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Antibiotic synergy;

Char, %e-tr ansfer To address the antibiotic resistance crisis, this study developed a novel antibiotic synergy strategy by

complexes; . : . . . .
constructing charge-transfer complexes of ofloxacin/sulfamerazine with three natural organic acids.

Ofloxacin; Experiments demonstrated that the complexes significantly enhanced antibacterial activity against

Sulfamerazine; Escherichia coli and Staphylococcus aureus (increased inhibition zones, decreased MIC). Mechanistic

Organic acids;

studies revealed that the complexation achieved synergistic enhancement by optimizing antibiotic charge

Antimicrobial states, improving surface morphology, and enhancing membrane permeability, providing new insights for
mechanism; antimicrobial agent development.
Density functional
theory
INTRODUCTION

The global spread of antibiotic resistance (AMR) poses a
severe threat to public health, compelling researchers to
explore synergistic strategies beyond traditional antibiotic
development [1]. In this context, the formation of antibiotic
complexes through charge-transfer (CT) interactions with
other molecules has garnered attention in recent years as a
potential approach for enhancing antibacterial efficacy. Early
research primarily focused on the fundamental scientific
aspects of CT complexes, including their synthesis,
spectroscopic properties, and interactions with biological
macromolecules such as DNA and serum albumin [2, 3]. For
instance, Mansour et al. investigated the DNA/bovine serum
albumin binding and cytotoxicity of ternary metal
complexes based on sulfamethazine and bromazepam drugs
[4]. The Chohan

sulfonamide-derived compounds and their transition metal

team systematically synthesized
complexes, evaluating their antibacterial, antifungal, and

cytotoxic activities [5, 6]. These studies preliminarily

confirmed that the biological activities of antibiotic-like
compounds could be modulated through molecular design
and metal coordination modification.

However, existing research has predominantly focused on
with (e.g.,

quinones, metal centers) or utilizing them to construct metal

combining antibiotics synthetic receptors

complexes. In contrast, there has been insufficient
exploration of the CT interactions between antibiotics and
environmentally prevalent, biocompatible small organic
acids serving as natural electron acceptors, and their
practical impact on antibacterial activity. Meanwhile,
although studies such as Pandya et al.’s work on the visible
light-driven photocatalysis, quantum chemical calculations,
and DNA binding

sulfadiazine [7], and Sabt et al.'s DFT calculations and

studies of nickel complexes of

molecular dynamic simulations of quinoline-based

derivatives [8] demonstrate the powerful capability of

computational chemistry in elucidating mechanisms of
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action, these theoretical tools have seldom been applied to
systematically reveal how the formation of antibiotic-small
organic molecule CT complexes alters the physicochemical
properties of the parent drug at the electronic level and
subsequently influences its entire interaction process with
bacterial cells.

To this end, we employed a combined approach of
theory (DFT)

calculations to confirm the formation and characteristics of

spectroscopy and density functional
CT interactions at the molecular level. Subsequently, we
quantitatively evaluated the changes in antibacterial activity
of the CT complexes against Gram-negative (Escherichia
coli) and Gram-positive (Staphylococcus aureus) bacteria
using the agar well diffusion method and broth microdilution
method, supported by rigorous statistical analysis. Finally,
we innovatively correlated theoretically obtained electronic
structure parameters (such as HOMO-LUMO gap, charge
distribution), the pKa properties of the antibiotics, and the
€ -potential of bacterial surfaces with experimentally
measured antibacterial activity data. This allowed us to
construct a coherent molecular mechanism model linking
electronic structure changes to cell surface adsorption and
ultimately to biological effects. This study not only provides
a new perspective for understanding the environmental
behavior of antibiotics but also aims to establish a solid
theoretical and experimental foundation for the development
of antibiotic synergy strategies based on the CT principle.

Following the comprehensive  spectroscopic  and
computational characterization of the CT complexes formed
between antibiotic donors (OFL, SMR) and organic acid
acceptors (COA, CNA, SAA), this section aims to evaluate
the practical biological implications of these interactions.
Specifically, we investigated the impact of CT complexation
and potential adsorption effects on the antibacterial efficacy
against two model strains: the Gram-negative bacterium
Escherichia coli (ATCC25922) and the Gram-positive
(ATCC29213). A

dual-method approach (agar well diffusion and broth

bacterium  Staphylococcus — aureus
microdilution) was employed to quantify antibacterial
activity, supported by statistical analysis. Furthermore, the
molecular mechanisms underlying the observed activity
changes are rationalized based on the pKa properties of the
antibiotics, their charge states, and the & -potential-related
adsorption behavior, providing a biochemically grounded

interpretation of the CT-enhanced antibacterial effects.

1.Materials and Methods

1.1Materials

This work aims to address this knowledge gap. We selected
clinic ally common ofloxacin (OFL) and sulfamerazine
(SMR) as with

environmentally relevant

model electron donors, along

natural small organic acids
(coumaric acid COA, cinnamic acid CNA, salicylic acid
SAA) as

complexes. Moving beyond the traditional characterization

electron acceptors, to construct novel CT

of CT complexes.

1.2 Agar Well Diffusion Assay

The agar well diffusion method was used for a preliminary
qualitative and semi-quantitative assessment of antibacterial
activity. Briefly, sterilized agar medium (2.35 g/100 mL LB
agar) was poured into Petri dishes and allowed to solidify.
CFU/mL from

logarithmic-phase cultures) were evenly spread on the agar

Bacterial suspensions (adjusted to ~10 8

surface. Wells (6 mm diameter) were punched into the agar,
and 50 pL of each test solution (individual compounds and
CT complexes at a fixed concentration of 64 pg/mL) was
°C
for 18 - 24 h. The diameter of the inhibition zone (including

added to respective wells. Plates were incubated at 37

the well diameter) was measured in triplicate, and the

average * standard deviation was calculated.

1.3.Statistical Analysis

All experiments were performed in triplicate (n=3). Data are
presented as mean =+  standard deviation. Statistical
significance was determined using one-way analysis of
variance (ANOVA) followed by Tukey's post-hoc test for
multiple comparisons. A p-value of less than 0.05 was
considered statistically significant. Analyses were performed

using GraphPad Prism software (Version 9.0).

2.Results and Discussion

2.1.Enhanced Antibacterial Activity of CT
Complexes

The antibacterial activity data, summarized in Table 1.1
(MIC values) and Table 1.2 (Inhibition zone diameters),

unequivocally  demonstrate that CT  complexation
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significantly enhances the antibacterial potency of both OFL
and SMR against both bacterial strains.
MIC Analysis: The CT complexes consistently exhibited

lower MIC values compared to their parent antibiotic donors.

For instance, the MIC of OFL against S. aureus decreased
from 40 pg/mL to 19.2, 15.0, and 14.1 pg/mL for the
OFL-COA, OFL-CNA, and OFL-SAA complexes,
respectively. A similar trend was observed for SMR
complexes and against E. coli. Notably, the SMR-SAA
complex showed the lowest MIC (12.6 pg/mL) against E.
coli.

Inhibition Zone Analysis: Corroborating the MIC results, the
agar well diffusion assay showed that the CT complexes
produced larger inhibition zones than the individual
components. For example, the inhibition zone for OFL-COA
against E. coli was 9.44 + 0.42 mm, significantly larger
than that for OFL alone (8.44 & 0.40 mm). The complex
with the largest average zone was OFL-SAA against S.
aureus (12.00 £ 0.38 mm).

OFL-COA | g 44 4 0.42 9.44 £ 0.32
OFL-CNA | 10,44 + 0.31 10.00 +0.22
OFL-SAA | 1] 00+ 0.41 12.00 +0.38
SMR-COA | 1044+ 033 10.44+0.23
SMR-CNA | g 44+ 024 10.20 £ 0.24
SMR-SAA | g 6+ 025 8.93 +0.28

Compound E. coli S.aureus
(ATCC25922) (ATCC29213)
COA 443 32.0
CNA 16.61 274
SAA >64* 48.0
OFL 26.0 19.1
SMR 36.0 30.0
OFL-COA 24.0 19.2
OFL-CNA 15.1 15.0
OFL-SAA 15.2 14.1
SMR-COA 15.4 14.2
SMR-CNA 14.0 14.8
SMR-SAA 12.6 14.0

*Incomplete inhibition at highest tested concentration.
Table.1.1.Minimum Inhibitory Concentration (MIC, pg/mL)

of antibiotics and their CT complexes.

E. coli S.  aureus
Compound

(ATCC25922) (ATCC29213)
COA | 644+038 744 +0.83
CNA | 7444022 6.44 +0.24
SAA | 74410232 744 +0232
OFL | g 44+040 744 +0.34
SMR | 8441023 8.44 + 0.8

-+

Table.1.2.Inhibition zone diameters (mm, mean SD,

n=3) for antibiotics and CT complexes (64 pg/mL).

2.2.Molecular Mechanism: Synergy of CT
Complexation and Adsorption

The enhanced antibacterial activity can be attributed to a
synergistic mechanism involving improved cellular
penetration via CT-induced charge modulation and increased
local concentration via adsorption, as elucidated by our

spectroscopic, microscopic, and computational data.

2.3.pKa-Driven Charge State Optimization and
Membrane Interaction

The pKa values of OFL (carboxyl ~6.0, piperazinyl amine
~8.3) and SMR (sulfonamide ~7.4) dictate their charge states
at physiological pH (~7.4). OFL exists as a zwitterion, while
SMR is partially deprotonated. The organic acid acceptors
(COA, CNA pKa~4.2; SAA pKa~2.9) are predominantly
anionic (-COO~ ). CT complexation, confirmed by UV-Vis
redshifts and FTIR hydrogen bonding signatures (N-H---O,
O-H:---0), facilitates a favorable charge reorganization. This
interaction can effectively reduce the net negative charge or
create localized positive patches on the antibiotic molecule.
Since bacterial membranes (particularly of E. coli, &
-potential =~  -25 mV) are negatively charged, this
CT-mediated charge optimization reduces -electrostatic
repulsion, thereby enhancing the initial adsorption and
association of the antibiotic complex with the bacterial cell

envelope.

24.Adsorption Enhancement via Altered

Physicochemical Properties:

The SEM analysis revealed that the CT complexes possess
distinct and often more adsorption-favorable morphologies
compared to the individual components. For instance, the
COA-SMR complex formed large, rough clusters with
surface pores, and the SAA-SMR complex displayed a
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columnar structure with elongated pores. These structural
features significantly increase the effective surface area and
porosity, promoting physical adsorption onto the bacterial
surface. This adsorption effect acts as a '"reservoir,"
maintaining a high localized concentration of the active
antibiotic at the cell surface, which is reflected in the lower
MIC values. The correlation between larger inhibition zones
(indicative of better diffusion and potency) and these

morphologies supports this claim.

2.5.Facilitated
Target Engagement:

Intracellular Delivery and

DFT calculations provide crucial insights at the
electronic level. The reduced HOMO-LUMO gap (Egap)
observed for the OFL-based complexes (e.g., 3.59 eV for
COA-OFL vs. ~4.1-4.5 eV for SMR-based complexes)
indicates higher chemical reactivity and polarizability. This
favors stronger interactions with biological membranes. The
HOMO was localized on the donor's aromatic ring, while the
LUMO was on the acceptor or shared, confirming the CT
character. This electronic redistribution likely improves
lipophilicity or creates a more amphiphilic character, easing
passage through the lipid bilayer of the cell membrane,
especially critical for penetrating the thick peptidoglycan
layer of S. aureus. Once inside, the complex may dissociate
or interact as a whole with its target (e.g., DNA gyrase for
OFL, dihydropteroate synthase for SMR), with the initial CT
interaction having served as a “Trojan horse” delivery

mechanism.

Conclusion

In summary, the antibacterial activity studies confirm that
charge-transfer complexation between OFL/SMR and small
organic acids (COA, CNA, SAA) leads to a statistically
significant enhancement in antibacterial potency against
both E. coli and S. aureus. This enhancement is not merely
additive but synergistic, arising from a coherent molecular
mechanism: (i) CT interaction optimizes the antibiotic's
charge state for reduced electrostatic repulsion with bacterial
cells, (ii) the resulting complex exhibits a morphology
conducive to surface adsorption, increasing local drug
concentration, and (iii) electronic structure modifications

(smaller Egap) potentially facilitate membrane penetration

and intracellular delivery. These findings highlight the
potential of strategically designing CT complexes as a viable
approach to rejuvenate or enhance the efficacy of existing

antibiotics
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This study focuses on the tourism economic development under the background of the Hainan Free Trade
Port. Through a systematic review of its current development status, analysis of its policy system, and

Hainan free trade horizontal comparison with similar domestic and international tourist destinations, it delves into Hainan's

port; unique advantages, shortcomings, and challenges in this process. The study finds that Hainan, leveraging

Eourism economy, its dual strategic positioning as a "Free Trade Port" and an "International Tourism Consumption Center,"

Policy innovation; has conducted numerous cutting-edge policy explorations in areas such as tourism opening-up and

internationalization of consumption, resulting in a significant "policy synergy effect." However, its
International tourism P g g policy synergy

consumption center; tourism product structure, service quality, and international competitiveness still need improvement. Based

Comparative study on this, this paper proposes targeted optimization schemes for the high-quality and sustainable
development of Hainan's tourism economy from the dimensions of policy support, product innovation,

service quality, and talent development.

INTRODUCTION

Since the central government entrusted Hainan with the future direction of Hainan Free Trade Port's tourism

significant historical mission of building a free trade pilot economic development through comparative analysis
zone and a free trade port with Chinese characteristics in

2018, this tropical island has ushered in a gOlden Opportunity l.The Current State Of Hainan's Tourism

Economy: Opportunities and Challenges
Coexist

in its development history. Among these opportunities, the
clearly defined strategic positioning as an "international
tourism consumption center" has propelled tourism to the

core stage of Hainan's economic development. Recently, the 1.1.Tourism Economy Scale and Growth

formal implementation of the "Hainan Free Trade Port Drivers

Tourism Regulations" has further consolidated the strategic

position of the tourism industry through legislation and In recent years, Hainan's tourism economy has shown strong

provided a solid legal guarantee for its development. Against growth momentum, one of the core driving forces of which

this backdrop, in-depth research into the development path is the unique offshore duty-free policy. We have observed

of Hainan Free Trade Port's tourism economy is not only ~ that with the continuous release of policy dividends,

crucial for the high-quality development of the regional

economy but also has significant pioneering and
demonstrative significance for China's tourism industry's
exploration under a higher level of openness. This article,
based on Hainan's provincial conditions and the latest policy

developments, aims to outline the current landscape and

duty-free shopping has become a "golden signboard" to
attract tourists. For example, during the recent National Day
and Mid-Autumn Festival holidays, the sales amount of
duty-free shopping in Hainan exceeded 944 million yuan, an
increase of 13.6% year-on-year, and the number of shoppers

exceeded 120,000. This set of impressive data directly

* Corresponding author. E-mail address:18071211538@163.com
Received date:January 10, 2026; Revised manuscript received date: January 20, 2025; Accepted date: January 25, 2025; Online

publication date:January 30, 2026.
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confirms the strong traction of the policy on tourism
consumption [1] .

Meanwhile, Hainan's tourist source structure is showing a
welcome international trend. Benefiting from the visa-free
policy for citizens of 86 countries, Hainan's inbound tourism
market continues to heat up. Related data shows that during
the National Day holiday in 2025, Haikou entered the top
ten most popular domestic cities for foreign tourists for the
first time, which is undoubtedly a positive signal, indicating
that international attractiveness is

Hainan's steadily

increasing.

Release of Hainan Off-Island Duty-Free Shopper
Numbers (2021-2025)

2021

IRy — 11.20%
28.70%
\\.‘

2022

1 13.50%

2023

2024 21.00%
25.60%

Hainan Off-Island Duty-Free Sales Total Release
(2021-2025)

2025 S

) 11.50%
27.20% |

S 2022
15.80%
2024
23.90% 2023
21.60%

Fig.1.Growth Trends in Hainan's Offshore Duty-Free Sales
and Tourist Numbers (2021-2025)

Chart description: This chart intuitively reflects the strong
driving effect of the offshore duty-free policy on Hainan's
tourism economy. Data shows that duty-free sales and the
number of shoppers have shown a continuous and rapid
growth trend, especially after 2023, the growth rate has
accelerated, highlighting the policy dividend release effect
[2].

Data source: Compiled from publicly available data released
by the Hainan Provincial Department of Tourism, Culture,

Radio, Television and Sports and Haikou Customs over the

years.

1.2.Diverse Business Formats and Structural
Characteristics

After years of development, Hainan has gradually broken
away from its past development model that relied solely on
coastal tourism, and has initially formed an industrial pattern
in which coastal resorts are the leading sector, with duty-free
shopping, medical and health care, and convention and
exhibition businesses developing in synergy. Taking Sanya,
a major tourist city, as an example, its Haitang District,
Jiyang District, and Tianya District have all been selected as
among the top 100 districts in China in terms of tourism
competitiveness. The average number of tourists received
and the total tourism revenue have all achieved double-digit
growth, leading the national average growth rate and
becoming an important engine for driving Hainan's tourism
economic growth.

Specifically, each region has developed its own
differentiated development path based on its own resources:
Haitang District has gathered high-end projects such as
Atlantis and Sanya International Duty-Free City, becoming a
luxury resort and shopping paradise; Tianya District focuses
on developing new and trendy industries such as cruise ships,
yachts, and low-altitude flights; and Jiyang District explores
the integration model of "agriculture + tourism", presenting
a diversified panoramic view of Hainan tourism.

Hainan Tourism Revenue Composition Analysis
(2025 Estimate)

B Accommodation & Catering B Shopping Spending (including Duty-Free)

Transportation M Scenic Area Visits

W Cultural Entertainment & Others

Fig.2.Analysis of Hainan Tourism Revenue Composition
Chart (2025 Forecast)
Chart Description: This chart shows the revenue structure of

Hainan's tourism economy. Although traditional basic
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consumption of "eating, accommodation and transportation"
still accounts for the majority, "shopping" consumption with
duty-free shopping on the island as the core has become the
second largest source of income, while the proportion of
in-depth experience consumption such as "culture,
entertainment and leisure" is still relatively small, clearly
revealing the advantages and disadvantages of Hainan's
tourism economy in terms of consumption structure [3] .

Data source: Based on historical data and development trend
forecasts from Hainan Provincial Bureau of Statistics and
Hainan Provincial Department of Tourism, Culture, Radio,

Television and Sports.

1.3.Spatial layout and Coordinated Regional
Development

From a spatial perspective, Hainan's tourism economy
presents a clear pattern of "comprehensive tourism in the
north, resort tourism in the south, and east-west corridors."
This layout is both a rational response to its resource
endowment and a reflection of the guiding role of strategic
planning.
However, we must be soberly aware that the problem of
Tourism
highly

concentrated in the southeast coastal areas, while the

unbalanced regional development still exists.

resources and development enthusiasm are
potential of the central and western regions has not yet been
fully released. It is gratifying that with the advancement of
major infrastructure projects such as the island ring road and
the tropical rainforest national park road, this situation of
"hot in the east and cold in the west" is expected to be
the balanced

broken, creating new possibilities for

development of tourism across Hainan [4-5] .

2.SWOT Analysis of Hainan Free Trade Port
Tourism Policy

2.1.Advantages

Hainan Province is located at the southernmost tip of China
and is the only tropical island province. It has a unique
geographical location and a pleasant climate. Hainan's
tourism industry started early and has accumulated rich
industry experience. It attracts a large number of tourists
every year and has formed a relatively complete tourism

ecosystem. Hainan Province's geographical advantage of

being surrounded by the sea on all sides provides excellent
conditions for the development of water sports. Diving,
surfing and other water sports have therefore become
With the in-depth

advancement of the construction of the free trade port and

popular features among tourists.
the continuous improvement of the duty-free shopping
policy, the offshore duty-free has become a very attractive
feature of Hainan in the domestic tourism market, and its
irreplaceable nature continues to stand out [6] .

Against the backdrop of the construction of the Hainan Free
Trade Port, a series of supporting policies and measures
introduced by the national and local governments have
provided solid institutional support for the high-quality
of the

preferential policies in areas such as financial support, tax

development tourism industry. For example,
breaks, and land supply have created a favorable policy
environment for investment and project implementation in
Hainan's tourism industry. The continued implementation of
these policies has not only effectively guided more social
capital towards the development and construction of
high-quality tourism projects in Hainan, but also promoted
collaborative innovation and coordinated development
among upstream and downstream enterprises in the tourism
industry chain, significantly enhancing the overall
competitiveness and brand influence of Hainan's tourism

industry in domestic and international markets.

2.2.Disadvantages
The tourism industry in Hainan is affected by the
geographical environment and has obvious seasonal

characteristics and a relatively simple tourism product
structure. In the existing product system, there is still a lack
of in-depth experience projects and differentiated design
projects, which to some extent affects its attractiveness to
tourists who pursue diversified experiences. Although
Hainan has rich natural landscapes and unique cultural
resources, the existing tourism products are still too
concentrated on the traditional seaside sightseeing model,
and the in-depth exploration of cultural connotations and the
full release of characteristic experience value are still
insufficient. For example, although water sports such as
diving and surfing have market potential, due to the need to
improve the development level and the lack of a cluster of
characteristic brands with widespread recognition, it is

difficult to fully meet the growing diversified and quality
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needs of tourists. In addition, the planning and development
of festival tourism products are relatively weak, and the
local cultural resources have not been fully utilized for
effective integration and innovation, resulting in a relatively
obvious phenomenon of tourism product homogenization
[7] . This relatively simple product structure may not only
limit the length of stay and consumption intention of tourists,
but also put Hainan under certain pressure in the
differentiated competition of the international tourism
market.

In terms of marketing, Hainan Province faces challenges
such as insufficient marketing precision, weak brand
promotion, and unclear domestic and international market
positioning, which hinder the growth of tourism revenue.
Firstly, Hainan's ability to accurately target markets using
big data technology is inadequate, affecting the efficiency of
marketing resource allocation. Secondly, brand promotion
efforts are insufficient, particularly in enhancing
international brand awareness and influence, failing to
effectively cultivate an attractive cultural tourism brand
image. Finally, Hainan's positioning in domestic and
international markets is unclear; it has neither fully tapped
into the needs of high-end domestic consumers nor
developed differentiated marketing strategies for the
international market, which to some extent affects the
effectiveness of customer acquisition. These marketing
shortcomings not only restrict the expansion of Hainan's
tourism market but also hinder the release of its international

tourism revenue potential.

2.3.0pportunities

Against the backdrop of the new development pattern of
"dual circulation" and the in-depth advancement of the
construction of Hainan Free Trade Port, Hainan's tourism
industry has ushered in multiple development opportunities.
First, the strengthening of the domestic circulation has
provided Hainan with a continuously growing source of
tourists. The trend of upgrading domestic residents'
consumption is obvious, and the demand for high-quality,
diversified, and experiential tourism is increasingly strong.
As a popular domestic tourist destination, Hainan's unique
resources such as coastal resorts, tropical rainforests, and
duty-free shopping are highly compatible with this demand
upgrading direction. Second, the window of opportunity for

international circulation is opening. The policy dividends of

Hainan Free Trade Port, such as more open air rights
policies, visa-free policies, and optimized offshore duty-free
have international

policies, significantly enhanced its

attractiveness and created favorable conditions for
developing the international high-end tourist market and
deepening  cooperation with  international  tourism
organizations and enterprises. The recovery trend of the
global tourism market has also provided Hainan with an
opportunity to attract international tourists. Third, the
accelerated process of regional economic integration,
especially the deepening of cooperation with Southeast
Asian countries, has provided potential opportunities for
Hainan to develop cruise tourism, cross-border tourism, and
build a regional tourism hub. Finally, the continuous focus
of national strategies has provided strong support for the
The

convergence of a series of national strategies, including the

development of Hainan's tourism industry [8]

"dual-ring" development strategy, the construction of an

international tourism consumption center, and the
development of a free trade port, has endowed Hainan with
unique advantages in policy innovation, industrial openness,
and resource aggregation, opening up vast space for the
transformation, upgrading, and international development of
the tourism industry. These opportunities collectively
constitute a favorable external environment for Hainan's
tourism economy to achieve high-quality development under

the new "dual-ring" development pattern.

2.4. Threats

Against the backdrop of the new "dual circulation"
development pattern and the construction of the Hainan Free
Trade Port, Hainan Province's tourism industry has achieved
remarkable results, but it still faces challenges. How to
effectively utilize policy advantages, while adhering to the
principles of rational resource utilization and green
innovation, to improve the industrial structure and promote
high-quality development is one of the key challenges
related to the success of the Hainan Free Trade Port

construction.
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3.Strategies for Building a Health Tourism
Model in Hainan under the Background of the
Hainan Free Trade Port

3.1.Rational Use of Resources

xHainan Free Trade Port boasts a superior ecological
environment and abundant medicinal plant and animal
resources, which are conducive to the management and
improvement of various chronic diseases. This supports the
development of health-related industries such as health care
the

construction of the Free Trade Port, various transportation

products and agriculture. Furthermore, during

facilities, such as the island ring road and transportation
hubs, the

necessary In

have been gradually improved, providing

infrastructure for tourism development.
addition, the Free Trade Port's significant policy advantages
facilitate the aggregation of information, capital, and other
resources to local industries, providing strong support for the
development of health tourism models. In terms of resource
utilization, Hainan possesses 1944 kilometers of coastal
natural ecological resources, allowing for the design of
marine-themed health tourism activities. It can also leverage
Hainan's rich tropical rainforest resources to develop health
tourism projects such as forest oxygen bar therapy, creating
a unique Hainan health tourism model based on local
ecological and natural resources. In this process, advanced
medical industry resources can be introduced to build a
number of ecological health and wellness bases in Hainan,
providing one-stop services such as ecological health
management and medical services. For example, in June
2024, Boao Lecheng launched the "Healthy Island, Happy
City" medical tourism brand. This brand combines physical
and mental healing with local coastal environmental
resources to create a coastal healing health tourism product.
It integrates local medical and tourism resources, allowing
tourists to not only play in the surrounding scenic spots but
also enjoy high-end health and wellness services, forming a
health tourism model with Hainan characteristics. However,
in the process of utilizing natural and ecological resources,
we should adhere to the concepts of green, low-carbon, and
environmental protection, strengthen tourists' environmental
awareness education, advocate green tourism and civilized
tourism, and realize the green development of Hainan's
health tourism model in all aspects [9] .

The cultures of the Li and Miao ethnic groups in Hainan, as

10

well as the Qiong culture and the culture of Lady Xian, are
highly distinctive regional features. These high-quality
cultural resources can be utilized to integrate into health
tourism through experiential tours and performances, adding
tourism projects with Hainan cultural characteristics to
tourism products and creating local health and cultural

tourism products.

3.2.Improve Industrial Iayout

To address Hainan's past reliance on a single industrial
the

development of a health tourism model should be leveraged

structure and excessive dependence on tourism,

to actively connect tourism with other industries, allowing
tourism to drive the development of other sectors and
of health

development. In this context, the industrial layout should be

enhance the overall -effectiveness tourism
actively improved, and the integration of health tourism with
medical, elderly care, and sports industries should be
promoted to build a complete industrial chain and cluster.
This will leverage the synergistic effect of industrial
development, enhance the overall effectiveness of the health
and better local economic

tourism model, promote

development. Currently, the Hainan Free Trade Port
possesses core policies of "zero tariffs, low tax rates,
simplified tax system, and five freedoms and conveniences,
and one safe and orderly flow." In terms of industrial layout,
we should make full use of the above-mentioned policy
advantages, attract international advanced medical
equipment, medicines and traditional Chinese medicine
technology to Hainan, improve the level of medical care,
support the integration of medical care and tourism
industries, improve the quality of health tourism products,
actively introduce intelligent and information technology,
create intelligent and convenient elderly care service
of health health

communities and health resorts, provide high-quality health

facilities, build a number towns,
and elderly care services for sub-healthy people and elderly
tourists, thereby promoting the integrated development of
tourism industry and elderly care industry, while actively
promoting the integration of medical services and elderly
care services to achieve the sharing and optimization of
medical and elderly care resources, improve the quality and
professionalism of elderly services, and create more
high-quality health tourism products. In addition, Hainan's

natural resources and climate conditions can also promote
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sports tourism, build and develop water sports, mountain
sports, outdoor expansion and other sports tourism projects,
combine tourism and sports industry by building sports
venues, sports bases and hosting international sports events,
form a strong sports tourism brand, develop a variety of
health the

competitiveness of Hainan's health tourism [10] . Ultimately,

tourism products, and improve market
the goal is to develop Hainan's health tourism industry
towards high-end, intelligent, and green development,
cultivate a number of internationally competitive health
tourism enterprises, achieve industrial clusters, and improve

the overall development efficiency of Hainan.

3.3.Strengthen the Development of Tourism
Products

In developing specific tourism products, consideration can
be given to focusing on the six key elements of food,
accommodation, transportation, sightseeing, shopping, and
entertainment, designing rich and diverse health tourism
projects to provide tourists with a comprehensive and
high-quality health tourism experience. In the development
of tourism products, the abundant local tropical fruits,
seafood, and other specialty ingredients should be fully
utilized to develop healthy and nourishing cuisine,
introducing international healthy eating concepts to create
high-quality catering solutions. Dedicated healthy dining
areas should be set up in scenic spots, hotels, and other
tourist venues to provide tourists with a high-quality and
convenient healthy dining experience. By holding healthy
food festivals, cooking competitions, and other activities,
tourists can be attracted while enriching the depth and
breadth of tourism products. Regarding accommodation,
leveraging the local natural environment advantages,
clusters of health and wellness hotels and resorts should be
developed, introducing intelligent and green health and
wellness accommodations to further optimize the quality of
tourism products. In terms of transportation, more health
walking trails and cycling paths should be built to provide
convenience for citizens and tourists to exercise and relax,
and facilities such as health stations should be built along the
coastal highways of Hainan Island to further enhance the
tourist travel experience. In terms of scenic tourism, local
culture and natural resources can be fully utilized to create
health-themed scenic areas and related activities, and to
to enrich tourists'

organize health tourism festivals
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experiences. Regarding shopping, local characteristics
should be leveraged to develop health-themed tourism
products, such as organic foods, and dedicated shopping
areas should be set up in various tourist and shopping venues.
The duty-free shopping policy of the Hainan Free Trade Port
should also be actively utilized to improve supporting
duty-free shopping facilities, accelerate the improvement of
shopping services, and optimize the shopping environment
to better meet tourists' shopping needs. In terms of
entertainment, diverse health-themed recreational activities
should be designed, such as beach yoga. By developing in a
the of food,

accommodation, transportation, sightseeing, shopping, and

coordinated manner across six aspects
entertainment, the quality of tourism products can be further
optimized to provide tourists with more healthy tourism

experiences.

Conclusion and Outlook

In conclusion, the establishment of the Hainan Free Trade
Port has provided significant support for the development of
Hainan's tourism industry in multiple aspects, including
policy, transportation, and healthcare. Looking back, by
implementing the aforementioned optimization strategies,
the possibility of Hainan's tourism industry achieving
leapfrog development in terms of scale, quality, and
efficiency will be significantly enhanced. Based on the new
development pattern of " digital economy and green tourism ,
" Hainan should fully unleash its potential as an international
tourism island. Strengthening tourism talent cultivation and
improving the service standardization system will effectively
improve the quality of tourism services, increase tourist
satisfaction and repeat visit rates, thereby promoting the
transformation of Hainan's cultural and tourism industry
towards high-quality development and accelerating the

construction of the Hainan Free Trade Port.
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As a fundamental component of school physical education, track and field plays an irreplaceable role in
enhancing students' physical fitness and fostering their willpower. This study focuses on track and field
teaching in middle schools, employing research methods such as literature review, questionnaire survey,
and interviews. It systematically analyzes the practical dilemmas faced by current middle school track and
field teaching in aspects like teaching philosophy, resource allocation, and student participation. Combined
with the policy orientation of educational reform and the background of technological development, the

study examines the challenges and opportunities in its development process. Finally, targeted development

Lifelongsports; strategies are proposed from the dimensions of concept renewal, content innovation, teacher team
Health first; construction, and resource optimization. The aim is to provide practical references for promoting the
high-quality development of middle school track and field teaching and implementing the educational
concept of "Health First".
INTRODUCTION

1.1.Research Background and Significance

Known as the "mother of sports", track and field serves as
the foundation for various sports. Its basic movement forms,
including walking, running, jumping, and throwing, are
closely related to students' daily activities and occupy a core
position in the middle school physical education system.
With the issuance of policy documents such as the
"Opinions on Deepening the Integration of Sports and
Education to Promote the Healthy Development of
Adolescents", school physical education has been elevated
to a more important strategic height. As a core part of school
physical education, the quality of track and field teaching is
directly related to the realization of the goal of improving
adolescents' physical health.

Current physical health monitoring data of middle school

students shows that some students have a downward trend in

core physical fitness indicators such as endurance and
strength, which is related to the weakening of track and field
teaching. Against this backdrop, conducting a systematic
study on the current situation of middle school track and
field teaching, accurately identifying its development
bottlenecks, and exploring innovative paths can not only
provide theoretical support for improving the quality of
middle school track and field teaching, but also have
important practical significance for cultivating middle
school students' good sports habits, laying a solid foundation
for lifelong sports, and promoting the reform of school

physical education.
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1.2.Research Status at Home and Abroad

From the perspective of foreign research, developed
countries in Europe and America have integrated track and
field into the youth physical education system at an early
stage. Relevant studies mainly focus on the correlation
between track and field teaching and youth health promotion,
and the construction of personalized teaching models. For
example, American scholars have found through long-term
follow-up studies that regular basic track and field training
can effectively reduce the obesity rate of adolescents and
improve their cardiopulmonary function. Germany
implements a "modular teaching" approach in middle school
track and field teaching, designing teaching content based on
students' interests and physical differences, which has
significantly improved students' participation. These studies
provide valuable references for middle school track and field
teaching in China, but due to differences in educational
systems and cultural backgrounds, their achievements need
to be localized in combination with China's actual situation.

In terms of domestic research, studies on middle school
track and field teaching have gradually increased in recent
years, mainly focusing on the investigation of teaching
status and problem analysis. Some scholars, through surveys
in middle schools in different regions, have pointed out that
current track and field teaching has problems such as boring
content, single methods, and insufficient resources. There
are also studies focusing on the innovation of teaching
methods, proposing to integrate gamified teaching and
situational teaching into track and field classes. However,
existing studies still have shortcomings: first, the systematic
analysis of teaching dilemmas is not in-depth enough,
mostly staying at the description of surface phenomena;
second, innovative  strategy  research  combining
technological means and policy backgrounds is relatively
scarce, which is difficult to meet the actual needs of current
educational reform. Based on this, this study constructs a
more comprehensive research framework with the logical
main line of "dilemma-opportunity-strategy" to make up for

the shortcomings of existing research.

1.3.Research Methods and Innovations

This study comprehensively adopts multiple research
methods to ensure the scientificity and effectiveness of the

research: first, the literature review method, which

14

systematically sorts out policy documents and academic
achievements related to middle school track and field
teaching and school physical education reform at home and
abroad, laying a theoretical foundation for the research;
second, the questionnaire survey method, which selects 800
students and 50 physical education teachers from 10 middle
schools in different regions as survey objects, designs
questionnaires on issues such as track and field teaching
participation and teaching content satisfaction, and collects
762 wvalid student questionnaires and 48 wvalid teacher
questionnaires to provide data support for the analysis of the
current situation; third, the interview method, which selects
10 senior middle school physical education teachers and 5
physical education experts for in-depth interviews to obtain
qualitative data on teaching dilemmas and development
suggestions.

The innovations of this study are mainly reflected in two
aspects: first, the systematic research perspective, which
places middle school track and field teaching under the
multiple backgrounds of educational reform, technological
development, and the upgrading of social health needs,
comprehensively analyzes the challenges and opportunities
it faces, and avoids the limitations of single-dimensional
research; second, the practicality of strategy proposal, which
combines the results of questionnaire surveys and interviews
to put forward specific and implementable innovative
strategies for different problems, rather than making general
remarks, thereby enhancing the practical guiding value of

the research.

2.Challenges and Opportunities Faced by
Middle School Track and Field Teaching

2.1.Challenge Analysis

2.1.1.Competitive
Sports

Impact from Emerging

With the diversified development of sports culture, emerging
sports such as basketball, football, badminton, street dance,
and skateboarding have quickly gained the favor of middle
school students due to their high entertainment and social
nature. Questionnaire surveys show that only 23% of
students list track and field as their "most interesting sports
project”, while the proportions of students
basketball and football are 38% and 25% respectively. The

choosing
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impact of emerging projects has caused track and field
teaching to face an "attractiveness crisis". Some schools
even reduce track and field teaching hours to cater to
students' interests and allocate more resources to popular
projects, further weakening the fundamental position of
track and field. Compared with emerging projects, some
traditional track and field contents (such as long-distance
running and long jump) have strong competitiveness but
relatively insufficient entertainment, making it difficult to

gain an advantage in the competition with emerging

projects.

2.1.2.Difficulties in  Meeting  Students'
Personalized Needs

Middle school students have significant individual
differences in physical fitness, interests, and sports

foundations. Questionnaire surveys show that 45% of
students believe that "the teaching content does not conform
to their own interests", and 38% of students report that "the
teaching difficulty is too high or too low". Traditional track
and field teaching mostly adopts a one-size-fits-all model,
requiring all students to meet unified standards, which is
difficult to take into account the needs of different students.
For example, students with good physical fitness feel bored
with basic training, while students with weak physical
fitness feel frustrated because they cannot complete the
training tasks. At the same time, some students have the
need for sports specialty development, such as hoping to
improve their scores in the high school entrance examination
for physical education through track and field training, or
having the potential to become professional athletes.
However, there is a lack of targeted training programs in
current teaching, resulting in the inability to effectively meet

personalized needs.

2.1.3.Safety Risks and Teaching Concerns

Track and field events such as running, jumping, and
throwing have high requirements for physical explosive
power and coordination. Improper teaching guidance or
inadequate protective measures can easily lead to sports
injuries. In interviews, 65% of teachers stated that "worrying
about students' sports injuries" is the main concern in
teaching. To avoid safety risks, some schools have adopted
an overcautious approach, such as reducing high-risk

teaching contents like long-distance running and hurdles,
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lowering training intensity, and even simplifying track and
field classes into "free activities". This overly conservative
teaching attitude not only affects the quality of track and
field teaching but also violates the original intention of
physical education to cultivate students' tenacious quality. In
addition, the unclear responsibility identification mechanism
after sports injuries further intensifies the teaching concerns

of schools and teachers.

2.2.0pportunity Discussion

2.2.1.Strong Support from Educational Reform
Policies

In recent years, the national government has intensively
issued a series of policy documents supporting the
development of school physical education, bringing policy
dividends to middle school track and field teaching. The
"Opinions on Deepening the Reform of School Physical
Education in the New Era to Promote the Comprehensive
Development of Students" clearly proposes to "strengthen
the teaching of basic sports projects such as track and field",
requiring track and field to be the core content of middle
school physical education and ensuring sufficient teaching
hours. At the same time, the reform of the high school
entrance examination for physical education continues to
advance. In most regions, track and field events (such as
1000m/800m running, standing long jump, and solid ball
throwing) are included as mandatory items, and their score
proportion is constantly increasing. This has to a certain
extent enhanced the attention of schools, students, and
parents to track and field teaching. The guiding role of
policies provides a strong guarantee for consolidating the
position and improving the quality of track and field

teaching.

2.2.2.Comprehensive Improvement of Social
Health Awareness

With the in-depth implementation of the "Healthy China"
strategy, the whole society has significantly increased its
attention to the health of adolescents, and the concept of
national fitness has gradually taken root in people's hearts.
More and more parents have begun to recognize the
importance of track and field in improving their children's

physical fitness and cultivating their willpower, and their
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support for track and field teaching is constantly increasing.
Questionnaire surveys show that 72% of parents say they
"are willing to encourage their children to participate in
track and field training". At the same time, the extensive
development of various mass track and field events (such as
campus mini-marathon and fun track and field sports meet)
has provided more platforms for middle school students to
participate in track and field, creating a good social
atmosphere and laying a solid social foundation for the

development of middle school track and field teaching.

2.2.3.Teaching Innovation Space Brought by
Technological Development

The rapid development of modern technology has provided
new possibilities for the innovation of middle school track
and field teaching. Sports monitoring equipment (such as
heart rate bracelets and sports cameras) can collect students'
sports data in real-time, helping teachers accurately grasp
students' training intensity and movement standardization,
and realize "data-driven teaching"; Virtual Reality (VR)
track and field

environments in different scenarios, such as simulating

technology can simulate training
long-distance running competition scenarios, to enhance the
entertainment and immersion of teaching; Online teaching
platforms provide support for after-class expansion,
allowing students to watch movement demonstration videos
and obtain personalized training plans through the platform.
In interviews, 80% of young teachers said they "are willing
to try to integrate technological means into track and field
teaching", and the integration of technology and teaching
has become a development trend of middle school track and

field teaching.

3.1.Renew Teaching Concepts and Anchor Core
Goals

3.1.1.Establish the Dual Orientation of '""Health
First" and "Lifelong Sports"

Abandon the traditional teaching concept centered on
competitive achievements, take "Health First" as the primary
goal of track and field teaching, and focus on improving
students' basic physical fitness and health literacy through

track and field training. At the same time, strengthen the
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penetration of the "Lifelong Sports" concept, shift the
teaching focus from "skill teaching" to "habit cultivation",
guide students to recognize the fundamental value of track
and field, and enable them to master sports methods that
benefit them for life. For example, in long-distance running
teaching, instead of simply pursuing speed improvement,
personalized endurance improvement plans are formulated
to cultivate students' perseverance and sports interests,
enabling them to form the habit of "being willing to run and

being good at running".

3.1.2.Construct a Personalized and Diversified
Goal System

Combine students' individual differences to construct a
three-level teaching goal system of "basic goals + expanded
goals + specialty goals". Basic goals are for all students,
focusing on the mastery of core skills such as walking,
running, jumping, and throwing, and the improvement of
basic physical fitness; Expanded goals are for students with
high interests, setting contents such as track and field culture
cognition and event organization; Specialty goals are for
students with sports potential, formulating special training
plans to lay a foundation for the cultivation of sports
specialties. For example, in response to the needs of the high
school entrance examination for physical education,
differentiated training goals are formulated for students with
different physical fitness levels: students with poor physical
take the

improving endurance" as the goal, while students with good

fitness "completing specified distance and
physical fitness take "breaking their personal best" as the

goal.

3.2.Innovate Teaching Content and Methods to
Enhance Attractiveness

3.2.1.0ptimize Teaching Content and Integrate
Interesting and Life-related Elements

Carry out "interesting transformation" of traditional track
and field

competitions, and life scenarios into teaching. For example,

teaching content, and integrate games,
combine sprinting with the "relay treasure hunt" game,
where students need to find designated items while
completing the sprint task, enhancing the interest of teaching;

combine long jump with the scenario of "jumping over
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obstacles to save partners" to improve students' participation
enthusiasm. At the same time, increase track and field
content closely related to life, such as "emergency escape
running" and "load carrying", so that students can recognize
the practical value of track and field skills in life. In addition,
introduce fun track and field events (such as obstacle relay
and soft equipment throwing) to enrich the teaching content
system and reduce the competitive pressure of traditional

events.

3.2.2.Adopt Diversified Teaching Methods to
Stimulate Active Participation

Break the of

demonstration + student imitation" and promote diversified

through traditional ~model "teacher
teaching methods. First, the hierarchical teaching method,
which divides students into basic groups, improvement
groups, and specialty groups according to their physical
fitness and skill levels, and implements differentiated
teaching; second, the group cooperative learning method,
which divides students into several groups to carry out
inter-group track and field competitions, cultivating students'
teamwork ability; third, the situational teaching method,
which stimulates students' learning motivation by creating
scenarios such as "sports meet venue" and "Olympic
champion growth". For example, in throwing teaching,
create a scenario of "delivering materials to disaster areas",
allowing students to cultivate a sense of social responsibility

while completing the throwing task.

3.3.Strengthen Teacher Team Construction and
Improve Teaching Ability

3.3.1.Improve the Teacher Training System

Educational administrative departments and schools should
increase investment in the training of track and field teachers,
and construct a three-dimensional training system of
"pre-service training + in-service training + academic
exchange". Pre-service training focuses on strengthening the
mastery of track and field professional skills and teaching
methods; in-service training promotes the improvement of
teachers' teaching ability through regularly organizing
teaching seminars and excellent lesson observation activities;
actively build academic exchange platforms, organize

teachers to participate in domestic and foreign track and
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field teaching seminars, and learn advanced teaching
concepts and methods. At the same time, encourage teachers
to conduct interdisciplinary learning, improve their
technological application capabilities, and master the use of

sports monitoring equipment and VR teaching tools.

3.3.2.Establish Incentive Mechanisms to

Encourage Teaching Innovation

Schools should establish a scientific incentive mechanism to
stimulate teachers' enthusiasm for teaching innovation.
track field

achievements into the teacher performance evaluation

Incorporate and teaching  innovation
system, and commend and reward teachers who have made
outstanding achievements in teaching innovation and student
cultivation; set up a special fund for track and field teaching
research to support teachers in carrying out teaching reform
research and innovative practices; establish a teacher
teaching innovation sharing mechanism, encourage teachers
to promote successful teaching experiences, and form a

virtuous cycle of "innovation-sharing-improvement".

3.4.0ptimize Resource Allocation and Improve
Teaching Conditions

3.4.1.Increase Investment and Improve Venue
and Equipment Construction

Educational administrative departments should increase
financial investment in middle school physical education,
focusing on supporting the upgrading and transformation of
track and field venues and equipment. For schools with
limited venue space, the methods of "three-dimensional
design" and "multi-functional utilization" can be adopted to
optimize the venue layout and improve venue utilization
efficiency; replace old and outdated equipment, and equip
track and field equipment with high safety performance
suitable for middle school students, such as soft javelins and
elastic long jump mats. At the same time, establish a regular
maintenance mechanism for venues and equipment to ensure
teaching safety. In addition, encourage schools to develop
simple track and field equipment based on actual conditions,
such as using waste tires to make obstacle equipment,

reducing teaching costs.
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3.4.2.Promote Resource Sharing and Realize
Balanced Development

Break the resource barriers between schools and regions,
and promote the sharing of track and field teaching
resources. On the one hand, establish a regional middle
school physical education resource sharing platform,
coordinate the allocation of venue and equipment resources,
so that schools with insufficient resources can use the
venues of surrounding schools for teaching; on the other
hand, strengthen cooperation between schools and social
sports venues, and use the high-quality resources of social
venues for track and field teaching and training. For example,
schools can sign cooperation agreements with local sports
centers to organize students to carry out special track and
field training in the sports centers, making up for the lack of
internal resources. At the same time, promote the flow of
high-quality track and field teaching resources to rural
schools through forms such as "urban-rural school pairing

assistance" to narrow the urban-rural gap.

3.5.Enrich Activity Carriers and Stimulate
Students' Interests

3.5.1.Carry Out Diversified Campus Track and
Field Activities

Schools should enrich the forms of campus track and field
activities and create a strong track and field sports
atmosphere. In addition to the traditional spring and autumn
sports meets, track and field culture festivals, fun track and
field carnivals, and campus mini-marathons can be held
regularly to encourage more students to participate in track
and field; establish track and field clubs to absorb students
interested in track and field and carry out systematic special
training and exchange activities; invite professional track
and field athletes to enter the campus to give lectures and
demonstrations, stimulating students' sports enthusiasm. For
example, through the activity of "Track and Field Stars
Entering Campus", students can interact closely with
athletes and feel the charm of track and field.

3.5.2.Establish  Scientific
Incentive Mechanisms

Evaluation and

Change the traditional evaluation method centered on skill

testing, and establish a diversified evaluation system of
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"process + result + progress". Process evaluation focuses on
students' participation, performance, and progress in track
and field classes; result evaluation combines physical fitness
testing and skill assessment; progress evaluation focuses on
students' individual improvement, and affirms and rewards
students with significant progress. At the same time, adopt
diversified incentive methods, such as issuing honorary
certificates such as "Progress Star" and "Best Participation
Award", and providing material rewards such as sports
supplies and after-class expansion activities to stimulate

students' participation enthusiasm.

4.Conclusions and Prospects

4.1.Research Conclusions

Through the systematic research on middle school track and
field teaching, this study finds that under the background of
policy support and the improvement of social health needs,
current middle school track and field teaching is facing good
development opportunities, but at the same time, it is also
confronted with multiple challenges such as the impact of
emerging sports, difficulties in meeting personalized needs,
and safety risk concerns. From the perspective of teaching
practice, the core dilemmas of middle school track and field
teaching are concentrated in the backward teaching concepts,
single content and methods, insufficient teacher capabilities,
unbalanced resource allocation, and low student interest.

To address the above problems, this study proposes to
construct innovative development strategies from five
dimensions: first, renew teaching concepts, establish the
orientation of "Health First" and "Lifelong Sports", and
build a personalized goal system; second, innovate teaching
content and methods, integrate interesting elements, and
adopt diversified methods such as hierarchical teaching and
third,

construction, improve the training system, and establish

situational teaching; strengthen teacher team
innovation incentive mechanisms; fourth, optimize resource
allocation, increase investment in venues and equipment,
and promote resource sharing; fifth, enrich activity carriers,
carry out diversified campus track and field activities, and
establish scientific evaluation and incentive mechanisms.
The implementation of these strategies is expected to
provide effective support for breaking through the dilemmas
of middle school track and field teaching and improving

teaching quality.
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4.2.Future Prospects

With the continuous deepening of educational reform and
the continuous development of science and technology,
middle school track and field teaching will face a broader
development space. In the future, middle school track and
field teaching should further strengthen the integration with
technology, promote the development of "intelligent track
and field teaching", and use big data, artificial intelligence
and other technologies to realize the precision and
personalization of teaching; strengthen the collaboration
with families and society, construct a
"school-family-society" trinity track and field education
system, and form an educational synergy; pay attention to
the track and field teaching needs of special groups of
students, such as designing adaptive track and field teaching
content for students with weak physical fitness or disabilities,
and promoting educational equity.

At the same time, continuous attention and research should
be paid to middle school track and field teaching, and
teaching strategies should be continuously optimized in
combination with the changes of the times and students'
needs, so that track and field can truly become an important
carrier for improving the physical health of middle school
students and cultivating their comprehensive quality, and
contribute to the implementation of the "Healthy China"

strategy and the all-round development of adolescents.
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Digital transformation is transforming construction project management by redefining how information is
created, processed and shared. Although Building Information Modelling (BIM), Artificial Intelligence
(AI) and Project Management Information Systems (PMIS) have each shown value in improving
efficiency, their combined effect on sustainability has not been well theorized. This extended conceptual
paper responds to this gap by examining how the three technologies interact through data integration,
predictive analytics and structured coordination to enhance environmental, economic and social

performance. The discussion synthesizes recent research, highlights impact mechanisms, and clarifies

Data integration

organizational conditions for achieving sustainability outcomes.

INTRODUCTION

The construction industry remains to be challenged by the
perennial problems of disorganized coordination, waste of
materials, delays in schedule and rising demands to meet
sustainability standards. The digital project management
technologies are often advertised as solutions that have the
potential to enhance accuracy of decisions and minimize
that BIM

enhances

indicates

Al
and PMIS promotes
the

literature is disjointed, with little elaboration on how these

resource usage. Current research

facilitates design optimization[1], risk

prediction and automation[2],

transparency and communication[3]. Nevertheless,
technologies collectively contribute to sustainability in
multi-stakeholder construction contexts. This paper thus
formulates an integrated conceptual argument: that
meaningful sustainability benefits do not result from
individual tools but rather their combined socio-technical
interaction[4]. It is aimed at explaining mechanisms,
dependencies and enabling conditions.Over the past few
years, climate targets, resource depletion, and social
responsibility have created a pressure on the global
construction sector to undergo dual transformation of both

green and digital transformation. In this respect, the

convergence of BIM, Al, and PMIS is not interpreted as a
technological upgrade but as a sustainability-enabling
architecture. The current literature mainly focuses on one
technology, e.g., the use of BIM in energy-efficient design,
the value of Al in schedule prediction or the role of PMIS in
collaboration without a systematic description of how they
interact with each other. This paper tries to build a cyclical
framework of data-prediction-decision and considers
technological integration as a dynamic process instead of a
stack of tools. This paradigm places emphasis on the fact
that sustainable performance can be attained not only
through technologies themselves but also through the flow
of data and closure of decision loops within and between
organizations. This view is consistent with the theory of
socio-technical systems in which technology is incorporated
into organizational practices, transforming work processes,
power relations, and distribution of knowledge, hence
affecting the triple bottom line of environmental, economic,

and social performance[5].
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1.BIM as a Foundation for Sustainable
Decision-Making

BIM is a multidimensional digital model of the project
components, which allows stakeholders to interact with
common information that is constantly updated. BIM
influences performance in terms of sustainability by
enhancing design coordination, simulation at an early stage,
BIM

enhances quality of decisions and facilitates environmentally

clash detection and quantification of materials.

friendly procurement by minimizing design mistakes and
facilitating lifecycle evaluation. Its data environment, which
is structured, also becomes the foundation on which Al
algorithms and PMIS workflows are based. However, the
benefits of BIM sustainability rely on the richness of data,
inter-organizational cooperation and stable modelling
standards. In their absence, its ability to minimize waste,
emissions and rework is compromised.In addition, BIM has
a special potential in operationalizing the principles of
circular economy in construction. Through creation of
material databases and component libraries, BIM is able to
facilitate optimization of material selection during design,
material tracking during construction and planning resource
recovery on decommissioning. As an example, Life Cycle
Assessment (LCA) information can be integrated into BIM
models[6], so that the design teams can analyze the carbon
footprint and recyclability capacity of various building
materials at the initial phase. At the same time, combining
BIM with Internet of Things (IoT) allows monitoring the use
of materials on-site in real-time[7], which minimizes the
number of orders made by mistake and waste in the field.
This continuity of data between design and deconstruction
provides an opportunity to achieve resource circularity
across the life cycle of a building. Nonetheless, this vision
can be realized only after several obstacles are addressed,
such as data standardization, supply chain collaboration, and
policy incentives, which implies that further studies should
focus more on the integration pathways of BIM in

cross-cycle resource management[8].

2.Al for Predictive, Resource-Efficient
Planning

Al improves the management of digital projects by

providing predictive insights that are beyond human analysis.

Machine learning models predict delays and cost deviations,

computer vision helps with real - time quality and safety
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monitoring[9], and natural language tools help classify
documentation. When sustainability goals guide it, Al allows
for more efficient use of materials, equipment, and labor[10],
cutting down unnecessary consumption and improving
schedule reliability. Still, Al's accuracy is strongly affected
by the quality of BIM - derived data and the flow of
enabled by PMIS[11]. Ethical

algorithmic bias, and high computational energy use could

information concerns,
also restrict its contribution to sustainability. So, Al
functions as a powerful yet conditional mechanism in a
wider digital ecosystem.In addition to schedule and cost
forecasting, Al has wide opportunities in sustainable supply
chain management and carbon footprint accounting. The
machine learning algorithms will be able to process the
historical procurement data, logistics information, and
market fluctuations to optimize material purchasing plans
and transportation routes thus minimizing carbon emissions
due to transportations and inventory wastage. At the same
time, the Al-based carbon calculation tools can combine
component data of BIM models, construction activity data,
and energy consumption history to provide real-time

estimation and dynamic early warning of project carbon

emission. Indicatively, computer vision based site
monitoring systems can automatically detect
energy-inefficient practices like equipment idling or

incorrect storage of materials and make optimization
recommendations on time. It is interesting to note that the
training data quality directly influences the precision of
environmental assessments made by Al which again
highlights the fact that BIM is a high-quality source of data.
In future, the combination of Al with blockchain technology
may also offer a credible data base on carbon credit tracking

and green finance.

3.PMIS as an Integrative Management
Platform

PMIS tools organize workflows through the organization of

communication, documentation, version control and
compliance tracking. They offer transparency in teams,
and enhance auditability. of
PMIS of

environmental indicators, controls approval chains and

define roles In terms

sustainability, enables timely reporting
enhances collaboration. Notably, PMIS also incorporates
inputs of BIM and AI: BIM models are used to provide

information on documentation and change management
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processes whereas Al outputs can be used to provide
decision alerts and progress dashboards. Nevertheless,
organizational culture, digital capabilities and
standardization of data structures affect the adoption of
PMIS despite these strengths. The system design is not good
or there is too much information which may compromise its
effectiveness.PMIS

multi-party cooperation and enhancing accountability. In big

is also important in facilitating
sustainable construction projects with many participants and
long information chains, PMIS can guarantee transparent
reporting and verification of different sustainability
indicators (e.g., energy performance, water consumption,
waste management) by using such features as permission
management, process automation, and audit logs. Moreover,
PMIS may be connected to third-party certification systems
(e.g., LEED, BREEAM), which automatically matches the
project data with the requirements of the certification system
of

governance, PMIS does not serve as an information platform

to simplify the submission procedure. In terms
only but rather as an institutional infrastructure that
influences collaborative behaviors among stakeholders
based on standardized process design and data interfaces.
Nevertheless, when system design is too strict or ignores
local practices, it might bring the risk of so-called
techno-bureaucracy where tools are equated with formal

compliance instead of real engines of sustainable innovation.

4.Integrated Framework for Sustainable
Performance

The synergistic effect of BIM, Al and PMIS is realized in
the form of their complementary roles. BIM provides
structured, high-resolution data; Al converts this data into
predictive insights; PMIS incorporates these insights into
managerial and

decision-making inter-organizational

coordination. In combination, they affect sustainable
performance via four channels: enhanced resource efficiency,
less environmental impact, improved cost and schedule
like

transparency. This interaction takes place through a number

control, and better social outcomes safety and

of mediating mechanisms, such as decision quality,

workflow integration, and knowledge availability. The
degree to which these mechanisms result in measurable
sustainability results is decided by moderating factors like
leadership  support, digital

literacy, and governance

practices.In order to visually explain the synergistic
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mechanisms of BIM, Al and PMIS, this study suggests a
Sustainable  Digital Project Management Cyclical
Framework. This framework places BIM as the core data
layer, Al as the intelligent analytics layer, and PMIS as the
collaborative execution layer with bidirectional flows of data
between all three layers. Namely:

1.Data Layer (BIM): Provides structured data including
geometric information, material properties, and temporal
relationships.

2.Analytics Layer (Al): Performs risk prediction, resource
optimization, carbon emission simulation, etc.

3.Execution Layer (PMIS): Translates analytical results

into task assignments, schedule adjustments, and report

generation.
Within  this  framework, sustainable  performance
enhancement is achieved through the following

sub-mechanisms:

1.Dynamic Optimization Mechanism: Al adjusts resource
allocation suggestions in the BIM model based on real-time
construction data.

2.Closed-Loop Learning Mechanism: PMIS collects
project feedback to refine Al models and BIM templates.

3.Transparent Accountability Mechanism: All decisions
and changes are logged within PMIS, facilitating traceability
and auditability.
The framework underlines that the iterative evolution of
technology and the learning ability of the organization are
equally important; only by enhancing both simultaneously
can digital transformation really empower sustainable

development.

5.Challenges and Critical Conditions

Even though digitalization has its advantages, there are a
number of challenges that limit the sustainability potential of
BIM, AI and PMIS integration. Inconsistencies in data
quality, interoperability constraints, inadequate workforce
training and uneven levels of digital maturity among
contractors often limit performance improvements. Smaller
firms may not have the financial ability to invest in
advanced systems, while inconsistent standards make cross -
platform collaboration difficult. Furthermore, if governance
structures are weak, digital tools might unintentionally add
complexity or strengthen existing coordination issues. To get
sustainable results, organizations need to put money into

data governance, develop common modelling protocols,
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build digital competencies, and set up leadership - driven
strategies that match technology use with sustainability
goals.

To deal with the resource and capability limitations that
small and medium - sized enterprises (SMEs) face in digital
transformation, this study suggests a phased implementation
course:

Phase 1: BIM Foundation: Make the use of BIM to design
and clash detection in major projects a priority to gain digital
experience.

Phase 2: PMIS Collaboration: Introduce lightweight PMIS
tools to strengthen collaborative workflows internally and
with key partners.

Phase 3: Al Piloting: Based on accumulated data, pilot Al
modules for applications like schedule prediction or safety
monitoring.

Concurrently, policymakers and industry associations should
play a facilitative role, for example:

1.Establishing regional BIM data-sharing platforms to
lower data acquisition costs for SMEs.

2.Introducing digital training subsidies and certification
programs to enhance workforce digital literacy.

3.Encouraging large firms to open certain digital tool
interfaces to their supply chain partners to foster ecosystem
synergy.

Moreover, digital transformation is not an exercise of
purchasing technology but rather a process of strategic
renewal that needs long-term management commitment,
cross-functional team building and supportive incentive

systems.

Conclusion

BIM, Al and PMIS, when implemented successfully, offer a
robust socio-technical basis to the delivery of sustainable
construction projects. Their joint contribution is based on
enhancing mechanisms: rich data environments, advanced
predictive analytics, structured coordination and enhanced
transparency. However, the achievement of these benefits
will rely on organizational preparedness, standardized data
practices, effective leadership and intentional alignment
between digital tools and sustainability objectives. The
proposed mechanisms should be empirically tested in future

research with various types of projects and evaluate how

differences in digital maturity affect sustainable performance.

This conceptual article helps make sense of digital project
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management as an engine of sustainability by clarifying
interactions and conditions.Future research can delve into
the following directions:
1.Longitudinal Case Studies: Tracking multiple projects
from design to operation to analyze the differential
contributions of digital tools across various stages.
2.Cross-Cultural the

institutional environments and implementation outcomes of

Comparisons: Examining
BIM-AI-PMIS integration across different countries or
regions.

3.Techno-Ethical Dimensions: In-depth exploration of the
impacts of Al algorithmic bias, data ownership, and the
digital divide on social equity.
Policymakers should consider:

l.Incorporating  digital delivery and sustainable
performance indicators into the tender requirements for
public projects.

2.Supporting the development of cross-industry data
standards to facilitate interoperability between construction,
manufacturing, energy, and other sectors.

3.Establishing digital transformation funds specifically
targeting SMEs and pilot projects for sustainable innovation.
The digital and sustainable transition of the construction
industry is a systemic transformation. While technology acts
as a catalyst, the true driving force stems from the shared
vision, open collaboration, and continuous learning of all

industry participants.
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system; This paper analyses the technical trade-offs between microservices and monolithic architectures for human

Microservices resource systems from an economic perspective on human resource management. The research reveals that

architecture; . .. . .. . . ..
architectural selection is fundamentally an economic decision concerning modularity, requiring a balance

Monolithi . . . . o . .

a rgz?téctfzie' between transaction costs, innovation option value, and asset specificity. It provides an architecture

Economic trade-off selection framework grounded in economic principles for enterprises of varying scales.

modularisation;

INTRODUCTION

As enterprises deepen their digital transformation journeys,
human resource management systems have evolved from
traditional back-office support tools into core assets that
enhance organisational effectiveness and drive strategic

objectives.

1.Research Background and Theoretical

Framework

1.1.Research Problem and Perspective

This paper adopts a human resource management economics
perspective to construct an analytical framework, defining
technological architecture selection as an economic trade-off
between long-term costs and benefits.

The research focuses on the impact of system modularity on
transaction costs, innovation option value, and asset
specificity. Theoretical analysis reveals that for large
organisations with complex operations, the initial high
investment in microservices architecture can be justified by
reducing future change costs and creating more  ‘ physical

options.

Conversely, for small and medium-sized enterprises with
stable operations, selecting a monolithic architecture with
low initial costs represents a more economical choice. This
research provides human resource managers and technology
decision-makers with an economics-based assessment tool

designed to guide forward-looking decisions[1].

1.2.Background: The Evolving Demands on HR
Systems

the of

management systems evolving from record-keeping systems

Against backdrop current human resource
to participatory systems and even intelligent systems, these
systems must possess the capability to rapidly respond to
emerging demands such as remote working and flexible
benefits. The rise of microservices architecture offers a new
pathway for system modernisation.

Concurrently, enterprises face the decision of whether to
refactor existing systems or adopt microservices directly
when  building new ones. Existing discussions
predominantly focus on technical implementation, lacking a

systematic analysis of the long-term cost structures and
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value creation mechanisms associated with architectural
choices from an economic perspective. This is precisely the

issue addressed by this research.

1.3.Core Concepts: Defining the Architectural
Paradigms

Within software engineering, monolithic architecture and
microservices architecture represent two fundamentally
distinct design paradigms.

Monolithic architectures typically integrate all functional
modules of an application within a single process for
development, deployment, and scaling. Their lifecycle cost
model features relatively low initial development costs, but
as system complexity increases, maintenance and functional
modification costs exhibit non-linear growth. Microservices
architecture advocates constructing applications as a
collection of small services, each built around specific
business capabilities and capable of independent deployment
and scaling.

However, while this architecture delivers flexibility, it also

introduces inherent complexities of distributed systems, such

as additional costs related to network latency, data
consistency, and operational monitoring.
1.4.Theoretical  Lens: Modularity  and

Economic Theories

Modularity theory provides a crucial opportunity to
understand the differences between these two architectures.
In software engineering, modularity pursues the design
principles of high cohesion and low coupling.

Drawing from Baldwin and Clark's discussion in Design
Rules, the value of modularity in economics lies in its
creation of ‘option value’ . This allows individual modules
within a system to be independently experimented with,
iterated upon, or even replaced without undermining the
system's foundations, significantly enhancing its capacity to
navigate uncertainty[2].

From the perspective of human resource management and
economics, relevant theories offer profound insights into
architectural choices. Transaction cost economics indicates
that architectural decisions directly influence coordination
and communication costs among internal human resource
teams, technical development teams, and operations teams.
Microservices architecture, by defining clear API contracts,

holds promise for reducing internal transaction costs arising
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from ambiguous module boundaries.
However, it simultaneously introduces new costs associated
with service invocation and governance. The theory of real
options treats technological investments as  ‘options’  that
create future growth opportunities. The modular nature of
microservices significantly reduces the cost and risk of
experimenting with new technologies or business models for
such as

independent functional modules recruitment,

performance management, and learning development,
thereby enhancing an organisation's innovation option value.
Furthermore, the theory of asset specificity indicates that
within monolithic architectures, HR business logic becomes
deeply intertwined with specific technology stacks, creating
high asset specificity.

This results in substantial costs for future technological
transformation or  system In

upgrades. contrast,

microservices architecture permits technological
heterogeneity, effectively reducing this specificity and
enabling the selection of the most suitable technical tools for

different HR scenarios.

2.Economic Analysis and Decision Model for
Architecture Selection

2.1.Economic Trade-off Model

Building upon these theories, we have constructed an
economic trade-off model for evaluating HR system
This model unfolds

dimensions: cost and value.

architecture choices. across two
Within the cost dimension, the initial development cost must
first be considered.

Typically, monolithic architectures incur lower costs here
than microservices, as the latter necessitate meticulous
service decomposition and the establishment of complex
distributed infrastructure.

Secondly, coordination and communication costs arise:
highly

communication

teams within monolithic architectures are

interdependent, leading to substantial
expenses; whereas microservices enable team autonomy,
though cross-service coordination relies on rigorous contract
management, shifting the cost structure.

System operations and monitoring costs are also significant
factors: monolithic architectures are relatively simpler to
maintain, while microservices demand a mature DevOps

culture and robust monitoring systems. Finally, and critically,
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change and iteration costs: as monolithic architectures scale,
the friction associated with changes increases dramatically;
whereas microservices substantially reduce the cost of
localised changes, though cross-service modifications may
still present challenges.

On the value dimension, agility and time-to-market are
paramount. Microservices architecture typically outperforms
monolithic structures due to its independent deployment
capabilities. System scalability is another key advantage,
with microservices enabling granular scaling for high-load
services like payroll processing.

Technical resilience and innovation option value form the
core of this model. A microservices architecture creates
independent experimental options for each HR functional
module, whose aggregate value equals the sum of the
potential gains from each module's independent innovation
multiplied by its probability of success. In contrast, the
option value within a monolithic architecture is bundled and
difficult to execute.

Furthermore, system stability and fault tolerance must be
considered: monolithic architectures carry single points of
failure risk, whereas microservices enable fault isolation,
though overall fault diagnosis complexity increases[3].

all

decision-making should strive to maximise the net present

Taking these factors into account, corporate
value across the entire system lifecycle. A simplified net
present value model may be expressed as the sum of future
net revenues discounted at an appropriate rate.

The core advantage of microservices architecture lies in its
value components—particularly the value of innovation
options—which appreciates significantly over time and with
increasing business uncertainty.

Concurrently, its change cost growth curve remains
markedly flatter than that of monolithic architectures,
potentially rendering it more economically viable from a

long-term perspective[4].
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Table.1.Comparative Analysis of Economic Characteristics

in HR System Architecture

Decsion Starting Pomt
HR System Architecture
Selection

Complexity and

Frequency of HIGH—

LOW Requirement /\
Changes rgm'rsalbb}
Scale and
Large Organisations/Mature Teams,_ Technical Team
Maturity
S mall/Medium-Sized/ Growing Teams
Recommended:
Recommended: DEfopeEces Afeliectint Recommended: Modular
Monolithic As X - High Monolithic Architecture
Rationale: Low initial costs R D Rationale: Achieves
and complexity SeIm clengs Costs balince between cost and
flexibility

Core Decision Principle
imise Long-Term
Net Present Value

Figl.HR System Architecture Selection Decision Diagram

2.2.Application Scenarios

Building upon these theories, we have constructed an
economic trade-off m

Applying the aforementioned analytical framework to
diverse scenarios yields more actionable conclusions. For
human resources shared service centres within large
conglomerates, the inherent complexity of operations —
spanning multiple business models, countries, and
high-concurrency environments with fluctuating demands—
creates a primary contradiction: the substantial costs of
coordination versus the opportunity costs incurred by rigid
that hinder this

architecture

systems development. In context,

by
decoupling core modules such as personnel management,

microservices resolves these issues
remuneration, recruitment, and learning. This allows teams
across different regions or business units to iterate localised
functionalities independently and agilely, while adhering to
core data standards. The substantial innovation options value
it creates and the long-term change costs it reduces are
sufficient to offset the high initial investment, thereby
demonstrating significant economic rationality.

For small and medium-sized growth enterprises, whose
operations tend to be relatively straightforward, teams

compact, and resources constrained, the primary imperative
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lies in rapid deployment to validate business models. At this
stage, the low initial development costs and reduced
coordination complexity inherent in monolithic architectures
of

microservices introduces unnecessary distributed system

become decisive factors. Premature adoption
complexity, consuming precious R&D resources. Moreover,
the potential innovation option value remains difficult to
realise effectively, as the

enterprise's developmental

direction is still being explored.

2.3.Refactoring Decision

When choosing the path from monolithic to microservices
architecture, the decision to refactor should be judged from
an economic perspective. It is not a simple question of

‘whether to do it,”  but rather ‘when to do it” most
economically. The economic inflection point for refactoring
arrives when the marginal change cost of the monolithic
system continues to rise and ultimately exceeds the marginal
governance cost of a microservices architecture. Investing at
this juncture effectively constitutes purchasing a compound
option that permits the enterprise to pursue continuous

innovation and evolution at lower future costs[5].

2.4.0rganisational Alignment (Conway's Law)

Conway's Law classically observes that a system's design
architecture replicates the organisation's communication
This

implications within the architectural trade-offs of human

structure. principle carries profound economic
resources systems. A tightly coupled monolithic HR system
typically corresponds to a traditional HR department
structure characterised by functional silos and cumbersome
communication processes. Within such an organisational
framework, any system-level change necessitates complex
cross-departmental coordination, perpetuating exceptionally
high internal transaction costs. Conversely, adopting a
microservices architecture represents not merely a technical
transformation but a strategic investment in organisational
design. It necessitates the establishment of cross-functional
agile teams aligned with this approach, such as dedicated
small feature teams responsible for recruitment operations or
compensation management. While the initial restructuring
costs of this new organisational model are undoubtedly
substantial, once successfully implemented, it significantly
coordination and communication

reduces subsequent

expenses. This enables each team to make rapid decisions

29

and pursue continuous iteration around their independently

managed business modules. Therefore, architectural
selection fundamentally involves a joint decision between
organisational communication costs
benefits. ~ When

enterprises must carefully assess whether their existing

and technological

innovation selecting  technologies,

organisational structure can support a microservices
architecture, or whether they are willing to make the
necessary investments to build a new organisational
structure the value of

capable of fully unlocking

microservices.

2.5. Three-stage Evolutionary Model

The selection of an HR system architecture is not a static,
fixed decision but should be viewed as a dynamic, phased
strategic investment process.

To this end, we propose a three-stage evolutionary model to
guide enterprises in formulating more forward-looking
architectural planning.

During the monolithic initiation phase, business operations
typically undergo preliminary validation with relatively
straightforward requirements and constrained resources.

The optimal strategy here is to adopt a monolithic
architecture for rapid implementation of core HR functions
such as employee information management and payroll
processing.

The primary objective is to minimise initial investment costs
while validating the fundamental business model. It is
noteworthy that even at this stage, conscious modular design
should be implemented at the programming level.

Within the monolithic system itself, clear boundaries should
be established for key business logic such as recruitment and

performance management.

This effectively pre-emptively embeds valuable ‘options’
for potential future decomposition.
When business growth reaches a scale where

microservices-based refactoring becomes a decision-making

inflection point, operational complexity significantly
increases.

Monolithic systems often become difficult to modify, while
organisational demand for rapid innovation intensifies.
Decision triggers at this stage typically arise when one or
more of the following conditions are met:

The marginal cost of modifying the monolithic system

exceeds the marginal governance cost of a microservices
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architecture;  Business  growth  necessitates  rapid,
independent experimentation and iteration on specific
human resources modules such as learning platforms; or the
technical team has expanded sufficiently to support multiple
autonomous teams working in parallel. The optimal strategy
at this stage is to initiate strategic refactoring, prioritising
business value to progressively decouple and transform the
most mature, agility-critical functional modules from the
monolithic system into independent microservices.

the

the

Ultimately,  upon microservices

the

completing

transformation, system enters microservices
governance and value extraction phase. The core task shifts
from system construction to efficient governance.
Enterprises must establish a mature DevOps culture, a robust
API governance framework, and a unified monitoring
platform to effectively control and optimise the long-term
operational costs of the microservices architecture, thereby

maximising its inherent innovation option value[6].

3.Managerial Implications and Practical

Recommendations

This study holds significant implications for both human
resources managers and technology decision-makers. For
human resources managers, it is essential to move beyond
viewing technology architecture as purely technical
implementation details, instead understanding the economic
rationale underpinning its role as a tool for realising human
resources strategy. When communicating with technology
departments, greater emphasis should be placed on business
language such as  ‘return on investment, response speed,
and operational flexibility’  to jointly evaluate architectural
choices.

When selecting HR technology providers, the modernity and
modularity of their system architecture should also be a key
evaluation criterion.

For technology decision-makers, it is essential to recognise
that technology decisions must be closely aligned with the
organisation's business strategy and developmental stage,
avoiding the pitfall of pursuing technology for technology's
sake. Adopt an ‘evolutionary architecture’ mindset. When
initially building monolithic systems, consciously design
clear interfaces and boundaries for potential future
modularisation. This delays major decisions, allowing the
natural emergence of the most economically viable

refactoring inflection point.

30

Conclusion

This paper systematically demonstrates that the choice
between microservices and monolithic architectures for HR
systems is fundamentally an economic trade-off based on
modularity.

The core decision lies in prudently evaluating and
comparing the long-term cost structures and value creation
capabilities of different architectural approaches, where
innovation option value plays a particularly critical role in
rapidly changing business environments.

For modern HR organisations committed to enhancing
agility and innovation capabilities, microservices represent
an economically rational choice: strategic upfront
investment to secure long-term system evolution capabilities
while reducing core change costs. However, this is by no
means a universal panacea. Organisations must ground their
decisions in their specific scale, operational complexity, and
developmental stage, applying economic principles to
conduct rigorous evaluations.

This approach enables the selection of technological
investments that maximise long-term human resource
effectiveness and align most effectively with overarching

organisational strategic objectives.
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KEYWORDS ABSTRACT
China and Kyrgyzstan's trade relationship has grown quickly since the start of the Belt and Road plan.
China has been Kyrgyzstan's biggest trade partner and source of imports for years. This paper looks at the
izezZ ;t’;ifoad current state, traits, and cooperation methods of trade between the two countries' businesses under the Belt
China; and Road plan. The study shows that the total trade between the two countries is growing fast, but it still
goes up and down. Their trade structures clearly complement each other; China mainly exports industrial
Kyrgyzstan;

products like textiles, clothing, and shoes, while it imports minerals like gold from Kyrgyzstan. In recent

Trade cooperation; years, high-level diplomacy, strategic alignment, and multi-level cooperation have strongly driven trade

China-Kyrgyzstan-Uz
bekistan railway;,

Trade structure

cooperation between the two countries.

Big trade problems like trade imbalances, Kyrgyzstan's business situation, and geopolitics remain. Projects

like the China-Kyrgyzstan Uzbekistan railway and teamwork in digital economy and green energy can

improve trade potential and help ensure a great future.

INTRODUCTION

Kyrgyzstan, located in Central Asia, was a key part of the
ancient Silk Road and is now central to the Silk Road
Economic Belt. After 2013, with the launch of the Belt and
Road Initiative, China and Kyrgyzstan have grown closer,

fostering trade and economic ties. By May 2023, the firms

were seen as strategic allies, strengthening their business ties.

Trade between Chinese and Kyrgyz companies is key to
their economic Partnership and illustrates the efficacy of
China's BRI is working within Central Asia. Studying this
trade helps improve their rapport and business cooperation

locally.

1.Current State and Structure of Sino-Kyrgyz
Trade

1.1.Trade Volume

After China and Kyrgyzstan started relations in 1992, their
trade has grown. The Belt and Road Initiative has led to a

quick increase in trade. Kyrgyz numbers show trade between

the two countries was $4.8 billion from January to October
2024, up 11.5%. Chinese customs says trade was $23.57
billion from January to October 2025, up 35.4%. China's
exports to Kyrgyzstan were $18.41 billion, and imports from
Kyrgyzstan were $5.16 billion. Trade has risen a lot since
the early days. Trade has a large surplus with Kyrgyzstan,
because China's goods are liked for their low cost.
Kyrgyzstan is also a key transit point in Central Asia. A lot
of Chinese goods go through Kyrgyzstan to other countries,
which shows the country's important role as a regional trade
hub.

1.2.Trade Structure

Sino-Kyrgyz trade works well because of differences in
resources and industries.(Attachment1)

Table 1 shows that China's exports to Kyrgyzstan have
shifted from mainly daily consumer goods to more capital
and tech-heavy products, such as new energy vehicles and

machinery. In contrast, Kyrgyzstan's exports to China are
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mainly minerals and basic agricultural goods, with fewer
different product types. This trade setup shows what each
country is good at and suggests chances for industry

investment and teamwor.

2.Risks Facing Sino-Kyrgyz Trade and Policy
Recommendations

Trade between the two nations is increasing due to strong
cooperation. Leaders meet regularly and in February 2025,
aligned China's Belt and Road plan with Kyrgyzstan's 2026
targets, projecting trade and investments until 2030 for
market steadiness.

The countries are working together on customs and
standards to increase trade, agreeing in February 2025 to
team up on the Belt and Road plan, economic growth, Al,
A key the
China-Kyrgyzstan-Uzbekistan railway, started in late 2024,

and  digital business. project s
which could change Central Asian transportation by cutting
shipping costs and times. Upgrading borders aims to

improve traffic, directly supporting trade boosts.

2.1.Challenges and Risks Facing Sino-Kyrgyz
Trade

Even with good chances, Chinese and Kyrgyz businesses
still Trade

Kyrgyzstan worry about depending too much on China

have problems. differences might make
because Kyrgyzstan doesn't export a broad selection of items
to China,

changes.Kyrgyzstan's commercial laws aren't always stable

so they could be easily hurt by price
or clear, and customs can be difficult. Corruption also makes
things expensive for businesses. Tax laws change depending
on where you are and what you do, which may cause
investing complex. Sometimes, people in Kyrgyzstan don't
like China because some Chinese projects don't hire enough
local people. Even though the governments try to fix
misunderstandings, it's important to be careful with what
people think. Also, big countries competing in Central Asia

could make it harder for businesses to work together.

2.2.Future Prospects and Policy
Recommendations

In the future, trade between China and Kyrgyzstan will

likely grow closer. China's next five-year plan and

33

Kyrgyzstan's development plan for 2030 are similar, creating
chances for future cooperation.

First, diversifying trade is essential. Both countries should
keep the green channel for farm goods open and grow
Kyrgyzstan's exports of honey and fruit to China. They
should also look into service and digital trading in green
mining, clean energy, and healthcare to find new ways to
grow.

Second, both trade and investment should be promoted.
Chinese companies should be encouraged to invest in
Kyrgyzstan, building factories for farm processing,
construction materials, and electronics assembly. This will
help Kyrgyzstan become more industrialized, turning simple

trade into industrial partnerships that increase jobs and

exports.
Finally, it's important to improve infrastructure and
regulations. While pushing big projects like the

China-Kyrgyzstan-Uzbekistan railway, the two countries
should also work together to share customs data, recognize
standards, and build single window systems. Improving

these soft connections will lower the costs of doing business.

Conclusion

In conclusion, the Belt and Road Initiative has guided China
and Kyrgyzstan to achieve remarkable trade cooperation,
expanding trade and improving infrastructure, which lead to
great benefits for both countries. Now, the cooperation has
entered a crucial phase of quality improvements. Despite
like the

environment, significant political faith between the two

challenges trade imbalances and business
governments and very well-matched economic architectures
form a solid base for deeper cooperation. As long as both
sides stick to the principles of mutual consultation, joint
construction, and shared benefits, properly handle risks, and
focus on promoting greater trade and investment, economic
and trade cooperation between China and Kyrgyzstan will
have even broader prospects and become a cooperation

model for the Belt and Road Initiative.
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Attachmentl

Table.1.Structure of Major Import and Export Goods Between China and Kyrgyzstan

Direction Main product categories Specific product examples Feature
) i Traditional advantageous
China's exports | Textiles, Apparel and . . .
Clothing, footwear, and knitwear product categories account for
to Kyrgyzstan Footwear

over 40%.

Mechanical and electrical
equipment and

transportation equipment

Automobiles (including electric
vehicles), motorcycles,
communication equipment, and
laptops

The high|

value-added products continues|

proportion  of

to increase

Miscellaneous products

Furniture, toys, and lamps

A wide variety of products to|

meet daily consumption needs

Imported from
China by Kyiv

Mineral  products and

precious metals

Gold (China's 7th largest source of

imports), copper, antimony and

other ores

Resource-intensive, dominating

Agricultural raw materials

Leather, wool, cotton

Traditional advantages

Agricultural products

Honey, dried fruit

Exports to China are being
expanded through a "green

channel".
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INTRODUCTION

Building structure construction projects are collaborative,
systematic projects whose implementation requires high
standards for various construction techniques and types. As a
common construction material in today's building structures,
the advantages of expansive concrete are becoming
increasingly prominent. It has a positive impact on project
quality, effectively enhancing structural stability and
extending the service life of buildings. Expansive concrete
incorporating expansive agents can effectively improve
internal stress and shrinkage characteristics of the structure,
reducing the likelihood of concrete cracks.

In recent years, with the gradual improvement of process
evaluation and control methods and standards related to
building structure construction, the engineering technology
system of expansive concrete has continued to improve.
However, in practical applications, expansive concrete
technology still faces some problems. Based on this, this
paper studies expansive concrete construction technology in
combination with the actual construction of building
structures. Taking the implementation principles and
technical advantages of expansive concrete construction
technology as the starting point, it discusses in detail the
application process of expansive concrete construction
technology in building structure construction and proposes
key control points in the actual application of expansive

concrete construction technology.

1.Analysis of the advantages of expansive
concrete construction technology

Leakage, cracking and other defects are common quality
issues in the design and construction of building structures.
The application of expansive concrete technology not only
the

properties of the building structure, but also helps reduce

improves overall anti-seepage and anti-cracking
project costs [1]. Therefore, it is widely used in actual
building structure projects. The main advantages are as

follows:

1.1.Good structural crack resistance and

anti-seepage effect

Cracks in building structures are primarily caused by

excessive structural stress and excessive external

construction temperatures. Cracks in concrete structures can
seriously impact the strength of the building [2]. Expansive
concrete, through the mixing and expansion process during
its preparation, creates expansion stress, effectively
offsetting the concrete's inherent shrinkage caused by setting.
This improves the concrete's internal structure, enhancing its

stability and water resistance, and preventing cracks[3].

1.2.Structural seismic effect

* Corresponding author. E-mail address:hao20min24@163.com
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The added expansion agent forms a chemical reaction after
mixing with concrete, which has good connectivity. The
expanded concrete achieves a good adhesion effect with
adjacent materials, thereby effectively improving the
earthquake resistance of the building structure and further

improving the overall stability of the building structure.

1.3.Long service life of the structure

Concrete achieves stress compensation through shrinkage
pressure, effectively improving structural stability and
extending the service life of structures. Expansive concrete
incorporating expansive agents generates a specific prestress
within the concrete, which resists additional stress and
provides excellent shrinkage compensation throughout the
concrete[4]. Scientifically controlling the initial and final
setting times of concrete, and accurately controlling the
amount and timing of water spray during -concrete
maintenance, based on the actual project needs and
environmental characteristics, can ensure effective shrinkage
compensation,

thereby improving overall construction

quality and extending service life.

2.Mix design and testing

2.1.Experimental materials and equipment

Test materials and equipment are important components in
the study of micro-expansive concrete mix proportions,
which determine the accuracy and repeatability of the test. In
this study, high-quality raw materials were strictly selected
and standardized equipment was used for testing to ensure
the reliability of the test results.

The test used a mix design method for slightly expansive
concrete with a slump of 180-200 mm and a design strength
grade of C25W8F100 as an example. The materials included
cement, expansive agent, fly ash, aggregate, and water.
P« 042.5 cement was used; the fly ash was Class F II fly ash
produced by Manufacturers 1 and 2; the water reducer was
GK-3000 retarding high-performance water reducer; the
expansive agents were UEA II expansive agent produced by
Manufacturer 3 and HME-IV high-efficiency concrete
expansive agent produced by Manufacturer 4. Aggregates
used were manufactured sand with a fineness modulus of
2.4-2.8 and continuously graded crushed stone with sizes of

5-20 mm and 20-40 mm, as used in the Kara Hydropower

Station concrete project[5]; and drinking water that met
relevant water quality standards was used to ensure the
purity of the concrete. The physical properties of the

expansive agent are shown in Tables 1 and 2.

Test items GB/T 23439-2017 | Test Test
Technical results | conclusion
Specifications Type I1

Magnesium <5 2.52 qualified

oxide

content/%

Alkali <0.75 | 0.53 qualified

content/%

Specific >200 | 278 qualified

surface area/(m

*kg)

1.18mm sieve <0.5 0.0 qualified

residue/%

Coagulation Initial >45 217 qualified

time condensation

difference/min | Initial <600 | 243 qualified
condensation

Limit 7d in water > 0.064 qualified

expansion 0.050

rate/% 21 days inair | > -0.007 | qualified

-0.010

Compressive 7d >225 | 374 qualified

strength/Mpa 28d >42.5 | 475 qualified

Table.1.Expansion agent quality inspection results

(Manufacturer 3) [6]

Test items GB/T  23439-2017 | Test Test
Technical results conclusion
Specifications Type
II

Magnesium <5 1.90 qualified

oxide

content/%

Alkali <0.75 0.53 qualified

content/%

Specific surface >200 362 qualified

area/(m % kg )

1.18mm  sieve <0.5 0.0 qualified

residue/%

Coagulation Initial >45 217 qualified

time condensat
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difference/min ion -JB 2 3
-15 9

Initial <600 292 qualified 5 155 [ 275 |78 |35 |7 | 604 | 496 | 2. | 0.0

condensat 2 5 12

ion 7 1
Limit 7d in | >0.050 | 0.064 qualified 9
expansion water 155 | 314 | 89 40 | 6 | 597 [ 490 | 2. | 0.0
rate/% 21 days | > -0.006 qualified 8 8 18

in air -0.010 8 7
Compressive 7d >225 38.6 qualified 9
strength/Mpa 28d >42.5 49.9 qualified Table.3. Concrete mix ratio test parameters [6]
Table.2.Expansion agent quality inspection results Concrete cubes and durability test blocks with different raw

(Manufacturer 4) [7]

The test equipment includes a cement standard scheduling
water consumption meter, a setting time meter, a mortar
strength flexural and compressive strength integrated
machine, a slump cone, a vibration table, a curing room, an
outside micrometer and an electronic scale. The equipment
is strictly configured in accordance with relevant standards
and can accurately measure various performance indicators

of concrete.

2.2.Test mix ratio

Prepare a C25 slightly expansive pumpable concrete mix
with a binder dosage of =300 kg/m? . The water-cement
ratio should be between 0.35 and 0.45.

admixture should account for 20% of the binder mass. To

The mineral

prevent segregation, the sand content of pumpable concrete
can be slightly higher than that of ordinary concrete to
reduce pumping pressure. The key to expansive concrete
mix design is ensuring reasonable expansion without
compromising strength and workability. The experimental

mix of C25 slightly expansive concrete is shown in Table 3.

Ex Concrete material consumption/(Kg.m )
peri | wat | cem | fly |ex |s | Xia | Zho | w | air-
me | er ent |ash | pa |[a | osh | ngs | at | entr
nt ns |n |i hi er | aini
nu io re | ng
mb n d | age
er ag uc | nt
en er
t
JB- | 155 | 245 | 69 |31 |7 | 607|499 |2. |00
144 6 2 07
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material mix ratios were prepared according to standard
methods. The compressive strength and durability of the test
blocks were measured at 7 days and 28 days, respectively, to
evaluate the mechanical properties of concrete at early and
late stages. In practice, compressive strength is often used as
the main parameter [7] Concrete frost resistance,
impermeability, and limited expansion rate are important

indicators for measuring concrete durability [8].

3.Key points in the application of expansive
concrete construction technology

3.1.Expansion zone construction

The layout design of the expansion zone is the key to the
construction of the expansion zone. An unreasonable layout
design will affect the implementation effect of the project.
Wire mesh should be laid on both sides of the expansion
zone to fix it, so as to ensure the balanced and stable ratio of
the expansion concrete and avoid the instability of the
expansion zone caused by the mixing of different materials
[9] . Strictly control the ratio of the expansion concrete and
the amount of various mixed materials in the expansion zone.
Add 9% of the expansion agent to the concrete in the middle
area of the expansion zone and 7% of the expansion agent to
the concrete at the outer end to scientifically improve the
uneven stress at both ends of the expansion zone and avoid
the occurrence of construction cracks.

The standard expansion band width is set at 2m to ensure
operational continuity and subsequent stability. Expansion
band pouring construction should be completed according to
design standards, and differentiated construction methods

should be appropriately selected based on the work area.
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3.2.Assembling reinforcement and REFERENCES
compensation steel bars )

1. Tam, V. W. Y,, Soomro, M., & Evangelista, A. C. J.

In order to achieve the desired temperature control effect of
the expansion zone, necessary temperature control measures
should be implemented according to the characteristics of
the expansion concrete. By configuring steel bars with
binding reinforcement compensation function, not only can
the temperature control of concrete construction be achieved,
but also the problem of concrete cracking caused by poor
material uniformity can be solved. It is necessary to ensure
that the selected compensation steel bar material matches the
concrete structure steel bar material, and the compensation
steel bar diameter should be 1 to 2 grades lower than the
structural steel bar diameter [10] .

During the assembly of the compensating reinforcement bars,
the reinforcing strip and the compensating bars should be
maintained perpendicular to each other, ensuring that the
compensating bars are inserted into the concrete to a depth
of more than 0.5m. If compensating bars are installed on the
top plate, the top plate and the corresponding surface bars
should be tied together[11]. For the rear of the wall panel,
the same method should be used to tie the corresponding
By

stress-bearing  properties

surface bars together.

the

expansive concrete can be effectively

installing compensating
of

improved. By

reinforcement bars,
adjusting the radius of the compensating bars, the stress on
the expansion strip is uniform, thereby improving the overall

stability of the concrete structure.

Conclusion

As a common construction technology in building structure
construction, expansive concrete construction technology
the

waterproofness, crack resistance and overall structural

can effectively improve earthquake resistance,

stability of conventional concrete, and can effectively reduce

construction period and construction costs.
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Data, as a novel factor of production, brings new opportunities for enterprise development. Using a sample
of Chinese heavily polluting listed companies, this study measured corporate green total factor
productivity (GTFP) by employing the Super-SBM Malmquist index and explored the underlying
mechanism through which digital transformation affects GTFP. This study employs an OLS benchmark
regression model to investigate the impact of corporate digital transformation on green total factor
productivity (GTFP). Additionally, it constructs mediation and moderation effect models to examine the
mechanism through which digital transformation affects GTFP, specifically assessing the mediating role
of M&A activity and the moderating role of green innovation. The research results indicate that digital

Corporate green lotal transformation has a positive promoting effect on corporate green total factor productivity. M&A activity

factor productivity ;
plays a partial mediating role between the two, meaning that the impact of digital transformation on
Digital e .
transformation; corporate green total factor productivity is indirectly generated through M&A activity. Corporate green
o innovation plays a positive moderating role between the two, meaning that the higher the level of
M&A activity, . . L. ) . .
corporate green innovation, the more significant the promoting effect of digital transformation on
Corp Oi;qte green corporate green total factor productivity. The research results remain valid after considering robustness
innovation;
tests such as variable substitution, model transformation, Sobel-Goodman, and Bootstrap methods.
Mediating effect; . . o . .
Heterogeneity analysis reveals that the positive effect of digital transformation on corporate green total
Moderating effect; factor productivity (GTFP) is significantly amplified under three conditions: in non-state-owned
enterprises, in regions with superior business environments, and in firms with higher information
transparency. For the mediation mechanism, M&A activity exhibits partial mediation in non-state-owned
firms and in high-index business environments, but transitions to complete mediation in low-index
contexts. Correspondingly, the moderating effect of green innovation is markedly stronger under these
same conditions. These contingent findings delineate critical boundary conditions, thereby extending
theories of digital transformation and corporate sustainability, while providing empirically grounded
insights for regulatory policymakers and corporate managers of heavily polluting enterprises.
INTRODUCTION
In China's rapid economic growth, environmental constraints of industrial emissions, posing significant ecological

have emerged as a critical barrier to sustainable development.

Enhancing green total factor productivity (GTFP) is crucial
for driving industrial transformation. Heavily polluting

industries while vital to the economy, account for over 40%

challenges. Their green transformation is therefore essential
for achieving the "dual carbon" goals and promoting
high-quality economic development. Although policies

encourage synergy between green innovation and digital

* Corresponding author. E-mail address: zhang xiaoxu@ustl.edu.cn
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transformation to support industrial upgrading, these
enterprises still face obstacles such as low resource
efficiency and high compliance costs. Hence, investigating
affects GTFP—and

mechanisms and heterogeneity—holds both theoretical and

how digital transformation its
practical relevance for addressing transformation challenges
in these sectors.

This study examines how digital transformation influences
GTFP among heavily polluting A-share listed firms in China,
focusing on the mediating role of M&A activity and the
moderating role of green innovation. The contributions are
threefold. First,

transformation and GTFP by empirically demonstrating a

it enriches the literature on digital
positive relationship and introducing the super-efficiency
SBM-Malmquist index to quantify effects and uncover
underlying mechanisms. Second, it extends understanding of
the indirect channels through which digital transformation
promotes GTFP, showing that M&A activity acts as a partial
mediator—digital transformation boosts GTFP both directly
and by stimulating M&A. Third,

innovation as a positive moderator, indicating that stronger

it identifies green

green innovation amplifies the GTFP-enhancing effect of
digital transformation, clarifying how technological and
environmental strategies interact in heavy polluters. Finally,
heterogeneity analyses reveal that the relationship varies
with firm ownership, regional business environment, and
information transparency, offering both theoretical boundary
and

conditions and practical guidance for managers

policymakers in advancing the green transition of

heavy-polluting industries.

1.Literature Review

Scholarly research on corporate digital transformation has
yielded substantial findings, focusing on two core areas:
First, conceptual  connotations and  measurement
methodologies, with quantification achieved via dummy
variables [3], expert scoring [4], textual analysis [5,6], and
digital asset proportion [7,8]. Second, economic effects,
where digital transformation is shown to impact financial
(91, [12],

efficiency [14,15], and supply chain management [19],

performance green innovation production
among other dimensions.

For heavily polluting enterprises, digital transformation is
both a response to external pressures and a strategic

imperative for high-quality development [21]. Existing

41

studies on the digital transformation-green total factor
productivity (GTFP) nexus cover multiple levels. At the
macro level, digital economy development and digital
village construction have been proven to promote TFP and
agricultural GTFP, respectively [22,25], with positive spatial
spillovers observed [23,24]. At the regional level, significant
heterogeneity exists—digital transformation’s
GTFP-enhancing effect is more pronounced in eastern China
[26], and may exacerbate regional disparities [27]. A
U-shaped relationship between digitization and urban GTFP
is also identified, constrained by geographic and institutional
factors [36].

At the micro level, digital technologies boost productivity by
reshaping operational processes and mitigating information
[28-30].

collaboration and digital tools drive efficiency gains [31,32];

asymmetries Theoretically, human-machine
empirically, digital transformation enhances corporate GTFP
through supply chain optimization and green innovation
[33,34],

reducing R&D costs in manufacturing [37]. Digital finance

with virtual simulation technology adoption
also promotes GTFP via technological innovation and
with  China’s GTFP
development pattern centered on Beijing, Shanghai, and
Guangdong [38].

However, the digital transformation-GTFP relationship is not

entrepreneurship, forming a

uniformly positive. Potential pitfalls include TFP growth
hindrance from over-reliance on AI [39], short-term
ineffectiveness of digital technologies [40], and resource
misallocation from excessive digitization [41].

In summary, existing research reveals the complex nature of
digital transformation’s impact on GTFP but leaves gaps:
insufficient focus on heavily polluting enterprises, and
inadequate exploration of specific mechanisms and
heterogeneous effects. Investigating this relationship in
heavily polluting enterprises is therefore significant, as it
broadens the economic consequence discussion of digital
transformation and enriches GTFP literature. This study thus
focuses on three core questions: the relationship between
digital transformation and GTFP in heavily polluting
enterprises, the underlying mechanisms, and heterogeneous

effects across enterprise types and regions.
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2.Research Hypotheses

2.1. Digital Transformation and Corporate
Green Total Factor Productivity

First, per the information transmission effect, information
asymmetry and incomplete information easily lead to
[43]. Digital

technologies reduce multiple costs (e.g. search, verification)

enterprise  investment  misjudgments
[44], enhance enterprises’ informatization capabilities [49],
and help them optimize production decisions and reduce

resource waste, thereby boosting GTFP [51,52].

Second, based on knowledge spillover theory, data
technologies enable enterprises to accurately identify
resource needs, promote environmental protection

equipment upgrades [53], and curb strategic false disclosures
to gain green premiums [55]. They also optimize lifecycle
resource use and reshape resource allocation [56,58],
improving green innovation efficiency and GTFP.

Third, theory holds that

technology embedded in core processes reshapes business

resource allocation digital

functions and drives production paradigm transformation
[61],

resource-intensive enterprises with severe misallocation

improving resource allocation efficiency. For

issues, it enhances information sharing and resource
integration [63], thus boosting GTFP. In summary, this study
proposes:

HI:

corporate green total factor productivity.

Digital transformation can significantly enhance

2.2. The Mediating Mechanism of M&A
Activity Level

Digital transformation (DT) directly enhances green
production, but its full potential hinges on firms' ability to
Grounded

Resource-Based View and Dynamic Capabilities Theory,

integrate  internal/external  resources. in
mergers and acquisitions (M&A) serve as strategic tools for
firms to rapidly acquire heterogeneous resources and
reconfigure competitive competencies, thereby indirectly
promoting green total factor productivity (GTFP) through
enhanced M&A activity.

M&A fuels GTFP by optimizing resource allocation,

expanding economies of scale, and institutional optimization.

It accelerates green technology accumulation, innovation
and embeds green innovation into
GTFP

capacity building,

production  systems, driving fundamental

42

improvement. High M&A activity enables firms to embed
M&A-constructed

accessing/integrating information, technology, capital, and

deeper into networks, efficiently

market resources, enriching knowledge bases, and
facilitating creative recombination of green knowledge to
form new tech combinations, thus advancing green
transformation.

DT reduces M&A transaction costs via data mining, expands
decision-making information sources, and deepens value
excavation, lowering search costs. It enhances risk-return
assessment during M&A execution/supervision, improves
green governance efficiency, curbs opportunistic behavior,
and boosts firms' competitiveness in M&A markets by
elevating management efficiency and legitimacy, further
promoting M&A activity. Ultimately, increased M&A
activity enables firms to acquire advanced green
technologies/management experience, enhancing absorptive
capacity for green transformation technologies and forming
unique heterogeneous knowledge structures to empower
GTFP improvement. This study hypothesizes that DT
indirectly promotes GTFP through enhanced M&A activity.
H2: M&A activity level plays a mediating role between
digital transformation and corporate green total factor

productivity.

2.3. The Moderating Effect of Corporate Green
Technology Innovation

Green technology innovation refers not only to new products
or processes beneficial to environmental protection [92] but
also encompasses systematic changes such as green
management and green supply chain optimization [93-95].
Research finds that improvements in green technology
efficiency and green innovation compensation are key to
promoting GTFP [96, 97]. Applying clean production
technologies saves energy and curbs pollution at the source,
while using end-of-pipe treatment technologies improves
pollutant treatment capacity and energy utilization efficiency
[98], directly enhancing green technology efficiency. Green
innovation can improve production processes, achieve
product differentiation, and through isolation mechanisms
and technology spillovers, bring enterprises competitive
advantages combining both economic and environmental
benefits [99].

Synergistic effects exist between green innovation and

digital transformation. Hao et al. (2023), among others,
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indicate that digital transformation can enhance an
enterprise's GTFP [51]. However, digital transformation
itself is complex and highly uncertain, and its impact on
GTFP depends on the enterprise's internal capabilities.
Jacobides et al. (2018) find that weaker technological
lead

outcomes from digital transformation [100]. This implies

innovation capabilities to inefficient economic
that the positive impact of digital transformation on GTFP
may not be uniform and largely depends on whether the
enterprise possesses the corresponding absorptive and
transformative capacity. Firstly, based on absorptive capacity
theory, enterprises with higher levels of green innovation
often possess stronger technological absorption and resource
integration capabilities [101, 102], enabling them to more
effectively apply digital technologies such as the Internet of
Things and big data to energy saving, emission reduction,
and cleaner production processes, thereby amplifying the
positive effects of digital transformation. Secondly, based on
environmental enablement theory, green innovation has
positive externalities and is susceptible to free-riding and
opportunistic behavior threats. Digital transformation
technologies can effectively prevent such moral hazards
[103, 104], ensuring the sustainability of green collaborative
innovation, thus creating a more stable and
incentive-compatible innovation environment for digital
transformation to enhance GTFP. Therefore, in enterprises
with high levels of green innovation, digital transformation
can integrate more deeply with existing green technological
foundations, management systems, and strategic orientations,
effects [105, 106],

significantly optimizing resource utilization -efficiency,

creating  synergistic and more
reducing energy consumption, and ultimately improving
GTFP. Conversely, enterprises with low levels of green
innovation may lack the technological capability or
implementation pathways to fully realize the potential
benefits of digital transformation due to weak green

knowledge bases. In summary, green innovation plays an

important moderating role in the impact of digital
transformation on corporate GTFP, strengthening the
enhancing effect by optimizing resource allocation,

improving management efficiency, promoting technological
innovation, and enhancing market image. Based on this, this
study proposes the following hypothesis:

H3: Green technology innovation positively moderates the
impact of digital transformation on corporate green total

factor productivity.
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The research framework of this paper is shown in Figure 1.

H2. * M&A Activity H24

Green TFP

Green Innovation

Fig.1.Research framework

3. Model Specification

3.1. Sample and Data

The sample comprises merger and acquisition (M&A)
transactions involving Chinese A-share listed companies in
heavily polluting industries from 2010 to 2019. Firm-level
data are primarily sourced from the CSMAR and WIND
databases. Following the methodology of Pan, Liu, and Qiu
et al. (2019) [107], firms in industries B06, B07, B08, B09,
C17, C19, C22, C25, C26, C28, C29, C30, C31, C32, and
D44 are classified as heavily polluting. The data processing
procedure includes: (1) excluding firms in the financial and
insurance sectors; (2) removing samples labeled as ST or PT;
(3) dropping observations with asset-liability ratios less than
0 or greater than 1; (4) excluding related-party transactions;
(5) removing deals with transaction values below RMB 1
million; and (6) eliminating observations with missing key
financial data. After these filters, the final sample comprises
2,931 all

continuous variables are winsorised at the 1% level. Data

observations. To mitigate outlier effects,

processing and analysis are conducted using STATA 18.0.

3.2.Variable Descriptions

3.2.1.Dependent Variable

Corporate Green Total Factor Productivity

( GTFF, ).Following Zhan, Li, and Liu et al. (2022) [108],

corporate Green Total Factor Productivity (GTFP) is
measured using the Malmquist-Luenberger (ML) index,
which is derived from a super-efficiency Slack-Based
Measure (SBM) model that incorporates undesirable outputs.
The specific input and output variables are constructed as
follows:(1) Variables: include labor,

Input capital,
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intermediate inputs, and energy consumption.Labor:
measured by the number of employees at the end of the
fiscal year. Capital: represented by the firm's fixed capital
stock, calculated using the perpetual inventory method.
Intermediate Inputs: comprising operating costs, selling,
administrative, and financial expenses. Energy: proxied by
the product of the industrial electricity consumption in the
firm’s host city and the ratio of the firm’s employees to the
city’s total industrial employment. (2) Desirable Output: is
measured by the firm’s operating revenue. (3) Undesirable
Outputs: are represented by industrial waste emissions,
specifically sulfur dioxide (SO:) emissions, wastewater
discharge, and soot/dust emissions. Each is estimated as the
product of the corresponding city-level industrial emission
and the ratio of the firm’s employees to the city’s total
industrial employment.

The SBM-Malmquist index decomposes a firm’s green
productivity into technical efficiency change (EC) and
technological change (TC). Matrices of efficiency and
technological change differentials are then constructed from
the average values of pairwise firm comparisons.

Assuming the existence of multiple decision-making units ,
vectors:

each decision-making unit three

inputs DMU, (k=1,2,..,K) , desirable outputs, and undesirable

comprises

outputs, which are represented in matrix form as:

X=(x,,....x,) e R™ | Ye=(yj:,..y,)eR¥"  and

Y°=(y,",...,y,") € R*™ X>0,Y4>0,Y*>0 . Following the

approach of Chung, Fére, Grosskopf, et al. (1997) [109], the

directional distance function is defined as:
PEeybig)=sup{f:(n.b)+ fg e p(x)j (1)

Where, g is the direction vector, indicating the preference

for desirable over undesirable outputs. g =( v, —b);ﬂ is

the value of the directional distance function. Furthermore,
the

decision-making units (DMUSs) in period ¢ via the linear

we solve for directional distance function of

programming formulation given in Eq. (2):
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Based on the directional distance function, the

Malmquist-Luenberger (ML) productivity index from period
t to period #+1 can be derived as follows:

(Lo bigh] (D bieh ] |
[1+D’1)(xl+l,y1+l,bH»l;gH»l)] I:l+D‘;”(X'”,ym,b”';g”l)}

If ML>0, it indicates that green total factor productivity

e (3)

'

(GTFP) shows an upward trend from period ¢ to period #+1;
otherwise, it exhibits a downward trend. Specifically, the
ML productivity index can be further decomposed into the
green technical efficiency change index (ML _EFFCH) and
the green technological progress change index (ML_TECH).
The former reflects the contribution of improvements in
technical efficiency to GTFP, while the latter represents the
shifts

productivity. Their specific expressions are as follows:

1+Dt+l ()Ct yt btgt):l
ML—EFFCH' - 1 t+l ot 4l bt+l, t+1
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contribution of in the production frontier to

“
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ML _TECH," = L — T ]X[ R B e |
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Following these steps, the obtained ML index is converted
into Green Total Factor Productivity (GTFP). The growth
trend of the average GTFP for the sample firms is shown in

Figure 2.
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Fig.2.Trend of Average Green Total Factor Productivity in
Heavily Polluting Enterprises



International Journal of
Multidisciplinary Research

[JMR

Research Article Print ISSN 3105-8884

Online ISSN 3105-8892

MexpayHapoaHbIi HHCTUTYT
npasneHns n
npeanpuHUMaTenbCTBa

January 2026, Vol. 2, No. 1

3.2.2.Explanatory Variable: Digital

Transformation(pca,,)

The degree of corporate digital transformation is measured
by the proportion of digital-technology-related intangible
assets to total intangible assets. Following the approach of
Zhang, Li, and Xing (2021) [7], this metric is constructed
using the detailed breakdown of year-end intangible assets
disclosed in the notes to the financial statements.
Specifically, items related to digital technologies-such as
networks, software, intelligent platforms, client-side systems,
and management systems-are identified and aggregated. The
ratio of this digital-technology-related portion to the total

book value of intangible assets serves as the proxy.

3.2.3.Mediating Variable

M&A  Activity( SM4,, )following Zhang, Song, and Liu
(2023) [110] and Zhang, Yao, and Du (2021) [111], this
variable is measured by the number of merger and
acquisition (M&A) deals completed by sample firm i in year
L.

Corporate Innovation( RD, , )following the methodologies of
Beladi et al. (2022) and Xue et al. (2023) [112,113], we
measure corporate innovation using the natural logarithm of
the total count of invention patents, utility models, and

design patents plus one (In(total patents + 1)).

3.2.4.Control Variables

Drawing on established literature, this study controls for a
set of firm- and region-level characteristics, including firm
size, leverage, board independence, board size, ownership
concentration, property rights, and the business environment
index. Detailed definitions of these variables are provided in
Table 1.

3.3.Model Specification

To test Hypotheses 1, 2, and 3, Models (6) through (9) are
constructed as follows:
GTFF, = o, +a,DCG,, + a,Size,, + a;Lev,,

+a,Indep,, + a;Board,, + agShareTop,
+a,Board, , + agShareTop, , + o, Envir,, + &,

(6)
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SM4;, = B, + B,DCG,, + B,Size,, + f;Lev,,
+B,Indep, , + B;Board, , + B, ShareTop,,
+B,Board, , + B;ShareTop, , + B, Envir, , + ¢,

(7

GTFF, = x, + x,DCG,, + y,SMA, , + y,Size,,
+x.Lev,, + xsindep, , + y,Board, , + y,ShareTop,, (8)

+xsBoard, , + y,ShareTop, , + x, Envir, , + &,

GTFP, =6, +6,DCG,, +6,RD,, + 6,DCG,, xRD, ,
+6,Size,, + 6;Lev,, + 6¢Indep, , + 6, Board, ,

9
+0yShareTop, , + 6,Board, , + a,,ShareTop, 2
+0, Envir,, + ¢,
GTFFP,, =n,+n,DCG,, +n,GRD,, +n,DCG,; , xGRD,
+n,Size,, +nsLev,, + ngIndep, , +n,Board, 10)

+nyShareTop, , +n,Board, , +n,,ShareTop,

+n,, Envir,, +¢,,

Among these, Model (6) tests the positive impact of
corporate digital transformation on green total factor
productivity (GTFP). Building on Model (6), Models (7) and
(8) examine the mediating effect of M&A activity. Models
(9) and (10) test the moderating effects of firm innovation
and innovation,  respectively.

green Dependent

Variable GTFP,, represents corporate green total factor

productivity (GTFP); Explanatory Variable DCG,, represents

the degree of corporate digital transformation; Mediating

Variable SMA,, represents M&A activity; Moderating

Variable RD.

it

GRD,, respectively represent corporate

innovation and corporate green innovation; Control variables
include: firm size Size,, , Financial Leverage Lev,, , Board

Independence Indep,, , Board Size Board,, , Ownership

Concentration Share,, , Ownership Nature

State,, Environment Index Envir,, ; Industry represents

industry  fixed  effects;  Year  represents  fixed

effects; ¢,

> it

represents the random error term.

3.4.Model Specification

(D) Descriptive Statistics of Key Variables
This study's sample comprises 2,931 observations. Table 2
reports the mean, standard deviation, median, maximum,

and minimum values for the key variables. Green Total
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Factor Productivity( GTFF,, )has a mean of 0.950 and a

median of 0.951, indicating a roughly symmetric distribution.

Its values range from 0.800 to 1.092, with a standard
deviation of 0.080, suggesting limited variation in GTFP

across sample firms. Digital Transformation( DCG,, )shows

a mean of 0.047 and a median of 0.002, with a standard
deviation of 0.160. This indicates a generally low level of
digital adoption among most firms, while a few outliers
exhibit significantly higher levels (maximum = 1), resulting
M&A
Activity( has a mean of 1.176 and a median of 1, implying

in a pronounced right-skewed distribution.
that most firms undertake few M&A transactions. However,
the maximum value reaches 34, and the standard deviation is
1.913, reflecting highly active M&A engagements by a small

subset of firms and a strongly right-skewed distribution.

Corporate Innovation( RD,, )presents a mean of 1.075 and a

median of 0, revealing that half of the sample firms report no
R&D investment. The wide range (maximum = 8.280) and
substantial standard deviation (1.866) highlight a highly
uneven distribution of R&D expenditure, with a minority of

firms investing significantly above the average. Firm Size

( Size;, )has a mean of 22.47 and a standard deviation of

1.402, indicating a relatively concentrated distribution.

Financial Leverage( Lev,, )shows a mean of 0.519, close to

its median of 0.521, suggesting a moderate level of

indebtedness among sample firms. Regarding board

characteristics, Board Independence ( Indep,, ) has a mean

(value) of 37.3%,Board Size ( Board,, ) averages 8.831

members, which is in line with typical corporate governance

structures. Ownership Concentration,

( ShareTop,, )measured by the shareholding ratio of the

largest shareholder, shows a mean of 34.4% and a maximum
of 90%, indicating highly concentrated ownership in a

portion of the sample firms. According to the results for

Ownership Nature, 5( State;, )53.8% of the sample firms are

state-owned, suggesting a balanced composition. The
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Environment Index ( Envir;, )has a mean value of 0.496,

suggesting that approximately half of the sample firms face
a certain degree of regulatory pressure in their business
environment.

(IT) Correlation Analysis of Main Variables

This study employs Pearson correlation coefficients to test

the correlations among variables, with the results presented

in Table 3. Green Total Factor Productivity ( GTFF,, ) shows

a significantly positive correlation with  Digital

Transformation ( DCG,, ) (r=0.079, p<0.01) and with M&A

Activity ( SM4;, ) (1=0.195, p<0.01). GTFP is also

significantly positively correlated with Corporate Innovation
(RD,,) and Corporate Green Innovation (GRD,, ) (r=0.183,
p<0.01; r=0.217, p<0.01), suggesting a synergistic effect of
technology-driven factors on corporate green total factor

productivity. Firm Size ( Size,, ) is significantly positively

correlated with ( GTFP, ) (r=0.178, p<0.01), whereas

Financial Leverage () is significantly negatively correlated

with GTFP, (r=-0.165, p<0.01), reflecting the

constraining effect of financial structure on innovation.

Ownership Nature ( State,, ) is significantly negatively

correlated with GTFP, (r=-0.197, p<0.01), indicating that

state-owned enterprises exhibit weaker green total factor

productivity. Among the control variables, Board Size

( Board,, ) shows a significantly negative correlation

(r=-0.106, p<0.01), while Board Independence /Indep,,

shows a significantly positive correlation (r=0.099, p<0.01),

reflecting the differential impacts of governance structure.

The Environmental Index( Envir;, ) shows a weakly positive

correlation with  (r=0.047, p<0.05), suggesting that policy
pressure from the operating environment may stimulate
all

coefficients are below 0.5, and Variance Inflation Factor

innovation. Furthermore, inter-variable correlation
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(VIF) tests indicate no severe multicollinearity issues,

meeting the requirements for subsequent regression analysis.

3.5.Multicollinearity Test

Table 4 presents the results of the Variance Inflation Factor
(VIF) test. The VIF values for all variables range from 1.03
to 1.58, with a mean VIF of 1.21, which is well below the
conventional threshold of 10. This indicates the absence of
severe multicollinearity in the model. Furthermore, the
tolerance values (1/VIF) all exceed 0.6 (the minimum being
0.634), additional of the

independence among the explanatory variables.

providing confirmation

3.6.Regression Analysis

1. Baseline Regression Analysis

This study estimates the baseline model, with results
presented in Table 5. Column (1) reports the baseline
regression results for the impact of corporate digital
transformation on Green Total Factor Productivity (GTFP).
The estimated coefficient for digital transformation is 0.039
and is statistically significant at the 1% level (t = 4.27). This
indicates that for heavily polluting enterprises, a
one-percentage-point increase in the degree of digital
transformation is associated with a 0.039-percentage-point
increase in GTFP. This finding suggests that enhanced
digital capability significantly promotes GTFP, providing
initial support for Hypothesis H1.Columns (2) through (6)
progressively introduce control variables. Although the
coefficient for digital transformation declines slightly (from
0.039 to 0.028), it remains statistically significant at the 1%
(with all than 3.28). This

demonstrates robust effect of digital

t-statistics
the
transformation on GTFP, strongly supporting Hypothesis

level greater

positive

1.Regarding the control variables in Column (6): Firm Size
(Size) exerts a significant positive influence on GTFP

(coefficient = 0.019, t = 17.90), suggesting that economies

of scale may provide resource support for green productivity.

Financial Leverage (Lev) shows a significant negative effect
(coefficient = -0.074, t = -11.35), indicating that high debt
levels may constrain GTFP. Board Independence (Indep) has
a significant positive impact (coefficient = 0.079, t = 2.96),
implying that improved corporate governance aids GTFP.
The Nature of Property Rights (State) exhibits a significant
negative influence (coefficient = -0.029, t = -9.99), which

suggests that non-state-owned enterprises (private firms)
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tend to achieve higher levels of GTFP.

2. Tests for Mediating and Moderating Effects

Following the three-step mediation test procedure proposed
by Wen et al. (2014), the total effect of digital transformation
on Green Total Factor Productivity (GTFP) is shown in
Column (8) of Table 6. The total effect of the core
explanatory variable (DCG) on GTFP is 0.028 (t=3.29),
which is statistically significant at the 1% level, satisfying
the first step of the mediation test. Column (1) of Table 6
examines the impact of digital transformation on the
mediating variable, M&A activity (SM). The results show
that the coefficient of DCG on SM is 0.958 (t = 3.25),
the 1% indicating that
significantly M&A
(supporting the path DCG — SM). In Column (2) of Table
6, the coefficient of SM on GTFP is 0.005 (t = 6.93), also
significant at the 1% level, confirming that M&A activity

significant at level, digital

transformation enhances activity

significantly promotes GTFP (supporting the path SM —
GTFP). The mediating effect is calculated as 0.00479 (0.958
X 0.005), accounting for 17.1% (0.00479 = 0.028) of the
total effect. The coefficient for the direct effect of DCG on
GTFP is 0.023 (t = 2.72), significant at the 1% level,

suggesting that a partial mediation may exist. Given that the

total effect equals the sum of the mediating and direct effects
(0.00479 + 0.023 0.028), the results confirm a

significant partial mediation effect, thereby supporting

=

Hypothesis 2. Column (3) of Table 6 reports the regression
results for Hypothesis 3. Column (3) introduces the
interaction term between corporate innovation and digital
transformation to test its moderating effect. The result shows
that the estimated coefficient for —on Green Total Factor
Productivity is 0.012 and is statistically insignificant. This
indicates that the level of corporate innovation does not
significantly motivate or enhance the promoting effect of
digital transformation on corporate green innovation.
Column (4) introduces the interaction term between green
innovation and digital transformation to test the moderating
effect of green innovation. The result shows that the
estimated coefficient for on GTFP is 0.033, which is
statistically significant at the 5% level (t = 2.51). This
indicates that a higher level of green innovation strengthens
the positive impact of digital transformation on GTFP,

thereby supporting Hypothesis 3b.

3.7.Robustness Test
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To examine the robustness of our conclusions, this study
conducts the following robustness checks.
1. Robustness Test: Alternative Variable Measures

To ensure the robustness of the baseline regression results,

this study employs alternative measures for the key variables.

Following the approach of Wu, Hu, and Lin et al. (2021) as
well as Zhang and Du (2023) [31], Columns (1) and (2) in

Table 7 utilize an alternative proxy for digital transformation.

This proxy is constructed by using Python's web scraping
functionality to identify and count feature words related to
digital transformation in firms' annual financial reports. The
search covers five key technology categories: Artificial
Intelligence, Blockchain, Cloud Computing, Big Data, and
Digital Technology Applications. A higher frequency of
these feature words indicates a greater degree of corporate
digital the

right-skewed distribution of the raw word frequency data,

transformation. Furthermore, to address
we apply a logarithmic transformation by taking the natural
logarithm of the word count plus one (In(word frequency +
1)).The results in Columns (1) and (2) show that the
are 0.037 (t=14.81) and 0.027 (t

= 11.10), respectively, both statistically significant at the 1%

estimated coefficients for

level. This provides further robust support for Hypothesis 1.
2. Robustness Test: Alternative Model Specification

Column (3) employs a Tobit model for estimation. The
regression results show that the estimated coefficients for
are 0.039 (t = 4.27) and 0.028 (t = 3.28), respectively, both
statistically significant at the 1% level. This finding provides
further support for Hypothesis 1.
3. Sobel-Goodman Mediation Test
The Sobel-Goodman method
significance of the mediating effect of M&A activity. As
presented in Table 8, the Sobel test results show that the
estimated value of the indirect effect is 0.005 (z = 3.771),
with a p-value less than 0.01, indicating that the mediating

is applied to test the

effect of M&A activity is statistically significant. The Aroian
test yields highly consistent results (z = 3.744, p = 0.000),
providing further support for the significance of the
mediating effect. Similarly, the Goodman test result, with a
slightly higher z-value (z = 3.799, p = 0.000), also confirms
a significant indirect effect. The decomposition of the total
effect into direct and indirect effects shows p-values less
than 0.01 and satisfies the relationship: Total Effect = Direct
Effect + Indirect Effect (0.023 + 0.005 =~ 0.028).

4. Bootstrap Test

The Bootstrap method, by employing repeated resampling,
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helps reduce reliance on the normality assumption and
enhances the reliability of the results. Table 9 presents the
results for the mediating effect of M&A activity using the
Bootstrap method with 1,000 resampling repetitions. The

results show that the indirect effect of the independent

variable DCG,, on the dependent variable GTFF,, through

the mediator SM4,, is 0.005, with a Bootstrap standard error

of 0.002, a z-value of 3.09 (p 0.002), and a 95%
confidence interval of [0.002, 0.008]. This indicates a
significant indirect effect whose confidence interval does not
contain zero, thereby confirming the presence of a mediating

effect. Meanwhile, after controlling for the mediator, the

direct effect of DCG,, on GTFF, is 0.023 (Bootstrap

standard error = 0.008, z = 2.80, p = 0.005), with a 95%
confidence interval of [0.007, 0.039], indicating that the
direct effect is also statistically significant.

These results are highly consistent with the findings from
the earlier Sobel test (indirect effect = 0.005, direct effect =
0.023), further supporting the robustness of the conclusion.
As both the direct and indirect effects are significant and

point in the same direction (both positive), this suggests

that SMA4,, plays a partial mediating role in the

relationship between DCG,, and GTFF, . That is,

DCG,, influences GTFP,, both indirectly through SM4,, and

also has a direct positive effect on it. While the Bootstrap
method enhances result reliability by reducing dependency
on the normality assumption, future research could further
increase the number of resampling repetitions to improve the
precision of interval estimates and examine the adequacy of

control variables to ensure model completeness.

3.8.Heterogeneity Analysis

1. Heterogeneity by Ownership Type Compared to private
enterprises, state-owned enterprises (SOEs) tend to adopt a
more conservative approach toward M&A decisions.
Heavily polluting firms with different property rights face
varying degrees of government intervention and bear
different policy burdens, which may lead to heterogeneous

effects of digital transformation on their Green Total Factor
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Productivity (GTFP). This study splits the sample into two
non-SOEs—and
examines the relationship between digital transformation and

GTFP, as well as the mediating role of M&A activity and the

subsamples—SOEs  and separately

moderating role of green innovation. The results are
presented in Table 10. Columns (1) to (4) in Table 10 report

results for the SOE subsample. The estimated coefficients

for digital transformation DCG,, are 0.019, 0.409, 0.016,

and 0.021, respectively, none of which are statistically
significant. Columns (5) to (8) present results for the
non-SOE the estimated coefficients

subsample. Here,

for DCG,, are 0.033, 1.220, 0.028, and 0.029, respectively,

all significant at the 1% level. In Column (7), the coefficient

for M&A activity SM4,, is 0.004, significant at the 1% level.

In Column (8), the coefficient for the interaction

term DCG,, xGRD,, is 0.049, significant at the 5% level.

The results clearly indicate that digital transformation has a
more pronounced and significant positive effect on GTFP in
non-state-owned heavily polluting enterprises, whereas its
effect on state-owned counterparts is insignificant.
Furthermore, the mediating effect of M&A activity and the
moderating effect of green innovation are both significant
and effective specifically within the non-SOE subsample.

2.Heterogeneity by Business Environment Index. Drawing
on the empirical analysis of Kopka and Grashof (2022) [114],
whether digital transformation can reduce energy
consumption is highly contingent upon local contextual
factors. When a firm operates in a region with a higher
business environment index, it typically exhibits more
advanced management practices and technological
capabilities. The motivation for M&A in such contexts is
often driven by strategic goals related to technology
acquisition and market power enhancement. The progressive
of

empowerment,

deepening enterprise  digitalization  accelerates

which M&A

processes, elevates corporate green total factor productivity

technological optimizes
(GTFP), and helps narrow the technological gap between
regions with superior and inferior business environments. To
test the differential effects of digital transformation, M&A
activity, and green innovation on the GTFP of heavily
polluting enterprises across regions with varying business
indices, this

environment study utilizes the business
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environment index from the China Provincial Business
Environment Index Report 2017 as the benchmark. The
sample is divided into two groups-firms in regions with a
higher-than-average business environment index and those
with a lower-than-average index. The results are presented in
Table 11.A comparison between Column (1) and Column (5)

in Table 11 reveals that the estimated coefficient for digital

transformation DCG,, in Column (1) is 0.037 (¢ = 2.90, p <

0.01), which is notably larger than the coefficient of 0.020 (¢
= 1.70, p < 0.10) in Column (5). This finding indicates that
digital transformation exerts a more pronounced positive
effect on GTFP for heavily polluting enterprises located in
regions with a superior business environment. Examining
the mediating role of M&A activity by comparing Columns
(2)-(3) with Columns (6)-(7) shows that, with the exception

of Column (7), the coefficients for DCG,, are significantly

positive. This pattern suggests that M&A activity plays a
partial mediating role in high-index regions, whereas it
appears to function as a complete mediator in low-index
regions. Finally, a comparison of the moderating effect
between Column (4) and Column (8) demonstrates that the
for the interaction term

estimated  coefficient

DCG,,xGRD,, is statistically significant only for the

high-index group. This result implies that the moderating
effect of green innovation is effective exclusively under
conditions of a more favorable business environment.

3. Heterogeneity by Information Transparency

M&A activity and green innovation initiatives inherently
involve risk and uncertainty. Firms with lower information
transparency face greater financing constraints due to the
associated informational asymmetry. Conversely, firms with
higher transparency can effectively convey objective and
comprehensive information about their M&A and innovation
activities to the external market. In such a high-transparency
context, investors can clearly assess the firm and make
timely investment decisions, thereby providing crucial
funding support [115]. Following existing literature, this
study employs the modified Jones model to measure
corporate information transparency. After taking the absolute
value of the calculated measure, the sample is split at the
median into two groups—high and low information
transparency—for subgroup regression analysis. The results

are presented in Table 12.



International Journal of
Multidisciplinary Research

[JMR

Research Article Print ISSN 3105-8884

Online ISSN 3105-8892

MexpayHapoaHbIi HHCTUTYT
yNpaBneHns 1
npegnpuHUMaTenbCTaa

January 2026, Vol. 2, No. 1

In Columns (1) to (4) of Table 12, which correspond to the

high-transparency group, the estimated coefficients for

digital transformation DCG,, are 0.045, 0.904, 0.040, and

0.053, respectively, all statistically significant at the 1%
(3), the M&A

activity SMA,, is 0.005 (significant at the 1% level),

level. In Column coefficient for

confirming its mediating role. However, in Column (4), the

coefficient for the interaction term DCG,, x GRD, , is 0.013

and statistically insignificant. These results indicate that for

firms with higher information transparency, digital
transformation significantly enhances GTFP, M&A activity
serves as a mediator in this relationship, but the moderating
effect of green innovation is not observed. Turning to the

low-transparency group, in Column (5), the coefficient

for DCG,, is 0.012 and insignificant, suggesting that digital

transformation does not significantly promote GTFP when

information transparency is low. Interestingly, Column (8)

reveals that although the coefficient for DCG,, itself is

insignificant, the coefficient for the interaction

term DCG,, x GRD,, is significant. This finding implies that

the

transformation can exert a positive effect on GTFP even in

under influence of green innovation, digital

low-transparency firms.

4.Results Conclusions

4.1.Main Findings

As a central feature of the digital economy, digital
transformation is playing an increasingly significant role in
enhancing total factor productivity within heavily polluting
enterprises. This study, based on a sample of Chinese listed
companies in heavily polluting industries from 2010 to 2019,
the

corporate green total factor productivity (GTFP), as well as

investigates impact of digital transformation on
the mediating role of M&A activity and the moderating role
of green innovation. The key findings are as follows: First,
the degree of corporate digital transformation exerts a
significant positive effect on GTFP. Deeper digital adoption

is associated with higher levels of green productivity.
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Second, M&A activity plays a partial mediating role in this
relationship. The positive impact of digital transformation on
GTFP is partially and indirectly channeled through enhanced
M&A activity. Third, green innovation acts as a positive
moderator. Specifically, a higher level of green innovation
amplifies the positive effect of digital transformation on
GTFP. Finally, exhibit

heterogeneity across firm ownership, regional business

these core results significant

environment, and information transparency. The positive

effect of digital transformation on GTFP is more

pronounced—and both the partial mediation of M&A
activity and the moderation of green innovation hold—for
firms that are non-state-owned, operate in regions with a
superior business environment, or maintain higher

the effect

statistically insignificant for state-owned enterprises. In

information transparency. In contrast, is
regions with a lower business environment index, digital
transformation still promotes GTFP, but the effect size is
significantly smaller than in high-index regions; here, M&A
activity appears to function as a complete mediator, while
the moderating effect of green innovation is absent. For
firms with lower information transparency, digital
transformation alone does not significantly promote GTFP;
however, in the presence of green innovation, it exerts a

positive influence on GTFP.

4.2.Implications

From a practical standpoint, the conclusions of this study
offer valuable empirical evidence and policy insights for
corporate decision-makers and government regulators. For
corporate decision-makers, the implications are threefold.

To begin with, heavily polluting enterprises should intensify
their digital transformation efforts. This can be achieved by
adopting advanced digital technologies-such as artificial
intelligence and blockchain-and by investing in digital skills
training for employees. These steps can enhance overall
information competency and the practical application of
digital tools, thereby boosting GTFP. Furthermore, attention
should be paid to M&A activity. Firms should foster the
coordinated development of digital transformation and M&A
strategy, leveraging digitalization to facilitate transactions,
reduce associated costs, optimize resource allocation, and
improve post-merger integration-all contributing to higher
GTFP. Lastly, it is crucial to refine incentive mechanisms for

green innovation. By promoting the synergistic development
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of digital transformation and green innovation, companies
can fully harness the potential of digitalization to advance
GTFP. This R&D

capabilities to drive improvements in green productivity. For

involves incentivizing in-house
government regulators, two main courses of action are
suggested. Firstly, relevant authorities can formulate and
implement supportive policies for corporate digital
transformation, including fiscal subsidies and financial
support. Creating a favorable policy environment will
encourage greater investment in digital technologies.
Secondly, regulators should strengthen supervision and
guidance over

corporate  M&A activities and green

innovation initiatives to ensure compliant operations.
Simultaneously, policy formulation must account for the
heterogeneous effects stemming from differences in firm
ownership, regional business environment, and information
transparency. Moreover, while encouraging M&A and green
should

development to mitigate potential adverse environmental

innovation,  policies emphasize  sustainable
and social impacts.
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Attachment 1

Tab.1. Description of Main Variables

Variable Variable Name Symbol Definition
Category
Dependent Green .”ljotal Factor GTFP, Enterprise green total factor productivity, calculated using ML
Variable Productivity ’ method
Explanatory Digital Transformation DCG, Me?sured by the proportion of intangible assets related to
Variable ’ digital technology
%i?;ﬁtlgng M&A Activity SM4,, Number of mergers and acquisitions of firm 7 in year ¢
corporate Innovation RD Measured by the logarithm of (total number of invention
Moderating P " patents, utility models, and design patents + 1)
Variable corporate Green RD,
Innovation |
Firm Size Size,, Logarithm of (total assets + 1)
Financial Leverage Lev,, Ratio of liabilities to total assets
Board Independence Indep,, Proportion of independent directors in the total number of
board members
Control Board Size Board, , Total number of board members
Variable :
Ownership ShareTop,, Shareholding ratio of the largest shareholder
Concentration
Ownership Nature State, Dummy variable: 1 for state-controlled firms, 0 otherwise
Environment Index Envir,, Dummy variable: 1 if above national average index, 0

otherwise
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Attachment 2

Tab.2. Descriptive Statistics of Key Variables

Variable Mean Max S.D. Med Min
GTFE, 0.950 1.092 0.0800 0.951 0.800
DCG,, 0.047 1 0.160 0.002 0
SM4,, 1.176 34 1.913 1 0

RD,, 1.075 8.280 1.866 0 0
GRD,, 0.753 5.357 1.058 0 0
Size,, 22.47 26.50 1.402 22.41 15.60
Lev,, 0.519 1.897 0.228 0.521 0.00710
Indep,, 0.373 0.714 0.0579 0.333 0
Board, 8.831 18 1.748 9 0
ShareTop,, 0.344 0.900 0.150 0.320 0.0263
State;, 0.538 1 0.499 1 0
Envir,, 0.496 1 0.500 0 0
Attachment 3
Tab.3. Correlation Matrix of Key Variables

- . ShareTop,, )

Te= GIFE, DCG, SV, RD, GRD, Size,, Lev, Indep,, Board,, State,, Envir;,

GTFP, 1

g, OO
o, 01950103y
RD, 0.*1*§3 —0.94 0.032 1

7 0
m, 02T 008 0047 0405
Sise 0.178 -0.01 0.094 0.237 0.23
it EEEY 6 EEEY EEEY 7*** 1
Iev -0.16 -0.00 0.027 -0.01 -0.0 0.303 |
55 1 0 80 180 -
Indep, 0.099 0.042 0.038 0.010 0.01 0.004 -0.00 1
: : 0 00 00 400
Board -0.10 -0.00 -0.05 0.086 0.08 0.254 0.109 -0.34 1
it 6*** 9 4** ko 6*** ko sekok 7***
ShareTop -0.06 -0.06 -0.04 0.066 0.06 0260 0.088 -0.01 0.040 1
bt 2*** 9*** 4* sekok 6*** ko sekok 70 *
Stte -0.19 -0.10 -0.20 0.038 0.03 0.211 0.181 0.006 0.199 0.206™ 1
it 7*** 1*** 8*** * 8* sekok sekok OO kokok *
Envir 0.047 0010 0.098 0.027 0.02 -0.08 -0.12 -0.01 -0.05 -0.058" -0.14 1
it * . ek 0 70 5*** 0*** 10 3** * 7***
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Notes: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. The same applies to the following

tables.

Attachment 4
Tab.4. Multicollinearity Test
Variable VIF 1/VIF
Size, 1.58 0.633956
GRD, 1.45 0.689360
Board,, 1.28 0.784052
RD, 1.21 0.826579
State,, 1.20 0.834306
Indep,, 1.16 0.862243
Lev, 1.14 0.874843
ShareTop,, 1.11 0.900847
S, 1.09 0.919525
Envir,, 1.05 0.956876
DCG, 1.03 0.969450
Mean VIF 1.21
Attachment 5
Tab.5. Baseline Regression Results
. (1) (2) (3) (4) (5) (6) (7) (8)
XE
GIFP,
DCG 0.039™" 0.041™" 0.041™" 0.039™" 0.040*** 0.036%**  (0.028™" 0.028™
(4.27) (4.50) (4.67) (4.47) (4.58) (4.19) (3.28) (3.29)
Size. 0.010™" 0.014™" 0.014™" 0.016%** 0.018*** 0.019™* 0.019"™
) (9.92) (13.69) (13.72) (15.17) (1633)  (17.37)  (17.90)
KoKk kkok _0.083** ok ok
Lev,, -0.085 -0.085 -0.083*** * -0.075 -0.074
(-13.07) (-13.10) (-12.96)  (-12.97)  (-11.85)  (-11.35)
Indep, 0.129™* 0.064** 0.059%** 0.079*** 0.079**
(5.34) (2.48) (2.32) (3.12) (2.96)
O 006*** '0.006** O OO sk sk
Board, 0. . -0.005™  -0.005
(-7.07) (-7.34)  (-5.58)  (-5.44)
_0.060** sk sk
ShareTop,, . -0.044™"  -0.044
(-6.22)  (-4.58)  (-4.48)
State -0.030™"  -0.029™
(-10.24)  (-9.99)
Envir,, 0.002
' (0.74)
e 0.948™** 0.717"* 0.667*** 0.620%** 0.655%** 0.641%** 0.607*"* 0.605™"*
(617.57) (30.79) (29.05) (25.26) (26.38) (25.87) (24.70) (24.63)
Year YES YES YES YES YES YES YES YES
HAE 2,931 2,931 2931 2931 2931 2931 2931 2931
R-squared 0.006 0.038 0.092 0.100 0.115 0.127 0.157 0.157

Robust t-statistics in parentheses,
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*** p<0.01, ** p<0.05, * p<0.1(the same below).
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Attachment 6

Tab.6. Results of the Mediating and Moderating Effect Tests

. Mediating Effect Moderating Effect
Variable (D) SM4,, (2) crre, (3) crre, (4) cree,
DCG, 0.958 0.023 0.021 0.022
(3.25) (2.72) (2.36) (2.40)
0.005™"
SMA,
) (6.97)
0.005™"
RD,,
) (6.68)
0.012
DCG,,xRD,,
’ ' (1.56)
0.011™"
GRD,,
' (7.48)
0.033™
DCG,, xGRD,,
’ (2.51)
Size. 0.211" 0.018™" 0.005™" 0.005™
; (5.58) (16.36) (6.94) (6.96)
Lev. 0.302" -0.076™" 0.016™" 0.014™"
it (1.78) (-12.08) (14.40) (11.49)
Indep, 0.715 0.075™" -0.071" -0.072™"
o (1.28) (3.01) (-11.39) (-11.48)
Board,, -0.046 -0.005 0.072 0.076
| (-1.98) (-5.34) (2.89) (3.08)
ShareTop, -0.400 -0.042"" -0.005™ -0.005™**
o (-1.49) (-4.38) (-5.75) (-5.68)
State. -0.815™" -0.025™" -0.042"" -0.041™"
o (-10.01) (-8.55) (-4.50) (-4.44)
Envir,, 0.304 0.000 -0.025 -0.026
’ 4.27) (0.17) (-8.59) (-8.84)
intercent -3.205" 0.622™" -0.000 -0.001
p (-3.81) (25.22) (-0.02) (-0.35)
sample size 2931 2931 2,931 2931
R-squared 0.080 0.171 0.188 0.194
Attachment 7
Tab.7. Robustness Tests for the Baseline Mode
. Alternative Explanatory Variable TOBIT Model Specification
Variable
(1) ocrre, (2) crre, (3) ocrre, (4) crre,
0.037"" 0.027" 0.039™" 0.028™
DCG,
' (14.87) (11.10) (4.27) (3.28)
Size 0.017™ 0.019™
(15.99) (17.41)
Lev -0.070™ -0.074"
" (-11.23) (-11.76)
Indep, 0.062"" 0.079"
"‘ (2.49) (3.14)
Board. -0.004™" -0.005™"
(-5.04) (-5.57)
ShareTop, -0.041** -0.044"*"
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(-4.40) (-4.57)
State,, -0.026 -0.029
: (-8.95) (-10.11)
Envir, 0.001 0.002
~ (0.41) (0.74)
C 0.940"" 0.634"" 0.948™" 0.605""
onstant (604.81) (25.98) (617.80) (24.51)
Number of Observations 2,931 2931 2931 2931
R?/Log likelihood 0.070 0.188 3255.232 3497.054
Attachment 8
Tab.8. Sobel-Goodman Mediation Test
Est Std_err z P> |z |
Sobel 0.005 0.001 3.771 0.000
Aroian 0.005 0.001 3.744 0.000
Goodman 0.005 0.001 3.799 0.000
Patha - PCC._, M4, 0.958 0.214 4.484 0.000
Path b:
SMA, _, am, 0.005 0.001 6.969 0.000
Ind“eacigff“t: 0.005 0.001 3.771 0.000
Direct effect 0.023 0.009 2.717 0.007
Total effect 0.028 0.009 3.278 0.001
Attachment 9
Tab.9. Bootstrap Test
Normal-based
>
Coef. Std. i P>z [95% conf. interval]
Indirect effect 0.005 0.002 3.09 0.002 0.002 0.008
Direct effect 0.023 0.008 2.80 0.005 0.007 0.039
Attachment 10
Tab.10. Heterogeneity Analysis Results by Ownership Type
(1) (2) (3) (4) (5) (6) (7) (8)
Variable State-owned Non-state-owned
CTFE, SMA, GIFE, GTFE, GIFE, SMA, GIFP, GTF,
DCG 0.019 0.409 0.016 0.021 0.033"" 1.220" 0.028™" 0.029"
(1.32) (1.58) (1.14) (1.32) (3.06) (3.71) (2.56) (2.58)
0.006™" 0.004™"
(4.71) (5.07)
GRD, 0.016 0.007
" (7.95) (3.08)
DCG, xGRD,, 0.017 0.049
: ’ (0.93) (2.51)
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Size. 0.018™  0.129™  0.0177"  0.012°"  0.020""  0.310 0.018™  0.017""
(12.18)  (4.75) (11.61)  (6.96) (1231)  (6.38) (1137)  (9.88)
Lev. -0.076™"  -0.095 -0.075™  -0.069™*  -0.072""  0.660™" -0.075™"  -0.070"™
(-828)  (-0.57)  (-826)  (-7.66)  (-8.18)  (2.46) (-8.58)  (-7.92)
Indep, 0.072" -0.036 0.072*" 0.067" 0.110™" 2.411° 0.099 0.118™
(2.26) (-0.06)  (2.28) (2.15) (2.60) (1.87) (2.36) (2.82)
Board. -0.006™"  -0.027 -0.006™"  -0.006™*  -0.002 -0.042 -0.002 -0.002
o (-5.61) (-1.42) (-5.47) (-6.20) (-1.41) (-0.87) (-1.31) (-1.29)
ShareTop, -0.049™  -0.799™  -0.044™"  -0.049"" -0.035"  0.161 -0.036™  -0.036™
o (-3.89) (-3.47) (-3.49) (-3.98) (-2.42) (0.36) (-2.49) (-2.47)
Envir -0.001 0.223™  -0.003 -0.006 0.006 0.370""  0.004 0.007"
o (-0.39) (3.32) (-0.78) (-1.75) (1.44) (2.91) (1.05) (1.63)
Constant 0.609"™" -1.630™"  0.619™ 0.747"" 0.549"" -6.448™"  0.578"™" 0.597""
(18.60)  (-2.74)  (19.01)  (2040)  (13.79)  (-5.32)  (14.50)  (14.40)
Number of 1578 1,578 1578 1578 1353 1353 1353 1353
Observations
R? 0.120 0.026 0.132 0.161 0.132 0.061 0.148 0.147
Attachment 11
Tab.11. Heterogeneity Analysis Results by Business
(1) (2) (3) (4) (5) (6) (7) (8)
Variable superior business environment inferior business environment
GIFP, SMA, GIFP, GIFP, GIFP, SM4, GTFP, GTFP,
DCG 0.037"*" 1.039"* 0.033"*" 0.026* 0.020" 0.700"*" 0.014 0.026**
(2.90) (2.73) (2.59) (1.89) (1.70) (321)  (1.21) 2.11)
0.004™ 0.008™"
Sm.l
' (4.57) (6.01)
GRD. 0.007%** 0.017%**
(3.11) (7.93)
DG X GRD. 0.077%%* 0.002
(3.61) (0.15)
Size 0.019"" 0.384"" 0.018™" 0.016***  0.019"™ 0.069"" 0.018™" 0.013%**
(11.82)  (8.00) (10.71)  (8.84) (12.69) (2.44)  (1243)  (8.19)
-0.086""  0.488" -0.087"  -0.081**  -0.064™"  0.036 -0.065™"  -0.061**
Lev,, * *
(-9.06)  (1.73) (-:932)  (-859)  (-7.46)  (0.22) (-7.59)  (-7.18)
Indep, 0.031 -0.165 0.032 0.022 0.105™" 1.133* 0.096"" 0.112%**
(0.81) (-0.14)  (0.84) (0.58) (3.08) (1.77) (2.84) (3.33)
-0.008""  -0.092™ -0.008™"  -0.008**  -0.003""  -0.002 -0.003™"  -0.003%**
Board,, * *
(-5.59)  (2.18)  (-536)  (-5.72)  (-278)  (-0.09)  (-2.80)  (-3.07)
-0.045™  0.241 -0.046™  -0.047**  -0.048™"  -0.868""  -0.041""  -0.017**
ShareTop;, * *
(-3.53) (0.63) (-3.63) (-3.71) (-3.30) (-3.17) (-2.83) (-3.27)
-0.029"™  -0.959™"  -0.025""  -0.031** -0.028"" -0.673""  -0.022""  -0.026**
State, * *
(-7.03) (-7.76) (-6.02) (-7.50) (-6.72) (-8.64) (-5.31) (-6.31)
Constant 0.655"" -6.280™"  0.680™" 0.725%**%  (.572"" -0.299 0.575™" 0.684***
(1736)  (-5.59)  (17.96)  (17.57)  (17.32)  (-0.48)  (17.60)  (19.36)
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Number  of 1453 1,453 1453 1,453 1478 1478 1478 1478
Observations
R? 0.168 0.095 0.180 0.186 0.1511 0.077 0.172 0.190

Attachment 12
Tab.12. Terogeneity Analysis Results by Information Transparency
(1) (2) (3) (4) (5) (6) (7) (8)
Variable higher information transparency lower information transparency
OTFE, SMA, GIFE, GIFE, GTFR, SMA, GIFP, GTFP,
DCG 0.045™"  0.904%**%  (),040%** 0.053%** 0.012 0.951%** 0.007 0.005
" (3.70) (2.71) (3.33) (4.09) (1.04) (3.65) (0.56) (0.40)
0.005%** 0.006%**
SM4,
(5.58) (5.03)
0.015%** 0.008%**
GRD,
(7.06) (3.69)
DCG, xGRD,, 0.013 0.045%*
(0.67) (2.51)
Size. 0.017™  0.313%**  (,0]15%** 0.011*** 0.021%** 0.128***  (0.020%**  (.018***
" (10.10) (6.83) (9.08) (5.96) (14.44) (4.08) (13.93) (11.29)
Lev. -0.081™" 0.374 -0.083*** Q.07 1*** -0.069%*** 0.195 -0.070%**  -0.068***
o (-8.44) (1.42) (-8.72) (-7.51) (-8.19) (1.06) (-8.40) (-8.12)
Indep, 0.043 0.937 0.038 0.052 0.111%** 0.711 0.106***  (.108***
o (1.17) (0.93) (1.05) (1.44) (3.20) (0.94) (3.10) (3.15)
Board -0.005%**  -0.063*  -0.005***  -0.005%** -0.004 -0.029 -0.004***  -0.004***
" (-4.09) (-1.84) (-3.87) (-4.43) (-3.62) (-1.10) (-3.50) (-3.76)
ShareTop, -0.028%** 0.159 -0.029%** -0.026** -0.059%*** -1.073***  .0.052%**  -0.062%**
M (201) (0.44) (-2.20) (-2.01) (-4.31) (-3.58) (-3.85)  (-4.53)
_ sk
State. -0.028*%** 0'926 -0.023%**  -(0.029%*** -0.030%*%** -0.644***  0.026*** -0.030%**
’ (-6.87)  (-8.75) (-5.54) (-7.20) (-7.14) (-7.11) (-6.14)  (-7.26)
Envir -0.002 (0.359%** -0.004 -0.003 0.007* 0.228%** 0.006 0.005
o (-0.61) (3.40) (-1.11) (-0.91) (1.80) (2.65) (1.46) (1.35)
_ sk
0.661%0x OO Gegrar g 777eex  05S5Eer 13000 0.564%kr  0.618%
Constant
(1739)  (-523)  (18.15) (19.01) (17.08) (-1.97) (17.47)  (17.41)
Number of = 51 1,510 1,510 1,510 1421 1421 1421 1421
Observations
R? 0.135 0.096 0.153 0.168 0.191 0.079 0.206 0.207
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This review synthesizes Chinese research on the political literacy of university students from 1990 to 2025
using a historiographical design anchored in major Chinese databases and policy documents. The field
exhibits four phases: 1990 to 2005 established a normative foundation within ideological and political
education; 2006 to 2015 translated aims into competency frameworks and indicators; 2016 to 2019
embedded political literacy in professional curricula and practice; 2020 to 2025 integrated digital
participation, media use, and learning analytics with attention to privacy and data governance. Across

phases the literature moves from conceptual aims to measurable constructs, curricular integration, and

Curriculum
integration; engagement in online publics. The review identifies priorities for validated and transparent instruments,
.. . . cohort tracking across undergraduate years, and embedded evaluations that link learning designs to
Digital citizenship ) ] ) ) ) -
changes in student knowledge, competencies, and behavior while safeguarding consent and privacy.
INTRODUCTION

Political literacy in Chinese higher education is commonly
understood as an integrated capacity that joins knowledge of
constitutional and institutional arrangements, value
orientation and identity formation, civic competencies such
as information discernment and deliberation, and observable
behaviors in campus governance and social participation. In
practice it has been cultivated within the long standing
system of ideological and political education while gradually
extending into professional curricula and co curricular
settings, which gives the construct both normative and
[1]. This

perspective  to

pedagogical significance review adopts a

historiographical trace how Chinese
scholarship has conceptualized and measured political
literacy among university students from the 1990s to 2025,
and how teaching and assessment practices have evolved
across four identifiable phases. It clarifies the movement
from foundational definition to competence based indicators,
then to curriculum embedded and practice oriented
approaches, and finally to digital contexts where online
participation, media use, and data governance influence both

opportunities and risks for student development [2]. By

consolidating  representative  scholars and verifiable
contributions within each phase, the review aims to provide
a coherent map of concepts, methods, and evidence that can

guide future research design, scal.

Materials and Methods

This review adopts a historiographical design that combines
systematic searching with narrative synthesis. The primary
sources were Chinese language journals and dissertations
retrieved from CNKI, CSSCI indexed journals and Wanfang.
Policy and curriculum documents relevant to ideological and
political education in universities were consulted to anchor
turning points in the field. The time window ran from
January 1990 to November 2025 so that recent outputs on
digital participation and learning analytics were fully
covered. Searches were conducted in Chinese and English

using combinations of the following terms and their close

variants: political literacy, political quality, university
students, higher education, ideological and political
education, curriculum ideological political, digital

* Corresponding author. E-mail address:15953173079@163.com
Received date:January 10, 2026; Revised manuscript received date: January 20, 2025; Accepted date: January 25, 2025; Online

publication date:January 30, 2026.
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citizenship, and media literacy.
Inclusion required a clear focus on university students in
mainland China and an explicit contribution to the definition,
measurement, cultivation, or evaluation of political literacy.
Conceptual essays, empirical studies, and curriculum or
governance reforms were eligible. Studies were excluded if
they addressed only basic education, were limited to general
public opinion without a higher education context, or lacked
substantive relevance to political literacy. Titles and
abstracts were screened first, followed by full text review.
Each included item was coded for research type, institutional
setting, sample features, instruments and indicators, and
principal claims. Additional fields captured links to national
or sector policies, the presence of teacher development
components, and attention to digital environments.

Periodization was derived from clusters of publication
themes and from policy milestones in higher education.
Representative scholars were identified through citation
patterns, authorship textbooks

of widely used or

comprehensive reviews, and visible influence on
institutional practice. Methodological quality was recorded
rather than scored, with notes on reliability and validity
reporting for scales, on sampling strategies, and on the use
of longitudinal or experimental designs. The synthesis
proceeded by phase specific narration that aligns features,
scholars, and claims. As this work synthesizes publicly
available texts and does not involve human participants, no

ethical approval was require.

Results

1.1990s - 2005: Foundational Normative Phase

In the early years of the field, Chinese scholarship on the
political literacy of university students was framed as a
normative project within ideological and political education.
Core writings defined political literacy as a composite of
knowledge of political institutions and history, value
orientation aligned with national goals, and guided
participation in campus and community settings. The
dominant method was theoretical exposition supported by
analysis of policy and curricular documents, with limited use
of systematic empirical designs. Influential contributors such
as Zhang Yaocan and Chen Wanbo articulated the objects,
contents, and carriers of ideological and political education

and positioned political literacy as an outcome of value

66

formation and political socialization in higher education.
Subsequent international analyses describe this stage as one
of

established party led structures, standardized courses, and a

institutional consolidation in which universities
nationwide delivery system for ideological and political
education, while empirical validation of outcomes remained
the

observation that early work favored prescriptive argument

sparse [1]. Recent thematic reviews corroborate
and descriptive reporting, laying the conceptual groundwork
but leaving questions of measurement quality and causal

effects largely open for later phases [3].

2.2006 - 2015: Competency and Measurement
Turn

During this decade, Chinese scholarship on university
students’  political literacy moved from value transmission

toward demonstrable competencies and measurable
outcomes. Researchers operationalized political literacy as a
bundle of knowledge, belief, efficacy, and participation, and
began to translate these constructs into item banks and scales
with attention to reliability and validity. Survey culture
expanded in teacher education institutes and student affairs
units, where Likert instruments, factor analysis, and item
discrimination tests were used to calibrate indicators such as
political cognition, civic competence, and internal or online
political efficacy. Quality assurance also improved inside
universities through pretesting, multi university sampling,
and the routine reporting of Cronbach alpha and model fit
indices. This measurement turn did not abandon normative
aims but tied them to evidence on communication effect,
curriculum exposure, and media use. In later consolidation
studies that reflect this tradition, scholars model how
internet literacy and contact shape the communication effect
of ideological and political education among university
students, which retroactively validates the competence
centered approach of the period [4]. Parallel work uses
structural equation modeling to link curriculum based
ideological and political education to student psychological
outcomes, exemplifying the mature use of latent constructs

and validated indicators that grew out of this decade [5].

3.2016 - 2019: Curriculum-Embedded and
Practice-Oriented Phase

During this period universities moved from stand alone civic
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instruction toward embedding political literacy across
majors and courses, an approach widely described as
curriculum ideological and political. The reform stressed
course level alignment of objectives, content, teaching links,
and evaluation so that professional knowledge, values
education, and application could be taught together. Reviews
that synthesize recent evidence characterize this shift as a
turn to implementation within disciplines accompanied by
difficulties of assessment design and teacher capacity, which
clarifies the practical orientation of the 2016 to 2019 phase
and its emphasis on linking classroom learning with concrete
tasks and field practice [6]. Case studies in engineering and
resource curricula document explicit insertion of ideological
and political elements into lectures, design assignments, and
practice activities, together with process evaluation and
project based learning, which illustrates how political
cognition, social responsibility, and law awareness were
cultivated inside professional teaching rather than only in

dedicated theory classes .

4.2020 - 2025: Digitalization, Platform
Participation and Ethics

In this period research on the political literacy of Chinese
university students shifted into digital contexts where online
participation, platform use, and data driven assessment
interact with classroom and campus practice. Scholars
integrated digital citizenship, media literacy, and platform
behaviors into the construct of political literacy and used
validated instruments and structural models to link media
use, self efficacy, and civic intention, which positioned
political literacy as both competence and behavior in
converged media environments [2]. Studies on
misinformation documented that many Chinese college
students perceive tangible psychological risks arising from
false content and uneven source evaluation skills, which
pedagogy
institutional safeguards that protect consent, privacy, and

strengthened calls for ethics aware and

psychological safety while cultivating responsible

participation . Designs increasingly paired questionnaires
with learning platform logs or other process data to capture
engagement and outcomes, although protocols for
transparency and data minimization remain uneven across
institutions. A compact map of digital themes, indicators,
and ethics foci is provided here, see Table 1, which

summarizes constructs frequently used in studies from 2020

to 2025.

Theme

Typical
indicators
used in

studies

Ethics focus

Theme

Digital

participation

Frequency
of online
discussion,
civic
intention,
political
efficacy,
self
regulation,
official

media use

Consent and
privacy,
accountabili

ty

Digital

participation

Learning
analytics  in

courses

Log

events,
time on
task, forum
contributio
n, quiz
attempts,
linkage of
assessment
to
participatio

n

Transparenc
Y, data
minimizatio
n, informed

access

Learning
analytics  in

courses

Misinformati

on resilience

Accuracy
checks,
source
evaluation,
correction
intention,
reporting
behavior,
perceived
impact on

mood

Psychologic
al safety,
support
pathways,
educator

guidance

Misinformati

on resilience

Table.1.Digital

2020 to 2025

Conclusion

themes and examples for political literacy

This review shows a clear evolution in Chinese research on

the political literacy of university students from 1990s to
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2005 as a foundational normative phase, through 2006 to
2015 with emphasis on competencies and measurement, then
2016 to 2019 with curriculum embedded and practice
oriented work, and finally 2020 to 2025 with digitalization,
platform participation, and ethics at the center. Across these
phases, the literature moved from goal setting and
conceptual framing toward operational indicators, classroom
integration, and attention to online publics. The most recent
studies extend the construct to include digital citizenship and
data governance, which strengthens relevance but also
heightens ethical demands. The field now needs validated
and openly described instruments, cohort tracking across the
undergraduate years, and embedded evaluations that link
teaching designs to specific gains in knowledge,
competencies, and behavior. It also requires sustained
teacher development for discipline based integration and
careful protocols for consent, privacy, and transparency in
learning analytics. Greater attention to vocational
institutions, private universities, and minority regions will

improve generalizability and fairness..
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Under the background of the 'dual carbon' goals and the green transformation of agriculture, the innovation
of environmental management modes in leading agricultural enterprises in Liaoning Province has become
a key factor in promoting regional agricultural sustainable development. Based on theories such as circular
economy and technological innovation, this paper addresses issues such as passive environmental
protection and insufficient technology application in enterprises in Liaoning Province, and designs a
three-level environmental management innovation model of 'internal enterprise closed loop — industry
chain collaboration — regional resource sharing.' An empirical test is conducted using Sanyou Agriculture
as a case study. The data show that after implementing this model, the enterprise significantly
outperformed the industry average in environmental performance, economic performance, and
technological adaptability, achieving a win-win situation of 'enhanced efficiency through environmental
protection.' The research findings not only enrich the theoretical framework at the intersection of
agricultural economics and environmental management but also provide practical references for the green

transformation of leading agricultural enterprises in Liaoning Province and for relevant policy-making.

1.INTRODUCTION

1.1Research background and significance

Against the backdrop of intensifying global climate change
and tightening resource constraints, green, low-carbon, and
circular development has emerged as a core issue reshaping

the global industrial landscape. As a fundamental sector of

the national

agriculture is directly tied to the ecological security and

cconomy,

operation entities.

As key hubs connecting smallholder farmers to large
markets, leading agricultural industrialization enterprises are
core carriers of the modern agricultural management system.
Their level of environmental operation not only determines
their own potential for sustainable development but also

profoundly influences the green transformation of the entire

the green transformation of

agricultural industrial chain. Liaoning Province, a major

grain-producing area in Northeast China and an

sustainable development foundation of regions and even the
entire country. The implementation of China’s “dual carbon”
strategy—carbon peaking by 2030 and carbon neutrality by
2060—has laid out a clear path for the low-carbon and
ecological transformation of traditional agriculture, while
also imposing higher requirements on the environmental

governance capabilities of agricultural production and

advantageous region for characteristic agricultural products,
boasts a solid industrial foundation for leading agricultural
industrialization enterprises in sectors such as grain
processing, animal husbandry, and specialty edible fungi and
vegetable cultivation. However, their environmental
operation practices exhibit obvious lag. In reality, most

leading agricultural enterprises in the province remain at the
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level of “passive compliance” in environmental protection,
the

environmental management

lacking strategic awareness

with

to deeply integrate
industrial upgrading.
Meanwhile, the penetration rate of green innovation tools
such as circular agriculture technologies and digital
environmental protection systems is relatively low, and the
technical adaptability and systematization of environmental
operation models are insufficient. This not only restricts the
improvement of enterprises’ own economic benefits and
brand value but also slows down the province’s agricultural
transition to a green and low-carbon paradigm, creating a
prominent contradiction with the demand for high-quality
agricultural development under the background of the
revitalization of Northeast China’s old industrial bases. In
this context, exploring an environmental operation model for
leading agricultural industrialization enterprises that suits
Liaoning’s regional characteristics has become an inevitable
choice to address the coordinated challenge of agricultural
ecological protection and industrial efficiency improvement.
Theoretically, this study holds significant academic value.
First, it systematically sorts out core theories including value
creation-oriented  environmental —management theory,
environmental operation paradigm transformation theory,
and green culture-environmental operation interaction theory,
and establishes a theoretical application framework in the
context of agricultural industrialization. This fills the
theoretical gap in existing research on environmental
operation of meso-level entities (provincial leading
agricultural enterprises) and promotes the improvement of
the theoretical system at the intersection of agricultural
economics and environmental management. Second, through
literature integration, theoretical deduction, and coupling
analysis characteristics, it

with Liaoning’s regional

constructs an analytical paradigm for environmental
operation model innovation that aligns with Liaoning’s
agricultural industrial endowments, providing a reference
analytical framework for theoretical research on
environmental operation of leading agricultural enterprises
in similar regions.

In practical terms, the value of this study is reflected in dual
empowerment. On one hand, taking Liaoning Sanyou
Agricultural Biotechnology Co., Ltd. as a typical case, it
diagnoses the existing pain points in its environmental
operation and constructs an environmental operation model
featuring “technological innovation-driven, internal circular

closed-loop, and regional resource coordination”. This
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provides a replicable and promotable practical model for
leading specialty agricultural product processing enterprises
in Liaoning, helping them transform “environmental
protection investment” into “value output” and achieve a
win-win situation of both environmental and economic
performance. On the other hand, the research results can
serve as a decision-making reference for local agricultural
authorities to formulate agricultural green transformation
policies and optimize environmental protection support
mechanisms for leading enterprises, driving Liaoning’s
agricultural sector to realize the simultaneous improvement
of ecological benefits and industrial competitiveness under

the “dual carbon” goals.

1.2.Literature Review and Research Gaps

Foreign academic research on leading agricultural

the

evaluation of enterprises' comprehensive development level

industrialization enterprises initially focused on
and regional adaptability analysis, and in recent years has
gradually extended to the dimensions of competitiveness
deconstruction and development potential research. In the
aspect of regional adaptability evaluation, ang Ying and
(2010)  took

industrialization enterprises in Heilongjiang Province as

Yadong  Fan leading  agricultural
research samples, constructed a comprehensive evaluation
system from dimensions such as industrial layout rationality,
interest linkage mechanism improvement, and resource
the

characteristics and core constraints of leading enterprises

integration  capability, analyzed development
under the background of cold-region agriculture, and
provided a basic analysis framework for the cultivation and
of

regions

development leading in
high-latitude [1]

competitiveness research, GUO Yubing et al. (2023) selected

agricultural
In the

enterprises

field of enterprise

28 leading agricultural industrialization enterprises in Shanxi
Province as research objects, built a competitiveness
evaluation model covering dimensions such as industrial
driving capacity, resource allocation efficiency, and
technological innovation level, clarified the competitiveness
shortcomings of different types of leading enterprises
through empirical analysis, and put forward cultivation paths
and optimization strategies for core leading enterprises,
the

competitiveness of regional leading agricultural enterprises

providing practical references for improving

[2]. Overall, foreign research in this field mostly takes
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specific regions as samples, forming a research paradigm of
"evaluation system construction - development bottleneck
diagnosis - optimization strategy proposal", but there is still
a lack of special exploration on the environmental operation
dimension of leading enterprises.

The enabling effect of digital technology on agricultural
industrialization has been a research hotspot in the field of
foreign agricultural economy in recent years, and scholars
dual

perspectives of productivity innovation and industrial

have conducted in-depth discussions from the
sustainable development. In terms of improving agricultural
green productivity, the research of Zeng F et al. (2024)
confirmed that rural digitalization can achieve a
leap-forward improvement in agricultural green total factor
productivity through paths such as optimizing the allocation
of production factors, reconstructing agricultural production
processes, and improving the efficiency of resource
recycling. The research also pointed out that the enabling
effect of digitalization on agricultural green transformation
has regional and industrial format heterogeneity, and the
fields of
characteristic agricultural product planting and processing
[3]. In the

development,

enabling effect is more significant in the

dimension of rural industrial sustainable
Gao S et al. (2023) combined digital
empowerment, rural entrepreneurship, and deep learning
technology to construct a logical framework for digital
technology-driven  sustainable development of rural
industries, empirically tested the core value of digital
technology in expanding industrial boundaries, reducing
production energy consumption, and strengthening industrial
chain collaboration, and also revealed practical bottlenecks
restricting the landing of digital technology such as technical
thresholds and data security [4]. These studies have clarified
the enabling path of digital technology for agricultural
industrialization, but have not deeply coupled digital
technology with the environmental operation model of
leading agricultural enterprises, and lack the design of
digital environmental operation schemes for leading
enterprises.

Foreign research on environmental operation started early,
forming a research system centered on the evaluation of
environmental management system effectiveness and the
measurement of enterprise ecological carrying capacity. At
the of the

management systems, Sroufe R (2003) through empirical

level practical value of environmental

research on enterprises in multiple industries, confirmed that
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a sound environmental management system can significantly
optimize enterprise environmental management practices
and production and operation processes, which can not only
reduce the intensity of enterprise pollutant emissions but
also effectively control production costs by improving
resource utilization efficiency. The research also clarified the
adaptability differences of environmental management
systems in enterprises of different scales and formats [5]. In
the agricultural field, Yi Ling Liu and Song Qing Li (2014)
constructed an ecological carrying capacity evaluation
system for leading agricultural industrialization enterprises,
designed quantitative indicators from dimensions such as
resource consumption, pollution emissions, and ecological
contributions, and clarified the core influencing factors of
the ecological carrying capacity of leading agricultural
enterprises through empirical research, filling the theoretical
gap in the quantitative evaluation of the ecological carrying
capacity of agricultural enterprises [6]. However, existing
research mostly focuses on a single dimension of
environmental operation, failing to form a systematic
environmental operation model covering the enterprise
interior, industrial chain, and region, and there is an obvious
gap in research on the adaptability of environmental
operation of leading agricultural enterprises in cold regions.
Based on the above research results of foreign literature and
combined with the practical needs of the development of
leading agricultural industrialization enterprises in Liaoning
Province, there are still three significant theoretical and
practical gaps in the field of environmental operation of
leading agricultural industrialization enterprises.

First, the systematic lack of research perspectives; existing
research mostly focuses on a single dimension of
environmental operation, for example, Sroufe R (2003) only
focuses on the practical effectiveness of the internal
environmental management system of enterprises, and Yi
Ling Liu et al. (2014) focuses on the single indicator
measurement of enterprise ecological carrying capacity,
build a

operation

collaborative
of

"enterprise interior - industrial chain - region", which is

failing to multi-dimensional

environmental theoretical ~ framework
difficult to meet the systematic environmental governance
needs of leading agricultural industrialization enterprises as
the chain leaders of the industrial chain. Second, the blank of
the cold-region dimension in regional adaptability; although
ang Ying et al. (2010) paid attention to the development

characteristics of leading agricultural enterprises in cold
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regions, they did not extend to the field of environmental

operation; and  existing environmental  operation
technologies and schemes are mostly designed based on
temperate or tropical agricultural endowments, without fully
considering the regional characteristics such as winter
low-temperature constraints in Northeast cold regions and
the rigid demand for black soil protection. The adaptability
research of cold-region-specific agricultural waste recycling
technology, low-temperature cultivation energy-saving
technology, etc., is blank, leading to the serious lack of
landing of existing models in Liaoning Province and other
Northeast cold regions. Third, the insufficient synergy of
technology integration; although Zeng F et al. (2024) and
Gao S et al. (2023) confirmed the enabling value of digital
technology for agricultural green transformation, they did
not cross-integrate digital technology with theories such as
circular economy and industrial chain integration, nor did
they form a practical path for environmental operation of
leading agricultural enterprises driven by digital technology,
making it difficult to solve the practical problems of
insufficient application of green technology and low
digitalization level of environmental operation of leading
agricultural enterprises in Liaoning Province.

In response to the above research gaps, this study forms
innovative breakthroughs in three aspects: in terms of
subject focus, this study locks on leading agricultural
industrialization enterprises in Liaoning Province as
meso-level subjects, constructs an environmental operation
model suitable for the provincial regional agricultural
industrial pattern, thereby filling the gap in theoretical and
practical research on environmental operation at the meso
level, and opening up the connection channel between
macro-policy implementation and micro-subject practice; in
terms of regional adaptability, based on the climatic
characteristics of Northeast cold regions and the demand for
black soil protection, develop cold-resistant edible fungi
cultivation technology, cold-region waste high-efficiency
conversion technology and other cold-region-specific
agricultural recycling technologies, design environmental
operation schemes that fit regional endowments, and solve
the technical adaptability problem of agricultural green
transformation in cold regions; in the dimension of
theoretical integration, construct a three-level environmental
operation model of "internal enterprise closed loop -
industrial chain collaboration - regional resource sharing",

realize the cross-field integration of circular economy,
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industrial chain integration and cold-region agricultural
technology innovation theories, and form a provincial
agricultural leading enterprise green transformation solution

with both theoretical depth and practical value.

2.Theoretical Basis and Concept Definition

2.1Leading Agricultural Industrialization
Enterprises

According to the relevant identification standards of the
Affairs,

agricultural industrialization enterprises refer to agricultural

Ministry of Agriculture and Rural leading

enterprises that take the production, processing, and
circulation of agricultural products as their core business,
realize large-scale and intensive operation through models
such as "enterprise + farmer" and "enterprise + cooperative
+ farmer", have a significant driving effect on agricultural
industrial development, and are recognized by governments
at all levels. Its core characteristics include: large operation
scale, strong industrial chain integration capability, close
interest linkage with farmers, and a prominent role in driving
regional agricultural economic

development. Leading

agricultural industrialization enterprises in Liaoning
Province mostly focus on fields such as grain processing,
animal husbandry, and characteristic agricultural product
development, and are the core subjects of regional

agricultural modernization and green transformation.

2.2.Innovation of Environmental Operation
Modes

2.2.1.Academic Controversy and Conceptual
Analysis

At present, the academic circle has not yet formed a unified
consensus on the definition of environmental operation
model innovation, and the core of the controversy focuses on
two levels: innovation dimension and value orientation.
From the perspective of innovation dimension, some
scholars believe that environmental operation model
innovation should focus on the technical level. For example,
Dong Xiaodong et al. (2014) proposed that its core is the
embedding of low-carbon technology and recycling
technology in the production link, which is the green

iteration of the enterprise's technical system; another part of



International Journal of
Multidisciplinary Research

IJMR

Print ISSN 3105-8884

Research Article

Online ISSN 3105-8892

MexpayHapoaHbIi HHCTUTYT

npegnpuHMMaTenscrea

January 2026, Vol. 2, No. 1

scholars emphasizes the collaboration at the industrial chain
dimension. Zhang Changjiang et al. (2020) pointed out that
environmental operation model innovation needs to cover
the upstream and downstream of the industrial chain, and
realize the maximization of ecological benefits through the
integration of the entire chain of resources, and the
technological innovation of a single enterprise is difficult to
achieve systematic environmental improvement. From the
perspective of value orientation, some studies advocate
the

performance as the primary assessment indicator of model

"ecology first" as core, taking environmental
innovation; while scholars such as Gan Changsheng (2025)
adhere to the dual value orientation of "environment -
economy", believing that environmental operation models
separated from economic performance do not have a

sustainable promotion foundation.

2.2.2.Concept Definition of This Study

Combined with the development characteristics and research
needs of leading agricultural industrialization enterprises in
Liaoning Province, this study defines environmental
operation model innovation as: taking circular economy as
the underlying logic, technological innovation as the core
the

implementation path, leading agricultural industrialization

support, and industrial chain integration as
enterprises break through the traditional environmental
management model of "passive compliance", integrate
internal and external resources of the enterprise, and form a
new type of operation structure and operation mechanism
that "converts environmental constraints into development
momentum". Its core connotation includes three aspects:
first, the meso attribute of the innovation subject, focusing
on provincial leading agricultural industrialization
enterprises as the chain leader of the industrial chain; second,
the systematicness of the innovation dimension, covering
three levels: enterprise interior, industrial chain, and region;
third, the synergy of innovation goals, ultimately realizing
the dual goals of sustainable enterprise development and
regional ecological protection, specifically reflected in
practical forms such as the application of circular economy
models, digital technology empowering environmental
management, and green integration of the entire industrial
chain.

Dong Xiaodong et al. (2014) based on Kuhn's "Structure of

Scientific Revolutions" theory proposed that the enterprise

73

operation paradigm needs to iterate with changes in external
environmental constraints. In the context of low-carbon
economy and "dual carbon" goals, enterprises need to shift
from the traditional paradigm of "economy first" to the
environmental operation paradigm of "environment and
economy coordination". This theory provides a paradigm
the

enterprises

transformation perspective for research: leading

agricultural industrialization in Liaoning
Province need to break through the traditional operation
thinking of "emphasizing production over environmental
protection”, fully integrate environmental factors into all
links such as strategic planning, production and operation,
and industrial chain integration, and complete the systematic

transformation of the operation paradigm.

2.3.Industrial Chain Integration Theory

The

optimizing the division of labor and cooperation by

industrial chain integration theory emphasizes
integrating upstream and downstream resources of the
industrial chain, and improving the overall efficiency and
competitiveness of the industry. Agricultural industrial chain
integration covers the coordinated linkage of links such as
supply,

agricultural product processing, and circulation and sales.

means of production agricultural production,

Combined with environmental operation goals, green
industrial chain integration needs to integrate environmental
protection requirements into all links to achieve efficient
resource utilization and environmental risk management and
control. This theory provides path guidance for the
innovation of environmental operation models of leading
agricultural industrialization enterprises in Liaoning
Province - by integrating regional agricultural resources,
building a green industrial chain of "planting - processing -
waste recycling - sales", and improving the systematicness

and synergy of environmental operation.

2.4. Technological Innovation Theory

The technological innovation theory holds that technological
progress is the core driving force for industrial upgrading
and enterprise development. In the field of environmental
(such

low-carbon production technology, recycling technology,

operation, green technological innovation as

digital environmental protection technology, etc.) is the key
to improving environmental performance. Studies by Yu
Sidong et al. (2025) and Fu Bo et al. (2025) have confirmed
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that innovative means such as "Internet +" and digital
technology can empower the quality and efficiency
improvement of agricultural industrialization. This theory
provides technical dimension support for the research:
leading agricultural industrialization enterprises in Liaoning
Province need to break through the technical bottlenecks of
environmental operation through green technology research
and development and application, and promote the iterative

upgrading of environmental operation models.

2.5.Theoretical Integration Framework

This

integration framework of "circular

theoretical
the

underlying logic + industrial chain integration as the

study constructs a three-dimensional

economy  as

implementation path + technological innovation as the core
support". Each theory does not act independently, but
intersects and collaboratively supports the construction of
the three-level environmental operation model. The specific
logic is as follows:

(1) Circular economy theory lays the core criteria of the
model

The core principles of circular economy, "reduce, reuse, and
recycle", delineate the underlying logical boundary of the
three-level environmental operation model. At the level of
the internal enterprise closed loop, it guides enterprises to
build a material and energy circulation chain of "resources -
products - renewable resources" to realize the nearby
resource utilization of waste; at the level of industrial chain
collaborative circulation, it requires chain leader enterprises
to extend the circular concept to the upstream and
downstream, creating a full-chain circular system of "green
supply - clean processing - low-carbon circulation"; at the
level of regional resource sharing and circulation, it
promotes the overall utilization of waste across enterprises
and industries, realizing the efficient circulation of resources
at the regional level and solving the problem of the limited
circulation scope of a single subject.

(2) Industrial chain integration theory clarifies the model
implementation path

The

expansion path of "from single point to system" for the

industrial chain integration theory provides an
three-level model. For the single-point breakthrough of the
internal enterprise closed loop, this theory guides enterprises
to first integrate resources in internal production, processing,

waste treatment and other links; on this basis, relying on the
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chain leader status of leading enterprises, integrate upstream
farmers/cooperatives, downstream distributors and other
industrial chain subjects to realize industrial chain
collaborative circulation; finally extend to the regional level,
integrate resources across industries and subjects, build a
regional sharing platform, complete the model expansion
from micro to meso, and ensure the systematicness and
synergy of environmental operation.

(3) Technological innovation theory consolidates the model
landing support

The technological innovation theory provides technical
feasibility guarantee for the three-level model. In view of the
special regional conditions of Northeast cold regions, the
technological to

innovation theory guides enterprises

develop adaptive technologies such as
low-temperature-resistant cultivation and high-efficiency
conversion of waste mushroom sticks to solve the technical
pain points of the internal enterprise closed loop; at the level
of industrial chain collaboration, support enterprises to
introduce clean production technologies such as Internet of
Things monitoring and waste heat recovery to realize precise
environmental management and control of the entire chain;
at the level of regional resource sharing, help build a digital
resource allocation platform, improve the efficiency and
accuracy of regional resource integration, and ensure the
transformation of the three-level model from theoretical
design to practical landing.

The cross-integration of the three theories forms a complete
theoretical system of "logical guidance - path planning -
technical support", providing a comprehensive theoretical
basis for the construction and verification of the three-level
environmental operation model of leading agricultural
industrialization enterprises in Liaoning Province, avoiding
the of the

application of a single theory.

limitations and fragmentation problems

3.Design of Environmental Operation Model
Innovation from the Perspective of Circular
Economy

Based on the core principles of circular economy of "reduce,
the

industrialization

and recycle", combined with industrial

of

enterprises in Liaoning Province and the regional ecological

reuse,

endowment leading  agricultural

needs of Northeast cold regions and major grain-producing

areas, this study constructs a three-level progressive



International Journal of
Multidisciplinary Research

IJMR

Online ISSN 3105-8892

MexpayHapoaHbIi HHCTUTYT
ynpasnexus n
npegnpuHUMaTenbCTaa

January 2026, Vol. 2, No. 1

Research Article Print ISSN 3105-8884
environmental operation innovation model system of
"internal enterprise closed loop - industrial chain

collaborative circulation - regional resource sharing", and

the specific design is as follows:

3.1.Internal Enterprise Closed-Loop
Circulation Model: Focusing on Single-Point
Breakthrough of '"Resources - Products -
Renewable Resources"

To address the pain points of resource waste and ineffective
control of waste emissions in the enterprise production link,
with the of

improvement, and environmental load reduction", build an

core goal "cost reduction, efficiency

internal material and energy circulation system for
enterprises to realize the nearby resource utilization of waste,
reduce the dependence on external resources, and enterprises
of different industrial types can form differentiated
circulation paths:

(1) Circulation sub-model for grain processing enterprises
the

development of rice/corn", forming a circulation link of "raw

Build a closed loop around "full wvalue chain
grain - main products - by-products - renewable resources -
waste - energy/fertilizer". Specifically, rice husks can be
burned for power generation through biomass boilers,
meeting 30%-50% of the enterprise's production electricity
demand; the ash residue generated from power generation is
mixed with rice bran meal to process into organic
carbon-based fertilizer, which is fed back to the enterprise's
cooperative planting base, forming an internal resource
closed loop of "processing - energy - planting".

(2) Circulation sub-model for animal husbandry enterprises
With the "full resource utilization of breeding waste" as the
core, build a circulation chain of "feed formulation -
livestock and poultry breeding - manure collection - biogas
project - biogas residue/biogas slurry processing - planting".
The biogas produced by anaerobic fermentation of breeding
manure can be used for enterprise heating, canteen gas or
connected to the local gas pipeline network; biogas residue
is processed into commercial organic fertilizer, and biogas
slurry is used to irrigate supporting silage corn bases after
harmless treatment, which not only solves the problem of
but feed

procurement costs, realizing a self-sufficient cycle of

breeding manure pollution also reduces

"breeding - energy - planting".
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(3) Circulation sub-model for characteristic agricultural
product processing enterprises

For the edible fungi and fruit and vegetable processing
industries, design a circulation path of "culture medium/raw
materials - products - waste mushroom sticks/fruit residue -
renewable resources". Taking edible fungi enterprises such
as Liaoning Sanyou Agriculture as an example, waste
mushroom sticks can be crushed and mixed with straw and
livestock manure to process into organic cultivation
substrate or organic fertilizer, which is reused for edible
fungi production or sold to surrounding farmers, realizing
the closed-loop operation of "production - waste -
reproduction", with the waste resource utilization rate

reaching more than 90%.

3.2.Industrial Chain Collaborative Circulation
Model: Promoting Full-Chain Linkage of
"Upstream - Midstream - Downstream"

Taking leading enterprises as chain leaders, integrate
upstream and downstream resources of the industrial chain,
and implement the circular economy concept throughout the
entire process of agricultural production, processing, and
circulation, realizing the coordinated linkage of "upstream
green supply - midstream clean processing - downstream
low-carbon circulation", and solving the limitations of a
single enterprise's limited circulation scope and insufficient
resource utilization:

(1) Upstream green supply link

Leading enterprises sign green production agreements with
cooperatives and family farms through the interest linkage
mechanism of "order agriculture + technical guidance",
uniformly supply biological pesticides, organic fertilizers,
high-quality improved seeds, and provide standardized
technical training. For example, Dalian Hanwei Group
provides cooperative farmers with green feed formulas and
ecological breeding technologies in the egg industrial chain,
requiring the unified recycling and treatment of breeding
manure, which not only ensures the green and safety of raw
materials but also provides a stable source of waste for the
entire industrial chain circulation.

(2) Midstream clean processing link

the

transformation of "reduction and resource utilization" in the

Leading  enterprises  promote technological

processing link, and adopt clean production processes to

realize the cascade utilization of energy and the recycling of
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water resources. For example, Liaoning Goubangzi Smoked
Chicken Group has introduced a waste heat recovery system,
which uses the waste heat of processing steam for workshop
heating and raw material preheating, greatly reducing
production energy consumption.

(3) Downstream low-carbon circulation link

Jointly with terminal sellers to build a circular circulation
system of "green packaging - low-carbon transportation -
waste packaging recycling". Taking Panjin Dingxiang Rice
Industry as an example, it uses degradable corn starch
packaging materials, builds packaging recycling outlets with
chain supermarkets, and the recycled packaging is crushed
and used as feed or organic fertilizer auxiliary materials to
feed back to upstream planting; in the transportation link,
new energy vehicles or railway transportation are preferred
to reduce logistics carbon emissions, forming an industrial

chain circular closed loop of "processing - sales - recycling".

3.3.Regional Resource Sharing and Circulation
Model: Realizing Cross-Enterprise and
Cross-Industry Resource Integration

To address the problems of weak investment capacity in
of

medium-sized leading enterprises and scattered regional

environmental  protection facilities small and
resources, following the principles of "sharing, efficiency,
and intensification", under government guidance and led by
leading enterprises, build a regional shared circular economy
platform, integrate resources and waste across enterprises
and industries, and improve the overall efficiency of
regional environmental operation.

(1) Regional waste treatment sharing platform

Led by large leading enterprises such as Liaoning Hefeng
build

processing centers and biomass energy stations to centrally

Animal Husbandry, regional organic fertilizer
dispose of livestock manure from surrounding small and
medium-sized breeding enterprises and rice husks and rice
bran and other by-products from grain processing enterprises,
reducing the investment cost of environmental protection
facilities for small and medium-sized enterprises and
realizing the centralized and resource utilization of regional
agricultural solid waste.

(2) Cross-industry circulation platform for black soil
protection

Combined with Liaoning Province's strategic positioning as

a major grain-producing area, integrate resources in the
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fields of "planting - breeding - processing - agricultural
machinery services", and build a regional circulation system
of "black soil conservation tillage - waste returning to the
field - organic planting". Specifically, provincial leading
grain processing enterprises, together with agricultural
machinery cooperatives, implement a conservation tillage
model of "straw crushing returning to the field + organic
fertilizer application"; breeding enterprises supply manure
resources, and processing enterprises provide organic
auxiliary materials such as waste mushroom sticks, jointly
supplying green fertilizers for the planting link, which not
only improves black soil fertility but also realizes the full
circulation of regional agricultural waste, reducing chemical

fertilizer usage by more than 30%.

3.4.Core Supporting Elements of Model Design

To ensure the landing of the environmental operation model
from the perspective of circular economy, three core
supporting elements need to be matched to solve the key
bottlenecks in the model operation. First, technical support;
focusing on the characteristics of agriculture in Northeast
cold regions, develop low-cost circular technologies suitable
for local conditions. At the same time, introduce digital
technologies, such as installing intelligent monitoring
systems in biogas projects to monitor gas production
efficiency and pollutant emissions in real time, improving
the accuracy of the circulation process. Second, premium
incentives for upstream farmers to participate in green
Establish

leading enterprises implement

production. a ‘"circulation benefit sharing

mechanism", "minimum
purchase price + 5%-10% green price increase"; regional
sharing platforms adopt "fee based on quantity + profit
sharing" to reduce the environmental protection costs of
small and medium-sized enterprises. Third, standard support;
formulate special standards for agricultural circular economy
in Liaoning Province, covering "technical specifications for

waste resource utilization", "green production standards for

the entire industrial chain", "operation and management
standards for regional circulation platforms", etc., clarify
circulation indicators for different industries such as grain

processing and animal husbandry, and ensure the

standardized and quantifiable operation of the model.
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3.5.Analysis of Model Applicability Boundaries

The three-level environmental operation model of "internal
enterprise closed loop - industrial chain collaboration -

regional resource sharing" designed in this study is mainly

applicable to the following three types of leading
agricultural industrialization enterprises in Liaoning
Province:

Characteristic agricultural product processing enterprises:
such as edible fungi and fruit and vegetable processing
enterprises. The waste generated in the production process
of such enterprises, such as waste mushroom sticks and fruit
residues, has high resource value. They can rely on the
internal closed-loop model to realize waste reuse, and at the
same time, integrate surrounding resources such as straw
and livestock manure through industrial chain collaboration
and regional sharing to improve circulation efficiency. The
practice of Liaoning Sanyou Agriculture has verified the
adaptability of this model.

Grain processing enterprises: such as rice and corn
processing enterprises. The by-products generated in their

production, such as rice husks and rice bran, can be used for

energy and fertilizer utilization through internal closed loops.

As the core subject of the regional grain industrial chain,
they can take the lead in building industrial chain
collaboration and regional sharing platforms, promoting the
full-chain circulation of "planting - processing - returning to
the field", which is in line with Liaoning Province's
industrial positioning as a major grain-producing area.

Large-scale animal husbandry enterprises: such as pig and
layer breeding enterprises. They can realize the biogas
conversion and organic fertilizer processing of breeding
manure through internal closed loops, and at the same time
link with surrounding planting enterprises to form an
industrial chain circulation of "breeding - energy - planting",
and also rely on regional sharing platforms to solve the
manure treatment problem of small and medium-sized

breeding entities.

4.Case Analysis and Empirical Test

To ensure the representativeness and promotion value of the

case study conclusions, this study selects Sanyou

Agriculture as the core case object, and its typicality is

mainly reflected in three aspects: first, industrial

representativeness, the enterprise focuses on the edible fungi

processing field in Northeast cold regions, and the edible
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fungi industry is one of the core formats of characteristic
agricultural product processing in Liaoning Province. The
pain points it faces, such as "difficulty in adapting to
cold-region cultivation and low resource utilization rate of
waste mushroom sticks", are consistent with the common
predicament of most leading enterprises of the same type in
the province; second, subject-level representativeness,
Sanyou Agriculture is a provincial leading agricultural
industrialization enterprise, with the resource integration
capability of the industrial chain leader, covering the entire
process of "strain research and development - cultivation
production - processing and sales - waste recycling", which
is fully in line with the meso-subject positioning of
provincial leading agricultural industrialization enterprises
this third,

representativeness, the enterprise has fully implemented the

focused on study; model adaptability
three-level environmental operation model of "internal
enterprise closed loop - industrial chain collaboration -
regional resource sharing", covering all core links from
internal intelligent cultivation circulation to regional
centralized treatment of waste mushroom sticks, which can
provide a complete practical sample for verifying the
effectiveness of this model. In addition, to further verify the
universality of the model, this study also selects 1 leading
grain processing enterprise and 1 leading animal husbandry
enterprise in Liaoning Province for supplementary
comparison to confirm the adaptability of the three-level

model in different agricultural formats.

4.1.Enterprise and Industry Pain Points

The traditional model of Liaoning's edible fungi industry has
three core problems: first, the cultivation link relies on
manual regulation, and the accuracy of parameters such as
temperature and humidity is low, leading to high energy
consumption; second, most of the waste mushroom sticks
generated in edible fungi production are landfilled, with a
than 20%,

environmental pollution and resource waste; third, under the

resource utilization rate of less causing
low-temperature environment in winter in Northeast cold
regions, the growth cycle of edible fungi is extended by 30%,
and the nutrient loss of the cultivation substrate is fast,
affecting yield and quality. Before 2019, Sanyou Agriculture
was also restricted by this, with environmental operation
investment accounting for only 1.2% of operating income,

the annual cost of waste mushroom stick treatment
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exceeding 500,000 yuan, and the market share of green
products less than 15%.

4.2.Design of Environmental Operation Model

Internally, the enterprise focuses on the entire process of
"cultivation substrate - edible fungi production - waste
mushroom sticks - renewable resources", creating a closed
loop of "resources - products - waste - renewable resources".
It independently developed an intelligent edible fungi
cultivation system, which monitors and intelligently
regulates cultivation environment parameters in real time
through sensors; the waste mushroom sticks generated in
production are crushed and mixed with straw and livestock
manure to process into organic cultivation substrate or
organic fertilizer, which is fed back to the enterprise's
self-built 200-mu edible fungi planting base and surrounding
farmers' farmland, realizing the internal circulation of
"cultivation - waste - reproduction”.

In view of the characteristics of Northeast cold regions,
develop low-temperature-resistant edible fungi cultivation
technology and waste mushroom stick high-efficiency
conversion technology to solve the problems of "poor
low-temperature adaptability and low waste conversion
efficiency"” in the traditional model; introduce digital
technology, deploy Internet of Things monitoring equipment
in the cultivation workshop to realize real-time collection
and optimization of energy consumption and environmental
parameters.

Establish cooperation with 5 small and medium-sized edible
fungi enterprises and 3 straw recycling cooperatives in the
surrounding area, share intelligent cultivation technology
and waste treatment equipment, centrally treat waste
mushroom sticks in the region, and the processed organic
fertilizer is supplied to surrounding grain growers, forming a
collaborative network of "characteristic agricultural product

processing - regional resource circulation".

4.3.Empirical Test: Analysis of Model
Effectiveness Based on Data

4.3.1.Data Collection and Indicator Design

Focusing on the three dimensions of "environmental

performance - economic performance - technical

adaptability", collect core data of Sanyou Agriculture in

2019 (before model implementation), 2023 (after model
and 2024 (after

compare with the average level of similar edible fungi

implementation), optimization), and
processing enterprises in Liaoning Province to verify the
effectiveness of the model. The specific indicators and data

are as follows:

Dimens | Specific | Sanyo | Sanyo | Sanyou Avera
ion Indicator | u u Agricultur | ge of
Classifi s Agric | Agric | ein 2024 | simila
cation ulture | ulture | (after r
in in optimizati | enter
2019 | 2023 | on) prises
(befor | (after in
e model Liaon
model | ) ing
) Provi
nce
(2024
)
Environ | Resource | 18% 92% 100% 38%
mental | utilizatio
Perform | n rate of
ance waste
mushroo
m sticks
Energy 8200 | 5100 4800 7500
consump
tion per
unit
output
(kWh/m
u)
Water 22% 58% 62% 32%
resource
reuse
rate
Organic 0 3200 4500 950
fertilizer
replacing
chemical
fertilizer
(tons) |
Qualifie | 75% | 100% 100% 88%
d rate of
producti
on "three
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Econom | Proporti | 1.2% | 2.5% 2.8% 2.0% regions
ic on of Technol 85 260 350 130
Perform | environ ogy
ance mental R&D
operatio investme
n nt
investme (10,000
nt in yuan/yea
revenue r)
Cost of 52 18 15 42 Number 3 8 12 4
waste of
mushroo scientific
m stick research
treatmen cooperati
t on
Proporti 14% 48% 55% 28% institutio
on of ns
green Number 2 15 22 6
product of
revenue patents
Annual 3200 | 7500 12000 4800 owned
total (items)
output Table.1.Data Collection
value
(10,000 4.3.2.Verification of Model Effectiveness Based
yuan) on Data
Profit 8.5% | 15.2% 18.6% 10.2
rate per Y (1) Environmental performance: achieving a leap from
0
unit "passive emission reduction" to "active circulation", with
product significantly better results than industry benchmarks
Technic | Populari 0% 100% | 100%(full | 28% First, waste resource utilization has achieved a full closed
0 0 0! 0
al Jation process loop. From 2019 to 2024, the resource utilization rate of the
Adapta rate of digitalizat enterprise's waste mushroom sticks increased from 18% to
bility intellige ion) 100%, 62 percentage points higher than the average level of
ot similar enterprises in Liaoning Province (38%), completely
cultivati eliminating the soil pollution problem caused by the
on traditional landfill model. Its core driving force is the "waste
technolo mushroom sticks - organic substrate - organic fertilizer"
ay circulation system built by the enterprise, which directly
Survival | 72% 95% 96% 0% confirms the ecological value of the internal closed-loop
urviv 0 0 0 0
model.
rate of e . .
Jow-tem Second, resource utilization efficiency has achieved
W_
perature step-by-step optimization. The cumulative reduction in
u
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energy consumption per unit output reached 41.5%, and the
water resource reuse rate increased by 40 percentage points,
both of which are significantly ahead of the industry average;
in 2024, the amount of organic fertilizer replacing chemical
fertilizer reached 4,500 tons, 4.7 times the industry average,
which not only reduced agricultural non-point source
chemical pollution but also conformed to Liaoning
Province's policy orientation of black soil protection and
development, realizing the coordinated development of
enterprise production and regional ecology.

Third, pollution control has achieved both compliance and
ecological standards. The qualified rate of production "three
wastes" discharge increased from 75% to 100%, and has
maintained stable compliance for two consecutive years, 12
percentage points higher than the industry average (88%),
highlighting the stability and reliability of the model in
pollution control.

(2) Economic performance: environmental investment is
transformed into value-added momentum, achieving a
win-win pattern of "environmental protection and efficiency
improvement"

First, the cost structure has achieved refined optimization.
Although

investment in revenue increased from 1.2% to 2.8%, the cost

the proportion of environmental operation
of waste mushroom stick treatment decreased by 71.2%, and
the profit rate per unit product increased by 10.1 percentage
points; in 2024, the enterprise's total output value exceeded
120 million yuan, an increase of 275% compared with 2019,
far exceeding the industry average scale of 48 million yuan,
confirming that environmental investment is not a "cost
burden" but a core element driving enterprise value creation.
Second, the premium capacity of green products has been
significantly improved. The proportion of green product
revenue of the enterprise reached 55%, 27 percentage points
higher than the industry average. This achievement stems
from the enterprise's strategic practice of obtaining organic
certification and laying out high-end markets relying on
environmental performance advantages; combined with the
industry trend of a 52.29% year-on-year increase in edible
fungi exports in Anshan in 2024, the market competitiveness
of its green products has been further released.

Third, the scale expansion effect has accelerated. The
growth rate of the enterprise's total output value from 2023
to 2024 reached 60%, much higher than the industry's
average annual growth rate of 25%, indicating that after the

model matures, the brand value and cost advantages
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generated by environmental performance have been
transformed into the core driving force for scale expansion,
verifying the economic feasibility of the "circular economy
+ market-oriented" model.

(3) Technical adaptability:

cold-region

the collaboration between

technological breakthroughs and digital
empowerment builds core competitive barriers

First, the effect of cold-region adaptive technology is
prominent. The survival rate of low-temperature cultivation
of edible fungi in the enterprise reached 96%, 16 percentage
points higher than the industry average, which benefits from
the of

low-temperature-resistant strains and intelligent temperature

targeted research and development
control technology, solving the industry pain point of a sharp
decline in edible fungi output in winter in Northeast cold
regions, and confirming the core conclusion that "technical
adaptability is the key premise for the landing of
environmental operation models".

Second, innovation  capability @ and  achievement
transformation efficiency are ahead of the industry. The
growth rate of technology R&D investment reached 311.8%,
the number of patents owned increased to 22, and the
number of scientific research cooperation institutions
expanded to 12 (including professional colleges such as
Shenyang Agricultural University), all indicators are far
ahead of the industry average; in 2024, full-process digital
coverage increased production scheduling efficiency by
another 15%, further consolidating the enterprise's technical
barriers.

Third, the technical scheme has strong industry promotion
value. The popularization rate of intelligent cultivation
technology reached 100%, 72 percentage points higher than
the industry average (28%). The '"cold-region digital
circulation technology scheme" developed by the enterprise
has been included in the 2024 agricultural green technology
promotion catalog by the Department of Agriculture and
Rural Affairs of Liaoning Province, and has a practical
foundation for replication and promotion among similar
cold-region agricultural enterprises.

In summary, based on the comprehensive research and

judgment of data from three dimensions of environment,

economy, and technology from 2019 to 2024, the
environmental operation model constructed by Sanyou
Agriculture has achieved a coordinated leap in

environmental and economic performance through the

logical link of "technical adaptability - environmental
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circulation - economic value-added", and the results have
continued to lead the industry average level. This practice
not only verifies the adaptability of the model to leading
edible fungi processing enterprises in Liaoning Province but
also proves that the environmental operation system with
"technological innovation as the core, circular economy as
the path, and market orientation as the support" is a feasible
paradigm for leading agricultural industrialization
enterprises to achieve green transformation and high-quality

development.

Conclusion

In the critical stage of the in-depth advancement of the "dual
carbon" strategy and the green transformation of agriculture,
the environmental operation level of leading agricultural
industrialization enterprises in Liaoning Province has
the

development of regional agriculture. In response to the

become a core variable restricting sustainable
practical pain points of enterprises in the province such as

passive  environmental protection and insufficient
adaptability of green technology, this study, supported by
theories such as circular economy, technological innovation,
and industrial chain integration, constructs a three-level
innovative environmental operation model of '"internal
enterprise closed loop - industrial chain collaboration -
regional resource sharing", and selects Liaoning Sanyou
Agricultural Biotechnology Co., Ltd., a leading enterprise in
characteristic agricultural product processing in Northeast
cold regions, for empirical testing.

This study first clearly defines core concepts such as leading
agricultural industrialization enterprises, environmental
operation, and environmental operation model innovation,
systematically sorts out the adaptability of theories such as
value creation-oriented environmental —management,
environmental operation paradigm transformation, and green
industrial chain integration, and establishes the core logic of
environmental operation transformation from "passive
compliance" to "value creation". At the model design level,
the

differentiated circulation paths for different industrial types,

internal enterprise closed-loop model constructs

grain processing enterprises form a closed loop of "raw grain
- processing - energy - planting", animal husbandry
enterprises build a self-sufficient cycle of "breeding - biogas

- planting", and characteristic agricultural product

processing enterprises realize the resource reuse of
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"cultivation - waste mushroom sticks - regenerated
substrate"; the industrial chain collaborative model takes
leading enterprises as chain leaders to connect the full-chain
greening of upstream green supply, midstream clean
processing, and downstream low-carbon circulation; the
regional resource sharing model realizes the intensive
allocation of resources across enterprises and industries by
building sharing platforms such as waste treatment and black
soil protection, and at the same time supports the model
landing with three supporting elements: technology research
and development, income incentives, and standard
specifications.
Agriculture show that from 2019 to 2024, under the

empowerment of the new model, the resource utilization rate

The case empirical results of Sanyou

of the enterprise's waste mushroom sticks increased from
18% to 100%, the energy consumption per unit output
decreased by 41.5%, the water resource reuse rate increased
by 40 percentage points, the amount of organic fertilizer
replacing chemical fertilizer reached 4,500 tons, and the
100%

compliance; at the economic level, although the proportion

production "three wastes" discharge achieved
of environmental operation investment increased to 2.8%,
the cost of waste mushroom stick treatment decreased by
71.2%, the proportion of green product revenue increased to
55%, the annual total output value increased by 275%
compared with 2019, and the profit rate per unit product
increased by 10.1 percentage points; in terms of technical
adaptability, the survival rate of low-temperature cultivation
reached 96%,

technology realized full-process coverage, the number of

in cold regions intelligent cultivation
patents owned increased to 22, and the relevant technical
scheme has been included in the provincial agricultural
green technology promotion catalog, all indicators are
significantly better than the average level of similar
enterprises in Liaoning Province, successfully achieving the
dual goals of "environmental protection and efficiency
improvement".

In summary, the theoretical contribution of this study is to
improve the theoretical system at the intersection of
agricultural economy and environmental management and
build an analysis framework for environmental operation of
meso-level subjects; the practical value is reflected in
providing a replicable green transformation plan for leading
agricultural industrialization enterprises in Liaoning
Province, and its cold-region adaptive technology and

three-level circulation model provide a typical model for the



International Journal of
Multidisciplinary Research

IJMR

Research Article Print ISSN 3105-8884

MexpayHapoaHbIi HHCTUTYT
ynpasnexus n
npegnpuHUMaTenbCTaa

Online ISSN 3105-8892 January 2026, Vol. 2, No. 1

green revitalization of agriculture in the old industrial base
of Northeast China, and also provide a scientific basis for
local agricultural authorities to formulate targeted support
policies and optimize the regional agricultural ecological

governance system.
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This review synthesises recent evidence on elastic properties of high performance recycled concrete from
a materials to structure perspective. At comparable strength, static elastic modulus decreases with
increasing recycled coarse aggregate. Typical penalties are about 0 to 10% at 0 to 30% replacement, about
5 to 20% at 30 to 60% replacement, and about 15 to 30% at 60 to 100% replacement. Low water to binder

High performance, L . . . - .
ratio with silica fume or slag improves the interfacial transition zone and reduces the loss. Dynamic

Recycled concrete; modulus from resonance or ultrasonic methods exceeds static values by about 5 to 15% at 28 days under

Elastic properties similar moisture. Poisson ratio is usually about 0.16 to 0.23. Fibres do not raise modulus at equal strength
but can moderate losses at high replacement. The review compares empirical, micromechanics, numerical
representative volume element and data driven models, and proposes a concise reporting and validation
protocol to support serviceability focused design.

INTRODUCTION

Elastic properties, especially elastic modulus and Poisson’s
ratio, govern member stiffness, crack development and
deflection control in structural design, so they are central to
the engineering use of high performance concrete and its
recycled variant. From a materials viewpoint, a low water to
binder ratio combined with mineral admixtures and high
range water reducers produces a dense paste and an
improved interfacial transition zone, which together raise
stiffness at a given strength level. When recycled aggregates
are introduced, lower aggregate modulus, adhered mortar
and higher water absorption increase porosity and weaken
the interfacial transition zone, so at comparable compressive
strength a reduction of static elastic modulus is frequently
observed. The magnitude of this reduction depends on
replacement level, recycled aggregate quality indices such as
density, absorption and adhered mortar fraction, paste
composition, curing regime, age and moisture state, and on
the test method used to report static or dynamic values [1].
For structural applications, these material changes affect
serviceability checks for deflection and crack width, and

they motivate clear reporting of mixture features and

recycled aggregate quality so that results can be compared
across studies and used in practice [2]. This review follows a
materials to structure logic, compiles compact numeric
windows for elastic properties by replacement band and
quality class, and organises prediction approaches into
empirical relations, micromechanics models, numerical
representative volume element simulations and data driven
learners, with an emphasis on transferability to high

performance recycled concrete [1,2].

Materials and Methods

This study is a structured literature review. Scopus, Web of
Science Core Collection and Google Scholar were searched
for the years 2000 to 2025 using combinations of the terms
high performance concrete, recycled concrete, elastic
modulus, Poisson ratio, recycled aggregate and interfacial
transition zone. Titles and abstracts were screened first,
followed by full texts. Eligible sources were peer reviewed
journal articles and standards that reported numerical elastic

modulus or Poisson ratio together with mixture details and
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test procedures. Exclusions were non structural materials,
theses, abstracts or posters, and items without numerical
results. To enable comparison, we recorded for each source
the concrete strength class and whether elastic modulus was
static or dynamic.

Data extraction followed a predefined template. Mixture
variables captured were water to binder ratio, binder system
and mineral additions, replacement ratios for coarse and fine
recycled aggregates, and recycled aggregate quality indices
including density, water absorption, adhered mortar fraction
and flakiness. Test and conditioning variables captured were
curing regime and age, moisture state at test, specimen
geometry, strain range and the named test method. All values
were converted to SI units. Static and dynamic elastic
moduli were reported separately without conversion unless
an explicit relation was provided by the source. Poisson ratio
values were retained only when the age, moisture state and
method were stated. To summarise trends for practice,
records were grouped by replacement bands of 0 to 30%, 30
to 60% and 60 to 100% and by recycled aggregate quality
class. Where three or more records were available in a group,
we reported the range with a central tendency. For
engineering context, measured values were also compared
with code type relations based on strength and density, and
deviations were expressed as simple percentage errors. The
grouped results support the numeric ranges in Table 1 and

the workflow in Figure 1.

Results

At comparable compressive strength, the static elastic
modulus of high performance recycled concrete decreases
with increasing recycled coarse aggregate. The magnitude
depends on replacement level and recycled aggregate quality.
In mixes with low water to binder ratio and silica fume or
slag, the loss is smaller because the interfacial transition
zone is improved. The compact ranges that follow from the
screened studies are summarised in Table 1 [3 - 5]. Dynamic
modulus obtained from resonance or ultrasonic methods is
higher than static modulus measured from stress strain tests.
The difference is typically 5 to 15% at 28 days when
moisture state is similar. Poisson ' s ratio remains
comparatively stable in the range 0.16 to 0.23 with modest
sensitivity to replacement and quality. The combined picture
for modulus and Poisson’ s ratio by replacement band and

quality class is given in Table 1 [5]
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Replacem | RA Binder | Static | Dyna Poisso
ent band, | quality | and elastic | mic vs | n’s
coarse RA | class curing | modul | static ratio at
(%) note us at 28 d | 28d
chang | (%)
e at
match
ed
strengt
h (%)
0to 30 high silica 0 to | dynam | 0.18 to
quality, | fume -10 ic 0.22
low or greater
absorpti | slag; by 5 to
on and | standa 10
low rd
adhered | curing
mortar
30 to 60 moderat | fly ash | =5 to | dynam | 0.18 to
e or —20 ic 0.22
quality | slag; greater
standa by 5 to
rd 15
curing
60to 100 | mixed silica —15 to | dynam | 0.19 to
or low | fume =30 ic 0.23
quality | and greater
extend by 10
ed to 20
curing
Table.1.Elastic modulus and Poisson * s ratio of high

performance recycled concrete by replacement band and
recycled aggregate quality [3 - 5,8]

Notes. Static values come from compressive stress — strain
tests. Dynamic values come from resonance or ultrasonic
methods. Ranges depend on density, absorption and adhered
mortar fraction, on water to binder ratio, and on moisture
state and strain range at test.

Model behaviour follows a consistent pattern. Empirical
equations based on strength and density reproduce the
central tendency for low to moderate replacement but lose
accuracy at high replacement unless density or a quality
proxy is added. Micromechanics three phase schemes
capture changes caused by modulus contrast and adhered

mortar but require inputs that are not always reported.
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Numerical representative volume element studies support
mechanism insight and can generate synthetic data for
calibration. Data driven learners such as gradient boosting
reduce bias across heterogeneous datasets when features
binder

descriptors and age. The evidence synthesis and model

include absorption, adhered mortar fraction,

comparison steps used in this review are shown in Figure 1
[3’4’6’7]'

RA quality. replacement,
binder and additions,
water to binder. curing
age, moisture, method

Empirical estimate with
RA adjustment

Py Reporting and screening [

RVE simulation or
synthetic data

Data driven correction
and validation

Micromechanics model
and bounds

Static and dynamic
modulus, Poisson rafio,
MAPE, RMSE,
tolerance bands

Fig.1.Evidence synthesis and model comparison workflow
for elastic property prediction in high performance recycled
concrete

Studies that include steel or recycled steel fibers indicate
that fibers do not systematically raise elastic modulus at
constant strength. They can moderate the loss at high
replacement by improving matrix continuity and crack
stability, especially with medium quality recycled aggregate
and silica fume in the binder. When models are evaluated on
independent sets, unified or machine learning equations
tailored to recycled aggregate features achieve mean
absolute percentage errors near 6 to 10%, which is an
improvement over code type relations calibrated for natural

aggregate concrete.

Conclusion

This review links materials choices to elastic response in
high performance recycled concrete. At similar strength,
static elastic modulus decreases as recycled aggregate
content rises, with the loss governed by replacement band
and aggregate quality. Dynamic modulus exceeds static by
about 5 to 15% at comparable age and moisture, while
Poisson’s ratio remains about 0.16 to 0.23. Table 1
summarises compact ranges and Figure 1 shows the
workflow used to organise evidence and models. For
relations suit low to moderate

prediction, empirical
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replacement, micromechanics and representative volume
elements add interpretability when phase data exist, and data
driven learners benefit from quality descriptors. A hybrid
scheme with micromechanics priors and data driven
correction, supported by standardised reporting and stratified
validation,  improves and

comparability supports

serviceability focused design.
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This article argues that the dichotomy prevalent in modern financial theory between the domestic view of
finance as "economic relations" and the Western view as "capital management" is a consequence of a
fragmented understanding of the process itself.It is argued that the transition from the traditional
understanding of financial activity and finance to a new paradigm requires a systemic representation of it,
as a combination of cognitive and material activity. Finance is viewed as a virtual valuation of assets
involved in economic circulation. This representation overcomes the discrepancy between traditional,
fragmented understandings of financial activity and the general scientific principle of continuity. As a

result, conceptual and universal graphical models of the process of activity and socioeconomic

Paradigm; development with an anthropocentric focus have been constructed.From a scientific perspective, the
Continuity of the obtained results advance economic theory and create the preconditions for the development of a wide
activity process; range of research in new scientific areas. From a practical perspective, the research results will find wide
application in education, as well as in the study of systemic financial risks.
BBEJIEHUE
W3BecTHO, YTO MHUpOBas OJKOHOMHKAa MOXET  OBITH rJI00aTbHOM YKOHOMHYECKOM MPOCTPAHCTBE — OTCYTCTBUEM
IpeJCTaBlIeHa KaK TeTepOreHHas CHCTEeMa, JIIEMEHTHI riobanbHOM  mapaaurMbel  ¢uHaHcoB.  Kpome  Toro,
KOTOpOW HaxXoJsTCs B HEPABHOBECHOM COCTOSHHH. JTO HaOmroaeTcs mapajokc (UHAHCOBOM  HayKW, Korja
NOATBEPXKAACTCS,  HAINpUMEp, Kak  pasjauyarolleics [IPAKTUYECKUM (MHAHCOBBII UHCTPpYMEHTapui

JTUHAMHUKOM TMJIaTeKHBIX OallaHCOB CTpaH, TaK U CTETICHBIO
HEJIMHEHHOCTHU JAUHaMHUKH HUX DBKOHOMHUYECKOI'O pPa3BUTHUA
[1;2;3]. Tem He MeHee, PKOHOMHUYECKAass HayKa CMOIJIa
BBIPa0OTaTh  YHUBEPCAIbHYIO  HapajurMy  ONHCaHHs
SKOHOMHMYECKUX TIPOIECCOB HA MaKpoO- U MHUKPOYPOBHIX,
OCHOBAaHHYIO Ha TIOHATUHHOM ammapare, pa3ielsieMoM

OONBUIMHCTBOM MHUPOBOIO HAy4HOIO COOOLIECTBA U
UCIIOJIb3yEMOM B TEOPUH U MPAKTHUKE.

W3BecTHO TakKe, 4TO MHUpOBasi (MHAHCOBAsS CHCTEMBI
npeAcTaBiIsieT co00d  MHQPACTPYKTYPHBIH  3JEMEHT B
cUCTeMe JAEATENbHOCTH MO0 OOCIy)KMBaHHUIO IIpoliecca
oOwecTBeHHOTo pa3ButTus. [Ipu 3TOoM, prHAHCOBAs cucTeMa
SIBJISIETCSI OJTHMM W3 OCHOBHBIX (DaKTOPOB, ONPEICISIONIINX
spdexkTuBHOE  (PYHKIMOHMUPOBAHHE CHCTEMBI MHPOBOM
9KoHOMUKH. OJTHAKO, B OTIMYHE OT IKOHOMHUYECKOI HayKH,
JI0 HaCTOAIIETO BpeMeHH (pUHAHCOBask HayKa 00IagaeT sIPKO

BBIPAKEHHON HEOJIHO3HAYHOCTHIO MOHATUHHOTO amnmnapara B

00CIyKMBaHUs JKOHOMHYECKHX MPOLECCOB (hakTHUeCKH
yHU(GUIMPOBAH Ha IIIOOAIBHOM YPOBHE, a TEOPETUYECKHE
acrekThl  ()MHAHCOB  IMPOTHBOPEYMBBI,  CYI[HOCTh U
COJIepKaHMe TaKMX KaTeropuil Kak (pUHAHCHl U (MHAHCOBAs
JIeSITENIbHOCTh HE UMEIOT OJIHO3HAYHOI'O OIPE/ICICHHS 1, KaK
cinencTBue, chepbl QYHKIMOHUPOBAHUS (HUHAHCOB U JICHET

He pasneseHsl [4].

OcHOBHAA YaCTh

AHTpPOTIOIICHTPHYHOCTh MOJIENN
COLMANEHO-?KOHOMHYECKOTO Pa3BUTHSI.

Cucremuslil ananmms pabdot JI. Moprana [5], @. DHrenbca [6],
A.A. borganosa [7], B.M. Bepnanckoro [8], b.M.
Kenpoga [9], M. Anne [10], B.C. Crenuna [11;12], W.IL
Mepkynosa [13], B.C. Asronomos [14], P. Tanepa [15] u

APYyTHUX ITIO3BOJINII

aBTOPOB BBIACIUTD

* Corresponding author. E-mail address:v nikolaevsky@tut.by
Received date:October xx, 2025; Revised manuscript received date: October 25, 2025; Accepted date: October xx, 2025; Online

publication date: October xx, 2025.

Copyright © 2025 the author. This is an open access article distributed under the terms of the Creative Commons Attribution License

(https://creativecommons.org/licenses/by/4.0/).

86



International Journal of
Multidisciplinary Research

[JMR|

Research Article Print ISSN 3105-8884

Online ISSN 3105-8892

MexpayHapoaHbIi HHCTUTYT
yNpaBneHns 1
npegnpuHUMaTenbCTaa

January 2026, Vol. 2, No. 1

MIPUYHUHHO-CICACTBCHHBIC CBA3U (baKTOpOB n TOOCTPOHUTH

YHHUBEPCAIBHYIO AHTPOIOICHTPUIHYIO MOJIETIb

00IIECTBEHHOTO PAa3BUTHSA, IPUBEACHHYIO Ha pHc. 1.

MPOCTPAHCTBO
MPOU3BOACTBA
TOBAPOB M YCIYT

SPACE OF PRODUCTION

KYNbTYPA
CULTURE

Mpouseoncreo
Mabufacturing

¥ OMHAHCOBOE
~__ [IPOCTPAHCTBO
| SPACE OF
FINANCE

MPOLIECE
KOHBEPTEHLH

THE PRC

MPOCTPAHCTBO
HAYYHOrO 3HAHMA

Haykn 06 o
Humanties and social Sciences

EcrectaehHble Hayku
Nalural Sciences

Puc.1.YHuBepcanbHas aHTPOIOLEHTPUYHAS MOAEIb

06H.ICCTBCHHOI"O Ppa3BUTHUA

Kak BugHO u3 puc.l., LEHTpalbHbIM 3JIEMEHTOM B
MIpPEeICTaBIEHHON MOJeNnu sBiseTcs UenoBeK, a TouHee
KOTHUTUBHAs JESITEIbHOCTh KaK HEOThEMJIEMBIH aTpuOyT
Yenoseka. B »BoIIOIMOHHOM acriekTe OOLIECTBEHHOIO
pa3BUTUS MOXXHO TOBOPUTH O TOM, YTO KOTHUTHBHAs
NEeSITENBHOCTE  copMupoBania cepy KyIbTypel Kak
MEPBUYHBIN 3JIEMEHT 0€30MaCHOCTH MTPU KOMMYHHUKAIHIX
3a YIOBJIETBOPCHUE MEPBUYHBIX MOTPEOHOCTEH YeToBeKa
3a  BbDKUBaHHE. 3TaroM

B 0Oopwbe Crenyrommm

06H.I€CTBCHHOFO pa3sBuTHA, B 3aJIaHHOM PUTOPUKE, CTAIO

¢dopmupoBanre (QHHAHCOBOH cephl ¢uHaHCOBOE
MIPOCTPAHCTBO, KaK 3JEMEHT OLIEHKHM LEHHOCTH Bellei
(cTroMMOCTP) HEOOXONUMBIX UIS BBDKHBAaHHS IPH UX

oOmene. JlanbHelilee pa3BUTHE OOLIECTBa NPUBEIO K

(hopMUPOBaHHIO 9KOHOMHUKHU (npoctpaHCcTBO
MPOM3BOJACTBA TOBapoB M  ycilyr), Kak cdepsl
MaTepUaJIbHOTO MIPOM3BOJCTBA u MIOUCKY

YHHUBCPCAJIBHOI'O TOBapa BCGO6H_ICFO OKBHUBAJICHTA

OLICHKM CTOMMOCTH WM JeHer. B  nanpHelmem,

YCKOpPEHHUE 06]J.I€CTBCHHOFO PpasBUTHA  HOPHUBCIIO K

BBIACJIICHUIO HAYKH B CAMOCTOSTCIBHOC IMPOCTPAHCTBO
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(mpocTtpaHcTBO  Hay4yHoro 3HaHus). lloTpeOHOCTH
IPOU3BOACTBEHHON C(ephl B HAYYHBIX 3HAHUAX, a C(Eephl
HAY4YHOTO 3HAaHHS B IPOAYKTaX IPOHM3BOJCTBA SIBHIIUCH
OCHOBOM (hopMHpOBaHMSA IIpoIlecca WX KOHBepreHuuu. B
IUIAHE KOTHUTHBHON AEATENBHOCTH 3TO BBIpAXKaeTcs B
NoTpeOHOCTH WHXKEHEPUHU: HEOOXOJAMMOCTH CHUCTEMHOTO
U MEXIUCHUIUIMHAPHOTO IOAX0Ja K OpraHM3aIUH
mpouecca aesirensHocTH [ 16].

AHanu3 NPUYUHHO-CJIEICTBEHHBIX CBA3€H 3JIEMEHTOB
MOJICNIA, TPEACTABICHHBIX Ha pHC.l, BBIABHI psf
MPOTUBOPEYUl B KOHBEHIIMOHAJIHHOM MPEICTaBICHUU
(vHAHCOB M (MHAHCOBOW JAEATENBHOCTH, B YaCTHOCTH,
IPOTHUBOpEUHE o0ImmeHayIHOMY
Oro

THIIOTE3y O BHPTYaJbHOH CYIIHOCTH ()MHAHCOB B

IPUHLUILY

KOHTHUHYaJIbHOCTH. MO3BOJWIIO  CPOPMHUPOBATH
OT/IMYME OT KOHBEHIMAIBHOTO WX IMPEICTaBICHUS Kak
SKOHOMHYECKHE OTHOIIECHUS B OT€YECTBEHHOW PUTOPUKE
WIA JICHBI'HW, KalmuTal W yNpaBICHUE HMH B PUTOPHKE
3aIMaJHBIX CTIICIIHAIMCTOB.
MeToao/IornuyecKue OCHOBaHHMS TaBOro IOAXOJa K
(uHAaHCAM U (UHAHCOBOM AEATCIFHOCTH

OrevecTBEeHHBIE 1 HHOCTPAHHBIE CIEIUANINCTHI C Pa3HBIX
MO3UIMK OIPENEeNAOT MOHATHE (UHAHCHL. Ecmu s
WHOCTPAaHHBIX CHEIHUATUCTOB (DUHAHCHI €CTh JCHBIH,
KalmuTal W CIOCOOBI  YOpPaBICHHS UM,

TO JJIA

OTCUYCCTBCHHBIX CIICIUATIHUCTOB (bI/IHaHCI)I €CTh CHUCTEMA
[4].

CO3acT MNPEIATCTBUA I UHTCIrpaliun CIOEeUaJIrCTOB B

IKOHOMHUYECKUX OTHOIIEHUH DT0 O00BEKTUBHO

nporpaMMmbl 1O  pa3paboTKe TeopuH (PUHAHCOB U

(bMHAHCOBBIX TEXHOJIOTUH Oynyiiero, Oosee riyOOKOTO

MNOHUMAHUSI CYITHOCTH U POJIH (PHHAHCOB B ITI00AJIBHOM

MHUDE.

MexaucuumiuHapHbpli  aHaJiu3  CIIOKMBILEHCS B
(MHAHCOBOW HAayKe CHUTyallud IIO3BOJNIMJI  CJIENaTh
MIPEANONIOKEHHE, YTO pa3peuieHre MpPOTHBOPEUnd B

Teopur (UHAHCOB JIGKUT B 00JACTH CO3/aHUS HOBOH

cdepe
MpeACTaBICHUN

HAay4YHOM  palloOHaJbHOCTH B (uHAHCOB,

OCHOBAaHHOM Ha CHUCTEMHOM
JESTETFHOCTH B 00IIeM M (PMHAHCOBOH JICATEIBHOCTH, B
B

MpeACTaBJICHU Iponecca ACATCIbHOCTH, OCHOBAHHOI'O

YaCTHOCTH. OTJIINYUEC oT KOHBCHIIMAJIBHOI'O

Ha aHaJIn3¢c OSMIIMPUICCKUX JaHHBIX, KOHICIIIMUA

CUCTEMHOI'0 MPEACTABIICHUSA MpoLecCa ACATCIbHOCTH
HaJIUn4ue

Ipearnoaraet JIBYX

CBs3aHHBIX

KOMIIJIEMEHTAPHBIX
OJICMCHTOB, CTpOrumMu

MPUYUHHO-CJICACTBEHHBIMU CBA3SMU. BO—HepBLIX, 9TO
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JJIEMEHT KOTHUTHBHOM ACATCIIBHOCTH, PE3YJIbTATOM

KOTOpPOM  SIBJIAETCS. BUPTYaJIbHBIM KOHCTPYKT, Kak

BUJeHHEe  Oyaymiero.  Bo-BTOphIX, 3TO  3JEMEHT

MaTepHaIbHON (pakTHYECKOil) JIesITeIbHOCTH,

pe3ylnbTaToOM  KOTOpPOM  SABISETCS  BOIUIOIIEHHE Ha

MPaKTUKE BUPTYAIbHOTO KOHCTPYKTa HOCTPOEHHE

Oyaymero. To ecTb chemaHo MPEANOJIOKEHHUE O
CYIIECTBOBAaHUH 00BEKTUBHOIM 3aKOHOMEPHOCTH
pa3BUTHS — TIOCTpOCHHE OyIyllero, Kak Iporecca

JACATCIBbHOCTH, MMCIOIICTO ABa ITOCJICA0BATCIBHBIX OTalla.

)

BUPTYQJIbHOW peallbHOCTH (KOHCTpPYyKTa OyAylliero) u

sTanm  (QopMHUpOBaHUS B CO3HAHUM CyOBEKTa
9Tam MpPEeBpalleHUs] dTOr0 KOHCTPYKTa B PEabHOCTh —
Oynmymee. Takas KoHHmeNTyaJbHas MOAETH IIpolecca

JIeATeIbHOCTH MIPUBEACHA Ha pUC. 2.

IMNUPUYECKAA (KOHCTAHTHAA)
PEA/IbHOCTb— HACTOALLIEE

KOrHWTUBHaA AeATeNbHOCTb —
dOopMMUpPOBaHWE BUPTYabHOIO
KOHCTpPYKTa ByayLiero

MaTepuanbHas feaTeNbHOCTb —
MaTepuanu3aLmMa BUPTYanbHOro
KOHCTPYKTa

VINTLOMD HYH MIDOHAW3ILB3IT 223nodu

HOBAA IMNUPUYECKAA (KOHCTAHTHASR)
PEANBHOCTb- BYAYLIEE

Puc.2.KoHulenTyanbHas (CHCTEMHAs) MOJIEIb TIpoliecca

JACATCIIBHOCTH

C,Z[CJ'IaHHOC OpCAINOJIOKEHUE O CHUCTCMHOCTH IIpolecca

ACATCIPHOCTU UMECT OOBEKTUBHBIC OCHOBAHMS U onupacTcs
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Ha pe3ynbTaThl padot Takux ¢mrocopor kak M. Kanr [17],
B.C. Cremun [18],

aHamm3a A.A. Bormanosa u JI. ¢pon bepramandwu, a takke

OCHOBOIIOJIO)KHUKOB ~ CHCTEMHOTO
B.M. Kueiinepa [19], akueHTuUpyIOLIEro BHHMAaHUE Ha
CHCTEMHOCTH 3KOHOMHKH,  HPUBEP)KEHIIEB METOAOJIOTHU
MEXIUCIUIUIMHAPHOCTH B aHAJIU3€ TIPEIMETa HCCIEeIOBAHMS
M. Amnme u M.B. KoBampuyka, padorer [I. Kanemana,
T.TBepcku, P.Tamepa, B o0macTm TOBeAEHYECCKOI
skoHomuky, W.II. MepkynoBa B 4YacTH KOTHUTHBHBIX
aCIIeKTOB JIESITEIEHOCTH n OCHOBOIIOJIOXKHHUKA
Bupryanuctuku H.A. HocoBa, a Takke Ha MHOTUE Apyrue
HCCIIeIOBAHMS OTEYECTBEHHBIX n 3apyOeKHBIX
CTIELHAIIICTOB.

OCHOBBI HACTOSIIETO WCCIECIOBAHHS OBUIM 3aJIOXKEHBI INPU
(opmupoBaHNY (PHHAHCOBOM MOJETHN IEHCHOHHOH CHCTEMBI,
KaK MHOTOMEPHOTO BUPTYaJIEHOTO TICHCHOHHOTO
MIPOCTPAHCTBA M MOJEIH pacdera CKPHITOrO MEHCHOHHOTO
nonra [20]. B paMkax pacCMOTpEHMs «3aKOHa SKCIIaHCUU
[21]

KOTHUTHBHOH ACATCIBbHOCTH KaK OCHOBHOI'O (baKTopa

pasyma» ObLIa IIOKa3aHa YHUKAJIbHAA PpOJIb

obmecTBeHHOro pasButus. Ilozxe, Obuta chopMyarpoBaHa

MO3HULMSI aBTOpPa IO TIOBOAY OIPEACICHUS TOHATHA
«(puHaHCHY, paIuKaIbHO OTIINYAIOIIASICS oT
KOHBeHLIManbHOW [22]. Ha mpumepe paccMOTpeHUs

JM3WHTOBOH IESTENBHOCTH OBLIO IOKa3aHO, YTO €€ OCHOBOH
ABISIETCST HE (DMHAHCOBBIH, a OpPraHM3alMOHHBIM AacIeKT,
[24].

HOBOI'O

CBSI3aHHBIA C KOTHUTHBHOM ACATCIbHOCTBIO

3aBepmmnoch  (opMupoBaHHE — «(PyHIAMEHTa»
moaxoga K pPaccMOTpPEeHHI0 (HMHAHCOB W (PUHAHCOBOH
NIEeSATeTPHOCTH IBYMs paboramm [25; 26], cpemut KOTOPBIX
0co00 ciemyer BbIIENUTH cTaTblo «O HOBOM mapagurme
(MHAHCOBOM  [ESATENBHOCTH»,  ONMYONMKOBAaHHOW B
«bemopycckoM 3KOHOMUYECKOM KypHaie» [25]. Dta pabdora
OTIpeIeTINIIa METOJOIOTHIO HCCIICIOBAHMS TaKoro (heHOMEeHa,
Kak (UHAHCBI W B HEH, BIEpBBIC, ObIIa IpPEACTaBICHA
CHCTeMHasi MOJeNb (DMHAHCOBOTO TIpoIiecca Kak IEJoro, B
OTJIIMYHE OT (pparMeHTapHOTO KOHBEHIIMOHAIBHOTO MOIXO0/1A.
Bonee Toro, OBUI TNOCTAaBIEH BONPOC O pAa3[EICHUH B
(PMHAHCOBOHN NEATENBHOCTH BUPTYAIBHOTO M PEANBHOTO, a
TaKke BOIPOC O TOM, YTO HKOHOMHYECKHE OTHOIICHHS
BTOPHYHBI IO OTHOIICHMIO K KOTHUTUBHOH JESTEIFHOCTH H
ABISIIOTCSL  OAHUM U3

Pe3yJIbTaTOB MaTepruaIn3alnun

BHPTYaIbHOTO KOHCTPYKTA, C(OOPMHPOBAHHOTO B CO3HAHUH

cyOBeKTa.
HeobxonumocTs pa3BUTHS KOHBCHITHOHAIIbHBIX
NPEACTABICHUA 00 HSKOHOMHKE M OTXOH OT YHCTO
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SMIHPUYECKOTO €€ aHalW3a TEepeXOmUT B  pa3pian
aktyanbHOM TemaTuku [26]. Tax, KO.M. Ocunos cuuraer,
YTO BCS SKOHOMHKA 3aKJII0UeHa B chepe CO3HAHMUs, TO €CTh B
TOJOBaxX IIIOJCH M OHa «U3MBICIHBACTCS» WM CBOJUTCA K
ocoboro poma ouu(ppoBaHHON W CIOBECHO BBIPAKEHHOMN
nHpOpPMAlUN — CTOMMOCTHOM, IeHEeXHOU, meHoBoil. To
eCTh OHa €CTh HE 9YTO HWHOe, KaKk MeTa(u3mdecKoe
sHepro-uHpopMamoHHoe noie [27, ¢.9] wumm B KOHTEKCTE
Mozmenn (puc.l) — 3TO CHCTEMHOE MPOCTPAHCTBO HAYKH,
TIPOU3BOJICTBA KOTHUTHBHOH

n ACATCIBbHOCTH,

O00BEIMHEHHOE B  E€AMHYI0 CHCTEMY IPOCTPAHCTBOM
¢uHaHcoB. OnmHAaKo IIporecc OTKa3a OT TPaJHIHOHHBIX
MIPEACTaBICHUI 00 3KOHOMHKE M MEepexo]] Ha KauyeCTBECHHO
HOBBIM ypOBEHb MBILUIEHUA , 10 yrBepxkacHuo H.IL
Bamexnaa un E.H. Ilacxuna, motpedyer KOpEHHOU
NIEPEOPUCHTAIINM CO3HAHMA JIOJCH Ha HOBOE, OTKa3 OT
MHOTHX COBPEMEHHBIX CTEPEOTHIIOB MBIIIICHUS,
OOIIETPUHATHIX LEHHOCTEH M MOTPEOHOCTEH, KOTOpHIE eIle
JI0 HEaBHETO BPEMEHHM PAaCCMATPHBAINCH KaK HEPYIINMBIC
u obmedenoBeveckne [28, ¢.266], 3To ¢ ogHOI cTOpoHBL. C
JIPyTOif CTOPOHBI, HE TOTOBHOCTh K M3MEHEHUSIM 1 JTyXOBHAs
HE3peJIocTh 0o0IiecTBa, MO MHEHHIO A. Ypcyna, MOXKET
MIPUBECTH K BO3HHKHOBEHHIO rJ100aIbHOTO
AHTPOIIOJIOTHYECKOTO KPU3UCA, KaK CIEACTBHE JCHCTBHA
€Ile HEJOCTaTOYHO ITO3HAHHBIX HAMH 3aKOHOMEPHOCTEH
B3aMMOJCHCTBUSL TPHUPOIBI M OOIIECTBA, KOTOPHIE €IIe
HECKOJIBKO ~ JECATWJICTHH Ha3ax TIOYTH  OJHO3HAYHO
OLIECHUBAJINCH KaK 3aKOHOMEpHOCTH nporpecca» [29, C.8].

B ocHOBe npeyIoxXEHHOT0 CHCTEMHOTO OAX0Aa K IIPOIECCy
JIESITEIBHOCTH ~ JISKUT  KOTHUTHUBHO-CYyOCTAaHIMOHAIBHOE
TOJIKOBaHWE CTOMMOCTH, ()MHAHCOB JICHET, II€H, KaluTala B
koHTekcre noctpoenud M Kara. OH M3 COBOKYyHMHOCTH
cebe)

OKpY)KalONIMX Hac Bemed (Bem B —  Kak

YHUBEPCAIBHOTO MIPOCTPAHCTBA - BBIACIIACT

((Z[ei'ICTBI/ITeJIBHLIG npeaAMEThD», CIIOCOOHBIE OBITH TOTYKOM K

nozHanuto [17,C.105]. Onm, B Hamel pUTOPHKE,
aKTUBU3UPYIOT KOTHHTHUBHYIO IESTEIBHOCTH, KOTOpas
¢dopmupyeT 00pa3bl, COCTABISIONIHE XaoC OIIYyIICHUI

peaNBbHBIX U BO3MOXKHBIX (BUPTYaIbHBIX). Ciaenyst joruke U.
Kanra, xaoc omymeHud, oOpasyeT TOT Marepuai, u3

(hopmBI
MIpeIMETHI

KOTOpOIo IPOCTPAHCTBCHHAsA u BpEMCHHAA

(hopmupyroT
YyBCTBEHHOI'O OIBITAa (BUPTYyaJbHbIE KOHCTPYKTHI), TO €CTh

YYBCTBCHHOT'O co3C¢puaHus

(1)0pMI/IpyIOT BCIIN «KaK NPpEAMETBI BO3MOKHOT'O OIIbITa».

COBOKyHHOCTL opeaAMETOB «BO3MO>KHOT'O OIIbITa»,

ynopsaaodeHHass € MNOMOIIBRO KaTeFOpI/Iﬁ paccyka, «eCTb

89

COOCTBEHHO TO, YTO MBI 37eChb Ha3bIBaeM IIPHUPOIOI»
[17,C.114]. PesympraToM BO3ACHCTBHS Bem B ceOc Ha
MpoIecC TO3HAHUS IIONydaeTCs SBIICHHE - BHPTYaIbHBIN
00pa3 (KOHCTPYKT) KaK «CYTh IPOCTOTO IIPEACTaBICHUI
YYBCTBEHHOCTH», TOTO, YTO MBI OIIYIIaeM B PEaTbHOCTH U
BOOOpPaXCHUH, a HE TIPOCTOT'0 OTOOpaKEHUSI CBOWCTB BemIeh
[17,C.105]. (hopmupyroT

OMIIUPUYCCKYIO PCAJIBHOCTL M, C TOYKH 3PCHUA ITpoLecca

B cebe Bemmmm B cebe

IIO3HaHUA (pa3BI/ITI/I$[), CO31ar0T yciioBus JUII

(opMHpOBaHNS BUPTYAIBHBIX KOHCTPYKTOB OyIyIuIero,

OpEeACTaBIIAIOIINX cobotii HC IIpOCTOC OTpaKCHHUC

HaCTOSIIEr0, HO €T0 Pa3BUTHE B SIBJICHHUE, B COOTBETCTBHUH C
YyBCTBaMH M IPEICTABICHUSIMU CyObekTa. TakuM oOpaszom,
ABJICHHE CYOBEKTUBHO W

ABIACTCA HUMMAaHCHTHBIM

CBOMCTBOM Tporecca JesrensbHocTd. CyOBEeKTHBHOCTH
ABJICHUSI ONpEAENACTCS KOTHHUTUBHBIMH CIIOCOOHOCTSIMH
CyObeKTa B IIOCTPOCHHH BHUPTYJIBHOH  PEaNbHOCTH
(BupTyanpHOTO KOHCTpPYKTa). Clenys 3TOH JIOTHKE, caenaeM
BBIBOJL O TOM, YTO KOTHUTHBHas JAEATECIBHOCTh U
KOTHUTHBHBIE CIOCOOHOCTH €CTh MMMAaHEHTHOE CBOICTBO
Tpormecca JeATeNbHOCTH, ONpENeIAIoee BO MHOTOM €¢
pe3yJbTar.

OTOT (aKT U MOCITY KU OCHOBAHHUEM TOTO MPEIITOI0KCHUS,
YTO KOHBEHIMOHAJIbHAS MOJIENb MpoLecca JNEeITeIbHOCTH B
obmemM ¥ (UHAHCOBOH JEATENBHOCTH, B YaCTHOCTH,
MIOCTPOEHHAsT TOJBKO HAa OCHOBE PEAIbHOCTU SBISETCS
(parMeHTapHBIM TIPEJCTABICHHEM JEATEIBHOCTH U IO
OOBEKTHUBHBIM  OCHOBAaHUSM

TpeOyer  pa3BUTHS B

COOTBETCTBUH COBPCMCHHBIM YpOBHEM 3HaHUA -

JOIIOJITHCHHWA KOTHUTHBHBIM 3JICMCHTOM.

IIpeomonenue pa3priBa KOHTUHYAJILHOCTH B
TPaJUuIMOHHOM MPEJICTaBICHUH ()HMHAHCOBOM
IEeATEILHOCTH U GUHAHCOB

IloanemenTHas KOHBCHIIMOHAJIBHOI'O n

CTPYKTYpa

NPEAJIOKCHHOT'O KOHICIITYAJIbHOT O IpeACTaBICHUA
nmponecca ACATCIIBHOCTH pacCMOTpCHa B Ooiee PpaHHUX
(2:4]

KOHHGHTyaHLHOﬁ MOACIUW JaJl BO3MOXHOCTH BBIABHUTH

paborax Amnanms (YHKIIMOHNPOBAaHUS

3aKOHOMEPHOCTh TIpOIiecca JIESTEINbHOCTH, B TOM YHCIE H
¢uraHCOBOH. B 00mmem ciydae, 3aKOHOMEPHOCTH Iporecca
3aKJIOYaeTCsI B CHUCTEMHOCTH:

pa3BUTHA, OCMBICJICHUN

peanLHoﬁ CUTyallun u IOCTPOCHUUN B CO3HAaHUHA

BHPTYaIbHOTO KOHCTPYKTa OYIYIIETo ¢ MOCIEIYIONIUM €To

BOIINIOICHHUEM B HOBOI pCajIbHOCTH, TO €CTb YeTKOM
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TIOCJIEAOBATEIFHOCTH W NPUYMHHO-CICICTBEHHOW CBS3H
BUpTyanpHOro u peanpHoro [2, C.135, 140]. IIpu stoMm,

aHaJIn3 mponoecca JACATCIBbHOCTHU B KOHTCKCTC

KOHHGHTyaﬂbHOﬁ MOACIN CACJIKHM KaK COBOKYNHOCTH

BUPTYaJIbHOTO n PpCajIbHOTO IIO3BOJINII BBISIBUTH

MPOTUBOpPEYHE  KOHBCHIMOHAIBHOM  MOJENH  CHAENKH
o0IIeHayYHOMY TIPHHIMIYY KOHTHHYaJbHOCTH, a TaKXKe
pasrpaHUUYUTh 001acTH (YHKIMOHHPOBaHUS (PUHAHCOB M

JACHECT, YTO CXEMATUYHO IMOKAa3aHO Ha pUC. 3.

h 'y
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Puc.3.Ilpouecc pa3BuTHs Kak cucTeMa

Kak BUJHO H3 pI/IC.3., noponecc pa3BUTHUA KaK CUCTEMHaAA
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CYIIHOCTH (DOPMHPYETCS U3 LUKIIOB JESITEILHOCTH, KOTOPHIE
TaKke MMEIOT CHCTEMHYIO HpHpony. To ecTh, CTpyKTypa

OUKJIa BKJIHOYACT JBa IIOCICAOBATCIBHBIX JTara: 1

KOrHUTHBHasA  ACATCIBHOCTH n 2 — MaTcpuajibHasa
JACATCIBbHOCTD. B PUTOPUKE CTATbHM, KOHBCHIUAJIbHAA
MOACIb  ACATCIBHOCTHU  IMPCACTABJICHA  HCKIIOYUTCIBHO

9TAallOM MAaTepHATIBHOW AEATEIBHOCTH (3aIITPUXOBAHHBIA
3JIEMEHT Ha pUC.3), TOCKOJIBKY ONEPUPYET MCKIIOYUTEIBHO
C SMIIMPUYECKUMH IAHHBIMH. AKIEHTHPYEeM BHHMaHHE Ha
TOM, YTO KOTHUTHBHASI IESATEIBHOCTD, XOTS ¥ TIPHUCYTCTBYET
B PpealbHOCTH,

OOHAKO, B paMKaX KOHBCHIHAJIBHOI'O

MIPEACTaBICHAS W3 PACCMOTPEHUS BHIMAAaeT. JTOT (akT
pa3phIBY
mporecca

OKBHUBAJICHTCH KOHTHUHYaJIbHOCTH apu

paccMOTpeHHNU JIeSITEIEHOCTH B
KOHBEHIIMOHANBLHOH putopuke [4]. DT0T (hakT mpeacraBieH

Ha pI/IC.3 B BHJIC CBCTJIOIO 3JICMCHTA. U3 sToro CJICAYCT, 4YTO

KOHBEHIIMOHAIBHOE IIPEACTaBICHNE nporecca
JNEATENPHOCTH  SIBISCTCS  (parMEHTapHBIM W HE
COOTBETCTBYET O0ICHayYHOMY MIPUHINIY

KOHTUHYAJIbHOCTH, TOrJa KaK MNPEAJIOKCHHAA KOHLCIIIUA

CUCTEMHOI'O moaxoga K MpeACTaBICHUIO mponoecca

JeATeNbHOCTH  OoJiee COBEpIICHHA M MOXET  OBITH
WCTIONIb30BaHa AT Oosiee TIyOOKOTO aHalM3a TaKOTo
TIpeaMeTa UCCIEAOBaHNS KaK (DUHAHCHI.

CucteMHOE TpEACTABICHUE ICATEIPHOCTH W IO3BOJMIO
BBIIBUHYTH THIIOTE3Y O BHPTYaJIbHOH CYHNIHOCTH (pHHAHCOB
u pazgeneHny cep QyHKIMOHUPOBAHUS (MHAHCOB U JICHET
KaK BUPTYaJIHOTO U PEabHOTO.

O BUPTYaIbHOH CYyITHOCTH (pHHAHCOB

OOBEeIMHSIOINM HAa4aJIOM OTCUYECTBEHHBIX M MHOCTPAHHBIX
WCCIIEIOBAHUN SBISIETCSI HCIIONB30BAHHE TPATUIHOHHOTO
CTPYKType

SKOHOMHYECKOM U B TOM UHCIIC (bHHaHCOBOﬁ JACATCIBbHOCTH,

(KOHBEHITMOHAITBHOTO) moaxoaa K
OCHOBAaHHOTO Ha €ro BHENIHEM HAONIOJICHUH B paMKax
AMITUPUIECKON PeaTbHOCTH.

Crenyer TOAYEPKHYTh, YTO B paMKax HCCICJOBaHUS

(¢uHAHCOBass ~ JEATENBHOCTH  paccMaTpuBaeTcs  Kak
CHCTEMHBIH NPOIIECC, BKIFOYAIOIINH ABA MOCIIET0BATEIBHBIX
aneMeHTa. IlepBbIif M3 HUX — 3TO AJIEMEHT KOTHUTHBHOH
nesrensHOCcTH. Ee pesynbraroM siBisercs (popMupoBaHUE B
CO3HaHMU CyOBEKTa BHPTYaJbHOTO KOHCTPYKTa OymyIIero
KaK HOBOH BHPTyaJdbHOH peanbHOCTH. OCHOBaHHWEM I
3TOTO SIBIISIETCSl HEKas upaes - Ieib, CHOPMHUpPOBAHHAS B
HaCTOSIIEH 3MIMPHYECKON PeanbHOCTH KaK HEOOXOANMOCTD
JaTbHEHIIETO CYIIeCTBOBaHU. BTOpoii ameMeHT — mporece
MaTepHaNu3alid  HOBOH

BUPTYaJIBHOH  pealbHOCTH
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(BUPTYaIbHOTO KOHCTPYKTa) B HOBYIO OMIIHUPUYECKYIO
peansbHOCTh, T. €. NMpeoOpa3oBaHME BHPTYaIbHOTO 0Opasza
OyIymiero B HOBYIO pealbHOCTh — Oyaymiee.

B pamkax maHHOM KOHIENIMK (PUHAHCH ONPEEISIOTCS KaK
BUPTyalbHas JE€HEXHAas OIEHKAa CTOMMOCTH pECypcoB
(umymiecTBa, OOpPEMEHEHHOTO ¥ NPHHAIICKAIIETO Ha
IpaBax COOCTBEHHOCTH), BOBJEKAEMBIX B SKOHOMUYECKHH
000pOT C IENbI0 AOCTIKECHHS ITO3UTUBHOTO COIMATBHO
3HAYMMOTO pe3yJbTaTa — LEeJN AeATeNbHOCTH (pa3Butus). B
3TOM KJIfoue (PUHAHCHI SBISIOTCS CTOMMOCTHOW KaTeropuen
n 00IamaloT CBOWCTBOM OOBEKTUBHOCTH HENPEPHIBHOTO
ObITHS, YTO HE HapymlaeT OOIIEHAyYHOTO IPHHIUIA
KOHTHHYaJIbHOCTH.

Hpe,I[CTaBJ'IeHI/Ie (I)I/IHaHCOB KaK COBOKYIIHOCTH JCHCIKHBIX

0THOH.ICHPII7[, INPUHATOC B  PUTOPHUKE  OTCUYCCTBCHHBIX
I/ICCJ'IC,HOBaTGJ'Ief/Il, HC 06naz[aeT 3THM CBOWMCTBOM IIO
HECKOJIbKUM  IpUYHNHAM. BO-HepBLIX, OKOHOMHYECCKHE

OTHOUICHHS SIBISIOTCS BTOPHYHBIMH IO OTHOWICHUIO K
KOTHUTHUBHOM JEATENPHOCTH, TaK KakK IUIAHUPYIOTCS B
BUPTYaJIBHOH PEabHOCTH, M HE 003aTENBHO Pean3yoTCs
B OMIIMPUYECKON pealbHOCTH. BO-BTOPHIX, 3TN OTHOIICHHS
HUMEIOT MPEPHIBUCTHIN XapaKTep U MOTYT MOSBUTHCS TOJIBKO
B paMKax MaTepUalbHOTO 3JIEMEHTa JESTENbHOCTH (pHuc. 3),
Hapymas KOHTHHYaJbHOCTh IIpolecca  AEATEIbHOCTH.
B-TpeThux, MOHATHS «JICHBIM» U «ACHEKHBIE OTHOIICHHUS
CYIIECTBEHHO y K€ U ONPENEIAI0T TONBKO 4acTh
(DMHAHCOBBIX BO3MOXKHOCTEH M PECYpCOB 3KOHOMHYECKOTO
areHTa (cyOBeKTa), KOTOpbIE MOTYT OBITH BOBJICYCHEI B
XO3AMCTBEHHBIH 000poT. JleHpru, a B oOmeMm ciydae —
(MHAHCOBBIC aKTHBBI, (HOPMHUPYIOT CHCTEMY MHCTPYMEHTOB,
MEXaHH3MOB
[30].

dunancoBas

U TEXHOJIOTHUH (I)PIHaHCOBOP‘I JACATCIbHOCTHU

KE  ACATCIIBHOCTBb  NPCACTABIACTCA  Kak

(MHAHCOBOE IUIAHUPOBAHME, OTIMYHTEIBHBIM HPH3HAKOM
KOTOPOro SBJACTCS BHUPTyanbHas mpupoxa. CyIIHOCTh
BUPTYaJBbHOH NESTENBHOCTH 3aKII0YAeTCsl B (POPMHPOBAHHU
(KOHCTpYHpOBAaHUM) BUPTYaTbHOH (HUHAHCOBOW MOICIH
(BUpTYalbHOTO HOBO#

KOHCTPYKTAa) KaK

Oymyrero
PEasbHOCTH, a TAaKXkKe MyTel, HHCTPYMEHTOB M MEXaHH3MOB
ee cozmanusi. OTCI0/]a IPOUCXOIUT U 3aPOKACHHE Mpollecca
WHKeHEepUH, B 00IeM W (QUHAHCOBOW HWHXKCHEPUH, B
[16].

pacnopeaAcanTCIbHOM

YaCTHOCTHU AKL[CHTI/IpyeM BHHUMAaHHUC Ha

(mepepacnpeie T TeIEHOM) u

¢donmoBOM xapakrepe (uHaHCOBOW nestenbHOCTH. Jlist

JIOCTHKECHUS MIOCTABIICHHOH LeNu ¢dbopmMupyrorcs

BUPTyalbHbIC (OHABI ACHEKHBIX PpECypcoB (IAEHEKHAs
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OLCHKA) M  OCYWIECTBISACTCA  paclpeleieHue U
nepepacnpeieiieHie BUPTYAIbHBIX PECYpPCOB MEKIY STHMH
(doHIaMu. 3aMEeTHUM, YTO BCE 3TH IIPOLECCHl MPOUCXOMAT B
cepe.

ACATCIBbHOCTh, B 06]].[6M BHUJC, 3aKIIHOYACTCAd B IMOCTPOCHHUU

BHPTYyaJIbHON B mpaktmueckom acmekTe 3Ta

Oymymero  Oyxrairepckoro  OamaHca

6IOZ[)K€T3 JOMAIIHET O XO035HCTBA WIH rocy1apCTBEHHOI'O

TIPEATIPUATHSA,

6ro/pkeTa. B naeansHOM cirydae 3T0 MOXKET OBITh, HAIIpUMeEp,
aKTyapHbBII OagaHC SKOHOMHYECKOTO areHTa, B KOTOPOM
YUUTHIBAIOTCS €T0 crienu(uIecKkre pucku. B To ke Bpems
MOTYT PEall30BBIBAThCSA U (PYHKIIMH KOHTPOJISI — CPaBHEHHE
HOBOM BUPTYaJIbHOH peabHOCTH KaK KOHCTPYKTa OyAyIero

(axTyapHBIil OyxTanTepckuii OamaHC) ¢ HOBOW KOHCTaHTHOM

PEANBHOCTHIO Kak HOBOH NEHCTBUTEILHOCTBIO
(paxTrueckmit  OyxranTepckuii OajaHC) ¥ aHAIH30M
(haKTOPOB MOTYYESHHOTO Pe3yJIbTaTa.

Takum 00pa3oM  NPOBOOUTCS  YETKOE  OJHO3ZHAYHOE

paznenenue cdepbl BAMAHUS (UHAHCOB W (PUHAHCOBOU
JEATeNPHOCTH (KaK KOTHUTHBHOHM AaCIEKT NESTENbHOCTH C
MTOCTPOECHUEM

BUPTYaJIbHOI'O KOHCTPYKTa, a TaK IK¢E

BUPTYaJbHONH  JIOTHCTUKM M  HHCTPYMEHTapus  €ro
peamusanun) u cdepsl BausHuA JeHer. Cdepa BIHAHHA
JeHer sBiseTcs cdepoll MaTepuanM3allid BHPTYAIbHOTO
(DMHAHCOBOTO KOHCTPYKTA M MPAKTUIECKOrO MCIOIB30BAHHUS
COOTBETCTBYIOIIMX  (MHAHCOBBIX  HMHCTPYMCHTOB U
MexaHU3MOB. ['paHuna pasnena GHUHAHCOBOH chepbl U ICHET
OT/ICIISIET BUPTYAIBHOE OT MaTepHaIbHOTO, COOTBETCTBEHHO.
CretyeT 3aMeTHTh, YTO B paMKax JAHHON PUTOPUKH ICHBIU
MIOHUMAIOTCS B IIUPOKOM CMBICIIE KaK (DHHAHCOBBIC aKTHBBL,
MOCKONIBKY JIF00as TpaHCAKUWs C HUMH 3aBepliaeTcss B
JOCHOXKHOW (opMe W B JCHE)KHOM BHIC OTPaXkaeTcsi B
Oyxranrepckom  OamaHce.

I[eHLI‘I/I OpEACTABIIAIOTCA

HOCHUTCIIEM (I)I/IHaHCOB (CTOI/IMOCTI/I), a B CJIydac pacyeToB

HAJIMYHBIMH ~ CPEICTBAMHU MaTepHaIbHBIM  HOCHTEIIEM
¢unancoB. IlmaH oOpraHM3alMU JCHEKHBIX IOTOKOB IIO
repepacIpenesieHiio (UHAHCOB (CTOMMOCTH) — (PMHAHCOBAs
JOTUCTHKA (OpMHPYeTCS B BHPTyalbHOH oOnacté u
MaTepHalnu3yeTcss Ha OCHOBAaHMM W B COOTBETCTBHH C
00513aTeIbCTBAMH KOHOMHUYECKHX areHTOB,
BOZHUKAIOIIMMHU B paMKaX 3KOHOMHYECKOH NesTeIbHOCTH
IO pean3alny COOTBETCTBYIOIIECH CICIKH.

[pemmoxenHas KoHUenuus (GHHAHCOB U (QUHAHCOBOU
obnagaer  CBOMCTBOM

JACATCIBbHOCTHU YHUBEpCAJIbHA,

00BEKTUBHOM HCIIPCPBIBHOCTU ObITHSI W HE WMEET

OFpaHI/I‘IeHI/Iﬁ HU B HNPOCTPAHCTBEC, HU BO BPCMCHHU, T. €.

HOCHT TTI00aJIbHBIN XapakTep. B Hell ueTko npocnekuBaeTcs
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BO3MOXHOCTb YCTAHOBJICHHS CBA3U C IPOLLIBIM OIIBITOM, Ha

OCHOBAHUH KOTOPOro B HACTOALICM CTPOUTCIA MOACIb

Oymymiero.
B pamkax mpemioKeHHOW KOHIEMIMH HUMEETCS peabHas
BO3MOXXHOCTh €€  OMIHPHYECKOW  MPOBEpKH.  ITa

BO3MOXXHOCTh peayu3yercs B (opMe NpOrHO3MPOBAHHS

PE3yJIbTATOB (I)HHaHCOBOﬁ JACATCIbHOCTHU n ux

SMIUPUYECKON TPOBEPKH Ha CTaJUH peaTH3aluy (QyHKIUH
KOHTPOJISI — CPABHEHHE NTPOTHO3HBIX U PEATBHBIX JAHHBIX.

Hamnpuwmep, UCTIONB30BaHNE ¢uHAaHCOBOH  Mopenu
wraHupoBanus pecypco mnpenmpusitus ERP  (Enterprise
Resource Planning) mO3BOMSIET MOCTPOUTH HECKOJIBKO
BUPTYaJIbHBIX  CIOEHapHeB  (IUIAHOB)  JICSATENBHOCTH
TIPEANIPUATHS Ha OCHOBE (DOPMHPOBAHUS U PETryTHPOBAHU
Bce

npeanpusaTs OMNHUCBIBAIOTCA HE B HATYPAJIbHOM,

BUPTYaJIBHBIX ~ JCHEXKHBIX  ITOTOKOB. oTeparnun
a B
(DMHAHCOBOM BBIPAXCHUH (ICHE)KHAsI OIEHKA CTOMMOCTH).
Takue mTOCTPOCHUSI MOJENM NPEANpPUSATHS B paMKax
(MHAHCOBOH  pPUTOPUKH  SIBISIOTCA  BUPTYaJIbHBIMH
MOJETSIMU (KOHCTPYKTaMH) JIESITENbHOCTH MPEANPHATHS, HO
OHM TIPUBSI3aHBI K pE3yJNbTaTaM peaJbHOW IEATEIHHOCTH.
Takum oOpa3oM, mocpeactBom npumeHeHns: ERP-monermeit
MOXHO  pa3paboTaTb  HECKOJIbKO  ajbTEPHATHBHBIX
CIICHAapWEeB M BBHIOpPAaTh U1 NPAKTHYECKOW peaTn3aliu
Hamboee TIPUEMJIEMBIH JUII  KOHKPETHBIX  YCIJIOBHH.
OueBUIHO, YTO NPHUHATOE pPEUICHHE O MaTepHATH3ALNH
KOHKDETHOTO CIL€HapHsi MOXKET OBITh MPOBEPEHO Ha

MPaKkTHKe:  IOCIE  3aBEpUICHHs  3alUIAHMPOBAHHOTO
peaTbHOrO MPOW3BOJICTBEHHOTO IMKJIA BUPTYaTbHOE MOXKET
ObITh mpeoOpa3oBaHO B PEANBHOCTh. JTO HarIAgHAS
JIEMOHCTpAIMs CBS3M BHUPTYAJIBHOTO M PEATBHOTO, a TAKXKE
BO3MOXKHOCTH KOHTPOJISI BUPTYaJIFHOTO Ha MPAKTHUKE.

Hamm paccyxnenust He mpoTuBopedar yTBepkaeHuio K.O.
ITepeca u M. BepHeHro o TOM, 4TO COBpEMEHHbIE ()HMHAHCHI
UMEIOT KOHIENTYallbHO E€AWHOE TEOPETHUYECKOE SO,
KOTOpO€ BKJIOYaeT B ce0s runotedy 3 QexkTHBHOrO phIHKa
(EMH The

MAaTeMaTu4CeCKUC MOJCIN B3aNMMOCBA3HU MCIKAY PUCKOM H

efficient  market

hypothesis) u
JIOXOHOCTHIO Ha OCHOBE ILIEHOOOPAa30BaHMS KalNTaJIbHBIX
aktuBoB (CAPM — Capital Asset Pricing Model), Teopemst
Mommnestau-Mummiepa (M&M — Modigliani-Miller theorems)
nu (BSM approach to option pricing) momxoxy bmka
[oym3a-MepToHa k leHo0Opa3oBaHUO OmIuoHoB [31, P.2].
Bce 3TH MaremaTHueckne MOJENH MPEACTABISIOT COOOH
BUPTYaJIbHBIC  OIICHKH

OKOHOMHYECCKHX napamMeTpoB

CUTyallun 1Opu HOPOBEACHUU DOKOHOMHUYCCKUM AIrcHTOM
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(I)I/IHaHCOBBIX onepaum‘/'l. Onu MOT'YT HCIIOJIB30BATbCA B

MPAKTUYCCKUX OeIAax, u Ha ux OCHOBC MOXET

TIPOTHO3UPOBATHCS (omieHUBaTHCS) BHPTYaIbHBIN
(hPMHAHCOBBII PE3yNIBTAT NESTENBHOCTH, IPOBEPKA KOTOPOTO
BO3MOXKHa SMIHPHYECKH. TakuM 00pa3oM, BBIABHHYTAas
THIIOTE3a O BUPTKAIBHOH CyITHOCTH (PMHAHCOB JIOKa3aHa.

[IpencraBneHHast KOHIEIIUA OTKPHIBAET BO3MOXKHOCTD IS
COTJIACOBAHUS TIO3MIUI OTECYECTBEHHBIX W HHOCTPAHHBIX
WCcchenoBaTeIed MO BOMPOCY  BHIPAaOOTKH — €IUHOM
napaaurMel  (UHAHCOB M (MHAHCOBOHM JESTENFHOCTH —
CEMaHTHYECKOTO si1ipa puHaHCcOBOM Hayku. He cekper, 4uro

3HAYUTCIIbHBIC PacxXoKaACHUA B IIOHUMAaHHUH

OTCUYCCTBCHHBIMH U MHOCTPAHHBIMU CIICNUATTUCTAMU TCOPUUN

W TIPaKkTUKH (UHAHCOBOM JEATENPHOCTH U (pUHAHCOB

OpUBOAAT K 3aMCIUICHUIO  PA3BUTUA  OTOr0  CCKTOpa
OKOHOMMKH. 9T10 00CTOSTENIECTBO 0CO0EHHO OCTpO
OpoABIIICTCA B COBPEMCHHOM 06].T.[eCTBe B CBiA3H C

Pa3BUTHEM M OIMPOKUM PACIPOCTPAHCHHEM BO Bcex cepax

YeJI0BEUCCKOM JACATCIBbHOCTHU
I/IH(1)01)MaI_[I/IOHHO—KOMMyHI/IKaLII/IOHHBIX TEXHOJIOTHH u
pa3dBUTHEM CHUCTEM HCKYCCTBCHHOTO HHTCIUICKTA. OTta

rio0anbHas TEHACHIUSA oO0ycloBWIa M TOT (HakT, 4TO U
MeXayHapo#HBI BAMIOTHBIH (OHA CTaBUT BOMPOC O
HE0OX0AMMOCTH (OPMHUPOBAHUS A BCEX CIECIUAINCTOB
(uHAHCOBOW Cdephl OOMMX MOHATHHA, T. €. Pa3paboOTKH
eIMHOI TmapagurmMbl (PMHAHCOB, BO3BOASA 3Ty IpoOieMy B
pa3psi akTyadbHOW TEMAaTHKHU TJI00ATBHBIX MCCIECIOBAaHHH.
OueBnHO, YTO pa3paboTKa EIUHOTO CEMAaHTHYECKOTO sIpa
¢uHAaHCOB W (UHAHCOBOW  JEATENBHOCTH  OynmeT
obecreunBaTh TakXKe eAUHbBIC MOAXO0bI M K TOHUMAHHUIO, U K
obecrieueHUIO (PMHAHCOBOHM CTAOMIBHOCTH HA TIIO0ATHHOM
YPOBHE, TTOCKOJIBKY «...(hHWHAHCHI UMEIOT (hyHAAMEHTAILHOE
OTJIMYKE OT JOPYTHX 3KOHOMHYECKHX (YHKIHH, TaKMX Kak
00MEH, NPOM3BOACTBO W PACIpPEIENCHUIO pecypcoB» [32,

c.11].

3akinoueHue

KynpTypa, Kkak mpOXYKT KOTHHUTUBHOH AEATEIHHOCTH,

ABISIETCSI OCHOBOM OOINECTBEHHOTO pa3BUTHs. [loHATHE
(MHAHCHI, W3HAYAbHO KaK OICHKA IIEHHOCTH HPOIYKTOB
cobuparenscTBa M MX 0OMEHA, a 3aT€M OLICHKa CTOMMOCTH
MIPOLYKTOB TpyJa, BBIPAKEHHAs B EAWHHIAX KaKOTrO-TO
YHHBEpCAbHOTO  TOBapa, SBONIOLMOHUPOBAIN 0
COBPEMECHHOT'O YPOBHs OIICHKM CTOMMOCTH B JEHbrax. B
3TOil  pHUTOpHKE SBUJINCH

(I)I/IHaHCBI KaTajn3aTopoM
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MMpoOMu3BOACTBA TOBAPOB M YCIYI' M, B KOHCYHOM MHTOIC,

COBpeMeHHOfI COHHaHBHO-BKOHOMH‘IeCKOﬁ CHCTCMBI.
OZ[HaKO A0 HACTOALICTO BPEMCHU KOTHUTHBHBIH acCIIeKT
(I)I/IHaHCOB u (I)PIHaHCOBOP‘I JACATCIbHOCTU OCTaBaJICd BHEC

oJist  3pCHUS PICCJ'IC,HOBaTCJ'IGfI, COCPCAOTOUMNBIINX CBOC

BHMMAaHHUC Ha HX OMIIMPUYCCKOM, KOHBCHIHNOHAJIbHOM
ACIICKTCE.
AHamn3  JIOTHKHU NPUINHHO-CJICACTBCHHBIX CBsI3CH B

OMPEACTICHUAX  TOHATHUA (I)I/IHaHCLI OTCYCCTBCHHBIX H

33py6€)KHLIX CIICIMUATIUCTOB B KOHBCHI.[PIOHaJ'ILHOﬁ

PHUTOpHKE IIO3BOJMI BBIABHHYTh M JIOKa3aTh THUIOTE3Y O
BUPTYaIbHON KakK

npupone  (hUHAHCOB,

KOTHUTHBHOM ACATCIBbHOCTH,

IIPOJyKTa

HCIOJIb3YS CHCTEMHBIN U

MEKANCIMIUIMHAPHBIA ~ MOAXOJN K  aHAJIU3y TOHATHA
¢uHAHCEI W (UHAHCOBAs JEATENBHOCTH — IPEIAMETY
aHaJIM3a.

KonnenryanpHoe, CHCTEMHOE TpEACTaBJICHHE Ipolecca

(DMHAHCOBOH NESATENFHOCTH KaK 3aKOHOMEPHOCTH Iporecca
Pa3BHUTHS, BKJIIOYAIOIIEH IBAa B3aMMOCBA3aHHBIX HJIEMEHTA —
KOTHUTHUBHAS JIESITEILHOCTD W MaTepHAIbHAsL IESTEIbHOCTD,
JTacT BO3MOXHOCTh IEpeiiTH K (HOPMHPOBAHUIO HOBOH
Hay4HOH panMoHaIbHOCTH B cdepe ¢punaHcoB. To ecTh, 3TO
MO3BOJISIET C(OPMHUPOBATH HOBBIH 00pa3 3KOHOMHYECKOTO
MBIIIJICHUS], OCHOBAaHHBIN Ha pasrpaHUYEeHUH cep IeHCTBHA
(MHAHCOB ¥ JEHEr W MPEAJIOXKHUTh HOBYIO MHapagurmy
¢unaHcoB. bonee Toro, Takoe NMpeacTaBICHAE CSTEIEHOCTH
MO3BOJISICT  OMpPENENUTh (HHAHCHI KAaK BHPTYaIbHYIO
KaTETOPHIO — BUPTYAJbHYIO JCHEKHYIO OILEHKY CTOMMOCTH
HUMYIIECTBa, BOBJIEKAEMOTO B 3KOHOMHYECKHH 00OpOT, a
JICHBI'W pacCMaTpuBaTh KaK HOCHTENb (HHAHCOB IIPH
pacIpeaeIeHIH WIH NepepactpeeICHUH ero CTOMMOCTH.

ITokazaHo, 94TO B OTIHMYKME OT KOHBEHIMAIHHOTO MOAXOJA K
¢uHaHCAaM M (PUHAHCOBOH AEATEIBHOCTH, PACCMOTPEHHAS B
cTaThe KOHIIETIIINS

CHCTEMHOTI'O peaACTaBJICHUA

JIESITENIBHOCTH:  BBIABIACT  3aKOHOMEPHOCTh  IIpoliecca
pasBuTHs B (hOpME CHCTEMHOTO NPEICTABICHHS IIpoliecca
JIESITEIFHOCTH KaK er0 MMMaHEHTHOTO CBOWCTBA; oOnamaeT
CBOHCTBOM OOBEKTHBHOCTH HEIIPEPHIBHOTO OBITHS 3a CUET
ycTpaHeHns1 ()parMEHTapHOCTH IIPENICTABICHHs IIpoliecca
NeSITEIBHOCTH W HE

MIPOTHBOPEUYUT  OOIICHAYIHOMY

NPUHOUIY  KOHTHHYAJIBHOCTH; CO3MaeT  OOBEKTHUBHBIC
MPEANIOCHIIKK Al (JOpMHPOBaHMS HOBOH TINIOOAIBHOM
napagurMsl (GUHAHCOB — HOBOW HayYHOH PaIlOHAIBHOCTH;
co3zacT 00BEKTUBHBIC YCIOBUS JJIS AANBHEHIIETO Pa3BUTHSA

3KOHOMHYECKOU TCOPUU U TCOPUHN (I)I/IHaHCOB.
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(opMupoBaHHE ¥ MaTepHANU3alys HOBOW BHUPTYaJIbHOH

K HoBouM napagurme ¢pUHAHCOB: CUCTEMHO-AEATESIbHOCTHLIN

noaxop,

KaHAMAaT 3KOHOMUYECKUX HaykK, aoueHT, Hukonaesckun B.B., MUYT1, MuHck, Pecnybnuka
Benapycb

AHHOTANUA

B crathe yTBepxkmaeTcs, 4TO, IpeoOanaromas B COBPEMCHHOW (HHAHCOBOW TEOPHUH AWXOTOMHUS MEXKIY OTCUSCTBEHHBIM
B3TJLIIOM Ha (pUHAHCH Kak Ha "DPKOHOMHYECKHE OTHOWICHHA" W 3amaJHBIM B3IUIAOM KaK Ha "YIpaBICHHE KalHTaIoM"
SIBIIICTCS CIIEJICTBHEM (pparMEHTapHOT'O IOHUMAaHHUS CaMOTO MPOIecca A TEIEHOCTH.

O00CHOBaHO, YTO TEpeX0a OT TPAAWIIMOHHOTO MOHWMAHHS (HMHAHCOBOI NEATENFHOCTH M (PMHAHCOB K HOBOM IapamurMe
TpeOyeT ee CHCTEMHOTO IIPEACTABICHHS, KaK COBOKYIMHOCTH IIpoliecca KOTHUTHBHOH IEATETBHOCTH M ACATEIBHOCTH
MaTepuansHOW. [Ipu 3TOM, (PMHAHCHI paccMaTPUBAIOTCA KaK BHPTyallbHAas OIICHKA CTOMMOCTH aKTHBOB, BOBJICKAacMBIX B
SKOHOMHYECKHH 000poT. Takoe TMpeacTaBICHHE MPEONOJIEBACT HECOOTBETCTBHE TPATUIMOHHBIX, (parMEHTapHBIX
MIPECTaBICHUN (DMHAHCOBOHM NEATEIHHOCTH, OOMICHAYYHOMY IPHHINIY KOHTHHYalbHOCTH. Kak pe3ynmbTar, MMOCTPOCHBI
KOHIICTITyaJbHBIC W YHUBEpCAIbHBIC TpadyiIecKue MOACTH MpoIiecca IeATSIFHOCTH U COIHAITBHO-YKOHOMHYECKOTO PAa3BUTHUS
aHTPOTIOIICHTPUYECCKON HAIIPABICHHOCTH.

B mHaydHOM mIaHe, TOJYYCHHBIC pE3yNbTaThl PAa3BUBAIOT HKOHOMHUYECKYIO TEOPHIO W CO3MAlOT MPEIIOCBUIKH PAa3BUTHUSA
IIMPOKOTO CIEKTpa MCCICIOBAHUI 10 HOBBHIM HayYHBIM HAIpaBICHUSAM. B MpakTHYeCKOM IUTaHE pe3yNIbTaThl MCCIICIOBAHUS
HAlIyT MHPOKOE HCIOIh30BaHHE B 00pa3oBaTeNbHOU cdepe, a TakKe B 00JACTH HCCICJOBAHUS CHCTEMHBIX (DHHAHCOBBIX

PHCKOB.
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Adolescent obesity is worsening globally, and the obesity rate among Chinese college students keeps
rising, which has become the leading cause of their failure in physical fitness assessments and also triggers
psychological issues like inferiority and depression. To tackle this problem, this study constructs a
multidimensional, integrated theoretical framework for sustainable physical exercise intervention based on
physical-mental synergy, and designs a systematic intervention mechanism focusing on energy metabolism
and mental health regulation. It further proposes implementation strategies under the tripartite synergy of
universities, teachers and students, explores diverse exercise models, and innovatively develops a
"vocational education-integrated" model suitable for higher vocational education with clear campus

implementation paths. This research provides a scientific and feasible solution for alleviating college

students’ obesity and improving their physical and mental health.

1.INTRODUCTION

{2024 World Obesity Report) , if no

obesity interventions are implemented globally, the number

According to the

of overweight or obese adolescents (aged 5-19) is projected
to rise from 435 million (22% of the global population in
this age group) to 770 million by 2035. Among them, 27
million will develop high blood sugar, and 69 million will
suffer from hypertension, primarily concentrated in
middle-income countries. The National College Student
Physical Fitness and Health Survey indicates a continuous
increase in obesity rates among Chinese university students.
The 2021 findings from the Eighth National Student
Physical Fitness and Health Survey, released by the Ministry
of Education, reveal that by 2020, approximately 30% of
university students failed to meet physical fitness standards.
Obesity has become the primary reason for failing these
standards, as it not only affects students' appearance but also
directly or indirectly leads to psychological issues such as
low self-esteem and depression. Data from the {National
College Student Health Survey Report (2024) ) show that

anxiety detection rates among university students reached

23.5%, while depression detection rates stood at 19.2%.
Additionally, obesity poses a severe threat to students' health,
which is one of the reasons why the pass rate for physical

fitness tests remains stagnant.

1.Analysis of the Current Obesity Status
Among Vocational College Students

1.1.Analysis of the Current Obesity Situation

1.1.1.Imbalanced Diet and Lack of Knowledge

The daily dietary patterns of college students exhibit a
notably unhealthy tendency, characterized by the following
key features: Severe dietary imbalances, predominantly
marked by excessive caloric intake. According to a survey
by {China Urban News ) , college students face structural
issues such as overconsumption of meat, eggs, cooking oil,
and salt, while inadequately consuming vegetables, fruits,
dairy, and fish. Generally low nutritional knowledge levels,
"disconnect between

accompanied by a significant

knowledge and behavior." Widespread irregular eating habits,
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including frequent skipping of breakfast, late-night snacking,
These

behavioral factors have become the primary drivers of

and heavy consumption of sugary beverages.

obesity among college students. A Shanghai-based study
revealed that 91.43% of respondents agreed that "irregular
eating and binge eating” are the main causes of obesity,
creating a striking "cognitive-behavioral" contradiction with

their 77% self-consciousness about body shape.

1.1.2.Insufficient Physical Activity and
Excessive Screen Time

Physical inactivity is a prominent issue currently faced by
the lack of

opportunities for exercise." This phenomenon manifests

college students, rooted in "systemic
specifically as a coexistence of insufficient active exercise
and a sedentary lifestyle. Survey data from Sun Guiju's team
in Nanjing, Jiangsu Province, reveals that although 60.1% of
of

high-intensity exercise weekly, their average daily screen

college students engage in at least 10 minutes
time (including computer and mobile phone usage) reaches
as high as 9.24 hours. The extended screen time is primarily
attributed to academic tasks and digital entertainment
activities, which have become a norm in campus life and
severely encroach upon students' time for active physical

exercise.

1.1.3.Disordered sleep patterns and
psychological stress

College students generally face problems of insufficient
sleep and poor sleep quality. According to a survey
conducted by Sun Guiju's team, the average sleep duration
of this group is 7.3 hours, with 13.3% of students sleeping
less than 6 hours, and as many as 44.9% of students
experiencing various sleep problems. The important triggers
behind it are psychological factors such as academic

pressure and employment anxiety, which can lead to

disrupted sleep patterns and subsequently lower sleep quality.

In addition, research has confirmed that frequent mental
health issues such as depression and stress are significantly
associated with weight changes. Data shows that over 80%
of students have the phenomenon of staying up late (only
19.29% the

combination of unhealthy diets, widespread sleep disorders,

have a regular schedule). In summary,

and sedentary professional learning patterns creates a

high-risk breeding ground for obesity.
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1.2.The hazards of obesity among vocational
college students

1.2.1.Health risks: comprehensive erosion from
physiology to psychology

The harm of obesity to the health of college students
manifests as a dual erosion of physiology and psychology,
forming a vicious cycle of mutual influence.

At the physiological level, obesity is the pathological basis
and initiating factor of various chronic diseases. First, it
significantly increases the risk of metabolic syndrome,
leading to diabetes, hypertension and dyslipidemia. The
traditional concept of "middle-aged and elderly" diseases is
showing a trend towards younger age groups, which
seriously restricts the healthy lifespan of adults. Secondly,
obesity triggers changes in biological factors, with excessive
weight continuously increasing the mechanical load on
weight-bearing joints such as the knee and ankle joints,
accelerating cartilage wear, and subsequently causing
osteoarthritis and chronic pain. This not only limits physical
activity, but also hinders daily walking. Thirdly, obesity
directly damages cardiovascular and pulmonary function,
manifested as long-term overload of the heart and decreased
lung function reserves, as well as common clinical
symptoms such as shortness of breath and severe lack of
endurance after physical activity, making it difficult to
tolerate sustained physical activity. Fourthly, obesity can
lead to dysfunction of the endocrine system, which is closely
related to diseases such as polycystic ovary syndrome in
women and abnormal estrogen levels in men. In addition,
chronic low inflammation often associated with obesity can
lead to immune system disorder and increase the risk of
infectious diseases.

On a psychological level, the pressure brought by obesity
cannot be ignored. In the youth group that highly values
appearance, obesity is prone to become a focus of social
discrimination, peer ridicule, and self denial, seriously
damaging individual self-esteem and becoming an important
source of inferiority and depression. The social anxiety
caused by body type anxiety, as well as concerns about
academic prospects and future development, collectively
exacerbate the risk of anxiety and depression. At a deeper
level, individuals may experience severe dissatisfaction and
cognitive distortion with their body image, which can trigger

two extreme behaviors - either excessive dieting or binge
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eating, leading to a self reinforcing vicious cycle of
"psychological pain behavioral loss control weight gain

psychological distress".

1.2.2.Academic and career risks: directly
affecting core competitiveness

Obesity has a profound negative impact on vocational

college students, directly eroding their academic
performance and career development potential. At the
academic level, studies have shown that obesity may have
adverse effects on neurocognitive function, leading to a
decline in core cognitive abilities such as memory, attention,
and executive function, which in turn affects learning
efficiency and academic performance. Meanwhile, health
issues related to obesity, such as fatigue and physical
discomfort, can directly lead to an increase in absenteeism
rates; Especially in practical courses that emphasize
hands-on abilities, students often feel frustrated due to
insufficient physical flexibility and difficulty in completing
standardized operations, and even avoid class, resulting in a
significant decrease in classroom participation.

At the level of career development, its impact is even more
severe. Vocational education aims to cultivate high-quality
technical and skilled talents in the production, construction,
and service front lines. Many corresponding positions (such
as mechanical maintenance, CNC operation, cooking,
construction, nursing, etc.) have clear requirements for
practitioners' physical endurance, strength, agility, and
sustained standing ability. Obesity directly leads to
insufficient physical reserves in such professions, which
constitutes a fundamental obstacle to their ability to perform
in future work. In the training environment, delayed
response and limited mobility significantly increase the risk
of obese students encountering work-related accidents such
as mechanical scratches, slips, burns, etc. Ultimately, in the
job market, when companies recruit for these frontline
positions, they take into account the physical and health
conditions of their employees. Obesity may become an
"implicit screening criterion,” putting students at a
disadvantage in interviews and physical fitness tests, directly
limiting their employment competitiveness and career

prospects.
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1.2.3.Social Adaptation and Development
Risks: Invisible Deprivation of Opportunities

The negative impact of obesity on vocational college
students further extends to their social adaptation and
personal development, forming profound comprehensive
risks. At the social level, obese students often actively avoid
social scenes such as group activities and teamwork due to
fear of negative evaluations or limited mobility. This self
isolation behavior can easily lead to marginalization, making
it difficult to establish and develop a healthy interpersonal
network, resulting in innate weakness of college students'
social adaptation capital.

At the developmental level, the undergraduate period is a
crucial stage for accumulating human capital and social
relationships. However, the lack of energy and social
withdrawal caused by obesity make it difficult for students
to fully participate in extracurricular activities such as clubs,
competitions, and social practices. The lack of these key
experiences directly hinders the cultivation of non cognitive
skills such as organizational coordination, communication
expression, and leadership, resulting in limited development
of comprehensive qualities.

For vocational college students, obesity is a complex
problem that combines health crises, academic obstacles,
career bottlenecks, psychological burdens, and social
dilemmas. It fundamentally erodes the core competitiveness
of vocational college students as "future craftsmen", namely
healthy physical fitness and sustainable professional fitness,
posing a systematic threat to their personal development and

social integration.

2.Exploration of sustainable sports exercise
intervention mechanism

2.1.Concept of Sustainable Development

The of

mechanisms refers to creating supportive physical and

"environmental"  sustainability intervention

institutional environments for physical exercise. For

example, ensuring sufficient sports facilities, open hours,
creating a positive campus sports culture atmosphere, and
institutionalizing  intervention = measures such  as
incorporating them into the curriculum system and credit
recognition.

The 'social' sustainability of intervention behavior: its core

lies in students' intrinsic motivation and health equity. The
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intervention mechanism cannot rely solely on coercion, but
should focus on stimulating students' intrinsic interests, such
as project interest, sense of belonging to clubs, etc; Satisfy
their social and psychological needs, such as companionship
support, sense of achievement, etc; Ensure that all students,
including obese students, can participate fairly and benefit
from it.

The "economic" sustainability of intervention systems refers
to the feasibility and long-term viability of intervention
programs in terms of resource investment. It should not be a
"bonsai project” that consumes huge amounts of money and
relies on short-term projects, but should be low-cost,
efficient, and easy to promote. For example, utilizing
existing faculty and facilities, cultivating student sports
backbone, and designing sports programs.

Sustainable physical exercise is a long-term, not a one-time
activity. Can integrate into campus daily life and systems,
rather than exist in isolation. It can help students transition
from passive participation to active persistence, cultivating

their lifelong exercise habits and abilities.

2.2.Exploration of Sustainable Sports Exercise
Intervention Mechanism

2.2.1.Health Promotion Type

The core objective of this mechanism is to improve students'
physical health indicators, with a focus on optimizing
physical health parameters such as body fat percentage,
blood pressure, and muscle mass. The typical practice form
the
mechanism, which is based on individual physical health
and health

professional teachers develop personalized and periodic

is "college student health exercise prescription”

assessment risk assessment results, and
exercise plans, and dynamically adjust them according to the
stage assessment results. This mechanism emphasizes the
scientific and targeted nature of exercise, and is combined
with a digital health management platform to achieve precise
monitoring and feedback of the exercise process through

technological empowerment.

2.2.2.Interest cultivation type

The fundamental goal of this mechanism is to stimulate
students' interest in sports and cultivate long-term exercise

habits, emphasizing the emotional experience and intrinsic
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motivation cultivation during the process of physical
exercise. The approach is to rely on two organizational
forms, namely "sports course selection" and "sports clubs",
to provide diversified and personalized sports projects
including rock climbing, aerobics, tug of war, etc.,
emphasizing students' autonomy and fun experience in the
participation process, rather than solely focusing on skill
achievement, thus promoting their transformation from

"passive participation" to "active participation".

2.2.3.Integration of Vocational Education
(Characteristics of Higher Vocational
Education)

This mechanism is an important path to reflect the
characteristics of higher vocational education, with the goal
of integrating physical exercise with the physical fitness
required for students' future careers, and enhancing their
physical adaptability to their professional positions. The
practical form is to construct a "vocational physical fitness
training" system, designing exercise content with "quasi
professional” characteristics based on typical job tasks and
fitness needs to different

physical corresponding

professional groups.

2.2.4.Suggestions for the Construction of
Sustainable Physical Exercise Intervention
Mechanism in Vocational Colleges

Promote systematic integration and build a composite
educational ecosystem. We should abandon fragmented and
isolated ways of organizing sports activities, and instead
systematically integrate the four elements of "clubs, courses,
events, and environment" at the top-level design level to
build a composite campus sports education ecosystem that is
interconnected and functionally complementary. By laying
the foundation through courses, deepening interests through
clubs, providing exhibition platforms for competitions, and
creating a supportive atmosphere in the environment, a
collaborative and efficient educational force is formed.

the

strengthen the development of internal drive. Different from

Deepen integration of vocational education and
ordinary universities, vocational colleges should vigorously
develop and promote the "vocational education integration"
physical exercise mode, closely combining physical training
with the specific physical literacy required for students'

future careers. This model transforms physical exercise into
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an effective way to enhance professional competence, which
can significantly stimulate students' motivation to participate
and achieve a cognitive transformation from T want to
exercise' to 'T want to exercise'.

Promote technological empowerment, achieve precise
management and incentives. We should actively introduce
digital tools such as intelligent mobile applications and
wearable devices to alleviate the relative shortage of
Through

technological means, personalized tracking, data-driven

professional  physical education teachers.
analysis, and real-time feedback of students' exercise process
can be achieved, improving the level of refined management
and providing visual progress incentives for students.
Improve incentive feedback mechanisms to meet diverse
needs. Build a diversified incentive system that includes
institutional incentives, data feedback, and spiritual honor.
Incorporate physical exercise into credit recognition,
generate personalized exercise reports through digital
platforms, and establish various sports honors and awards to
meet students' different needs in achievement recognition,
ability proof, and social and

respect, continuously

consolidate their exercise behavior.

3.Principle of intervention mechanism

3.1.Aerobic exercise regulation intervention

3.1.1.Principles of Energy Metabolism
Regulation

The core mechanism of this principle is to establish a
sustained negative energy balance through scientific exercise
intervention, thereby directly promoting fat consumption.
The specific pathways of action include:
Direct fat oxidation during exercise: In moderate to
low-intensity, long-term aerobic exercise, the body oxidizes
and decomposes fat as the main energy source under
sufficient oxygen supply conditions, effectively reducing
body fat storage;

Excessive oxygen consumption after exercise: After exercise,
the body maintains a high oxygen consumption rate to
restore internal homeostasis, continuously burning calories
and fat. This phenomenon is called "excessive oxygen
consumption after exercise", which helps to increase
24-hour total energy expenditure and fat consumption;

Improvement of basal metabolic rate: Long term regular

100

aerobic exercise can help increase lean body mass, improve

mitochondrial structure and function, and moderately

increase resting metabolic rate, enhancing energy

expenditure ability in non exercise states.

3.1.2.Principles of Endocrine and Metabolic
Regulation

The core of this principle lies in improving the metabolic
regulatory environment of the body through exercise,
enhancing insulin sensitivity, and optimizing lipid
metabolism pathways. The mechanism mainly includes:
Enhance insulin sensitivity: aerobic exercise can promote
the uptake and utilization of glucose in skeletal muscles,
reduce insulin resistance, and play a key role in preventing
and improving type II diabetes, especially for obese
students;

Regulating lipid metabolism related hormones: Exercise can
inhibit the secretion of hormones that promote fat synthesis,
while activating hormones that promote fat breakdown, such
as catecholamine release, thereby improving body fat

metabolism balance.

3.1.3.Principles of cardiovascular and
cardiopulmonary function regulation

This principle aims to enhance the efficiency of oxygen
delivery and utilization in the body through aerobic exercise,
The

mechanism mainly includes: enhancing myocardial function,

thereby improving overall exercise tolerance.
exercise training can improve myocardial contractility,
increase cardiac output per stroke, and improve cardiac
pumping efficiency; The improvement of aerobic capacity is
manifested as an increase in maximum oxygen uptake,
which is the standard for evaluating cardiopulmonary
function. The increase in maximum oxygen uptake means an
increase in oxygen utilization efficiency, a reduction in
fatigue during exercise, an improvement in exercise
tolerance, and thus contributes to the long-term persistence

of physical exercise behavior.

3.1.4.Principles of psychological and behavioral
regulation

This principle focuses on the positive impact of physical
exercise on the psychological state and behavioral patterns

of college students, promoting the formation and
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maintenance of exercise habits. The mechanism mainly
includes: neuroendocrine regulation, sustained moderate to
low intensity aerobic exercise can stimulate the release of
endorphins, generate pleasant emotions, relieve stress and
anxiety, thereby reducing emotional overeating and eating
behavior; Improving self-efficacy, by achieving phased
exercise goals such as running distance, energy consumption,
etc., students can receive immediate achievement feedback
and enhance their self belief in "I can do it", which is the key
psychological foundation for persisting in physical exercise;
The behavioral habituation mechanism embeds regular
aerobic exercise into daily life rhythms, forming stable
behavioral patterns that help improve the persistence of
physical exercise, promote the automation and long-term

persistence of exercise behavior.

4.Construction of intervention mechanism

4.1.Construction of Systematic Intervention
Mechanism for Aerobic Exercise

The

mechanism, as the core link of aerobic exercise systematic

personalized  exercise  prescription  regulation
regulation intervention, is based on the FITT principle to
construct a personalized plan. The specific regulation
mechanism is as follows: exercise intensity regulation. To
of

individualized setting method is adopted, mainly based on

avoid  homogenization exercise  intensity, an
the heart rate interval method, such as controlling within
60% -70% of the maximum heart rate, that is, the fat
efficient oxidation interval or subjective fatigue sensation
scale, to ensure that exercise stimulation is within a safe and
effective range. In the early stages of intervention, it is
recommended to start with low intensity to reduce the risk of
sports injuries and psychological distress. Time and
frequency adjustment, according to the "American Physical
Activity Guidelines", the initial goal is to exercise 3-5 times
a week, each time lasting more than 30 minutes, and support
phased accumulation, such as 10 minutes each time,
completing 3 times for a total of 30 minutes. With the
gradual improvement of students' physical fitness adaptation,
the ultimate goal is to accumulate 150 minutes of moderate
intensity aerobic exercise per week.

The advanced load regulation module is designed based on
the physiological principle of "over recovery", aiming to

gradually increase the load, continuously optimize the
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training effect, and prevent the occurrence of plateau period.
The specific mechanism is to establish a dynamic evaluation
and load adjustment mechanism, implement physical fitness
assessment every 4-8 weeks, and gradually increase exercise
duration, frequency, or intensity based on the assessment
results to maintain the fun and effectiveness of exercise
stimulation.

The diversified adjustment module for types and scenarios
aims to enhance interest and behavioral compliance in sports
participation. Through the design of diversified sports types
and scenarios, it alleviates the monotony of the exercise
process. The specific implementation mechanism includes
building an aerobic exercise resource library that covers
projects such as campus jogging, brisk walking, swimming,
spinning bikes, aerobic fitness exercises, dance, and
skipping rope; And combined with the campus physical
environment, club organization activities, and technology
platforms, enhance the fun and participation appeal of
aerobic exercise.

The monitoring and feedback regulation module, based on
behavior reinforcement theory, enhances students' exercise
motivation through systematic data monitoring and result
feedback, and provides empirical evidence for prescription
adjustment. The specific mechanism includes: process
monitoring, guiding students to use tools such as heart rate
wristbands and exercise apps, and systematically recording
key indicators such as heart rate, exercise duration, distance,
and energy consumption; Consequential feedback: Regularly
generate individual exercise health reports, correlate process
data with physical indicators, and analyze changes in weight,
body fat

cardiopulmonary function to enable students to intuitively

percentage, waist circumference, and
recognize exercise effectiveness and construct a positive
stimulation closed-loop system of "behavior data feedback

reinforcement”.

4.2.Health Behavior Habitation Module

This module is based on the theory of habit formation and
aims to promote the automation and long-term maintenance
of healthy exercise behavior through systematic behavior
design. Specific implementation strategies include:

Execution intention training, physical education teachers
guide students to develop "if then" plans, such as "if I feel
increased stress and have a desire to eat, then I will take a 10

minute walk", transforming abstract exercise intentions into
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automated behavioral responses in specific contexts,
enhancing the clarity and immediacy of behavior execution.
Habit connection and environmental reconstruction guide
students to connect new exercise behaviors with existing
daily habits, such as "completing 10 squats immediately
after brushing teeth every day", and optimize the external
environment in which the behavior occurs, such as
"preparing sportswear before bedtime for morning jogging",
to reduce the resistance to behavior initiation and promote
the effective solidification of new behavior patterns.
Construction of a process oriented incentive system,
establishing a non weight centered incentive system with
effort the

strengthening students' positive behavior during exercise

and behavior persistence as core, and
through the establishment of honorary titles such as "Full

Attendance Participation Award" and "Stage Progress
Award", rather than solely relying on weight changes as
evaluation criteria, thereby enhancing intrinsic motivation

and behavioral sustainability.

4.3.Positive body image construction module

This module aims to improve physical cognition and self
acceptance, and alleviate psychological and behavioral
disorders caused by physical dissatisfaction through
cognitive reconstruction and media critical education

Body function appreciation training, by assigning the task of
writing a "body function diary", guides students to record a
valuable activity completed by their body every day, such as
"successfully completing a three kilometer run", gradually
shifting their focus from external physical form to body
function and ability, and establishing a sense of respect for
the body based on function.

Body image media literacy education aims to help students
identify and resist irrational social comparisons by analyzing
the constructiveness and unreality of the "ideal body" image
in mass media and social platforms, cultivate their
understanding and acceptance of body diversity, and reduce

the impact of appearance anxiety on sports participation.

5.Reshaping Sustainable Physical Exercise
Literacy

The core goal of the implementation strategy for reshaping
sustainable physical exercise literacy is to internalize
physical exercise from an external mandatory "task" into

students' conscious and lifelong "literacy" and "lifestyle".
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This requires the collaborative efforts of schools, teachers,

and students to form a complete educational ecosystem.

5.1.School level

Top level design and supportive environment shaping,
schools are the "engine" and "soil" of this mechanism,
responsible for providing institutional, resource, and cultural
guarantees. Incorporate 'health first, lifelong sports' into the
official development plan of the school to enhance the
strategic position of sports work. The school has established
a "Healthy Campus Committee": led by school leaders, with
the participation of the Sports Department, Student Affairs
Office, Academic Affairs Office, Logistics, Medical Office,
and various secondary colleges, to break down departmental
barriers and coordinate resources. For students: Promote the
"Sports Comprehensive Literacy Credit", which not only
looks at physical test scores, but also includes attendance
rate, progress, participation in clubs and competitions, and
sports theory knowledge in the assessment, achieving a
combination of process and outcome evaluation. For
departments/classes: Incorporate the rate of students'
physical health compliance and participation in sports
activities into the work assessment of departments and
counselors, and form an incentive mechanism.

Resource integration and conditional support strategies are
used to create a physical and digital environment for
students that is "dynamic, active, and convenient to move".
Hardware upgrade and intelligence, adding, updating, and
maintaining sports venues and equipment. Introduce the
"Smart Playground" system, which automatically records
student movement data through facial recognition and IoT
devices, and connects with the academic system. Diversified
funding support, establishment of special activity funds for
sports clubs and reward funds for on campus and off campus
sports events, and encouragement of social resources to
participate. Micro updates in time and space ensure that
venues are fully open during spare time. Set up a
"fragmented fitness corner" on campus open space and equip
dormitory buildings with simple equipment such as yoga
mats.

Cultural creation and brand activity strategies aim to make
physical exercise the most trendy cultural symbol on campus.
Create a brand sports festival, hold annual events such as
"Sports Culture Festival", "Campus Marathon", "Fun Tug of

War", "Physical Challenge", etc., and give it a unique sense
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of ceremony and honor system. Empower sports clubs,
encourage and support students to establish diversified
sports clubs such as cycling clubs, street dance clubs, and
rock climbing clubs, and provide professional guidance,
activity funding, and exhibition platforms to make them a
source of vitality for sports culture. Stereoscopic promotion,
utilizing campus media, vigorously promoting the stories of
"exercise experts" and "progressive stars", and shaping

positive role models.

5.2.Teacher level

Role transformation and ability enhancement, teachers are
the "catalysts" and "guides" of this mechanism, and need to
transform from "command issuers" to "interest motivators,
method guides, and growth partners".

Teaching philosophy and role transformation strategy, from
"teaching physical education” to "teaching people to achieve
health and growth through physical education". Promote a
student-centered individual

teaching method, respect

differences, shift from "command based" teaching to
"guided" and "encouraging" teaching, and focus on students'
sense of experience, achievement, and learning pleasure. A
"sports mentor" is not only a teacher in the classroom, but
also a consultant for students' sports life, helping them
develop personalized exercise plans and solve the difficulties
they encounter in the process of persistence.

Innovative strategies for teaching content and methods to
make physical education classes "useful, interesting, and
selective". Develop "modular" courses, break the traditional
single course model, and offer "weight loss and shaping
classes", "physical fitness enhancement classes", "outdoor
expansion classes", "fitness and bodybuilding classes", etc.,
allowing students to choose independently based on their
interests and needs.

Deepen the integration of vocational education, cooperate
with various majors, and develop targeted "vocational
physical training" content, such as neck and lumbar spine
health exercises for IT majors, allowing students to
intuitively experience the value of physical exercise for
future careers.

Integrating health theory education: Systematically teaching
knowledge such as sports physiology, nutrition, injury
prevention, and sports psychology in physical education

classes to cultivate students' "sports and health concepts".

Collaborative education and attention to individual strategies,
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building a sports support network that involves all members.
Collaborate with counselors, regularly communicate, and
jointly pay attention to the physical exercise and
psychological status of special student groups such as
obesity and frailty. Train student sports backbone, cultivate
"sports committee members" or "sports leaders" in classes
and clubs, and play the role of peer education and role

models.

5.3.Student level

The cultivation of subject consciousness and behavior,
students are the "ultimate subjects" and "practitioners" of
this mechanism, and the awakening of their internal
motivation and changes in behavior are the fundamental
signs of strategic success.

Cognitive arousal and goal management strategies help
students transform from passive participants to active
planners. Carry out "self diagnosis of sports literacy",
through questionnaire surveys and interpretation of physical
test data, to enable students to have a clear understanding of
their physical condition, exercise ability, and health risks,
and stimulate their intrinsic motivation for change. Guide
the development of a "personal exercise prescription”" and
guide students to set clear, measurable, achievable, related,
and time limited personalized exercise goals based on the
SMART principle, such as "losing 5 pounds through jogging
this semester" and "increasing the number of pull ups from 0
to 3".

Strategies for mastering skills and solidifying habits,
teaching students the ways and methods of motor skills, and
helping them become accustomed to sports behavior.
Encourage students to deepen their learning and master at
least one sport they truly love during their school years, as a
carrier of lifelong exercise. Learn the "micro habit"
cultivation method, teach students to start with small goals
such as "exercising for 10 minutes every day", lower the
threshold for starting exercise, and use the "habit stacking"
method to integrate exercise into daily life rhythm. Make
good use of digital tools, encourage students to use sports
apps to record check-in, join online sports communities, and
use the power of technology to obtain guidance, feedback,
and social motivation.

Community integration and positive mindset strategies
students to find a

enable sense of belonging and

achievement within the collective. Encourage students to
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join a sports club or group based on their interests, using
peer pressure and social fun to overcome laziness. Cultivate
a 'growth mindset', guide students to view the bottlenecks
and setbacks in exercise correctly, shift their focus from
'why am I so fat' to ' ran one more lap today than yesterday’,
and celebrate every small progress. Practice 'body function
appreciation', reduce anxiety about appearance, and instead
appreciate and appreciate every improvement in physical
movement ability.

These three levels of strategies are interdependent and
mutually reinforcing. Schools create the overall environment
and possibilities, with teachers as key guides and enablers,
and students as active participants and practitioners,
ultimately forming the value endpoint and source of vitality
of the entire system. Only through the collaboration of three
parties and the formation of a joint force can we truly
achieve a deep reshaping of the sustainable physical exercise

literacy of vocational college students.

Conclusion

Theoretical framework and mechanism innovation: This
study goes beyond the simple initiative of "multi sport" and
constructs a multidimensional, integrated, and mind body co
governance sustainable physical exercise intervention
theoretical framework. This framework is based on the
physiological principle of "energy metabolism regulation" to
ensure the scientific and effective intervention; Using
"mental health regulation" as an internal engine, by
stimulating intrinsic motivation, reconstructing cognition,
and cultivating positive body images, we can break through
the psychological bottleneck of behavioral persistence; In
the end, each link was concretized and systematized through
included motivational

an intervention mechanism that

stimulation, content methods, and support guarantees,
ensuring the integrity and operability of the intervention.

Implementation strategy and subject collaboration: To
ensure the implementation of the mechanism, this study
the

collaboration of three major subjects: schools, teachers, and

proposes an implementation strategy driven by
students. At the school level, a supportive 'big environment'
has been constructed through top-level design, resource
integration, and cultural creation; At the teacher level, they
play a key "catalyst" role through role transformation,
teaching innovation, and collaborative education; At the

student level, their core position as "active practitioners" has
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been established through cognitive awakening, skill mastery,
These
together

and community integration. three levels are

interconnected, weaving a three-dimensional
network that promotes the reshaping of sustainable physical
exercise literacy.

Pattern exploration and path design: The study deeply
explores diversified sustainable sports exercise patterns such
as community socialization, technological empowerment,
event honors, and environmental guidance, and innovatively
proposes a "vocational education integration" pattern that
fits the characteristics of higher vocational education. On
this basis, this study has planned a campus implementation
path from top-level design to comprehensive promotion,
ultimately achieving normalized operation, providing a clear
roadmap for the intervention plan to move from blueprint to

reality.
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During the critical growth stage of children aged 3—6, dance education plays a prominent role in their

physical, cognitive, emotional and social development. Based on the concept of sustainable development,
Stratified training; this study systematically reviews theories of early childhood education, physical literacy and dance
Sustainable education, clarifies the connotation and requirements of the concept in early childhood dance education,
development; and identifies gaps in existing research. Guided by principles such as developmentality, it constructs a
Cognitive hierarchical physical literacy training path for young children’s dance learning, categorizing children by
development; age and ability with tailored teaching methods. The findings provide a scientific framework for early

Dance movements childhood dance teaching, enhance teaching effectiveness, stimulate children’s learning interest, facilitate

teachers > professional growth, and offer insights for the scientific advancement of early childhood

education.

INTRODUCTION

During the critical period of young children's growth, dance
education, as a unique and diverse educational approach,
plays an undeniable role in the development of children aged
3-6. From the perspective of physical development, young
children are in a stage of rapid bone and muscle
development. Various movements in dance activities, such as
walking, running, jumping, and spinning, can effectively
exercise children's muscle strength, enhance joint flexibility
and agility, promote the coordinated development of large
and small muscle groups, and lay the foundation for
children's good body posture and exercise ability. At the
level of cognitive development, young children's thinking is
mainly based on concrete and visual thinking. Dance,
through vivid movements, cheerful rhythms, and rich
contexts, can stimulate children's observation, attention, and
memory. For example, when learning a dance that imitates
small animals, young children need to carefully observe the
shape and movement characteristics of the animals,

remember the order and key points of the dance, which helps

to improve their cognitive abilities. In terms of emotional
and social development, dance provides young children with
an outlet to express their emotions, allowing them to release
their emotions and enhance their confidence through dance.
Collective dance activities can also cultivate children's
teamwork awareness and social skills, allowing them to
learn how to collaborate, share, and communicate with
peers.

With the development of society and the updating of

educational  concepts, the concept of sustainable
development has gradually penetrated into various fields of
education. Integrating the concept of sustainable

development into early childhood dance education is of great
significance. The concept of sustainable development
emphasizes the long-term benefits, comprehensiveness, and
harmonious coexistence between individuals and the
environment of education. Incorporating this concept into
early childhood dance education can help break the

short-term utilitarian goals that may exist in traditional
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dance education, such as simply pursuing training in dance
skills, but placing more emphasis on the comprehensive and
long-term development of children's physical literacy.
Guided by the concept of sustainable development, early
childhood dance education can pay attention to the
individual differences and developmental rhythms of each
child, provide them with a sustainable dance learning
environment and content, and promote their sustainable
growth in physical, psychological, emotional, and other
aspects. This is not only beneficial for the healthy
development of young children in their early childhood stage,
but also lays a solid foundation for their future learning and
life, and has a positive demonstration effect on promoting
the scientific development of the entire field of early

childhood education.

1.Current research status of early childhood
dance education

In China, research on early childhood dance education is
gradually receiving attention, and related research results are
constantly emerging. In terms of educational goals, many
scholars emphasize that early childhood dance education
should not only focus on imparting dance skills, but also pay
attention to the comprehensive development of young
children. Through dance education, cultivate children's
aesthetic ability, creativity, expressiveness, and emotional
expression ability. In terms of teaching content, research
suggests that dance materials should be selected based on
the age characteristics and interests of young children, such
as selecting child friendly dances, ethnic and folk dances,
etc., so that the dance content is close to the children's life
experience and stimulates their learning interest. In terms of
teaching methods, advocating diversified teaching methods
such as story introduction method, game teaching method,
situational teaching method, etc., to improve children's
learning enthusiasm and initiative. For example, by telling
an interesting story and incorporating dance movements into
the story, children can learn dance in context, enhancing the
fun of dance learning.

Research on early childhood dance education in foreign
countries started earlier and has accumulated rich experience
in educational concepts and teaching practices. In terms of
educational philosophy, it emphasizes putting young
children at the center, respecting their individual differences

and developmental needs, and focusing on cultivating their
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self-learning ability and innovative spirit. In teaching
practice, diversified teaching modes are adopted, such as
improvisational dance teaching, creative dance teaching, etc.,
to encourage children to unleash their imagination and
creativity, and freely express their emotions and ideas.
Foreign countries also place great emphasis on the
integration of dance education with other disciplines, such as
combining dance with music, art, literature, and other
subjects to broaden children's artistic horizons and cultivate
their comprehensive artistic literacy.

However, existing research on the cultivation of physical
literacy in early childhood dance education still has certain
shortcomings. In terms of training objectives, although the
importance of early childhood dance education for children's
physical development is recognized, there is a lack of
comprehensive and systematic planning for the training
objectives of various elements of physical literacy. Often,
the focus is only on training dance skills, while neglecting
the cultivation of physical fitness, sports cognition, and
emotional attitudes. In terms of teaching content, the design
and arrangement of dance movements focus more on the
artistic and ornamental aspects of dance, and there is
insufficient research on how to effectively enhance
children's physical literacy through dance activities. In terms
of teaching methods, there is a lack of personalized teaching
methods tailored to the different developmental stages and
levels of physical literacy in young children, making it

difficult to meet the learning needs of each child.

2.Layered cultivation path design in preschool
dance activities

2.1.Path design principles

Based on the theory of sustainable development, when
designing a layered training model for dance activities for
children aged 3-6, it is necessary to follow the important
fun,

comprehensiveness to ensure the scientific, effective, and

principles of development, differentiation, and
appropriate path.

The first principle of path design is development. Children
are in a stage of rapid physical and cognitive development,
should fully their

developmental potential, providing them with appropriate

and dance activities consider
movement training and cognitive development. The teaching

content and difficulty should gradually progress according to
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the age and physical development level of young children,
from simple basic movement training to complex dance
combination exercises, constantly stimulating their physical
potential and promoting the continuous improvement of
their physical abilities. In dance teaching for 3-4 year old
children, the focus should be on cultivating their basic motor
skills, such as the correct posture and sense of rhythm for
walking, running, and jumping; As age increases, the
difficulty and complexity of dance movements can gradually
increase in the 5-6 year old stage, introducing movements
that require body coordination and balance, such as rotation,
jumping, etc., to meet the needs of young children's physical
development.

The second principle of path design is diversity, which
emphasizes paying attention to individual differences of
young children, including physical conditions, interests,
learning abilities, and other aspects. Every child is a unique
individual, with varying rates and characteristics of physical
development. Therefore, path design should be layered
based on the differences of young children, and personalized
should be

developed for different levels of young children. For young

teaching objectives, content, and methods
children with good physical fitness and strong athletic
abilities, more challenging dance training content can be
provided to cultivate their dance skills and expressive
abilities; For young children with relatively weak physical
fitness and slower development of physical abilities,
emphasis should be placed on training their basic physical
abilities and cultivating their interests, using milder and
gradual teaching methods to help them gradually improve
their physical abilities.

The third principle of path design is fun, and the fun
principle is the key to attracting young children to actively
participate in dance activities. Children's attention and
interest are easily diverted, and only interesting dance
activities can stimulate their learning enthusiasm and
initiative. In dance teaching, various interesting teaching
methods such as games, stories, and role-playing can be
used to integrate dance movements into interesting contexts.
By playing the game "Action Imitation Show", children can
imitate the movements of various animals and plants, such
as small rabbits jumping and small trees standing tall, and
learn and practice dance movements in the game. This
allows children to experience the joy of dance in a relaxed
and pleasant atmosphere, and improve their physical

literacy.
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The fourth principle of path design is comprehensiveness,
which requires dance activities to not only focus on a certain
of but

comprehensively consider the development of multiple

aspect children's physical abilities, also
dimensions such as physical fitness, motor skills, motor
cognition, and emotional attitudes. Dance teaching content
should cover various forms and elements of dance, while
combining knowledge of physical exercise, health education,
the

development of children's physical and mental health. In

and other aspects to promote comprehensive
dance classes, some simple sports games can be added, such
as relay races, obstacle jumps, etc., to exercise children's
physical fitness; At the same time, by explaining knowledge
such as body structure and movement principles, children's
motor cognition level can be improved. Pay attention to
cultivating children's emotional cognition, encourage them
to express their emotions and feelings in dance, enhance

their confidence and teamwork spirit.

2.2.Path layering basis and hierarchical
division

Age is an important stratification criterion. There are
significant stage differences in physical and cognitive
development among children aged 3-6. Children aged 3-4
are in the basic stage of physical development, with poor
coordination and flexibility of movements, and their
cognitive abilities are mainly based on concrete and intuitive
thinking. Children at this stage are more suitable for learning
simple and basic dance movements, such as basic steps,
hand positions, etc., in dance activities, and improving the
accuracy and stability of movements through repeated
Children aged 4-5 have

coordination and motor skills, and begin to develop a certain

practice. improved physical
sense of rthythm and imitation ability. In dance teaching, the
difficulty and diversity of dance movements can be
appropriately  increased, and some simple dance
combinations can be introduced to cultivate children's sense
of rhythm and expression. Children aged 5-6 have further
developed various physical abilities, able to understand
complex dance movements and instructions, and possess
strong creativity and imagination. At this time, dance
teaching can focus more on training dance skills and
rehearsing dance works, encouraging children to unleash
their creativity and perform dance.

The level of physical ability development is also a key factor
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in stratification. By evaluating the physical fitness, athletic
ability, and physical cognition of young children, they can
be classified into different levels. Children with good
physical fitness, strong athletic abilities, and high levels of
physical cognition can be classified as high-level; Children
with moderate physical fitness and athletic ability, as well as
average physical cognitive level, are considered at the
intermediate level; Children with weaker physical fitness,
slower development of athletic abilities, and lower levels of
physical cognition belong to the lower level. For high-level
young children, more challenging dance training can be
provided, such as difficult dance technique exercises,
complex dance rehearsals, etc., to further enhance their
physical abilities. Middle level children are taught dance
with moderate difficulty, focusing on consolidating and
improving their physical fitness and athletic abilities. Low
level children mainly receive basic dance training and
physical fitness exercises to help them gradually improve
their physical fitness and keep up with the teaching progress.
Interests and hobbies cannot be ignored in terms of
hierarchical division. The level and direction of children's
interest in dance will affect their participation and learning
outcomes in dance activities. Children who have a strong
interest in dance and demonstrate high talent can receive
more attention and training, providing richer dance learning
resources and exhibition opportunities. For children with
average interests, it is necessary to stimulate their interest
and guide them to actively participate in dance activities
through diverse teaching methods and interesting teaching
content. Some children are interested in ethnic dance, while
others enjoy modern dance. Teachers can provide
corresponding dance teaching content based on children's
interests and hobbies to meet their personalized needs.

Based on the above stratification criteria, children are
divided into three levels: low, medium, and high. The
characteristics of low-level children are relatively weak
physical fitness and motor ability, poor physical
coordination and flexibility, and limited cognitive and
understanding abilities of dance. The physical fitness and
athletic ability of middle level children have developed to a
certain extent, with improved physical coordination and
flexibility, as well as enhanced recognition and
understanding of dance. High level young children have
good physical fitness, strong athletic ability, excellent
physical coordination and flexibility, and have a deep

understanding and knowledge of dance, as well as a certain
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degree of creativity and expressiveness.

2.3.Training objectives and content
architecture

Developing specific and targeted physical literacy training
objectives for children of different levels, and constructing a
comprehensive and systematic content framework, are the
key to achieving hierarchical training.

For low-level children, the goal of physical ability
development mainly focuses on improving their basic
physical fitness and stimulating their interest in dance. In
terms of physical fitness, children can enhance their muscle
strength, joint flexibility, and body coordination through
simple sports games and dance exercises. Encourage young
children to engage in simple activities such as jumping and
stretching to exercise their upper and lower limb strength,
coordination, and flexibility. In the cultivation of dance
interest, vivid and interesting teaching methods such as story
introduction and game teaching are adopted, allowing
children to experience the joy of dance in a relaxed and
pleasant atmosphere. In terms of content framework, the
basic knowledge of dance section focuses on helping young
the types,

characteristics of dance, such as ethnic dance, ballet, modern

children understand basic concepts, and

dance, etc. By watching dance videos, teacher
demonstrations, and other methods, children can have a
preliminary understanding of dance. Skill training mainly
focuses on learning basic dance movements, including
correct standing posture, walking steps, simple hand and
foot positions, etc. These movements are the foundation of
dance, and through repeated practice, they help young
children master the correct body posture and movement
norms. In the process of improving physical fitness, arrange
some simple sports activities such as short distance running,
simple climbing, balanced walking, etc., to exercise
children's physical abilities.

The training objectives for middle level children have
further improved in terms of physical ability and dance skills.
In terms of physical ability, it is required that young children
have significant improvements in strength, speed, endurance,
coordination, and other aspects. Enhance children's physical
fitness through more challenging sports games and dance
training, such as freestyle skipping rope, kicking shuttlecock,
and more complex dance combination exercises. In terms of
dance skills, the

emphasis is placed on cultivating
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standardization, fluency, and expressiveness of dance
movements. Teach young children to grasp the rhythm of
dance, coordinate and transform movements, and improve
the overall quality of dance. In the content framework, the
learning of basic dance knowledge is more in-depth, and
young children need to understand the history and cultural
background of dance, as well as the basic principles of dance
creation. By learning the history and culture of different
ethnic dances, young children can experience the cultural
connotations of dance. In the skill training section, we will
increase the training content of dance techniques, such as
learning simple skills such as rotation, jumping, and flipping,
while strengthening the practice of dance combinations to
of

improving physical fitness, some sports activities that

improve children's dance performance. In terms
require physical coordination and teamwork should be
carried out, such as indoor basketball, mini soccer and other
ball games, to cultivate children's teamwork spirit and
physical coordination.

The training objectives for high-level young children focus
on the mastery of dance skills and the full expression of
creativity. In terms of dance skills, children are required to
be proficient in high difficulty dance movements such as
complex jumps, rotations, somersaults, etc., and possess
excellent dance expression and artistic appeal. In terms of
cultivating creativity, encourage young children to create
dance works and unleash their imagination and innovative
thinking. In the content framework, basic knowledge of
dance involves aesthetic appreciation of dance art and
analysis and evaluation of dance works. By appreciating
classic dance works, guiding young children to analyze the
artistic characteristics, expression techniques, and emotional
expressions of the works, we aim to enhance their aesthetic
abilities. Skill training mainly focuses on the training of high
difficulty dance techniques, while also emphasizing the
grasp and expression of dance styles. The creativity
cultivation stage provides rich creative materials and free
creative space, allowing children to create dance according
to their own interests and ideas, and organizing dance work
and communication activities to

exhibitions improve

children's creative ability and confidence.

2.4.Teaching Methods and Strategies

In order to achieve the physical ability development goals of

children at different levels, it is necessary to adopt diverse
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and personalized teaching methods and strategies.

Dance game teaching method is an effective teaching
method suitable for dance education of young children at all
levels. Games can stimulate children's interest in learning,
allowing them to learn dance movements in a relaxed and
enjoyable atmosphere. For low-level children, simple dance
games can be designed, such as "Dance Movement Imitation
Show", where basic dance movements are choreographed
into different shapes and content, and children complete the
movements one by one. This not only exercises children's
basic movement abilities, but also enhances the fun of the
game. Middle level children can participate in more
challenging dance games, such as "dance puzzles", which
break down dance movements into several movement shapes.
By completing the movement shape puzzle, children can
learn the sequence of dance movements, improve their dance
memory and sense of rhythm. High level young children can
engage in dance creative games, such as "improvisational
dance creation". Given a theme or music, young children can
engage in improvisational dance creation within a specified
time frame, unleashing their creativity and imagination.

The situational teaching method creates vivid dance
scenarios to allow children to experience the charm of dance
and improve their dance performance. For low-level children,
fairy tale scenarios can be created, such as "Little Red
Riding Hood's Dance Journey", where children play Little
Red Riding Hood and imitate her movements and plot in the
dance, enhancing the fun and situational sense of the dance.
Middle level children can participate in dance teaching in
historical and cultural contexts, such as the "Ancient Palace
Dance Experience", allowing them to understand the
characteristics and cultural background of ancient palace
dance, learn and perform palace dance in the context, and
improve their dance cultural literacy. High level young
children can engage in dance creation in real-life situations,
such as "campus life dance", allowing them to observe
scenes and characters in campus life, transform them into
dance movements and plots, create and perform dance works,
and cultivate their observation ability and artistic expression.
Heuristic teaching method focuses on guiding young
children to think and explore independently, cultivating their
innovative thinking and problem-solving abilities. In dance
teaching, teachers can inspire children to think about
changes and innovations in dance movements through
questioning, guidance, and other methods. For low-level

children, teachers can ask 'If you were a little bird, how
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would you fly?' to guide children to use their imagination
Middle level

children, teachers can ask more challenging questions, such

and create their own dance movements.
as "How to connect these two dance movements more
smoothly?" to encourage children to think and try different
ways of connection, improving their dance skills. For
high-level young children, teachers can guide them to
conduct in-depth analysis and reflection on dance works,
such as "What emotions does this dance work express? How
can you better express this emotion through dance
movements?" to stimulate their innovative thinking and
artistic expression.

Personalized guidance is an important teaching strategy to
meet the individual differences of young children. Teachers
should pay attention to the learning situation and
developmental needs of each child, and provide personalized
guidance based on the characteristics of children at different
levels. For low-level children, teachers should provide more
patience and encouragement, pay attention to their mastery
of basic movements, and correct erroneous movements in a
timely manner. For middle level children, teachers can
provide more specific guidance in dance skills and
expression, helping them break through bottlenecks and
improve their dance level. For high-level young children,
teachers should focus on inspiring their creativity and artistic
cultivation, providing professional advice and guidance, and
promoting the improvement of their dance creation and
performance abilities.

Group cooperative learning is also an effective teaching
strategy. Through group cooperation, young children can
learn and communicate with each other, cultivate teamwork
spirit and social skills. In dance teaching, children can be
divided into groups to rehearse and perform dance works
together. Low level preschool groups can practice simple
dance combinations, learn from each other, and correct
movements. Middle level preschool groups can collaborate
to choreograph a small dance piece, divide tasks and work
the

performance of the dance. High level preschool groups can

together to complete planning, rehearsal, and

engage in more complex dance creation and performance.
Through group discussions and cooperation, each child's

strengths can be leveraged to create better dance works.
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3.Practical problems and improvement
measures of the path

In the practical process, when encountering problems, it is
necessary to solve them in a timely manner to further
improve the hierarchical cultivation model. The adaptation
problem of teachers to hierarchical teaching is particularly
prominent. Some teachers are accustomed to the traditional
"one size fits all" teaching model, and when implementing
hierarchical teaching, it is difficult to provide personalized
teaching based on the characteristics and needs of children at
different levels. There are certain deviations in the selection
of teaching content and the application of teaching methods,
resulting in unsatisfactory teaching outcomes. To solve this
problem, it is necessary to strengthen the training and
guidance of teachers, regularly organize teachers to
participate in training courses and seminars on hierarchical
teaching, and invite experts to give lectures and guidance.
Establish a teacher communication platform to allow
teachers to share their experiences and insights on layered
teaching, and jointly explore problems and solutions
encountered in teaching. Encourage teachers to continuously
learn and explore, flexibly apply teaching methods based on
the actual situation of young children, and improve the
quality of hierarchical teaching.

The understanding and support of parents are also issues that
need to be addressed in the practical process. Some parents

of

hierarchical education, and are concerned that hierarchical

lack understanding of the concept and methods

teaching may bring psychological pressure to children and
affect their learning enthusiasm. Some parents pay too much
attention to their children's academic performance and
competition awards, and do not attach enough importance to
their children's physical ability development and interest
cultivation. To address these issues, it is necessary to
strengthen communication and exchange with parents.
Through parent meetings, parent lectures, parent WeChat
groups, and other means, we can introduce the design
concept, teaching objectives, and implementation methods
of the hierarchical training path to parents, so that they
understand the importance of hierarchical teaching for the
development of their children's physical abilities. Regularly
provide feedback to parents on their children's performance
and progress in dance activities, allowing them to see their
children's growth and

changes, and enhancing their

confidence and support for tiered teaching. Guide parents to
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establish correct educational concepts, pay attention to their
children's comprehensive development, encourage their
children to actively participate in dance activities, and
cultivate their interests and talents.

In addition, it was found in the practical process that there
are some unreasonable aspects in the allocation and
There

differences in teaching resources for different levels of

utilization of teaching resources. are certain
classes, such as dance textbooks, teaching equipment, and
teaching staff, which affect the fairness and quality of
teaching. To solve this problem, it is necessary to optimize
the allocation of teaching resources and allocate dance
textbooks, teaching equipment, and other resources
reasonably according to the teaching needs of different
levels of classes. Strengthen the construction of the teaching
staff, improve the professional competence and teaching
ability of teachers, and ensure that every class can receive
high-quality teaching services. Establish a teaching resource
sharing platform to enable teachers to share teaching

resources and improve the efficiency of their utilization.

4.Conclusion and Prospect

4.1.Research Summary

In terms of theoretical research, a comprehensive review and
analysis were conducted on the application of sustainable
development concepts in early childhood education, theories
related to children's physical literacy, and the current
research status of early childhood dance education. The
connotation and requirements of sustainable development
concept in early childhood dance education have been
clarified, which focuses on the comprehensive and long-term
of

individual differences of children, and promotes harmonious

development children's physical literacy, respects
coexistence between children and the environment. In depth
analysis of the constituent elements and developmental
characteristics of young children's physical abilities provides
a solid theoretical foundation for the design of hierarchical
training paths. Through the analysis of the current research
status of early childhood dance education at home and
abroad, the shortcomings in the cultivation of physical
literacy in current research have been pointed out, providing
direction for future research.

In terms of model design and practice, based on the concept

of sustainable development, following the principles of
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development, differentiation, fun, and comprehensiveness, a
hierarchical training path for physical literacy in dance
activities for 3-6 year old children has been constructed.
Based on factors such as the age, physical literacy
development level, and interests of young children, they are
divided into three levels: low-level, intermediate level, and
high-level. Clear training objectives and content frameworks
have been developed for each level. Adopting diverse
teaching methods and strategies such as game based
teaching,  situational teaching, heuristic  teaching,
personalized guidance, and group cooperative learning to
meet the learning needs of children at different levels.

The research results have important application value in
childhood dance The

cultivation path provides a scientific and systematic teaching

early education. hierarchical
path for early childhood dance education, which can help
teachers better teach according to the actual situation of
children

Diversified teaching methods and strategies can stimulate

young and improve teaching effectiveness.
children's interest and initiative in learning, allowing them to
learn dance and improve their physical abilities in a happy
environment. Through this study, teachers' understanding
and application ability of sustainable development concepts
and hierarchical teaching have been improved, promoting

their professional growth.

4.2.Research Shortcomings and Prospects

Although this study has achieved certain results, there are
also some shortcomings. In terms of research samples, this
study has a relatively small sample size and a limited sample
range. This may result in the research findings not being
representative enough to fully generalize to all 3-6 year old
children. In terms of the universality of the path, although
the hierarchical training path has achieved good results in
the

of different regions

practice, there are differences in educational

environment and resources and

kindergartens, and the model may need to be appropriately
adjusted and optimized for application in other
kindergartens.

Future research can be conducted in the following directions.
One is to further expand the research sample and select 3-6
year old children from different regions and types of
kindergartens for research, in order to improve the
representativeness and reliability of the research results.

Through multi center and large sample research, we aim to
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gain a deeper understanding of the developmental
characteristics and needs of children's physical literacy
under different backgrounds, providing richer data support
for the improvement of hierarchical training paths. The
second is to conduct long-term follow-up research and
observe the children who participate in the practice to
understand the long-term impact of hierarchical training
paths on the development of children's physical literacy. Pay
attention to the changes in physical abilities of young
children at different age groups, as well as the sustained role
of dance education in their future learning and life,
providing a basis for long-term planning of dance education
The third

optimization and promotion research of the path, and

for young children. is to strengthen the
according to the actual situation of different kindergartens,
make personalized adjustments and optimizations to the
hierarchical training path, improve the universality and
operability of the path. By organizing training, seminars and
other activities, we will promote the hierarchical training
path to more kindergartens and teachers, and promote the
overall development of early childhood dance education.
Further exploration can be conducted on the integration of
early childhood dance education with other fields, such as
drama, music, language, and other subjects, to expand
children's learning areas and promote their comprehensive

development.
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This paper focuses on the identification of key drivers of carbon emissions in China's air cargo industry
and the construction of a prediction model, with the aim of providing a precise decision-making basis for
the green transformation of the civil aviation industry under the “dual-carbon” goal. The study selects the
data from 2006-2019 and 2023-2024 (avoiding the abnormal disturbance of COVID-19 epidemic), and
analyzes the macroeconomic variables such as GDP index, investment in fixed assets of the whole society,
the level of consumption of the residents, total retail sales of consumer goods, and the total amount of
imports and exports by multiple stepwise linear regression analysis using SPSS statistical software. The
empirical results show that the investment in fixed assets is the core variable that explains the variation of
air cargo and mail transportation, and reveals the transmission mechanism of economic expansion on air
logistics demand and carbon emission through the path of investment in fixed assets, which confirms that
the path of carbon peaking of air cargo transportation is deeply coupled with macroeconomic policies. The
study further points out that under the constraint of the 2030 peak carbon target, it is necessary to optimize
the structure of fixed asset investment as a key hand to reduce emissions, guide capital to tilt towards
low-carbon technology areas such as sustainable aviation fuels and electrified equipment, and establish a
linkage threshold mechanism between the investment growth rate and the decline of the industry's carbon
intensity. This study provides a quantitative analysis framework for the formulation of precise emission
reduction policies for the air cargo industry, but in the future, further integration of energy consumption
data is needed to construct a direct carbon emission prediction model, and scenario analysis is introduced

to assess the policy effects of different carbon neutralization paths.

INTRODUCTION

Global climate change is one of the major challenges facing
humankind today, and reducing greenhouse gas emissions
has become a consensus of the international community.
With the signing of the Paris Agreement, a number of
countries have committed themselves to keeping global
average temperatures below a 2° C rise from pre-industrial
C. To

achieve this goal, countries have set up timetables and

levels and to working to limit warming to 1.5 °

implementation strategies for carbon peaking and carbon
neutrality. China, as the world's largest carbon emitter, has

proposed the goal of achieving carbon peaking by 2030 and

carbon neutrality by 2060 , which points out the direction for
the of As

energy-consumption-intensive aviation

industries.
the

transportation industry is an important source of carbon

development various an

industry,

emissions in the transportation sector. According to ICAO's
Global Aviation Environment Report 2024, CO2 emissions
from the aviation industry will account for 2.5% of the
global total in 2023, and will rise to 3.5% in 2050, which
makes the pressure to reduce emissions urgent. China's
“14th Five-Year Plan”

of a green and low-carbon industrial system and the

explicitly calls for the construction
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promotion of green transformation of the civil aviation
industry.

However, the carbon peak path of the air cargo industry is
affected by a variety of factors. Most of the existing air
cargo carbon emission studies have stopped at qualitative
discussions or simple correlation analyses in terms of carbon
of

emission influencing factors [8-12], and emission reduction

emission measurement[1-7], identification carbon
strategies [13-17], and lack of rigorous measurements of the
net effect of multifactor covariance interference. Therefore,
this study aims to conduct standardized statistical and
modeling analysis based on the SPSS model, aiming at
identifying the key factors affecting China's air cargo carbon
emissions and establishing a prediction model based on them,
so as to provide a strong basis for promoting the

development of China's civil aviation industry.

1.Research Methodology and Data Processing

1.1.Variable Selection and Data Sources

In this paper, the main factors affecting the development of
China's selected: GDP

investment in the whole society's fixed assets, the level of

aviation logistics are index,
residents' consumption, the total retail sales of consumer
goods, and the total amount of imports and exports. Among
them, the data of GDP index, total retail sales of social
consumer goods, residents' consumption level and total fixed
assets are from the National Bureau of Statistics, and other
data are from the Ministry of Transportation and
Communications.

Since the air transportation industry is seriously affected by
COVID-19 during the period of 2020-2022. In view of this,
the cargo and mail transportation volume and its influencing
factors in 2006-2019 and 2023-2024 are selected in the
study of this paper, which can more accurately reflect the
typical characteristics and long-term development trend of
China's air transportation industry, and also effectively avoid

the anomalous perturbation caused by COVID19.

1.2.SPSS Analysis Methods

SPSS (Statistical Package for the Social Sciences) is the
most widely used statistical analysis software for time series
analysis, regression analysis, categorical forecasting etc. The

choice of the method was based on the need for robustness
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in variable screening. In the initial construction of the
regression model, the direct use of Ordinary Least Squares
(OLS) is likely to lead to distorted parameter estimates.
Stepwise regression automatically eliminates redundant
variables that do not contribute sufficiently to the margin of
the dependent variable or are highly overlapping with other
independent variables through the “forward-backward”
iteration mechanism, ensuring that only independent and
statistically significant core factors are retained in the final
model. The second is based on the theoretical fit of the linear
The

investment

relationship. transmission  mechanism  from

infrastructure to air cargo demand is
approximately linear in the short run - for every unit increase
in fixed asset investment, the demand for transportation of
raw materials, components and finished products increases
in a stable proportion through the ripple effect of the
SPSS

estimation (Curve) module preliminarily verified that the air

industrial chain. scatterplot matrix and curve
cargo and mail transportation volume and the whole
society's fixed asset investment satisfy the Pearson linear

assumption.

2.Empirical Results and Analysis

2.1.Correlation analysis and initial screening of
variables

The study firstly measures the correlation strength between

air cargo and mail transportation volume and
macroeconomic factors through SPSS correlation analysis
module, and the results show that the Pearson correlation
coefficients of investment in fixed assets, total retail sales of
consumer goods, and air cargo and mail transportation
volume have exceeded the threshold value of 0.90, which is
highly and the

correlation coefficients of the GDP index and the total

significant and positively correlated,

amount of imports and exports have reached more than 0.85,
and the correlation coefficient of the level of consumption of
lower(r=0.76). The

coefficient of GDP index and total imports and exports also

residents is slightly correlation
reaches above 0.85, and only the correlation coefficient of
consumer level is slightly lower(r=0.76), which confirms the
the

transportation and the macroeconomic prosperity, and

strong coupling between demand for air cargo

provides the basis for variable screening in the subsequent

regression modeling.
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Freight and mail transportation volume

Person Sig(2-tailed)
GDP index .960™ <.001
Total retail sales of 964™ <001
consumer goods
Total imports and 914* <001
exports
Consumption level -
of the population 946 <.001
Soglal fixed asset 968" <001
mvestment

Table.1.Correlation coefficients between cargo and mail

transportation volumes and other influencing factors

2.2.Multiple Stepwise Regression Modeling and
Variable Optimization

With air cargo and mail transportation volume as the
dependent variable and five types of economic indicators as
the independent variables, the prediction model is
constructed by stepwise regression method, and SPSS
performs a total of three rounds of iterative screening: the
first round of the system prioritizes the inclusion of the
whole society's investment in fixed assets, and the model
adjusts the R-square that reaches 0.932, and the F-test
statistic is 342.67 with the significance level less than 0.001,
which indicates that the single variable can independently
explain 93.2% of the variance of the dependent variable, and
the model as a whole is highly significant; in the second
round of attempting to introduce the GDP index, the
tolerance drops to 0.08 and the variance inflation factor
VIF=12.5, triggering the multiple covariance elimination
mechanism, so the variable is automatically removed; in the
third round of the retail sales of consumer goods, due to the
level of significance of p=0.062 (>0.05) does not satisfy the
criteria for entering the model. terminated the screening, and

the final model was determined to be univariate structure.

Model R R? Adjusted R? D-W

1 .968° .937 .932 1.933

Table.2.Summary of air cargo and mail traffic model

2.3.Model Diagnostics and Statistical Tests

To ensure the robustness of the model, three classical
econometric tests were performed on the final model: the
heteroskedasticity  test was

performed using the

Breusch-Pagan method, and the results did not show
significant heteroskedasticity; the diagnostic of multiple
covariance was performed by retaining only univariate
variables, with the VIF value of 1.0 to thoroughly
circumvent covariate interference; and the autocorrelation
test with the Durbin-Watson statistic of 1.847, which
indicating no serial correlation of residuals, and all tests

were done in the SPSS diagnostic module.

3.Establishment of forecasting models

Through SPSS stepwise regression iterative screening and
three econometric tests, the final air cargo and mail
transportation volume forecasting model is established with
social fixed asset investment as the only core independent
variable, in which the significance level is less than 0.001,
the tolerance and variance inflation factor VIF are both
1.000, which completely avoids the interference of multiple
covariance, and the standardized coefficient Beta=0.968
shows that the driving strength is close to complete positive
correlation. Its standardized coefficient Beta=0.968 indicates
that the driving strength is close to full positive correlation,
and the adjusted R-squared value shows that the model can
independently explain more than 93% of the variance of the
dependent variable, and the model as a whole passes the
F-test and the Durbin-Watson statistic falls in the
no-autocorrelation interval, which is of robust predictive
validity. The construction process of other derivative models
is exactly the same as this one, including the linear time
model of average air cargo and mail transportation distance
and the linear time model of the whole society's fixed asset
investment, which adopts the same step-by-step regression
strategy, test criteria and diagnostic process. The final model

of air cargo and mail transportation volume is:

Predictive modeling of individual influencing factors

Air cargo and mail
traffic

Y=273.790200+0.001082a

GDP index Y=-132549.209 + 1.658 X 10" 5 (¢)?

Average air cargo
o Y=2329.302402+0.314544d
and mail distance

Social fixed asset
. Y=-49221274.063115+24589.458803¢c
investment

Table.3.Predictive model for each influencing factor

a: Social fixed asset investment

¢: Year
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d:GDP index

The results indicate:
1. macroeconomic correlation
The (r>0.9)

between air cargo and mail transportation volume and

Significant
characteristics: strong  correlation
the whole society fixed asset investment, total retail
sales of consumer goods and other indicators shows
that the carbon emissions of the air cargo industry are
highly tied to the activity of the national economy, and
the growth of fixed asset investment in the period of
economic expansion directly pulls the demand for air
logistics, which in turn exacerbates the pressure on
carbon emissions.

Fixed Asset Investment as the Core Explanatory
Variable: The regression model screening results show
that only the whole society fixed asset investment
enters the final equation, and its regression coefficient
is 0.001082 (p<0.001), indicating that for every 100
million yuan increase in fixed asset investment, the
volume of air cargo and mail transportation grows by
an average of about 10.82 tons, which verifies its
significant influence as a key driving factor.

Reliable model prediction efficacy: The adjusted R?
=0.932 indicates that the model can explain 93.2% of
the variation in air cargo volume, which has strong
prediction ability. However, it should be pointed out
that the

environmental variables such as carbon emission

model does not directly incorporate
intensity and fuel efficiency, and the actual carbon
emission prediction needs to be combined with the data
on energy consumption per unit of transportation
volume for the secondary conversion.

Structural Impact of Epidemic Shock: By excluding
the 2020-2022 data, the study finds that the continuity
of data between the pre-epidemic pattern and the
post-epidemic era (2023-2024) is basically valid, but
the recovery of air cargo after 2023 may be
accompanied by changes in carbon emission intensity,

which needs to be continuously monitored.

Conclusion

In this study, SPSS modeling verifies the decisive impact of
social fixed asset investment on China's air cargo and mail

traffic, a finding that provides a quantitative basis for
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analyzing the peak carbon path of the air cargo industry.
This finding provides a quantitative basis for analyzing the
carbon peak path of the air cargo industry, which should be
the focus of policymakers under the constraints of the
“dual-carbon” goal:

1.  Optimize the investment structure and direct fixed asset
investment towards low-carbon aviation technologies
to reduce carbon emission intensity at source.
Establishing a dynamic monitoring mechanism, linking
and analyzing the growth rate of fixed-asset investment
with the carbon emission factor of air cargo, and setting
a threshold for the decline of carbon intensity in the
industry.

Improve cross-sectoral synergies, given the deep
coupling of air cargo transportation with the national
economy, and the need to incorporate civil aviation
emission reduction targets into the macroeconomic
regulatory policy system.

Strengthen the data infrastructure, supplement the
complete annual data after the epidemic as soon as
possible, and incorporate carbon emission direct
accounting variables to enhance the model's ability to

support environmental decision-making.
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ABSTRACT

Internal Audit
Independence

This study employs panel data of A-share listed companies on the Shanghai and Shenzhen Stock Exchanges
from 2018 to 2022 as the baseline sample to empirically examine the impact of internal audit independence
on corporate competitiveness in the current year (2018-2022), one-year lag (2019-2023), and two-year lag
(2020-2024). Furthermore, it investigates whether this impact exhibits significant heterogeneity across firms
with different ownership structures. The results indicate that internal audit independence exerts a
significantly positive effect on corporate competitiveness in the current year: specifically, a one-unit increase
in internal audit independence is associated with an approximate 8.869-unit rise in competitiveness. This
positive impact persists in the one-year lag period but weakens substantially (as reflected by reduced
coefficient magnitude and statistical significance). By the third year, however, the effect of internal audit
independence on corporate competitiveness becomes statistically insignificant. Further analysis reveals
significant ownership-based heterogeneity in the aforementioned relationship: the enhancement of internal
audit independence only significantly boosts the current competitiveness of state-owned enterprises (SOEs),
while exerting no notable influence on that of non-SOEs. This suggests that strengthening the independent
status of internal audit in SOEs constitutes an effective governance mechanism to improve their short-term
competitive capacity and responsiveness. Additionally, the moderating role test of data element utilization
efficiency shows that this efficiency significantly amplifies the positive impact of internal audit
independence on the one-year lagged competitiveness of SOEs. In other words, a higher level of data
element utilization efficiency enables internal audit independence to promote corporate competitiveness
more effectively in the second year. Nevertheless, this moderating effect becomes ineffective for SOEs in
the third year, implying that SOEs can gain substantial short-term audit synergy benefits from improved

data element utilization efficiency, but the sustainability of such effects is limited.

INTRODUCTION

(1) Research Background

As a critical management activity, internal audit serves as a
robust pillar for improving the supervision system of state-
owned assets and an organizational guarantee for state-owned
enterprises (SOEs) to achieve benchmarking management
against world-class enterprises and fulfill high-quality
development goals. In October 2013, at the Executive

Meeting of the State Council, Premier Li Keqiang put forward

the important requirement of implementing full-coverage
auditing. In December 2013, Liu Jiayi, then Auditor-General,
emphasized at the National Audit Work Conference that to
meet the overall objectives and requirements of audit work,
efforts should be made to realize full-coverage of audit
supervision, continuously enhance the deterrence and
effectiveness of auditing, and ensure in accordance with the

law that all public funds, state-owned assets, and state-owned

* Corresponding author. E-mail address: zhang xiaoxu@ustl.edu.cn
Received date:October xx, 2025; Revised manuscript received date: October 25, 2025; Accepted date: October xx, 2025; Online

publication date: October xx, 2025.

Copyright © 2025 the author. This is an open access article distributed under the terms of the Creative Commons Attribution License

(https://creativecommons.org/licenses/by/4.0/).

119



International Journal of
Multidisciplinary Research

IJMR
Research Article

Print ISSN 3105-8884

Online ISSN 3105-8892

MeXayHapoAHbIA MHCTUTYT
ynpasnenus n
YJ npepnpuHuMaTenbcTea

October 2025, Vol. 1, No. 1

resources are within the scope of audit supervision without
leaving any supervision blind spots or gaps.

In 2014, the Fourth Plenary Session of the 18th Central
Committee of the Communist Party of China further
incorporated the economic responsibility audit of leading
cadres into the scope, explicitly proposing to improve the
audit system and implement full-coverage auditing for four
key areas: public funds, state-owned assets, state-owned
resources, and the performance of economic responsibilities
by leading cadres. On December 8, 2015, the General Office
of the State Council issued the Implementation Opinions on
Carrying out Full-Coverage Auditing, which put forward
specific requirements and implementation suggestions for the
practice of full-coverage auditing.

Since the concept of full-coverage auditing was proposed and
put into practice, it has become a core strategic requirement
for China’s audit work, while the economic responsibility
audit targeting leading cadres has emerged as a new focus of
this full-coverage initiative. In 2017, the General Office of the
Communist Party of China Central Committee and the
General Office of the State Council issued the Several
Opinions on Deepening the Audit Supervision of State-owned
Enterprises and State-owned Capital, explicitly proposing the
establishment of a regular audit system for enterprise state-
owned capital and the implementation of full-coverage audit
supervision over state-owned assets.

In May 2018, General Secretary Xi Jinping delivered an
important speech at the First Meeting of the Central Audit
Commission, putting forward the requirement to "strengthen
the coordination of national audit work, optimize the
allocation of audit resources, ensure that all entities subject to
audit are audited, all audits are conducted strictly, and
accountability is enforced rigorously, striving to build a
centralized, unified, fully covered, authoritative, and efficient
audit supervision system." In 2020, the State-owned Assets
Supervision and Administration Commission of the State
Council (SASAC) issued the Notice on Carrying Out the
Action to Improve Management by Benchmarking World-
Class Standards and the Implementation Opinions on
Deepening the Internal Audit Supervision of Central
Enterprises, emphasizing that central enterprises should
establish a centralized, unified, fully covered, authoritative,
and efficient audit supervision system adapting to the new era,
new situation, and new requirements, and build a long-term
closed-loop mechanism for risk prevention and control. Table

1 lists the major documents issued by state authorities
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regarding the governance reform of state-owned enterprises,
the development of internal audit, and the utilization of data
elements since the deepening of state-owned enterprise
reform in 2015.

Strengthening internal audit is not only an inevitable
requirement for advancing the modernization of the national
governance system and governance capacity, but also an
objective necessity for propelling high-quality economic
development. Existing literature has demonstrated that
internal audit can enhance the quality of financial reports
(Abbott et al, 2016; Tao, 2016; Li & Wang, 2021;
Christensen, 2022; Wang & Chen, 2024), identify audit risks
(Zhang et al, 2024; Huang, 2024), reduce improper
managerial behaviors (Ege, 2015), lower audit fees and
improve audit efficiency by assisting external auditors in
annual report audits (Abbott et al., 2012; Pizini et al., 2015;
Li, 2025), mitigate internal control deficiencies (Lin et al.,
2011; Guo, 2017; Wu et al., 2021), reduce risks and enhance
organizational value (Carcello et al., 2020), drive value
creation (Emett et al., 2024; Xiang & Zhou, 2025; Zhang et
al., 2025; Xie et al., 2025), improve economic performance
(Jiang et al, 2020; He et al, 2025), and facilitate the
development of new-quality productive forces (He, 2025).
As a production factor, data has restructured the business
models, management paradigms, and organizational
governance structures of modern enterprises. Due to the
"disintermediation" effect triggered by digitalization,
networking, and intelligentization in the economic field,
enterprises face increased environmental uncertainty,
complexity, and risks, with their competitive and profit
margins correspondingly compressed (Chen et al., 2020; Jia
et al., 2020). Traditional production organizations, transaction
models, and corporate governance structures—such as

internal audit—must undergo adaptive adjustments to

respond to these new changes (Luo et al, 2017).
Morakanyane et al. (2017) reviewed existing literature and
summarized the research progress on the digital

transformation of business organizations from dimensions
including definitions, characteristics, driving factors, key
areas, and economic impacts. They emphasized that corporate
digital transformation should be regarded as a dynamic and
continuous evolutionary process, which requires integrating
digital resources of enterprises and reshaping the corporate
ecosystem in terms of business models, operational processes,
and structures.  Therefore,

organizational breaking

organizational inertia, integrating digital technologies, and
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restructuring organizational structures have become strategic
choices for enterprises to achieve
transformation (Matt et al., 2015; Hess et al., 2016; Vial,
2019). As the "third line of defense"

organizations, the internal audit management system faces the

successful digital

for corporate

demand for digital organizational restructuring. However,
there remain numerous gaps to be filled in the digital
transformation of internal audit (Qin, 2014, 2018; Liu et al.,
2019; Li & He, 2019; Wang, 2020; Zhang et al., 2020). Big
data auditing focuses more on the reapplication of audit
techniques and operational models, while the digital
transformation of internal audit is not only the
implementation of information technologies such as online
auditing, big data analytics, blockchain-based independent
auditing, and Al-assisted auditing, but also a top-down
systematic project with a broader scope. It involves
comprehensive digital structural reforms, including the
positioning of internal audit objectives, management systems
and monitoring methods, the construction of information
platforms, evidence-gathering models and technical methods,
the the

interdisciplinary talents, and institutional guarantees. Based

application of audit results, allocation of
on this, this study will, against the backdrop of II. Research
Significance

(2.1) Theoretical Significance

Against the backdrop of big data, this study explores the
impact of internal audit independence on SOEs’ dynamic
competitiveness, enriching the theoretical system of corporate
governance and auditing. Traditional audit independence
focuses on organizational and personnel dimensions, while
this study extends it to data independence (e.g., objectivity of
data acquisition, neutrality of algorithms) and combines it
with (blockchain-based

evidence preservation, automated analysis), providing a new

technological ~empowerment
perspective for audit theory (Zhang et al., 2024). Meanwhile,
internal audit has shifted from "post-event supervision" to "in-
process early warning" and "pre-event prevention" (Yang,
2025), and independent audit institutions can actively
the

compliance

participate in  strategic  decisions, promoting

transformation of audit functions from
supervision to value creation (Zhi et al., 2021).
This study constructs a theoretical framework of dynamic
competitiveness, revealing the transmission mechanism
between auditing and competitiveness. Independent internal
audit can monitor operational risks in real time through big

data, improve risk response speed, and enhance dynamic

121

competitiveness (Duan, 2023). Additionally, it promotes
interdisciplinary integration: at the intersection of auditing
and information economics, big data reduces information
asymmetry, and data authenticity relies on independence,
expanding the application scenario of "signaling theory"
(Yang, 2025); at the intersection of organizational studies and
strategic management, independent audit breaks departmental
barriers, enhances organizational agility, and supports
dynamic competitiveness (Zhang et al., 2024).

(2.2) Practical Significance

First, it optimizes SOEs’ governance structure, strengthens
audit authority, advances the reform of separating
management from auditing, and improves audit credibility.
Second, it enhances risk prevention and control capabilities
and decision-making effectiveness. Independent audit
institutions integrate multi-source data, identify anomalies
such as fund misappropriation through big data models, and
realize the transformation from "post-event rectification” to
"pre-event prevention" (Zou, 2022). Third, it promotes SOEs’
sustainable development. Through full-process supervision
(e.g., asset handover, merger and acquisition restructuring),
independent internal audit reduces corruption and inefficient
investment (Zhang et al., 2017), preventing the loss of state-
owned assets. In complex market environments, it evaluates
the risks and returns of innovative projects, ensuring

enterprises’ compliance and dynamic competitiveness.

1. Literature Review at Home and Abroad

1.1.Research on Internal Audit

1.1.1. Evolution of Internal Audit

Research on internal audit has evolved from traditional
financial supervision to modern governance empowerment.
Early studies focused on internal control and compliance:
Mautz and Sharaf (1961) emphasized the reliability of
financial information, and Chambers (1995) positioned
internal audit as a "management tool." With the rise of
corporate governance theory, Cohen et al. (2004) confirmed
that internal audit enhances organizational value through risk
identification; Sarens and Abdolmohammadi (2011) found
that audit committee independence affects internal audit
effectiveness. In the technology-driven era, Vasarhelyi et al.
(2020) proposed a continuous auditing framework, and Al
and blockchain enabled real-time risk monitoring (Brown-

Liburd et al.,, 2021). In China, the "triple-audit synergy
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mechanism" (Liu, 2021) and the Provisions on Internal Audit
Work (2018) have strengthened supervisory synergy (Wang,
2022).
empowerment (Zhang, 2023), governance synergy (Li, 2023),
and emerging fields (Kolk & Perego, 2014).

1.1.2.Supervisory Functions of Internal Audit

Current research focuses on technological

Research on internal audit’s supervisory functions focuses on
effectiveness and influencing factors. Influencing factors
include functional positioning (Mei, 2018), leadership style
(Dal Mas & Barac, 2018), and personnel allocation (Wang et
al., 2014). Internal audit departments subordinate to audit
committees and concurrent leadership of audit heads can
(Wang, 2018). of
effectiveness, collaboration between internal and external

auditors reduces audit costs (Wang & Yang, 2009; Al-

improve independence In terms

Dhamari, 2018), and internal audit improves financial report
quality (Prawitt et al., 2009; Gros et al., 2017). Mei (2018)
pointed out that internal auditors’ communication skills
moderate the relationship between independence and
supervision quality.

1.1.3.Economic Consequences of Internal Audit

Internal audit’s economic consequences mainly involve
corporate value and governance effects. It achieves value
addition through reasonable assurance and consulting
services (Zhao, 2008), and positive interaction with other
governance mechanisms enhances this effect (Chen et al.,
2016). In terms of governance, it supports internal control
(Vijayakumar & Nagaraja, 2012), improves financial report
quality (Wang et al., 2010), and inhibits irregularities (Chen
et al., 2016). However, existing research has limitations: poor
adaptability of Western theories to China’s context (Yang,
2022), over-reliance on questionnaire surveys (Sarens, 2021),
and lag in emerging field standards (Mock et al., 2023).
Future research should construct a "national governance—
organizational  governance—technological — governance"
framework (Liu, 2024) and innovate evaluation indicators

(Cao et al., 2023).

1.2. Literature Review on Corporate Competitiveness

1.2.1. Evolution of Corporate Competitiveness Research

Corporate competitiveness research has evolved from single
financial performance to a comprehensive framework
including knowledge accumulation, dynamic capabilities, and
niche breadth. Xu (2020) proposed a three-tier knowledge

structure model; Li (2024) found that digital transformation
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enhances competitiveness through improving production
efficiency. In evaluation methods, Qian (2022) used text
mining to construct a competitiveness identification model,;
Zhang (2019) combined grey relational analysis and dynamic
efficacy coefficient method to develop a shipbuilding
enterprise competitiveness index. This evolution continues
Barney’s (1991) Resource-Based View and integrates Teece’s
(1997) Dynamic Capability Theory in China.

1.2.2. Influencing Factors of Competitiveness

Policy and institutional factors: Yang and Gong (2025)
verified that the "leader recruitment system" improves
corporate innovation and competitiveness; Lu (2025) found
that fintech pilot policies promote digital transformation and
competitiveness. Digital economy and technological
innovation: Sun et al. (2025) confirmed that data element
marketization enhances core competitiveness; Cao et al.
(2025) pointed out that digital technology innovation reduces
supply
differentiation. Al and big data: Chen and Liao (2025) found
that Al promotes profitability and operational capabilities;
(2025) revealed an

relationship between big data applications and manufacturing

chain concentration and increases product

Zheng et al. inverted U-shaped
competitiveness. Industrial and enterprise characteristics: Ma
(2025) found that basic research investment promotes high-
tech industry competitiveness; Zhang et al. (2025) verified a
U-shaped correlation between carbon information disclosure
and green competitiveness. Corporate governance and social
responsibility: Shi et al. (2025) found that ESG performance
promotes competitiveness through charitable donations and
TFP; Yu (2025) pointed out that CSR reduces customer

concentration.

2. Path Mechanisms of Corporate
Competitiveness

Three core driving mechanisms are identified: Technological
dimension—AlI enhances competitiveness by improving TFP
(Du et al.,, 2024), but there is an inverted U-shaped
relationship due to "financial distress" risk (Pan, 2023);
Institutional dimension—digital finance alleviates financing
(Zhang, 2023),
distortion inhibits competitiveness (Jiang, 2025); ESG

constraints while resource allocation
dimension—green innovation promotes competitiveness
(Wang, 2023), but social responsibility investment has a
"resource crowding-out effect" (Yang, 2022), and industry

technological intensity plays a moderating role (Li, 2025).
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These findings deepen the understanding of the "technology-
institution-environment" interaction in Porter’s (1990)

Diamond Model.

3. Measurement of Corporate Competitiveness

Scholars have proposed various evaluation methods. Tang &
Liu (2010) used financial indicators; Gao et al. (2023)
constructed a comprehensive index from seven dimensions;
Zeng (2023) included scale, growth, profitability, and
innovation capacity. Literature on agricultural listed
companies’ competitiveness evaluation is scarce, and variable
selection varies. This study measures micro-level dynamic
competitiveness using financial indicators.

III. Theoretical Analysis and Research Hypotheses

1. Internal Audit Improves Financial Quality

Internal audit oversees financial reports and monitors
operational management, identifying aggressive accounting
practices, reducing managerial interference, and safeguarding
financial report quality (Wang et al., 2010; Kaawaase et al.,
2021), contributing to SOEs’ high-quality development.
2.nternal Audit Alleviates Principal-Agent Problems

As a professional and independent internal supervision
department, internal audit supervises agents on behalf of
principals, curtails managers’ myopic behaviors, prevents
shareholder expropriation, improves governance efficiency
and quality, and supports SOEs’ long-term development.

3. Internal Audit Improves Internal Controls

First, it fosters a corporate culture of excellence, providing
institutional guarantees for competitive advantage. Second, it
ensures timely and accurate communication of internal
control information, improving operational efficiency (Yan &

Xu, 2023). Third,

centralization and decentralization, cultivating a results-

it optimizes the balance between

oriented attitude. Fourth, it supervises and evaluates internal
controls, identifying deficiencies and proposing optimization
solutions.

Research Hypothesis (H):

promotes enterprises’ dynamic competitiveness, and this

Internal auditing positively

promotional effect is more pronounced in state-owned
enterprises.

IV. Research Design

(1) Data Source and Sample Selection

The initial sample includes A-share listed companies on the
Shanghai and Shenzhen Stock Exchanges from 2018 to 2024.

Samples are screened as follows: excluding those with asset-
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liability ratio outside 0-1, ST/*ST/PT companies, and those
with missing data. Finally, 20,117 observation samples are
obtained, with all variables winsorized at the 1% level. Data
are sourced from the CSMAR Database, processed using
Stata 18.0. Base period data (2018-2022) are used to calculate
competitiveness in Ti+1 and Ti+2.

Control variables: (1) Actual controller type (1=SOE, 0=non-
SOE); (2) Controlling shareholder ownership ratio; (3)
Managerial ownership; (4) Board size; (5) Supervisor board
size; (6) Independent director ratio; (7) Independent director
network centrality.

(2) Variable Selection

1.Enterprise Dynamic Competitiveness: Referring to Jin &
Zhang’s method, factor analysis is used to evaluate static
competitiveness in the current and lagged two years, and a
dynamic evaluation model is constructed.

1.Explanatory Variable — Internal Audit Independence
(Indep_Audit): Referring to Specific Standards for Internal
Auditing No. 22 and existing literature, it is measured by
organizational structure: 1 if the number of audit committee
members = industry average, otherwise 0.

1.Moderating Variable—Data Element Utilization Efficiency:
A lexicon is constructed from policy documents and literature,
Word2Vec is used to expand it, and machine learning extracts
word frequencies from annual reports. The natural logarithm

of total word frequency (after adding 1) is used as the

indicator.

1.Control Variables: Firm size (natural logarithm of
employees), ownership type, controlling shareholder
ownership ratio, managerial ownership, board size,

supervisory board size.

Independent Director Ratio: The ratio of independent
directors to the total number of directors, which reflects the
degree of board independence and is positively correlated
with the effectiveness of the board’s oversight and advisory
functions.

Independent Director Network Centrality: A comprehensive
indicator measuring the importance of independent directors’
positions within the overall director network. A higher
network centrality indicates that the company possesses
greater discourse power and stronger resource integration
capabilities in the independent director network.

Detailed variable descriptions are provided in Table 2.
Currently, there is no consensus in the academic community
on how to measure static corporate competitiveness. Using a

single indicator is highly one-sided, while adopting a multi-
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indicator evaluation also presents numerous challenges.
Through in-depth analysis and drawing on the evaluation and
analysis methods for corporate competitiveness developed by
the Service Industry Survey Center of the National Bureau of
Statistics of China, this study selects the following indicators:
Profitability indicators: Return on Assets (ROA), Return on
Equity (ROE), Return on Invested Capital (ROIC);

Solvency indicators: Leverage Ratio (LEV, i.e., asset-liability
ratio), Current Ratio (CR), Quick Ratio (QR), Cash Asset
Ratio (CAR);

Operational efficiency indicators: Current Asset Turnover
(CAT), Total Fixed Asset Turnover (TRFA);

Growth capacity indicators: Sustainable Growth Rate (SGR).
A comprehensive evaluation index system for dynamic
corporate competitiveness is constructed, consisting of 4 first-
level indicators and 10 second-level indicators.

In conducting the comprehensive evaluation of corporate
competitiveness, the primary step is to normalize moderate
indicators to ensure they are positively oriented (i.e., direction
alignment). Failure to implement such positive orientation
will affect the analysis process and its results. There are
various methods for normalizing moderate indicators (e.g.,
taking the opposite number, taking the reciprocal), and this
study adopts the method of taking the opposite number for
positive orientation.

The specific positive orientation method for moderate
indicators in this study is as follows:

(1)Public factors, along with their corresponding factor
eigenvalues, variance contribution rates, and cumulative
variance contribution rates, were calculated using SPSS 20.0.
The results indicate that within the corporate competitiveness
measurement index system, the asset-liability ratio (LEV)
falls into the category of moderate indicators. For enterprises,
a higher asset-liability ratio increases their debt-servicing
pressure, while an excessively low ratio hinders the effective
use of financial leverage. This prevents minimizing the
weighted average cost of capital (WACC) and adversely
impacts the firm’s market value. Therefore, for manufacturing
enterprises, the optimal value of the asset-liability ratio is
typically 0.5.

(2)In measuring corporate competitiveness, this study adopts
the widely used and objective factor analysis method to
construct a comprehensive score function. Prior to conducting
factor analysis, the Kaiser-Meyer-Olkin (KMO) test and
Bartlett’s Test of Sphericity were performed to verify the

suitability of the sample variables for factor analysis, using
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SPSS 20.0.

As shown in Table 3, the KMO statistics are 0.628, 0.641, and
0.634, respectively, all exceeding 0.6—indicating that the
data are suitable for factor analysis. The Bartlett’s Test of
Sphericity yields large chi-square values with 45 degrees of
freedom, and all results are statistically significant. This
confirms the appropriateness of factor analysis for the data.
Across the three sample periods, the approximate chi-square
values of the test are 157,750.457, 172,778.095, and
174,074.784, respectively, with corresponding significance
levels of 0.000 (far below the 0.01 significance threshold).
These results strongly reject the null hypothesis that the
correlation matrix among variables is an identity matrix,
demonstrating significant correlations between the variables

in this study—providing a fundamental prerequisite for factor

analysis.
Statistic
Year T Year T+1 [Year T+2
'Year
KMO Measure of
] .628 .641 .634
Sampling Adequacy
IApproximate
. 157750.457(172778.095|174074.784
Bartlett's (Chi-Square
Test of  [Degrees of
. 45 45 45
Sphericity [Freedom
Significance [.000 .000 .000

Table.3. KMO and Bartlett's Test

Table 4 presents the total variance explained by each
component factor in the factor analysis of corporate
competitiveness indicators for the base period (Year T).
Through dimensionality reduction via factor analysis, three
public factors were extracted based on the criterion of
eigenvalue > 1, with a cumulative variance contribution rate
of 59.274%. This indicates that the extracted factors retain
most of the information from the original data. The weight
of each public factor is defined as the ratio of the variance
contribution rate of the respective factor to the cumulative
variance contribution rate. Calculations show that the weights
of the three public factors are 0.4627, 0.3611, and 0.1761,
respectively.

Table 5 presents the total variance explained by each
component factor in the factor analysis of corporate
competitiveness indicators for the one-year lagged period
(Year T+1). Through dimensionality reduction via factor

analysis, three public factors were extracted based on the



International Journal of
Multidisciplinary Research

IJMR
Research Article

Print ISSN 3105-8884

Online ISSN 3105-8892

A\ MexpyHapopHbIii uHCTUTYT
H ynpasnenus n
Y5 npepnpuHuMaTenbcTea

October 2025, Vol. 1, No. 1

criterion of eigenvalue > 1, with a cumulative variance
contribution rate of 61.510%. This indicates that the extracted
factors retain most of the information from the original data.
Calculations show that the weights of the three public factors
are 0.4543, 0.3770, and 0.1688, respectively.

Table 5 presents the total variance explained by each
component factor in the factor analysis of corporate
competitiveness indicators for the two-year lagged period
(Year T+2). Through dimensionality reduction via factor
analysis, three public factors were extracted based on the
criterion of eigenvalue > 1, with a cumulative variance
contribution rate of 61.214%. This indicates that the extracted
factors retain most of the information from the original data.
Calculations show that the weights of the three public factors
are 0.4582, 0.3702, and 0.1715, respectively.

Figure 1 presents the scree plot of the common factors, where
the horizontal axis represents the factor serial numbers and
the vertical axis denotes the factor eigenvalues. The plot
indicates that the eigenvalues of the first three factors are
generally high, forming a relatively steep line segment. In
contrast, the eigenvalues of factors beyond the third are
generally low, connecting to form a flat line segment. Thus,
extracting three common factors is deemed appropriate.Based
on the extraction of principal component factors, Table 7
presents the component score coefficient matrix obtained

through SPSS analysis.

Components of
'Year T+1

|
-.261).044
.212 1.039
.336 1.001
.012 1393
-.018.317
-.013/.410
-.126.061
.069 |-.001
.001 .043
.336 .003

Components of
Year T+2

1 Q2
-.263.051 |.038
.011 208 [.047 |-.016
.035 1.337 -.002[.045
-.009.015 |.399 .004
-.0341-.023|.306 |-.066
-.015-.014.417 |-.019
.375 |-.120.054 397
.907 |.078 -.006/.888
.046 .003 .085 072
.034 1.337 .000 |.043

Component in
Year T

1 Q2
-.264/.057
.210 .050
.342 -.004
.013 430
-.021).279
-.0141.440
-.113].059
.083 |-.016
.003 .054
.342 -.001

IFactor

3
-.022
.023
.022
.001
-.043
-.009
.405
.891
.062
.021

3
-.026

X1
X2
X3
X4
X5

LEV
CAR
QR
ROA
ROE
ROIC[X6
CAT [X7
TRFAXS
SGR [X9
CR [X10

Table.7. Component Score Coefficient Matrix

The comprehensive score function for Year T is as follows:
F=-0.264X,+0.210X,+0.342X,+0.013X,-0.21X (1)
-0.014X,-0.113X,+0.083X,+0.003X,+0.342X,,

125

F,=0.057X,+0.050X,,-0.04X,

+0.430X,,+0.279X,+0.440X,, +0.059X , )
L0.016X,+0.054X,-0.001X,,
F,=0.022X, +0.023X, +0.022X,

(3)

+0.001X,-0.043X,-0.009X, +0.405X,
+0.891X,+0.062X,+0.021X,,

The comprehensive score function for Year T+1 is as follows:
FE =-0.261 X, +0.212 X, +0.336 X,

+0.012X, -0.018 X, -0.013 X, )
20.126 X, +0.069 X, +0.001 X, +0.336 X,

FE,= 0.044 X, +0.039 X, +0.001 X,

+0.393 X, +0.317 X, +0.410 X, ©)
+0.061 X, -0.001 X, +0.043 X, +0.003 X,,
FE,=-0.026 X, +0.011 X, +0.035 X, o

-0.009 X, -0.034 X, - 0.015 X
+0.375 X, +0.907 X, +0.046 X, +0.034 X,
The comprehensive score function for Year T+2 is as follows
FFE, =-0.263 X, +0.208 X, + 0.337 X,
+0.015X, -0.023 X, -0.014 X,
-0.120 X, +0.078 X, +0.003 X, +0.337 X,
FFE, =0.051 X, +0.047 X, - 0.002 X,
+0.399 X, +0.306 X, +0.417 X, +0.054 X,
-0.006 X, +0.085 X,
FFE, =-0.038 X, - 0.016 X, +0.045 X,
+0.004 X, - 0.066 X, -0.019 X, +0.397 X,
+0.888 X, +0.072 X, +0.043 X,

(7

®)

(10)

Using the above nine formulas, the common factor scores of
the samples can be calculated via Stata 18.0. Subsequently,
the composite scores of corporate competitiveness for the
base period, one-year lagged period, and two-year lagged
period of the samples can be computed respectively using
Formulas (3)—(5), (6)—~(8), and (9)—(11).

CC1=0.4627*F+0.3611*F,+0.1761*F3 (12)
CCr+1=0.4543*FF+0.3770*FF>+0.1688*FF3; (13)
CCr+,=0.4582*FFF+0.3702*FFF,+0.1715*FFF; 14)

(IIT) Regression Model Design
To test the research hypothesis regarding the impact of

internal audit independence on corporate dynamic
competitiveness, the following regression model is
constructed::

cc, /CC,,, /CCy,

=, +o,indep _audit+o,_, z Controls +¢

In the model, a 0 denotes the constant term; a1~ 02+

an is the regression coefficient; CCrv CCr+1v CCr+2denote
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corporate competitiveness in the base period, one-year lagged
corporate competitiveness, and two-year lagged corporate
competitiveness,

respectively.;  indep_auditindep audit

represents a firm’s internal audit independence;
Controlsdenotes a set of control variables; and is the random
error term.

V. Empirical Results and Discussion

(1) Internal Audit Independence and Enterprises’ Dynamic
Competitiveness

The empirical results in Table 8 indicate that the impact of
internal audit independence on corporate competitiveness
exhibits a distinct characteristic of "short-term promotion and
long-term attenuation."

Column (1) shows that after controlling for other factors, the
improvement of internal audit independence significantly
enhances enterprises’ current-year competitiveness. The
coefficient is 8.869 and statistically significant at the 1% level,
indicating that higher internal audit independence is
associated with stronger current-year competitiveness.

Specifically, a one-unit increase in internal audit
independence leads to an approximate 8.869-unit increase in
current-year competitiveness.

Column (2) reports a coefficient of 4.589 for internal audit
independence, which is statistically significant at the 10%

level (t

1.93). The positive impact of internal audit
independence on competitiveness persists in the one-year
lagged period but weakens substantially (the coefficient
decreases from 8.869 to 4.589), with the significance level
dropping from 5% to 10%. This suggests that the driving
effect of internal audit independence has short-term
momentum but cannot alone sustain strong medium-term
growth.

Column (3) presents a coefficient of -0.054, which is
completely insignificant (t =-0.15). By the third year, internal
audit independence no longer has any statistically identifiable
impact on corporate competitiveness. These findings
demonstrate that the effect of internal audit independence on
competitiveness is temporary rather than permanent; the long-
term performance of corporate competitiveness depends more
on other structural or strategic factors.

In summary, internal audit independence acts as a "short-term
catalyst" rather than a "long-term engine" for corporate
competitiveness. It can bring immediate improvements in
but

sustaining long-term competitiveness requires integration

corporate governance and operational efficiency,

with other long-acting mechanisms.

126

Heterogeneous Impacts of Control Variables
Exhibits
competitiveness. Column (1) shows a significantly negative
coefficient of -5.410 at the 1% level, which may reflect the

Firm Size: a complex dynamic impact on

"large enterprise syndrome"—expansion leading to

bureaucracy and delayed decision-making, thereby inhibiting
@)
significantly positive coefficient of 1.509 at the 1% level,

short-term  competitiveness. Column reports a
indicating that the positive effects of scale begin to dominate.
Column (3) shows that the significant positive impact of firm
size disappears, suggesting that the scale effect itself is a
dynamic adjustment process, and its long-term impact is
overshadowed by other more complex factors.

Ownership Type: Demonstrates a robust long-term positive
impact on corporate competitiveness. Results in Columns (2)
and (3) indicate that the coefficient of ownership type is
significantly positive in both the second and third years with
relatively large values. This suggests that state-owned
enterprises (SOEs) play a decisive role in enhancing medium-
and long-term competitiveness through their advantages in
resource acquisition, policy support, and stability
maintenance.

Board Size: Shows dynamic changes in its impact on
competitiveness. Column (1) reports a significantly negative
coefficient of -1.448 at the 5% level, reflecting the
inefficiency in decision-making caused by overly large boards.
Column (3) presents a significantly positive coefficient of
0.311 at the 1% level, supporting the "resource dependence
theory"—in the long run, larger boards can bring more
external resources and information, facilitating corporate
stability and development.

Supervisory Board Size: Displays a short-term positive and
long-term negative impact on competitiveness. Column (1)
shows a significantly positive coefficient of 2.015 at the 5%
level, indicating that the supervisory function of the
supervisory board plays an active role in the current year.
Column (3) reports a significantly negative coefficient of -
0.202 at the 10% level; similar to board size, it may generate
certain governance costs in the long run.

Managerial Ownership: Exhibits a short-term negative impact
on competitiveness. Column (1) presents a significantly
negative coefficient of -0.123 at the 1% level, which may
imply an "entrenchment effect" rather than an "interest
alignment effect"—managers may make decisions that are not
conducive to short-term competitiveness to protect personal

interests (e.g., risk avoidance).
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Practical Implications (-0.95) (-1.88) (0.79)
For Enterprises: They should strengthen short-term Controlling
governance, attach great importance to and safeguard the Shareholde
independence of internal auditing, and regard it as a key tool r -0.123%%* 0.029 -0.000
to improve short-term operational efficiency and risk control Ownership
capabilities. Meanwhile, enterprises should layout long-term Ratio
strategies, integrating optimized corporate governance (-2.75) (0.72) (-0.05)
structures with long-term technological innovation and Board Size | -1.448%%* -0.388 0.311%%*
market strategies to build sustainable competitive advantages. (-2.34) (-0.70) (3.81)
Enterprises should view scale rationally, guard against the Supervisor
"large enterprise syndrome" during expansion, and stimulate y Board 2.015%* -0.041 -0.202%
organizational vitality through internal management reforms Size
to convert scale advantages into sustained competitiveness. (2.19) (-0.05) (-1.66)
For Regulators: They should continue to introduce policies to Independe
encourage and regulate the construction of enterprise internal nt Director | -24.589 6.278 3289
audit systems, especially setting clear requirements for Ratio
independence. This is of positive significance for improving (-1.51) (0.43) (1.53)
the quality and short-term performance of microeconomic Independe
entities in the entire market. nt Director
In conclusion, these more comprehensive regression results Network -1.387 -1.036 0.160
clearly depict a picture: internal auditing is an effective Centrality
"governance emergency injection," while the long-term (0.63) (0.52) (0.55)
"healthy physique" of enterprises relies on a comprehensive Intercept 64 3707 % 768 5056
and dynamically adjusted governance system and strategic 6.17) -0.77) (-1.49)
layout. X
Observatio
20,117 20,117 20,117
ns
1 2 3
) @) — ) — R-squared | 0.005 0.006 0.030
. . Competitiven | Competitiven
Variable Competitiven . i Table.
. ess in Year|ess in Year
essin Year T
T+1 T+2 . .
(2) Internal Audit Independence and State-Owned Enterprises’
Internal .
Audit Competitiveness
lcll ! d 8.869%** 4.589* -0.054 Table 9 presents the results of subgroup regression analysis
1
nidepende based on enterprise ownership type, aiming to examine the
nce . . L
heterogeneous impacts of internal audit independence on the
. 1. -0.1 . . .
(3.36) (1.93) (-0.15) dynamic competitiveness of state-owned enterprises (SOEs)
; : - sokok Hokok _
Firm Size 3410 1509 0.033 in the current period (Year T), short term (Year T+1), and
(-8.58) (2.66) (-0.40) medium term (Year T+2).
Ownership | 20a 14.492%%% | 5.308%** SOE Subgroup
Nature Within the SOE subgroup, internal audit independence
(1.06) (7.76) (19.39) exhibits a significant short-term promotional effect on
Controlling corporate competitiveness. Specifically, in the current period
Shareholde (Year T), the coefficient of internal audit independence is
r -4.786 -8.479% 0.521 17.212, which is statistically significant at the 1% level (t =
Ownership 2.87). This indicates that enhancing internal audit
Ratio independence in SOEs can immediately strengthen their
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current-period competitiveness. However, this positive Audit Hokx 1.113 0.12 | 0.340 | 0.008
impact is time-bound: in Years T+1 and T+2, the coefficients irrllizpend 1
are 8.492 and -0.340, respectively, neither of which is -
statistically significant. This suggests that the impact of (2.87) - (1.42) | 0.77 - (-
internal audit independence is primarily concentrated in the 0.55) 0.39) |0.46)
short term and fails to persist into the medium and long terms. j j
i 4.491 (0.04 |- -
Non-SOE Subgroup lg}rm 0.377% |3.321 |
In contrast, the impact of internal audit independence in non- 1ze Rk sk 3 0.095 |0.002
SOEs presents a distinctly different pattern. In Years T, T+1, - 14 |- (-
i ] - - -5.05 243) |
and T+2, the coefficients are -1.113, -0.121, and -0.008, ( ) 8.53) ( ) 2) 0.35) | 0.60)
respectively—all negative but statistically insignificant. Controlli
Key Findings and Implications ng - -
These results confirm significant ownership-based iharehol 116259 | 32.00 [0.03 |[1.440 |0.010
o . . . er 0.512
heterogeneity in the impact of internal audit independence on Ownersh Dk 1
corporate competitiveness. Specifically, enhancing internal ip Ratio
audit independence significantly boosts the current-period - - (-
competitiveness of SOEs but exerts no significant effect on (-1.03) 0.17) |2.05) 0.13 | (0.63) | (0.36)
that of non-SOEs.
For SOEs, strengthening the independent status of internal Mlanager - 0.00
ia - . - -
iti i i i -0.663 | 0.134
auditing constitutes an effective governance mechanism to anersh - 0167 |0 0.030 | 0.000
improve short-term competitiveness and responsiveness. 1p
Regulators and SOE managers should strive to ensure the (-1.13) (- (- 0.0 |(- (-
independence of internal audit departments through 5.79) 10.29) | 1) 0.35) |0.30)
institutional design,. organizational st@cture .optimiz?tio?, Board i -1 o | 0.01 l0.814 |-
and resource allocation, thereby unlocking their potential in Size -1 . 1410 |9 . 0.004
corporate governance and value creation. However, given the ok
short-term nature of this impact, SOEs need to complement (- (- 0.6 (-
. L . . (-0.69) (3.34)
internal audit independence with other long-acting 344) 1085 |1) 0.96)
governance mechanisms to sustain competitive advantages. Supervis -
For non-SOEs, the drivers of competitiveness may stem more ory 3.787* 0.02
. . . . Board 0.450 |0.101 0.434 | 0.003
from market mechanisms, entrepreneurial spirit, or alternative Size 1
governance arrangements. The standalone enhancement of ( ( (- ( (
internal audit independence is not a critical lever for (1.91) _ _ 035 | )
. . . o 0.58) |0.05) 1.50) |0.39)
improving their competitiveness. )
Proportio
Non n of B B
Independ | -40.842 | 10.92 |9.556 |0.02 |5.303 | 0.005
Non- - Non-
State- State- ent 8 63
State- | State- Stat State- Directors
Owne Owne (-
Owned |Owne d e- d Owne -
Table.10. d Own d (-0.93) 1.02) (0.22) [ 0.31 |(0.82) | (0.06)
abc ed
I
Corporate Corporate ndepend
Corporate c " c " ent - -
mpetiti mpetitiven -
Competitivenes |~ Porive | HOMPEHHVE Director | 071 |5 582 0.15 | 0.496 | 0.011
) ness in Year |ess in Year Network . 2.403
sin Year T T4 T4 Centralit 7
Y
Internal | 17.212 |- 8.492 | - - - 0.01) (- (- (- (0.50) | (0.94)
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1.93) [0.35) |1.50 non-SOEs’ competitiveness is more strongly driven by
) market factors.
| 101.18 [49.23 |- 1.33 | - 1.127 Column (3): SOE Subgroup (T+2 Period)
t t

fiereep Otk 86 2192 (2 1.065 | *** The coefficient of the interaction term "Internal Audit
- 2.3 |(- (17.3 Independence x Data Element Utilization Efficiency" is 0.326,
(3.65) | (6:87) 0.08) |7) 0.26) |9) which is statistically insignificant (t = 1.23). This
Observat 143 demonstrates that the moderating effect of data element

) 5,756 14361 | 5,756 5,756 | 14361 a . . .
ions 61 utilization efficiency on internal audit independence
R- 0.009 0.00 0.000 disappears in the medium term (Year T+2), indicating that
0.008 0.002 0.003 - . . . )
squared 6 08 4 such an effect is likely short-lived. Potential explanations are:
Table. (1) the effect of data element utilization efficiency in SOEs

(3) Moderating Role of Data Element Utilization Efficiency
Table 9 indicates that the positive impact of internal audit
(SOEs)’

competitiveness tends to weaken over time. To further explore

independence on  state-owned enterprises
the influence of data element utilization efficiency, we
introduce it as a moderating variable and examine its
moderating effect on the relationship between internal audit
independence and SOEs’ competitiveness in the one-year
lagged (T+1) and two-year lagged (T+2) periods. The results
are presented in Table 10.

Column (1): SOE Subgroup (T+1 Period)
The coefficient of the interaction term "Internal Audit
Independence x Data Element Utilization Efficiency" is 3.853,
which is statistically significant at the 5% level (t=2.14). This
suggests that in SOEs, data element utilization efficiency
significantly strengthens the positive impact of internal audit
independence on corporate competitiveness. In other words,
a higher level of data element utilization efficiency amplifies
the promotional effect of internal audit independence on
enterprises’ short-term competitiveness (Year T+1). A
plausible explanation is that SOEs place greater emphasis on
optimizing audit systems when enhancing data element
utilization, thereby magnifying the value of internal audit
independence.

Column (2): Non-SOE Subgroup (T+1 Period)

The coefficient of the interaction term "Internal Audit
Independence x Data Element Utilization Efficiency" is 0.005,
which is statistically insignificant (t = 0.28). This indicates
that in non-SOEs, data element utilization efficiency does not
significantly moderate the relationship between internal audit
independence and corporate competitiveness. Possible
reasons include: (1) the internal audit mechanisms of non-
SOEs are inherently more flexible, leading to a smaller

marginal effect of data element utilization efficiency; or (2)
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attenuates over time; or (2) the role of internal audit
independence is offset by other factors.

Column (4): Non-SOE Subgroup (T+2 Period)

The coefficient of the interaction term '"Internal Audit
Independence x Data Element Utilization Efficiency" is 0.001,
which is statistically insignificant (t = 0.43). This reconfirms
that data element utilization efficiency exerts no significant
moderating effect in non-SOEs, either in the short or medium
term.

Summary of Moderating Effect Results

Table 10 reveals that data element utilization efficiency exerts
a significant positive moderating effect on the relationship
between internal audit independence and SOEs’ short-term
competitiveness (Year T+1), but this effect dissipates in the
In non-SOEs,

efficiency shows no significant moderating effect whatsoever.

medium term. data element utilization
These findings indicate that ownership type serves as a key
boundary condition: SOEs may derive greater audit synergy
benefits from data element utilization, but the sustainability

of such benefits is limited.

) 2) “4)
Non- | (3) State- | Non-
State-
State- | Owned | State-
Owned
Owned Owned
Table.10.abc —
Competitiveness

. Competitiveness in
in the One-Year

. the Two-Year
Lagged Period .
Lagged Period
(Year T+1)
Internal Audit
Independence x
Data Element | 3.853™ |0.005 |0.326 0.001
Utilization
Efficiency
(2.14) |(0.28) |(1.23) (0.43)
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Data Element
Utilization -0.156 -0.001 |-0.013 0.001
Efficiency

(-0.27) |(-0.51) | (-0.16) (0.64)
Internal Audit1 g5 | 137 | 1043 |-0.011
Independence

(0.03) (-0.81) | (-1.00) (-0.58)
Firm Size 4.439™ [0.043 |-0.100 -0.002

(2.40) (1.41) |(-0.37) (-0.58)
Controlling
Sharcholder ] -0.033 | 1.480  [0.010
Ownership 31.537*
Ratio

(-2.02) |(-0.14) | (0.64) (0.37)
Managerial 20.162 [0.001 [-0.029 |-0.001
Ownership

(-0.28) [(0.01) |(-0.34) (-0.31)
Board Size -1.554 [0.019 |0.801***|-0.003

(-0.93) |(0.60) |(3.28) (-0.95)
Supervisory 0.183 [-0.021 [-0.441 |-0.002
Board Size

(-0.09) |(-0.35) | (-1.52) (-0.36)
Proportion of
Independent 7.949 -0.267 |5.166 0.006
Directors

(0.18) (-0.32) |(0.80) (0.06)
Proportion of
Independent -1.854 | -0.159 |0.543 0.011
Directors

(-0.27) | (-1.51) [ (0.55) | (0.94)
Intercept 0.200 1.346™ | -0.861 1.125™

(0.01) (2.39) [(-0.21) (17.33)
Observations 5,756 14361 | 5,756 14361
R-squared 0.003 0.001 |0.003 0.001

Table.

4.Research Conclusions and Implications

4.1.Research Conclusions

Based on empirical data of Chinese listed firms, this study
explores how internal audit independence affects enterprises’
dynamic competitiveness and the moderating role of
ownership type. Full-sample regression and subgroup tests
yield core findings:

Internal audit independence exerts a significant short-term
boost on current dynamic competitiveness, but this positive
effect fades and becomes statistically insignificant by Year
T+3, constrained by long-term strategic factors. Subgroup

analysis shows heterogeneous impacts: in state-owned

enterprises (SOEs), internal audit independence strongly
drives competitiveness (coefficient=17.212), far exceeding
the full-sample average, as it mitigates principal-agent
problems and ensures state-owned asset efficiency. In non-
SOEs, however, its effect is insignificant due to flexible
governance structures and competitiveness relying more on
entrepreneurship, market opportunities and innovation.
Control variables like firm size also show heterogeneous
effects across models, reflecting the systematic nature of
competitiveness formation.

(2) Research Implications

This study offers targeted implications: For SOEs, strengthen
internal audit independence via top-level design, shift its
function from financial compliance to value creation, and
integrate it with digital transformation. For non-SOEs, avoid
copying SOE governance models; instead, embed internal
audit into core business risk management. For policymakers,
adopt classified regulatory guidance—impose mandatory
independence requirements on SOEs and provide principle-
based guidelines for non-SOEs.

Funding:Social Science Planning Project of Liaoning
Province: Research on the Mechanism and Effect of Supply
Chain Finance Empowering Continuous Mergers and
Acquisitions of "Chain Owners" Enterprises to Form Green
Productivity (L25CGL034)
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Rel . . .
Dz tzase Issuing Authority Document Title Core Tenets of the Document
Central Committee - We will improve the supervision system and mechanisms for
. Guidelines on . e
of the Communist . state-owned capital auditing, implement full-coverage
August . Deepening the Reform . . .
Party of China auditing supervision over enterprise state-owned assets, and
2015 of State-owned . . .
(CPC) and the State . establish a regular auditing system for enterprise state-
. Enterprises .
Council owned capital.
This constitutes a major initiative to implement the guiding
. . Provisions of the principles of the CPC Central Committee and the State
January National Audit . . . o . .
2018 Office. PRC National Audit Office Council on strengthening internal audit work and giving full
’ on Internal Audit Work | play to its role. It is of great significance for promoting
audited entities to standardize internal management, improve
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internal control, mitigate risks, and enhance quality and
efficiency.

Guidelines for To promote central state-owned enterprises (CSOs) to

Compliance comprehensively strengthen compliance management,
November SASAC Management of Central | accelerate the improvement of law-based and compliant
2018 State-owned operation and management capabilities, strive to build law-

Enterprises (Trial
Implementation

based central enterprises, and ensure the sustainable and
healthy development of enterprises.

State-owned Assets
Supervision and

{Official Notice on
Matters Concerning the
Improvement and

All Central Enterprises shall take "strengthening internal
control, preventing risks, and promoting compliance" as the

Commission of the
State Council

Development Planning
of Central Enterprises

]2)5 IC gmber Administration Oversight of the goal, and establish a comprehensive, full-staff, whole-
Commission of the | Internal Control process, and whole-system risk prevention and control
State Council Systems of Central mechanism.
Enterprises in 2020
State-owned Assets | Official Notice on Promote Central Enterprises to give full play to the
Januar Supervision and Matters Concerning the | supervisory and inspection role of internal audit in
2020 M Administration Conduct of Internal "facilitating management, controlling risks, and
Commission of the | Audit Work in Central | strengthening supervision", and continuously enhance
State Council Enterprises in 2020 enterprises' internal "immunity".
State-owned Assets . . Promote organizational and management reforms of
o Official Notice on . . .. .
Supervision and . enterprises oriented toward digital transformation,
. . Accelerating the . . S
January Administration . . coordinate the development of new digital capabilities, and
.. Digital Transformation L . . S
2020 Commission of the earnestly advance digital transformation efforts with a "nail-
. of State-owned s .o . . .
State Council Enterprises sticking spirit" to ensure consistent implementation of the
(SASAC) P overall blueprint.
State-owned Assets | Implementation Focusmg on the formation of a state.—owned asset
.. .. . supervision system centered on capital management,
Supervision and Opinions on Deepening . . . .
September .. . . promote Central Enterprises to establish an internal audit
Administration the Internal Audit .
2020 . . leadership and management system that meets the
Commission of the | Oversight of Central . . . .
. . requirements of the modern enterprise system with Chinese
State Council Enterprises -
characteristics.
Deepen the informatization and digitalization of key areas
State-owned Assets | Opinions on Further such as contract management, case management, and
Supervision and Deepening the compliance management; embed legal review into the
September . . - . . . . .
Administration Construction of Law- processes of major decision-making and important business
2020 . . .S, . . .
Commission of the | Based Central management; and realize the online identification, analysis,
State Council Enterprises evaluation, and prevention and control of legal and
compliance risks through big data and other means.
The State-owned Assets Supervision and Administration
Commission of the State Council (SASAC) supervises and
inspects the implementation of development plans, the
State-owned Assets progress of major engineering projects, gnd the completion
. Measures for the of key tasks of Central Enterprises. For issues such as
Supervision and .. . - . . L .
. . Administration of significant deviations in development direction, serious
June 2025 | Administration

delays in implementation progress, and low development
quality, it shall issue reminders, conduct interviews, or
circulate notices in accordance with relevant provisions; for
cases of blind investment deviating from the development
plan direction, it shall impose assessment score deductions
based on the severity of the circumstances.

Table.1. Relevant Documents on Internal Audit and Data Element Utilization Since 2015

Type Variable Definition
Dependent Variable | Corporate Dynamic Competitiveness Comprehensive Index
It is assigned a value of 1 if the number of audit committee
Independent . . .
Variabl Internal Audit Independence members is greater than or equal to the industry average,
ariable
and 0 otherwise.
Moderating Data Factor Utilization Rate Ln (Number of Data Factor Utilization-related Words + 1)
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Variable
Firm Size Ln (Number of Employees + 1)
. Dummy variable: assigned a value of 1 for state-owned
Ownership Nature ] ]
enterprises (SOEs), and 0 otherwise.
Shareholding Ratio of Controlling | (Number of Shares Held by Controlling Shareholders) /
Shareholders (Total Share Capital)
) . . . (Number of Shares Held by Managers) / (Total Share
Control Variable Managerial Ownership Ratio

Capital)

Board Size

Ln (Number of Board Members + 1)

Proportion of Independent Directors

(Number of Independent Directors) / (Total Number of
Board Members)

Independent Director Network Centrality

The network centrality of independent directors' positions

in the overall director network

Table.2. Variable Description

Initial Eigenvalues Sum of Squared Loadings Rotated Sum of Squared Loadings

Component Percentage . Percentage . Percentage .
Total ] Cumulative % [Total ] Cumulative %  [Total ] Cumulative %

of Variance of Variance of Variance

1 2.780 [27.799 27.799 2.780 [27.799 27.799 2.743 27.431 27.431

2 2.118 21.181 48.980 2.118 21.181 48.980 2.141 21.405 48.837

3 1.029 |10.294 59.274 1.029 |10.294 59.274 1.044 10.437 59.274

4 .995 9.953 69.227

5 .879 [8.791 78.018

6 780 [7.798 85.817

7 734 [7.342 93.159

8 .560 |5.601 98.760

9 110 (1.098 99.857

10 014 |.143 100.000

Table.4.Total Variance Explained in Base Year T
Initial Eigenvalues Sum of Squared Loadings Rotated Sum of Squared Loadings

Component Percentage . IPercentage . Percentage .
Total ] Cumulative % [Total ] Cumulative % [Total ] Cumulative %

of Variance of Variance of Variance

1 2.827 28.273 28.273 2.827 28.273 28.273 2.794 27.942 27.942

2 2.296 22.965 51.238 2.296 22.965 51.238 2.318 23.184 51.126

3 1.027 (10.272 61.510 1.027 (10.272 61.510 1.038 (10.384 61.510

4 .996 9.964 71.474

5 .858 [8.585 80.059

6 731 {7.311 87.369

7 .631  6.306 93.675

8 .524  15.239 98.914

9 .096 1955 99.870

10 .013 130 100.000

Table.5. Total Variance Explained for T+2 Year
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Component Component Component
Percentage of] Percentage of] Percentage of]
Component [Total [Variance Cumulative %  [Total [Variance Cumulative %  [Total |Variance Cumulative %
1 2.843 28.432 28.432 2.843 [28.432 28.432 2.805 28.050 28.050
2 2.246 22.457 50.889 2.246 22.457 50.889 2.266 22.664 50.715
3 1.032 {10.325 61.214 1.032 [10.325 61.214 1.050 [10.499 61.214
4 982 9.815 71.029
5 .849 [8.487 79.515
6 732 [7.321 86.837
7 674 16.743 93.580
3 528 [5.277 98.857
9 103 [1.027 99.884
10 012|116 100.000

Table .6. Total Variance Explained for T+2 Year

Scree Plot of Year T Scree Plot of Year T+1 Scree Plot of Year T+2

Figure. 1. Scree Plot of Common Factors
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Comprehensive digitalization is profoundly changing people's production, life, work and learning styles.
Digital human The rapid development of the digital economy also prompts enterprises to carry out profound digital
resources, transformation. Human resources work is an important part that affects the organizational structure and
Digital business activities of enterprises. Digital human resources has become an important factor for the success
transformation; of enterprise transformation. Scholars at home and abroad have conducted in-depth research on the
Digital intelligence; definition and characteristics, mode mechanisms, risk countermeasures, etc. of digital human resources.
Collaborative Therefore, this article will sort out and look forward to the concept characteristics and the current status of
development research and development at home and abroad.

INTRODUCTION

The term "digital human resources" first appeared in the
"Deloitte 2016 Global Human Capital Trends" report, which
argued that digital human resources represented a revolution
rather than a slow evolution. In 2021, General Secretary Xi
Jinping emphasized during a collective study session that
"the digital economy is becoming a crucial force in
reorganizing global factor resources, reshaping the global
economic structure, and altering the global competitive
landscape. Developing the digital economy is a strategic
choice for seizing the new opportunities presented by the
new round of scientific and technological revolution and
industrial transformation"[1]. In 2024, the state introduced
the "Action Plan for Accelerating the Cultivation of Digital
Talent to Support the Development of the Digital Economy
(2024-2026)". This plan emphasized that digital talent can
boost the development of the digital economy and accelerate
the development of new forms of productive forces. With the
rapid development of China's digital economy and the
continuous upgrading of network infrastructure and
intelligent terminal industries[2], the support of technology
drives organizational change. Digital human resources

management, through new-generation digital technologies

such as mobile Internet, cloud computing, big data, and
artificial intelligence, creates a unified digital workplace,
realizes the process and automation of human resources
management, enhances the employee experience, helps
organizations make scientific human resources management
decisions, and the digital development of human resources
has become an inevitable development trend.

The development trend of digital human resources shows
that digital intelligence will become the core strategy for
organizations to improve efficiency and also a powerful
weapon for secizing the talent dividend. As the new
generation enters the workplace and becomes the main force
in organizations, having grown up with mobile Internet
technology, they will accelerate the digital intelligence of all
employees in the organization and serve as a guarantee for
enhancing digital capabilities. At the same time, with the
continuous growth of human resources data, digital human
resources management will become a shining star among the
the

development of digital human resources is not only a

value creators of organizations. In summary,

manifestation of the technological revolution but also a new

journey of human progress. Against the backdrop of
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digitalization, change, opportunities, talent, and integration,
the transformation of the foundation of digital human
resources management is of great significance for improving
organizational effectiveness, optimizing the talent structure,
and promoting innovative development.

Facing the profound changes that digitalization is bringing to
the ways people produce, live, work, and learn, the rapid
development of the digital economy is also driving
enterprises to undergo deep digital transformation. Human
(HR) functions

influencing organizational structure and business activities,

resources are a critical component
and digital HR has become a key factor in the success of

enterprise  transformation. Scholars have conducted
extensive research on the definition and characteristics,
models, mechanisms, risks, and countermeasures related to
digital HR. Therefore, this paper aims to review and
summarize its conceptual features and the current state of
research development, while also providing an outlook for

future directions.

1.Concept Definition and Characteristics

The conceptual landscape of modern management theory is
often punctuated by seminal figures and foundational texts,
yet the emergence of Digital Human Resources (Digital HR)
as a significant paradigm defies such a neat origin story.
Unlike other classic organizational theories with clear
progenitors — such as Taylor's Scientific Management or
Mayo's Human Relations approach—Digital HR cannot be
attributed to a single founder or a definitive inaugural
proposition. It is, instead, a contemporary and evolving
mode of human resource management that has been
gradually conceived and shaped organically within the
crucible of the Information Age. Its genesis is inextricably
linked to the rapid, wave-like advancement of information
that has

fundamentally reshaped the socioeconomic fabric. This

and communication technologies, a force
management paradigm is thus less an invention and more an
adaptive response, emerging as the logical confluence and
deep integration of technological capability with the
It

represents a quintessential product of its time, evolving in

enduring functions of human capital management.

lockstep with digital transformation trends that permeate all
aspects of organizational life. Moreover, these activities are
carried out simultaneously and intertwined with each

other[3]. This viewpoint expounds the connotation of digital
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human resources from a relatively broad perspective and
emphasizes the simultaneity of its activity scope and
technological application. In China, after extensive research
and practice, the currently widely accepted definition is:
Digital human resources is a new type of management mode
that actively applies digital technology and information
means in human resources management practices to
effectively manage the human resources of enterprises. This
definition not only clarifies that the management scope of
digital human resources is corporate human resources but
also emphasizes that its core lies in using digital technology
and information means to ensure the effectiveness of
management. Further analysis shows that digital human
resources have some distinct characteristics, including
digital-driven,  agility,  intelligent  decision-making,
self-service, and cost-effectiveness, etc.[4]. Digital-driven
means that the management process takes data as the core
and relies on the collection, analysis, and application of data
to drive decision-making and management activities; agility
reflects that this management mode can quickly adapt to the
changes in the internal and external environments of the
enterprise and flexibly adjust human resources strategies;
intelligent decision-making relies on advanced algorithms
and data analysis tools to provide a scientific basis for the
enterprise's human resources decisions; self-service enables
employees and managers to independently complete relevant
human resources management operations to a certain extent,
improving efficiency; cost-effectiveness highlights that
through digital means, it is possible to effectively reduce the
cost of human resources management while ensuring the
quality of management.

The scholarly inquiry into Digital HR reveals a fascinating
tapestry of perspectives, distinctly colored by the academic
environments, cultural contexts, and practical realities in
which researchers are situated. Scholars across the globe,
while examining the same broad phenomenon, have
cultivated different research trajectories and underlying
value systems, leading to a rich, if sometimes fragmented,
body of literature. Internationally, a notable contribution
comes from scholar Alan, whose viewpoint frames Digital
HR as a complex and comprehensive organizational process.
This process, in Alan's conceptualization, is characterized by
the holistic application of digital technologies across the
entire spectrum of human resource management activities. It
encompasses a continuum from initial recruitment and

selection, through onboarding, performance management,
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learning and development, and extends to compensation,
Alan
emphasizes that these activities are not sequential or isolated
but

benefits, and payroll administration. Crucially,

are conducted simultancously and are deeply

interdependent, woven together by shared digital platforms
and data This
process-oriented understanding of Digital HR, highlighting

streams. perspective offers a broad,

its integrative nature and the synchronicity of its
technological application and managerial scope.

In contrast, within the Chinese academic and professional
context, extensive research and practical experimentation
have converged upon a definition that, while aligned in spirit,
carries distinct nuances. The widely accepted definition
positions Digital HR as a new management model that
actively employs digital technologies and information
methodologies within HR practices to achieve effective
governance and optimization of an enterprise's human
resources. This definition performs two critical functions.
First, it explicitly demarcates the domain of Digital HR: the
human resources of the enterprise itself. Second, and more
importantly, it centers the core mechanism of this model: the
strategic use of digital and informational tools as the primary
enablers of management efficacy. The emphasis is squarely
on leveraging technology to attain effectiveness, implying a
focus on outcomes such as improved decision quality,
operational efficiency, and strategic alignment.

Delving deeper, this model is operationalized through a
constellation of interrelated and defining characteristics that
distinguish it from traditional HRM. A closer analytical
examination reveals these core attributes:

Data-Driven Core: At the heart of Digital HR lies a
fundamental shift from intuition-based to evidence-based
management. The process is intrinsically data-centric,
relying on the systematic collection, sophisticated analysis,
and strategic application of people analytics. Data becomes
the primary fuel for decision-making and the steering
mechanism for management interventions, spanning from
predicting talent attrition to optimizing workforce planning.
Agility: Reflecting the volatile, uncertain, complex, and
(VUCA) nature of the modern business

environment, Digital HR is characterized by organizational

ambiguous

agility. This refers to the capacity of the HR system and its
associated strategies to respond rapidly and flexibly to shifts
in both the internal organizational climate and the external
market, regulatory, and competitive landscapes. It enables

proactive rather than reactive adjustments to talent
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management approaches.

Intelligent Decision-Making:Moving beyond basic data
reporting, this characteristic entails the use of advanced
algorithms, machine learning models, and predictive
analytics tools. These technologies transform raw data into
actionable insights and foresight, providing a scientific,
empirical basis for strategic HR decisions. This could
manifest in Al-powered candidate matching, personalized
learning path recommendations, or models identifying
high-potential employees.

Self-Service Empowerment:Digital HR architectures often
feature integrated platforms (e.g., Enterprise Resource
Planning or dedicated HR Information Systems) that enable
delegation of routine administrative tasks. Employees can
manage personal data, request leave, access payslips, and
enroll in training, while managers can handle approvals,
conduct performance check-ins, and generate team reports.
This decentralization of transactions improves operational
efficiency, enhances user experience, and frees HR
professionals for more strategic roles.

Cost-Effectiveness: A compelling pragmatic attribute is the
emphasis on optimizing the economic equation of HR
service delivery. Through automation of repetitive tasks,
streamlining of processes, reduction of administrative
overhead, and improved allocation of HR investments based
on data, digital means offer the potential to significantly
lower the operational costs of human resource management.
Crucially, this is achieved not by diminishing service quality
but often by enhancing it through greater speed, accuracy,
and accessibility.

In synthesis, Digital HR emerges as a historically contingent
concept born from technological progress, interpreted
through diverse scholarly lenses that reflect regional and
pragmatic emphases. Its operational essence, however, is
captured in a cohesive model defined by a data-driven
nucleus, augmented by agility, intelligence, user
empowerment, and a strong imperative for value-driven
the

current

efficiency. This conceptual
both

implementation and guiding its future evolution as a

framework provides

foundation  for understanding  its

cornerstone of modern organizational management.

2.Literature Review of Digital Human
Resources at Home and Abroad

Through sorting out relevant literatures, it is found that the
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main research directions of domestic scholars on digital
human resources mainly focus on five aspects: studying the
importance and specific paths of digital human resources
from the perspective of managers or enterprises, discussing
the impacts brought by digitization at the employee level,
researching the impacts of digital technology on human
resources starting from digitization itself, putting forward
suggestions on the combination of people and digital
technology, and finally expounding the changes and
challenges brought about in the digital era. Analyzing and
discussing from the perspective of managers or enterprises,
scholars Guo Jinhua and Zhu Chengliang, from the
enterprise level, by citing the "value chain theory", put
the of digital

transformation of manufacturing

forward human resources

the

improvement of enterprise added value. They also promoted

necessity
enterprises and
the high added value at both ends of the "smile curve" of
manufacturing enterprises from two aspects: upstream
research and development innovation and downstream
service operation, and proposed practical path choices[5].
Scholars such as Ma Qian took start-up enterprises and
By
introducing digital technology, which brought opportunities

incubation platforms as the breakthrough points.
and development to the above-mentioned enterprises, they
proposed the digital enabling service path mechanism of
"digital technology support service + organizational
management optimization service co-creation ecosystem
embedding mechanism", clarified the characteristics and
differences of different stages of digitalization of innovative
enterprises, and provided specific ideas for the selection of
digital human resources of Xi'an Zhongke Chuangxing
Technology Incubator Co., Ltd. through specific case
analysis[6]. Discussing from the perspective of employees,
scholars such as Li Shaolong proposed that in the digital era,
should

management, that is, HRM. This group of scholars believes

human resources adopt digital gamification
that in the situation where traditional incentive methods are
gradually declining, more efforts should be made to
stimulate employees to establish internal incentive motives,
and gamified human resources under the digital environment
is a novel and effective attempt[7]. Scholars Wang Shaojie
and Li Jing, in management practice, recognized the change
of employees from the "robots" established in the industrial
era to the "digital people" with the advent of big data, and
proposed that digital people will become the masters of

organizational human resources[8].In terms of digital
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development, scholars such as Li Yanping adopted the
digital-HRM research method and proposed that human
resources should rapidly develop digitally to improve
organizational and enhance

management efficiency

employees' technical capabilities. They also emphasized the

urgency and inevitability of enterprises’  digital
transformation[9]. Scholars such as Zhang Zhipeng
discussed that digital transformation has completely

subverted human resources services, and analyzed the
impacts of digital technology on organizational human
resources from three dimensions: the digitalization of
business resources, the scenario-based application of data
resources, and the intelligence of data resources[10]. In
terms of the integration of people and technology, scholars
such as Xie Xiaoyun explored new practices of digital
technology and human resources, sorted out and summarized
dimensions such as training and development, assessment
and supervision, reward and punishment mechanisms, the
relationship between organizations and employees, human
intelligence and machine intelligence, etc., and proposed the
five major tensions in digital human resources. Scholars
such as Li Ping proposed at the organizational structure level
that artificial intelligence (objective intelligence) and human
intelligence (subjective intelligence) have become a unity of
opposites like yin and yang[11]. Regarding the changes and
challenges brought to small and medium-sized enterprises
(SMEs) in the context of the digital era, scholar Lei Jiewei
discussed the changes and challenges faced by digital human
resources from two aspects. On the one hand, technologies
such as big data are used to achieve enterprise benchmark
recruitment and improve the accuracy of human resources
analysis. On the other hand, it is difficult for enterprises to
carry out the top-level design of digital human resources,
high-end digital

professionals[12]. Scholars such as Lii Fen affirmed that

and there is a lack of relevant
SMEs are important contributors to China's economic
development and used fsSQCA to analyze how to promote the
digital technology innovation capabilities of SMEs to adapt
to the development of the times[13].

Foreign scholars have studied digital human resources in
two parts according to the time series, taking the COVID-19
pandemic as a dividing line. Before the pandemic, most
foreign scholars focused their research directions on the
impact of the configuration of the digital employee model
against the backdrop of the digital society and economy. For

example, Fuchs proposed new digital labor forms such as
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digital labor and digital work[14]. After experiencing the
pandemic, foreign scholars have taken digital human
resources as the key research focus and analyzed the impacts
brought by digitization from different dimensions.
Regarding the changes in the digital workplace, as the
the

workplace also needs to be adjusted accordingly. This new

management gradually accepts new technologies,
leadership style has introduced concepts such as flexibility.
In this context, flexibility specifically means that the
workspace is no longer limited to a specific physical
location. Scholars such as Maral believe that during the
pandemic, remote work and hybrid work have been widely
adopted. They studied the impact of the shift in work
patterns on office workers and analyzed the development
potential of the future sustainable work environment. They
analyzed the opportunities and challenges brought by the
digital workplace from the perspectives of individuals, teams,
and leadership, and concluded that in order to achieve the
expected work patterns and value benefits, employers need
to provide support and redesign the physical digital
workplace to meet the diverse needs of employees[15].

In terms of the digital transformation of human resources,
Villajos believes that over time, in order to enable
organizations to adapt to more intense market competition,
the focus of human resources needs to shift from traditional
strategic management methods to sustainable management
methods, and digitization is a necessary measure for human
resources reform[16]. Standing at the level of human
resources leadership, scholar Zervas discussed how to
effectively promote the development of digital skills,
enhance organizational resilience, and drive economic
development, and concluded the necessity of digital
practices carried out by human resources leaders[17].
Scholars such as Divya, through bibliometric methods,
revealed the research trends in the fields of digital
transformation and human resources management, providing

references for subsequent research[18].

3.A renowned theoretical study

In addition, there exists a renowned theoretical model that
provides a clear and systematic explanation of the dynamic
relationship between organizations and talent mobility.Based
on the "Attraction-Selection-Attrition" (ASA) theoretical
model proposed by Schneider (1987), the illustrated diagram

vividly reflects the dynamic process of how organizations
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and individuals achieve mutual adaptation through attraction,
selection, and attrition — thereby shaping organizational
homogeneity.

The ASA model highlights

organizations tend to recruit and retain individuals who are

a crucial phenomenon:

similar to existing members, thereby reinforcing
organizational homogeneity. Over time, this may lead to a
lack of diversity in perspectives and thinking, potentially
hindering innovation and adaptability. Therefore, modern
organizations should strive to strike a balance between
maintaining cultural consistency and introducing appropriate
diversity while applying the ASA framework. For instance,
during the attraction stage, organizations can showcase not
only their cultural strengths but also their openness and
inclusiveness. During the selection phase, assessment tools
can be designed to evaluate not only job skills but also
whether candidates can bring new perspectives and
experiences. In the attrition stage, organizations should
establish mechanisms for feedback and adjustment, allowing
individuals who do not fully fit in but possess unique value
to have opportunities for adaptation and growth.Furthermore,
with the rise of digital human resource management, the
application of the ASA model has gained new possibilities.
For example, organizations can use data analytics to more
accurately assess the degree of match between individuals
and the organization; intelligent recruitment systems can
simulate organizational culture and work scenarios, allowing
candidates to experience them in advance; and employee
retention analysis models can help identify attrition risks
early and intervene. These digital tools not only enhance the
efficiency of attraction, selection, and attrition but also make
these processes more scientific and precise.

In summary, the ASA model provides a profound analytical
framework for understanding the interaction between
individuals and organizations. In practical applications,
organizations should remain vigilant against the potential
negative effects of excessive homogeneity, flexibly adjusting
human resource management strategies to achieve a
dynamic balance between organizational consistency and

individual diversity.
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Building upon the "Attraction-Selection-Attrition" (ASA)
model, digital human resources (Digital HR) is revitalizing
this classic framework by infusing it with unprecedented
dynamism, granularity, and strategic value, allowing it to
evolve from a descriptive explanation of organizational
homogeneity into a prescriptive engine for managed
diversity and adaptive resilience. While the traditional ASA
model is often critiqued for potentially fostering static,
insular organizations in today's volatile and complex
business landscape, Digital HR intervenes precisely at this
intersection of legacy theory and modern practice,
transforming each phase through data-driven innovation. In
the Attraction phase, organizations move beyond broad
cultural messaging to targeted, predictive engagement —
leveraging analytics from platforms like LinkedIn and
Glassdoor for hyper-targeted employer branding, using
algorithms to analyze digital footprints of successful
employees to build "ideal fit" profiles for proactive
candidate  identification, and offering immersive
pre-experiences through VR tours and AI chatbots to
strengthen the quality of initial engagement. The Selection
is elevated from

phase subjective assessment to an

augmented, bias-aware intelligence process, where
Al-powered screening tools analyze contextual evidence of
skills and problem-solving approaches, structured digital
interviews provide data-rich insights into communication
styles and cognitive preferences, and carefully designed Al
systems help mitigate bias in job descriptions and
evaluations — enabling organizations to select for "cultural
add" rather than mere "cultural fit." In reimagining Attrition,
Digital HR redefines it from a passive exit endpoint into a
continuous feedback loop for organizational learning and
talent agility, utilizing predictive attrition risk modeling by
integrating data from HRIS, engagement surveys, and

productivity tools to identify employees at high risk of
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leaving, while Al-powered internal talent marketplaces

transform potential attrition into dynamic internal
redeployment by mapping employees' -capabilities and
aspirations to new roles or projects, and continuous cultural
sensing through sentiment analysis and collaboration pattern
monitoring ensures that organizational homogeneity evolves
adaptively rather than stagnantly. Ultimately, under Digital
HR's influence, the ASA model becomes an interconnected,
data-rich cycle that consciously manages the core paradox of
building a strong, coherent culture while actively
incorporating diverse skills and perspectives, revitalizing it
as a framework for "Intelligent Organizational Adaptation"
that guides organizations in attracting aligned talent,
selecting candidates who thrive and healthily challenge the
status quo, and interpreting attrition signals as opportunities
for learning and agile restructuring — fostering culturally
cohesive yet dynamically diverse organizations equipped to
innovate and compete in the 21st century, with the theory's
new vitality lying in its enhanced capacity to explain and
the data-infused

individuals and organizations.

shape modern, interplay  between

Review and Research Prospects

In the contemporary era, the field of digital human resources
(Digital HR) finds itself in a continuous and dynamic
process of scholarly exploration and practical application. Its
developmental trajectory is not characterized by radical
disruption but rather by a more nuanced pattern of gradual,
cumulative progress. This trend is substantiated by the
and
The

proliferation of such research output signifies a maturing

observable, year-on-year increase in academic

professional literature dedicated to the subject.
field, with the volume of studies presenting an increasingly
rich and multifaceted discourse. The substantive findings
and theoretical contributions embedded within this growing
corpus of literature are progressively transcending the
confines of abstract theory. They are being operationalized
and integrated into the practical workflows of enterprises
and organizations worldwide, thereby introducing novel
paradigms and methodologies to the domain of human
resource management.

A comparative analysis of domestic and international
research landscapes on Digital HR reveals distinct and
significant paradigmatic differences, each with its own

strengths and limitations. The perspective dominant in much
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of domestic research tends to coalesce around two primary
focal points. Firstly, it strongly emphasizes the urgency and
of HR digital

positioning it as a critical, non-negotiable element for the

strategic  imperative transformation,
competitiveness and survival of modern enterprises in the
digital economy. Secondly, it undertakes a multi-faceted
analysis of the impacts of digital technologies across the
entire HR value chain, meticulously examining changes in
processes from recruitment and talent acquisition, through
learning and development, to performance management and
compensation. However, a prevalent critique of this body of
work is that a substantial portion remains at a relatively
descriptive or surface level. It often presents what can be
termed a "digitization + HRM" model — layering digital
tools onto existing HR processes — without delving
sufficiently into the deeper, transformative implications.
This surface-level engagement manifests in several specific
methodological and theoretical shortcomings: the absence of
a widely accepted, robust theoretical framework to ground
empirical studies; insufficient integration of macro-level
contextual factors (e.g., national digital infrastructure, labor
market dynamics, regulatory environments) into the research
design; a lack of clarity in research pathways and logical
progression; and a notable deficit in rigorous empirical
analysis and longitudinal data to validate proposed models
and outcomes. This constellation of challenges naturally
prompts critical reflection on the future developmental
trajectory of Digital HR as a discipline. Key questions
emerge: How can Digital HR research transcend its current
limitations to construct more sophisticated, predictive, and
sustainable theoretical models? In practice, how can

enterprises move beyond mere tool adoption to leverage

Digital HR strategically, thereby enhancing overall
management quality and securing a decisive advantage in
hyper-competitive markets? These pressing questions

underscore the urgent need for enrichment, methodological

refinement, and theoretical deepening in subsequent

scholarly inquiry.

In contrast, the international research perspective offers a
distinct, though not unproblematic, approach to
understanding digital transformation. Foreign scholars have
cultivated unique conceptual understandings and research
trajectories, often segmenting the transformation journey
into discernible phases, such as digitization (converting
analog to digital), digitalization (using digital data to
streamline and transformation

processes), digital
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(fundamentally rethinking business models). This phased
model provides a valuable heuristic for understanding
organizational maturity. However, a noteworthy and critical
observation is the tendency among some scholars to conflate
or simplistically equate "digitization" with "digital
intelligence" or full automation. This conflation can be
viewed as a reductionist stance, as it risks marginalizing the
enduring and crucial role of human agency, judgment, and
strategic oversight within digitally enabled HR systems. It
overlooks the socio-technical dimension where technology
augments  rather than  wholly replaces  human
decision-making and relational aspects of management.

Despite this particular conceptual pitfall, the international
research corpus presents numerous aspects worthy of
considered (reference). Strengths often include a stronger
tradition of interdisciplinary research (merging HR studies
with data science, information systems, and organizational
theory), a greater emphasis on constructing and testing
theoretical frameworks, and more extensive use of empirical,
As the

community of scholars and practitioners ventures further

often quantitative, research designs. global
into the complexities of the Digital HR domain, it is
imperative to uphold an objective, critical, and scientifically
rigorous attitude. The path forward involves a judicious
synthesis: reasonably drawing upon and adapting the robust
methodologies and theoretical advances from international
research  while  discarding overly simplistic = or
technologically deterministic assumptions. Simultaneously,
domestic research must build on its applied strengths by
deepening theoretical rigor and empirical validation. The
ultimate goal should be to seek common ground — shared
fundamental questions about technology, people, and
organization —while respecting and learning from different
contextual perspectives. It is on this foundation of critical
synthesis and methodological advancement that the future of
Digital HR research, both in China and globally, can achieve
deeper, more impactful, and sustainable development,
ultimately guiding organizations to foster workplaces that
are not only technologically advanced but also humane,

adaptive, and strategically astute.
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ABSTRACT

Tin-lead slag ;

slag recycled from the melt. Excess copper is removed by filtering the rough solder over a specific

High-grade solders,

temperature range, yielding POS61 solder. The resulting filter residue is used for alloying gray cast iron.

This paper presents the results of research into the production of high-grade solders from tin-containing

Lead-free solders; To produce lead-free solders, lead is removed by mixing SnClI2 into the melt at a 10:1 ratio. Regeneration
Tin chloride; of the resulting salt slag to extract SnCI2 and reuse it is carried out using fractional crystallization in water,
Salt slag; taking into account the different solubility of SnCl12 and PbCl2 at low temperatures.

Regeneration

BBEJIEHUE

OrcyrctBue B PecmyOmmke bBemapyck  coOCTBEHHBIX
MECTOPOXKICHUH OJIOBSHHBIX Dy TpedyeT OepeKHOTo
OTHOIICHHS K OJIOBOCOICPIKALIAM OTXOAaM, 00pa3yIomuMcs
B pe3ylbTaTe YTHIW3AIMA CPEICTB aBTOMATH3AIlMAd U
AIIEKTPOHUKH, TJI€ MCIIOIB3YIOTCS TIPHUITON Ha OCHOBE OJIOBA.
[Motpebnenne o10Ba B MPOU3BOJICTBE TPUIIOEB B ITOCIICAHEE
Bpemst pacter, ocobenHo B KHP, urto cBs3ano c
pacuupeHneM BEIITyCKa TIPOTYKITHH AIEKTPOHHON
npombinuieHHOCTH.  CHpoc  Ha  OJIOBO  pacIIUPSCTCS
Omaromapss  yBEIMUYCHHWIO TOTPEONICHWS TPHUIIOEB, HE
CONepKAIINX CBHUHEI, KOTOpHIE OoJiee TEepPCIIEKTUBHBI C
TOYKH 3pEHHS OJKOJIOTHH. llpumom, KoTophle OOBIYHO
cozepxanu okono 63 % osi0Ba, 3aMEHSIOTCA MPUIIOSIMHU C
KOHIICHTpanueit omnoBa Oomee 95 %, 4YTO cCrmocoOCTByeT
pocty cmpoca u meH Ha oJoBo. COrJlacHO cTaHAapTaM
SN100MA-S u DIN35229 conepxaHue CBUHLA B IPUIIOSIX
He A0JpKHO npeBbiath 0,05 %.

Hensl Ha metamn ¢ mapra 2020 ronma Beipociu B 2,5 pa3sa,
YCTaHOBUB MCTOPUYECKHH MaKCUMyM Ha YypoBHe 36797
noutapoB 3a ToHHy. C 2021 roma 3amacel oj0Ba Ha
OMp)KEBBIX CKJIAJax yhald TpHUMEepHO B 23 pasza, d9TO

CBUACTCIILCTBYCT O KCCTKOM €TO ,I[C(I)I/I]_II/ITC Ha PBIHKEC. HpI/I

3TOM IOJIOBHHA CHpOCa Ha OJOBO IPHUXOAUTCS HA HPHUIIOH
[1].

B Pecny6nmke benmapych cpenyt 010BOCOAEPIKAIIMX OTXOI0B
GonbIION 00BEM COCTABISET OJIOBSHHO-CBHHIIOBAsl M3raph,
NPU  PENMKIMHIE  KOTOPOM  IOJydYaloT  CIUIaBBl  C
TIOBBIIICHHBIM COJIEpP’KaHNEM NpUMeEceil, B IIEPBYIO0 OUYepepb
Menu u xene3a. [IpHunHON HaKOIIEHUS 3THX JIEMEHTOB B
COCTaBe TMOJy4acMOrO CIUIaBa SIBISIETCSI CMCIIMBAHHE
OJIOBOCOJIEPIKAIMX OTXOJOB PAa3HOTO COCTaBa B Ipolecce
VX HaKOIUICHUS W 3arOTOBKH [2], a Tarke 00pa3oBaHME UX B

TCXHOJIOTUYICCKOM IIpOo1Eecce MTaKH.

OcHOBHAA 4acThb

Yennusmu COTPYIHHUKOB Hay4YHO-HCCIIEI0BATEIILCKOH
nabopaTopuyl JIUTEHHBIX TexHomoruit ¢wmimmama BHTY
«HUIIN» pa3paboraHa TEXHOJIOTHsI MOJIy4EHUs
KaueCTBEHHOTO TIPHUIIOS W3  HPOAYKTOB  PELUKIIMHTA
OJIOBSIHHO-CBHHIIOBOH M3rapH IMyTeM YNaJCHHS W3 pacIulaBa
MEOM M Kele3a N0 JAOMyCTUMBIX mnpenenoB [3, 4]. B
pesynbTare (uiIbTpanuu depHoBOro pacrmuaBa [1OC61M
TIOJTy4eH 3BTEKTUYECKUH HPHUITOH, COOTBETCTBYIOIINI MapKe

I[TOC61 ¢ ocraTounsiM comepkanueM Mean He 6omnee 0,10 %,
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a sxene3a U Hukens — meHee 0,10 %, KoTopelil o cBOEMY
COCTaBy M CBOWCTBAM  COOTBETCTBYET TpPeOOBAHUSIM
mpousBonactea  [5].  OOpasyrommecs — (QUIBTP-OCTAaTKH,

colmepKalle OJOBO ©  MeAb, WCHOJB3YIOTCS I
JETUPOBAaHUA CEPBIX UYTYHOB C IIETHIO MOBBIMICHUS WX
MEXaHMYECKUX CBOMCTB M MapkH dyryHa. [Ipu sToM mobaBka
onosa coctapisier 0,06-0,1 %, a mra meou 0,4-0,6 % mis
MIOJIy4€HUs1 MapoK dyryHa Boie CU25.

B mocnemme TOmBI B HENAX 3AIIUTHl TOTpedUTENeit
OBITOBOM TEXHUKH OT KOHTaKTa CO CBHHEIICOACPKAIIUMH
MarepuagaMu B crpaHax EC 3ampemieHo WCIIONB30BaTh
aHaJIOTHYHBIC Tipumion. [losTOMY TOsSBHIIaChH HEOOXOIUMOCTh
00ecIeYnTh

OTCUYCCTBCHHEBIX HpOI/ISBOZ[I/ITGHGﬁ

XOJIOAWJIHUKOB, ~CTHPAlbHBIX MAaIIMH W  Pa3IMdHBIX
JNMEKTPUUYECKUX TPHOOPOB OECCBMHIOBBIM IpHItoeM. [lpm
3TOM B Ka4eCTBE OCHOBBI TAaKOrO TMPHUIOS MOXKHO
UCTIONb30BaTh MPOAYKT PELUKINHIA OJOBSHHO-CBHHIIOBOH
n3rapu. M3 MeTaTyprum TSOKENbIX LBETHBIX METalIOB
W3BECTHO, YTO YNATWTh CBUHEI[ W3 paciulaBa Ha OCHOBE

0JIOBA MOJKHO 3a CHCT OpraHU3alun 0OMEHHOM peaknuun:

Pb + SnCI12 <> PbCI2 + Sn,

MIPOTEKAIOLIEH ceBa HAaIpaBO MpHU TeMmmeparype Huxe 450
°C [6]. IlpakTHuyecku MpoLecC CTaparTCs BECTH NpHU
MUHHMAaJbHO BO3MOXHOW Temmeparype (240-250 °C), ¢
pacxoIoM XJIOpHUCTOro oyioBa ot 6 10 80 kr Ha 1 Kr cBUHLA.
Bo3MoxHO Tarke IpsMOE yHaJeHWEe CBHHIA M3 YEPHOBOTO
onoBa  0OpabOTKOW  BJIEMEHTapHBIM  XJIOPOM  TIpH
temneparype 250-270 °C, HO naHHAs TEXHOJOTHS Tpedyer
JIOPOTOCTOSIIINX ~ 3AIIUTHBIX COOPY)KCHHH M  BBICOKOH
TEXHOJIOTHUECKOH qucHuIInHbL. [loaToMy pa3pabarsiBanach
TEXHOJIOTHSI YHNaJeHUS CBHHIA W3 OJIOBOCOJAEPIKAIIIETO
CIIaBa C UCTIOJIB30BAHHEM XJIOPHCTOTO OJIOBA.

B  kauectBe O0OBEKTa HWCCIENOBAaHWS  HCIOJB30BAIN
OTpabOTAaHHBIM NPHUIIOH HAa OCHOBE OJIOBA C COACPKAHHUEM
0,185 % cBunua. Vcxonuelii coctaB mpumnosi Macco 1 kr
pacIulaBIsUIN B YYT'YHHOM THIVIE TI€YH COIPOTHBIICHUS NPH
temneparype 250£5 °C um 3amemmBamu coms SnCl2 B
cootHomeHnH ¢ pacruaBoMm 10:1 (10 xr). 3amemmBanue
MIPOBOAMIIM CHELUAIBHON MEIIaNKoi B TeueHue 5-45 MUHYT,
UCTIONB3YS KaXKIbIH pa3 CBEKHE COCTABHI.

IMocne cHATHS XITOPUCTBIX CHEMOB C MIOBEPXHOCTH PACILIaBa
€ro pasNMBad B CIMTKA M IIPOBOAWIM aHAJIN3 Ha
0CTaTOYHOE CBHHIIA, JKeJe3a

COACPIKaHNC n  MCOu.

PeSyJ'ILTaTBI HU3MCHCHHSA KOHLCHTpAMKW CBUHIA OT BPEMCHU

3amemmBaHus B pacioiaB SnCl2 mpuBeneHbl Ha pucyHKE 1.
U3 rpaduka crmemyer, uyto Bpems 3amemmBanHus SnCI2 B
paciulaB CyIIECTBEHHO BJIMSACT HA OCTATOYHOE COAEpPXKAHHE
CBHMHIIA B IIPUIIOE M YK€ mocie 15 MuHyT obecneunBaeTcs
ero mpuemieMas KoHHeHTparus. OIHOBPEMEHHO 3a 3TO
BpeMsi HM3MEHSETCS M COIepKaHHE B MPUIOE APYTUX

npuMeceit (Tabnrma 1).

<
)

.:
U
W

0.05

Conepxanue Pb, %
(=]

0 —
0 20 40 60

Bpewms 3amemmBanus, MUH

Pucynok.1.Biusane Bpemenn 3amemmBanus SnCl2 Ha

OCTATOYHOC COACPIKAHNE CBUHIA B IIPHUIIOC

IIpunoi CopneprkaHue dJIEMEHTOB, %
Pb Sb | Bi | Cu | Ni Ag | Sn
Wcxonasrit 0,18 100 [0, |09 |0,14 | 0,0 | ocTan
5 09 |00 |4 03 | pHOE
Paduampor | 0,03 | 0,0 [ 0, | 0,0 | 0,05 | — ocran
AQHHBIN 09 |00 |3 bHOE
5

Tadnauna.l.XuMudeckuif cocTaB MpHUIOS [0 U IOCHe
paduHHpYyIOIIei 00pabOTKH B TeueHHEe 15 MUHYT
OddektuBHO cKkazamack 00paboTKa TaKkKe Ha MPHUMECIX
Menu, HUKens u cepebpa. CopepxkaHue CypbMbI U BUCMYTa
HC H3MCHHJIOCH, HO OHO HE MNPEBbINIATIO JOIMYCTUMBIX
npeziesioB. YBelqudyeHWe BpeMeHH 3amerimBanus SnCl2 B
pacruiaB mpunos 10 45 MUHYT 00ecmnedusio CHIDKEHUE
conepxkanus cBuHLa 10 0,008 % mpu COOTHOLICHUH CBHHIIA
B CIUIaBE K OJIOBY B Iake paBHbIM 1:100. OgHako ciemyeT
OTpaHMYUTBCS 15  MHHyTamMm  TepeMelIMBaHUS W3
9KOHOMUYECKUX COOOpaKeHUI.

Jns  peanusanuu TAakoM TEXHOJOTMM Ha IIPOM3BOJCTBE
HE00X0IMMO pelnTh BOIIPOC 0 pereHepanuu
obpasyromuxcst coneBbix cmeceii SnCl12— PbCI2 ¢ nemnbio
JanbpHeimero ucnoib3oBanus SnCl2 npu padUHUPOBaHUH
0JI0OBa OT CBHUHIIA, YYHUTbIBasg €ro BBICOKYIO CTOUMOCTD. C

3TOH IENIbI0 U3YYalu pacTBOpUMOCTh coiieit SnCl2 u PbClI2
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B BOZIC B 3aBUCHMOCTH OT TEMIIEPATYPBI.
PbCI2 cmabo pacTBOpMM W HE TOABEPKEH THAPOIU3Y B
MIPOLIECCE PACTBOPEHUS KaK B MajoOM, TaK B M30BITOYHOM
KOIM4eCTBe BoAbl. PacTBopuMmocTh ero cocrasuser 0,673 r
mpu 0 °C m 3,25 v mpu 100 °C. SnCI2 (6e3BomHBIH,
IUTaBJICHEIH) nMeeT pacTBopuMocTh 83,9 T mpu 0 °C u 269,8
r mpu 100 °C. B u30bITKE BOABI OH MOJBEPKCH CHIHBHOMY
THAPOIN3Y C BBINAJCHHEM Ocalka. B MamoMm KommdecTse
Bomel SnCI2 pactBopsieTcs 0e3 Tpyda, HO CKIOHEH K
OKHCIICHHIO Ha BO3JYyXE€ M 3TH IIPOIECCHl YCKOPSIOTCS TPH
MOBBIIICGHUH  TeMIeparypel. [lostomMy OBUIO TPUHATO
peIIeHNE PacTBOPSITH IIUIAKOBYIO CMECh COJICH B HEOOIBIIIOM
n30bITKE BOJABI C COOTHOIICHHWEM BOABI K comsaMm 3:1 mpwm
20 °C

CTa0MIIN3anun

Goiree

Host

ucrionp3oBasd 1 % HCl B mpHcyTCTBHM METaUIMYECKOTO

TeMIepaType HC u HMHTCHCHUBHOM

nepeMeninBannm. pacTBOpa
0JIOBa, COACPIKALICIOCsd B IIJJAKOBOM CMECH COJICH B BUAC
KOPOJIBKOB. D10 00ecmeunso JO0CTATOYHO TTOJTHEIN nepexon

SnCI2 B pactBOp.

Pasmenenne coBmectHOoro pactBopa SnCl2 u  PbClI2
MPOBOIMIN  CIIOCOOOM  ApPOOHOH  KpHCTAJUIM3AlMd B
MOJIMATUIIEHOBOW Tape mnpu Temmeparype +4...-5 °C

BBICTAaUBaHUEM B TeueHHE 24 YacoB C NOCIeAyoLEi

Z[eKaHTaLIPIeﬁ pacTtBOpa  XJIOpHaa OJIOBa C ocaaka

KPpUCTAJJIOB  XJIOpUAa CBHHIIA. CYCHGHSPI?[ KpUCTAJIJIOB

nocieaHero  (QwibTpoBasach  Ha  TPAaBUTALMOHHOM
OyMaKHOM (HUIBTPE MO TOMYYEHHS BIAKHOTO OCaIKa.
OunIneHHBIH pacTBOP XJIOPUAA OJI0BA C MPUMECIMH HHUKEISA
W MEAM TOJBEprajics ynapuBaHHIO O COCTOSHUS IUIaBa H
KPHCTAJUIN30BAJICS TIPH TOCJIEAYIONIEM OXJIaXICHUH. Takum
PbCI2

LUIAaKOBOM paciuiaBe xyuopuaoB ¢ 1 % mo 0,05 %, uro

CrocoboOM  ymaloch TOHHU3UTH COACpIKaHHE B
MO3BOJSIET TIOBTOPHO HCIOJB30BaTh PETCHEPHPOBAHHBIH
SnCI2 B BHzme kpucrauroruapara mpu nodaske 50 % B
cmecn ¢ gmeteiM  SnCI2-2H20 gns  paduHEpOBaHUSA
OJIOBSIHHBIX IpHUIOEB ¢ conepkanuem cauHua 0,10-0,15 %.
[Ipu ounctke mpumnoes, coaepxkamux a0 0,5 % cBuHLA, IBYX
cTaguitHOH 00pabOTKOM Ha TIEpBOW CTagMH BO3MOXKHO
mpuMeHeHne  (UIoca,  MONHOCTBIO  COCTOAIIETO M3
pETeHepUPOBAHHOTO XJIOPH/A OJI0Ba, a Ha BTOPOH CTaaud —
HCTIONB30BaTh cMech pereHepata ¢ ducTeiM  SnCl2 B
cootHomennu 50 : 50 %.

OtpaboTaHHass TEXHONOTHS padUHUPOBAHUS OJIOBSHHBIX
MPUIIOCB  TIO3BOJIET  TIOJyY4aTh  MAapoOYHBIE  COCTABEHI
OCCCBUHIIOBEIX TIPUIIOEB M PAIMOHATHHO HCIIOIB30BAThH

SnCI2 [7].
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Y‘II/ITBIBEUI, YTO YUCTOC OJIOBO CKJIIOHHO K CaMOpa3pylCcHUIO
Opyu HU3KUX TEMICpaTypax MH3-3a «OJIOBSTHHOM YyMbD»,
OpUIon Ha OCHOBE OJIOBa JOHNOJJHHUTCIIBHO JICTUPYHOT B
HEOOJBIIMX KOJIUYCCTBAX MCAbIO, HHUKCICM W JApyruMu
sjeMeHTaMu. B KkadecTBe BapuaHTa CHWKCHHUSA B HHUX
CoACpIKaHUA MEAU MOKHO HMCIOJIb30BATH crocob 06pa6OTKI/I

paciuiaBa cepocoepsKaiMu (GIrocaMH.

3akJarouenue

B pesymbrare NpOBEAEHHBIX HCCIECAOBAaHUHA pa3padoTaHa
0€30TX0JHAsT TEXHOJIOTHS PEUMKINHTA OJIOBOCOICPIKAIINX
OTXOZIOB C MOJTYYEHHEM MapOYHBIX OCCCBHHIIOBBEIX IPHUIIOEB,
BOCTPEOOBAaHHBIX OTEYECTBEHHBIMH TPEANPUATHAMHU. OTO
o0ecreymsio  BO3MOXKHOCTH ~ TTOCTAaBKM  IPOM3BOJUMON
MPOAYKIIMH Ha SKCIOPT M CTa0MIM3MPOBaTh HMX paloTy.
[IpennoxxeHHast TEXHOJOTHUS pereHepanuy 00pa3yroIIerocs
COJIEBOTO MIJaKa IO3BOJMIA BO3BpAlaTh B IPOW3BOJICTBO
SnCl12 PbCl2,

TIPOM3BOJICTBE aKKYMYJISITOPHBIX Oarapei.

U W3BIEKAThH UCTIONB3YEMBIH  TIpH
C Hucnonb30BaHUEM pe3yabTaTOB HcciaenoBanuil B 2024 roxy

repepaboTaHbI OJIOBOCOICpIKaIIIHe OTXOIBI B
OJIOBSIHHO-CBHHIIOBBIE M OeccBUHIOBBIE Tipumion i OAO
«Munckuii gacoBor 3aBom» u IIK OOO «Jlurormiact» Ha

cymmy 6oiee 6500 pyOiett.
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SnCI2 u PbCl2 npu HU3KUX TEMIIEPaTypax .

KiroueBble ¢j10Ba: OJ0BAHHO-CBMHIOBas M3Taph, MAPOYHbIE NMPHIIOU, OECCBUHIIOBBIE MPHUIIOM, XJIOPHJL OJIOBA, COJIEBOI

m1aK, perecaepanus.
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The increasing availability of digital learner data has opened new possibilities for enhancing the quality of
English as a Foreign Language (EFL) instruction. This study investigates recurring grammar error patterns
in EFL learners’ writing using a corpus-based, big data-informed approach. Grounded in Error Analysis
Theory and Interlanguage Theory, the study analyzes a large digital corpus of learner- written texts to
identify systematic grammatical difficulties, including errors in verb tense, article usage, prepositions,
subject-verb agreement, and sentence structure.

The findings reveal these grammar errors are not random performance mistakes but consistent indicators
of learner’s developing interlanguage system. Unlike traditional grammar instruction, tends to look at
small scales or small samples like a few essays, maybe one class and limited classroom samples while
digital corpora and NLP-assisted analysis enables to see and identify thousands of texts and writings.
Big data does not work as a substitute for teachers, but as a tool that strengthens instructional insight

through large-scale evidence. To allow us to move from assumptions to evidence and from guessing to

instruction;

Sustainable knowing.

development Goal 4 By informing data-driven curriculum design, supporting Al-assisted feedback practices, and enhancing
teacher decision-making, the study demonstrates how large-scale learner data analysis can contribute to
more effective and inclusive EFL writing instruction.
In alignment with Sustainable Development Goal 4 (Quality Education), this research highlights the
potential of evidence-based and learner-centered teaching approaches to promote more effective, inclusive,
and equitable EFL writing instruction across diverse educational contexts.

INTRODUCTION

In the 21% century, education has entered the era of data.
Every sentence written by a student becomes part of a larger
story that can reveal how language is acquired and
developed. Yet, in the world of teaching specifically

language teaching, we are often guided with intuition and

limited classroom observation rather than empirical evidence.

This study was inspired by a simple and real classroom
experience: behind every grammar mistake is a learning
opportunity. However, it gives the idea and realization that
there are some failed strategies in traditional teaching. So,
big data analysis enters the classroom, not to replace the

teachers but one that allows educators to empower insights

* Corresponding author. E-mail address:ivy.t@siu.ac.th
Received date:January 10, 2026; Revised manuscript received date: January 20, 2025; Accepted date: January 25, 2025; Online

publication date:January 30, 2026.

Copyright © 2025 the author. This is an open access article distributed under the terms of the Creative Commons Attribution License

(https://creativecommons.org/licenses/by/4.0/).
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drawn from thousands of learner output. Traditional
approaches to grammar instruction usually rely on small
classroom samples and teacher intuition. While these
approaches are valuable, they may not capture broader
tendencies across learners and tasks. With the increasing use
of digital writing platforms, it has become possible to test
This

opportunity to move beyond isolated examples and toward a

learner writing in larger numbers. creates an
more comprehensive understanding of grammar errors.

In many EFL classroom, students are able to generate
meaningful ideas but struggle to present them accurately and
comprehensively in written English. Teachers often spend
considerate time correcting grammar, yet similar errors
continue to appear ibn students’ work. This situation raises
an important question: are grammar errors simply mistakes,
or do they reflect deeper patterns in how learners develop
written language?

Learning English as a foreign language can be challenging,
especially in writing. Many students make similar grammar
mistakes that can affect their ability to communicate clearly.
Furthermore, it looks at the most common grammar errors
made by EFL learners in their writing. Understanding these
mistakes will help teachers improve how they teach English
writing, making learning easier and more effective.

Many students learning English as a second language
struggle with grammar when writing. These errors can
slowdown their progress and make communication vague.
By analyzing common grammar errors found in EFL
learners’ writing, this research aims to support and improve
better teaching methods that address these challenges
effectively.

Writing can be a challenge filled with many grammar errors.
These errors often result from misunderstanding of English
rules. It collects and looks at those frequent errors to guide
educators and language advocates in developing clearer and
more helpful writing instruction.

This paper examines how data-based analysis can be used to
identify common grammar error patterns among EFL
learners and how these insights can help improve English
writing instruction. By focusing on recurring errors rather
than isolated mistakes, the study aims to provide a clearer
basis for improving English writing instruction. In doing so,
it seeks to support teaching practices that are more
responsive to learner needs and aligned with the objectives
of SDG 4, particularly in promoting effective, inclusive, and

quality education.
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1.THEORETICAL FRAMEWORK

This research is anchored on three major theories that
explain why learners make grammar errors and large-scale
data can provide deeper insight into their writing
performance. The framework integrates Corder’s Error
Analysis Theory, Selinker’s Interlanguage Theory, and the
Big Data Analytics Model. Together, these theories guide the
analysis, interpretation, and application of findings for
improved English writing instruction.

1.  Corder’s Error Analysis Theory (1967) main idea that
leaners’ errors are not sign of failure but valuable
evidence of learning in progress. It points out that
classifying errors into systematic categories such as
verb tense, articles, prepositions, S-V agreement, and
sentence structure. Big data strengthens Corder’s
theory by allowing researchers to examine thousands of
errors at once, making error patterns more reliable and
visible.

Selinker’s Interlanguage Theory (1972) introduced
thew concept of interlanguage-which is influenced by
both their first language (L1) and the target language
(L2). Interlanguage is a temporary, evolving system
that changes as learners gain more exposure and
feedback. Interlanguage contains:

O]
2
3

The learner’s first language (L1)

General learning strategies

Rules invented by the learner to fill the gaps in their
knowledge

Errors are signs that the interlanguage system is

“

developing and self-adjusting over time.

This research, Interlanguage Theory helps explain:
)
)
3)
“)

Why certain errors are common across L1 groups?
Why some grammar forms develop earlier or later?
How learners’ internal rules influence their writing?
Why predictable patterns appear consistently in the
data?

By analyzing errors of writing samples, big data allows us to
observe how interlanguage forms and evolves on a large

scale.

Connection between the two theories:
Corder’s theory tells us why it’s important to study learners’

errors, while Selinker’s theory explains how those errors
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form and evolve. Together, they provide the theoretical
foundation for using big data analysis to trace and

understand patterns of grammar errors among EFL learners.

2.PURPOSE OF THE STUDY

The purpose of this study is to examine recurring grammar
error patterns in the written work of EFL learners using a big
data-informed analytical approach. By identifying common
areas of grammatical difficulty across learner texts, the study
aims to provide a clearer basis for improving English writing
instruction. Specifically, the study seeks to move beyond
learners’ level error correction and toward a deeper
understanding of how grammar errors reflect learners’
language development. The findings are intended to support
more effective and inclusive writing pedagogy, in line with

the goals of quality education under SDG 4.

3.RESEARCH QUESTIONS

What types of grammar errors commonly appear in the

written texts of EFL learners?

2. Which grammar error categories occur most frequently
across leaner text samples?

3. In what ways can a big data-informed approach
contribute to more effective and inclusive EFL
teaching practices aligned with SDG 4?

4.RELATED LITERATURE

Many experts believe that technology will not replace
teachers, but rather will transform the role of teachers. In the
past, teachers were the main source of information and
knowledge. The future teacher will be more like a coach,
helping students to find and use information for themselves
(Ashrafimoghari,2022). 1t is through helping educators and
designers redesign and enhance their instructional insights
and lesson accordingly. Learning analytics is a data-driven
approach to understand how people learn, so that you can
help them learn better (Ashrafimoghari,2022). 1t is design to
analyze thousands of students writing and outputs.

Errors are the deviations or wrong forms of a language
reflecting the competence of the learner. There can be
various causes of errors. One of the causes of errors is the
ignorance of appropriate rule in the foreign language. (Dr.

Neupane cited Corde, 1999) Errors are not merely a
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deviation but rather, a reflection of growth and cognitive
development. Error analysis is the systematic study and
analysis of the errors committed by second language learners
(Richards & Selinker,

language learners has recently attracted increasing interest in

2008). Grammatical error for

the Natural Language Processing (NLP) community.
Grammatical error has the potential to create commercially
viable software tools for the large number of students around
the world who are studying a foreign language, in particular
the large number of students of English as a Foreign
Language (EFL) (Dahlmeier et al). NLP is a tool use detect
large scale of student’s writings and can help teachers detect
errors which are in five categories: verb tenses, subject —
verb agreement, preposition, articles, and sentence structure.
The results show that verb tense was the most frequent.
Article omission and preposition errors were also common,
especially among learners whose first language differ
structurally from English. As suggested by Corder (1967),
mistakes are related to problems in performance, just like a
slip of the tongue or pen. However, errors are systematical
complications that indicate competence-related problems,
contributing to the learner’s progress (Gazioglu et al., 2024
cited Corder,1967). The most important is that these patterns
were consistent across thousands of texts, and it is
systematic, predictable, and teachable.

The biggest obstacle for grammatical error correction has
been that until recently, there was no large, annotated corpus
of learner text that could have served as a standard resource
for empirical approaches to grammatical error correction.
(Dahlmeier cited Leacock et al.,2010). Through hard work
and consistency, they were able to create the UNS Corpus of
Learner English (NUCLE), a large, annotated corpus of
learner texts that freely available for research purposes.
which can also be used as a tool. NUCLE can examine over
thousands of students essays with a total of over one million
words which are completely interpreted with error tags and
corrections. Though, NUCLE has been there and available
for two years now, there has been no reference paper that
describe the details of the corpus.

Natural Learning Processing (NLP) tools handle tasks like
text analysis, tagging, and pattern recognition in large
datasets, such as learner text for grammar error detection. In
EFL research, they automate error identification in writing
samples, far beyond manual counts. Tools like AntConc or
Wmatrix exemplify this by generating words and frequency

stars from big data. Some common options for conceptual
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works include:
1. AntConc — free software for words, collocations, and
keyword extraction; ideal for spotting verb tense issues
in EFL texts (Gazioglu, M., & Aydin, S. (2024)

Wmatrix — web interface with semantic tagging
(USAS/CLAWS);

learner progress. (Wmatrix7 onwards)

compares sub-corpora to track
Sketch Engine — commercial tool for word sketches
and grammar profiling; supports multilingual error
analysis (Kilgarriff, A et al., 2004)

These are some tools which detect students’ writing errors
and can enhance teacher’s insights at scale and teaching
strategies. Another tool is spaCy designed for industrial
-strength natural language processing (NLP), excelling in
tasks like tokenization, part-of-speech tagging, dependency
parsing, and named entity recognition. spaCy automates
grammar profiling via dependency parsing (Honnibal &
Montani,2017), pairing with AntConc for hybrid EFL

analysis.

Research indicates that the use of digital learning tools such
as e-books can enhance language learning achievement by
overcoming physical barriers between teachers and students
and fostering a deeper understanding of learners’ learning
contexts (Songkhro et al., 2025). These findings support the
present study’s argument that technology -assisted and
data-informed approaches can promote and enhance more
inclusive and effective EFL instruction. Though e-books are
not classified as big -data, their use in digital learning gives
large-scale learner interaction data, which can be analyzed to

inform data-driven and EFL teaching methods and practices.

S.METHODOLOGY

This study adopts a qualitative descriptive research design
supported by a corpus-based, big data-informed analytical
approach. The design focuses on identifying recurring and
systematic grammar error patterns in EFL learners’ written
texts rather than evaluating errors one by one.

This approach is for examining real learner language and
aligns with Error Analysis Theory (Corder,1967) and
Interlanguage Theory (Selinker,1972), which emphasize
systematic patterns of learner errors as evidence of language

development.

DATA COLLECTION
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The data consisted of a large collection of learner-written
which

academic papers

texts include essays, reports, reflections, and
produced and collected from EFL
university learners at Shinawatra University, Thailand
representing a range of proficiency levels. Specifically, the
data is comprised approximately 300 essays written by
Chinese EFL students by open argumentative topics like
“Technology Role in Education” to encourage learners to
produce original output. The use of a large dataset allows the
study to move beyond isolated classroom samples and
toward a more comprehensive understanding of grammatical
difficulties experienced by learners. All learner texts were
collected from regular coursework, anonymized prior to
analysis, and used only for research purposes, with no

impact on students’ academic evaluation and performance.

ERROR CATEGORIES

Grammar errors were identified and classified into five
major categories based on frameworks in Error Analysis
Theory  (Corder,1967)
(Selinker,1972). The analysis focused on the following:
1.

and Interlanguage  Theory
Verb tense

2. Subject -verb agreement

3. Article usage

4.  Prepositions

5. Sentence structure and word order

These categories were selected because they are widely
recognized as persistent problem areas in EFL writing and

frequently associated with first language transfer effects.
ANALYTICAL PROCEDURE

We used Python- based natural language processing (NLP)
tools, including spaCy assist in identifying grammatical
errors, which were interpreted within established error
analysis frameworks.

The analytical procedure involved are the following steps:

1. Compilation of learner -all learner written text were

compiled into a digital corpus suitable for

computational analysis.
Automated Error Detection — Python -based Natural
Language Processing (NLP) tools, particularly spaCy

were used to process corpus, it performed tasks such as
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tokenization, part-of-speech tagging, and dependency
parsing to identify grammatical deviations related to

the error categories.

3. Error Classification — identified grammatical patterns
and deviations were grouped according to five
categories.

4. Manual interpretation — automated results were
manually reviewed to ensure pedagogical relevance
and theoretical alignment. This helped identify
systematic errors from occasional mistakes and ensured
accurate interpretation of findings.

6. DATA ANALYSIS

Although frequency tendencies were observed, the study
does not aim to provide statistical generalization but rather
qualitative pattern identification across large-scale learner
data. This section presents the analysis of grammar errors
identified in the EFL learners’ written texts using a corpus
-based, big data-informed approach. Rather than examining
individual learner performance, the analysis focuses on
recurring and systematic grammar error patterns across a
large collection of learner texts.

Digital learner corpus was examined using NLP — assisted
corpus analysis tools to identify frequently occurring
grammatical forms and deviations into predefined categories
based on established error analysis frameworks. The analysis
emphasizes patterns, frequency tendency, and persistent
errors, rather than precise numerical measurement.

The results confirmed what many teachers observe, but now
supported by strong data. Verb tense misuse was the most
frequent error type, especially with perfect tenses. These
errors included inconsistent tense usage within sentences
and inappropriate tense use in written discourse. Such error
patterns are common aspect which are often influenced by
learners’ first language structures.

Article omission was extremely common among learners
whose native language have no article system like Thai and
Chinese. Many learners have demonstrated difficulty in
exercising definite and indefinite articles accurately, because
they never use them in their first language. This finding s
supports interlanguage theory that learners develop internal
rules that may not fully align what is being used normally in
English language.

Preposition confusion was another

major challenge

< 2

especially using “in,” “on,” and “at.” Learners frequently
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used incorrect preposition and confused them entirely.

Errors related to subject-verb agreement were also observed,
specifically in complex sentence structures.

Finally, sentence fragments and run-ons are also present
which is due to difficulty in organizing ideas in a second

language.

7.DISCUSSION

The findings of this study indicate that grammar errors in
EFL learners’ writing are systematic and consistent rather
than random. The frequent occurrence of errors related to
verb tense, article usage, prepositions, subject-verb
agreement, and sentence structure suggests that these areas
represent persistent challenges in English writing world.
These results reinforce the view that grammar errors should
be understood as part of learners’ linguistic development
rather than as isolated mistakes.

We need to shift our focus from simply identifying errors
one by one to understanding them. When we hear our
student say “she go to school every day”, are not signs
carelessness or laziness but it is a reflection of learners’
evolving internal rule systems. Large-scale learner data
makes it possible to observe how grammatical errors evolve
over time, offering insights to learners’ movement toward
more target-like language use. This supports Corder’s (1967)
argument that errors provide valuable evidence of learning
in progress.

How can we apply this?

The study supports data-informed curriculum design,
enables educators to prioritize instructional content based on
recurring grammar error patterns identified through
large-scale learner data. Common grammar errors like verb
tense, article usage, and sentence structure, can be integrated
into writing curricula, ensuring that teaching content directly
addresses learner’s most persistent difficulties.

In addition, the integration of Al-powered feedback tools
and NLP-assisted corpus analysis offers practical support for
EFL writing instruction. Integrate writing platforms that
analyze student errors in real time to help teachers and
provide instant, personalized feedback. Al powered tools,
such as ChatGPT, can generate immediate, detailed, and
personalized feedback on student writing, potentially
alleviating the workload of educators and providing timely
learners (Guo et al.,2024; Lee and

assitstance to

Moore,2024)
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The use of big data and NLP tools also contributed to
teacher empowerment. Teachers can use error analytics
dashboards to visualize which grammar topics cause the
most difficulty enabling targeted remediation. Enhancing
approach such workshops and ongoing support, aligning

with SDG 4’s teacher developing targets.

1. Corpus Training- teachers query sub-corpora for
authentic examples, creating tailored drills example:
depend on vs depend in.

2. Al Integration — freeing time for mentoring on
cross-linguistic contrasts.

3. Collaborative Design — peer forums share Sketch

Engine outputs, refining rubrics.

Cross- linguistic awareness, teachers should understand how
a student’s first language shapes their English grammar and
address those predictable transfer errors explicitly. By
influences

understanding how learner’s first language

English writing, teachers can interpret errors more

constructively and adopt inclusive, learner-centered
strategies. This is what big data offers: clarity, precision, and
personalization.

In alignment with Sustainable Development Goal 4 (Quality
Education), the findings emphasize how data-informed
approaches can support more effective, equitable and
sustainable EFL teaching. Rather than replacing human
insight, large-scale data analysis amplifies teachers’
professional judgement by providing clearer, evidence-based
perspectives on learner needs.

Big data is about amplifying teacher’s strategies and
methodologies. It helps us see learners as unique data stories,
each mistake a clue, each sentence a step toward fluency.
Grammar instruction should be informed by authentic
learner data rather than assumptions. By focusing on
frequent and persistent errors, teachers can design more
effective and targeted writing instruction. Big data can be of
big help to improve writing instruction and improve

common grammar errors of the learners.

CONCLUSION AND RECOMMENDATIONS

This study demonstrates that large-scale, corpus-based
analysis provides a strong foundation for understanding
grammar error in EFL learners’ writing. Language learning
generates substantial amount of analyzable data, including
essays, digital submissions, and classroom writing tasks.

Traditionally, such data has been examined through small
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the

data-informed approach addresses

samples, limiting totality of findings.

this

A big
limitation by
revealing patterns and tendencies that are not visible through
only classroom observation.

In the context of EFL teaching, corpus-based analysis
enables educator to identify common grammar errors across
groups of learners examine their persistence, and relate them
to linguistic development and first-language influence.
Grammar error should therefore be viewed not as simple
deviation, but as reflection of ongoing interlanguage
development. It provides a scientific foundation for
improving instruction because it allows educators to:

1. Identify common grammar errors across large groups

of learners, not just within one classroom.

2. Understands the frequency and distribution of these
errors, showing which grammar areas need greater
emphasis.

3. Link learner errors to first language influence,
proficiency level, or learning environment.

4. Develop evidence- based teaching strategies that target

the most frequent and persistent problems.

In short, the basis of big data analysis in English teaching is
its ability to transform qualitative observations into
quantitative evidence, giving teachers and researchers a
clearer, data-driven picture of how students learn, struggle,
and improve in using English. Big data when used with
empathy and insights, becomes more than just numbers and
algorithms. It becomes a bridge between transformation and
understanding. Learner errors should not be viewed simply
as deviations, but as indicators of ongoing linguistic
development and cognitive processing.

As researchers and educators, we must use technology not to
standardize learning, but to humanize it. To connect with our
student’s journeys, recognize their challenges and guide
them with compassion and evidence.

Based on the findings, big data analysis helps us understand
grammar errors as part of the learning process and provides
a strong basis for improving English writing instruction.
EFL teachers

-informed approaches to identify and address common

should adopt corpus-based and data

grammar errors in writing instruction, educational
institutions should support the use of NLP-assisted and Al
-powered feedback tools as complementary resources to
develop writing skills, teacher training programs should

emphasize cross-linguistic awareness to help educators
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better understand learner error patterns, and future research
may develop to examine how grammar error patterns evolve
over time across proficiency levels.

Overall, when used thoughtfully, large-scale learner data
analysis offers a powerful means of supporting more
inclusive, effective, and evidence-based EFL writing
instruction, contributing directly to the goals of quality

education under SDG 4.

REFERENCE

1. Songkhro, J., Ali Mohsen, S., Wateh, M., Maseng, N.,
& Chedoloh, A. (2025). Developing effective service
communication: The role of e-book in enhancing
English speech acts in high vocational training. Journal
of Modern Management, Shinawatra University, 3(2).

M., & Aydm, S. (2024).

grammatical errors and mistakes via a written learner

2. Gazioglu, Identifying
corpus in a foreign language context. Journal of
Language (JLR), 8(2), 91-106.
https://doi.org/10.51726/jIr.1553484

3. Kilgarriff, A., Rychly, P, Smrz, P., & Tugwell, D.
(2004). The Sketch Engine. In Proceedings of the 11th
EURALEX International Congress, EURALEX 2004
(pp- 105-115). Lorient, France.

4. Honnibal, M., & Montani, 1. (2017). spaCy 2: Natural

language understanding with Bloom embeddings,

Research

convolutional neural networks and incremental parsing.
https://spacy.io/api/annotation#section-citation

5. Corpus Analysis. (n.d.). https://corpus-analysis.com/

154

6.

10.

I1.

12.

Alnemrat, A. (2025). Al vs. teacher feedback on EFL
argumentative
https://doi.org/10.3389/feduc.2025.1614673

Kohnke, L., Moorhouse, B. L., & Zou, D. (2023).
ChatGPT for language teaching and learning. RELC
Journal, 54(2), 537-550.

Shao, S. (2025). The role of Al tools on EFL students'

motivation, self-efficacy and anxiety. Learning and

writing. Frontiers in Education.

Instruction.
https://doi.org/10.1016/j.learninstruc.2025.101 XXX
Yiakoumetti, A. (2006). A cross-linguistic approach to
language awareness: Can English phonics benefit
Greek learners of English? Language Awareness, 15(3),
137-157. https://doi.org/10.2167/1a403.0

Woll, N., & Paquet, P-L. (2025). Developing
crosslinguistic ~ awareness  through  plurilingual
consciousness-raising tasks. Language Teaching

Research. https://doi.org/10.1177/13621688211056544
Corder, S. P. (1967). The significance of learners’
errors. International Review of Applied Linguistics in
Language Teaching.

L. (1972).
Review of Applied Linguistics in Language Teaching,
10(1-4), 209-231.

Selinker, Interlanguage. International


https://doi.org/10.51726/jlr.1553484
https://spacy.io/api/annotation
https://corpus-analysis.com/
https://doi.org/10.3389/feduc.2025.1614673
https://doi.org/10.1016/j.learninstruc.2025.101XXX
https://doi.org/10.2167/la403.0
https://doi.org/10.1177/13621688211056544

& MexayHapofHbIil MHCTUTYT
npaBneHns 1
peanpuHUMaTenbcTaa

International Journal of
Multidisciplinary Research

[JMR

Research Article Print ISSN 3105-8884

https://doi.org/10.65231/ijmr.v2i1.125

Optimization of Employee Mixed Incentive System From the

January 2026, Vol. 2, No. 1

Online ISSN 3105-8892

Perspective of Social Sustainable Development

Chen Yu'*, Liu Ziqi? Satyvaldieva Baktygul Abduraimovna', Qin Meng?**,Ql Hongwei®

'Kyrgyz National University named after Jusup Balasagyn, Frunze Street 547, Bishkek 720033, Kyrgyzstan
2School of Business of Belarusian State University,Belarus,Minsk, Oboynaya Street 7,220004, Belarus
3Kyrgyz State University named after I. Arabayev, 51 Razzakova Str., Bishkek 720026, Kyrgyzstan

“Bingtuan Xingxin Vocational and Technical,45, Binyou Road, Tongun Street, Economic and Technological Development

Zone (Touhan District), Urumgqi City, Xinjiang Uygur Autonomous Region, 830074,China

SDepartment of English Language and Translation, Institute of Modern Languages and International Studies, M.K. Ammosov

North-Eastern Federal University; Yakutsk, Russian Federation

KEYWORDS ABSTRACT
Under the dual background of the global promotion of the United Nations Sustainable Development Goals
(SDGs) and the technological innovation of Industry 5.0, the mixed incentive system for employees of
Sustainable enterprises needs to be adapted to the sustainable development of society. Based on comprehensive
development;

research and analysis, this paper preliminarily sorted out the gaps in the research on the synergy effect of

Multiple incentives; . . . . . . o
P incentive mechanism and sustainable development, constructed an employee incentive optimization

Industry 5.0; framework with target docking, multiple incentives, technical support and institutional guarantee, and put

Human resource

management forward specific optimization paths. It aims to solve the problems of disconnection between enterprise

incentive system and sustainable development and single form, and provide practical reference for

improving employee enthusiasm and promoting enterprise to fulfill social responsibility.

INTRODUCTION

The 17 Sustainable Development Goals (SDGs)[1], imbalance and insufficient enterprise participation, while

established by the United Nations in 2015, have become the
overarching framework for global development, covering
the three basic dimensions of economic growth,
environmental resilience and social equity. As the core
implementation subject, the human resource management
mode of enterprises directly affects the promotion effect of
SDGs.

Fu & Zhang (2024) pointed out that the current global SDGs

implementation is faced with challenges such as regional

employee motivation, as the core link of human resource
management, generally has problems such as disconnection
from sustainable goals and single form, which restricts
enterprises' contribution to SDGs [2]. Horvat et al. (2024)
emphasized  that Industry 5.0 promoted deep
complementarity between human capabilities and emerging
technologies, providing important technical support for
incentivizing institutional innovation [3]. Gechbaia et al.

(2024) proved through empirical research that the deep
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integration of human resource management and SDGs needs
the support of multiple incentive mechanisms [4].Raman et
al. (2024) reveals significant research gaps in collaborative
of

development, particularly in the integration of digital

studies incentive mechanisms and sustainable
technologies with human-centric approaches [5]. Therefore,
based on the perspective of social sustainable development,
constructing an appropriate employee mixed incentive
optimization framework has become a key issue to address

the dilemma of enterprise sustainable development.

1.Theoretical Framework and Model
Construction

1.1.Core Theoretical Basis

@D SDGs

coordinated development

SDGs

of economy,

the

and

orientation theory: emphasize
society
environment, and provide multiple value guidance for the
setting of incentive goals [6].
@ Industry 5.0 technology enabling theory: Industry 5.0,
which
collaboration between humans and machines, provides new
The

integration of artificial intelligence, big data and other

emphasizes human-centric manufacturing and

opportunities for incentive system innovation.
technologies provide the possibility for the precision of
incentives, which can realize the intelligentization of
employee needs identification, contribution quantification
and scheme optimization [7]. Syncframe (2025) also pointed
out in its Industry 5.0 guidelines that the core of Industry 5.0
lies in the synergy between humans and machines, which
provides a fundamental direction for the technological
transformation of incentive mechanisms [8].

(3 Multi-dimensional incentive theory: The integration of
material and non-material, short-term and long-term
incentives can better meet the multiple needs of employees

and stimulate behaviors related to sustainable development

[9].

1.2.0ptimization Framework Model

Based on the above theoretical basis and current enterprise
needs for aligning incentive systems with sustainable
development goals, this paper constructs an employee hybrid
incentive optimization framework integrating target docking,

multiple incentives, technical assistance and institutional
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guarantee. Core tasks and specific measures of each

dimension are shown in Figure 1:

Core Task Concrete measure

To achieve the

Framework dimension

The

incentive ind

pi goals are d into specific

that

alignment between pl can d and

Docking of targets enterprise incentive implement, such as green innovation contribution awards,

goals and the SDGs. environmental protection performance scores, and social

To meet the multi-level | The combined incentive mode of material incentive and

and diverse needs of | non-material incentive, short-term incentive and long-term

Multiple incentives employees. incentive is constructed to take into account the material return
and spiritual needs of employees, immediate incentive and

long-term development

To enhance the Big data technology is used to analyze the job characteristics and

Technical assistance accuracy and faimess | demand preferences of employees, and Al model is used to

of incentives. quantify the contribution of employees to sustainable

development, so as to avoid single incentive.

Break down the Embed the incentive mechanism into the whole process of human

barriers and ensure that | resource management such as recruitment, training, assessment

Institutional guarantee the incentives are and promotion, integrate internal resources and external

implemented and cooperation forces, and establish a long-term implementation

effective. mechanism.

Fig.1.Core Contents of the Employee Mixed Incentive
Optimization Framework

Source: This framework is based on SDGS-oriented theory,
5.0
multi-dimensional incentive theory, combined with relevant
research [6][7][9].

Through the integration of goal, form and technology, the

Industry technology  enabling  theory  and

optimization framework not only ensures that the incentive
mechanism is consistent with the sustainable development
goals, but also improves the identity of employees and the

efficiency of system operation.

1.3.Framework Implementation Guidelines

To ensure the effective implementation of the employee
mixed incentive optimization framework, several key
guidelines should be followed. First, the framework should
be adapted to the specific context of each enterprise,
considering industry characteristics, organizational culture,
and employee demographics. Isik et al. (2024) found in their
study of SDGs in the United States that policy effects vary
due to differences in economic structure and social
environment, indicating that incentive system design must
stakeholder

engagement is crucial, including leadership commitment,

be contextually appropriate [10]. Second,
employee participation, and external partnerships with
sustainability organizations. Third, a phased implementation
approach is recommended, starting with pilot programs in
specific departments before full-scale deployment. Finally,
continuous monitoring and evaluation mechanisms should
be established to track the effectiveness of the incentive
system and make necessary adjustments based on
performance metrics and feedback. The specific flow chart is

shown in Figure 2:
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Framework Adapt to Enterprise Industry Characteristi . . . . .
> Ogaxiviomsl Cukire Non-financial incentives lack systematic design and
Implementation Start Context Employee Demograpbics
effective implementation, failing to foster intrinsic

Leadership Commitment
External Parme;ships
Phased Implementation
Pilot Programs \
Continnous Monitoring &
—> Performance Metries
Evaluation
Specific Departments
# System Feedback
Full-scale Deployment l
Necessary Adjusiments
Target Not Met
Target Achieved
13
4
Return for Adjustment
Successful
Performance
Implementation
Assessment

Fig.2. Framework Implementation Guidelines Flowchart

2.Analysis and Discussion

2.1.Shortcomings of the Sustainable
Development Adaptation of the Current

Incentive System

From the perspective of current practice, the current
corporate incentive system has obvious deficiencies in the
process of adapting to the SDGs. There are four dilemmas in
the enterprise incentive system when connecting with the
sustainable development goals (SDGs).

1) Misaligned objectives, where incentive targets diverge
from sustainable development goals, prioritising short-term
financial performance over long-term sustainability metrics.
This leads management to prioritise quarterly profits in
decision-making while adopting a cautious wait-and-see
approach towards investments in long-term initiatives such
as green R&D and social impact programmes [2].

2) Structural uniformity, with excessive reliance on
remuneration and bonuses. Incentives such as training and
recognition awards remain superficial. Employees often

focus solely on metrics directly linked to bonuses to secure

commitment and active participation towards sustainability
goals [4].

3) Lack of technology, failure to achieve data-driven precise
incentive with the help of Industry 5.0, enterprise HRIS and
production, supply chain and community impact data are not
connected, resulting in the lack of real-time and accurate
data support when evaluating employees' sustainable
contribution, and delayed reward decision. It missed the best
opportunity to strengthen employees' green behavior in a
timely manner [3].

4) Weak coordination, where incentive mechanisms are
disconnected from HR processes and fail to integrate
external resources. Lack of synergy between modules
hinders the effective internalisation and transmission of
green expertise and sustainable practices. Furthermore,
collaborations with external stakeholders such as suppliers,
universities, and communities cannot generate synergistic
momentum for sustainable development due to absent
incentives, thereby increasing supply chain compliance risks

and operational costs [5].

2.2.Practical Application Path of the
Framework

The

hierarchically across goals, design, technology, and systems,

framework's ~ practical  application  proceeds

As shown in Figure 3:

Framework Practical
Application Path

M

Goal i Multi-di i T
1 g " —> s
Phase Design Phase Assistance Phase

! !

Material Digital
Management
Platform

Institutional
Guarantee Phase

l

SDGs Training
Integration

SDG 8:

Decent Work Incentives

SDG 12:
Responsible

Non-material

Incentives Sustainable

Performance
Equity

Benefits

Big Data
Analytics

Consumption Performance

‘Weight

Skills Training
Subsidiesk

Al Models for
Green

External
Partnership

Contribution

Green Innovation

Bonuses

ﬂ[ Personalized } ﬂ[ Full-process ]
Incentives Support
F
ig.3. Four-Phase Implementation Framework
* Goal Implementation Phase

For goal implementation, translate UN SDGs such as SDG 8
(Decent Work) and SDG 12 (Responsible Consumption) into
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perceptible, actionable employee incentive indicators (such
as skills training subsidies, green innovation bonuses) to
align with global sustainability agendas [1].

* Multi-dimensional Design Phase

For multi-dimensional design, expand material incentives
with sustainable performance equity and low-carbon benefits,
link (like

contribution certification) to promotion to meet diverse

and non-material  incentives sustainable
employee needs and guide sustainable behaviors [9].

* Technology Assistance Phase

For technology assistance, to build a digital management
platform, use big data to analyze employees' work needs and
preferences, use artificial intelligence model to quantify
green contribution, avoid single incentive measures, so as to
improve accuracy [7].

* Institutional Guarantee Phase

For institutional guarantees, integrate SDGs-related content
into training, weight sustainable contributions heavily in
performance evaluations, and collaborate with external

public welfare organizations to provide full-process support

[6].

2.3.Framework Values and Limitations

The core value of the framework is to realize the dual
adaptation of incentive system, SDGs and industry 5.0
technology, and balance enterprise efficiency and social
value [2].

incentives, SDGs and technology into a closed-loop system,

Specifically, the framework must integrate

ensuring that green practices, social impact and business
outcomes are simultaneously considered in decision-making.
This approach addresses capital markets' demand for ESG
traceability while providing employees with immediate,
visible proof of personal contribution. Consequently, it
transforms the traditional trade-off between efficiency and
responsibility into synergistic gains. However, in the
implementation process, there are significant differences
between the process industry and the digital service industry
in terms of emission benchmarks, resource density and
stakeholder needs, which may distort business decisions if
the uniform weight standard is directly applied. The edge
computing, iot devices and data governance platforms
required by Industry 5.0 require high initial investment for
smes and are difficult to replicate the deployment path of
large enterprises in the short term. Small and medium-sized

enterprises face greater cost pressure when adopting new
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technologies [11][12].Future research needs to design
low-cost, modularizable and subscription-based technology
solutions to lower the adoption threshold for smes. The
dynamic weight adjustment mechanism based on annual
review is established to allow enterprises to flexibly revise
the index weight according to policy changes and their own
development stages, so as to ensure the operability and

sustainability of the framework in multiple situations.

2.4.Future Research Directions

Future research should undertake longitudinal studies to
assess the long-term effectiveness of sustainability-oriented
incentive mechanisms and their impact on employee
behaviour and organisational performance. Cross-cultural
research should examine how differing national and cultural
the

outcomes. Empirical validation through case studies and

contexts influence framework's implementation

field experiments would provide stronger evidence for the

framework's practical value. Integrating blockchain
technology to enhance transparency and employing
gamification design to boost employee engagement

represent areas warranting deeper future exploration. Finally,
the cost-benefit analysis study on the implementation of
Industry 5.0 technology incentive system for smes will

provide valuable reference for practitioners.

Conclusion

Social sustainable development requires enterprises to break
through the limitations of traditional incentive models and
build a new employee incentive system that is compatible
with sustainable development goals. The four integrated
optimization frameworks of goal docking, multiple
incentives, technical assistance and institutional guarantee
this  paper

for

realistic  incentive
Through  the

implementation of this framework, enterprises can realize

proposed in provide

optimization  ideas enterprises.
the deep integration of employee incentives and SDGs,

effectively stimulate employees' behaviors related to
sustainable development, and improve the accuracy and
efficiency of incentives with the help of Industry 5.0
technology, so as to promote the transformation of human
resource management mode from efficiency oriented to
sustainable value oriented.

In the future, enterprises need to refine the index design

based on their own reality, strengthen cross-department
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