disproportionately low. This study investigates the persistent tax compliance challenges among SMEs
in Rubaga Division, Kampala, employing a qualitative exploratory design to capture the dual
perspectives of 25 SME owners and 10 tax officials. Guided by the Slippery Slope Framework, the study
examines the interplay between trust in authorities and the power of enforcement. Data were collected
through semi-structured interviews and were analyzed thematically. Findings reveal that tax non-
compliance is driven by a complex mix of high operational costs, the digital divide exacerbated by the
Electronic Fiscal Receipting and Invoicing System (EFRIS), and a deficit of institutional trust. The study
concludes that enforcement-heavy strategies without corresponding trust-building measures are
unsustainable. It recommends that the Uganda Revenue Authority (URA) prioritize digital
infrastructure support, streamline tax procedures for SMEs, and enhance taxpayer education to foster
voluntary compliance.

Keywords: tax compliance, Small and Medium Enterprises (SMEs), EFRIS, slippery slope framework,
Rubaga division

1. Introduction and Background of the Study administration has evolved from the poll tax
system, which was regressive and unpopular, to
more modern forms of taxation based on income
and consumption. However, the transition to a
broad-based tax system has been fraught with
challenges, particularly in capturing the SME

Taxation is the cornerstone of statehood and
economic governance, providing the necessary
fiscal resources for public service delivery and
infrastructure development. Historically, tax
systems in developing economies have struggled
to integrate the informal sector, which comprises sector. Over the last two decades, the Uganda

the vast majority of economic activity (MoFPED, ~ Revenue Authority (URA) has implemented
2022). In Uganda, the history of tax various reforms, including the introduction of
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Presumptive Tax and the establishment of a
Large Taxpayer Department, yet the SME sector
remains largely “difficult to tax” (Kintu et al,
2019). The recent shift towards digitalization,
specifically the Electronic Fiscal Receipting and
Invoicing System (EFRIS), marks the latest
chapter in this historical effort to widen the tax
net and improve transparency (URA, 2023).

Globally, SMEs are recognized as engines of
economic growth, yet they present unique
challenges for tax authorities due to their
heterogeneity, fluidity, and often informal nature
(OECD, 2021). In Uganda, the context is
particularly acute; with a rapidly urbanizing
population and a high dependency ratio, the
pressure on the tax base to fund national
development goals like Vision 2040 is immense
(2019). Rubaga Division, as a major commercial
hub in Kampala, exemplifies the challenges of
taxing urban SMEs. The division is characterized
by a dense concentration of trading activities,
ranging from formal retail outlets to semi-formal
roadside businesses. Despite their economic
visibility, many of these enterprises operate on
the fringes of the tax system, citing complex
procedures and hostile enforcement as deterrents
(Ackom et al, 2025; Gwaindepi, A., 2025). The
introduction of EFRIS was intended to modernize
this context, yet it has inadvertently created a
new layer of complexity for business owners with
limited digital literacy.

1.1 Current Issues and Justification of Key Concepts

The current fiscal landscape in Uganda is defined
by a drive for Domestic Revenue Mobilization
(DRM) to reduce reliance on external debt (IMF,
2022). However, this drive is clashing with the
realities of the SME sector. Key concepts central
to this study include Tax Compliance, which
refers to the willingness and ability of taxpayers
to meet their obligations, and the Compliance
Gap, the difference between potential tax
revenue and actual collection. Another critical
concept is Tax Morale, the intrinsic motivation to
pay tax, which is influenced by the perceived
fairness of the system (Torgler, 2007). The issue is
that while the URA has intensified its
enforcement ~ “power”  through  digital
surveillance, there is evidence that “trust” in the
system is eroding among SMEs (Kirchler, 2007).
Studies show that when taxpayers perceive the
system as unfair or corrupt, voluntary
compliance declines, making enforcement costly
and ineffective (Fjeldstad & Heggstad, 2012). This
study is important because it shifts focus from the

quantitative measurement of the tax gap to a
qualitative understanding of the human and
structural barriers to compliance in a post-EFRIS
environment, addressing a critical gap in the
literature regarding the lived experiences of both
taxpayers and enforcers in Rubaga Division.

1.2 Problem Statement

It is widely acknowledged that SMEs are the
backbone of Uganda’s economy, contributing
significantly to GDP and employment (OECD et
al.,, 2024). However, their contribution to tax
revenue remains below 30%, representing a
significant fiscal loss (Kintu et al, 2019). In
Rubaga Division, despite the high density of
economic activities, tax compliance remains low.
The problem is multifaceted: SMEs face high
compliance costs, complex tax procedures, and a
lack of technical capacity to navigate digital
systems like EFRIS (Dhaliwal et al, 2023).
Furthermore, there is a prevailing perception of
unfairness and a lack of trust in tax
administration, which undermines tax morale
(Aheebwa et al., 2025).

While past studies have extensively documented
the correlation between tax rates and compliance
using quantitative methods (Tusubira, F. N,
2018), they have failed to address the qualitative
gap regarding the experiential and relational
dynamics of tax compliance. Specifically, existing
literature has largely ignored the perspectives of
tax officials who must implement these policies
within resource-constrained environments, nor
has it deeply explored how the specific
introduction of EFRIS has altered the taxpayer-
authority relationship in semi-formal urban
settings like Rubaga. Consequently,
policymakers lack the nuanced understanding
needed to design interventions that go beyond
coercion. This study is necessary to bridge this
gap by exploring the specific compliance
challenges from both the demand and supply
sides, providing a holistic view of why SMEs in
Rubaga struggle to comply.

1.3 Purpose of the Paper

The purpose of this study is to examine the tax
compliance challenges faced by Small and
Medium Enterprises (SMEs) in Rubaga Division,
Kampala, by integrating the perspectives of both
SME owners and tax officials to understand the
barriers to effective revenue mobilization.

1.4 Research Objectives
The study was guided by the following specific
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objectives:

1) To examine the perceptions of SME
owners regarding fairness, trust, and the
tax system in Rubaga Division.

2) To identify the structural, digital, and
financial barriers that hinder SME tax
compliance.

3) To explore the operational challenges
faced by tax officials in enforcing
compliance and administering EFRIS.

1.5 Research Questions

This study aimed to answer the following
questions:

1) What are the perceptions of SME owners
regarding the fairness and
trustworthiness of the tax system in
Rubaga Division?

2) What specific barriers prevent SMEs in
Rubaga Division from complying with
tax regulations?

3) What operational challenges do tax
officials encounter while enforcing tax
compliance among SMEs?

1.6 Significance of the Study

1) Academics: This study contributes to the
body of knowledge by applying the
Slippery Slope Framework in a localized
Ugandan context, offering empirical data
on the interaction between power and
trust. It fills the methodological gap by
providing qualitative insights that
complement  existing  quantitative
studies.

2) Practitioners/Industry: The findings
benefit SME owners by highlighting their
plight, potentially leading to simplified
tax procedures. It will also assist tax
consultants and business advisors in
understanding the specific compliance
triggers within the Rubaga business
environment.

3) Policy Makers: The study provides the
Uganda Revenue Authority (URA) and
the ministry of Finance with evidence-
based recommendations to refine tax
policies, specifically regarding the
implementation of digital tax systems
and the design of SME-friendly tax
regimes.

4) Society: By improving tax compliance

and fairness, the study contributes to the
broader goal of national development.
Increased revenue mobilization enables
the government to provide better public
services, fostering a social contract
between the state and the citizens of
Rubaga Division and Uganda at large.

1.7 Scope of the Study

* Location: The study was confined to
Rubaga Division, Kampala, specifically
focusing on trading centers such as
Nateete, Busega, Ndeeba, and Kasubi.

* Population: The target population
included SME owners (retailers,
wholesalers, service providers) and tax
officials (URA officers) operating within
the division.

= Variables: The study focused on
independent variables such as trust,
compliance costs, and digital literacy,
and the dependent variable, tax
compliance.

* Timeframe: The study covered the
period from 2020 to 2025, focusing on the
post-COVID-19 recovery era and the
implementation of EFRIS.

* Limitations: The study was limited by
the sensitivity of tax information, which
may have led to social desirability bias
among respondents. Additionally, the
qualitative nature limits generalizability
to the entire country.

2. Theorization

This study is anchored in the Slippery Slope
Framework (SSF) proposed by Kirchler, Hoelzl,
and Wahl (2008). The theory posits that tax
compliance is influenced by two fundamental
dimensions: the power of the tax authority and
the trust taxpayers have in that authority. Power
refers to the ability of the authority to detect and
punish non-compliance (e.g., audits, fines), while
trust refers to the perception that the authority is
benevolent, fair, and works in the public interest.

The SSF suggests that high compliance can be
achieved through two pathways: Enforced
Compliance (High Power, Low Trust), which is
coerced and often costly to maintain; and
Voluntary Compliance (High Trust, High
Power), which is sustainable and cooperative.
The framework justifies this study because it
provides a lens to analyze the current situation in
Rubaga. The introduction of EFRIS represents a
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massive increase in the “power” of the URA
through digital surveillance. However, if this
power is not matched by “trust”, built through
service, fairness, and support, the framework
predicts that compliance will remain unstable
and antagonistic. This theory allows the study to
move beyond economic determinants and
explore the psychological and institutional
relationship between the tax collector and the
taxpayer.

3. Literature Review

Variable 1: Perceptions of SME Owners (Trust
and Fairness)

The perception of fairness and trust is a critical
determinant of tax behavior. According to the
Slippery  Slope  Framework,  voluntary
compliance is primarily driven by the trust
taxpayers place in the authorities (Kirchler et al.,
2007). Literature indicates that when SMEs
perceive the tax system as fair, both procedurally
(how they are treated) and distributive (how
public funds are used, they are more likely to
comply (Tyler, 1990). Braithwaite (2003) argues
that aggressive enforcement strategies often
backfire with smaller businesses because they
shatter the psychological contract between the
citizen and the state. In the African context,
Fjeldstad and Semboja (2001) found that the
“legitimacy” of the tax authority is often
questioned due to corruption and lack of
transparency, leading to low tax morale. In
Uganda, Musimenta et al. (2020) observed that
SME owners often view taxation as a form of
punishment rather than a civic duty, a perception
exacerbated by the opaque nature of tax
assessments. However, a gap remains in
understanding how the recent digitalization
efforts (EFRIS) have impacted these perceptions
specifically in dense urban markets like Rubaga,
where the interaction between taxpayers and
officials is increasingly virtual and impersonal.

Variable 2: Barriers to Compliance (Cost,
Complexity, and Digitalization)

Compliance costs are a major barrier for SMEs.
Unlike large corporations, SMEs lack dedicated
accounting departments, meaning that the time
and money spent on compliance is
disproportionately high (Bird, 2015). Dai Trang,
D. T. (2024). highlight that for small businesses,
the cost of compliance can sometimes exceed the
tax payable, creating a disincentive to formalize.
In Uganda, the introduction of EFRIS has added
a new layer of complexity. While intended to

reduce evasion, Dhaliwal et al. (2023) note that
digital tax systems require reliable internet,
compatible hardware, and digital literacy,
resources often scarce in Rubaga’s smaller
enterprises. A study by Amos et al. (2024) found
that the cost of acquiring EFRIS-compatible fiscal
devices and the time spent learning the software
were significant deterrents for Ugandan SMEs.
Furthermore, the literature suggests that the
“complexity” of tax codes, particularly the
interplay between Presumptive Tax, VAT, and
Local Service Tax, creates confusion (Sawyer,
2013; Moore et al., 2018). While the structural
barriers are well-documented, there is less
understanding of how these barriers interact with
the daily operational realities of business owners
in high-density, low-income areas.

Variable 3: Operational Challenges of Tax
Officials

While much of the literature focuses on the
taxpayer, fewer studies examine the supply side
of tax administration, the challenges faced by tax
officials. Enforcing compliance in the informal
sector is inherently difficult. Officials often face
resistance, hostility, and a lack of documentation
from SMEs (Keen & Lockwood, 2009). In Uganda,
URA officials are under immense pressure to
meet revenue targets, which can lead to an over-
reliance on coercion rather than facilitation
(Prichard, 2015). The literature on tax
administration capacity in Africa (Fjeldstad &
Heggstad, 2012) points to resource constraints,
inadequate training, and political interference as
major hurdles. The rollout of EFRIS has shifted
the burden of enforcement from manual audits to
digital system monitoring, yet officials still
struggle with system glitches, data inaccuracies,
and the need for constant taxpayer education.
There is a research gap regarding how tax
officials in Rubaga navigate the tension between
being “enforcers” of a complex digital system
and “facilitators” of business growth, and how
this duality affects their operational efficacy.

4. Methodology

The study adopted a qualitative research
approach, utilizing a case study design to explore
the tax compliance challenges in Rubaga Division
in depth. This design was appropriate for
understanding the “how” and “why” of
compliance behaviors within a real-life context.

Population and Sampling: The target population
consisted of SME owners and URA tax officials
operating in Rubaga. Purposive sampling was
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used to select 35 participants who were
knowledgeable and experienced with the subject
matter. The sample comprised 25 SME owners
(from retail, trade, and services) and 10 tax
officials  (from  URA’s  domestic taxes
department).

Data Collection: Primary data were collected
using semi-structured interviews. Interview
guides were developed based on the research
objectives. SME owners were asked about their
experiences with EFRIS, perceptions of fairness,

and compliance costs. Tax officials were asked
about enforcement challenges and interactions
with SMEs. Secondary data were obtained from
URA annual reports and policy documents.

Data Analysis: Data were analyzed using
Thematic Analysis. Audio recordings were
transcribed, coded, and organized into themes
corresponding to the research objectives. Themes
were interpreted by relating them to the Slippery
Slope Framework.

Table 1. Summary of Study Respondents

Category of Number | Selection Criteria Data Collection
Respondent Instrument
SME Owners 95 Eusmess operation > 2 years, Located Seml—s.tructured
in Rubaga Interview
Tax Officials 10 URA staff enforcing SME tax in Seml—s.tructured
Rubaga Interview
Total 35
Table Explanation: overwhelmingly perceive the tax system as

As shown in Table 1, the study engaged 35 key
informants. The 25 SME owners provided the
demand-side perspective, highlighting the
burdens and barriers they face. The 10 tax
officials provided the supply-side perspective,
revealing the administrative and operational
difficulties in enforcing the law. This dual-
approach ensured a balanced view of the
compliance dynamics.

5. Interview Findings (Per Variable/Objective)

5.1 Findings on Trust and Perceptions of Fairness
(Objective 1)

The findings reveal that low levels of trust and
strong perceptions of unfairness characterize the
relationship between Small and Medium
Enterprises (SMEs) and the tax system in Rubaga
Division. Historically, trust has been identified as
a key determinant of voluntary tax compliance,
with studies such as Feld and Frey (2007) and
Torgler (2007) demonstrating that taxpayers are
more likely to comply when they perceive
fairness and reciprocity in the tax system.
However, in many developing countries,
including Uganda, this trust is often weak due to
perceived inefficiencies in public service delivery
and lack of accountability (Prichard, 2015;
Fjeldstad, 2014).

In the context of Rubaga Division, SME owners

extractive rather than supportive. Respondents
consistently expressed dissatisfaction with the
visible outcomes of taxation, particularly citing
poor  infrastructure,  inadequate  waste
management, and limited government support in
their business environments. One SME owner in
Ndeeba stated:

“We pay taxes but see no change. The roads are bad,
and garbage piles up. It feels like we are just giving
away our hard-earned money for nothing.”

Additionally, the Uganda Revenue Authority
(URA) is often perceived as aggressive and
revenue-focused, rather than service-oriented.
The introduction of the Electronic Fiscal
Receipting and Invoicing System (EFRIS),
although intended to improve efficiency, has
been met with suspicion. Many respondents view
it as a surveillance tool rather than a facilitative
innovation, reinforcing the perception of coercive
power without corresponding trust.

Within ~ the  broader  education  and
entrepreneurship context, these perceptions have
significant implications. Many students and
graduates trained in entrepreneurship programs
express reluctance to formalize their businesses
due to fear of taxation and mistrust of authorities.
This creates a contradiction between educational
initiatives promoting business development and
a tax environment perceived as hostile.
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The findings indicate that the breakdown of trust
between taxpayers and the state is a central factor
influencing low tax compliance in Rubaga
Division. SME owners operate based on rational
cost-benefit considerations; when the perceived
benefits of taxation are minimal or absent,
compliance becomes unattractive. The lack of
visible public goods undermines the fiscal social
contract, leading to resistance and
disengagement from the formal tax system.
Furthermore, the perception of URA as punitive
rather than supportive exacerbates this distrust,
particularly among emerging entrepreneurs. In
the education context, this mistrust discourages
students from transitioning into formal business
operations, limiting the effectiveness of
entrepreneurship  training.  Overall, the
imbalance between power and trust reinforces
non-compliance and weakens both economic
development and revenue mobilization efforts.

5.2 Findings on Digital and Structural Barriers
(Objective 2)

The study identified significant structural and
digital barriers to tax compliance, with EFRIS
emerging as a central challenge. Previous
research (Eichfelder & Schorn, 2012; Dhaliwal et
al., 2023) has shown that compliance costs, both
financial and administrative—can
disproportionately affect small businesses,
particularly in developing economies where
infrastructure is limited.

In Rubaga Division, SME owners reported
multiple challenges associated with EFRIS
implementation. These include the high cost of
acquiring electronic fiscal devices, unreliable
internet connectivity required for real-time
transactions, and limited digital literacy among
business operators. A trader in Nateete
explained:

“When the internet goes down, I cannot sell. The
system freezes. Also, buying the machine was very
expensive for my small business.”

Moreover, the requirement to issue receipts for
every transaction increases the administrative
burden, slows down business operations, and
discourages customers who prefer quick,
informal transactions. This is particularly
problematic in highly cash-based markets where
speed and flexibility are essential for daily
survival.

Within the education sector, these barriers
highlight a gap between theoretical training and
practical realities. While students are taught

modern business practices, they are often not
adequately prepared for the complexities of
digital tax compliance systems. As a result, many
graduates struggle to integrate into the formal
economy.

The findings reveal a significant “digital divide”
in tax administration, where technological
advancements outpace the capacity of SMEs to
adapt. While EFRIS is designed to enhance
transparency and efficiency, its implementation
imposes disproportionate costs on small
businesses. These costs function as implicit
barriers to entry into the formal economy,
discouraging compliance and reinforcing
informality. Additionally, the lack of digital skills
among SME operators further complicates
adoption, highlighting the need for capacity-
building initiatives. In the education context, the
absence of practical tax training exacerbates these
challenges, leaving graduates ill-equipped to
navigate digital tax systems. Addressing these
structural barriers is essential for improving
compliance and fostering inclusive economic
growth.

5.3 Findings on Operational Challenges and
Enforcement Dynamics (Objective 3)

The study found that tax officials face significant
operational challenges in enforcing compliance
among SMEs in Rubaga Division. Earlier studies
(Fjeldstad & Heggstad, 2012; Keen & Lockwood,
2010) highlight that tax administration in
developing countries is often constrained by
limited resources, weak institutional capacity,
and high levels of informality.

In Rubaga, tax officials reported frequent
resistance and hostility from taxpayers, which
complicates both enforcement and taxpayer
education efforts. They also cited inadequate
manpower to effectively monitor the densely
populated and highly informal business
environment. Many SMEs operate without fixed
premises or frequently change locations, making
it difficult to track and regulate them.

Additionally, officials expressed frustration with
technical challenges associated with EFRIS,
including system errors and network failures.
These issues sometimes result in wrongful
accusations of non-compliance, straining
relationships between taxpayers and tax
authorities. One official noted:

“We are caught in the middle. The system says they
didn’t comply, but sometimes it’s a network error. The
taxpayers blame us, and management blames us for
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low collection.”

In the education context, these enforcement
dynamics contribute to negative perceptions of
taxation among students and  young
entrepreneurs, who often view tax authorities as
adversarial rather than supportive.

The findings indicate that the effectiveness of tax
enforcement in Rubaga Division is undermined
by both institutional and relational challenges.
Limited resources and technological
inefficiencies reduce the capacity of tax officials
to enforce compliance effectively, while hostility
from taxpayers further complicates their work.
The reliance on technology without adequate
support systems creates additional tensions, as
system failures are often misinterpreted as
deliberate non-compliance. This situation leads
to a cycle of mistrust and coercion, where
enforcement becomes increasingly aggressive,
further alienating taxpayers. In the education
context, these dynamics reinforce negative
attitudes toward taxation, discouraging future
compliance. Strengthening institutional capacity
and improving communication between tax
authorities and taxpayers are critical for breaking
this cycle.

6. Discussion (Per Objective)
6.1 Discussion on Trust and Fairness

The findings on trust and fairness strongly
support the Slippery Slope Framework (Kirchler
et al., 2008), which emphasizes the importance of
balancing power and trust in achieving tax
compliance. In Rubaga Division, the dominance
of enforcement mechanisms such as EFRIS
reflects high institutional power, but the absence
of trust undermines voluntary compliance. This
aligns with Murphy (2008), who argues that
coercive approaches alone are insufficient and
may even backfire.

The perception of unfairness among SME owners
reflects a breakdown in the fiscal social contract
(Moore et al., 2018). When taxpayers do not
perceive  tangible  benefits from their
contributions, compliance becomes a rational
economic decision rather than a moral obligation
(Torgler, 2007; Alm & Torgler, 2011). The findings
also resonate with Tyler (1990), who emphasizes
that legitimacy and fairness are critical for
securing voluntary compliance.

Furthermore, the negative perception of EFRIS as
a surveillance tool highlights the importance of
stakeholder engagement in policy

implementation. As Braithwaite (2009) notes,
responsive regulation requires authorities to
build relationships with taxpayers rather than
relying solely on enforcement.

6.2 Discussion on Digital and Structural Barriers

The identified barriers support existing literature
on compliance costs and digital inequality
(Eichfelder & Schorn, 2012; Dhaliwal et al., 2023).
The findings demonstrate that digital tax
systems, while beneficial in theory, can exclude
small businesses when implemented without
adequate support.

In line with Musimenta (2020) and World Bank
(2019), the challenges faced by SMEs in Rubaga
reflect broader issues in developing economies,
where infrastructure and digital literacy remain
limited. The high cost of compliance acts as a
regressive burden, disproportionately affecting
smaller enterprises.

The study also highlights the social dimensions
of compliance, as resistance to EFRIS reflects
deeper dissatisfaction with the tax system
(Prichard, 2015; Fjeldstad, 2014). This
underscores the need for inclusive policy design
that considers the realities of informal and small-
scale businesses.

6.3 Discussion on Operational Challenges

The operational challenges faced by tax officials
confirm the institutional constraints identified in
previous studies (Fjeldstad & Heggstad, 2012;
Keen & Lockwood, 2010). Limited resources,
coupled with high levels of informality, reduce
the effectiveness of enforcement efforts.

The findings also support Joshi and Ayee (2008),
who argue that tax administration in developing
contexts often involves negotiation and informal
practices rather than strict rule enforcement. The
reliance on technology without adequate
infrastructure further complicates enforcement
(Kintu et al., 2019).

As predicted by Kirchler (2007), excessive
reliance on coercion in the absence of trust leads
to adversarial relationships between taxpayers
and authorities. This dynamic perpetuates low
compliance and reinforces the tax gap (ATAF,
2024; IMF, 2022).

7. Conclusion and Recommendations
7.1 Conclusion

The study concludes that tax compliance
challenges among SMEs in Rubaga Division are
deeply rooted in structural, relational, and
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institutional =~ factors. =~ While  enforcement
mechanisms such as EFRIS have strengthened the
capacity of tax authorities, they have not
addressed the underlying issues of trust and
fairness. The perception of taxation as
burdensome and unreciprocated has
significantly eroded tax morale among SMEs.

Additionally, the digital and financial costs
associated with compliance create barriers that
discourage  formalization. = Tax  officials
themselves face operational challenges that limit
their effectiveness and contribute to strained
relationships with taxpayers. These findings
confirm that sustainable tax compliance requires
a balance between power and trust, as
emphasized by the Slippery Slope Framework.

7.2 Recommendations Based on the Findings, the
Following Recommendations Are Made

1) To the Uganda Revenue Authority (URA):
Shift the focus from purely punitive
enforcement to facilitation. The URA should
intensify taxpayer education programs
specifically tailored to the digital literacy
levels of Rubaga SME owners regarding
EFRIS.

2) To the Government: Subsidize the cost of
electronic fiscal devices for small businesses
or allow a wider range of affordable,
compatible technologies to reduce the
financial burden of digitalization.

3) To Policy Makers: Address the “trust”
deficit by improving the visibility of tax-
funded projects in Rubaga Division. When
SMEs see their taxes at work, the
psychological contract will be strengthened,
improving voluntary compliance.

4) To URA Management: Provide tax officials
with better support and training in customer
service and conflict resolution. Officials
should be incentivized not just for revenue
collection, but for helping businesses
formalize and grow.

5) To Telecommunication Providers: The
government should engage telecom
providers to ensure stable, low-cost internet
connectivity in business hubs like Nateete
and Ndeeba to support the real-time
requirements of EFRIS.
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Abstract

The study examines the impact of budgetary allocation on economic development in Nigeria. Using
time series data from the Central bank of Nigeria from. The specific objectives of the study include
investigation of the impact of budget on the educational development index, health development index,
consumer price index and security development index. This study utilized ex-post facto research design.
Ordinary Least Square (OLS) was employed to test the relationship between the dependent and
independent variables. The study found out that education budget expenditure (EDUEXP) has a
negative and significant relationship with education sector index in Nigeria (ESI), Health budget
expenditure (HEXP) has a negative and significant relationship with the Health sector index (HSI) in
Nigeria, Recurrent expenditure (REXP) has a positive and a significant relationship with Consumer
price index (CPI) in Nigeria, and Defense budget expenditure (DEXP) has a negative and insignificant
relationship with Defense Sector Index (DSI) in Nigeria. Based on the findings, the study recommends
that the government should increase the budgetary allocation in the education sector so to increase and
empower human capital index in the country.

Keywords: budgetary allocation, economic development, budget, educational development index,
health development index, consumer price index, security development

1. Introduction modern society or state; and it has the potentials
of aiding planning and contributing to the
development in an economy. Being a
comprehensive income statement of the
government, it is regarded as an indispensable
tool capable of inducing economic growth and
development. Ogujiba and Ehigiamusoe (2023)
posited that the national budget is the most

All futuristic financial activities of each level of
government (local, state and federal) depends
largely on the budget; therefore, the importance
of budget to the government and the nation at
large cannot be overemphasized. Budget is an
important instrument of governance in any
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important economic policy instrument for a
government and it reflects the government’s
priorities regarding social and economic policy
more than any other documents. In other words,
a well-functioning budget is the principal
instrument for the formulation of sustainable
fiscal policy.

Public expenditure at the local, state and federal
government levels are incurred for the purposes
of satisfying the collective social wants of the
people. The policies aim at accelerating economic
growth, promote employment opportunities,
reduce poverty and inequality.
Budgetary allocation is the aide through which
the available economic resources of a nation is
distributed evenly to all the sectors that makes up
the economy. The essence is to ensure growth
and development of the nation at a large. Budget
could take the form of capital and recurrent
budget. Capital budget determines the allocation
of funds to finance capital projects and critical
infrastructure, such as construction of roads,
bridges, hospitals, schools, public
administrative buildings, dams and irrigation
system; the purchase of machinery and
equipment; and the supply of water, electricity,
transport, health and educational facilities etc.
capital budget unlike the recurrent budget, is
intended to provide funds to finance capital
expenditures like construction of durable assets.
By contrast, the recurrent budget determines the
allocation of funds to finance recurring
governmental expenditures, such as expenditure
related to personnel, overhead, civil
administration, defense, health, education,
government machineries maintenance etc.

income

prisons,

Budget is subject to time and change. Olurankise
(2022), sees budget as a framework for revenue
and expenditure outlays over a specified period
usually one year. However, empirical data from
the Nigerian economy after decades of budgeting
is far from being cheering. Nigerians are far
worse off now than they were fifty years ago (Ojo
& Adebayo 2022). The result obtained using
statistical update which included the HDIs from
1990 to 2017 with consistent series of data
shows/that the human development index of
2017 published in 2017 valued at 0.532 which put
the country in the low human development
category. Positioning Nigeria at 157 out of 189
countries and territories. On comparative basis,
the dilemma is more annoying when the country
is compared with other countries like Malaysia
South Korea, Singapore and the rest who are not
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as endowed with natural resources as Nigeria
and; were in same situation as Nigeria in the
1960s. These countries have experienced marked
industrialization with improved quality of life for
the vast majority of their population since the
1900s; when Nigeria cannot confidently say it is
on the path to industrial growth (Aiyede, 2020).

Nigeria’s poverty conundrum has assumed a
frightening dimension. In the words of Dr.
Magius Kpakol, Senior Special Assistant to the
President and National Coordinator of National
Poverty Eradication Programme, in a public
lecture entitled “poverty solution: the role of
government in poverty eradication”, declared
that the number of poor Nigerians could be put
at an estimated figure of 20 million in 1980, the
figure was 28.1 million in 1985, 46.3 million in
1992, 42.7 million in 1996, 65.6 million in 1999,
70.0 million in 2004 (National life September 13,
2008). The number keeps increasing year in and
out. According to the Nigeria Economic Report
released in July 2014 by the World Bank, the
estimated poverty rate of Nigerians stood at
33.1%. However, it is estimated that about 98.8
million Nigerians now live in adjacent poverty
which constitute a staggering figure of 46.4% of it
estimated population (2018 estimate). He gave
the statistical breakdown along the six regional
level to be “72.2% in North-East, South East
28.7%, South-South 31.5%, South West 43.1%,
North Central 67. 0%, and North West 71.2%".

2. Literature Review
2.1 Theoretical Framework

Researchers have applied some theories in
explaining economic development and budget,
the theories used in this work include: The
Wagner's Law Theory of Increasing State
Activities: Wagner’s law is a principle named
after the German economist Adolph Wagner
(1835-1917). Wagner advanced his ‘law of rising
public expenditures’ by analyzing trends in the
growth of public expenditure and in the size of
public expenditure and in the size of public
sector. Wagner’s law postulates that: The
extension of the functions of the states leads to an
increase in public expenditure on administration
and regulation of the economy (i) the
development of modern industrial society would
give rise to increasing political pressure for social
progress and call for increased allowance for
social consideration in the conduct of industry.
(if) The rise in public expenditure will be more
than proportional increase in the national income



(income elastic wants) and will thus result in a
relative expansion of the public sector. Musgrave
and Musgrave (1988), in support of Wagner’s
law.

2.2 Empirical Review

Empirical literature on the evaluation of the
impact of budgetary allocation on economic
development viewed based on researches
conducted in other countries across the globe.
Different forms of government expenditures and
economic growth have been examined in the
literature. Rizvi, Qamar and Shamin (2020)
investigated ~ the  relationship  between
government expenditures and gross domestic
product (GDP) based on modern time series
econometrics techniques. The paper used thirty
years of data for the period 1979-2008 and found
a long-run relationship between government
development expenditures and economic
growth. Ogujiba and Ehigiamusoe (2023) posited
that the national budget is the most important
economic policy instrument for a government
and it reflects the government’'s priorities
regarding social and economic policy more than
any other document. In other words, a well-
functioning budget is the principal instrument
for the formulation of sustainable fiscal policy.
Olurankise (2022), see budget as a framework for
revenue and expenditure outlays over a specified
period usually one year. Budgeting as a concept
of authorization explains the original purpose of
budgeting as a functional financial plain to
provide money for government institution.
Consequent upon this, the government
institution carries out.

3. Methodology

This study is based on the use of the ex-post facto
research design. The choice of this design is
informed by the nature and timing of the
relationships being studied. In this regard, the
study examines relationships which have already
taken place (ex-post relationships) in order to
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derive conclusions which can be used for
decision making with respect to prediction or
influencing the future values of the relationships.
The model for the study is anchored on Wagner’s
and Musgrave law. Wagner’s law is a principle
named after the German economist Adolph
Wagner (1835-1917). Wagner advanced his law of
rising public expenditures’ by analyzing trends
in the growth of public expenditure and in the
size of public expenditure and in the size of
public sector. In view of the foregoing, the study
has four models and there are specified as
follows:

ESI = f (EDUExp) 1
HSI = f (HExp) 2
CPI=f (RecExp) 3
DSI = f (DExp) 4

Equation (1) can be transformed into an

econometric model of the form:
ESI =bo biEDUEXP+u
HSI =bo + biHEXP+u
CPl =bo + b1 RecEXP+u
DSI = bo + b DEXP+u

o NN o Q1

Where:

EDUEXP = Education budget expenditure
HEXP = Health budget expenditure
DEXP = Defense budget expenditure
RecExp = Recurrent expenditure

CPI = Consumer Price Index

HSI = Health Sector Index

ESI = Education Sector Index

DSI = Defense Sector Index

= Stochastic error

And b: to b are the coefficient of the parameters
to be estimated.

4. Presentation and Analysis of Result
Model 1 (one)

Table 1. Dependent ESI (Education Sector Index)

Variable Coefficient Std. Error T-Statistics Prob.
C 147.1603 18.08031 8.139260 0.0000
EDUEXP -0.154987 0.065105 -2.380567 0.0320

Source: Researcher Compilation (2019).
Critical Values: t0.06 = 2.02; Fo.05 4.60
R-Squared 0.688151
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Adjusted R-squared 0.637305
F-statistics 5.667100
Durbin Watson 1.597658

The result for the equation above; ESI (Education
Sector Index) equation presented above in model
one (1) Table 1 shows that the intercept term the
5% level of positive and statistically significant
significance. Education budget expenditure
(EDUEXP) does not satisfy the apriori criteria
because it indicates the existence of a negative
relationship between EDUEXP (education
budget expenditure) and ESI (Education Sector
Index) in Nigeria. This implies that a unit change
in education budget expenditure will lead to a
15.4% decrease in education sector index. This is
line with the findings of Lawal, and Wahab,
(2021) and Allen (2024). The coefficient of
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determination and the adjusted coefficient of
determination indicate that the model has a
strong explanatory power and have a good fit.
This is because the coefficient of determination
shows that 68.8% of the variation in the ESI
(education sector index) explained by the
variables included in the equation, while 63.7% is
explained by the significant variables included in
the equation. The F-statistics which shows if the
model is statistically significant or not, will be
used to test the overall significant of the model
based on the following criteria.

Model 2 (Two)

Table 2. Dependent Variable: HSI (Health Sector Index)

Variable Coefficient Std. Error t-statistics Prob.
C 155.6421 20.92402 7.438442 0.0000
HEXP -0.291512 0.123136 -2.367390 0.0329

Source: Researcher Compilation (2026).
Critical Values: to.05 = 2.02; Fo.05 = 4.60
R-Squared 0.785880

Adjusted R-squared 0.734871
F-statistics 5.604536

Durbin Watson 2.043945

The result for the equation above; HSI (Health
Sector Index) equation presented above in model
two (2) Table 2 shows that the intercept term is
positive and statistically significant at the 5%
level of significance. Health budget expenditure
(HEXP) do not satisfy the apriori criteria because
it indicates the existence of a negative
relationship between HEXP (Health budget
expenditure) and HSI (health Sector Index) in
Nigeria. This implies that a unit change in health
budget expenditure will lead to a 29.1% decrease
in health sector index. This is line with the
findings of Lucien (2022), Adams (2023) and
Olomola (2016). The coefficient of determination

and the adjusted coefficient of determination
indicate that the model has a strong explanatory
power and have a good fit. This is because the
coefficient of determination shows that 68.5% of
the variation in the HSI (health sector index)
explained by the variables included in the
equation, while 69.1% is explained by the
significant variables included in the equation.
The F-statistics which shows if the model is
statistically significant or not, will be used to test
the overall significant of the model based on the
following criteria.

Model 3 (Three)

Table 3. Dependent Variable: CPI (Consumer Price Index)

Variable

Coefficient

Std. Error

T-Statistics

Prob.

C

3.216006

8.302675

0.387346

0.7043
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REXP 0.039983 0.002619

15.26877 0.0000

Source: Researcher Compilation (2026).
Critical Values: to.05 = 2.02: Fo.05 = 4.60
R-Squared 0.943351

Adjusted R-squared 0.939304
F-statistics 233.1353

Durbin Watson 0.688699

The result for the equation above; CPI (Consumer
Price Index) equation presented above in model
three (3) Table 3 shows that the intercept term is
positive and statistically significant at the 5%
level of significance. Recurrent expenditure
(REXP) satisfies the apriori criteria because it
indicates the existence of a positive relationship
between REXP (Recurrent expenditure) and CPI
(Consumer Price Index) in Nigeria. This implies
that a unit change in recurrent expenditure will
lead to a 3.9% increase in consumer price index.
The coefficient of determination and the adjusted
coefficient of determination indicates that the
model has a strong explanatory power and have
a good fit. This is because the coefficient of
determination shows that 94.3% of the variation
in the CSI (consumer price index) explained by
the variables included in the equation, while
93.9% is explained by the significant variables
included in the equation. The F-statistics which
shows if the model is statistically significant or
not, will be used to test the overall significant of
the model based on the criteria.

Model 4 (four)

Table 4. Dependent Variable: DSI (Defense
Sector Index)

Variable | Coefficient | Std. T-

Error Statistics
Prob. C 168.3602 | 32.43919
5.190023 | 0.0001 DEXP -0.239703
0.131366 | -1.824699 | 0.0895

Source: Researcher Compilation (2026).
Critical Values: t0.05 = 2.02; Fo.05 = 4.60
R-Squared 0.892130

Adjusted R-squared 0.734425
F-statistics 3.329526

Durbin Watson 2.165068
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The result for the equation above; DSI (Defense
sector Index) equation presented above in model
four (4) Table 4 shows that the intercept term is
positive and statistically significant at the 5%
level of significance. Defense budget expenditure
(DEXP) does not satisfy the apriori criteria
because it indicates the existence of a positive
relationship between DEXP (Defense budget
expenditure) and DSI (Defense sector Index) in
Nigeria. This implies that a unit change in
defense budget expenditure will lead to a 23.9%
decrease in defense sector index. This is line with
the findings of Aruwa (2024) and Lawal (2017).
The coefficient of determination and the adjusted
coefficient of determination indicate that the
model has a strong explanatory power and have
a good fit. This is because the coefficient of
determination shows that 89.2% of the variation
in the DSI. (defense sector index) explained by
the variables included in the equation, while
73.4% is explained by the significant variables
included in the equation. The F-statistics which
shows if the model is statistically significant or
not, will be used to test the overall significant of
the model based on the criteria.

5. Discussion of Findings

This study was carried out to assess the impact of
budgetary allocation on economic development
in Nigeria. From the results of the analysis the
study found out that education budget
expenditure has a negative and significant
relationship with education sector index in
Nigeria. The negative relationship is as a result of
the low budgetary allocation allocated to
education sector, while the significant
relationship is because education is a major
component of well-being and is used in the
measure of economic development and quality of
life, which is the key factor determining whether
a country is a developed, developing or
underdeveloped country. From the study,
education expenditure impact significantly on
the development of the country.



6. Conclusion

This study was carried out to examine the impact
of budgetary allocation on economic
development in Nigeria. The federal government
of Nigeria had over the years made frantic efforts
towards economic development through it
budgetary allocations to the three tiers of its
government. However, empirical data from the
Nigerian economy after decades of budgeting is
far from being cheering. Nigerians are far worse
off today than they were fifty years ago. Despite
several billions of dollars in exports revenues
since the discovery of oil in the late 1950s, at least
half of Nigerians still live in abject poverty
without access to basic/social amenities.
Development index is lower than it was before
the beginning of the oil boom of the 1970’s. To
even return to the standard of living of that time,
the economy would have to grow by an unlikely
5 percent per year. Budgetary allocation is the
aide through which the available economic
resources of a nation is distributed evenly to all
the sectors that makes up the economy. The
essence is to ensure growth and development of
the nation at a large. Budget could take the form
of capital and recurrent budget. Capital budget
determines the allocation of funds to finance
capital projects and critical infrastructure, such as
construction of roads, bridges, hospitals, schools,
prisons, public administrative buildings, dams
and irrigation system; the purchase of machinery
and equipment; and the supply of water,
electricity, transport, health and educational
facilities etc. Capital budget unlike the recurrent
budget, is intended to provide funds to finance
capital expenditures like construction of durable
assets. By contrast, the recurrent budget
determines the allocation of funds to finance
recurring governmental expenditures, such as
expenditure related to personnel, overhead, civil
administration, defense, health, education,
government machineries maintenance etc. It is
sad that despite the huge amount of Nigeria’s
budget, its impact has been doubtful; evidenced
by the stunted /stagnant growth and
development in the country.

7. Recommendations

Based on the findings obtained in the study, the
following recommendations are made:

1) The government should increase the
budgetary allocation in the education sector
so to increase and empower human capital
index in the country.
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2) Budgetary allocation meant for the health
sector should be increased by the
government to promote and increase the
country’s health index and human capital

development.

3) Recurrent expenditure should be reduced
while capital expenditure should be
increased in other to give room for
infrastructural development. By this, it will
reduce our dependence on importation and
give rise to exportation and domestic
growth. Thereby stabilizing the prices of

goods and services in the country.

4) Budgetary allocation to the defense sector
(military) should be increased. This will give
rise to security empowerment and thereby

lessen the level of insurgency in the country.
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Abstract

The global digital economy has entered a stage of full-domain development featuring compliance and
ecology. Traditional siloed and function-segregated enterprise management informatization
architectures have given rise to prominent issues including data silos, mismatched computing power,
inadequate compliance and inefficient value transformation. Supported by the Complex Adaptive
System (CAS) theory and organizational de-boundary theory, this paper defines the original concept of
the full-domain architecture for enterprise management informatization. Based on panel data of 426 A-
share listed enterprises in Shanghai and Shenzhen from 2019 to 2025 and 472 wvalid survey
questionnaires, this study comprehensively adopts the coupling coordination degree model, SEM
mediation effect model, panel threshold model and FS-QCA configuration model to quantitatively
analyze the transmission mechanism, implementation obstacles and empowerment paths of the digital
economy on the full-domain architecture.

The research results indicate that the average coupling coordination degree of the five major subsystems
of enterprise informatization in China is 0.417, which is generally on the verge of imbalance. Data
compliance presents a double threshold effect with threshold values of 1.862 and 3.795 against the
digital economy. Four types of efficient implementation configurations are summarized, namely policy-
empowered type, computing power foundation type, organizational reform type and compliance-
preemptive type. This paper constructs a five-layer hierarchical full-domain informatization
architecture system, which remedies the deficiencies of traditional research that overemphasizes
technology while neglecting organization and compliance. It also provides data support and practical
paradigms for the digital transformation of manufacturing, science and innovation, and service-
oriented enterprises.

Keywords: digital economy, enterprise management informatization, full-domain architecture, system
coupling, configuration governance, digital resilience, coupling coordination model, digital middle
platform, organizational de-boundary, data compliance, digital governance, business-finance
collaborative empowerment
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1. Introduction
1.1 Research Background

Currently, the added value of the global digital
industry accounts for 45.2% of the global GDP.
Countries worldwide have successively issued
laws and regulations concerning the digital
economy, data security and cross-border
compliance. The construction of enterprise
informatization has shifted from efficiency
improvement for individual businesses to
integrated full-domain governance covering
compliance, collaboration and value realization.
The  penetration rate of  full-domain
informatization among leading multinational
enterprises reaches 78.3%, while the figure for
large-scale domestic enterprises is merely 29.6%.
The gap in digital architecture has become the
core cause of disparities in management
efficiency.

From the industrial perspective, data released by
the Ministry of Industry and Information
Technology shows that 81.7% of large-scale
domestic enterprises suffer from fragmented
informatization. The rate of integrated business
and financial data is less than 32%, and the idle
rate of computing power for cross-industry chain
collaboration is as high as 47.2%. Traditional ERP
and MIS systems fail to adapt to platform-based
and ecological digital business models. At the
enterprise operation level, there is a huge gap in
informatization investment among domestic
enterprises of different sizes, with a
differentiation ratio of 217% in return on
investment (ROI). Enterprises that have built
integrated full-domain architectures have cut
management costs by 23.5%. In contrast,
fragmented informatization leads to rising costs
for other enterprises. Departmental data barriers,
failure in the circulation of data assets and the
lack of an iterative mechanism for architectures
have become major obstacles to digital
transformation.

1.2 Literature Review and Research Gaps
1.2.1 Overseas Research Context

Based on the Web of Science Core Collection
(2000-2026) for thematic literature retrieval,
existing research primarily focuses on technical
algorithms and overseas compliance (Zhang Y &
Wang H., 2023), which are not aligned with
China’s  corporate property rights and
institutional environment. Domestic studies
mostly concentrate on localized functional

informatization and financial-business
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integration, failing to define the connotation of
comprehensive informatization and lacking top-
level architectural design.

Overall, four major research gaps exist in
academic  circles:  confusing  integrated
informatization with full-domain
informatization; separating the transmission
mechanisms of multiple elements including
technology, organization, institution and data;
predominantly adopting linear regression which
cannot explain disparities in transformation
effects; and failing to incorporate new regulations
on cross-border data and algorithm risk control
into architecture design, leading to insufficient
industry adaptability.

1.3 Core Research Questions

RQ1: Under the context of the digital economy,
what are the academic definition, dimensional
decomposition and underlying operational logic
of the full-domain architecture for enterprise
management informatization?

RQ2: Under the coupling effect of the external
digital ecosystem and internal organizational
factors, how to characterize the coupling and
collaboration mechanism as well as the
mathematical transmission path of the five major
subsystems of the full-domain architecture?

RQ3: What are the differentiated paths for the
efficient  implementation of full-domain
informatization under multiple conditional
configurations? What heterogeneity exists in the
applicable configurations for enterprises with
different property rights and scales?

RQ4: What are the marginal effects of the full-
domain architecture on empowering enterprise
governance efficiency and the threshold
boundaries constrained by data compliance?

2. Theoretical Basis and Definition of Core
Constructs

2.1 Underpinning Theories

This research takes the Complex Adaptive
System (CAS) theory and organizational de-
boundary theory as the core theoretical
foundations, supplemented by theories of digital
value co-creation, institutional digitization and
digital resilience governance. The CAS theory
explains the adaptive evolution of systems and
the non-linear interaction logic of various
elements. The organizational de-boundary
theory breaks down Dbarriers to the
interconnection of internal and external data.
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2.2 Definition and Dimensional Decomposition of
Core Concepts

The full-domain architecture for enterprise
management informatization is an original
construct defined in this paper. Restricted by
digital economy regulations, it takes data
homology and pre-emptive compliance as the
core, and integrates five major modules:
computing power hardware, digital middle
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platform, business management, risk control
systems and external ecosystem. It features six
attributes: full-domain interconnection,
compliance  assurance, computing power
support, risk prevention and control, value
creation and evolvability.

The full-domain architecture is divided into five
primary subsystems, with detailed secondary
observation indicators as follows:

Table 1.
Primary  Subsystem | Core Secondary Observation Indicators Indicator
Dimension Attribute
Underlying Digital | Cloud platform computing power, Al algorithm engine, | Positive
Infrastructure Layer coverage rate of IoT terminals, remote disaster recovery | Indicator
and storage capacity
Data Element | Data classification and confirmation of rights, cross-system | Positive
Circulation Layer interconnection rate, data desensitization and compliance | Indicator
level, standardization degree of full-domain data
Full-Domain Integration coupling degree of human resources, finance, | Positive
Functional supply chain and R&D, online coverage rate of internal | Indicator
Management Layer control
Institutional Qualifications for cross-border data compliance, early | Positive
Compliance and Risk | warning capability of algorithm-based risk control, | Indicator
Control Layer network security protection level
Ecological Industrial chain data linkage, digital docking between | Positive
Collaboration enterprises and government, collaboration and adaptation | Indicator
Extension Layer degree of third-party service providers

2.3 Mathematical Models and Research Hypotheses

2.3.1 Basic Formula
Coordination Degree

of System Coupling

This paper constructs a coupling degree model
and a coupling coordination degree model for the
five subsystems to measure the collaboration
level of existing informatization systems. The
formulas comply with the mathematical research
norms of humanities and social sciences:

1
C—( U1XU2><U3><U4><U5 5
(U +Up)(Us+Uy)(Us)

In the formula: C represents the system coupling
degree, ranging from 0 to 1; U;-Us denote the
development levels of the five hierarchical
subsystems respectively. The optimized formula
for coupling coordination degree is as follows:

D=v(Cx T, T=a U1+ﬁ UZ"‘]/ U3+6 U4+€ U5
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D stands for the coupling coordination degree, T
is the comprehensive development index, and
a, B, v, 0, ¢ are weights calculated by the entropy
weight method. The grading standards are
defined as follows: D < 0.3 indicates severe
imbalance; 0.3 < D < 0.4 means on the verge of
imbalance; 0.4 < D< 0.6 represents primary
coordination; 0.6 < D < 0.8 refers to intermediate
coordination; D > 0.8 means high-quality
coordination.

2.3.2 Hierarchical Research Hypotheses

Four hierarchical research hypotheses are
proposed in this paper: The development level of
the digital economy positively boosts the
construction level of the full-domain architecture
for enterprise management informatization; the
coupling coordination degree of the full-domain
architecture subsystems plays a chain mediating
role in the empowerment of the digital economy



on enterprise digital governance efficiency;
digital executive cognition positively moderates
the correlation between the coupling degree of
the full-domain architecture and enterprise
governance efficiency; data compliance intensity
exerts a double threshold moderating effect on
the empowerment effect of the full-domain
architecture.

3. Evolution, Current Situation and Empirical

Analysis of Obstacles of Enterprise
Informatization Architectures
3.1 Four-Stage  Evolution Law of Global

Informatization Architectures (1998-2026)
From 1998 to 2026, the global enterprise
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informatization architecture has evolved in four

successive  stages: single-point  electronic
architecture for standalone devices,
departmental divided ERP architecture, internal
enterprise =~ middle  platform  integrated

architecture, and full-domain Al compliance
closed-loop architecture. In the full-domain
architecture stage, the coupling coordination
degree and compliance adaptation level have
been greatly improved. Leading multinational
enterprises take the lead in domestic enterprises
in the maturity of full-domain collaborative
governance capabilities. The core indicators of
each stage are shown below:

Table 2.

Evolution Stage | Core Average Coupling | Core Construction | Compliance

Technical Coordination Goal Adaptation

Carrier Degree (D) Level
Single-Point EDP 0.283 Electronization of | Level 1 Basic
Informatization | Standalone offline businesses Compliance
Stage System
Departmental Decentralized | 0.321 Efficiency Level 2
Architecture ERP/MIS improvement for | Industrial
Stage System departmental functions | Compliance
Middle Platform | On-premises | 0.386 Internal enterprise data | Level 3
Integration Data Middle collection Domestic
Stage Platform Compliance
Full-Domain Cloud-Native | 0.792 Full-domain Level 4 Cross-
Architecture + Al Middle collaborative Border Full-
Stage Platform governance of internal | Domain

and external businesses | Compliance

3.2 Sample Status
Analysis

and Heterogeneity Statistical

3.2.1 Sample Selection and Data Sources

This research selects A-share listed enterprises in
three major industries including manufacturing,
producer services and digital innovation
industries in Shanghai and Shenzhen as research
samples from 2019 to 2025. ST, *ST delisted
enterprises and enterprises with a data missing
rate exceeding 20% are excluded, and finally 426
valid panel samples are determined. Meanwhile,
a total of 510 questionnaires are distributed to
enterprise digital transformation directors and IT
executives, and 472 valid questionnaires are
recovered with an effective recovery rate of
92.5%, which meets the sample size requirements
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of the FS-QCA and SEM models. Data sources
include the CSMAR database of Guotai Junan,
digital enterprise accounts of the Ministry of
Industry and  Information  Technology,
informatization data disclosed in enterprise
annual reports, and first-hand field survey
questionnaires. (Miiller S & Becker T., 2024)

3.22  Descriptive of
Heterogeneity

Statistics Sample

The entropy weight coupling model is adopted to
calculate the coupling coordination degree of the
full-domain architecture of 426 enterprises.
Heterogeneity results are analyzed from the
dimensions of property right nature, enterprise
scale and region:
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Table 3.

Grouping Category Sample | Average Coupling | Development

Dimension Size Coordination Degree (D) Level Judgment

Property Right | State-Controlled 152 0.482 Primary

Nature Enterprises Coordination
Private Listed | 217 0.401 On the Verge of
Enterprises Imbalance
Foreign Cross-Border | 57 0.516 Primary
Enterprises Coordination

Enterprise Large Group | 139 0.537 Primary

Scale Enterprises Coordination
Specialized, Refined, | 287 0.375 On the Verge of
Differential and Imbalance
Innovative SMEs

The overall average coupling coordination
degree of all samples is 0.417, indicating weak
linkage among the subsystems of full-domain
informatization. Most private SMEs and
specialized, refined, differential and innovative
enterprises still adopt fragmented departmental
informatization, and the construction of full-

domain  architectures lags behind the
development pace of the digital economy.
3.3 Five Major Structural Obstacles to the

Construction of Full-Domain Architectures

NVivo 12 software is used to conduct three-level
qualitative coding (open coding, axial coding and
selective coding) on 472 questionnaire texts and
enterprise digital transformation interview
records. Combined with regression residual
analysis, five core obstacles are identified, and
influence coefficients are assigned to quantify the
constraint intensity of each obstacle:

1) Technical Obstacles (Influence Coefficient:
0.724): Interfaces of heterogeneous legacy
information systems are incompatible; the
scheduling of computing power between
private cloud and public cloud is
fragmented. The adaptation rate of full-
domain data APIs is only 29.3%, and the cost
premium for renovating legacy systems
exceeds 35%. The underlying computing
power cannot meet the demand for
concurrent data processing of multiple
terminals in full-domain scenarios. (Patange
P P., 2025)

Organizational =~ Obstacles  (Influence
Coefficient: 0.816): The traditional vertical
hierarchical management structure is rigid,

2)
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leading to prominent interest barriers over
data ownership among departments. The
average willingness of finance and supply
chain departments to share data is merely
41.2%. Most enterprises lack a dedicated
department for full-domain digital
governance, and the division of rights and
responsibilities cannot adapt to flat full-
domain management modes.

Institutional Obstacles (Influence
Coefficient: 0.659): Regional digital support
policies are fragmented, and data collection
standards vary across provinces. There are
conflicts between China’s Data Security Law
and overseas GDPR compliance provisions.
The iteration of enterprise architectural
compliance lags behind policy updates by 6
to 12 months.

Cost and Talent Obstacles (Influence
Coefficient: 0.773): The one-time hardware
and software investment for full-domain
architectures is 2.1 times that of traditional
decentralized systems, and the annual
operation and maintenance cost increases by
42%. There is a 68.7% shortage of
interdisciplinary talents for full-domain
digitalization, and senior executives with
comprehensive capabilities in technical
operation and maintenance, compliance risk
control and management coordination are in
short supply.

3)

4)

5) Value Mechanism Obstacles (Influence
Coefficient: 0.582): Enterprises have not
established mechanisms for the
confirmation of rights, circulation and

income distribution of data assets. A system
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for quantifying the value of investment in
full-domain informatization is absent. SMEs
cannot predict the ROI of architectural
investment, leading to
decisions on digital transformation.

3.4 Mathematical Verification of Coupling Obstacles
of Informatization Subsystems

A coupling obstacle damping formula is
introduced to quantify the interaction damping
coefficient of each subsystem and identify major
blocking factors:

conservative

A=1- Cactual

ideal

In the formula: A represents the coupling
damping coefficient; a larger value means
stronger coupling resistance. C,y,, refers to the
actual coupling degree of enterprises, and Cjj,y
is the optimal ideal coupling degree of the
industry. The calculation results show that the
damping coefficient between the data circulation
layer and the compliance & risk control layer is
0.468, which is the largest coupling resistance
combination and the primary module to be
optimized for the reconstruction of full-domain
architectures.

4. Top-Level Design and Model Construction of
Full-Domain Architecture System

4.1 Architectural Design, Models and Supporting
Systems

Combined with the pain points of enterprise
digital transformation and industry compliance
requirements, six construction principles are
established: pre-emptive compliance, adaptive
evolution, data homology, lightweight iteration,
ecological compatibility and hierarchical
security. A five-layer closed-loop full-domain
architecture consisting of external
empowerment, infrastructure support, data
integration, business application and value
feedback is constructed:

1) External Ecosystem Layer: Integrates
policies, computing power, compliance
services and cross-border rules to provide

external driving forces.

2) Computing Power Support Layer: Takes
hybrid cloud, Al engine, IoT and disaster
recovery storage as hardware foundations to
solve problems of computing power

scheduling and system compatibility.

data
right

3) Unifies

data

Data Integration Layer:
standards, completes
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confirmation and desensitization, and
connects internal and external data links.

4) Business Application Layer: Integrates
modules of human resources, finance,
supply chain, R&D and internal control to
meet personalized management demands.

5) Value Feedback Layer: Dynamically

monitors operational data and drives the
iterative optimization of the architecture in
reverse.

To reduce system coupling resistance, four
special sub-architectures are matched: The data
standard sub-architecture unifies business
calibers and prevents compliance risks via
desensitization algorithms; the power reform
sub-architecture breaks departmental barriers
and sets up a dedicated digital management
center for overall coordination; the full-process
risk control sub-architecture builds a full-chain
risk management and control system to
synchronize with external supervision; the
dynamic iteration sub-architecture establishes a
policy adaptation library to wupdate the
architecture regularly and shorten the
compliance lag cycle. The entire architecture
operates  sustainably relying on three
mechanisms: non-linear linkage of elements,
two-way feedback evolution and cross-boundary
data interconnection, so as to continuously
improve digital governance efficiency.

4.2 Maturity Evaluation Indicator System of the
Architecture

Based on the five major subsystems, this paper
establishes a maturity evaluation system
containing 5 primary indicators, 18 secondary
indicators and 54 tertiary indicators. The
combination weighting method of AHP and
entropy weight method is adopted to ensure the
objectivity and accuracy of evaluation results.
The comprehensive maturity score formula is
S=J%  wx;. The maturity is divided into four
grades: scores below 0.4 represent primary
adaptation; 0.4 to 0.7 represent intermediate
collaboration; 0.7 to 0.9 represent advanced full-
domain capability; scores of 0.9 and above
represent intelligent self-operation. The average
maturity score of sample enterprises is 0.423,
which is at the primary adaptation stage with
huge potential for digital upgrading.

5. Empirical Analysis on the Empowerment
Effect of Full-Domain Architecture and Test of
Configuration Paths
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5.1 Empirical Research Design
5.1.1 Standardized Setting of Variables

Unified calibers are formulated for panel
variables in accordance with previous research
hypotheses. All variables are standardized to the
range of 0-1 by the range standardization method
to avoid dimensional deviation. Definitions of
core variables are as follows:

*  Explained Variable (Y): Enterprise digital
governance efficiency, calculated by
weighting three indicators including
internal control efficiency, management cost
reduction rate and industrial
collaboration efficiency.

chain

e Core Explanatory Variable (X):
Construction level of the full-domain
architecture, ~namely the  coupling
coordination degree (D) mentioned above.

*  Mediating Variable (M): Coupling and
collaboration  degree of full-domain
subsystems.

*  Moderating Variables: Moderating Variable
1:  Digital cognition  (T1);
Moderating Variable 2: Data compliance
intensity (T2).

executive

*  Control Variables: Enterprise establishment
years, asset-liability ratio, R&D investment
ratio, regional digital policy intensity and

heterogeneity.

5.1.2 Construction of Benchmark Econometric
Models

A two-way fixed-effect panel benchmark
regression model, chain mediation model and
panel threshold model are constructed to test
Hypotheses H1 to H4:

Benchmark Empowerment Model:
Yl-t=a0+a1X,ﬁZackControl,-t+yi+6t+sit
Chain Mediation Model:
My=B,+B, Xt B, Controlytu +0p+e;
Double Threshold Model:

In the formulas: y. stands for individual fixed
effect, 0; represents time fixed effect, I(-) is the
threshold indicator function, and 6,6, are
critical threshold values.

5.1.3 Data Preprocessing

Winsorization at the 1% and 99% quantiles is
performed on 2,982 groups of panel data of 426
enterprises from 2019 to 2025 to eliminate
extreme outliers. The average VIF value for
multicollinearity test is 2.16, far below the critical

value of 10, indicating no  serious
multicollinearity and valid for regression
analysis.

5.2 Analysis of Linear Effect Benchmark Empirical
Results

1 d ti | tructure, t
empoyee  eaveanona sruerre, o 5.2.1 Benchmark Regression Results
eliminate interference from individual
Table 4.

Variable Coefficient | Standard Error | t-value | p-value | Significance
Construction Level of Full- | 0.387 0.062 6.241 0.000 \\*
Domain Architecture (X)
Set of Control Variables Controlled | — — — —
Individual/Time Fixed | Fixed — — — —
Effect
Goodness of Fit (R?) 0.682 — — — —

Note: \ \* indicates significance at the 1% level, \\ at the 5% level, and * at the 10% level (the same

below).

The benchmark regression results show that the
construction level of the full-domain architecture
significantly and positively empowers enterprise
digital governance efficiency at the 1% level,
which verifies Hypothesis H1.

5.2.2 Results of Mediation and Threshold
Heterogeneity

The Bootstrap test with 5,000 repeated samplings
for mediation effect shows that the chain
mediating effect value of coupling coordination



degree is 0.214, accounting for 35.7% of the total
effect, which verifies Hypothesis H2. Digital
executive cognition exerts a positive moderating
effect with a path coefficient of 0.192, significant
at the 5% level, which verifies Hypothesis H3.

Threshold bootstrap test proves that data
compliance intensity has double thresholds with
critical values 0,=1.862 and 6,=3.795: When the
compliance intensity is lower than 1.862, the
empowerment coefficient is 0.153 with weak
empowering effect; when it ranges from 1.862 to
3.795, the empowerment coefficient reaches 0.416
with the optimal empowering effect; when it
exceeds 3.795, compliance costs squeeze digital
benefits, and the empowerment coefficient drops
to 0.271, which verifies the double threshold
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Hypothesis H4. (Sun L, He H & Lin W., 2025)

5.3 Nonlinear Configuration Path Analysis Based on
fsQCA

Breaking the single logic of linear regression, this
research selects five conditional variables
including digital infrastructure, policy support,
executive cognition, compliance investment and
capital investment, and takes the high
construction level of full-domain architecture as
the outcome variable. After variable calibration
and truth table optimization, the consistency
threshold is set to 0.8 and the case frequency
threshold to 6. Four efficient equivalent
configurations and one inefficient configuration
are obtained, adapting to differentiated
transformation scenarios of enterprises.

Table 5.
Configuration | Core Conditions Peripheral | Consistency | Coverage | Applicable
Type Conditions Enterprise
Type
S1 Policy- | High policy support, | Medium 0.894 0.317 Local  State-
Driven Type high compliance | computing Controlled
qualifications power Enterprises
investment

52 Computing | High computing | Medium 0.912 0.285 Large

Power power investment, | executive Manufacturing

Foundation high digital | cognition Groups

Type infrastructure

S3 High-level  digital | Medium 0.876 0.269 Private Listed

Organizational | executives, capital Innovation

Reform Type organizational investment Enterprises

structure innovation

54 High cross-border | Adaptation | 0.907 0.243 Foreign Cross-

Compliance- compliance, to overseas Border Import

Preemptive hierarchical data | digital and Export

Type protection regulations Enterprises
Core conclusions of configuration analysis: A 1) Instrumental Variable (IV) Method for
high-level full-domain architecture cannot be Endogeneity Correction: The popularity
achieved by any single necessary condition, and rate of fixed-line telephones in cities in early
it relies on the collaborative empowerment of years is selected as the instrumental variable
multiple factors. Most specialized, refined, for the full-domain architecture, satisfying
differential and innovative SMEs fall into the correlation and exogeneity assumptions.
inefficient configuration of “high investment, The Cragg-Donald F statistic is 16.72, higher
insufficient compliance and departmental than the critical value of 10, ruling out the
barriers”, leading to blind digital transformation. weak instrumental variable problem.
5.4 Endogeneity Treatment and Robustness Test 2) Regression with one-period lagged
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independent variables: The direction and



significance of core coefficients remain
unchanged.

3) Placebo Test: Random permutation of
samples shows that the coefficients of false
regression are insignificant, eliminating

random interference.

4) Re-regression with recalculated coupling
degree weights: The research conclusions

are robust and reliable.

6. Multi-Scenario Implementation and Vertical
Enterprise Case Verification

6.1 Differentiated Implementation Plans for Full-
Domain Architectures for Three Types of Enterprises

Combined with the configuration paths and
threshold values concluded above, low-cost and
adaptive  implementation  strategies  are
formulated for different enterprises in
accordance with their operating budgets and
organizational capabilities.

6.1.1 Large Group Enterprises: Self-Developed
Full-Domain Architecture Based on Private
Cloud

Applicable to group enterprises with total assets
above 2 billion RMB. Enterprises build private
cloud computing power clusters independently,
connect data across headquarters, subsidiaries
and upstream and downstream industrial chains,
and set up independent compliance and risk
control middle platforms. The target maturity of
the full-domain architecture is set above 0.75, and
the informatization operation and
maintenance investment accounts for 1.2% to
1.5% of operating revenue. This plan adapts to
the 52  computing power foundation
configuration path.

6.1.2 Specialized, Refined, Differential and
Innovative SMEs: Modular Rental Scheme Based
on Public Cloud

Abandon the heavy-asset model of self-built
computing  power. Enterprises purchase
lightweight Saa$S full-domain management suites
and activate modules of finance, supply chain
and human resources on demand to realize data
interconnection step by step. The total
investment is only 42% of that for self-developed
architectures, and the compliance level meets
domestic Level 3 compliance requirements. This
plan adapts to the lightweight transformation
path of the S3 organizational reform
configuration.

annual

6.1.3 Cross-Border Export-Oriented Enterprises:
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Dual-Track Data Isolation Architecture

Adopt a physical isolation architecture with
internal network for domestic businesses and
external network for overseas businesses. Embed
dual desensitization algorithms complying with
both  GDPR and China’s data security
regulations, and define cross-border data
whitelists to meet compliance requirements for
cross-border data flow. This plan gives priority to
the S4 compliance-preemptive configuration
path.

6.2 In-Depth Verification of a Single Vertical Case
6.2.1 Basic Overview of the Case

XCMG Heavy Machinery Co., Ltd., located in
Jiangsu Province, is a leading listed
manufacturing enterprise in the Yangtze River
Delta, engaging in the R&D, production and
domestic and overseas sales of hoisting
machinery and engineering equipment with
2,860 employees. Before 2022, the enterprise
adopted three independent systems: UFIDA ERP
for finance, MES for production and supply chain
system for procurement, which were isolated
from each other. Its coupling coordination degree
was 0.367 (on the verge of imbalance) (Fiss P C.,
2021). The reconciliation cycle of business and
finance across departments lasted 12 working
days. Annual risk losses caused by internal
control reconciliation errors, data leakage and
process fraud exceeded 2.1 million RMB,
highlighting prominent deficiencies in digital
management efficiency.

6.2.2 Implementation Process of Full-Domain
Architecture Renovation

From 2023 to 2025, supported by special digital
transformation subsidies from the Department of
Industry and Information Technology of Jiangsu
Province, the enterprise implemented the five-
layer closed-loop full-domain architecture
proposed in this paper. It completed unified
interface renovation for the three heterogeneous
legacy systems, established a dedicated group-
level full-domain digital management center, and
formulated a three-tier internal data classification
and compliance management system. Combining
its state-owned property right and heavy
industry attributes, the enterprise adopted the
combined configuration of S1 policy-driven type
and S2 computing power foundation type for
digital transformation.

6.2.3 Performance Comparison before and after
Renovation
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After renovation, the coupling coordination
degree rose to 0.693, reaching the intermediate
coordination level. The business-finance
reconciliation cycle was shortened to 2 working
days. Annual internal control risk losses
decreased by 68.2%, and management and
operation costs were reduced by 22.7%. The
empowerment effect of the full-domain
architecture is highly consistent with the
empirical coefficients in this research, verifying
the practical feasibility of the architecture.

6.3 Full-Process Risk Prevention and Control System
for Full-Domain Architecture Implementation

Combined with practical pain points in the
renovation of XCMG Heavy Machinery, a full-
process risk prevention and control system for
full-domain architecture implementation is
summarized: Adopt incremental phased
migration during project transition to avoid
disruption to daily business; launch special
performance appraisal for data sharing in the
organizational adaptation stage to weaken
departmental exclusive interests in data and open
up internal collaboration links; deploy
hierarchical firewalls in accordance with three
tiers of data confidentiality in the data operation
and maintenance stage to hierarchically control
data access permissions; strictly follow the
empirical compliance investment threshold in the
cost control stage to control informatization
investment and avoid sunk costs; build a
dynamic policy adaptation library for long-term
operation, and wupdate compliance clauses
quarterly to adapt to the iteration of domestic and
overseas digital regulations.

7. Research Discussion

Existing overseas studies focus on technical
algorithms and overseas compliance design,
without combining local institutions and policies
in China. Most domestic studies are limited to
internal  business-finance  integration  of
enterprises, lacking exploration extending to
industrial chain and enterprise-government
collaboration, and the connotation of full-domain
informatization has long been ambiguous.

Based on local Chinese scenarios, this paper
improves the research framework and
distinguishes integrated informatization from
full-domain informatization. Empirical results
prove that the five subsystems of the full-domain
architecture form a dynamic coupling
relationship, and data circulation and compliance
& risk control are the main blocking links. Simply
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upgrading hardware and computing power
cannot achieve successful transformation, and
the collaboration of multiple elements including
organization and institution is indispensable.

This research also confirms that compliance
investment has obvious boundaries: the
empowerment effect of digital transformation
declines when compliance intensity exceeds
3.795, and the optimal range for compliance
construction is 1.862 to 3.795, correcting the
misconception that more compliance investment
brings better results.

8. Research  Conclusions, Management
Implications, Limitations and Prospects

8.1 Core Research Conclusions

This paper defines the connotation of the full-
domain architecture and constructs a five-layer
closed-loop system. The overall average coupling
coordination degree of the 426 sample enterprises
is 0.417, staying on the verge of imbalance, and
the problem is most prominent among private
enterprises and specialized, refined, differential
and innovative SMEs.

The digital economy effectively boosts the
construction of full-domain architectures. System
coupling degree, executive cognition and
compliance  threshold  play  mediating,
moderating and constraining roles respectively.
Four differentiated transformation paths are
summarized, and it is concluded that heavy-asset
self-developed architectures are not suitable for
private SMEs.

For practical application: Governments can unify
data standards, open public computing power,
implement differentiated subsidies and improve
cross-border compliance services. Enterprises
shall select transformation plans in accordance
with their scales, reasonably control compliance
investment and break internal data barriers.
Service providers can launch customized
industry systems and leasing services to reduce
the transformation pressure on SMEs.

8.2 Future Research Prospects

Considering the limitations of this study and the
development trend of industrial digitalization,
subsequent research can be further explored from
four perspectives. From the technical perspective,
multimodal generative Al large models can be
integrated to construct an adaptive and iterative
intelligent full-domain architecture, so as to
quantitatively assess the incremental enabling
effect of intelligent algorithms on architectural
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maturity. In terms of application scenarios,
differentiated cross-border digital regulations
across China, Europe and America can be
compared to develop full-domain information
architectures  applicable to multinational
enterprises. Methodologically, dynamic QCA
and spatial panel econometric models can be
employed to investigate the spatial correlation
between the development of regional digital
economy and the construction of enterprise
architectures. From the value perspective, a
measurement model for data asset right
confirmation can be established to precisely
calculate the overall benefits brought by full-
domain architectures, covering data asset
appreciation, cost reduction and risk prevention.
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Abstract

The purpose of this short article is to succinctly chronicle the historical background, underpinnings and
key moments of United States President Donald Trump’s first term trade policies. It is hypothesized
that there were both “wins” and “losses.” Additionally, the paper analyzes President Trump’ preference
to forgo working with the post-World War II international institutions. Furthermore, it is assessed that
the policies for the different areas of the world affected each other in the Trump Administration’s
shaping of agreements. The paper uses a step-by-step and historical, process-tracing methodology, and
concludes that the trade war with China resulted in the United States exporting less than the expected
number of agricultural products, partly due to the outbreak of the COVID-19 Pandemic. The tariffs are
shown to have resulted in a loss of slightly higher prices. The policies of the President Joseph R. Biden
are touched upon, and the tariffs at the start of President Trump’s second term.

Keywords: China, first term, institutions, President Trump, trade wars, USMCA

1. Introduction 2.1 Background

This article is a chronological and geographical In the scope of history, the international trade
reaccount of the international trade wars of policies, and overall, “isolationist,” almost
United States” President Donald J. Trump’s first “nationalistic,” economic ideologies of United
term in office. The purpose here is to disabuse States (U.S.) President Donald J. Trump were
much of the confusion over what were the both largely a reaction to the internationalist,
inspiratons and goals behind the trade wars, low-tariff policies of the President Ronald W.
through the use of historical process tracing, and Reagan and Prime Minister Margaret Thatcher
what were the effects. The paper finds that were administrations, the latter in the United
some countries, the goals were met, and with Kingdom, from the 1980’s. These policies were
others, they were not. Very few histories of the collectively known as the neo-liberal,
modern trade wars in their totality have been “Washington Consensus.” President Trump
written to this point. ostensibly came to conversely believe, as

2. Information evidenced by public appearances on the Oprah
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Winfrey Show (1988) at the time, and like what
some American businesspeople felt then, that
particularly Japan, but even China, were taking
advantage of American markets, especially with
automobiles, without allowing the U.S. reciprocal
access overseas.

Such  free-trade, “neo-liberal” economic
philosophies of the time would cause President
Trump to speak out against international trade
deficits, which most economists would agree are
not problematic by themselves, but rather that
they are a symptom of larger problems, such as
the government budget deficit. These
complications include the slowing United States
(U.S.) manufacturing productivity. Moreover, a
growing U.S. budget deficit under Reagan, and
later President George W. Bush, essentially
funded the trade deficit via outflows a public
savings, in a dilemma that economists call the
“twin deficits problem.” President Trump would
even criticize trade deficits with Europe, at one
point saying that Europe was “not our friend,”
because the U.S. was “giving them money,”
which he repeated many times (Pisani-Ferry,
2018). This aversion, on President Trump’s part,
for imports, and his focus on exports, the latter of
which are included in Gross Domestic Product
(GDP) calculations, as opposed to the former,
which are not, would lead to the trade
contentions of his administration with foreign
countries.

Before focusing solely on President Trump, it is
also necessary to review the international trade
conflicts, and the trade deals, of several
preceding administrations. It was actually
President Richard M. Nixon- who, in 1972,
opened trade with China, and essentially all of
Asia, in modernity. However, some trade had
started with U.S. military involvement in the
region dating to World War II, the Korean War,
and then Vietnam. It was President Nixon's
famous trip in that year, however, that started the
influx of more cheaply made consumer goods,
which flooded U.S. markets in the 1980’s,
satisfying U.S. consumers.

Over time, ties with China grew, and then, more
markedly, it was in 2001, that China was allowed
entry into the World Trade Organization (WTO).
This move was not as controversial then as it is
considered today, because it simply confirmed
that China would be granted regularly low
international tariffs, already low with the U.S. at
the time due to Most Favored Nation (MFN)
yearly status. The U.S. thought that China’s entry
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would promote capitalism and freer markets. The
WTO had evolved over many years from the
General Agreement on Tariffs and Trade (GATT)
that was born in 1947, following the 1944
negotiations at Bretton Woods, New Hampshire,
led by British economist John Maynard Keynes.

Subsequently, after China entered the WTO,
which also was meant by the U.S. to encourage
China to “play by the same rules,” U.S. President
George W. Bush began calling China a “strategic
competitor.” This term “competitor” was more
assertive than the “strategic partner” phrase used
during the Clinton years. Such a turn in ideology,
whether causal or predictive, led up to conflicts
at the WTO with China over steel, tires, and solar
panels. The latter product became an issue
during the President Barack H. Obama period.
Even today, the rhetoric towards China has
become more hackneyed, and even more
bellicose, and new issues are developing over the
possible import of low-cost, Chinese electric
vehicles.

2.2 Aims and Methodology

This article uses an historical, process-tracing
approach, weaving together publicly available
documents found on the Internet, in mostly
chronological arrangement, along with the use at
times of descriptive statistics.

2.3 Findings

President Trump campaigned in 2016 on an
“America First” policy that threatened to place a
45% tariff on Chinese goods. Meanwhile, his
Democratic opponent, Secretary of State Hillary
Clinton, had mixed views. Certain leaked e-mails
showed that she desired the entire Western
hemisphere to be a free trade area. At other times,
Secretary Clinton criticized the Trans-Pacific
Partnership (TPP). Historically, Democratic
politicians have typically been against free trade,
aiming to protect American workers. Yet most
Democratic voters have supported it; and,
Republican politicians have supported free trade,
while Republican voters have opposed it. This is
a strange paradox. Most opposition to free trade
comes from the older public, and, America is
aging, while President Trump, when elected, was
America’s oldest President. Republicans like
Senators Mitch McConnell (R-KY), Rand Paul (R-
KY), and Marco Rubio (R-FL), supported his
trade policies, as well as Democrats like Senator
Bernie Sanders (D-VT), Sherrod Brown (D-OH),
Elizabeth Warren (D-MA) (Williams, 2018), and
even former House Speaker Nancy Pelosi (D-



CA), who have been defenders of protectionism
for American labor (Congresswoman, 2018).

The political focus on international trade in the
2016 U.S. presidential election, though, was not
regarding China, but rather the North American
Free Trade Agreement (NAFTA). President
Trump campaigned heavily in the U.S. Mid-West,
unlike Secretary Clinton. This emphasis gave him
a victory in the region, shifting the Electoral
College in his favor. The first trade issue of

President Trump’s administration was a
proposed  “customs duty,” to increase
government revenues, but it was quickly

dropped due to opposition by American
business-people. Rather, NAFTA, which was
controversial since being proposed by President
George H.W. Bush, and then being implemented
by President William J. Clinton, became the
focus.

President Trump’s overall policy towards
Canada and Mexico was at first very tough, with
high tariffs, especially on steel, which was
deemed an “emergency,” that Canadian Prime
Minister ~Trudeau called “absurd” and
“inconceivable” (Spangler, 2018). Some scholars
maintain that without taking such a tough stance,
as a “bargaining chip,” that a deal could not have
been reached. President Trump also desired a
“border tax,” another name for a tariff, on
Mexican agriculture, specifically on tomatoes,
grown in Mexico on small farms, which would
have to cut their costs and small profit-margins in
order to compete (Carbaugh, 2019, p. 112).

After much delay and conflict, the end result, on
November 30, 2018, was the U.S.-Mexico-Canada
Agreement (the USMCA). The deal seemed to
give the U.S. a better trade advantage, because
Canada would accept more U.S. dairy products,
although the U.S. would have to allow in more
Canadian sugar and sugar products. Mexico
would pay higher wages to auto-part laborers,
“levelling the playing field.” In addition,
“regional” content requirements for cars and
light trucks were increased from 62.5% to 75% to
avoid tariffs. To gain Democratic support in
Congress, President Trump removed language
protecting large pharmaceutical manufactures
from generic brands. Trump would go on to
likewise emphasize “buy American,” although
his successor, President Joseph R. Biden,
conceivably went far to fight against the WTO'’s
Government Procurement Authorization, which
gives foreigners the right to compete for large
government contracts (Hughes, 2021).
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While the U.S. Constitution does indeed
designate Congress as generally controlling trade
policy, Congress has increasingly given
presidents broader powers to shape trade. The
“Trading with the Enemy Act” of 1917 gave
presidents strong powers during wartime. Trade
powers were expanded under President Franklin
D. Roosevelt during the Great Depression, to cut
tariffs, while the “Trade Act of 1974” under
President Nixon allows for a 15% tariff for 150
days if there is a national security issue. President
Trump, though, used the 1977 “International
Emergency Economic Powers Act,” which he
claimed could be used for any “emergency”
(Maglioca, 2019).

President Trump’s overarching policy was on
tariffs, particularly on steel and aluminum, to
help U.S. manufacturing jobs. The increased
government revenue on these goods would be
negligible, only $7-8 billion dollars yearly. In
March, 2018, Mr. Trump imposed a 25% tariff on
steel, and 15% on aluminum, on all nations,
specifically aimed at China, a main competitor,
using WTO Section 301 as justification. Tariffs on
some countries were later eliminated, as with
Mexico and Canada, to make way for the
USMCA. They also were exempted with
Argentina and Australia, and they were replaced
in negotiations with a quota (limit) for Brazil and
South Korea. Later, President Biden reduced
many of these tariffs, except notably on China.
Some countries retaliated, under WTO Section
232, such as Turkey, Russia, India, the European
Union, and Canada and Mexico, though the latter
three later rescinded their tariffs (York, 2022).

The effect of a tariff largely depends on
elasticities: that is, the country that can more
easily switch production and/or consumption
usually gains more, which typically is by the
larger GDP nation. By the end of President
Trump’s term, the U.S. steel industry had grown
by about 2%, which is decent, but not fantastic.
The job losses reported, though, were mostly due
to automation, and not from global competition
(Carbaugh, 2019, p. 114).

President Trump’s handling of Europe, early on,
regarding “BREXIT,” the United Kingdom’'s
leaving the European Union, may have been an
insult to British Prime Minister Theresa May in
her visit January 27, 2017, to the White House,
briefly upsetting a traditionally strong economic
alliance. Prior to this, there had been rumors of a
possible bilateral trade deal. Then, in 2018, in
trying to protect Harley-Davidson motorcycles to



stay in the U.S. with the steel tariffs, retaliatory
tariffs from Europe drove some of the bikes’
manufacturing to Europe so as to export to
America at lower costs (Carbaugh, 2019, p. 272).

In October 2019, though, the U.S. won a WTO
dispute filed against the European Union (EU),
dating to a President George W. Bush complaint,
giving the U.S. the right to tariff the EU. President
Trump did so immediately afterwards, with a
10% on aircraft, and 25% on mostly agricultural
goods. Both were later postponed in 2021 for five
years by President Biden (York, 3). A political
victory, also, for President Trump early on was
his 2017 tax cut, cutting business taxes from 35%
to 21%, which is estimated to have grown foreign
investment by 3.5%, but likely increased the
budget and trade deficits (Koop et al., 2019).

Also of note, albeit more minor, was the United
States” re-signing of a trade agreement with
South Korea in March 2018. This was tackled by
the administration’s aides, namely, from
Goldman Sachs, Gary Cohn, who later resigned
afterwards due to opposition over the steel tariffs.
The South Korea deal seemed to escape the
President’s ire, presumably because it fit his
preference for simpler, bilateral deals. The deal
extended the tariffs on South Korean trucks,
changed the steel tariffs to a quota, and
eliminated aluminum tariffs, the latter which
were imposed later, in the wide-sweeping policy
(“US Exempts,” 2018). In 2019, South Korea and
Japan would fight a trade war outright over high-
tech products, and President Trump urged them
to “get along,” because it put the U.S. in a “very
difficult position” having to decide which
country to support (Ezell, 2020).

The most significant trade issues of the Trump
administration, however, were in regards to the
Trans-Pacific Partnership (TPP), and overall U.S.
trade with China. This low-tariff plan (the TPP)
started through a decade of negotiations with
Japan, and it came to include a dozen other
nations. While the proposed deal focused on
aligning such states politically against China,
President Trump saw little economic gain,
viewing it as bureaucratically complex. The TPP
was ultimately dropped. That the TPP was
originally designed around Japan, though,
seemingly resulted in positive U.S.-Japan trade
relations. A bilateral deal with Japan resulted,
under Mr. Trump, lessening prices on imports,
and helping U.S. exports compete against
Australia and Canada agriculturally. Some
worried that the deal would undermine the
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WTO, an anti-tariff body, by keeping a 2.5% small
tariff on Japanese autos (Chatzky, 2019).

Since then, many of the TPP nations have joined
a replacement body, the Comprehensive and
Progressive =~ Agreement for Trans-Pacific
Partnership (CPTPP). While China is similarly
trying to organize these nations, this Western
CPTPP pact has fewer regulations than the
defunct TPP. President Biden also reorganized
the remaining states into the Indo-Pacific
Economic Framework (IPEF). This institution is
not binding, but simply discusses issues, unlike
the long-abandoned security pact (SEATO),
formed after WWIL. The IPEF includes the nation
of India, which is growing both in population
and economic strength, and could strategically
counterbalance China. And, in fact, President
Trump had a strong personal relationship with
Indian President Narendra Modi. The two
actually hugged when Modi visited the White
House. However, even the U.S. and India flirted
with a trade war. Each briefly placed steel tariffs
on the other. The United States seemed troubled
with Asia, by the growth of the China
Development Bank, and the Asian Infrastructure
Bank, wunable to match it in funds for
development.

While the details of the TPP deal made U.S.
headlines, particularly in cartoons by humorists,
the U.S.-China Trade War did not. The trade
details were overshadowed by Mr. Trump’s
impeachment, while in contrast, in China, the
trade war was closely followed by the Chinese
public. American trade deficits with China had
been increasing, to $418.2 billion in 2018, then
falling to $342.6 billion in 2019, presumably due
to tariffs, as we shall see. It then fell during the
Covid-19 pandemic in 2020 to $308.1 billion
dollars, then increasing to $353.5 in 2021, and
again to $382.9 billion in 2022 (U.S. Census).
China’s economy by some measures now exceeds
America’s, though China has three times the
population. The inter-connectedness between the
two countries steers the global economy.

Generally, economists dislike tariffs, because
they raise prices. However, they can protect
workers in industries where domestic goods can
easily replace international goods being
imported at higher prices, and they can protect
“infant” and “senile” industries, being used as
such by the early American Republic. This was
particularly true of the Northern U.S. states,
which wanted to protect manufacturing, but not
the Southern states, that sought to import



intermediate goods for production of textile
goods to trade with Europe. The South even
called one tariff, “The Tariff of Abominations”
(Carbaugh, 2019, p. 164). The main problem
arises with trade wars (high tariffs on all goods,
both ways), which are rare since the WTO’s
founding, causes everyone to lose (Salvatore,
p-107, 2006). Any positive effects are often not felt
until later, through what economists call the “J-
Curve” (Salvatore, 2006, p. 182).

In August 2017, President Trump asked the U.S.
Trade Representative Robert Lighthizer to write
an investigative report on U.S.-China trade.
Lighthizer historically had a mixed record,
having worked under free-trade President
Ronald W. Reagan, but having supported
tougher Meanwhile, the Trump
Administration followed Obama Administration
policies by placing tariffs on solar panels, and,
later, on washing machines (United State Trade
Representative, 2017). For this latter good, the
U.S. had imported $1.1 billion dollars in 2015,
which is large for one product, but small in
overall trade (“US slaps,” 2017). The other major
U.S. negotiator was Commerce Secretary Wilbur
Ross, an older-aged Cabinet member, who
specialized in certain traditional trade sectors.

measures.

On March 1, 2018, the trade report was released,
which focused on China’s “theft” of U.S.
technology. The U.S. Trade Representative then
filed a WTO complaint. Lighthizer recommended
domestic  policies to protect American
technology. President Trump said that such steps
would not result in a “trade war,” because the
“trade war was lost many years ago, by the
foolish, or incompetent, people who represented
the U.S.” (Lovelace, 2018). Trump then claimed
that “trade wars are good, and easy to win”
(Swanson, 2018). He later recanted this statement.
The tariffs on aluminum and steel were quickly
deemed a “blunder” by The Wall Street Journal.
Administration officials claimed that other
presidencies had been “naive.” These Trump
officials asserted that China’s form of capitalism
was state-controlled, which made them
“incompatible” with the WTO, warranting
tougher action (Rogin, 2018).

Thus, on March 22, 2018, the U.S., citing Section
301 of the Trade Act of 1974, announced that it
would impose tariffs on more than 1,300 Chinese
goods, mostly those high-tech in nature. Tariff
hikes would, ultimately, undergo 4 stages. On
April 2, China retaliated, with tariffs on not just
U.S. technology, but also on agriculture. Harsh
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words were exchanged, and China threatened
tariffs on U.S. soybeans, a major U.S. export. On
April 5, Trump made his harshest move to that
date, threatening to place tariffs on $100 billion
dollars more Chinese goods. China, in response,
requested talks with WTO officials for a
resolution. On May 29, more threats were
exchanged, and the U.S. would soon impose
tariffs on over $200 billion Chinese goods. The
trade war had begun (Disis, 2020), and it would
under five escalations: in July 2018, August 2018,
September 2018, June 2019, and September 2019
(Fajgelbaum & Khandelwal, 2021).

On August 14, 2018, China filed an objection with
the WTO, which complained about U.S. tariffs on
solar panels. This was a smaller matter, intended
to forestall larger happenings. The Director of the
U.S. National Economic Council, Peter Navarro,
a businessman with peculiar trade views, told
Wall Street billionaires to stop complaining about
market volatility. After having completed the
USMCA North American deal, Trump was
pleased, and he softened on China. On December
1, he offered China a 90-day grace period to
negotiate. The U.S. economy showed signs of
growth. President Trump took credit, saying that
China was buying more U.S. soybeans, which it
was not, the records show, although China said
that it indeed would buy more if there was a
“comprehensive trade deal” that reduced tariffs
on other goods (Liptak & Carvajal, 2019).

With the 90-day truce period elapsed, on May 9,
2019, China cancelled a number of U.S. soybean
orders. Reacting, on May 10, 2019, the U.S.
warned of hiking tariffs on $200 billion dollars of
Chinese goods from 10% to 25%. On June 20, at
the Group-of-20 (G-20) Summit in Japan, Chinese
leader Xi Jinping offered President Trump a new
“truce,” to enact no future tariffs. However,
Trump demurred, maintaining that Huawei, a
Chinese tech company, should remain on the U.S.
“Entity List.” The U.S. government, firms, or
individuals cannot trade with firms listed here,
unless by obtaining a license (“Securing,” 2019).

As the summer approached in 2019, the Chinese
economy slowed, as it periodically does, being
very volatile. China declared, strategically, that it
would further divest in U.S. government bond
holdings, a large threat. President Trump then
threatened to impose a 10% tariff on the
remaining $300 billion dollars of imported
Chinese goods. China, as a stimulus, devalued its
currency, which led the U.S. Treasury
Department to declare China as “Currency



Manipulator,” although the International
Monetary Fund (IMF) disagreed with this
assessment. China, in response to President
Trump’s announcement, said on August 5, 2019,
that it would encourage Chinese companies to
not buy U.S. farm products. Because of this, and
to reassure American consumers before the
holiday shopping season, the U.S. paused tariffs
on $160 billion of Chinese goods (“Chinese-
United States,” 8-9).

Nevertheless, some of America’s previous tariffs
went into effect, and China responded with more
tariffs, on $75 billion dollars of U.S. goods.
President Trump “ordered” U.S. companies to
start to look for other places than China with
which to trade. In August 2019, President Trump
then claimed that Chinese officials had called
U.S. trade officials to “get back to the table.”
However, no record showed this, and Mr. Trump
later asserted that it was just positive thinking.
Tariffs were now on 5,078 U.S.-to-China exports,
and two-thirds of Chinese-to-U.S exports, high
for both countries. The Chinese economy
continued to slow, and China reduced its
banking reserve requirement ratio by 0.5%, as a
stimulus (“China-United States,” 9-10). While the
trade deficit with China was lessened, some was
due to diversion of goods made elsewhere, and
then, because of the Covid-19 Pandemic (“Trade
in Goods,” 2023).

Table 1. U.S. Total Trade Deficit with China
(billions of U.S. dollars)

2015 | -367,328.3 2019 | -342,629.5
2016 | -348,825.2 2020 | -307,967.5
2017 | -375,167.9 2021 -352,806.9
2018 | -418,232.9 2022 | -382,281.3
(Derived by the author, based on the Census

(“Trade in Goods,” 1-2)).

In October of 2019, demonstrations in Hong Kong
against China left both sides wondering how
Hong Kong, with ties to both China and the West,
should be dealt with, economically and
politically (Shao, 2019). This political issue
overshadowed the trade talks at that time. By that
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time, the U.S. had brought 23 types of complaints
in total to the WTO. The WTO was issuing
statements that U.S. tariffs on China were
excessively high. Reports claimed that Trump
officials were worried about the trade war’s lack
of success on the 2020 mid-term elections (White
& Buhsedi, 2019). In fact, Table 1 seems to show a
J-Curve effect, or delayed effect, with the trade
deficit moving in the entirely wrong direction.

On January 15, 2020, with Chinese growth
slowing further, China and President Trump
officially signed the “Phase 1 Agreement,” coined
by a Chinese official. This deal was historic for
being a large bilateral deal made without the
WTO’s involvement. With Phase 1, a number of
U.S. tariffs were lowered. The coming tariffs on
$160 billion dollars of goods were halted. China,
though, had to agree to purchase $200 billion
dollars of U.S. exports, over a several year period
(Wearden, 2020).

Ultimately, China would fail to meet the Phase I
goals, only importing 58% of what was intended.
Some of this short come occurred because the
Covid-19 virus struck in early 2020. As a side
note, the U.S. Congress had compelled Mr.
Trump, because of the pandemic, to remove
tariffs on imported medical equipment, much of
it made in China. Phase I's magnitude had also
been “unrealistic,” said a U.S. Peterson Institute
study (Mullen, 2021). Following the unmet goals,
there were new recriminations against China for
possibly stealing military technology. This led
the New York Stock Exchange to delist three
Chinese tech firms. The U.S. put tariffs on tomato
and cotton goods from Xinjian, due to the
treatment of the Uighur people. Phase II, which
intended to eliminate all tariffs, and further
expand U.S.-Chinese trade, never happened
(Inman, 2019). Erstwhile, the incoming Biden
administration said that it would not change the
tariffs, until consulting with U.S. allies, which it
never did. The WTO would later momentously
rule that the Trump tariffs on steel and aluminum
were illegal, as did another WTO panel that
thoughtlessly treated Hong Kong, a free trade
area, as being controlled by China, all drawing
consternation from the U.S. and its European
allies (Mullen, 2021).
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Table 2. Trumpian Strategy

Success — Pursue more aggressively
Fail ——— Pursue more tepidly
(Created by the Author)

3. Discussion and Conclusion

Following the Trump Presidency, in 2022,
President Biden executed the government’s
industrial policy and signed the “CHIPS Bill.”
While some Democratic and libertarian
lawmakers called it a corporate “give-away,” it
provided billions of dollars to Silicon Valley and
other high-tech areas to start an American chip
(semi-conductor) industry. This would avoid
reliance on Taiwan, and on Chinese firms
themselves. In a sense, then, the trade war has
continued.

Some economists claim that the tariffs have
contributed to the U.S. inflation starting in mid-
2021, adding as much as 1%, says a former U.S.
ambassador to Singapore (Tan, 2022). This may
have cost average U.S. households $1,000 dollars
annually (Telford, 2019). However, President
Trump’s offshore oil drilling might have reduced
the cost of global transport. Other inflationary
causes include backed-up supply chains, and the
mistakes of the Federal Reserve, whose
Chairman Jerome Powell, a lawyer, was
appointed by President Trump. President Trump
later regretted this appointment, yet Powell was
reappointed by President Biden. President
Biden’s massive stimulus bill likely also created
massive, “one-shot” inflation.

In President Trump’s first term, the implication
of large amounts of tariffs in September, 2019,
allows for a calculation to be made of the price
level effects of the tariffs, and the traditional tariff
model, known ubiquitously, in Figure 1 seems to
hold. It appears from Table 3 that the tariffs raised
prices by roughly 0.25%.

Table 3. Slightly Higher Prices/ Year-over-Year:
Consumer Price Index (CPI)

Yr./Month | Quarter Quarter Effect of
2-2019 3-2019 the
Tariffs
2018- Q3 Small Large 2.380% -
Tariff Tariff 2.127%
2018- Q2 | Small Small =0.25%
CPI Tariff- Tariff:
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2.127% 2.380%

(Created by the author from “Consumer Price
Indices,” (2026)).

Increased

.

>

Prices

Figure 1. Tariff Model

If one looks at the fact that the largest tariffs were
placed in September 2019 (Q3), and that imports
were approximately 15% of Gross Domestic
Product (GDP), then multiplied by the changes in
average tariff rates, from about 3.7% before
President Trump came into office, to 2019, when
average tariffs rates were 25.8% (Fajgelbaum &
Khandelwal, 2021), then tariffs in theory should
have contributed to a 3.315% price increase. This
is very close to the 2.5% change found in Table 3.
The difference is probably accounted for by the
fact that not all of the tariffs had passed through
yet to the consumer yet. In fact, Rattner (2019)
noted that prices of household goods increased
by 2.9% by the end of 2019.

If tariffs help bring back “discouraged workers,”
who have left the workforce because their skills
are no longer applicable, then in a sense tariffs
can create “domestic sustentation,” and can offset
the tariffs’ deadweight loss. This is the loss in
efficiency that occurs from making less
productive goods. In this sense, then, tariffs can
help to bring back manufacturing, but how long
are Americans willing to wait? As already stated,
tariffs can also help infant industries, senile
industries, and strategic sunrise industries, and
they can force foreign competitors to cut into
their profit margins to pay for the tariff, called the
“terms of trade effect.” However, the harms are
the higher prices, and the greatest harm of all is
perhaps from the unpredictability of the
retaliation which is difficult to model.

American farmers, particularly cattle ranchers,
claim that they lost from U.S. trade policies. In



fairness to China, its hesitancy in buying U.S.
agricultural goods was also meant to prevent
“mad-cow disease,” and China cannot change its
consumption habits, which involves eating less
beef than Americans. Nevertheless, since the 100-
Day Action Plan, which in 2017 started off U.S.-
China negotiations (Lester & Zhu, 2020), U.S. beef
exports to China have increased to over 40
million pounds per month (Dennis, 2022). Other
U.S. agricultural industries, however, have lost
billions of dollars. Sentiments by farmers towards
President Trump have been mixed, because
farmers bare the brunt of higher prices on
exports.

The overall effect of the U.S.-China trade war is
debatable. Most scholars conclude that it
lessened China’s GDP slightly, by lessening
Chinese exports. For the United States, aside
from possible inflation, the policies may have
temporarily decreased jobs, perhaps as many as
300,000 (still, a small amount), mostly in
manufacturing, according to Moody’s Analytics.
In February 2020, U.S. trade deficit fell, the first
time since 2014, but this fall was related to
decreased trade due to the Covid-19 pandemic
(Mutikani, 2020).

Mainly, the Trump years were strong economic
times, with low unemployment and solid
growth, that accelerated the losses still felt from
the 2008 financial collapse. Still, modern liberal
economists like Joseph Stiglitz and Paul
Krugman, to free-traders like Robert Z.
Lawrence, to conservative economists like Dani
Rodrik and Jeffery Sachs, all had different
projections regarding trade policies at the time.
These forecasts were based on alternate
assumptions, especially on labor’s flexibility to
shift to non-steel sectors, the sector most affected
by the tariffs. The most optimistic view on the
TPP was by the U.S. International Trade
Commission, which had estimated that the TPP
would increase global GDP by 1.1% by 2030,
while a Tufts University study predicted that
non-members would see GDP decrease by 5.24%,
which is an unusually high calculation. With the
TPP, the world was considering linking 40% of
global GDP, and one-third of all U.S. trade. In
effect, the world teetered between massive
integration, and complete separation. Perhaps a
balanced, and more predictable, approach is
needed going forward (“A Troubling,” 2014).

President Trump, a candidate in 2024, called for
phasing out U.S. trade with China within a half-
dozen years, for 60% tariffs on China, and for a
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10% tariff on all other goods. Diversifying, or
“de-coupling,” trade would indeed reduce risks,
due to current tensions over Taiwan, but finding
whom would fill the void of such trade, such as
Vietnam, for instance, remains unclear. The trade
war in fact caused the U.S. businesses to seek out
new supply chains in Asia. And, the COVID-19
pandemic proved that the U.S. could quickly
manufacture not only medicines, but also other
goods, in short supply. In anticipation of another
trade war, though, sixteen former Nobel Prize
winners in economics, in the Summer of 2024,
predicted in a petition that further tariffs would
harm the U.S. economy.

American security officials also have worried
about issues like Chinese “app” TikTok, used for
posting videos, which could supply data, an
official Chinese “resource,” through Artificial
Intelligence (super computers). And, many U.S.
lawmakers continue to call for removing China
from the WTO, due to an antipathy against
China’s ongoing, over-fifty-year history of
copying U.S. technology. Technology is
complicated by a new, professionalized, growing
class of young, Chinese entrepreneurs.

Future trade deals with China, from this point on,
or with any country, might involve artificial
intelligence, biotechnology, financial services,
cybersecurity, and faster telecommunications, as
well as traditional agriculture, such as soybeans.
These crops again became a focus in Mr. Trump’s
second term. Minerals unearthed globally will be
important for technology. It is possible that
countries might turn to: Import Substitution
Industrialization, which is trying to replace
imports by making them domestically; currency
diversification; or, the creation of new currencies,
like China’s digital yuan. China did indeed
implement a jingoistic program, “Made in China
2025.” In short, the United States and China need
to reimagine a new relationship. The WTO,
though, has suffered from in-fighting, and
discussions have largely remained broken since
the 2015 Doha Round collapsed. Some scholars
argue that there should be separate rounds for
authoritarian, and non-authoritarian countries,
or new rules allowing companies to bring
grievances against censorship.

In conclusion, in 2019, average U.S. tariffs were
the highest since the end of World War II, but not
as high as the Smoot-Hawley Tariff following
World War I, which did not cause, but made
worse, the Great Depression. After WWI,
Germany was supposed to pay reparations to the



U.S.’s European allies, who would then buy U.S.
exports, but this never happened due to
hyperinflation after the war. The U.S. economy
during the Trump years, and even under
President Biden, has been remarkably resilient.
The U.S. stock markets have largely increased,
despite a few “corrections.” Other economic
issues in the U.S. at the time of this writing
include: interest rates and inflation, controlled
mostly by the Federal Reserve; the shortage of
affordable and available housing in the U.S. and
China, alike; the future of the Trump tax cuts; and
the debt ceiling rule, especially considering the
solvency of institutions like Social Security and
Medicare. Further geo-political conflict, though,
would cause much damage to world markets; the
West, and the WTO allies, will need to stay
united.

President Trump’s tariffs in his second
administration would seem to be much more
widespread across the world, and not aimed at a
specific number of imports of U.S. goods from
China or elsewhere, perhaps due to the thoughts
of a different team of Cabinet members. His trade
policies with China did not exactly pick up where
they left off, because only late in his first year of
his second term did he turn to soybeans.
Moreover, Mr. Trump’s intentions seem to speak
to reorient the entire U.S. economy back to
manufacturing, which would seem to be very
ambitious, seeing as future presidents might
reverse his policies, and that American
educational systems would need to be redirected.
However, at what costs should results be
achieved? President Trump’s rhetoric against
internationalism, in creating new political and
economic foes, yet trying to support America
first, may have forced the United States to deal
with more complex international issues in the
future; how that plays out, in the short-term, or
the very long-term, could truly take any
direction.
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Abstract

Against the three-chain integration innovation context, industry-university-research (IUR) collaborative
platforms are core carriers for commercializing scientific outputs. China’s platforms expand rapidly but
suffer fragmented mechanisms, resource mismatch and low conversion rates. Prior studies only analyze
single static mechanisms, ignoring multi-mechanism coupling, staged transformation chains and
nonlinear element synergies, leaving obvious theoretical and empirical deficits. This paper builds a
“Four-Dimensional Mechanism — Synergistic Coupling — Staged Efficiency” framework based on core
theories. Using 2018-2024 provincial panel data from 31 Chinese regions, it adopts chain network DEA,
two-way fixed-effect regression, double-threshold model and fsQCA for empirical tests. Results show
all four mechanisms boost conversion efficiency, with benefit distribution playing the dominant role;
multi-mechanism coupling generates efficiency amplification. Their driving effects rise stepwise
constrained by dual thresholds of resource aggregation and policy support, alongside cross-region,
cross-industry and cross-tier heterogeneous characteristics. This paper supplements the IUR
“mechanism-efficiency” theoretical system and supplies quantitative support for refined platform
management and targeted innovation policies.

Keywords: IUR collaborative innovation platform, operation mechanism, technology transfer
efficiency, chain network DEA, threshold effect, fSQCA, collaborative coupling

1. Introduction technology commercialization rate merely hits
31.7%, with weak industry-academia integration.
China covers all key sectors with IUR platforms,
yet most prioritize construction over daily
operation and output conversion. Common
plights include idle innovation resources,
ambiguous profit-sharing rules, insufficient pilot
funds, information isolation and high R&D risks.

1.1 Research Background

Global innovation competition centers on
industrial innovation ecosystems. Developed
mature university-industry-government systems
deliver higher technology transfer efficiency.
Though China invests heavily in R&D, its 2024
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Superficial resource aggregation fails to form
effective collaboration and hinders
industrialization. Existing literature focuses on
isolated static mechanisms, overlooking multi-

mechanism linkage, staged transformation
chains and nonlinear synergies, while
homogeneous  policy = suggestions  lack

operability. This paper quantitatively unpacks
multi-dimensional operation mechanisms and
their staged efficiency impacts for solid
theoretical and practical value.

1.2 Research Gaps

1) Theory: Studies analyze  separate
mechanisms without a holistic framework,
failing to clarify closed-loop logic linking
multi-agent operation and staged efficiency,
leading to fragmented theories.

Empirics:  Traditional = DEA  treats
transformation as a black box, unable to spot
inefficient stages; linear regressions cannot
identify ~ threshold  constraints  or
configurational  disparities, weakening
explanatory power.

2)

3) Practice: Generic macro proposals lack
quantitative = standards and scenario
differentiation, unable to guide refined

targeted governance for varied platforms.
1.3 Core Research Questions

1)  What constitutes the full four-dimensional
operation system of IUR platforms, and how
do the four mechanisms couple

interactively?

2) How do multi-dimensional mechanisms
exert differentiated impacts on R&D, pilot,
marketization and overall efficiency? Do

significant threshold effects exist?

3) What mechanism portfolios achieve high
conversion efficiency, and  which
mismatched configurations trigger

persistent low performance?

4)  How to design quantifiable scenario-specific
optimization plans considering regional,

industrial and platform-tier heterogeneity?
1.4 Research Innovations

1) Theoretical: Proposes an integrated
framework covering single-mechanism
driving and multi-mechanism collaborative
transmission, fixing fragmentation defects

in existing IUR theories.
2) Empirical: Combines chain network DEA,

panel regression, threshold estimation and
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fsQCA to capture linear, nonlinear and
configurational effects, offering a novel
mixed research paradigm with higher
precision.

3) Practical: Introduces triple heterogeneity
tests across regions, industries and platform
levels, abandoning uniform research logic
and delivering differentiated optimization

paths with stronger practical guidance.

2. Deconstruction of Operation Mechanism and
Deduction of Research Hypotheses

2.1 Connotation Deconstruction of the Four-
Dimensional Operation Mechanism of IUR Platform

The IUR collaborative innovation platform
includes four types of core operation
mechanisms covering the whole process of
achievement transformation, each with its own
functions and supporting each other.

The  resource  collaborative  allocation
mechanism is the foundation of platform
operation. By integrating innovation elements
such as talents, funds, equipment and
technology, it solves the problems of idle
resources, mismatched resources and repeated
investment, and provides core element support
for the R&D and pilot test links.

The benefit co-construction and sharing
distribution mechanism is the key to long-term
school-enterprise collaboration. By clarifying the
rules of intellectual property right confirmation,
revenue sharing and scientific research incentive,
it balances the interest demands of multiple
parties and effectively promotes the market-
oriented landing of achievements.

The whole-process risk prevention and control
mechanism undertakes the innovation bottom-
guarantee function, covering multi-dimensional
risks of R&D, performance, market and policy. It
reduces the cost of innovation trial and error
through risk early warning, loss sharing and
special compensation, and alleviates the pain
points of high investment and high risk in the
pilot test stage.

The information sharing and trust governance
mechanism is the premise of efficient
collaboration. Relying on the digital docking and
credit supervision system, it breaks down
information  barriers, accurately  matches
technical and industrial needs, reduces
collaborative transaction costs, and stabilizes
school-enterprise cooperation relations.

2.2 Interactive Coupling Mechanism of Multi-



Dimensional Operation Mechanisms

The four operation mechanisms do not operate
independently, but a coupling system that
empowers each other and checks and balances
each other. The resource allocation mechanism
provides element and material basis for the
implementation of the other three mechanisms,
and is the premise for the operation of the
collaborative system. Perfect benefit distribution
rules can stimulate the enthusiasm of school-
enterprise collaboration, force the opening of
resources and unimpeded information, and
optimize the overall supply and demand
matching efficiency.

The risk prevention and control mechanism can
avoid the risk of resource investment and income
loss, and the information sharing mechanism
improves the accuracy of element matching and
cooperation negotiation, which together reduce
the uncertainty of collaborative innovation. On
the whole, the four mechanisms are nested,
linked and synergistic to improve efficiency. The
higher the system coupling degree, the stronger
the  enabling effect on  achievement
transformation. The short board of a single
mechanism will form a system bottleneck and
restrict the overall operation efficiency of the
platform.

3. Research Design, Model Construction and
Variable Measurement

3.1 Sample Selection and Data Sources

Research Sample: Select the balanced panel data
of IUR collaborative innovation platforms in 31
provinces, autonomous regions and
municipalities directly under the Central
Government in Chinese mainland from 2018 to
2024, with a time span of 7 years and a theoretical
observation value of 217 (Etzkowitz H &
Leydesdorff L., 1995). After eliminating a small
number of missing extreme values and
performing interpolation processing, there are
217 groups of valid samples without sample
missing.

Data Sources:

(1) Macro scientific and technological innovation
statistical data: China Science and Technology
Statistical Yearbook, China Industrial Enterprise
Science and Technology Activity Statistical Yearbook,
2018-2024 by year;

(2) Provincial special data: annual reports on
scientific technological ~ innovation
development of each province and city, annual

and
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public reports on platform operation of local
science and technology departments;

(3) Patent and industrial data: patent retrieval
database of the State Intellectual Property Office,
high-tech enterprise directory database;

(4) Marketization and financial data: Wind
Science and Technology Innovation Database,
statistical yearbooks of each province.

Data Preprocessing: All continuous variables are
subjected to 1% and 99% two-way tailing
treatment to eliminate the interference of extreme
outliers; missing values are filled by linear
interpolation; all indicators are standardized to
eliminate the difference of dimensions; VIF
variance inflation factor is calculated to test
multicollinearity.

3.2 Empirical Model Construction

3.2.1 Three-Stage Chain Network DEA Efficiency
Measurement Model

Traditional =~ DEA  regards  achievement
transformation as a single input-output black
box, which cannot distinguish the short boards of
phased efficiency. This paper constructs a Chain
Network DEA model, which splits the three
stages of R&D, pilot test and marketization, and
the total comprehensive efficiency is the product
of the three-stage efficiency. The model formula
is as follows:
O1=) i-1mViXik) a=1DUaZak, O2%=) a=1DUdZak
D h=1HGN Wik, O3k=) h=1HGNTWhkYr=1s L1V rk

In the formula: 0,. 0,. 03 are the efficiency of
R&D stage, pilot test transformation stage and
marketization stage in turn; x;; is the R&D input
of the first stage; z,; is the intermediate output of

the stage (patents, laboratory technology), which

is also the input of the pilot test stage; Yy is the

final market-oriented output (number of

industrialization projects, technology transfer

revenue); Aj. p, are the weight coefficients of
each decision-making unit. The model outputs

the phased efficiency TE;. TE,. TE;
comprehensive efficiency TE, which are used as

and

the explained variables of the whole paper.

3.2.2 Two-Way Fixed Effect Benchmark Panel
Regression Model

To test the linear main effect of the four



mechanisms on the comprehensive
transformation efficiency, controlling the dual
fixed effects of individual and time, the model is
set as follows:
TEi=a+p1Resi+p2BenirtfsRisi+Balnfir
+i=1) kykControlkirt pLi+ Ot it

the TE it

comprehensive  achievement

the

transformation

In formula: represents
efficiency of the platform in province i in year t;
Res. Ben. Ris. Inf the

indexes allocation,

are comprehensive

of resource benefit
distribution, risk prevention and control, and
information sharing mechanism respectively;
Control,;, is a set of control variables; p; is the
individual fixed effect of the province; 0, is the
time fixed effect of the year; ¢; is the random
disturbance term; B -B, are the core coefficients
to be estimated, which are expected to be
significantly positive, and B, has the largest

value (Powell T C & Lovallo D., 2020).
3.2.3 Panel Double Threshold Regression Model

Select resource agglomeration degree Resagg

and policy support intensity Pol as threshold

variables, and construct a double threshold

model to test the nonlinear effect:

TEi=a+p1XiI(Resaggi<y1)+p2Xit-I(y1

<Resaggit<y2)+PsXir-I(Resaggi>y2)+k) vk
Controlrirtpitei

Xit

In the formula: is the comprehensive
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coupling index of the four mechanisms; ¢, is the

threshold variable; y . y, are the threshold

critical values calculated by the model; I(-) is the
indicator function, which takes the value of 1

when the conditions in the brackets are met,
otherwise 0; B, B,» B, are the mechanism

empowerment coefficients in different threshold
intervals, which are expected to be f <B,<B..

3.2.4 £sQCA Fuzzy Set Qualitative Comparative
Analysis Model

Take the four operation mechanisms as
conditional variables and high achievement
transformation efficiency as the result variable.
The steps are: indicator calibration — truth table
construction — consistency and coverage
screening, to explore the equivalent high-
efficiency configuration and low-efficiency
obstacle configuration of multiple mechanisms,
and make up for the defect that the regression
model only analyzes the net effect and ignores
the synergy of element combinations.

3.3 Variable Definition and Complete Index System

This paper constructs 24 detailed secondary
indicators, and uses the entropy weight method
to synthesize the comprehensive index of the four
mechanisms. The complete system is shown in
Table 1 below:

Table 1. Variable Measurement Index System

Variable Core Dimension Measurement Content Indicator
Type Attribute
Explained Achievement R&D, pilot test, marketization and | Positive
Variable Transformation Efficiency | comprehensive transformation efficiency

Explanatory | Four-Dimensional Comprehensive index of resource, benefit, | Positive
Variable Operation Mechanism risk and information sharing mechanism

Threshold Element Support | Synthetic index of resource agglomeration | Positive
Variable Condition degree and policy support intensity

Control Regional  Development | Economic level, talent reserve, | Mixed
Variable Characteristics marketization degree, etc.

3.4 Multiple Robustness and Endogeneity Test
Scheme

To ensure the reliability of the empirical
conclusions, four types of test schemes are set:
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1) Variable Replacement Test: Replace the
comprehensive efficiency TE of the
explained variable with the marketization
stage efficiency TE; and re-regress to

observe the sign and significance of the core
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coefficient; 4) Sub-sample Elimination Test: Eliminate the

2) Model Replacement Test: Use Stochastic SPeCial samples of the four municipalities
Frontier Analysis (SFA) to re-measure the d1r”e.ctly under Fhe .Ce“ntral Governm?nt:
achievement transformation efficiency, Beijing, Shanghai, Tianjin and Chongging,
replace the Chain Network DEA results to and re-group regression for the remaining
carry out benchmark regression; 27 provinces.

3) Endogeneity Instrumental Variable Test: 4 Empirical Results and In-Depth Analysis
Take the lagged one period of the four 4.1 Descriptive Statistics of Core Variables
me(.:hanism indexe.s as the instrumental The descriptive statistical results of the core
variable to alleviate the endogenous variables of all 217 groups of observation samples
deviation of two-way causality; are shown in Table 2:

Table 2. Descriptive Statistics of Core Variables

Variable Observation Mean | Standard Minimum Maximum

Value Deviation Value Value
TE Comprehensive | 217 0.628 | 0.152 0.312 0.945
Transformation Efficiency
Res Resource Allocation | 217 0.586 | 0.103 0.295 0.872
Mechanism
Ben Benefit Distribution | 217 0.542 | 0.116 0.268 0.851
Mechanism
Ris Risk Prevention and | 217 0.517 | 0.098 0.253 0.826
Control Mechanism
Inf Information Sharing | 217 0.535 | 0.105 0.271 0.843
Mechanism

From the statistical results, it can be seen that: the
average comprehensive transformation
efficiency of national platforms is only 0.628,
which does not reach the effective frontier as a
whole, and the lowest province is only 0.312, with
a huge regional gap; the mean values of the four
mechanisms are all in the range of 0.5-0.6, and the
mechanism construction is not perfect as a whole;
among them, the mean value of the risk
prevention and control mechanism is the lowest,
which is a common short board of domestic
platforms; the standard deviation of each
variable is in the range of 0.098-0.152, the data
dispersion is moderate, and there are no extreme
outliers. The multicollinearity test shows that the
VIF values of all variables are less than 5, there is
no serious multicollinearity, and the data quality
meets the empirical requirements.

4.2 Analysis of Chain Network DEA Efficiency
Measurement Results

4.2.1 Temporal Evolution Characteristics

From 2018 to 2024, the average comprehensive
efficiency of national platforms increased year by
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year from 0.542 to 0.628, with an average annual
increase of 1.43%, showing a slow improvement
trend as a whole, but the increase range is limited.
Comparison of phased mean values: the average
R&D efficiency is 0.715, the average pilot test
efficiency is 0.564 (Santoro M D & Chakrabarti A
K., 2002), and the average marketization
efficiency is 0.532. The input-output efficiency of
the R&D link is the highest, which proves that
domestic universities have sufficient basic
scientific research output capacity; the efficiency
of the two consecutive stages of pilot test and
marketization has a cliff-like decline, the problem
of “transformation valley” is prominent, and the
industrialization of achievements is the core short
board of the platform.

422 Spatial
Characteristics

Regional Differentiation

Average efficiency by region: 0.736 in the eastern
region, 0.612 in the central region, and 0.508 in
the western region. Relying on the perfect
industrial foundation, sufficient R&D funds and
mature school-enterprise benefit distribution
rules, the eastern provinces have balanced



efficiency in the three stages; the central
provinces have acceptable R&D efficiency, but
lack of pilot test funds and risk compensation
mechanisms; the western provinces have
insufficient  resource  agglomeration and
imperfect policy supporting facilities, and the
whole chain efficiency is comprehensively
backward, with a significant phenomenon of
regional innovation imbalance.

4.3 Analysis of Two-Way Fixed Effect Benchmark
Regression Results

The benchmark regression controls the dual fixed
effects of province and year, and the regression
coefficients of the four mechanisms are all
significantly positive at the 1% level, so
hypothesis H1 is established. The order of

coefficient ~ values:  benefit  distribution
mechanism  p=0426 (p<0.01) > resource
allocation mechanism p=0.358 (p<0.01) >
information  sharing mechanism  $=0.295

(p<0.01) > risk prevention and control mechanism
B=0.263 (p<0.01).

The economic connotation interpretation of the
results:

1) The benefit distribution mechanism has the
highest driving intensity, which proves that
the core pain point restricting achievement
transformation is the unclear division of
school-enterprise income and intellectual
property rights. Improving the rules of
revenue sharing and scientific research
personnel can release the

transformation potential the fastest;

As the basic guarantee, the resource
allocation mechanism, with sufficient and
matched talents, equipment and funds, is a
necessary  condition  for efficiency
improvement;

incentive

2)

3) Theinformation sharing and risk prevention
and control mechanisms provide auxiliary
empowerment, which can alleviate
information barriers and pilot test risk
losses, but the independent effect intensity is
limited, and they need to cooperate with the

other two mechanisms to play their roles;

4)  The regression coefficient of the mechanism
coupling comprehensive index is 0.381
(p<0.01), which confirms that the coupling
and collaboration of multiple mechanisms
have a significant efficiency amplification
effect, hypothesis H2 is established, and the

independent operation effect of a single
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mechanism is far weaker than the
collaborative =~ matching of  multiple
mechanisms.

4.4 Test Results of Panel Double Threshold Effect

The threshold self-sampling test results show
that both resource agglomeration degree and
policy support intensity pass the double
threshold test at 1% significance level, and
hypothesis H3 is established:

1) Double threshold critical values of resource
agglomeration degree: y,=0.412, y,=0.685.
* Low interval (Resagg<0.412): the
mechanism coupling coefficient is
0.184, with a weak enabling effect;
*  Medium interval (0.412<Resagg<0.685):
the coefficient rises to 0.372, with a
substantial increase in marginal effect;
* High interval (Resagg>0.685): the
coefficient is 0.395, which tends to be
stable after a small rise;
2) Double threshold critical values of policy

support intensity: y,=0.386, y,=0.713.
*  Low interval: coefficient 0.169;

. Medium interval: 0.365;

*  High interval: 0.388.

Definition of optimal operation interval: the
platform resource agglomeration degree is
controlled within [0.412,0.685], and the local
policy support intensity is maintained within
[0.386,0.713]. In this interval, the input-output
ratio of mechanism investment is the highest; a
large number of platforms in the central and
western regions are currently in the low
threshold interval, and the investment
mechanism construction is difficult to be fully
converted into industrialization output, with
obvious waste of resource and policy investment
(Schumpeter J A., 1934).

4.5 fsSQCA Configuration Analysis Results

After variable calibration and truth table
screening, 4 groups of high-efficiency
transformation equivalent configurations and 3
groups of low-efficiency obstacle configurations
are obtained:

in

451 Four Types of High-Efficiency
Transformation =~ Configurations  (Equivalent
Paths)

Configuration 1: Perfect benefit distribution +
sufficient resource allocation (core dual drive,
suitable for national-level platforms in the
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eastern region);

Configuration 2: Perfect benefit distribution +
complete information sharing (suitable for small
and medium-sized collaborative platforms in
high-tech industries);

Configuration 3: Sufficient resource allocation +
sound risk prevention and control (suitable for
heavy asset manufacturing pilot test platforms);

Configuration 4: Synchronous and balanced
improvement  of the  four-dimensional
mechanism (the optimal configuration of the
whole chain, only achieved by a few leading
platforms).

The consistency of the four configurations is all
greater than 0.81, and the coverage is more than
0.72, which has statistical explanatory power.

452 Three Types of Typical Low-Efficiency
Obstacle Configurations

Obstacle 1: Lack of benefit distribution
mechanism, while the other three mechanisms
are well constructed, and income disputes block
the industrialization landing;

Obstacle 2: Serious shortage of resource
allocation, if the Dbenefit, risk and
information mechanisms are complete, there is
no element support to carry out the pilot test;

Obstacle 3: Blank information sharing
mechanism, the supply and demand of schools
and enterprises are disconnected, and the R&D
achievements are completely mismatched with
the industrial demand.

even

The configuration analysis explains the efficiency
differentiation problem that the regression model
cannot answer: high transformation efficiency
does not require all four mechanisms to reach an
extremely high level, and a complementary
combination can be formed; however, a serious
short board of any core mechanism will form a
system bottleneck and drag down all
collaborative operation effects.

4.6 Test Results of Triple Heterogeneity Grouping

The grouping regression verifies that hypothesis
H4 is established, and the mechanism enabling
effect has significant hierarchical differences:

* Regional Heterogeneity: The eastern
platforms mainly rely on the benefit
distribution and information sharing
mechanisms; the core drive of the
central platforms is the resource
allocation mechanism; the western
platforms have the highest sensitivity
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to the threshold wvariables of risk
prevention and control and policy
support, and need to give priority to
improving the risk compensation
system.

* Industrial Heterogeneity: The risk
prevention and control and
information sharing mechanisms have
the strongest effect on the platforms of
strategic emerging industries
(biomedicine, semiconductors), with
high R&D trial and error costs and
rapid technological iteration in the

industry; platforms of traditional
equipment manufacturing rely on
resource  allocation and  benefit

distribution to improve transformation
efficiency; the four mechanisms exert
balanced effects on modern service
industry platforms without obvious
primary and secondary priorities.

* Platform Hierarchy Heterogeneity:
National-level platforms can realize

collaborative coupling of multiple
mechanisms with prominent
systematic ~ enabling  advantages;

provincial and municipal platforms
generally only improve the single
resource allocation mechanism, lacking
supporting rules for benefit, risk and
information, insufficient coupling and
collaboration capacity, and a single
operation mode.

4.7 Conclusions of Robustness and Endogeneity Tests

After completing four types of tests including
variable replacement, SFA model substitution,
instrumental variables with one-period lag, and
sub-sample elimination of municipalities directly
under the Central Government, the signs and
significance levels of the core coefficients of the
four core mechanisms are completely consistent
with the benchmark regression, and there is no
essential change in threshold intervals and high-
efficiency configuration paths. The instrumental
variable test for endogeneity effectively alleviates
the two-way causal bias, which proves that all
empirical conclusions of this paper are highly
robust and free from statistical contingency.

5. Identification of Mechanism Shortcomings
and Design of Differentiated Optimization
Paths

5.1 Summary of Core Shortcomings of Current IUR
Platform Operation
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Combined with all empirical results including
efficiency measurement, regression, threshold,
configuration and heterogeneity analysis, four
systematic shortcomings of domestic platforms
are summarized as follows:

First, the mechanism system is fragmented with
low coupling and collaboration degree. Most
platforms only formulate a single rule for
resource and equipment sharing, while
supporting facilities such as benefit distribution,
risk prevention and control, and digital
information platforms lag behind. The four
mechanisms cannot be linked, making it difficult
to release the systematic enabling advantages.

Second, mismatched thresholds of resources and
policies. Most platforms in central and western
regions fall within the low threshold interval of
resource agglomeration and local policy support
intensity, resulting in extremely low marginal
returns of mechanism investment and obvious
waste of resource and policy input.

Third, unbalanced mechanism configuration
with missing core elements. A large number of
platforms fall into three types of low-efficiency
obstacle configurations, either vague revenue
distribution rules, insufficient R&D and pilot test
resources, or blank school-enterprise information
docking channels. A single shortcoming restricts
the operation of the whole industrial chain.

Fourth, homogeneous platform governance
lacking scenario-based differentiated schemes.
Local governments adopt unified standards for
platform construction and operation, failing to
implement classified policies according to
regional industries and platform levels. The same
management system is applied to eastern,
central-western,  emerging industry and
traditional manufacturing platforms, leading to
poor adaptability.

5.2 Targeted Optimization Strategies for Four-
Dimensional Operation Mechanisms

To address the shortcomings of the four-
dimensional operation mechanism of IUR
platforms, a full-range optimized supporting
operation system needs to be established.

*  Resource Allocation Aspect: Build a
dynamic resource matching system
based on industrial demand, promote
cross-regional sharing of scientific
research equipment and flexible flow of
talents, increase special investment in
pilot test equipment for central and

western platforms, raise regional
resource agglomeration to the optimal
threshold standard, revitalize idle
scientific research equipment, and
strictly control resource waste and
idleness.

*  Benefit Distribution Aspect: Establish
standardized hierarchical confirmation
of intellectual property rights and
differentiated revenue distribution
systems, raise the proportion of income
from achievement transformation for
scientific researchers, and rely on third-
party mediation institutions to resolve
school-enterprise benefit disputes, so
as to fundamentally eliminate low
transformation efficiency caused by
unbalanced benefit distribution.

*  Risk Prevention and Control Aspect:
Set up provincial special funds for pilot
test risk compensation, clarify the risk-
sharing ratio between universities and
enterprises, build a full-process
technical risk early warning system,
prioritize the implementation of risk
guarantee policies for western regions
and strategic emerging industry
platforms, and ease the restriction of
high risks in pilot test links.

* Information Governance Aspect:
Build a unified digital provincial ITUR
supply-demand docking platform to
realize accurate matching between
technical demands and scientific
research achievements, establish a
linkage mechanism between school-

enterprise  credit evaluation and
financial subsidies, eliminate
achievement mismatches caused by
information asymmetry, and

consolidate the foundation for long-
term multi-agent collaboration.

5.3 Scenario-Based Differentiated Efficient Operation
Paths

Based on the triple heterogeneity characteristics
of regions, industries and platform levels, the
homogeneous governance model must be
abandoned and scenario-based differentiated
platform optimization paths implemented.

*  Regional Level: Eastern regions shall
focus on improving information
sharing and benefit distribution
systems to build ecological innovation



platforms  with  coupled  multi-
mechanisms; central regions shall
prioritize remedying shortcomings in
R&D and pilot test resources to push
resource agglomeration across the
optimal threshold; western regions
shall rely on special scientific and
technological innovation policies and
risk compensation mechanisms to
make up for inherent insufficient
resource endowments.

* Industrial Level: Platforms for
strategic emerging industries shall
focus on constructing risk early
warning and digital information
systems to adapt to the industry’s high
trial-and-error  cost and  rapid
technology iteration characteristics;
traditional manufacturing platforms
shall prioritize updating pilot test
production resources and optimizing
revenue distribution rules to accelerate
the industrialization of mature
technologies; modern service industry
platforms shall balance and improve all
types of mechanisms to build
lightweight  information  docking
collaborative systems.

*  Platform Hierarchy Level: National-
level  platforms  shall advance
collaborative  coupling of four-
dimensional mechanisms to build full-
chain  innovation = demonstration
carriers; provincial and municipal
platforms shall target their own
shortcomings and selectively improve
supporting mechanisms such as benefit
distribution and risk prevention and

control, avoiding operational
imbalance caused by single resource
input.

6. Research Conclusions and Prospects
6.1 Core Conclusions

Based on 2018-2024 panel data of IUR platforms
across 31 Chinese provinces, this paper integrates
chain network DEA (Williamson O E., 1985), two-
way fixed-effect regression, double-threshold
model and fsQCA and reaches four findings:

1) Resource allocation, benefit sharing, risk
control and information governance all
significantly raise transformation efficiency;
benefit sharing acts as the core driver. Joint

operation of multiple mechanisms creates
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an efficiency amplification effect superior to
single-mechanism work.

2)  Mechanism coupling has double thresholds:
optimal resource aggregation ranges [0.412,
0.685], optimal policy support [0.386, 0.713].
Most central and western platforms fall in

low-threshold zones with low input returns.

3) Four equivalent high-efficiency mechanism
portfolios are identified. Meanwhile, three
inefficient obstacle modes exist; any
defective core mechanism will block the

whole industrial chain.

4)  Mechanism effects feature triple
heterogeneity in regions, industries and
platform tiers. Eastern areas, emerging
industries and national platforms rely on
multi-mechanism coupling, while other
subjects need  customized targeted

governance.
6.2 Research Prospects

Three research expansions are proposed to
address limitations: First, introduce micro firm-
level data to compare macro-micro differences
and analyze firm characteristic moderating
effects. Second, adopt dynamic efficiency
evaluation and system dynamics to simulate
long-term coupling evolution of the four
mechanisms. Third, add cross-provincial IUR
platform samples to expand research on inter-
regional collaborative governance.
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Abstract

Regional logistics serves as a critical pillar supporting the efficient circulation of industrial and supply
chains. Aiming at prominent challenges in current regional logistics, including fragmented multi-source
data, severe resource mismatches, and static & rigid scheduling modes, traditional approaches fail to
cope with complex logistics scenarios compounded by order fluctuations, traffic disruptions and
meteorological disturbances. This paper constructs a hierarchical fusion framework for multi-source
heterogeneous regional logistics data, integrating Internet of Things (IoT) perception data, order data,
geographic transportation data, meteorological data and supply chain ledger data. An entropy weight-
attention improved fusion model is adopted to realize accurate feature reconstruction for logistics data
with high noise and missing values.

On this basis, a multi-constraint mathematical model for logistics resource supply-demand matching is
established, and an improved Proximal Policy Optimization (PPO) reinforcement learning matching
algorithm is designed. A multi-objective reward function balancing cost, timeliness, resource utilization
rate and carbon emissions is constructed to complete dynamic intelligent matching of transportation
capacity, warehousing and distribution nodes. Meanwhile, a closed-loop management and control
mechanism of “Perception-Matching-Scheduling-Execution-Feedback” is built, and a regional logistics
intelligent control system is developed based on cloud-edge collaboration. Simulation experiments are
carried out using real logistics data of a domestic metropolitan area from 2024 to 2025. The results show
that compared with traditional algorithms, the proposed method improves matching accuracy by
12.47%, reduces resource idle rate by 9.62%, shortens supply chain turnover time by 14.13%, and
achieves excellent robustness under order peak and sudden disturbance scenarios. This research
provides effective theoretical models and engineering practical schemes for integrated management &
control of regional smart logistics and flexible coordination of supply chains. (Sun X & Wang H., 2025)

Keywords: multi-source data fusion, regional logistics resources, intelligent matching, supply chain
integration, closed-loop control, improved PPO algorithm, cloud-edge collaboration, multi-objective
optimization, smart logistics, disturbance adaptability, resource pooling, logistics scheduling, IoT
perception, low-carbon logistics
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1. Introduction
1.1 Research Background and Problem Statement

Current logistics systems face obvious practical
drawbacks. Up to 18% of multi-source
heterogeneous logistics data contains missing
values and noise, causing matching and decision
errors. Conventional static ~ open-loop
optimization algorithms poorly adapt to
dynamic changes like order surges and traffic
fluctuations. Slow information exchange between
supply chain parties leads to 43% of supply chain
interruptions, as existing platforms lack closed-
loop adjustment and robust intelligent
scheduling support. To tackle these industrial
pain points, this paper studies multi-source data
fusion-based regional logistics intelligent
matching and supply chain integrated closed-
loop control, with solid theoretical and practical
engineering value.

1.2 Review of Domestic and Foreign Research Status

Traditional three-tier logistics data fusion
algorithms show unstable performance, with
18%—24% feature distortion amid faulty data and
offline systems, and cannot fit multi-stakeholder
regional logistics scenarios. Classic optimization
algorithms easily get trapped in local optima
under massive dynamic orders; mainstream deep
reinforcement learning schedulers only optimize
single metrics (cost or timeliness), ignoring multi-
dimensional limits such as warehouse capacity
and carbon emissions.

Most supply chain integration research focuses
on internal coordination of single firms, with few
studies on cross-enterprise closed-loop regional
logistics control. Existing smart logistics
platforms merely visualize basic workflows
without full “Perception-Decision-Execution-
Feedback” closed loops, unable to quickly
respond to market shocks. While cloud-edge
collaboration frameworks are widely adopted, a
unified solution combining data fusion,
intelligent matching and closed-loop control is
still absent. This paper addresses the three core
research gaps summarized above.

1.3 Research Content and Scientific Questions
Three key scientific questions are explored:

1) How to clean, align and hierarchically fuse
multi-source heterogeneous logistics data
(IoT records, business forms,
spatiotemporal weather data) to reduce bias

from noise and missing data;

2) How to build a dynamic intelligent
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matching model under cost, timeliness, load
and carbon emission constraints to optimize
regional logistics supply-demand
allocation;

3) How to design a supply chain closed-loop
integrated control mechanism and develop
a verifiable cloud-edge collaborative

intelligent control system.

Main research work: build a regional logistics
multi-source data system and an entropy weight-
attention hierarchical fusion model; construct a
logistics resource matching mathematical model
and an enhanced multi-objective PPO matching
algorithm; establish supply chain closed-loop
collaborative control logic; fully develop the
control system; validate the model via ablation
tests and real-data multi-scenario comparisons.

1.4 Research Innovations

1) Model Innovation: Propose an entropy
weight-attention hierarchical multi-source
data fusion model. Dynamic weighting
across data-feature-decision layers
improves heterogeneous time-series data
fusion and suppresses noise interference for

downstream decisions.

2) Algorithm Innovation: Optimize PPO
reinforcement learning for multi-constraint
logistics scenarios. A multi-objective reward
function balances cost, timeliness, resource
utilization and carbon emissions to boost
matching  stability = amid  dynamic
disruptions.

3) Mechanism Innovation: Put forward a full
“Perception-Matching-Scheduling-

Execution-Feedback” supply chain closed-
loop  control  framework, enabling
disturbance recognition and adaptive
rescheduling to overcome open-loop

scheduling’s slow emergency response.

4) Engineering Innovation: Fully deploy all
algorithms into a modular cloud-edge
collaborative ~ control ~ system  with
encapsulated fusion, matching and closed-
loop control modules, realizing the
conversion of theoretical models into usable

commercial logistics platforms.

2. Relevant Theories
Foundations

and Key Technical

2.1 Regional Logistics Resources and Supply Chain
Coordination Theory

Regional logistics resources are divided into



o

PARADIGH

supply set S and demand set D.

Supply  set: 5=51,55,...5, ,  covering
transportation capacity, warehousing bays,
transit nodes and loading/unloading equipment;

Demand set: D=D,,D,,...D, , representing
logistics orders to be executed within the region,
with each order containing attributes such as
origin, destination, cargo weight, time window
and commodity category.

Supply chain integration is split into horizontal
integration and vertical integration. Horizontal
integration refers to overall scheduling of
homogeneous logistics resources, e.g., pooled
management of transport vehicles and
warehousing nodes across multiple enterprises.
Vertical integration connects the full business
chain covering order issuance, warehouse
picking,  trunk transportation,  terminal
distribution and information feedback. Robust
closed-loop  control  theory  emphasizes
continuous collection of external system state
information and feedback of execution results to
decision-making wunits, which automatically
revise decision outputs when system states
deviate from expected targets. This idea can be
migrated to the dynamic scheduling scenario of
regional logistics supply chains. (Lu Y., 2025)

2.2 Basic Theory of Multi-Source Heterogeneous Data
Fusion

Three foundational levels of data fusion are
defined as follows:

1) Data-level Fusion: Registration and merging
at the raw data level, retaining original
detailed information with high

requirements on data integrity;

2) Feature-level Fusion: Extracting feature
vectors from different data sources to
complete feature transformation, screening
and fusion, serving as the core processing

layer for heterogeneous data;

3) Decision-level Fusion: Receiving local
decision outputs from multiple subsystems
to complete comprehensive judgment of

global decisions.

Assume there are k groups of heterogeneous
data sources, with feature vector x; (i=1,2,...k)
extracted from each source, and the fused output
feature vector denoted as X. The fusion process
can be abstracted as: X=F(xy,x,,...,xi, W).

Where F(-) denotes the fusion mapping
function, and W represents the weight matrix
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corresponding to each data source. Traditional
fixed-weight methods treat W as a constant
matrix, while this paper introduces entropy
weight and attention mechanism to enable
dynamic adjustment of the weight matrix with
samples.

2.3 Multi-Objective Optimization and Reinforcement
Learning Fundamentals

The mathematical formulation of multi-objective
optimization problems is as follows:

Where z represents decision variables; f1""'fp
stand for multiple optimization objectives; g,
and h; are inequality and equality constraints
respectively. ~ Multi-objective ~ optimization
generally has no unique global optimal solution,
and a Pareto optimal solution set is obtained,
from which a compromised optimal scheme is
selected according to business preferences.

PPO (Proximal Policy Optimization) is a policy
gradient reinforcement learning algorithm that
avoids severe oscillation of policy updates by
limiting the gap between old and new policies. Its
objective function is defined as:

L (0)=E,[min(r,(0)A, clip(r,(0),1-€,1+€)A,)|

mo(a;sy)

rt(9)= neold (at | Sf)

Where 1,(0) denotes the policy ratio, A; is the

advantage function, and € represents the

clipping hyperparameter. On the basis of vanilla
PPO, this paper adds an attention layer to weight
and filter state features, adapting to the high-

dimensional state space of logistics.

2.4  Technical  Foundations of  Cloud-Edge
Collaborative Systems

The cloud-edge collaborative architecture splits
computing tasks between edge nodes and cloud
servers. Edge nodes locally complete collection,
preliminary cleaning and lightweight inference
of on-site IoT data to reduce network bandwidth
pressure; the cloud undertakes global multi-
source data fusion, large-scale model inference of
reinforcement learning and global supply chain
decision-making. Edge nodes and the cloud
exchange data via message queues, realizing a
distributed operation mode of “local lightweight
processing at edges, global optimization on the
cloud”.

3. Analysis of Multi-Source Data Features and
Construction of Hierarchical Fusion Model for
Regional Logistics



3.1 Multi-Source Data System and Feature Statistics
of Regional Logistics

The dataset adopted in this paper originates from
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real business libraries of regional logistics in a
metropolitan area during 2024-2025, covering
five categories of data sources. The statistical
overview is shown in Table 1.

Table 1. Statistical Summary of Multi-Source Regional Logistics Data Composition

Sample Missing | Noise
Data Category Data Content Data Type Volume Rate Ratio
IoT Percention Vehicle GPS, warehouse | Time-series
Data P temperature & humidity, | numerical 486,200 11.36% 7.82%
equipment status data
. Order ID, cargo volume,
Order Transaction | ioi) & destination, time | S0V 017400 | 4.25% 2.17%
Data . business data
window
. Node coordinates, road .
GIS Geospatial network distance, road Spatial vector 3,260 0 0
Data data
grade
Traffic- Road  section traffic | Time-series
Meteorological speed, precipitation, | numerical 134,800 8.71% 4.43%
Time-Series Data | wind force, temperature data
Enterprise inventory,
Supply Chain V\{areh.ouse occupancy, Stru.c:tured 89,300 6.54% 3.26%
Ledger Data historical  performance | business data
records

It can be observed from Table 1 that IoT
perception and traffic-meteorological time-series
data feature significantly higher missing and
noise ratios than business ledger data. Different
data sources differ drastically in dimension and
sampling frequency, forming a typical multi-
source heterogeneous dataset. Major data
challenges include time-series segment missing
caused by temporary sensor disconnection,
abnormal coordinate points from GPS drift,
inconsistent coding standards across business
systems, and unsynchronized alignment of
temporal-spatial dimensions. (Wang X, Chen L &
Zhang Y., 2023)

3.2 Preprocessing Workflow for Multi-Source Data

Preprocessing is divided into three steps: data
cleaning, standardization and spatio-temporal
alignment.

1) Data Cleaning: The 30 criterion is adopted to
identify numerical outliers; linear
interpolation combined with adjacent
historical segments is used for adaptive
filling of time-series missing values;
business fields with missing entries are

marked as invalid samples or supplemented
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based on historical homogeneous samples
per business rules. Duplicate records are
deduplicated.

2) Data Standardization: Numerical features
are mapped to the interval [0,1] via min-
max normalization:

x*: XX min

Ximax=Xmin

Categorical text features are converted via
one-hot encoding; geographic coordinates
are uniformly converted to the WGS-84
coordinate system.

3) Spatio-Temporal Alignment: All data are
aligned to 5-minute time slices, and a unified
spatial reference benchmark is adopted for
all logistics nodes and vehicle positions,
realizing temporal and spatial alignment of

data from diverse sources.

3.3 Entropy Weight-Attention Improved Hierarchical
Data Fusion Model

This paper adopts a three-layer fusion
architecture consisting of data level, feature level
and decision level.

1) Data-level Fusion Layer: Completes



cleaning and spatio-temporal alignment of
raw data, outputting
standardized preprocessed raw datasets
without in-depth feature transformation.

time-series

2) Feature-level Fusion Layer (Core Module):
Basic feature sets are first extracted from
each category of data sources, and the
entropy weight method is used to calculate
objective weights for each data source. The

entropy calculation formula is:

1 n
EJFZ Pylnp;

Where E; denotes the entropy value of the j-th
feature, and p_ represents the probability of
feature values. A smaller entropy value indicates
higher information content of the feature. Initial
objective weights are derived from entropy
values. Subsequently, self-attention mechanism
is introduced to dynamically reweight internal
sub-dimensions of different features, capturing
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internal  correlations
outputting fused
comprehensive feature vectors.

3)

among features and
high-dimensional

Decision-level Fusion Layer: Receives
output vectors from the feature layer as well
as local judgment results of partial business
subsystems to complete high-level decision
fusion, outputting supply resource state
vectors and demand order state vectors

directly for the upper matching model.

The overall input of the fusion model is five
categories of preprocessed multi-source data,
and the output is a standardized state feature
matrix of the regional logistics system.

3.4 Evaluation and Comparison of Fusion Models

Three indicators including feature integrity,
feature redundancy and time-series consistency
are selected to evaluate fusion performance. The
proposed model is compared with Kalman filter
fusion, simple weighted fusion and D-S evidence
fusion, with results presented in Table 2.

Table 2. Performance Comparison of Different Data Fusion Models

Fusion Model Feature Feature Time-Series
Integrity /% Redundancy /% Consistency /%

Kalman Filter Fusion 82.31 18.74 83.62

Simple Weighted Fusion 78.65 22.16 79.47

D-S Evidence Fusion 84.27 16.39 84.80

Pr.opose(% Entropy Weight-Attention 91.53 9.28 9 46

Hierarchical Fusion

Results in Table 2 demonstrate that the proposed
hierarchical ~ fusion = model  outperforms
comparative methods significantly in feature
integrity and time-series consistency, while
effectively reducing feature redundancy. After
fusion processing, feature distortion caused by
raw data noise and missing values is drastically
suppressed, providing high-quality input for
subsequent resource matching algorithms.

4. Intelligent Matching Model of Logistics
Resources Based on Multi-Source Fusion
Features

4.1 Mathematical Description and Constraints of
Resource Matching Problem

After outputting system states via the fusion
model, resource matching essentially allocates
demand order set D to supply resource set S
under multiple constraints. A 0-1 decision
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variable z; is defined as:
Constraints:

1) Capacity & warehousing constraint: Total
cargo volume of orders undertaken by
resource S; shall not exceed the rated load

upper limit;

2) Time window constraint: Orders must be
received and delivered within the specified

time window;

3) Spatial reachability constraint: Resources
can cover the geographic service scope of

orders;

Hard business constraint: Restrictions on
matching hazardous goods and special
cargo with  corresponding transport
resources.

4)

Four optimization objectives are defined:



minimization
minimization

of comprehensive logistics cost,
of total order delivery duration,
minimization of resource idle rate, and
minimization of carbon emissions. This
constitutes a typical multi-constraint and multi-
objective combinatorial optimization problem.

4.2 Design of Improved PPO Intelligent Matching
Algorithm

The state space s; of reinforcement learning is
constructed from fusion features output in
Chapter 3, with state vectors containing order
demand features, vehicle & warehousing supply
states, traffic and meteorological environmental
features. The action space a; represents
allocation actions between orders and resources.

A multi-objective composite reward function R;
is designed as follows:

Rt=w1 Rcost+w2Rtime+w3 Rutil+w4 Rcarbon +Rpena1ty

Where R, cost reward term, Ry

timeliness reward term, R resource
utilization reward term, R ipon carbon
emission reward term, Rpepay = penalty term
for constraint violation (negative reward

imposed once hard constraints of load and time
window are violated); w;,w, w3 ws denote
weights of each term.

An attention layer is added before the PPO policy
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network to automatically assign attention
weights to high-dimensional state features,
strengthening focus on key features such as order
time windows and load limits while lowering
interference from irrelevant features. During
model training, experience replay is adopted to
collect samples and clipped policy updates are
executed; during online inference, real-time
fusion features are received to output optimal
order-resource ~ matching  schemes. An
incremental learning mechanism is configured:
when drastic state shifts occur in the regional
logistics system, the model can complete iterative
updates with small samples without full
retraining.

4.3 Experiment and Result Analysis of Matching
Model

Experimental Environment: Python3.9,
PyTorch1.13; Hardware: Intel Xeon 8375C CPU,
24GB video memory. Comparative algorithms
include PSO particle swarm optimization, vanilla
PPO and static weighted matching (Liu S, Li ] &
Han Y., 2024). Evaluation indicators: matching
accuracy, average resource idle rate, average
completion duration per batch of orders. Two test
scenarios (normal operation and order peak) are
set, and experimental results are shown in Table
3.

Table 3. Test Result Comparison of Different Matching Algorithms

Algorithm Scenario Matching Average Resource | Average Order
Accuracy (%) | Idle Rate (%) Completion Duration /h
PSO Particle Swarm | Normal 81.26 18.41 11.72
Optimization Operation
PSO Particle Swarm | Order Peak | 72.53 23.68 16.35
Optimization
Vanilla PPO Normal 86.74 14.75 9.86
Operation
Vanilla PPO Order Peak | 78.31 18.94 13.27
Proposed Improved | Normal 93.73 8.79 8.14
PPO Operation
Proposed Improved | Order Peak | 85.00 12.32 10.69
PPO

It can be seen from Table 3 that the proposed
improved  PPO  algorithm  outperforms
comparative algorithms comprehensively under
both normal and order peak scenarios.
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Compared with PSO, matching accuracy rises by
12.47% and resource idle rate drops by 9.62%
under normal scenarios, and favorable
performance is maintained during order peaks,



verifying the algorithm’s capacity to cope with
business volume fluctuations.

Further ablation experiments are conducted to
verify the contribution of two innovative
modules: attention layer and multi-objective
composite reward function, as shown in Table 4.

Table 4. Ablation Experiments of Matching

Model

Model Matching | Resource
Configuration Accuracy | Idle Rate

(%) (%)
Remove  Attention
Layer +  Single- | 82.45 17.20
Objective Reward
Add Attention Layer
+  Single-Objective | 86.81 14.63
Reward
No Attention Layer +
Multi-Objective 88.24 12.97
Reward
Full Model
(Attention Layer +
Multi-Objective 93.73 879
Reward)

Ablation results prove that both attention feature
screening mechanism and multi-objective
composite reward function positively boost
model performance, and optimal performance is
achieved when the two modules are deployed
simultaneously.

5. Closed-Loop  Collaborative = Control
Mechanism for Supply Chain Integration

5.1 Analysis of Fragmentation Problems in Regional
Supply Chains

Regional logistics supply chains involve multiple
participants including cargo owners, third-party
logistics providers, warehousing parks, transport
fleets and terminal delivery teams. In traditional
operation modes, matching results are directly
issued for execution without continuous
collection and feedback of execution status.
When disruptions such as road congestion,
vehicle breakdowns and temporary order
changes emerge, the system cannot trigger
automatic rescheduling and requires manual
intervention, leading to delivery delays and
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resource waste. Disturbances are categorized into
three types:

*  Periodic disturbances: e.g., morning and
evening rush hour traffic congestion;

. Random sudden disturbances: vehicle

breakdowns, extreme weather;

*  Business disturbances: sharp surge in order
volume, revision of order information.

5.2 Multi-Level Architecture for Supply Chain
Integration

Supply chain integration is realized from three
levels:

1) Resource Layer Integration: A dynamic
global resource ledger is obtained via multi-
source fusion, with scattered transportation
capacity and warehousing nodes affiliated
to different enterprises managed logically in
a pooled manner to form a unified global

resource status view;

2) Business Chain Layer Integration: The full
business link covering order receiving,
warehouse picking, resource matching,
transport scheduling, delivery signing and
result feedback is connected to eliminate

information gaps between links;

3) Multi-Participant  Coordination = Layer
Integration: =~ Standardized information
interaction interfaces are established to
realize mutual access to status information
among cargo owners, logistics service

providers and warehousing nodes.

5.3  Operation  Mechanism  of  Closed-Loop

Collaborative Control

This paper constructs a closed-loop control logic
of “Perception-Matching-Scheduling-Execution-
Feedback-Re-Decision”.

1) Perception Link: Continuous collection of
IoT and business system data, which is sent
to the multi-source data fusion module to

update the global system state in real time;

Matching Link: Call the improved PPO
model in Chapter 4 to output resource
matching schemes;

2)

3) Scheduling Issuance Link: Convert
matching schemes into specific operation
instructions and issue them to vehicle and

warehouse terminals;
4) Execution Monitoring Link: Persistent

collection of on-site execution status;

5) Disturbance Identification & Feedback Link:



Disturbance discrimination thresholds are
set to compare deviations between actual
execution status and planned status.
Disturbances are confirmed when
deviations exceed thresholds;

6) Re-Decision Link: Trigger recalculation of
the model to generate adjusted matching &
scheduling schemes, realizing closed-loop

adaptive regulation.

The abstract expression of closed-loop control
logic is:

Where X; =fused system state at time t; M(-)
intelligent matching mapping function; Y;
output scheduling scheme; E(Y;) = execution
feedback information; &, = external random
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disturbance; F(-) = fusion update function.
Execution feedback and external disturbances
jointly participate in the update of system states
at the next time step to realize closed-loop
iteration.

5.4 Simulation Verification of Closed-Loop Control
Mechanism

A sudden vehicle breakdown disturbance
scenario is set for simulation: partial transport
capacity fails randomly at simulation time step
120 (Chen H, Wang Q & Zhao K., 2025).
Traditional open-loop scheduling (no adjustment
after matching output) and the proposed closed-
loop control mechanism are compared on supply
chain operation indicators, as shown in Table 5.

Table 5. Comparison Between Closed-Loop and Open-Loop Modes Under Sudden Disturbance

Scenarios
Operation Mode Order Fulfillment | Average Delay | Resource  Reallocation
Rate (%) Duration /h Response Time /s
Traditional Open-Loop | 74.18 3.86 —
Scheduling
Proposed Closed-Loop | 90.52 1.41 2.86
Collaborative Control

Under the disturbance of sudden transport
capacity failure, the closed-loop control
mechanism can rapidly identify abnormalities
and complete resource reallocation, greatly
lifting the order fulfillment rate. This verifies that
the closed-loop integrated control mechanism

effectively enhances the supply chain’s
adaptability to sudden disturbances.
6. Overall Design and Engineering

Implementation of Intelligent Control System

6.1 System Design Objectives and Principles
Objectives

Support multi-source logistics data access &
layered fusion, regional logistics intelligent
matching, supply chain closed-loop collaborative
scheduling, visual operation panels, and stable
high-concurrency operation under disturbances.

Principles

Hierarchical modular decoupling, cloud-edge
distributed  computing,  algorithm-business
separation, extensible interfaces for iteration,
data access security and permission isolation.

6.2 Four-Layer System Architecture

The system consists of Perception Access, Data
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Fusion Governance, Intelligent Decision and
Business Application Layers.

1) Perception Access Layer: Collect 10T, GIS,
business, meteorology and traffic data; edge
nodes preprocess raw data and forward
standardized data to cloud via message

queues.

2) Data Fusion Governance Layer: Integrate
data cleaning, spatio-temporal alignment,
entropy  weight-attention fusion and
distributed storage modules to generate

fused features for upper decision-making.

3) Intelligent Decision Layer (Core): Wrap
improved PPO matching, disturbance
identification closed-loop  control
modules. It outputs matching schemes and

scheduling instructions via API services.

and

4) Business Application Layer: Visual
dashboard covers resource monitoring,
order management, matching scheme
display, supply chain tracking, abnormal
alerts,  statistics user  rights

management.

Backend adopts SpringBoot microservices;
InfluxDB stores IoT time-series data and MySQL

and



for business orders. Frontend is Vue-based;
reinforcement learning models are deployed as
inference services.

6.3 Core Module Implementation
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rescheduling and record all adjustment logs.

4) Visual Early Warning Module: Display
regional resource layout, real-time orders
and operational indicators with pop-up

alerts for overload and performance risks.

1) Multi-Source Data Fusion Module:
Configure multi-source access, execute 7. Comprehensive Experimental Verification
cleaning, normalization and layered fusion, and Result Analysis
provide feature query APIs and full process 7.1 Experimental Setup & Metrics
logs.
8 . . Hardware: 2 cloud servers + 4 edge gateways.
2) Intelligent Matching Module: Accept batch Software: OS, databases, middleware and model
orders, invoke 1mproved PPQ mode.ls o inference services. A metropolitan logistics
output Pareto optimal matching candidate 4,5t is split into 70% training, 15% validation
sets. and 15% test subsets. Metrics cover data fusion,
3) Closed-Loop Control Module: resource matching and system operation
Continuously listen to execution feedback, performance.
identify = disturbances, trigger  auto- 7.2 Comparative Experiments
Table 6. compares the proposed system against traditional Platform A under normal, peak and
disturbance scenarios
Indicator Platform A Proposed System Optimization
Matching Accuracy 80.14% 91.78% +11.64%
Resource Idle Rate 17.35% 7.73% -9.62%
Order Cycle Duration 12.03 h 10.33 h -14.13%
Disturbance Fulfillment Rate 73.66% 89.84% +16.18%
Single Batch Inference Latency 426 ms 274 ms -35.68%
Results prove obvious performance gains in 1) An entropy weight-attention layered
matching precision, resource utilization, delivery fusion model processes five
cycle, anti-disturbance capacity and inference heterogeneous logistics data types,

speed. Data fusion improves input quality;
optimized PPO elevates allocation efficiency;
closed-loop  control  greatly  strengthens
emergency order handling.

7.3 Result Discussion

Massive order surges slightly reduce matching
accuracy due to expanded state space. Future
work will adopt lightweight models and heuristic
pre-filtering to mitigate this issue. Experiments
fully validate the integrated engineering scheme
of data fusion, intelligent matching and closed-
loop control.

8. Conclusions and Future Prospects
8.1 Research Conclusions

Aiming at fragmented logistics data, static
matching rules and missing supply chain closed-
loop regulation, this paper completes modeling,
algorithm optimization, mechanism design and
system development with four core outcomes:

57

suppressing noise and missing-value
interference and boosting feature
integrity.

A multi-constraint matching
mathematical model and attention-
enhanced PPO algorithm with multi-
objective reward balance cost,
timeliness, utilization and carbon
emissions; ablation tests verify its
superiority.

2)

3) A full closed-loop control framework
“Perception-Matching-Scheduling-
Execution-Feedback-Re-Decision”
significantly improves fulfillment under
vehicle breakdown and other sudden

disruptions.

4) A four-layer cloud-edge collaborative
intelligent control system is fully
developed. Real-data tests show 11.64%

higher matching accuracy and 14.13%
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shorter order cycles versus traditional
platforms, verifying engineering
practicability.

8.2 Limitations

The dataset only covers one metropolitan area;
cross-provincial generalization needs further
validation. Ultra-large order volumes increase
inference overhead. The research simplifies
multi-stakeholder game relations without
detailed interest analysis.

8.3 Future Research Directions

1) Adopt large language models to parse
complex business semantics and deduce
disturbance logic for robust abnormal
scenario decision-making.

2) Integrate digital twin simulation for large-
scale logistics scenario deduction.

3) Embed full-link refined carbon footprint
calculation into optimization objectives to
advance green logistics matching under
dual-carbon goals.
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Abstract

In recent years, Chinese live commerce has shifted from growth driven largely by traffic dividends to a
model that places greater emphasis on refined operations. This transition has developed several
potentially transferable capabilities, including the integration of content-driven live selling and shelf-
based e-commerce, data-informed product selection, and flexible supply chain response. The U.S.
TikTok e-commerce market provides new opportunities for cross-border sellers, particularly in beauty
and fashion, where products are highly visual and well suited to live demonstration and impulse-driven
purchasing. Using the cross-border practices of New Start Plus Agency as a case study, this paper
examines differences between Chinese and U.S. live commerce in traffic acquisition, consumer behavior,
content presentation, conversion, and fulfillment. It argues that the Chinese live-commerce model
cannot be transferred directly to the U.S. market. Its operational capabilities need to be adapted through
localized product selection, culturally appropriate content, and more responsive supply chain
coordination. The paper also examines the organizational requirements for scaling operations from two
to six live studios. The analysis provides practical insights into how Chinese live-commerce capabilities
can be adapted, rather than simply replicated, in the U.S. beauty and fashion market.

Keywords: live commerce, cross-border trade, TikTok E-commerce

1. Introduction to the North American consumer market for
Chinese cross-border sellers. The content
ecosystem combining short videos with
livestreaming, the algorithm-driven traffic
distribution mechanism, and a competitive
landscape still in its nurturing stage provide a
natural breeding ground for the migration of
Chinese live commerce experience. Since its
inception, New Start Plus Agency has focused on

With its content-driven, real-time interactive
sales model, Chinese live commerce has
profoundly altered the operational logic of the
retail industry. As the market scale reaches
trillions of yuan, leading enterprises have begun
looking overseas to find new growth
opportunities. The rapid development of US
TikTok e-commerce has opened a digital gateway
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beauty and fashion categories—such as wigs,
hair bundles, false eyelashes, and women’s
bags—targeting the North American female
consumer market. It has progressively
established a comprehensive operational system
covering team management, livestreaming
workflows, ad placement, and short-video
content marketing. Currently, the livestreaming
channel GMYV has surpassed $10 million, with a
total transaction volume of $30 million across all
TikTok shops on the platform. Based on the cross-
border practices of New Start Plus Agency, this
paper systematically researches the key strategies
for migrating China’s live commerce model to the
US beauty and fashion industry.

2. Comparative Analysis of Chinese and US
Live Commerce Strategies

2.1 Differences in Traffic Ecosystems and Content
Distribution Logic

The Chinese live commerce traffic ecosystem is
dominated by three major platforms: Douyin,
Kuaishou, and Taobao Live, each with distinct
traffic distribution mechanisms. Douyin relies
heavily on content recommendation algorithms,
meaning live studio traffic depends largely on
short-video traffic redirection and real-time
interaction metrics. Conversely, the US TikTok e-
commerce ecosystem uses short videos as its
traffic entry point, as live commerce is still in the
stage of user education. The platform’s algorithm
heavily weights content recommendation; the
correlation between follower counts and live
studio traffic is weaker than in China, allowing
high-quality content from small-and-medium
accounts to gain massive exposure. Additionally,
users trust creator recommendations and user
reviews much more than brand-hosted
livestreams, meaning brand trust takes longer to
build. During its US operations, New Start Plus
Agency discovered that short-video content
carries significantly more weight in driving
traffic conversion than on domestic
platforms. A substantial portion of the live studio
audience is redirected from short videos, making
continuous investment in content quality and
posting frequency vital to maintaining stable
traffic.

and

2.2 Differences in User Consumer Behavior and
Conversion Paths

Chinese live commerce users have developed
mature habits of content-based product seeding
and live shopping. Real-time interaction and
limited-time promotions in live studios strongly
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catalyze purchasing decisions. In contrast, US
TikTok e-commerce users’ consumer behavior is
closer to discovery-based shopping driven by
content; they develop a desire to learn about and
purchase a product after being captivated by
short-video content, rather than entering a live
studio with a clear purchasing goal. Regarding
the conversion path, Chinese users have a
relatively short decision-making chain from
viewing content to placing an order. Limited-
time discounts and scarcity signals (“inventory
running out”) are highly persuasive for hesitant
users. US users, however, have longer decision-
making chains, demanding more information
about product quality and real-world efficacy.
They are generally less receptive to aggressive,
hard-sell promotional livestreaming styles.
Consequently, New Start Plus Agency adjusted
its verbal strategy in live studios by softening
promotions,  extending  product  detail
demonstrations, and explaining usage scenarios
in-depth, which successfully boosted user
retention and interaction rates.

2.3 Differences in Supply Chain Response and
Fulfillment Capabilities

Chinese live commerce is backed by a mature
domestic supply chain. The small-buffer, quick-
response model dramatically shortens the cycle
from design to shipment for trending products,
and the return process is relatively simple. For
cross-border live commerce, the supply chain is
far more complex. Products traveling from
domestic factories to US consumers must
undergo cross-border logistics, destination
customs clearance, and last-mile delivery,
typically requiring several days or more. Beauty
and fashion products like wigs and eyelashes
have high requirements for delivery speed and
packaging integrity. New Start Plus Agency
optimized logistical efficiency by combining
overseas warehousing prep with direct shipping
from China. Hot-selling and evergreen items are
stocked in advance in US warehouses, while new
and test items are fulfilled directly from China.
Consequently, delivery times for orders shipped
from overseas warehouses have been reduced to
within a few days, steadily narrowing the
fulfillment gap compared to local sellers.

3. GMV Growth Paths for the Beauty and
Fashion Category

3.1 Category Selection Logic and Hero Product
Portfolio Strategies

The core competitiveness of the beauty and
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fashion category in live commerce lies in its
visual impact and capacity to trigger impulse
buying. New Start Plus Agency selected high-
frequency, high-margin products like wigs, hair
bundles, false eyelashes, and women’s bags.
Wigs and hair bundles are marketed for their
style variety and ease of wear; false eyelashes
differentiate through natural simulated effects
and reusability; and women’s bags enter the
market with a focus on stylish design and cost-
effectiveness.

The portfolio strategy employs a hero products
driving auxiliary products model. Hero products,
characterized by high cost-effectiveness and high
conversion rates, handle primary traffic
conversion in the live studio. Auxiliary products,
featuring high profit margins and differentiated
designs, work to increase the Average Order
Value (AOV) and overall profit margins. New
Start Plus Agency’s experience demonstrates that
the ratio of hero-to-auxiliary products in the live
studio’s product structure plays a critical role in
balancing single-session GMV and gross margins.

New Start Plus Agency established a product
matrix covering different price points and styles
for each core category: wigs are segmented into
rich product combinations based on material,
length, color, and hairstyle; false eyelashes are
structured into tiered product lines based on
volume, curl, band type, and application
scenarios. This robust matrix allows live studios
to flexibly pivot their marketing focus across
different sales nodes and target demographics.
To filter hero products, the company established
a three-stage selection process: short-video
testing, live studio promotion, and data review.
The short-video testing stage evaluates user
interest based on views, completion rates, and
engagement across multiple product
demonstration videos. The live studio promotion
stage validates hero potential using actual sales
conversion data. The data review stage scores
individual products comprehensively on click-
through-rate (CTR), payment conversion rate,
and return rate to determine whether they join
the long-term hero list.

3.2 Dual-Wheel Traffic Acquisition: Short Videos and
Livestreaming

In the US TikTok e-commerce ecosystem, short-
video content serves the dual purpose of building
brand awareness and pooling traffic. New Start
Plus Agency assembled a professional
production team to create authentic, lifestyle-
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oriented short videos tailored to the aesthetic
tastes and content habits of US female users. Wigs
are marketed for their real-person try-ons and
hairstyle transformation comparisons; false
eyelashes focus on before-and-after makeup
differences and application tutorials. The visual
style uses natural lighting and minimal beauty
filters, avoiding professional studio setups to
match US users’ preference for authenticity.

Within the live studio traffic mix, the proportion
of traffic redirected from short videos has risen
steadily, making the hit rate of short videos a
decisive factor for overall live traffic. Rather than
a simple chronological sequence, short videos
and livestreams are dynamically linked
throughout the entire broadcast cycle. Pre-live
teaser short videos showcase core hero products
and limited-time benefits to prompt users to
reserve the livestream or set reminders. In-live
product explanations and highlight moments are
clipped in real-time and published immediately,
pushing live-broadcast signals to potential users’
recommendation feeds. Post-live highlight reels
are polished and redistributed to build a follower
base for the next session. New Start Plus
Agency’s content team categorizes videos into
unboxing tutorials, side-by-side
comparisons, and user feedback, using a diverse
content mix to sustain user interest and freshness.

reviews,

3.3 User Operations and Retention Frameworks

Due to the high-repurchase nature of beauty and
fashion products, user operations and customer
retention systems are essential drivers of
sustained GMV growth. New Start Plus Agency
prioritizes membership systems in its TikTok
Shop operations, incentivizing long-term store
relationships through follow-to-discount
coupons and loyalty points. Fan retention in the
live studio focuses on the host's personal
charisma and expertise, with hosts answering
product usage questions and offering style
pairing tips live.

Private-domain retention is key to extending
Customer Lifetime Value (LTV). Email marketing
and social media groups are used to share new
product arrivals and exclusive discounts, guiding
loyal customers back to the live studio and shop.
New Start Plus Agency established a user
segmentation system based on purchase
frequency and monetary value, dividing users
into four tiers: new customers, active customers,
dormant customers, and churned customers.
New customers are automatically sent post-
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purchase care emails containing tutorials and
styling tips after their first order. Active
customers receive regular invitations for early-
access product trials and exclusive member
discount codes. Dormant customers are
automatically sent “welcome back” coupons and
seasonal best-seller recommendations after a
period of inactivity. Churned customers are
targeted with high-value hero items and steep,
limited-time discounts to attempt reactivation.

4. Scale Expansion Planning for Live Studios

4.1 Path and Rhythm of Expanding from 2 to 6 Live
Studios

New Start Plus Agency currently operates 2 live
studios, focusing on “wigs & hair bundles” and
“false eyelashes & women’s bags,” respectively.
Each has established stable host teams and
operational workflows. The expansion from 2 to
6 studios is structured around category
expansion and time-slot coverage.

New studios will cover untapped niches such as
hair accessories, nail supplies, and men’s wigs.
Time-slot coverage will expand to include
morning and late-night slots, targeting various
time zones and lifestyle routines to maximize
studio space utilization and daily broadcast
hours.

The expansion rhythm is phased: Phase I adds
two new category studios (hair accessories and
nail supplies) to reuse existing operations teams
and supply chain resources, lowering initial trial-
and-error costs. Phase II selects the two top-
performing categories based on performance
data to create a primary-secondary co-operating
studio layout, and launches an independent
studio for men’s wigs. Decisions to advance to
the next phase are gated by whether key
metrics—such as average single-session GMYV,
gross margin, and team maturity —reach pre-set
expansion thresholds.

4.2 Standard Operating Procedures (SOPs) and
Talent Replication

Scaling up live studios requires highly
standardized operational workflows and talent
replication capabilities. New Start Plus Agency
broke down each livestreaming session into four
phases: pre-live selection and content teasers, in-
live host script and floor control coordination,
and post-live data review and after-sales
handling. Each phase has detailed checklists and
quality standards.

The host training system uses a tiered

62

Journal of World Economy

development model. New hosts start as co-hosts
or floor managers to master product knowledge
and script techniques before broadcasting
independently, while senior hosts act as mentors
and develop training courses. Implementing
standard procedures and training systems
shortened the setup time for new live studios
from months to weeks.

Checklists detail tasks, execution order, quality
benchmarks, and deadlines. For example, the
pre-live selection checklist specifies the
minimum number of products to upload and the
required ratio of hero-to-auxiliary items. The
floor manager’s manual outlines exact triggers
and workflows for releasing coupons and
adjusting inventory. The host training system
uses clear promotion criteria: hosts must meet
specific performance baselines in single-session
GMYV, user retention, and engagement rates
before applying for promotion to host in higher-
tier live studios.

4.3 Multi-Studio Collaborative Ad Campaigns and
Traffic Allocation

Operating multiple live studios in parallel
requires an efficient ad deployment and traffic
allocation mechanism. New Start Plus Agency
utilizes a unified ad account architecture to
collaboratively manage campaigns across
multiple studios, tailoring strategies to each
studio’s category positioning and target audience.

A collaborative cross-redirection effect exists
among studios; hosts recommend related
products from sister studios based on real-time
viewer inquiries, achieving cross-conversion. The
unified account pools ad budgets, allowing the
media buying team to dynamically adjust budget
allocations based on real-time conversions and
traffic competition. High-converting studios
receive instant budget tilts, preventing the
efficiency losses associated with rigid, fixed
budgets.

Additionally, a cross-recommendation system
tracks user category preferences and purchase
histories. When a user buys from one category
studio, the system gauges their potential interest
in related categories and pushes tailored
recommendations, steadily boosting traffic and
conversion rates for sister studios. This
collaborative traffic allocation mechanism lowers
customer acquisition costs (CAC) for individual
studios while maximizing overall user LTV.

5. Strategic Support Systems for Cross-Border
Expansion
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5.1 Cross-Border Supply Chain and Overseas
Warehousing Layouts

Fulfillment efficiency in cross-border live
commerce is a critical factor influencing user
experience and retention rates. New Start Plus
Agency utilizes a strategy of overseas warehouse
pre-stocking paired with flexible domestic
replenishment. High-selling, evergreen items are
pre-stocked in US warehouses for local delivery,
while new and test items are shipped directly
from China.

Overseas warehouse selection balances shipping
times, warehousing costs, and return processing
efficiency, integrating return handling directly
into the warehouse management system. On the
domestic supply chain side, long-term
partnerships  with core suppliers were
established to compress the R&D and production
cycles for new products.

The overseas inventory management system is
synchronized with real-time live sales data. If a
hot-selling product’s sales exceed forecasts
during a broadcast, the system automatically
triggers an inventory alert and issues an
emergency replenishment order to the domestic
supply chain. Returned products are categorized
at the overseas warehouse following quality
inspections: undamaged items with intact
packaging are restocked immediately; items with
damaged packaging but intact products are
repackaged for resale; and used or damaged
products are redirected to discount channels or
liquidated.

Domestic  suppliers collaborate by pre-
purchasing raw materials. Core suppliers
prepare common raw materials in advance based
on quarterly forecasts provided by New Start
Plus Agency, shortening the «cycle from
prototyping to mass production and reducing
response times for standard replenishment
orders from weeks to days.

5.2 Cross-Cultural Team Building and Localized
Operations

Localized operations in the US market require a
cross-cultural team structure. New Start Plus
Agency adopted a two-tier organizational
structure consisting of Chinese core backbones
and US local talents. Chinese backbones transfer
proven operational methodologies to the US
team, while US local talents handle culturally
sensitive tasks such as content creation, live
hosting, and customer service.
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The Chinese and US teams share unified data
dashboards and conduct weekly review meetings.
Standardized SOPs and video training courses
allow new US employees to quickly master
standard operational procedures. Chinese core
backbones travel to the US regularly for on-site
guidance and training, while key US members
visit the Chinese headquarters to participate in
intensive training and witness domestic
livestreaming workflows firsthand.

Recruiting for the localized host team prioritizes
diversity in race and hair types to meet product
demonstration needs. By hiring models and
creators from varied racial backgrounds and hair
types, the company ensures that live product
demonstrations accurately address the real-
world scenarios of diverse US consumer groups.

5.3 Data-Driven Decision Systems and Strategic
Iterations

A robust data decision system serves as the
foundational infrastructure for scaled live
commerce operations. New Start Plus Agency
built an end-to-end data monitoring system
capturing short-video metrics, live performance
data, product sales, and user behavior,
automatically compiling these metrics into multi-
dimensional daily reports.

Data analysis continuously refines operational
workflows: product data guides selection
adjustments, while user behavior data shapes
content creation. This growing data-driven
capability marks the MCN'’s transition from
experience-driven management to systematic,
scientific operations.

The data framework translates subjective
operational intuition into quantifiable, traceable,
and replicable decision rules. For example, a
senior operator’s product intuition is broken
down into feature tags and data thresholds for
high-converting  products, enabling
employees to make preliminary selection
decisions. The data dashboard features tiered
permissions and customized views: the founder
level focuses on high-level trends like all-
category GMV, gross margins, and cash flow; the
category manager level focuses on operational
funnels and inventory turnover; the host and
floor level focuses on real-time engagement and
minute-by-minute transaction curves.

new

6. Conclusion

The cross-border migration of the Chinese live
commerce model to the US beauty and fashion
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industry is essentially a strategic practice of
localizing proven domestic methodologies
within a cross-cultural business environment.
While Chinese and US live commerce differ in
traffic ecosystems, user behaviors, and supply
chain efficiencies, Chinese enterprises have
accumulated highly transferable underlying
capabilities in content operations, data-driven
decision-making, and team management.

The practices of New Start Plus Agency
demonstrate that targeting high-margin, high-
repurchase categories like beauty and fashion,
building a dual-wheel traffic acquisition system
driven by short videos and livestreams,
establishing standardized SOPs and talent
replication systems, and deploying overseas
warehousing are highly effective strategic paths
for cross-border live commerce to scale. In the
context of rapidly developing global digital trade,
the cross-border expansion of Chinese live
commerce companies offers a valuable practical
blueprint for digital innovation in international
trade.
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Abstract

Driven by the digital economy, the service industry is undergoing structural upgrading. Online-offline
digital integration serves as a critical approach for the service sector to improve quality and efficiency.
Nevertheless, most digital transformations undertaken by domestic service enterprises only realize
superficial channel superposition, accompanied by problems such as fragmented data and mismatched
processes, while quantitative empirical support for the mechanism of integrated operation remains
insufficient. Drawing on the Service Value Co-Creation Theory and Dynamic Capabilities Theory, this
paper constructs an integrated analytical framework. Taking panel and questionnaire data of 287
domestic comprehensive service enterprises from 2020 to 2025 as samples (Verhoef, P. C., Kannan, P.
K., & Inman, J. J., 2015), empirical analyses are conducted via mediating effect, moderating effect and
panel threshold regression models.

The research reveals that digital integration can significantly boost corporate operational performance;
resource allocation efficiency, user stickiness and service innovation capacity exert partial mediating
effects; digital capability and industrial format attributes display moderating effects; digital integration
features double thresholds, with medium integration intensity generating the optimal enabling effect,
and excessive investment resulting in diminishing marginal returns. Based on multiple case studies,
three digital integration modes —channel superposition, process embedding and ecological symbiosis —
are categorized, and hierarchical optimization schemes are proposed. This study supplements and
enriches theories on digital transformation of the service industry, and provides empirical evidence and
practical references for the sector’s high-quality digital upgrading.

Keywords: comprehensive service industry, online-offline integration, digital operation, omnichannel,
service value co-creation, dynamic capabilities, mediating effect, threshold regression, service
ecosystem, digital transformation

1. Introduction innovates industry resource allocation and
business models. With the support of policies, the
digital investment in the industry continues to
grow, but there is a general emphasis on
technology and a lack of reconstruction, resulting
in a disconnect between online and offline

Digital technology reshapes the production,
delivery, and consumption logic of the service
industry, promotes the integration and
collaboration of online and offline services, and
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resources, which seriously restricts the high-
quality development of the service industry.

1.1 Research Background and Problem Statement

In 2025, the added value of China’s service
industry accounted for 54.2% of the national
GDP. From 2020 to 2025, the proportion of online-
offline cross-consumption among users in the
comprehensive service industry rose from 38.7%
to 61.4% (Vargo, S. L., & Lusch, R. F., 2017). The
upgrading of consumer behavior has forced
enterprises to pursue digital transformation.
However, most enterprises have only established
basic online channels without systematic
reconstruction of business processes, data
systems and organizational ~mechanisms.
Meanwhile, quantitative research on digital
integration the comprehensive service
industry remains insufficient. This study focuses
on three core issues: the internal mechanism of
digital integration, the nonlinear influence of
digital integration on operational performance,

in

and differentiated integration models for
enterprises  with  heterogeneous resource
endowments.

1.2 Domestic and Foreign Research Status and
Literature Review

Foreign research on digital transformation has
formed a mature theoretical system. Domestic
studies are more adapted to local policy contexts
but are dominated by macro qualitative analysis
and mainly focus on single service sectors.
Existing literature has obvious research gaps: it
lacks a targeted theoretical framework for multi-
format comprehensive service industries, fine-
grained empirical tests on the nonlinear enabling
mechanism of digitalization, and hierarchical
and differentiated transformation paths,
resulting in limited practical applicability of
existing theories.

1.3 Research Innovations

1) Theoretical Innovation: It defines the
connotation of digital integration from
multiple dimensions and constructs an
integrated research framework, expanding
the application scope of service value co-

creation theory in digital service scenarios.

2) Methodological Innovation: It integrates
multiple econometric models to identify the
nonlinear transmission mechanism of digital
integration, making up for the empirical
deficiencies of existing qualitative-dominant
research.
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Practical Innovation: It classifies three levels
of digital integration modes based on
enterprises’ digital foundations and
proposes differentiated strategies to solve
the problem of homogeneous digital
transformation.

3)

2. Definition of Core Concepts and Theoretical
Foundation

2.1 Definition of Core Concepts

The comprehensive service industry covers
diverse productive and livelihood service sectors,
with over 62% of its businesses adopting online
interaction and offline delivery and featuring
prominent supply-demand heterogeneity. Its
digital integration is not a simple channel
superposition but a collaborative reconstruction
of technology, business and organization.
Centering on user management and driven by
data, this full-process operational model
improves supply-demand matching efficiency by
approximately 37% in mature applications.

2.2 Basic Theories

Research on online-offline digital integration of
the comprehensive service industry is supported

by multiple classic theories as analytical
foundations:
1) Omnichannel Theory: Eliminates channel

barriers to enable consumers to switch
between channels without perception.
Online channels undertake information
display, reservation and traffic diversion,
while offline channels complete physical
delivery  and forming
complementary coordination.

experience,

2) Service Value Co-Creation Theory: Service
value is co-created through multi-agent
interactions among enterprises, platforms
and consumers. In digital scenarios, users’
online behaviors optimize offline services in
reverse, and offline experience generates
online word-of-mouth, forming a value
closed loop. Lusch and Nambisan (2015)
pointed out that service innovation
essentially refers to resource integration

within a service ecosystem.

3) Dynamic Capabilities Theory: Enterprises
integrate, construct and reconstruct internal
and external resources to adapt to the
external environment. Digital integration is
an iterative ongoing process requiring
enterprises to  continuously = update

technologies, personnel and processes.
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4) Resource Dependence Theory: Enterprises management to eliminate conflicts between
possess physical resources such as offline online and offline businesses and cut
venues and service staff, while digital redundant links.
platforms hold traffic, algorithms and 3 Cyrrent Situation, Pain Points and
behavioral data. The two types of resources  gyglytionary Stages of Digital Integration in
are complementary and require coupled the Comprehensive Service Industry
operation. . . . . o

. . . This chapter is based on industrial statistics and

5) Bt.ls.mess .Process. Reengineering Theory: questionnaire surveys, with 287 valid enterprise
Digital ~integration ~demands process  gyestionnaires collected. The distribution of
reconstruction of reservation, dispatching, samples is shown in Table 1.
delivery, after-sales service and customer

Table 1. Distribution of Survey Sample Enterprises
. Sample Proportion Average Digital Investment as Share
Ent T
nterprise 1ype Size (%) of Operating Revenue (%)

Consumer Service 162 56.45 217
Enterprises
Producer Service Enterprises | 125 43.55 3.42
Large Enterprises 64 22.30 4.86
Micro, Small and Medium

i 223 77.7 1.64
Enterprises (MSMEs) 0

Producer service enterprises demonstrate higher
digital investment intensity than consumer
service enterprises; large enterprises invest
significantly more than MSMEs, whose budget
constraints constitute the primary shortboard for
transformation. A mismatch between digital
input and output prevails across the global
service industry, as technological investment
fails to be fully converted into operating returns.

3.1 Development Status of Digital Integrated
Operation in the Comprehensive Service Industry

Digital tools such as mini-programs and SaaS
systems maintain rising penetration, yet
popularization of tools does not equal in-depth
integration. Among sampled enterprises, 62.02%
remain at the basic digitalization stage, 28.57%
have realized intermediate process integration,
and only 9.41% achieved advanced ecological
symbiosis (Hansen, B. E., 1999), meaning most
enterprises stay at the primary transformation
stage. Current mainstream forms include
platform diversion, private domain operation,
scenario symbiosis, supply chain collaboration
and omnichannel ecosystem models. The
omnichannel ecosystem model carries high
thresholds and is only implemented by a small
number of leading enterprises. Transformation
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displays obvious regional differentiation: 42.31%
of enterprises eastern China reach
intermediate or advanced integration, compared
with 29.64% in central China and 18.72% in
western China. Gaps in infrastructure and talent
widen regional disparities.

3.2 Practical Bottlenecks of the Industry

Multiple practical constraints exist when
promoting online-offline digital integrated
operation within the comprehensive service
industry:

1)

in

Technical Layer: Standards of multi-source
systems are inconsistent; 57.84% of
enterprises cannot automatically
synchronize online and offline user data and
rely on manual sorting. Some enterprises
blindly purchase systems with actual
business utilization rates below 40%.

2) Operational Layer: Enterprises
overemphasize online customer acquisition
while neglecting retention closed loops;
online and offline departments operate
separately with conflicting KPIs, breaking

the customer journey.

3) Organizational and Talent Layer: 68.99% of

MSMEs face shortages of compound digital
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talents, and traditional assessment systems
cannot adapt to integrated operation.

4) Ecosystem and Risk Layer: Digitalization
levels of upstream and downstream
industrial chain entities vary widely,
hindering cross-agent collaboration; data
privacy and online service quality control

bring new risks.

3.3 Three Evolutionary Stages of Digital Integrated
Operation

1) Primary Channel Superposition Stage:
Additional online order-receiving entrances
are launched without reconstruction of data
and processes. The transformation threshold
is low, yet channel conflicts easily emerge,
and a large number of MSMEs fall into this

category.

2) Intermediate Process Embedding Stage:
Core business data are interconnected, and
processes including reservation, dispatching
and after-sales service are reconstructed
with full-life-cycle user value as the
guidance. Operational efficiency improves,
though industrial ecological collaboration

remains unrealized.

3) Advanced Ecological Symbiosis Stage:
Relying on a data middle platform, multi-
agent collaboration between internal
departments and upstream/downstream
industrial partners is realized to build a
value co-creation network, which imposes
the highest requirements on capital,

technology and organizational capacity.

4. Mechanism Deconstruction and Theoretical
Model Construction of Digital Integrated
Operation

4.1 Driving Mechanism of Integrated Operation

Digital integration of the comprehensive service
industry is jointly driven by two-way coupling of
exogenous impetus and endogenous pull
Exogenously, iterative digital technologies,
industrial digital policies, intensifying market
competition and upgraded digital user habits
force enterprises to carry out transformation.
Policies targeting service digitalization in China
have grown at an average annual rate of 18.6% in
recent years, and over 72% of enterprises
promote reform driven by external environments
(Teece, D. ]., Pisano, G., & Shuen, A., 1997).
Endogenously, enterprises rely on digitalization
to cut costs, boost efficiency, realize
differentiated competition and expand value. The
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coordination of internal and external forces
jointly pushes enterprises to implement
integrated online-offline operation.

4.2 Transmission Mechanism of Digital Integration

Digital integration forms a complete enabling
closed loop through four progressive layers: data,
process and value, sequentially
resolving pain points of traditional service
operation to realize performance appreciation
and multi-party value co-creation.

1)

scenario,

Data Integration: Integrate heterogeneous
online and offline data to break data silos,
construct precise user portraits and dynamic
scheduling systems, effectively reducing
supply-demand mismatches and cutting
service matching errors by over 15%, laying
a data foundation for refined operation.

2) Scenario Integration: Build a full-cycle
closed loop of “diversion -
conversion —  repeat purchase -
communication” relying on two-way
linkage of online diversion & reservation,
offline delivery & experience, and online
word-of-mouth  feedback, significantly

lifting user conversion and retention rates.

Process Integration: Reconstruct full
business chains covering orders, scheduling,
performance and after-sales service to
enable seamless circulation of online and
offline  businesses, reduce redundant
manual work, lower overall operational
losses by  12%-20%, and improve
operational  efficiency = and  service
standardization.

service

3)

4) Value Integration: Realize enterprise cost
reduction & efficiency improvement,
upgraded user experience and optimized
industrial chain resources through multi-
layer integration mechanisms, build a multi-
agent collaborative co-creation
system, and ultimately complete value

delivery empowered by digitalization.

value

4.3 Variable Definition and Measurement

This paper optimizes measurement items based
on mainstream mature scales matched with
characteristics of the comprehensive service
industry, uniformly adopting 5-point Likert
scales for quantitative measurement. Definitions
and dimensional settings of core variables are as
follows:

e Independent Variable: Digital Integrated
Operation Level (DIG). Measured from



four dimensions of data, scenario, process
and ecological integration to characterize
the depth of enterprises’ integrated online-
offline digital operation capacity.

e Dependent Variable: Operational
Performance (PER). Comprehensively
measured from multi-dimensions of

efficiency, profitability, user metrics and
growth performance, adapting to the
composite operational features of the
comprehensive service industry.

e  Mediating Variables: Resource Allocation
Efficiency (RES), User Stickiness (CUS),
Service Innovation Capacity (INV). Core
transmission paths through which digital
integration empowers performance growth.

® Moderating Variables: Corporate digital
capability (ABI), service industrial format
type (TYPE), market competition intensity
(COM), used to identify heterogeneous
boundary conditions of enabling effects.

o  Control Variables: Enterprise scale, years of
establishment, R&D investment intensity
and regional digital development level,
eliminating interference at individual and
regional levels to enhance the robustness of
conclusions.

4.4 Research Hypotheses

Based on Dynamic Capabilities Theory and Value
Co-Creation Theory combined with the above
driving mechanisms and transmission logic, the
following hypotheses are proposed:

e HI: Digital integrated operation exerts a
significant positive promoting effect on the
operational performance of comprehensive
service enterprises.

e H2a-H2c: Resource allocation efficiency,
user stickiness and service innovation
capacity respectively exert partial mediating
effects between digital integration and
operational performance.

Journal of World Economy

e  H3a: Corporate digital capability positively
moderates the enabling effect of digital
integration on operational performance.

e H3b: Service industrial format type
generates significant ~ heterogeneous
moderating effects on the performance-
driven path of digital integration.

e H4: The impact of digital integration on
operational performance displays an
obvious panel threshold effect; marginal
enabling effects differ across integration
intervals, with an optimal integration range
existing.

4.5 Model Specification

Benchmark Fixed-Effects Model:

PER;=p+p,DI G,-t+2ﬁ].Controlﬁt+yi+eit
Mediating effect models are constructed
sequentially as Model (2), (3), (4), combined with
Bootstrap tests to verify mediating significance:

RESit:ao“'alDIGit+ZOCjCOTZtT’Olﬁt‘F‘ui‘FEit
CUSit=)/O+7/1DIG,ﬁZ)/],Controlﬁt+yi+eit
PERit=(SO+61 DIGit‘F(SzRES,‘t"'(S?, CUSit+64INVif+
ZéjCOHtrolﬁt+[.1i+eit
Threshold model with DIG as the threshold

variable for double thresholds:

where I(-) represents the indicator function, and
V,/V, stand for estimated threshold values.

5. Empirical Analysis and Results
5.1 Data Source and Reliability & Validity Test

The sample consists of balanced panel data of 287
comprehensive service enterprises from 2020 to
2025, with a total of 1,435 observations. Data are
sourced from questionnaire surveys, corporate
annual reports and industrial databases. Scales
are revised based on international mature scales
matched with the research scenario. Cronbach’s
a>0.78, CR > 0.8, AVE > 0.5, meeting reliability
and validity standards; all VIF values are below
3, indicating no severe multicollinearity.

Table 2. Descriptive Statistics of Core Variables

Variable Observations Mean Standard Deviation Minimum Maximum
PER 1435 3.261 0.742 1.000 5.000
DIG 1435 2.814 0.816 1.000 5.000
RES 1435 3.027 0.763 1.000 5.000
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Variable Observations Mean Standard Deviation Minimum Maximum
CUS 1435 2.946 0.728 1.000 5.000
INV 1435 2.883 0.791 1.000 5.000
SIZE 1435 4172 1.245 1.609 8.631
5.2  Benchmark  Regression, Mediating and integration interval.

Moderating Effect Results

The Hausman test supports the adoption of fixed
effects. The DIG coefficient in benchmark
regression equals 0.317 (p < 0.01) (Lusch, R. F., &
Nambisan, S., 2015), verifying HI. Digital
integration significantly boosts the three
mediating  variables; after  incorporating
mediating variables, the DIG coefficient declines
yet significant. The 5,000-times
Bootstrap sampling confidence intervals exclude
zero, confirming H2a-H2c. The interaction term
DIGxABI is significantly positive; the industrial
format moderating term is significant, with
producer services achieving higher performance
gains from integration, supporting H3a and H3b.

5.3 Panel Threshold Regression Results

remains

300-time bootstrap sampling confirms the
existence of double thresholds, with threshold
values y =2.427 and y,=3.715.

e DIGL2.427: coefficient = 0.143, limited

marginal returns within the low
integration interval;
e 2427<DIG<3.715: coefficient = 0.368,

maximum marginal effects within the
medium integration interval;

e  DIG>3.715: coefficient = 0.221, declining
marginal returns within the high

e The impact of digital integration on
performance presents a non-linear
feature of rising first then falling. Blind
pursuit of high-intensity digitalization
will trigger excessive investment risks,
validating H4.

5.4 Heterogeneity Analysis

e Industrial Format Heterogeneity:
Coefficient of producer services = 0.382;
coefficient of consumer services = 0.254.

e Scale Heterogeneity: Coefficient of
large enterprises = 0.349; coefficient of
MSMEs = 0.226. Restrained by resource
constraints, MSMEs should avoid
copying high-investment models of
leading enterprises.

® Regional Heterogeneity: Eastern China
coefficient = 0.335; central China
coefficient = 0.271; western China
coefficient = 0.196. Central and western
regions need to shore up shortboards in
infrastructure and talent.

6. Comparative Analysis of Multiple Cases

Three enterprises at different evolutionary stages
are selected for multi-case comparison to
supplement explanations of econometric results.

Table 3. Basic Information of Case Enterprises

Case | Development Industrial Format Core  Features  of | Performance Changes
Stage Digital Integration

Case | Primary Local Settled on third-party | Rising online orders

A Channel Comprehensive platforms, isolated | with limited profit
Superposition Consumer Services online and offline data | margin growth

Case | Intermediate Comprehensive Interconnected  order | Improved operational

B Process Business Services and customer data, | efficiency and growing
Embedding reconstructed business | customer repeat

processes purchase rate

Case | Advanced Modern Self-built data middle | Multi-dimensional

C Ecological Comprehensive platform, linked | performance
Symbiosis Cultural ~ Tourism | upstream and | improvement with

high upfront
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Services

downstream entities investment

Case A merely launches online order entrances
with manual data entry and conflicting
departmental targets, corresponding to low
marginal returns in the low integration interval.
Such enterprises should prioritize connecting
basic interfaces rather than hastily building
middle platforms.

Case B realizes automatic data circulation for
orders and after-sales services, unifying user
value as assessment guidance, corresponding to
the optimal input-output medium integration
interval, which serves as a realistic preferred path
for medium-sized enterprises.

Case C constructs an industrial service ecosystem
with remarkable performance growth yet high
sunk costs. When integration exceeds the
threshold of 3.715, marginal benefits decline;
enterprises with weak foundations blindly
replicating advanced models easily face output
falling short of input.

All cases collectively indicate that no universal
optimal model exists, and enterprises shall select
matching integration paths based on their capital,
talent and industrial format endowments.

7. Optimization Paths for Digital Integrated
Operation of the Comprehensive Service
Industry

7.1 Selection of Hierarchical and Classified Digital
Integrated Operation Modes

e Enterprises at the Primary Stage
(Predominantly MSMEs): Consolidate the
data foundation, prioritize interconnecting
basic order and customer data to eliminate
manual entry, unify core assessment
indicators, and transition from channel
superposition to process coordination,
avoiding blind investment in large-scale
middle platform projects.

e  Enterprises at the Intermediate Stage:
Center on full-life-cycle user value, connect
the full chain covering reservation -
dispatching — delivery — after-sales service,
break down departmental barriers, and
carry out hierarchical user operation. This
interval delivers optimal input-output ratios
for most enterprises.

e  Enterprises at the Advanced Stage
(Sufficient =~ Resource =~ Endowments):
Leverage data middle platforms to promote

industrial chain ecological symbiosis and
build  multi-party value co-creation
networks; conduct rigorous input-output

measurement to prevent diminishing
marginal returns caused by over-
digitalization.

7.2 Multi-Dimensional Implementation Paths

To address the challenges of fragmented
implementation, high costs, and low synergy in
the digital transformation of comprehensive
service industries, this paper constructs a multi-
dimensional optimization pathway. On the
technical front, a standardized data system is
implemented, enabling small and medium-sized
enterprises to reduce digital construction costs by
approximately 35% through lightweight SaaS,
while strengthening data quality control. On the
operational front, a full-cycle user operation
system and an integrated KPI evaluation
mechanism are established to mitigate the
drawbacks of revenue-centric approaches. At the
organizational level, efforts are made to cultivate
versatile digital talent and improve cross-
departmental collaboration mechanisms. On the
industrial front, industry-wide data and service
standards are unified to drive coordinated
transformation across the supply chain.
Additionally, robust data privacy protection and
service supervision systems are enhanced to
effectively mitigate digital operational risks.

7.3 Multi-Level Safeguard Mechanisms

Enterprises shall set up special digitalization
teams internally, strengthen input-output
evaluation, and establish iterative trial-and-error
mechanisms. Industry associations drive
standard formulation and experience sharing.
Policymakers tilt digital infrastructure support
toward central/western regions and small &
medium service enterprises, and improve digital
talent training systems.

8. Conclusions, Research Limitations and

Future Prospects
8.1 Core Research Conclusions

1) Digital integration significantly improves
the operational performance of
comprehensive service enterprises yet
carries double threshold effects; medium
integration  intensity = generates  the
maximum marginal gains, while excessive
investment leads to diminishing marginal
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returns.

2) Resource allocation efficiency, user
stickiness and service innovation capacity
exert partial mediating effects, and digital
integration boosts corporate performance

indirectly through these three channels.

3) Corporate digital capability and industrial
format type display moderating effects;
producer enterprises, large
enterprises and eastern Chinese enterprises
gain higher transformation returns, while
MSMEs, consumer service enterprises and
central/western enterprises face stronger

resource constraints.

service

4) Digital integration evolves through three
stages: primary channel superposition,
intermediate process embedding and
advanced ecological symbiosis. Enterprises
should select matching paths based on their
own endowments instead of blindly
copying high-investment models of leading

enterprises.

8.2 Theoretical
Implications

Contributions and  Practical

Theoretically: This paper expands the
connotation of digital integration from four
layers (data — scenario — process — ecosystem),
constructs an integrated analytical framework,
identifies mediating transmission and threshold
constraints, and enriches empirical evidence on
service industry digitalization.

Practically: Digitalization is not equivalent to
launching online channels; its core lies in
collaborative reconstruction of data, processes
and organizations. MSMEs should prioritize
lightweight transformation and target the
medium return interval. Policies need to balance
differentiated demands of enterprises of varying
scales and regions.

8.3 Research Limitations

The sample mainly consists of domestic
enterprises without overseas samples;
questionnaire  scales  contain  subjective

measurement bias. This research focuses on
commercial service enterprises with insufficient
discussion on public service sectors. Follow-up
research can expand sample boundaries and
optimize indicator systems.

8.4 Future Research Prospects

Generative Al and multi-modal digital tools will
reshape the logic of online-offline integration.
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Future research can explore the impact of large
models on service integration modes, further
subdivide service sectors to study micro-
mechanisms, and analyze the role of platform
governance and data factor circulation systems in
digital integration of the service industry.
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