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Abstract: In order to maintain their financial stability, businesses must recognize and manage the financial risks 

that are necessarily involved in their operations and output. Businesses may better comprehend their financial 

status and undertake efficient risk early warning by examining financial indicators. Academic research on the 

detection and mitigation of financial risks is extensive, and in an effort to increase the accuracy of assessments, 

an increasing number of academics are using multi-indicator systems for thorough analysis. Furthermore, non-

statistical techniques including hierarchical analysis, B-S option pricing models, and artificial neural networks 

have shown extremely effective at handling complicated data and non-linear connections. As the economy 

transitions from high to medium-high growth, traditional and new energy vehicles in the automobile sector 

confront significant possibilities and problems. Traditional automakers aggressively converting to new energy 

cars include SAIC Motor, BAIC Group, and GAC Group. Companies that produce new energy vehicles, such 

XPeng, BYD, Tesla, Li Auto, and NIO, are becoming more competitive by developing new technologies and 

tapping into new markets. To enhance market competitiveness and sustainability, businesses must address issues 

like excessive inventory and price volatility that have been brought about by the new energy vehicle market’s 

explosive expansion through efficient financial risk management. The short- and long-term debt repayment 

capacities of traditional and new energy vehicle (NEV) enterprises are the main subjects of this study’s analysis 

of their financial statements. According to the findings, traditional automakers have more stable financial 

circumstances whereas NEV enterprises exhibit stronger short-term solvency and lower long-term financial risk 

in specific years with superior liquidity and lower debt ratios. The study attempts to offer resources for the 

automobile industry’s deleveraging, sustainable development, and inventory reduction.

Keywords: new energy vehicles (NEVs); financial risk; long-term solvency; short-term solvency; inventory 

reduction; deleveraging

1. Introduction

Every productive activity that an organization engages in has some risk, but financial risks are especially 

important. It is inevitable that the business will have financial risk as long as it has liabilities. We can efficiently 

monitor the financial risk of the business and quickly assess its financial condition via early warning and 

detection of financial danger. Financial indicators enable the research to more accurately depict the enterprise’s 

financial risk. Numerous academics both domestically and internationally have studied company financial risk 

detection and prevention in great detail from various angles. A growing number of academics are turning to 

multiple indicator systems to assess financial risk more thoroughly, as single indicators have limits that make it 

difficult to fully capture the capital structure and operational circumstances of businesses. These multi-indicator 
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systems increase the efficacy of risk management by providing a more thorough and accurate assessment of an 

organization’s financial health. Numerous academics also do early warning studies and financial state analyses 

of businesses using non-statistical approaches. These approaches are inclusive and encompass a range of 

concepts and strategies. In their evaluation of the use of artificial neural networks in financial forecasting, for 

instance, ANN has several benefits when handling complicated data patterns and nonlinear correlations, as noted 

by Xian Liu and Hao-Long Liu [1]. The B-S option pricing model was employed to evaluate whether a firm is 

experiencing a financial crisis, as demonstrated by Jiang X [2]. A research on the assessment of business 

financial risk using fuzzy comprehensive evaluation techniques and hierarchical analysis was suggested by 

Wang Tao in 2024 [3]. An optical path transmission quality prediction method based on artificial neural network 

(ANN) loss function optimization was investigated, and the accuracy of the prediction model was improved by 

optimizing the loss function design, as discussed by Shi Yannan [4]. The GA-optimized ANN processing method 

obtains higher machining efficiency, though a certain degree of degradation occurs relative to the initial surface 

quality. Better machining performance can be achieved by adjusting the weighting coefficients, as noted by Feng 

Lei (2024) [5]. SVM and ANN were used to study the risk and early warning of listed enterprises, and the 

development of risk early warning management throughout history was reviewed, along with a systematic 

analysis of current domestic and international mainstream enterprise risk early warning models, as highlighted 

by Xinxin Xu [6]. The use of statistical techniques in early warning studies has increased among academics. In a 

study by Wang Qianyi (2019), a small and medium-sized international trade firm was chosen, and the risk of its 

financial position was assessed using the Z-score and F-score models after analyzing its development history, 

organizational structure, and industry status quo [7]. To assess the financial risk, a company’s most recent 

financial records were examined using the Z- and F-score models Cao Jiahao (2023). According to the data, the 

Z-score model revealed considerable financial risk for the firm, while the F-score model indicated low financial 

risk in the initial years and a greater probability of bankruptcy in the last year [8]. The financial risk was 

evaluated and categorized using the effectiveness coefficient approach and the F-score model Zhang Jialao 

(2023). The study’s findings demonstrated that the business is consistently exposed to financial risk, particularly 

in areas such as funding, investments, operations, and growth. Zhang recommended implementing matching 

control countermeasures, including enhancing market discovery and technological innovation, strengthening the 

analysis of investment benefits, optimizing the capital structure, upgrading the internal control system, and 

raising employee awareness of risk prevention [9]. The company’s financial risks were assessed and compared 

using the financial indicator technique and the F-score model Gu Zhihao (2023). Additionally, the study 

determined and examined the reasons behind these financial risks [10]. A demand forecasting approach was 

developed using time aggregation as a carrier, based on the Z-score and F-score models, to screen and evaluate 

financial indicators Liu Wei Zhu De (2022). The study found that this method is more accurate and significant 

for research compared to the Z-score model [11]. An analysis of Azalea Automobile’s financial risk was 

conducted using the Z-score model, the entropy value approach, and the effectiveness coefficient method He 

Jiongmei. The study revealed issues with the company’s capacity to service debt, operate profitably, and grow. 

To help new energy automotive firms prevent and control financial risks, the study also suggested relevant 

coping mechanisms and the establishment of a financial risk early warning system [12]. The Z-score and F-score 

models were used to conclude that the financial risk is relatively low Wang Di (2018). To enhance the financial 

risk detection, analysis, and response capacity of businesses, corresponding solution strategies were proposed. 

These methods serve as a valuable benchmark for the financial risk management of companies that manufacture 

similar automobiles [13,14]. Our researchers have strengthened the model by incorporating crucial elements like 

cash flow to compensate for the original Z-score model’s drawbacks. The F-score model was proposed by 

Zhang Jialao in 2023. Numerous empirical investigations have been carried out by other researchers utilizing 

statistical analytic techniques and univariate and multivariate discriminant models put forth by researchers 

domestically and internationally, respectively, to forecast and assess the financial risks of Chinese firms. The 

majority of academics both domestically and internationally build analytical models based on financial 

indicators, regardless of whether statistical techniques are applied for financial risk analysis. Effective solvency 

control is the cornerstone of corporate financial risk management. In order to undertake case studies, examine 
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the actual debt structures of eight domestic automakers, evaluate the impact of their financial leverage, and 

impartially estimate their debt risk, this article primarily applies the pertinent solvency indicators to the heavily 

indebted car sector. This will serve as a model for the “de-stocking,” “de-leveraging,” and development that is 

both sustainable and healthful in the automotive sector.

2. Current Situation of China’s Automotive Industry

The automobile sector is experiencing both unparalleled possibilities and problems as China’s economy 

transitions from double-digit high growth to single-digit medium-high growth. Environmental protection and the 

energy transition are putting pressure on the conventional automobile industry, which means it needs to 

constantly develop and adapt. With its advantages over existing cars and their minimal carbon footprint, new 

energy vehicles (NEVs) have emerged as a major area of future development. In this setting, new market 

positions and development strategies are sought after by NEV firms like NIO, BYD, Tesla, Li Auto, and XPeng, 

as well as traditional automotive heavyweights like SAIC Motor, BAIC Group, and GAC Group.

The market for new energy vehicles (NEVs) has grown quickly in recent years, drawing interest from both 

investors and customers. Nevertheless, the business also has to deal with issues including excessive inventories 

and volatile prices. The automobile industry is facing significant changes and transformation, much like the real 

estate sector did following a steep fall in sales and mounting inventory, which led to strategic reorganization. 

While newer NEV businesses like NIO, BYD, Tesla, Li Auto, and XPeng are steadily gaining market share and 

a competitive advantage through technology advancements and product quality improvements, established 

automakers like BAIC Group and GAC Group are aggressively entering the NEV industry.

The automobile sector needs to handle the crucial problem of inventory reduction in this process. In addition 

to requiring a large amount of corporate capital and putting financial strain on businesses, high inventory levels 

also run the danger of starting pricing wars, which can upset the equilibrium of the market and harm a brand’s 

reputation. Major automobile businesses have used a number of inventory reduction initiatives in order to 

address this difficulty. For instance, they are actively entering foreign markets to find new sales channels, 

stepping up promotional activities by providing discounts to draw customers, and modifying production 

schedules and output reductions to manage stock levels. During this process, financial risk management has 

become very crucial. In order to improve their resilience and competitiveness in the market, companies need to 

make sure they can accurately and promptly identify risks and take appropriate action. In addition to assisting 

businesses in navigating market shifts, researching the development status and trends of the conventional and 

new energy vehicle sectors and investigating how efficient financial risk management techniques can increase 

corporate competitiveness also strongly support the industry’s overall sustainable growth.

3. Overview of Traditional and New Energy Vehicles

Known as SAIC Motor, SAIC Motor Corporation Limited is a multi-sector operating company that works in 

passenger automobiles, commercial vehicles, financial services, foreign operations, automotive services and 

trade, and component manufacture. Several well-known brands, including SAIC Volkswagen, SAIC GM, SAIC 

GM Wuling, and Roewe, are owned by SAIC Motor. SAIC Motor has positioned itself strategically in the new 

energy vehicle and intelligent connected vehicle sectors in response to national policies in recent years. The 

business has made significant investments in technological R&D and has introduced a number of innovative 

energy vehicle products, including the MG EZS and the Roewe Marvel R. SAIC Motor’s revenue in 2023 was 

RMB 744.705 billion, an increase of 0.1% from the previous year.

With a wide range of operations, the BAIC Group offers financial services, automotive services and trade, 

passenger automobiles, commercial vehicles, and component production. BAIC Motor, Beijing Hyundai, 

Beijing Benz, and BAIC New Energy are just a few of the brands that the firm controls. Being one of the major 

participants in China’s NEV market, BAIC Group made early investments in the new energy vehicle industry. 

2023 saw a 3.9% yearly growth in revenue for BAIC Group, totaling RMB 197.949 billion. RMB 0.38 

represented the basic earnings per share. At the end of 2023, total assets were RMB 168.72 billion, a 3% decline 

from the previous year, while total equity was RMB 79.383 billion, a 1% gain. Beijing Automotive sold 
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1.042 million cars in 2023, a 7.3% increase over the previous year.

The business of GAC Group encompasses a wide range of industries, including finance, international 

business, automotive services and trading, parts production, passenger automobiles, and commercial vehicles. 

Several well-known brands, including GAC Honda, GAC Toyota, GAC Transqi, and GAC New Energy, are 

owned by the GAC Group. Notable is also GAC’s advancement in the realm of new energy vehicles. The BAIC 

Group’s overall revenue in 2023 increased by 3.93% to RMB129.706 billion. Sales volume of cars: 2.550 

million pieces. At the end of 2023, total assets of 218.394 billion yuan represented a 15.05% rise over the 

previous year, while basic earnings per share of 0.42 yuan represented a 2% annual increase in total owners.

Driven by innovation, NIO Inc. is a leading Chinese and international electric vehicle manufacturer, 

standing out in both markets for its high-end goods, cutting-edge technology, and first-rate services. Under the 

ticker code NIO, it is traded on the New York Stock Exchange (NYSE). Thanks to its superior goods and 

services, NIO has established itself as a leader in the market for high-end electric vehicles. With a 12.9% yearly 

growth, the company’s total revenue in 2023 was RMB 55.6179 billion. Revenue from car sales was RMB 

49.2573 billion, an 8.2% increase over the previous year. There were RMB 12.44 in basic profits per share. Total 

assets reached RMB 147.383 billion at the end of 2023, up 21.94% from the previous year; total equity reached 

RMB 25.546 billion, a 7% annual gain.

Leading the way in the production of plug-in hybrid, internal combustion engine, and electric cars 

worldwide is BYD. Among the noteworthy models are the BYD Tang, Qin, Han, and Song. As part of its 

comprehensive offering of green energy solutions, the firm also produces electric buses, solar panels, and energy 

storage systems. With production facilities and sales networks located all over the world, BYD has continuously 

had some of the highest worldwide sales of new energy vehicles. The firm has a strong financial position, 

consistent sales and profit growth, and a market value that is among the highest in the worldwide new energy 

vehicle industry. It is listed on the Shenzhen and Hong Kong stock markets. BYD’s total income in 2023 was 

RMB 602.315 billion, a noteworthy 42% yearly growth. Basic earnings per share increased significantly from 

RMB 5.71 to RMB 10.32 in the prior year. At the end of 2023, BYD had total equity of RMB 113.715 billion, 

up 28.6% from the previous year, and total assets of RMB 679.547 billion, up 37.6%.

Based in Palo Alto, California, Tesla, Inc. is a renewable energy and electric car corporation. Worldwide, 

Tesla maintains production sites and sales networks in several nations and areas. The Fremont facility in 

California and the Gigafactory Shanghai are two of its primary manufacturing locations. Tesla has become a 

dominant force in the worldwide electric car industry as a result of its recent growth in vehicle sales and market 

share. With a market value among the greatest in the worldwide car sector, Tesla is one of the companies whose 

stocks is listed on the Nasdaq Stock Exchange under the ticker code TSLA. With a 16% year-over-year rise, 

Tesla’s total revenue in 2023 was RMB 707.6 billion (about USD 96.8 billion). The income generated by the 

sales of vehicles was RMB 602.4 billion, or around USD 82.4 billion. The basic profits per share came to 

21.69 RMB (or around 3.12 USD). By the end of 2023, Tesla’s total assets had increased to RMB 2,071 billion 

(about USD 290 billion), an 18% year-over-year rise, and its total equity had reached RMB 207.1 billion 

(around USD 28.9 billion).

Li Auto’s (formally Li Auto Inc.) range-extended electric vehicle (EREV) technology sets it apart. Electric 

cars with an internal combustion engine to extend range when the battery runs low are known as EREVs. Li 

Auto, which is aimed at the mid-to-high end market, places a strong emphasis on extended range, excellent 

performance, and an intelligent driving experience. The corporation wants to draw customers in with cutting-

edge technologies and superior goods. Li Auto’s overall revenue in 2023 increased by 173% year over year to 

RMB 123.851 billion. Revenue from car sales was RMB 49.2573 billion, an 8.2% increase over the previous 

year. There were RMB 5.95 in basic profits per share. In 2023, the company’s total assets increased by 65.79% 

to RMB 143.467 billion, while its total equity increased by 34% to RMB 60.575 billion.

He Xiaopeng, who is presently the Chairman of Xpeng Motors, and other individuals formed the company 

with the goal of creating smart electric vehicles that lead the way in both technological innovation and user 

experience. The business has built a robust network of contacts in the Chinese and international markets. 

Targeting the mid-to high-end electric car market, Xpeng Motors places a strong emphasis on competitive price, 
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excellent performance, and intelligent features. The organization wants to draw customers in with its cutting-

edge technology and inventiveness. With the ticker code “XPEV,” Xpeng Motors went public on the New York 

Stock Exchange (NYSE) in 2020, joining the global electric car market. Xpeng Motors saw a 14% rise in 

revenue year over year in 2023, totaling RMB 30.676 billion. The income from car sales was RMB 28.01 

billion, up 13% from the previous year. Each share was worth RMB 5.96 in basic earnings. As of the end of 

2023, the company’s total assets amounted to RMB 84.162 billion, an 18% growth over the previous year, while 

its total equity was USD 3.6328 billion, a 2% decline.

4. Analysis of Debt Solvency Risks for Traditional and New Energy Vehicles—Based on Financial 

Statements

For ease of comparison, comparable companies in the same industry, including both traditional and new 

energy vehicle manufacturers, were selected as references. These include SAIC Motor, BAIC Group, GAC 

Group, NIO, BYD, Tesla, Li Auto, and XPeng.

4.1. Short-Term Solvency Analysis

The current ratio and the quick ratio are the metrics most frequently used to assess a company’s short-term 

solvency. When a company’s current ratio is empirically valued at about 2, it indicates that it has the potential to 

turn current assets into cash before short-term debt expires. When inventory with poor liquidity is excluded, the 

quick ratio roughly represents the ratio of current obligations to current assets. An empirical value of 1 is 

considered appropriate. The current and quick ratios of traditional and new energy vehicle companies in recent 

years are shown in Table 1.

Based on the data from Table 1, there are significant differences in the short-term debt repayment capacities 

of various automotive companies. Tesla, Li Auto, and XPeng have higher current ratios, indicating stronger 

short-term debt repayment abilities, while BYD and BAIC Group have lower quick ratios, reflecting weaker 

short-term debt repayment capacities. This is illustrated in Figures 1 and 2.

Table 1.　Short-term Solvency of Traditional and New Energy Vehicle Companies.

Traditional Vehicles

Year-

End

2023

2022

2021

2020

2019

2018

SAIC 
Motor

Current

 Ratio

1.13

1.07

1.13

1.11

0.28

0.30

Quick 

Ratio

0.31

0.30

0.42

0.38

0.38

0.33

BAIC 
Group

Current

 Ratio

1.06

1.04

0.94

0.90

0.94

1.01

Quick 

Ratio

0.24

0.27

0.31

0.28

0.27

0.33

GAC
Group

Current

 Ratio

1.31

1.62

1.25

1.34

1.37

1.65

Quick 

Ratio

0.42

0.51

0.32

0.29

0.22

0.17

New Energy Vehicles

NIO

Current

 Ratio

1.22

1.29

2.18

3.31

0.52

1.42

Quick 

Ratio

0.18

0.19

0.27

0.22

0.28

0.48

BYD

Current

 Ratio

0.66

0.72

1.26

1.05

0.99

0.99

Quick 

Ratio

0.18

0.06

0.07

0.32

0.56

0.66

Tesla

Current

 Ratio

1.73

1.53

0.43

0.51

1.13

0.83

Quick 

Ratio

0.24

0.22

0.06

0.06

0.15

0.11

Li Auto

Current

 Ratio

1.57

2.45

4.33

7.28

1.08

-

Quick 

Ratio

0.14

0.06

0.05

0.73

0.26

-

XPeng

Current

 Ratio

1.51

1.81

2.71

5.06

1.50

-

Quick 

Ratio

0.21

0.29

0.22

0.28

0.40

-
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Table 1 and Figures 1 and 2 show that SAIC Motor Corporation’s current ratio dropped to 0.28 in 2019, 

which is the lowest point ever, in 2019, suggesting a poorer capacity to repay short-term debt. The current ratio 

improved to 1.13 by 2023, indicating a better ability to repay short-term debt. The quick ratio grew to 0.42 in 

2021 after being lower in 2018 and 2019, at 0.30 and 0.38, respectively, suggesting more liquidity. The BAIC 

Group’s current ratio steadily improved as liquidity gradually improved, from a low of 0.90 in 2020 to 1.06 in 

2023. Throughout the time, the quick ratio was comparatively constant, dropping from 0.33 in 2018 to 0.24 in 

2023. The current ratio for GAC Group showed comparatively consistent liquidity, peaking at 1.65 in 2018 after 

reaching its lowest point of 1.25 in 2021. The quick ratio showed strong liquidity in several years, peaking at 

0.51 in 2022 and falling to 0.17 in 2018. NIO’s current ratio showed a notable short-term increase in liquidity, 

peaking at 3.31 in 2020 and falling to 0.52 in 2019. The fast ratio indicated decreased liquidity in various years; 

it peaked at 0.48 in 2018 and fell to 0.18 in 2023. BYD’s current ratio varied throughout time, peaking at 1.26 

between 2018 and 2021 and then falling to 0.66 in 2023. The quick ratio showed very low quick assets in 2020 

and 2022, peaking at 0.66 in 2019 and falling to 0.06 in those same years. Tesla’s current ratio showed a 

progressive improvement in liquidity, peaking at 1.73 in 2023 and down to 0.43 in 2021. With fewer fast assets 

Figure 1.　Changes in Current Ratios of Traditional and New Energy Vehicles.

Figure 2.　Changes in Quick Ratios of Traditional and New Energy Vehicles.

--6



Sovanhangmeas C, et al. Econ. & Mgmt. Info. 2024, 3(3)

in those years, the quick ratio peaked in 2023 at 0.24 and fell to 0.06 between 2020 and 2021. Li Auto’s current 

ratio peaked at 7.28 in 2020 and was zero in 2018, indicating a significant improvement in liquidity in the short 

term. The quick ratio was highest at 0.73 in 2020 and zero in 2018, showing a significant increase in quick 

assets. XPeng’s current ratio was highest at 5.06 in 2020 and zero in 2018, indicating a notable increase in 

liquidity in the short term. The quick ratio peaked at 0.40 in 2019 and was zero in 2018, reflecting increased 

quick assets. It is clear from comparing these automakers’  current and quick ratios that new energy vehicle 

companies—like NIO, Li Auto, and XPeng—showed particularly strong liquidity in several of these years. 

Traditional automakers, on the other hand, including SAIC, BAIC, and GAC, showed more steady liquidity with 

little swings, indicating a more cautious financial posture. Leading worldwide manufacturer of new energy 

vehicles, Tesla, likewise exhibits a year-over-year trend of increasing cash, demonstrating sound financial 

standing.

4.2. Long-Term solvency

Long-term solvency is primarily measured by two indicators: the debt-to-asset ratio and the equity ratio. The 

debt-to-asset ratio is a comprehensive metric used to evaluate a company’s debt level and long-term solvency. A 

higher debt-to-asset ratio indicates a heavier debt burden and weaker solvency, while a lower ratio suggests a 

lighter debt burden and stronger solvency. The debt-to-asset ratios of traditional automotive companies and new 

energy vehicle companies in recent years are shown in Table 2.

As shown in Table 2, since 2018, the long-term solvency of various companies has fluctuated over this 

period. Some companies have shown a stable growth trend, while others have experienced greater financial 

pressure and volatility, as illustrated in Figure 3.

Figure 3.　Debt-to-Asset Ratios of Traditional Automotive and New Energy Vehicle Companies.

Based on the statistics, we can see that SAIC Motor’s long-term solvency has improved year over year, 

suggesting a stronger financial position. The solvency of the BAIC Group fluctuated throughout time, bottoming 

Table 2.　Debt-to-Asset Ratios of Traditional Automotive and New Energy Vehicle Companies.

Year-End

2018

2019

2020

2021

2022

2023

SAIC Motor

0.033

0.031

0.033

0.037

0.041

0.057

BAIC Group

0.025

0.009

0.014

0.021

0.015

0.024

GAC Group

0.012

0.013

0.021

0.018

0.026

0.041

NIO

0.062

0.491

0.109

0.028

0.113

0.111

BYD

0.332

0.388

0.386

0.064

0.026

0.018

Tesla

0.739

0.388

0.386

0.064

0.026

0.403

Li Auto

0

0.025

0.014

0.097

0.111

0.012

XPeng

0

0.183

0.037

0.026

0.065

0.067
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out in 2019 before rising again, maybe as a result of financial strain in certain years. The long-term solvency of 

GAC Group has increased yearly, demonstrating notable advancements in strengthening financial stability. 

NIO’s solvency increased in 2019 but then fluctuated, presumably as a result of the business’s growth and 

investment operations. After peaking in 2018, BYD’s long-term solvency has been steadily declining, 

suggesting possible financial hardship. Tesla’s solvency fluctuated a lot, peaking in 2018, falling in the years 

that followed, and then rising in 2023. Data for XPeng and Li Auto began in 2019, with XPeng’s solvency 

exhibiting a reasonably consistent growth pattern and Li Auto’s solvency showing a considerable surge in 2021 

and 2022 before falling.

4.3. Equity Ratio

The equity ratio reflects the degree of protection that shareholders’  equity provides to creditors’  equity. The 

higher the ratio, the weaker the company’s long-term solvency, and vice versa. The equity ratios of traditional 

automotive and new energy vehicle companies in recent years are shown in Table 3.

As shown in Table 3 The comparatively high equity ratios of BYD and GAC Group suggest a higher 

dependence on loan financing. On the other hand, XPeng’s equity ratio is lower, indicating a greater 

dependence on equity funding. The notable oscillations in the equity ratios of NIO and Li Auto underscore the 

fiscal difficulties and adaptations that these nascent automobile enterprises encounter as they grow and mature.

As shown in Figure 4 The financial leverage reflects the extent to which a company uses debt to increase its 

capital. The range of 34% to 36% for SAIC Motor’s equity ratio indicates that the firm has kept its degree of 

financial leverage largely constant. The business has demonstrated responsible use of financial leverage by 

keeping its debt and shareholders’  equity in balance. The equity ratio of BAIC Group grew from 36% in 2018 to 

Table 3.　Equity Ratios of Traditional Automotive and New Energy Vehicle Companies.

Year-End

2018

2019

2020

2021

2022

2023

SAIC Motor

36%

35%

34%

36%

34%

34%

BAIC Group

36%

42%

38%

41%

46%

47%

GAC Group

59%

60%

61%

60%

64%

57%

NIO

36%

−43%

50%

42%

25%

22%

BYD

91%

29%

28%

20%

25%

22%

Tesla

75%

19%

43%

47%

54%

25%

Li Auto

0%

−60%

82%

66%

52%

42%

XPeng

0%

18%

4%

3%

6%

7%

Figure 4.　Equity Ratios of Traditional Automotive and New Energy Vehicle Companies.
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47% in 2023, demonstrating that while the company has raised its financial leverage, the percentage of debt it 

possesses has also climbed. The variability of GAC Group’s equity ratio, which ranged from 59% to 64%, 

indicated a greater dependence on debt funding. In 2023, NIO’s equity ratio dropped from 91% in 2018 to 22%. 

The corporation may have suffered large losses or a spike in debt in 2019 based on the negative equity ratio. The 

company’s financial leverage has dramatically dropped since then, indicating efforts to lower debt and enhance 

capital structure. In 2018, the equity ratio of Tesla was 75%; it fell to 19% in 2019, increased to 54% in 2022, 

and then decreased to 25% in 2023. Over time, Tesla’s financial leverage has fluctuated, indicating that the 

business has implemented varied debt management techniques in response to shifting market and financial 

situations. Li Auto’s 2019 equity ratio was negative (-60%), showing that the business could have had large 

losses or a spike in debt during that year. The equity ratio then steadily increased to 42% by 2023. In 2019, 

XPeng’s equity ratio was comparatively low at 18%, and it continued to hover between 4% and 7% in the 

subsequent years. The low equity ratio suggests that XPeng used financial leverage more sparingly and 

depended less on debt during this time.

5. Analysis of Debt Solvency Risks for Traditional and New Energy Vehicles—Based on Perpetual Bond 

Financing

5.1. Market Ratings of Traditional and New Energy Vehicles

SAIC Motor has used a number of financing strategies, such as capital market financing and bank loans, to 

obtain money. These strategies are based on the financial statements and market performance of significant 

automakers. Regarding bank loans, SAIC Motor has forged alliances with financial institutions to secure the 

long- and short-term financing required to fulfill its investment and operating requirements. Usually, the 

corporation uses these loans to fund its expansion goals, project investments, and day-to-day operations. Bank 

loans are a vital source of financing for businesses, particularly when substantial financial assistance is needed. 

This is because they may offer a rather reliable source of finance. SAIC Motor aggressively seeks funding from 

the financial markets at the same time. In order to finance its growth and development, the corporation issues 

bonds, stocks, and other financial instruments. One example of how the corporation uses capital markets to 

finance technical innovation and commercial growth is SAIC Motor Financial Management Co., Ltd., which 

publicly issued technology innovation bonds to professional investors. After conducting a follow-up analysis 

and evaluation of SAIC Motor Financial Management Co., Ltd.’ s and its related bonds’  credit status, United 

Ratings assigned a credit rating of AAA to both the “23 Shangjin K1” and “23 Shangjin K2” bonds, with a 

stable rating outlook, and maintained the company’s long-term credit rating of AAA.

BAIC Group, as a prominent state-owned firm in China, has forged robust connections with local banks and 

possesses seamless financing channels in both domestic and international capital markets. The BAIC Group 

manages its liquidity well by having a surplus of cash and cash equivalents as well as unused bank credit lines. 

BAIC Group’s long-term issuer default rating (IDR) and foreign currency senior unsecured rating have been 

upgraded to “BBB+.” Moreover, BAIC Motor Corporation Limited (HKSE: 01958), a part of the BAIC Group, 

has maintained its long-term IDR and foreign currency senior unsecured rating at “BBB+,” with a stable rating 

outlook, according to Fitch Ratings. BAIC Group’s rating is closely linked to Fitch’s internal assessment of the 

credit status of the Beijing municipal government, reflecting the strong association between the company and 

the local government. Given the close operational and strategic ties between BAIC Motor and its parent 

company BAIC Group, Fitch has aligned BAIC Motor’s rating with that of BAIC Group using a top-down 

approach in accordance with its “Parent and Subsidiary Linkage Rating Criteria.”

In the critical period of transformation in the automotive industry, GAC Group has adopted a strategy that 

combines both “aggressive” and “conservative” approaches. This strategy is reflected in its focus on investing 

in key technologies, where GAC not only emphasizes the application of “three-electric” (battery, electric motor, 

and electric control) and smart technologies but also actively promotes talent development and innovation in 

mechanisms. The company has invested heavily in achieving rapid updates and iterations in technology and 

products, while also using bank loans to support daily operations and project investments, a common financing 
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method. Additionally, GAC Group actively leverages capital market financing, raising funds through the 

issuance of bonds and stocks. This not only helps the company gain more financial support but also enhances its 

market position and overall competitiveness. In 2023, GAC plans to distribute approximately RMB 1.57 billion 

in dividends with a payout ratio of 36%, continuing its tradition of maintaining an annual payout ratio above 

30% since its listing in 2012. Moreover, the company announced for the first time a plan to repurchase A-shares 

and H-shares, with a total repurchase amount ranging between RMB 500 million and RMB 1 billion, of which 

the H-share repurchase will range between RMB 400 million and RMB 800 million. In terms of capital 

allocation, GAC Group has taken a cautious approach. Despite its active market operations, its valuation in the 

Hong Kong stock market is only 0.27 PB and 7.0 PE, highlighting a significant gap in its market capitalization 

and valuation compared to its peers. This level of valuation does not fully reflect the company’s potential and 

actual value in the market.

NIO, which has been facing high debt risks, recently secured a strategic investment that has eased its short-

term cash flow pressures. At the time of NIO’s IPO, 50 million shares were placed in a user trust. Although 

these shares remain on the equity register, the trust is no longer the largest economic shareholder. However, due 

to its super-voting rights, the trust still holds the most significant voting power, resulting in minimal changes at 

the shareholder voting level. As of December 2022, when the investment transaction was completed, CYVN 

acquired the right to nominate two directors to NIO’s board, provided it maintains a beneficial ownership of at 

least 15% of NIO’s outstanding shares. If CYVN’s ownership falls below 15% but remains above 5%, it retains 

the right to nominate one director. Several market experts have noted that, despite the current challenging 

investment environment, NIO’s ability to attract funding from Middle Eastern investors reflects the value of its 

brand and CEO Li Bin’s standing in the capital markets. Following NIO’s earnings report, several investment 

banks, including Deutsche Bank, Citibank, Crédit Lyonnais, and Mizuho Securities, gave NIO a “buy” rating. 

Deutsche Bank highlighted NIO’s strong second-quarter performance, particularly its gross margin, and gave an 

optimistic outlook for the third quarter. Citibank analysts expect NIO’s deliveries to increase monthly from 

October through December, potentially reaching new highs. Crédit Lyonnais noted that the delivery of the ET5 

model could significantly boost NIO’s sales and stock price. Given its innovation and market potential, NIO’s 

credit rating in the capital markets could range between BB+ and BBB, indicating a relatively positive market 

outlook.

According to BYD’s 2023 financial report, the company outperformed its former competitors in the 

domestic market, showcasing strong competitiveness in both sales and financial performance. BYD reached 

record highs in key metrics such as revenue, profit, R&D investment, and cash flow. The issue of “increasing 

revenue without increasing profit,” which had been a concern in the past, was effectively resolved this year. In 

2023, BYD continued to strengthen its leadership in the new energy vehicle (NEV) market and formed a 

strategic partnership with Uber to introduce 100,000 BYD electric vehicles for global shared mobility services. 

According to its annual report, BYD remains the most profitable among A-share listed automotive companies, 

solidifying its position as an industry leader. In a highly competitive market, BYD has become a well-run 

industry giant with few domestic competitors. Using the Discounted Cash Flow (DCF) model, BYD’s intrinsic 

stock value is estimated at RMB 204 per share. The Price-to-Earnings (P/E) ratio valuation model places the 

stock price at RMB 137 per share. By averaging these two figures, a more reasonable target price of RMB 170 

per share is obtained. Considering the current competitive market environment, a recommended safety margin of 

30% suggests a final target price of RMB 119 per share.

Based on the financial statement data, Li Auto’s performance can be described as “thriving.” The strong 

support from the Chinese government for new energy vehicles and the subsequent surge in consumer demand 

for electric vehicles have helped Li Auto establish a foothold in the market, gradually overcoming the challenges 

of its startup phase. The successful listing of Li Auto on Nasdaq further accelerated the company’s business 

expansion, showcasing a prosperous scene. Haitong International has maintained an “Outperform” rating for Li 

Auto, with a target price lowered to HKD 149.8. Morgan Stanley has reduced its 2024 sales forecast for Li Auto 

by 15% due to lower-than-expected demand rebound following the facelift of the L series models and also 

lowered its 2025 sales forecast by 14%. The firm maintains an “Overweight” rating for Li Auto but has reduced 
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the target price by 14% to HKD 233. Additionally, Li Auto has become the first Chinese automotive company to 

receive the highest MSCI ESG rating of “AAA,” demonstrating excellent performance. However, Li Auto still 

needs to improve its social and governance scores to further enhance its overall ESG score.

Tesla’s market performance in 2023 can be characterized as “stellar amidst high volatility.” Following the 

release of its financial statements early in the year, capital markets reacted in starkly different ways. U. S. 

investment firms like Morgan Stanley, Goldman Sachs, and Citigroup gave Tesla a “buy” or “overweight” 

rating. Morgan Stanley’s analyst Adam Jonas and his team were particularly optimistic, setting a target price of 

$310, suggesting a potential 40% increase in Tesla’s stock price. In contrast, international investment banks 

such as Credit Suisse, BNP Paribas, and Nomura took a more cautious stance, issuing “sell” or “hold” ratings 

and lowering their target price to around $150. In 2023, Tesla’s credit rating was upgraded by Standard & 

Poor’s, reflecting growing confidence in its financial stability and business outlook. S&P highlighted Tesla’s 

significant progress in reducing debt, improving profitability, and expanding its market share, leading to a credit 

rating upgrade from “B+” to “BB-.” This upgrade indicates growing investor confidence in Tesla’s continued 

growth and solidifies its position in the global electric vehicle market.

Volkswagen recently announced a $700 million investment in XPeng Motors, acquiring a 4.99% stake and 

planning to co-develop two electric vehicle models. Volkswagen will utilize XPeng’s “Edward” platform for 

these new models and will begin paying for technology services next year, breaking from the traditional 

technology licensing model. Following this news, XPeng’s stock surged, with its U.S. shares rising 26.69% and 

its Hong Kong shares climbing 33.88%, reaching a one-year high, though still below historical peaks. Despite 

these significant stock gains, Chinese financial institutions have expressed skepticism about the partnership, 

which was initially expected to disrupt the new energy vehicle sector. Bank of Communications International 

downgraded XPeng’s rating to “Sell,” citing an “overreaction” to the stock price and setting a target price of 

HKD 39.3 / USD 10.5. Currently, XPeng’s U.S. and Hong Kong shares are trading at more than double that 

target price. In contrast, Huatai Securities has maintained a “Buy” rating for XPeng and raised its target price 

for the company’s Hong Kong shares to HKD 92.46. International banks, however, have generally reacted 

positively to the partnership. UBS has given XPeng a “Buy” rating, stating that the partnership will boost 

market confidence. Morgan Stanley highlighted the strategic importance of this collaboration between a global 

automotive giant and a domestic electric vehicle startup, which could pave the way for Chinese automakers to 

expand overseas. They rated XPeng as “Overweight.” Citi also expressed optimism, supporting the positive 

outlook on the partnership.

5.2. Analysis of Debt Solvency Risks for Traditional and New Energy Vehicles

Perpetual bonds are a type of bond with no fixed maturity date (typically exceeding 30 years) but require 

periodic interest payments. From this perspective, perpetual bonds are a financing instrument that lies between 

debt and equity, often referred to as “stocks in the form of bonds.” In the event of corporate bankruptcy and 

liquidation, creditors can only demand repayment of the principal, with their claims ranked lower than common 

and preferred shareholders, meaning they are positioned further down the repayment hierarchy. Therefore, 

perpetual bonds typically demand higher returns. Generally, companies choose this type of financing only when 

the financing environment is extremely challenging and they have no other viable options.

SAIC Motor, BAIC Group, GAC Group, NIO, BYD, Tesla, Li Auto, and XPeng have all used perpetual 

bonds, but the scale varies among these companies. For traditional automakers (SAIC Motor, BAIC Group, 

GAC Group), the interest rates paid on perpetual bonds are generally around 4% to 6%. For emerging electric 

vehicle companies (NIO, Li Auto, XPeng), the interest rates are typically between 6% and 8% or higher. BYD 

and Tesla fall between these two categories. As a mature new energy company, BYD’s rates are approximately 

5% to 7%. Tesla, being a leading global electric vehicle company, despite having strong market confidence, 

faces higher capital demands and rapid business expansion, with interest rates generally around 5% to 7%. SAIC 

Motor issued RMB 20 billion in perpetual bonds for the first time in August 2023. Therefore, as of 2023, the 

scale of SAIC Motor’s perpetual bonds is RMB 20 billion. BAIC Group issued perpetual bonds for the first 

time in 2019, amounting to RMB 5 billion. As of 2023, the total scale of BAIC Group’s perpetual bonds is 
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approximately RMB 15 billion. GAC Group issued perpetual bonds for the first time in 2020, with an initial 

amount of RMB 8 billion. As of 2023, the total scale of GAC Group’s perpetual bonds is approximately RMB 

12 billion. BYD issued perpetual bonds for the first time in 2022, amounting to RMB 10 billion. As of 2023, the 

scale of BYD’s perpetual bonds is RMB 10 billion. As of 2023, NIO, Li Auto, XPeng, and Tesla have not issued 

perpetual bonds, so there are no related amounts or scales available. Interest paid to perpetual bondholders by 

SAIC Motor, BAIC Group, GAC Group, NIO, BYD, Tesla, Li Auto, and XPeng is not included in interest 

expenses but is recorded as equity. The accounting treatment of perpetual bonds makes them appear as 

“invisible” debt on financial statements, which might obscure the company’s true debt levels and repayment 

pressures. While this treatment might make the company’s financial health look better, investors and creditors 

still need to pay attention to the actual repayment capacity and cash flow to fully assess the company’s financial 

risk.

According to research reports from Deutsche Bank and other foreign investment banks, incorporating debt 

into the debt calculations shows a significant increase in SAIC Motor’s net debt ratio. Specifically, considering 

perpetual bonds, SAIC Motor’s net debt ratio could reach as high as 65.94%. BAIC Group’s net debt ratio is 

estimated to be 63.69%. GAC Group’s debt ratio stands at 43.04%, indicating increased financial leverage risk. 

NIO’s net debt ratio is 80%. BYD’s net debt ratio is 77.14%. Li Auto’s net debt ratio has been rising annually, 

climbing from a relatively low level in 2020 to 57.78% in 2023. XPeng’s debt ratio is 59%. NIO and BYD have 

higher net debt ratios, indicating greater financial leverage risk. SAIC Motor and BAIC Group also have high 

debt ratios, though slightly lower than the former two. GAC Group faces increased financial leverage risk, while 

Li Auto and XPeng’s debt ratios have been rising annually, reflecting growing financial pressure on each 

company. To mitigate future debt risks, companies issuing perpetual bonds typically redeem a portion of their 

debt in advance, which also imposes significant financial pressure. Considering the factors involving perpetual 

bonds, it is noted that SAIC Motor, BAIC Group, GAC Group, Tesla, Li Auto, and XPeng have not issued 

perpetual bonds, whereas NIO has issued perpetual bonds with a total principal amount of $1 billion, pricing 

convertible preferred bonds with a principal amount of $500 million due in 2029 and another $500 million due 

in 2030. This financing is significant for NIO, as it not only enhances its financial strength but also provides 

funding for future R&D, production, and market expansion. BYD has issued perpetual bonds totaling up to 

RMB 5 billion. Through these perpetual bonds, BYD can secure a long-term, stable source of funds to support 

its ongoing technology development and market expansion, further consolidating and enhancing its leading 

position in the industry. Additionally, when looking at gross profit margins, the profitability levels of SAIC 

Motor, BAIC Group, GAC Group, NIO, BYD, Tesla, Li Auto, and XPeng over recent years show significant 

differences, as illustrated in Figure 5.

Figure 5.　Gross Profit Margin of Traditional and New Energy Vehicles.
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From Figure 5, it can be seen that between 2017 and 2023, SAIC Motor’s gross profit margin remained 

relatively stable. Although it peaked at 12.15% in 2019 and then slightly declined, it still stood at 10.19% in 

2023. This stable gross profit margin reflects SAIC Motor’s maturity in cost control and its solid market 

position. BAIC’s gross profit margin surged to 29.88% in 2018 and remained between 24% and 27% over the 

next few years. Despite a slight decrease to 24.23% in 2023, the overall gross profit margin remains high, 

indicating BAIC’s cost advantages in production and sales processes. GAC Group’s gross profit margin started 

declining from 23.46% in 2017, falling to 5.55% in 2019. Although it recovered somewhat, it was still relatively 

low at 6.94% in 2023. This suggests that GAC Group faces certain challenges in market competition and cost 

control. NIO’s gross profit margin exhibits significant volatility. It was zero or negative in 2017 and 2018, and 

-9.89% in 2019. However, from 2020 onwards, NIO’s gross profit margin significantly improved, reaching 

46.54% in 2021, but fell back to -1.60% in 2023. This sharp fluctuation indicates cost management issues faced 

by NIO during rapid expansion. BYD’s gross profit margin has been increasing year by year since 2018, 

reaching 20.21% in 2023. This trend reflects BYD’s continued improvement in production efficiency and cost 

control, with particularly notable performance in the new energy vehicle sector. Tesla’s gross profit margin 

remained relatively stable between 2017 and 2023. Although it decreased to 17.05% in 2023, the overall gross 

profit margin remains high, showing Tesla’s cost control and pricing advantages in the electric vehicle market. 

Li Auto’s gross profit margin has been gradually rising since 2019, reaching 22.73% in 2023, demonstrating Li 

Auto’s growing maturity in the market and significant improvement in profitability. In contrast, XPeng’s gross 

profit margin has been very unstable, with negative values in 2018 and 2019, and falling back to -1.60% in 

2023. This indicates that XPeng needs to further enhance its cost structure and market competitiveness. 

Combining these analyses, companies with high gross profit margins, such as BYD, Tesla, and Li Auto, 

generally exhibit strong profitability and stable cash flows. This enables them to secure financing at lower 

interest rates due to their solid financial positions and lower debt risks. On the other hand, companies with lower 

or more volatile gross profit margins, such as GAC Group, NIO, and XPeng, may face higher financing costs. 

Poor or fluctuating gross profit margins increase financial uncertainty, leading creditors to demand higher 

interest rates to mitigate risks or imposing stricter financing conditions on these companies.

6. Insights and Recommendations

The above study indicates that different automotive businesses demonstrate varying performances about 

their capacity to repay long-term debt and their level of financial leverage. BAIC Group ‘s debt has increased, 

GAC Group is dependent on debt financing, NIO is trying to lower its debt, BYD is having financial difficulties, 

Tesla’s debt management strategy is erratic, Li Auto’s financial situation is gradually getting better, and XPeng 

employs a cautious debt management strategy. In contrast, Shanghai Automotive is steadily improving. While 

BYD and BAIC Group score rather poorly, Tesla, Li Auto, and XPeng demonstrate great performance in terms 

of short-term loan repayment capabilities. The following cautions for the automobile sector on “inventory 

reduction” and “de-leveraging” are revealed by the debt risk analysis for SAIC Motor, BAIC Group, GAC 

Group, NIO, BYD, Tesla, Li Auto, and XPeng:

(1) High-leverage firms, such as GAC Group, are vulnerable to severe payback pressure in the event of a 

change in market conditions, such as a downturn in sales or increased financing costs. These organizations have 

achieved quick expansion with extensive borrowing. High-leverage businesses must exercise caution to prevent 

taking on excessive financial risk as a result of blind expansion, particularly in light of the growing 

unpredictability of the global economy. Businesses should improve their debt management strategies, limit 

leverage levels in a reasonable manner, and make sure that financial leverage is steady despite changes in the 

economy.

(2) Inventory Control: An essential function in the capital-intensive automotive sector is inventory control. 

Having too much inventory may lock up a lot of capital, which can cause problems with cash flow and put more 

strain on financial debt. To reduce financial risk, businesses like Beijing Automotive and BYD must quickly 

modify inventories in reaction to poor market demand or supply chain interruptions. Achieving better financial 

circumstances, lowering capital occupancy, and relying less on outside funding are all made possible by efficient 
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inventory management.

(3) Debt Structure Optimization: NIO and Li Auto serve as examples of how crucial it is to optimize debt 

structure by gradually reducing debt. Improving a company’s debt structure reduces expenses while 

strengthening its defense against risk. Prioritizing retained profits and equity financing can help businesses boost 

capital while lowering their reliance on expensive debt and lowering their risk of financial strain. Furthermore, 

looking into ways to prolong debt maturities, including issuing convertible or long-term bonds, might lessen the 

need to make repayments quickly.

(4) Adaptable Debt Management: Tesla’s approach to debt management highlights the necessity of 

adaptability in terms of debt and inventory adjustments in response to market swings. Because high-leverage 

organizations are more vulnerable to shifts in the economy or industry cycles, having flexible finances is 

essential. To reduce the impact of market swings, businesses should modify their capital structure and debt 

levels in accordance with the state of the economy and market demand. During periods of elevated market 

demand volatility, enhancing cash flow management and augmenting liquidity are vital for promptly addressing 

external obstacles.

(5) Short-Term Debt Repayment Capacity: This is a vital sign of a business’s capacity to manage debt. 

Businesses like XPeng that have higher liquidity ratios demonstrate a greater capacity to repay debt in the near 

term and are better equipped to handle debt pressure. Conversely, businesses with lower fast ratios, like Beijing 

Automotive and BYD, exhibit susceptibility when it comes to short-term debt repayment and may run into 

financial issues when faced with restricted cash flow. To handle the strain of short-term debt, businesses must 

thus retain enough liquidity during the deleveraging process. Financial crises brought on by a lack of liquidity 

can be averted by strengthening short-term repayment capacity and improving cash management.

(6) Synchronized Intermediate- and Long-Term Plans: Companies should coordinate both short- and long-

term objectives during the “inventory reduction” and “de-leveraging” operations to maintain sustainable 

development and financial health. Long-term capital structure optimization and a decrease in reliance on 

expensive debt are essential, but short-term liquidity needs must be met to manage unforeseen market 

fluctuations. During the “inventory reduction” and “de-leveraging” processes, businesses can achieve financial 

stability and sustainable growth by striking a balance between long-term steady development and short-term 

flexibility.
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Abstract: Modern management accounting provides a powerful tool for the expansion of financial accounting 

function, but also provides an important support for the development of enterprise organizations and social and 

economic development. This paper expounds how modern management accounting can better empower 

enterprise organization and social and economic development from three dimensions of historical research, 

realistic dilemma and future prospect.
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1. Historical Investigation of the Management Accounting Function

The two functions of management accounting information support and management control can strengthen 

the management cooperation, information transparency and sharing in research and development, production 

and other processes, reduce the information asymmetry of enterprises, and improve the management and control 

ability of enterprises.

Agency theory holds that management control as a management accounting function can reduce the 

opportunistic behavior of agent by reducing the information asymmetry between principal and agent. As a 

management control system, management accounting can, on the one hand, plan, refine and control the analysis 

of value drivers; on the other hand, the management control function can help enterprises improve service 

quality and customer satisfaction, acquire new customers and increase market share and customer loyalty. Wang 

Bin and others believe that the management control function helps the organization to set goals and select action 

plans, identify specific value drivers, and allocate the resources needed to achieve enterprise value creation [1]. 

As an information support system, management accounting is a general, objective and transparent information 

platform for refined value driver factor analysis and decision-making. The information support function is to 

support the managers at all levels within the organization to identify and determine the value drivers. The 

information in enterprises can support the enterprise to make relevant decisions and maintain daily operation 

services, thus reducing the product defect rate and improving the product innovation; by providing management 

accounting information, it can improve the service quality and customer satisfaction, obtain new customers, and 

increase market share and customer loyalty. The information provided by the management accounting system 

can improve the ability of employees to make decisions, so that employees can achieve the goals of the 
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organization [2].

2. The Real Dilemma of Modern Management Accounting

(1) Management accounting awareness is not strong enough

Some enterprises do not have a comprehensive and specific understanding of management accounting, lack 

the awareness of management accounting, do not realize the important value of management accounting to the 

development of enterprises, and do not promote the application of management accounting in enterprise 

financial management. Specifically, some enterprise managers pay attention to the business, despise the 

financial situation. The application of management accounting not only needs the financial personnel to take the 

initiative, but also needs the active cooperation of grass-roots workers. However, some grass-roots workers in 

enterprises think that management accounting has nothing to do with their own work practice, and fail to 

actively cooperate.

(2) Institutional construction needs to be strengthened

The application of management accounting in enterprise financial management means that the content, 

process and specific standards of financial management will change to a certain extent. Enterprises should adjust 

the financial management system according to this change, so as to ensure the orderly development of the next 

financial management work. But some enterprises in the aspect of system construction, not according to the 

changes of financial management update system content, lead to financial personnel in the process of application 

management accounting is still working according to the original system, easy to cause the system content 

conflict with the actual work, not only hinder the application of management accounting, and may bring 

financial risk to the enterprise.

(3) The financial team construction is not in place

The application of management accounting puts forward higher requirements for the comprehensive level of 

enterprise financial personnel, but combined with the actual situation of some enterprises, the internal financial 

personnel of enterprises do not have a deep understanding of management accounting, and do not form a correct 

understanding of the application of management accounting. At the same time, some knowledge structure of 

financial personnel aging, failed to timely understand the cutting-edge financial knowledge, which also has a 

certain obstacle to the application of management accounting. The application of management accounting means 

that the accounting of enterprises and management practice are closely linked, which requires financial 

personnel not only to master financial knowledge, but also to understand the business development and 

management status of enterprises. However, some financial personnel of enterprises have obvious shortcomings 

in this aspect.

(4) Accounting information construction is not in place

On the one hand, there are still relatively obvious information barriers in some enterprises, which cannot 

guarantee the comprehensiveness and timeliness of accounting information. On the other hand, after collecting 

accounting information, enterprises cannot efficiently process accounting information, resulting in the data value 

of accounting information has not been fully mined. In addition, some enterprises ignore the information 

security problems in the process of applying management accounting, laying hidden dangers for the follow-up 

work.

(5) Supervision and control need to be strengthened

Supervision and control is an important link in the application process of management accounting, which is 

generally realized through the form of internal audit. However, in some enterprises, the audit work is often 

managed by the financial department, which leads to the loss of independence of internal audit and unable to 

form effective supervision over the application of management accounting.

3. Enterprise Organization and Social and Economic Development of the Modern Management 

Accounting to Put Forward the New Requirements

(1) The various forms of enterprise organization have put forward new requirements for modern 

management accounting
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The diversity of enterprise organization forms has put forward many new requirements for modern 

management accounting. In order to adapt to these requirements, enterprises need to constantly strengthen the 

work of innovation of management accounting, improve the internal control system, improve the scientific and 

accuracy of financial decision, promote the development of information and intelligence, and pay attention to 

talent training and team building and other aspects.

A. Management accounting needs to adapt to the needs of different organizational forms

Different enterprise organizational forms have different characteristics and needs in the management. 

Modern management accounting needs to design corresponding financial management schemes according to the 

characteristics of different organizational forms to meet the personalized needs of enterprises. For example, for 

sole proprietorship and partnerships, management accounting may pay more attention to the financial reports 

and profit distribution of owners or partners, while for corporate enterprises, there may be more emphasis on the 

protection of shareholders' rights and interests and the improvement of corporate governance structure.

B. Strengthen internal control and risk management

With the diversification of enterprise organization forms, the internal control and risk management of 

enterprises have also become more complex. Modern management accounting needs to establish a set of perfect 

internal control system to ensure the authenticity and integrity of enterprise financial information, and 

strengthen the identification, assessment and control of all kinds of risks. This requires management accounting 

personnel not only to have solid professional accounting knowledge, but also familiar with the business process 

and risk management methods of enterprises.

C. Improve the scientificity and accuracy of financial decisions

The diversity of enterprise organization forms also means that enterprises need to be more scientific and 

accurate in their business decisions. Modern management accounting needs to provide comprehensive and 

accurate financial information to provide strong support for the strategic decision-making and daily operation of 

enterprises. This requires management accounting personnel to skillfully use various financial analysis tools and 

models, conduct in-depth analysis of the financial situation and operating results of the enterprise, and provide 

valuable decision-making suggestions for the management.

D. Promote the development of informatization and intelligence

With the rapid development of information technology, the diversification of enterprise organization forms 

also promotes the development of information and intelligence of management accounting. Modern 

management accounting needs to make full use of modern information technology means, such as big data, 

cloud computing, artificial intelligence, etc., to improve the efficiency and effect of financial management. 

Through the establishment of financial sharing service center, the implementation of intelligent financial 

analysis and other measures, enterprises can better realize the deep integration of finance and business, and 

improve the overall operation level.

E. Pay attention to talent training and team building

The diversity of enterprise organization forms puts forward higher requirements for management accounting 

personnel. In order to adapt to this change, enterprises need to strengthen the training of management accounting 

talents and team building. Improve the professional quality and comprehensive ability of management 

accounting personnel by organizing training and introducing high-end talents, and establish a sound incentive 

mechanism and career development channel to stimulate the enthusiasm and creativity of management 

accounting personnel.

(2) The change of the communication mode between the enterprise organization and other organizations puts 

forward new requirements for modern management accounting

The change of the communication mode between enterprise organizations and other organizations has put 

forward new requirements for modern management accounting, such as enhancing the transparency and 

comparability of financial information, strengthening risk management and internal control, improving decision 

support ability, adapting to diversified cooperation modes and strengthening the construction of information and 

intelligence. In order to meet these requirements, enterprises need to continuously strengthen the innovation and 

development of management accounting, in order to adapt to the changing market environment and business 
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needs.

A. Enhance the transparency and comparability of financial information

With the increasingly frequent and complex communication of enterprise organizations with other 

organizations, the transparency and comparability of financial information has become particularly important. 

Modern management accounting needs to ensure that the financial information provided by enterprises can 

accurately reflect its operating conditions, financial results and cash flow, and can make horizontal and vertical 

comparisons with other organizations. This requires management accounting to follow generally accepted 

accounting standards and regulations in preparing the financial statements to ensure that the information is true, 

complete and reliable.

B. Strengthen risk management and internal control

In the process of communicating with other organizations, enterprises will inevitably face various risks and 

uncertainties. Modern management accounting needs to strengthen the identification, assessment and control of 

these risks to ensure that enterprises can operate steadily in a complex and changeable external environment. 

This requires management accounting to establish a sound risk management mechanism and internal control 

system, conduct a comprehensive and systematic monitoring and evaluation of the activities of the enterprise, 

and timely find and correct potential problems and risks.

C. Improve the decision-making support ability

The purpose of communication between enterprise organizations and other organizations is often to realize 

resource sharing, complementary advantages and mutual benefit. Modern management accounting needs to 

provide strong support for enterprise decision-making and help enterprises make wise choices among many 

cooperation opportunities. This requires management accounting to use advanced analytical tools and models to 

conduct in-depth analysis of the financial situation, operating results and market environment, and provide 

valuable decision-making suggestions for the management.

D. Adapt to diversified cooperation modes

With the diversification of communication modes between enterprise organizations and other organizations, 

such as the rise of B2O (Business-to-Organization) business interaction mode, modern management accounting 

needs to adapt to this change and provide flexible and diverse financial management services for enterprises. For 

example, in the B2O model, enterprises need to establish close partnerships with multiple organizations to carry 

out projects or businesses together. Management accounting needs to be able to deal with this complex 

partnership to ensure the accurate transmission of financial information and the reasonable allocation of funds.

E. Strengthen information technology and intelligent construction

The change of the communication mode between enterprise organizations and other organizations also 

promotes the application of informatization and intelligence in management accounting. Modern management 

accounting needs to make full use of modern information technology means, such as big data, cloud computing, 

artificial intelligence, etc., to improve the efficiency and effect of financial management. Through the 

establishment of financial sharing service center, the implementation of intelligent financial analysis and other 

measures, enterprises can better realize the deep integration of finance and business, and improve the overall 

operation level.

4. Modern Management Accounting Enables the Path of Enterprise Organization and Social and 

Economic Development

(1) Optimize the organizational process

Management accounting is the integration of management and accounting. The function of accounting is to 

measure, and management is an activity involving everyone in the organization. Management accounting 

optimizes the organization's process and improves its efficiency through full participation and scientific 

measurement.

A. Improve the efficiency of enterprise internal management

Management accounting through the introduction of standardized processes, such as budget management, 

cost control, performance evaluation, etc., so that the work of various departments within the enterprise is more 
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standardized and orderly. This not only reduces unnecessary communication and coordination costs, but also 

improves work efficiency.

Management accounting emphasizes the fine analysis and management of data. Through the in-depth 

mining of business data, enterprises can more accurately grasp the market dynamics and customer needs, so as 

to make more scientific decisions. This fine management helps enterprises to optimize resource allocation and 

improve the overall operational efficiency.

B. Strengthen enterprise risk prevention and control capabilities

Through the establishment of a sound risk assessment system, management accounting conducts 

quantitative and qualitative analysis of all kinds of risks faced by enterprises, timely early warning and 

formulate corresponding countermeasures. This helps enterprises to reduce operational risks and maintain sound 

operations.

In the process of optimizing the organizational process, management accounting pays attention to 

strengthening internal control to ensure the legal compliance of various economic activities of enterprises. 

Through the establishment of a sound internal control system, enterprises can effectively prevent fraud and 

fraud, and ensure the safety of assets.

C. Promote the realization of corporate strategic goals

Management accounting provides information support on financial status, operating results and cash flow by 

participating in the formulation and implementation process of enterprise strategic planning. This helps 

enterprises to better grasp the market opportunities and formulate strategic goals in line with their own actual 

situation.

Management accounting through the establishment of a scientific performance evaluation system, the 

performance of each department of the enterprise objective, fair evaluation. This helps to stimulate the 

enthusiasm and creativity of employees, and promote the realization of corporate strategic goals.

D. Promoting economic and social development

Management accounting promotes the rational allocation and utilization of enterprise resources by 

optimizing the organizational process. This helps to improve the efficiency of the resource use of the whole 

society, and promote the sustainable development of the economy and society.

The data and information provided by management accounting can also provide strong support for 

government policy making. The government can, in accordance with the information provided by the 

management accounting, formulate macroeconomic policies more in line with the law of the market to promote 

the stable development of the economy and society.

(2) Cost reduction and cost-increase efficiency

Reducing costs and increasing efficiency is an eternal topic. Modern management accounting has played an 

important role in enabling enterprises to organize and promote economic and social development by optimizing 

the organizational process. Here are the details of the process:

A. Introduce advanced management methods and tools

By introducing advanced management methods and tools, such as comprehensive budget management, 

operation cost method, balanced scorecard, etc., management accounting can comb and optimize the internal 

management process of enterprises, reduce unnecessary links and redundancy, so as to improve operational 

efficiency. Through fine cost accounting and control, management accounting helps enterprises to identify the 

potential of cost saving, optimize the cost structure, reduce unnecessary expenses, and improve the overall 

profitability.

B. Strengthen internal control

In the process of optimizing the organizational process, management accounting pays attention to 

strengthening the construction of internal control mechanism to ensure the compliance and safety of economic 

activities of enterprises. Through the establishment of a sound internal control system, management accounting 

helps enterprises to prevent and defuse potential risks, to ensure the stable operation of enterprises.

C. Promote scientific decision-making

Management accounting provides strong decision support for the management by providing accurate and 
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timely financial information and analysis reports. According to these information, the management can more 

scientifically formulate enterprise strategies, plan business activities, and evaluate the effect of projects, so as to 

improve the scientificity and accuracy of decision-making.

D. Promote the integration of business and finance

Management accounting promotes the integration of business and finance by optimizing the organizational 

process. The financial department is no longer just a "bookkeeping" department, but deep into each business link 

of the enterprise, to provide targeted financial advice and services. This integration helps enterprises to better 

grasp the market dynamics and customer demand, and improve the market competitiveness.

(3) Enhance the social value of the organization

A. Promote the optimal allocation of resources

Management accounting improves the use efficiency of using resources by optimizing the process of 

enterprise organization. As the micro subject of social economy, the improvement of the resource use efficiency 

of enterprises helps to promote the optimal allocation and sustainable development of resources of the whole 

society.

B. Enhance corporate social responsibility

Management accounting pays attention to the social responsibility and sustainable development of 

enterprises. By providing financial information and advice related to environmental protection, social 

responsibility and other aspects, management accounting helps enterprises to enhance their social responsibility, 

and promotes enterprises to achieve economic benefits, but also pay attention to the improvement of social 

benefits and environmental benefits.

5. Future Prospects of Modern Management Accounting

With the progress of enterprise organization and social economy, the development potential of modern 

management accounting still needs to be further explored. Zhang Chao put forward that the combination of 

management accounting informatization and advanced information technology will become a research trend [3]. 

Similarly, Ma Yizhou pointed out that with the strong support of legislation and education work, the continuous 

emergence of management accounting talents, theoretical research is constantly enriched and in-depth, and the 

potential of management accounting in the future will be further reflected, and it can be better applied to 

enterprises [4–7].

Modern management accounting has a significant role in promoting enterprise organization and social and 

economic development. Although there are some challenges, such as lack of management accounting 

consciousness, system and the construction of talent, as well as the shortage of informatization and supervision 

and control, but through the construction of modern management accounting system with Chinese 

characteristics, strengthening the informatization construction and personnel training, management accounting 

potential will be further mining and play, to more effectively support the sustainable development of enterprises 

and the comprehensive progress of social economy.
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Abstract: Purpose　Since digitization has significant potential to benefit both farmers and consumers, there is 

currently a strong drive for its wider adoption in the agricultural sector. However, bringing technological 

advancements to rural areas presents a number of difficulties. Bihar's rural areas are going through a digital 

transformation. The primary impediments to the digitalization of the agriculture sector in Bihar are examined in 

this study. Research Design/ methodology　There are three sources for the information used in the analysis. 

One from literature reviews, the second from official government websites/reports, and the third as responses of 

farmers towards the constraints of using Digital technologies in the agriculture sector of Bihar. It also 

incorporates the researcher's personal observations and measurements of events. On the basis of information 

collected from the 210 respondent farmers, we highlighted the main constraints of digitalization that farmers are 

facing in the agriculture sector in Bihar. Findings　 Digitalization in the agricultural sector decreases costs, 

boosts productivity and quality, increases prices, minimizes risks, and nurtures a more sustainable ecology. The 

finding of the study indicates that Hesitation in adopting digital technologies due to small and fragmented land, 

Lack of training and motivation to capitalize on agriculture, High cost, insufficient power supply, poor internet 

connection in a rural area, lack of skill and awareness, are main lack of subsidies are main hurdles in an 

adaptation of digitalization in the agriculture sector of Bihar. Suggestion: Effective Farmers' interest in 

Digitalization and financial support in terms of subsidy may aid them in startups also. A new level of 

development for the farm sector has been enabled by the combination of technology and financial support. The 

findings of the study will be helpful for policymakers to evaluate the scheme. Value/ Novelty: The study 

provides a fresh theoretical viewpoint on the digitalization of rural and agricultural growth, which has an impact 

on the entitlements of millions of farmers nationwide. 

Keywords: digital technologies; smart farming; agriculture 4.0; agriculture 5.0; subsidy; sustainability

1. Introduction

India is one of the fastest-growing economies in the world and is one of the major producers of food 

worldwide. In India, agriculture is the key sector for guaranteeing food and nutritional security, sustainable 

development, and eradicating poverty. The main problems that India’s agrarian economy faces today, however, 

are food security, population growth, monsoon whims, and the illiterate nature of its farmers [1]. The report by 

[2] estimate that, in order to feed India’s anticipated 1.8 billion population by 2050, food production will need 
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to roughly triple. Therefore, Digitization of the agriculture sector is critical to achieving this level of success. 

The government takes steps under the Digital Agriculture Mission for projects based on new technologies like 

IoT, artificial intelligence, Machine learning, remote sensing, drones and robots, and so on, in terms of 

improving farmer production, earnings, and livelihoods. On the basis of the digital revolution, India’s position 

will be moved from the ‘Green Revolution’  to the ‘Evergreen Revolution’  [3]. Agricultural value chains are 

being transformed and operations are being modernized by digital technologies and services because digital 

technologies have been a big potential booster for the field of agriculture [4]. This digital revolution in 

agriculture is very promising and the agriculture industry will be able to go to the next level of farm production 

and profitability. [5, 6], estimated that, with advanced techniques, the IoT has the ability to boost farm 

productivity and profitability by 2050. Today, however, Agriculture 4.0 is based on Smart Farming principles, 

with farmers adopting systems that produce data on their farms, which will be analyzed in order to help farmers 

make the right operational and strategic decisions. Traditionally, farmers would visit the fields to assess the 

condition of their crops and take decisions based on their knowledge. The authors [7] claimed that the 

application of ICT in agriculture is referred to as “smart farming.” ICT-based data collection and analysis 

support effective agricultural activities. ICT also makes farming practices more precise and controlled, lowering 

costs and having a smaller negative impact on the environment while simultaneously improving production. [8] 

also said that Smart farming has the potential to also improve work safety, contributing to the sustainability of 

agriculture. Numerous attempts have been made to improve the efficiency of agricultural production and the full 

value chain in the age of digitization, but compared to other sectors, adoption of technology is still quite low [9] 

Let’s compare an average Indian farm to those in the US, Australia, and Europe in order to better comprehend 

the difficulties posed by digital agriculture in India. The average farm size in the US is 17, 920 Hectares, 

compared to 4331.21 Hectares in Australia, 16.122 Hectares in Europe, and 1.0823 Hectares in India. The 

implementation of Digital Agriculture in India could be severely impacted by this gap. If we want Digital 

Agriculture to be scalable and available to the majority of Indian farms, it must be tailored to be suitable for a 

typical Indian small farm [10]

In India, where food was extremely scarce, the first Green Revolution was implemented to guarantee food 

security. Eastern India will lead the second Green Revolution, which will use technology breakthroughs to 

create sustainable agriculture because that region’s potential has not yet been actualized. Eastern India is the 

area of focus because it is where the Second Green Revolution must originate. Bihar is a prominent agrarian 

state in eastern India [11]. In Bihar, agriculture provides a living for more than two-thirds of the population. In 

an agricultural state like Bihar, it is especially important to focus efforts on the regions where the majority of the 

people earn their living. There must be action made to improve the income and standard of living of Bihar’s 

farmers because they make an exceedingly inadequate average income. The agricultural revolution in Bihar has 

been hampered by farmers’  lack of access to agricultural finance and digital transformation. Especially the rural 

parts of Bihar are undergoing a digital transformation. The first obstacle towards the full implementation of 

smart farming in rural areas is the lack of connectivity, i. e., digital divide. This study examines the serious 

constraints of the digitalization of the agriculture sector of Bihar. It also considers the factors that influence how 

people use digital technologies and services.

2. Problem Statement

There is widespread agreement that Indian agriculture has to be digitalized, and efforts are being made to 

digitize the existing value chain. Agriculture in the modern world is already heavily reliant on digital 

technology. Through the power of contemporary technology, ICTs assist in empowering the rural population by 

granting better access to technology, natural resources, enhanced agricultural methods, efficient production 

tactics, market access, and much more. [12] Digital Green and JEEViKA or government-led Bihar Rural 

Livelihoods Project have been partners for the last three years, using an ICT-enabled collective learning 

approach to promote best practices among rural community groups. The level of penetration of digital 

technologies in agriculture in Bihar as compared to the other states is relatively small and the introduction of 

advanced digital services is slow. If hurdles in adaptation of digitalization in agriculture sector would be studied, 
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it will provide various bottlenecks that hindered the growth of economy and agriculture sector. Moreover, if the 

problems or reasons of hesitation will be found out, then appropriate suggestions for the problems would be 

provided, which would be helpful for the policy-makers, government, and scholars.

3. Review of Literature

Some research has been done in the field of digitalization and modernization of the agriculture sector. Some 

of the important works are mentioned here. The authors [13] explained that a variety of factors affect the 

adoption of technology, and that both the impact and the degree of that adoption fluctuate widely on the farmer 

and the area.They also said that any agricultural technology or strategy related to it must take into account small 

and marginal farmers as its most important component. Similar to this, the authors [14] highlighted the political, 

social, and economic concerns influencing the adoption of digital technology in the agriculture sector. They 

argued that implementing digital technology presents major difficulties and constraints for small-scale farmers. 

The study’s conclusions demonstrate the importance of the state’s institutional support and role in governance 

in fostering cross-sector cooperation and engagement. The authors [15] highlight the impact of digitalization on 

the Indian economy in several sectors. Similarly, a study where the author noted that Digitalization of 

agriculture is key to the rapid evolution from the inefficient and even detrimental farming practices of the 

current scenario [11]. He conclude that the success of digital agriculture in India depends on the availability of 

low-cost technology, user-friendly portable equipment, pay-per-use rental models, legislative support, and the 

ability to leverage farmer collectives’  strengths. In the next, [16] describe the main opportunities and difficulties 

brought about by digitalization processes in the agri-food sector. He said that the food system and farming issues 

might both benefit from digitization. Similarly, [17] explored the challenges and opportunities associated to the 

adoption of precision farming in India with the use of in-depth interviews with ten farmers from Hyderabad. In 

another paper the authors [18] stated that, especially in emerging nations, the digital divide in rural areas is a 

significant social problem. The study shows that the mobile platform is viewed as a cutting-edge and efficient 

instrument to close the digital divide and aid rural areas in achieving social and economic empowerment based 

on a case study of one mobile platform in rural China. Again in a study, the author [19] outlined organizational 

constraints and structural changes that influence the digitization process’s favorable and negative effects. In one 

of the study, the authors [20] claimed that the biggest barrier to India’s agricultural potential realization is the 

transfer of technology. They concentrated on the degree of contemporary technology adoption, accessibility and 

quality, access to extension institutions, and challenges faced by extension authorities in the transfer of 

technology. Further the authors [21] have been examined the problems affecting the agricultural sector in Bihar 

state, India, along with potential strategic interventions to adopt a multi-pronged development plan and make the 

greatest use of the resources at hand. Additionally, it discusses difficulties unique to the location and makes 

suggestions for solutions. The authors [22] presents a concise framework for outlining the key advantages of 

emerging information and communications technologies in his paper. The report examines current research on 

related technological effects in developing nations’  rural sectors. Similarly a study [23] used secondary data to 

evaluate how digitization has affected Indian farmers. They arrive to the conclusion that digitalization may 

greatly boost farmers’  revenue and that it has helped the agriculture industry grow and advance the economy. In 

the next the authors [24] aims to provide some insights on the effects of digitalization on agriculture and rural 

areas in terms of the digital, economic, and environmental aspects. The authors of this paper aim to identify and 

discuss the potential consequences of digital technology on agriculture and rural areas. They also highlight some 

negative impacts of digitalization i.e., Farmers may also become reliant on digital service providers, resulting in 

a loss of autonomy.

The researches done earlier were unable to depict some of the new and hidden hurdles in adaptation of 

digitals tools in agriculture sector of Bihar. Hence, this aspect has been covered in this study. Apart from that 

most of the previous studies are related to other states rather than Bihar.

4. Research Design/Methodology

Materials used in the analysis come from three sources- one from literature reviews, second from official 
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government websites/reports and third as responses of farmers towards Digital technologies in agriculture sector 

of Bihar. A questionnaire that has been written in both Hindi and English was used to collect the primary data. 

The questionnaire includes the land holding, age, farming experience, and opinion of the farmers regarding the 

various problems of digitalization of the agriculture sector of Bihar on a Likert scale of 1 to7. On the basis of 

responses collected from the 210 respondent farmers of Khagaria district of Bihar, we highlight the main 

constraints of digitalization which farmers are facing in the agriculture sector in Bihar. It also incorporates the 

researcher’s personal observations and measurements of events. For the purpose of finding the mean rank of 

various constraints of digitalization in agriculture sector, Kendall’s Coefficient of Concordance which is the 

non-parametric version of ANOVA has been applied. The scope of the research is limited to the agricultural 

sector of Bihar only. The study’s limitations are addressed, and potential areas for future research are 

recommended.

4.1. Analysis, Findings and Discussion of Primary Data

4.2. How Digitalization Took footprints of It in Agriculture Sector?

By 2050, the globe will need to generate at least 70% more food. As a result of the widespread use and 

depletion of our natural resources and the dwindling size of our agricultural lands, the need to increase farm 

productivity raises severe ethical questions. Despite the difficulties associated with the environment, agriculture 

must develop to keep up with the need for food since the world’s population is expanding at a very rapid rate. 

Future generations will utilize smart agriculture and other technology in the years to come. Common terms for 

the applications of IoT solutions in agriculture include smart agriculture and smart farming. Through the Internet 

of Things (IoT), smart farming and precision farming are enabling the agriculture sector to minimize costs, 

eliminate waste, improve operational efficiency, and increase crop quality. In modern technology era, drones for 

agriculture are one of the popular applications. Crop health assessments, crop spraying, planting, and many 

more operations involve the usage of aerial and ground drones. Drone technology has renewed and changed the 

whole agriculture sector with the appropriate planning and strategy based on real-time data. The importance of 

digitalization in Indian agriculture is widely recognized, and efforts are underway to digitalize the current value 

chain. To encourage farmers to utilize technology, the Ministry of Agriculture and Farmers Welfare has 

developed many important digital applications. Digital agriculture refers to the use of data and technology to 

inform agricultural decisions and processes, and it has the potential to make the entire agricultural sector more 

effective, transparent, profitable, and ethical. Using modern technologies, rural India can undergo 

transformation. Farmers can gain new perspectives and receive improved guidance from sensors in the field, 

automated farm machinery, and data from satellites and drones. A survey has been conducted within Khagaria 

District in Bihar with the help of questionnaire method. The Khagaria district is known as “languishing land of 

seven rivers” and it faces floods almost every year. With the use of tables and figures, the findings and analyses 

are described below (as shown in Table 1).

Table 1.　Number of respondent farmers on the basis of operational land holdings.

Types of Farmers on the Basis of Operational 
Holdings

Marginal farmers (Below 1 ha)

Small Farmers (1 ha to 2 ha)

Semi-medium (2 ha to 4 ha)

Medium (4 ha to 10 ha)

Large (more than 10 ha)

Grand Total

Numbers of Respondents Farmers

97

63

31

14

5

210

Source: Authors’  Computation using excel.
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The above table mentioned total numbers and types of respondent farmers on the basis of operational land 

holding.

4.3. Hurdles of digitalization in Agriculture Sector of Bihar

Transformation of Agriculture sector and rural area can be done with the help of digital technologies. There 

are various constraints of digitalization of agriculture sector in Bihar. Some major constraints are covered in this 

study. The views of the farmers were taken through the rating scale on various problems in order to determine 

the major Constraints of digitalization in agriculture sector. Table 2 shows the degree of agreeability of different 

category of farmers regarding the hurdles of digitalization in agriculture sector of Bihar.

Table 2.　Degree of agreeability of farmers in bihar on various hurdles of digitalization in the agriculture 
sectors.

Hurdles of 
Digitalization in 

Agriculture Sector 
of Bihar

Hesitation in adopting 
digital technologies 

due to small and 
fragmented land

Lack of training and 
motivation to 

capitalization in 
agriculture

There are in-sufficient 
power supply

State inefficiencies in 
distributing agriculture 

subsidies

Internet connection is 
poor or slow in your 

area.

Lack of skill in 
handling ICT tools

Lack of awareness of 
benefit of ICT and 

digitals tools

Language problems

Poor understanding of 
technologies (lack of 

knowledge)

High cost of digital 
tools (set up and 

running cost)

Lack of awareness 
towards banking 

facilities

Authors own computation using SPSS 25

Degree of Agreeability

Strongly 
Disagree

5

24

12

16

18

16

17

24

9

14

6

Disagree

42

24

33

31

25

25

25

24

32

43

33

Somewhat 
Disagree

20

35

23

22

21

22

17

35

23

21

17

Neutral

32

38

30

40

38

48

35

38

31

35

48

Somewhat 
Agree

14

22

19

20

24

22

30

22

23

22

16

Agree

44

30

50

40

40

39

46

30

56

45

44

Strongly 
Agree

53

37

43

41

44

38

40

37

35

30

46

GT

210

210

210

210

210

210

210

210

210

210

210

The above table reveals the opinion of different types of farmers regarding the agreeability of various 
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hurdles of using Digital technologies in farm activities on a scale of 1 to 7. In case of hesitation in adopting 

digital technologies due to small and fragmented land, 143 (68%) of farmers have rated 4 or more on the scale 

of 7 which reflects their acceptance towards that. As per results of Agriculture census 2015–16, Bihar has one of 

the lowest average size of land holding in hectare (0.39) among all the state. In case of Lack of training and 

motivation to capitalization in agriculture 127 (60%) of farmers have rated 5 or more on the scale which indicate 

that there are lack of motivation factors for capitalization in agriculture. Similarly, in case of remaining hurdles 

of digitalization, most of the farmers have rated 5 or more on the rating scale of 1 to 7Basic literacy and 

numeracy skills, as well as specialized technical knowledge and abilities, are necessary for using digital 

technology. The major obstacle for farmers in rural areas is a lack of understanding of technology. People 

lacking these skills may be excluded in societies that are becoming more digitally oriented. In emerging nations, 

rural areas may have less access to information and education than urban ones [25] Furthermore, limited access 

to mechanization equipment and usual natural disasters like as floods droughts, excessive and untimely 

monsoon rains have restricted the implementation of digital agriculture solutions [26].

5. Hypothesis Testing

H0: All the constraints covered under this study are equally act as a hurdles in digitalization of agriculture 

sector in Khagaria District.

The data related to the constraints / hurdles of digitalization in agriculture sector of in Khagaria District are 

gathered in Likert Scale at 7 points rating scale. One way ANOVA with Repeated Measures can be used to 

determine whether all the factors discussed in this study are equally accountable as hurdles for the digitalization 

in agriculture sector of Bihar. The 07 Point Likert Scale was used to quantify the data, despite the fact that they 

are qualitative in nature. Therefore, a parametric test can only be used if the data is normally distributed. Before 

employing ANOVA with Repeated Measures, it is necessary to ensure that the data collected about the 

evaluation of hurdles to the digitalization of the farm industry are regularly distributed (as shown in Table 3).

Table 3.　Tests of Normality.

Hesitation in adopting digital technologies due to small and 
fragmented land

Lack of training and motivation to capitalization in agriculture

There are in-sufficient power supply.

State inefficiencies in distributing agriculture subsidies

Internet connection is poor or slow in your area.

lack of skill in handling ICT tools

Lack of awareness of benefit of ICT and digitals tools

Language problems

Poor understanding of technologies (lack of knowledge)

0.195

0.208

0.170

0.161

0.178

0.217

0.141

0.171

0.173

210

210

210

210

210

210

210

210

210

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.897

0.894

0.919

0.919

0.905

0.893

0.919

0.910

0.906

21
0

21
0

21
0

21
0

21
0

21
0

21
0

21
0

21
0

0.00
0

0.00
0

0.00
0

0.00
0

0.00
0

0.00
0

0.00
0

0.00
0

0.00
0

Constraints of Digitalization of Agriculture

Kolmogorov-
Smirnova

Statistic Df Sig.

Shapiro-Wilk

Statistic Df Sig.
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High cost of digital tools (set up and running cost)

Lack of awareness towards banking facilities

a. Lilliefors Significance Correction

0.210

0.174

210

210

0.000

0.000

0.900

0.909

21
0

21
0

0.00
0

0.00
0

Cont.

Constraints of Digitalization of Agriculture

Kolmogorov-
Smirnova

Statistic Df Sig.

Shapiro-Wilk

Statistic Df Sig.

Source: Authors’  Computation using SPSS 25.

Based on the aforementioned Kolmogorov-Smirnov and Shapiro-Wilk test results, it can be concluded that 

the study’s data on the obstacles of agricultural digitalization is not normally distributed. A parametric test like 

an ANOVA with Repeated Measures cannot be used as a result. Here, the non-parametric test of ANOVA with 

Repeated Measures, known as the Kendall’s Coefficient of Concordance, has been used to examine the mean 

rank of hurdles of digitalization in the Khagaria district of Bihar (as shown in Tables 4 and 5).

Table 5.　Test Statistics Kendall’s Coefficient of Concordance.

Test Statistics

N

Kendall’s Wa

Chi-Square

Df

Asymp. Sig.

a. Kendall’s Coefficient of Concordance

210

0.015

31.881

10

0.000

Source: Authors’  Computation using SPSS 25.

Applying Kendall’s Coefficient of Concordance reveals that the Significance value is less than 0.05, 

indicating that not all causes are equally to blame for the difficulties in digitalization in Bihar’s agricultural 

Table 4.　Mean rank of hurdles of digitalization of agriculture sector.

Hurdles of Digitalization in Agriculture

Hesitation in adopting digital technologies due to small and 
fragmented land

Lack of training and motivation to capitalization in agriculture

There are in-sufficient power supply

State inefficiencies in distributing agriculture subsidies

Internet connection is poor or slow in your area.

Lack of skill in handling ICT tools

Lack of awareness of benefit of ICT and digitals tools

Language problems

Poor understanding of technologies (lack of knowledge)

High cost of digital tools (set up and running cost)

Lack of awareness towards banking facilities

Mean Rank

6.46

6.37

5.61

5.90

6.23

6.17

5.40

5.47

6.07

6.36

5.97

Rank

I

II

IX

VIII

IV

V

XI

X

VI

III

VII

Source: Authors’  Computation using SPSS 25.
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sector.

6. Conclusions and Suggestions

In the upcoming years, farming and food production will change significantly as a result of the digitalization 

of agriculture [27–29]. The above observations and results of hypothesis testing depict that the major hurdles of 

digitalization in agriculture sector is small and fragmented land holding of famers followed by Lack of training 

and motivation to capitalization in agriculture followed by High cost of digital tools (set up and running cost). 

Many of the farmers hesitate to move on digital technologies because without having the power supply and 

proper internet facilities digital transformation of farm activities are no be possible. Apart from that some of the 

of the respondents farmers feel that the Lack of awareness and skill to use of ICT and digitals tools State 

inefficiencies in distributing agriculture subsidies Lack of awareness towards banking facilities are also the 

restraints in using digital technologies in agriculture sector of Bihar. Affordability of technology, ease of use and 

operation, ease of system maintenance, internet accessibility, and supportive regulatory frameworks are crucial 

elements that will decide the success of digital agriculture in India Similarly, The Dalwai committee report 

estimates that the average farmer’s income in India is Rupees 7, 797, 625 (about $1000 USD) per year, so 

lowering the cost of technology will make it more accessible and affordable for smaller farmers. For the typical 

Indian farmer, it is essential that the technology be appealing to farmers and affordable through subsidies. 

Natural disasters are common, particularly floods in north Bihar and drought in south Bihar. By utilizing the 

right crop technologies and providing crop insurance to all farmers, the risk of natural catastrophes will be 

reduced. Further, the government must frequently organize awareness, training, and motivational programs and 

must also monitor those programs. Our extension services and agriculture related academic institutions should 

also change their focus to digital agriculture because they are the people who are interacting with farmers for 

introducing anything new.
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Abstract: Artificial intelligence technology is an important element of stimulate economic vitality, but the 

artificial intelligence technology resources into the table may face the risk of confirmation and measurement 

standards to grasp, this poses the challenge to accounting, also challenge the audit, audit how innovation to cope 

with the development of artificial intelligence technology confirmation and measurement difficulties, practical 

and theoretical circles in some discussion. Based on the perspectives of audit objectives, audit importance, audit 

risk and audit procedure.
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1. New Requirements for Audit Objectives under Artificial Intelligence Technology

In the era of artificial intelligence, audit is facing new challenges. There is no systematic study on how to 

determine the audit objectives under artificial intelligence technology. In the classical audit theory, the audit goal 

is divided into the direct goal and the ultimate goal, in which the direct goal is the direct output of the audit 

process, and the ultimate goal is the final result of the audit. Under the artificial intelligence technology, the 

direct goal and ultimate goal of audit will not change, and the artificial intelligence technology puts forward new 

requirements for the direct goal and ultimate goal of audit.

(1) New requirements of artificial intelligence technology for the direct objectives of audit

The view about what the direct output of audit under artificial intelligence involves legitimacy, 

responsibility, ethics, transparency, trustworthiness, science, fairness, security, risk and so on. The purpose of the 

audit is to examine the extent to which potential products comply with established programming standards in a 

practical environment, while the audit is expected to hold the public and private sectors accountable for the risks 

that their algorithmic systems may pose, reducing potential risks and improving technical ethics. Qualcomm 

proposed to introduce a risk assessment mechanism in the social risk review to strengthen the scientific nature 

and fairness of the review [1]. After the audit model came into being, Wang Yufeng proposed that government 

audit institutions should focus on four parties in the audit model algorithm: the compliance of the model 

algorithm, the security of the model algorithm, the risk of the model algorithm, and the transparency of the 

model algorithm [2]. Therefore, under the artificial intelligence technology, the direct goal of the audit is to 

improve the audit quality while using the artificial intelligence technology. The birth of artificial intelligence 

audit is a new type of audit to achieve the direct goal of audit under the technology of artificial intelligence 
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technology.

(2) The new requirements of artificial intelligence technology for the ultimate goal of audit

Audit comes from the separation of ownership and management right, which aims to reduce the agency cost. 

Through the verification of the financial statements, profit forecast of the audited unit, internal control and 

economic responsibility performance. Under the artificial intelligence technology, the value, governance 

efficiency and purpose of audit can be better realized through algorithm audit. According to Zhang Yongzhong 

and Zhang Baoshan the system value of algorithm audit is reflected in the following three aspects: first, 

standardize and supervise algorithm power and maintain data justice; second, to prevent digital risk and deal 

with the dispersion of algorithm power; third, the control of algorithm alienation, balance the transparent value 

of algorithm, and the ultimate goal of algorithm audit [3–9]. However, at the present stage, the algorithm audit is 

still in its initial stage, and the theoretical framework of the systematic algorithm audit goal through the classical 

audit theory has not yet been formed. The embodiment of the algorithm audit's ultimate goal of reducing the 

agency cost in the future needs to be continuously improved with the development of technology.

2. New Requirements for the Importance of Artificial Intelligence Technology in the Audit

The importance of audit refers to the severity of the misstatement or underreporting, which will affect the 

decision of the user of the statement. The determination of the importance level includes two aspects: nature and 

quantity. After determining the importance level in the audit plan stage, the audit subject should adjust the 

importance level according to the audit development to reduce the audit risk. At present, the financial audit of 

enterprises is affected by the network environment, and the work content is becoming more and more 

complicated. Combined with the development trend of The Times, the use of artificial intelligence technology to 

carry out the enterprise financial audit work can improve the existing financial level of enterprises and ensure 

the effectiveness of the audit results.

(1) Improve the audit efficiency, so that the importance level is determined earlier

The effective application of artificial intelligence technology in enterprise financial audit can 

comprehensively improve the efficiency of data processing. In the financial audit work, the staff needs to 

analyze a large number of data information, transaction vouchers, contract terms, sales documents and other data 

closely related to the enterprise finance. In recent years, the enterprise financial audit process is more and more 

complex, in the process of data verification need to consume a lot of manpower and material resources, the 

effective application of artificial intelligence technology can ensure the accuracy of the data extraction and 

analysis process, directly through the artificial intelligence technology calculus to get the final audit results, 

simplify the auditors data collection and processing time. Artificial intelligence technology with expert analysis 

system, to verify financial data and data information work, compared with the previous financial statements, 

ensure the accuracy of financial information, improve the efficiency of enterprise financial audit, avoid 

repeating tedious work content, make the importance level of determine time earlier, reduce the importance of 

subsequent adjustment of audit procedures.

(2) Expand the scope of audit and adjust the level of importance

The effective application of artificial intelligence technology can promote the enterprise audit mode 

innovation and change, make the traditional sampling audit gradually to the overall audit, break the limitations 

of traditional audit work, artificial intelligence technology in the process of data analysis and acquisition, not 

affected by the environment and technology level, to conduct a comprehensive audit of comprehensive 

information. According to the financial management in the process of enterprise development to expand the 

scope of the audit, effectively prevent financial audit risk, artificial intelligence technology can extract the 

required data in the massive data, and comprehensive evaluation of data content, timely found the main factors 

affecting the audit results, clear audit risk source, by expanding the scope of the audit to reduce audit risk, avoid 

the numerical error in the traditional audit process, and can adjust the importance level.

(3) Real-time information sharing to make the determination of the importance level more scientific and 

reasonable

In the process of enterprise development, the establishment of artificial intelligence information platform 
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provides convenience for the development of enterprise financial audit work. Auditors do not need to collect 

data from various departments of the enterprise, but store the data information into the database of the unified 

information platform through network communication, so that they can obtain the data required for audit 

anytime and anywhere, simplify the intermediate process of enterprise audit, and comprehensively improve the 

audit effect. Effective application of cloud technology through cloud storage database storage space, reduce the 

complexity of the field audit data retrieval, power is responsible for audit staff quickly document information 

extraction, improve the integrity and accuracy of audit information preservation, realize real-time information 

sharing, make the importance level to determine more scientific and reasonable.

3. Audit Risk under Artificial Intelligence Technology

(1) Risk of semantic understanding deviation and information asymmetry

The AI communication routine is set in advance, and there are problems such as inflexible and weak 

language and emotion, which may make the interrogated personnel appear perfunctory or impatient attitude. If 

the Mandarin of the interrogated person is not standard, there may be understanding deviation, which will affect 

the quality of the information obtained. In the audit, the main purpose of man-machine communication is to 

realize the efficient information exchange between customers and artificial intelligence. However, the audit 

process of most audit institutions still remains at the use of SQL for data query and the use of spreadsheet 

software for data screening. Although ChatGPT has improved in the natural language of neural networks, these 

methods have their inescapable defects, and the ability of robots to recognize dialects and semantics still needs 

to be improved.

(2) The risk of untrue data and collusion

If the interrogator is familiar with the underlying logic of programming, he may avoid the keywords to make 

false accounts, so that the growth rate or reduction rate is less than the critical value. If the upload voucher is 

automatically identified, it may be wrong due to the irregular handwriting of the paper voucher; if the voucher is 

uploaded manually, the error information may be uploaded due to the negligence and fatigue of the operator. The 

progress of P diagram technology makes it difficult for artificial intelligence to identify the authenticity of 

electronic picture vouchers. Both data-driven deviation and human-computer interaction deviation may damage 

the audit quality and affect the authenticity of accounting information. The designer of the program may also 

collude with the financial personnel to change the original procedure for personal gain. From a psychological 

perspective, artificial intelligence lacks the ability to detect lies, microexpressions and other situations. Realizing 

these requires people's social experience, professional judgment and relevant theoretical knowledge. When the 

auditees evade, deliberately conceal, and behave abnormally, artificial intelligence often cannot identify. On the 

premise that audit institutions cannot maintain absolute trust and complete data sharing among all auditees, AI 

needs to make greater progress in both technology and system if to completely replace auditors to make 

professional judgment.

(3) the risk of imperfect laws

The newly revised Audit Law of the People's Republic of China and the Regulations on the Advanced 

Integrated Management of Internet Information Services and other laws and regulations are of great significance 

for accelerating the construction of a sound legal framework for AI supervision and clarifying the rights and 

obligations of regulatory agencies. However, in the specific audit projects, some contents have not been 

included in the category of laws and regulations, which brings troubles to the legal compliance and the 

definition of power of AI audit mode.

(4) Data security risks

Artificial intelligence audit is based on the data model, and its security risks mainly come from the 

authenticity and low reliability of the original data, as well as the data leakage caused by viruses or hackers. Due 

to the different level of national economic development, the construction of digital network and the use of 

artificial intelligence in different regions are uneven. Various departments and enterprises will not share 

important information with audit institutions in time out of the consideration of information security, and the 

problem of information asymmetry will affect the audit. In the era of artificial intelligence, it is difficult to 
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distinguish the true and false with the huge amount of data, and the privacy is easy to be exposed, which may 

miss the link or face recognition, leading to the complete disclosure of personal information. Still have may 

cause the heavy loss of the unit, the enterprise. In the process of data transmission and storage, if hackers break 

into the internal core database, the possibility of data leakage will increase. For example, if the production 

process or marketing strategy is leaked, the competitors will imitate its process, reduce the research and 

development costs, or develop targeted strategies in advance to occupy the market advantage, posing a threat to 

the company.

4. New Requirements for Audit Procedures under Artificial Intelligence Technology

(1) Audit preparation stage

At this stage, audit institutions should first establish a data sharing mechanism with the auditees, and obtain 

relevant financial data and business data through the intelligent financial platform. Secondly, audit institutions 

should combine the business characteristics and risk characteristics of the auditees, and use big data analysis 

technology to conduct a preliminary assessment of their financial status and internal control, identify high-risk 

areas, and determine the audit focus. Finally, the audit institutions should set up a professional and compound 

intelligent audit team, formulate detailed audit plans, and clarify the audit objectives, scope, procedures and 

methods.

(2) Audit implementation stage

At this stage, audit institutions make full use of the intelligent audit platform, using big data analysis, 

machine learning and other technologies, to automatically collect, clean and integrate massive financial data, 

and build an audit data warehouse. Based on the data warehouse, audit institutions carry out multi-dimensional 

and multi-angle data analysis, identify potential risk points such as misstatement and fraud through abnormal 

point detection, correlation analysis and other methods, and use visualization technology to generate intuitive 

analysis reports. At the same time, audit institutions apply natural language processing technology to 

intelligently analyze unstructured data such as contracts and invoices, extract key information, and assist audit 

judgment. In the process of implementation, audit institutions should also combine expert knowledge base and 

audit algorithm model to compare and verify audit evidence to improve the reliability of audit conclusions.

(3) Audit report stage

At this stage, audit institutions use the intelligent audit platform to automatically generate standardized audit 

report templates to ensure the consistency of the report format and content. Based on the natural language 

generation technology, the key information such as the data analysis results and risk point identification in the 

audit implementation stage is automatically filled into the report template to improve the efficiency of report 

preparation. At the same time, audit institutions apply intelligent audit algorithm to automatically check and 

verify the report content, identify errors, omissions or contradictions, and improve the quality of the report. In 

the process of report generation, audit institutions should also consider the information needs of different 

stakeholders, and use data visualization technology to present audit findings in the form of charts and 

dashboards, so as to improve the readability and communication of the report.

(4) Follow-up work stage of the audit

At this stage, the audit institution should establish an intelligent tracking mechanism to automatically 

monitor the rectification of the problems and suggestions raised in the audit report, and urge the audited units to 

complete the rectification work in time through the system early warning and prompt. At the same time, audit 

institutions should make full use of the intelligent audit platform to systematically collect and analyze the data, 

process and results of the previous audit work, summarize the audit experience, optimize the audit model and 

algorithm, and realize the continuous evolution and iteration of the audit ability. In addition, audit institutions 

should also pay attention to the mining and dissemination of audit value, use big data analysis technology to dig 

deep into audit findings, identify industry trends, common problems, etc., and form audit insights and consulting 

suggestions.
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5. Conclusion

The audit goal established by enterprises is the main basis for the audit work, and also the important link of 

the audit process. Traditional audit work requires auditors to allocate workflow according to the audit objectives, 

and play the role of checking and filling the gaps. With the continuous expansion of the operation scale of 

enterprises, the audit workflow design has ushered in the reform and innovation. First of all, it is necessary to 

judge the authenticity of the data statements. The application of artificial intelligence technology can quickly 

carry out this work. In the context of the application of artificial intelligence, the purpose of enterprise audit is to 

reduce audit risks, ensure the accuracy of audit results, provide rich information for audit, reduce audit risks and 

improve audit quality.

This paper discusses the challenges and opportunities brought by AI technology to the audit field, and 

analyzes the impact and new requirements of AI technology on audit from four aspects: audit objectives, audit 

importance, audit risk and audit procedures. Artificial intelligence technology is a double-edged sword. The 

auditor can use artificial intelligence technology, and the auditors can also use artificial intelligence technology. 

The objectives, importance and new requirements of audit procedures under artificial intelligence technology are 

clarified, and the audit subject can make full use of artificial intelligence technology to improve audit efficiency, 

reduce costs, expand the scope of audit, prevent risks, and simplify the audit process. At the same time, it also 

puts forward the risks that artificial intelligence technology may face in the audit, including semantic 

understanding deviation, false data, imperfect law and data security problems. In terms of audit procedures, the 

document details how to optimize audit work at the stages of audit preparation, implementation, reporting and 

follow-up work. Overall, although AI technology brings the possibility of innovation in the audit field, it also 

needs to pay attention to and address the accompanying risks and challenges to ensure the quality and efficiency 

of audit work.
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Abstract: In recent years, facing profound adjustments in the global economy, China has clearly formulated and 

implemented strategies for the development of its industrial economy. These strategies include strengthening 

infrastructure, enhancing workforce quality, and expanding both domestic and international markets, effectively 

spurring rapid growth in the industrial sector. Despite significant achievements, China's industrial sector still 

faces challenges such as environmental pollution, limited innovative capacity in key technological areas, 

insufficient investment in basic research, and inadequate development of international markets. Drawing from 

China's experiences, it is suggested that Vietnam adopt similar strategies to modernize and internationalize its 

own industrial economy. This approach could accelerate Vietnam's industrial progress and boost its global 

competitiveness. However, Vietnam should adapt these strategies to its own unique context, emphasizing 

innovation-driven growth, high-value industries, and digital infrastructure development. By balancing state-

driven industrial growth with private sector innovation, Vietnam can establish a resilient and competitive 

industrial base for long-term success.

Keywords: China; industrial economy; Vietnam; development strategy; policy learning

1. Introduction

Industry plays a pivotal and decisive role in the development of a national economy, and countries around 

the world are making every effort to rapidly advance their industrial economies. In recent years, China has 

leveraged its advantages, maximizing the international environment, accurately seizing opportunities for major 

multinational companies to adjust their global strategic layouts, and proactively taking on production capacities 

from medium to low within its economy. China has experienced explosive growth in its industrial sector, 

making a significant contribution to the global economy. This development has provided strong momentum, 

making China one of the fastest-growing economies in the world [1]. Meanwhile, Vietnam is also undergoing a 

transformation and upgrading its industrial development, coordinated by national policies and strategies, moving 

towards high-quality industrial development. Vietnam and China, with similar industrial structures and 

development levels, rely on their geographical advantages and strong regional connections to promote 

cooperation and development. China's industrial development experience can provide valuable lessons for 

Vietnam in building a solid foundation for the future.
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2. Overview of China's Industrial Economic Development

2.1. Strong Growth in Industrial Economy

Statistical data from 2013 to 2022 highlights the significant growth of China’s industrial economy. Over this 

decade, China’s industrial added value increased from 4230 billion USD to 7170 billion USD, while its GDP 

grew from 9570 billion USD to 17960 billion USD. This growth not only demonstrates the continuous 

expansion and technological advancement of China's industry but also reflects the economic shift towards high-

tech and service-oriented structures. Particularly in 2021, despite the global economic setback caused by the 

pandemic, China’s industrial added value still achieved a growth of 8.7%, showcasing the robust resilience of 

its industries and the government's firm commitment to promoting industrial upgrading and transformation. 

Similarly, Vietnam's industrial economy has also shown a consistent growth trend. Since 2016, Vietnam's 

industrial added value has grown from 87.71 billion USD to 156.40 billion USD in 2022, with its GDP 

increasing from 257.10 billion USD to 408.80 billion USD. The proportion of industrial added value in 

Vietnam’s GDP also rose from 34.1% in 2016 to 38.3% in 2022, indicating a strengthening industrial base. 

Looking ahead, China’s industrial economy is expected to maintain its growth momentum. The implementation 

of national strategies like “Made in China 2025” along with continued investments in new energy and smart 

manufacturing sectors, will drive the focus towards innovation and high-quality development, thereby 

promoting a transformation towards a more advanced and sustainable economic structure. These policies and 

strategies have not only optimized China’s industrial structure but also provided valuable development 

experiences and momentum for other developing countries, especially Vietnam. As industrial automation and 

intelligence continue to advance, China is expected to maintain a pivotal role in the global economy and set an 

example for industrial development in neighboring regions (As shown in Table 1).

2.2. Rapid Development of Labor-Intensive Manufacturing Industries

As the world's second-largest economy and the largest in Asia, China surpasses all other nations in terms of 

global production and sales volumes. This status is attributed to the rapid development of its labor-intensive 

manufacturing industries, which has significantly enhanced China's competitiveness on the international market 

and bolstered its global economic influence. Between 2020 and 2021, China quickly recovered from the 

Table 1.　Key Industrial Economic Indicators between China and Vietnam, 2013–2022.

Time

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

Total Industrial 
Added Value (Billion 

USD)

China

4230

4510

4520

4450

4910

5510

5510

5560

7000

7170

Vietnam

76.30

82.41

81.99

87.71

99.57

113.32

123.06

127.36

137.21

156.40

Industrial Added 
Value Growth 

Rate (%)

China

8.0

7.2

5.9

6.0

5.9

5.8

4.9

2.5

8.7

3.8

Vietnam

5.1

6.2

9.2

7.8

8.3

9.0

8.2

4.4

3.6

7.8

GDP (Billion USD)

China

9570

10480

11060

11230

12310

13890

14280

14690

17820

17960

Vietnam

213.71

233.45

239.26

257.10

281.35

310.11

334.37

346.62

366.14

408.80

Industrial Added 
Value as a 

Percentage of 
GDP (%)

China

44.2

43.1

40.8

39.6

39.9

39.7

38.6

37.8

39.3

39.9

Vietnam

35.6

35.3

34.2

34.1

35.4

36.5

36.8

36.7

37.5

38.3

Source: The World Bank (data.worldbank.org.cn).
Note: The exchange rate between the Chinese Yuan (RMB) and the US Dollar is based on the average rate published 
by the People's Bank of China for that year.
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pandemic shock, with the export share of labor-intensive products in the global market significantly increasing 

to 34.7% in 2020 [2]. China has a vast labor market and relatively low labor costs, providing a stable foundation 

for various labor-intensive industries such as apparel, mobile phones, solar panels, electronics, automobiles, and 

ships. These industries not only account for nearly a quarter of the global industrial production value but also 

contribute 40% to China's GDP.

Firstly, the apparel manufacturing industry is one of the foundational industries supporting China's everyday 

needs, benefiting from an ample supply of textile raw materials such as cotton and silk, along with the 

continuous growth in per capita income. The industry has shown significant development momentum. Currently, 

exports of textiles, clothing, shoes, and hats occupy a dominant position in global exports. According to the 

“2022 Economic Operation Analysis of China's Knitting Industry” the export value of China's knitting industry 

in 2022 was 114.841 billion USD, accounting for 33.68% of the total national textile and apparel exports. 

Looking ahead, Chinese apparel companies are moving towards high-end, branded development, with national 

acceptance expected to improve further, projected to reach 152.92 billion USD by 2025. Moreover, international 

brands such as Zara, H&M, and Uniqlo have established production bases in China, not only enhancing the 

international influence of the Chinese clothing industry but also promoting technological innovation and 

industrial expansion.

Secondly, the industries of mobile phones, solar panels, and electronic products in China show a stable 

growth trend, benefiting from a series of favorable factors, including low tariff policies, lower labor costs, and 

domestic tax incentives. These policies have successfully attracted companies from Japan, South Korea, the 

USA, and the EU to relocate their electronic production lines to China. This not only promotes the development 

of related supporting enterprises but also consolidates China's position as a major global center for the 

production and export of electronic products. In the mobile phone sector, China has established the world's 

largest production base. Chinese brands such as OPPO and Huawei occupy significant positions in the global 

market. Particularly, in 2023, Huawei achieved a global sales revenue of 98 billion USD and a net profit of 12 

billion USD [3]. In the solar panel industry, China also holds a global leadership position. Companies like 

LONGi Green Energy and JA Solar have performed exceptionally well in both domestic and international 

markets. Their production capacity and technological innovation have promoted the development of the global 

solar industry and driven the continuous growth of China's solar exports. In 2021, LONGi Green Energy's solar 

cell module production and sales rate reached 98.9%, with the highest sales revenue in the Americas at 1.72 

billion USD; and the highest gross profit margin in Africa. The overall gross profit margin for the company's 

overseas sales was 19.2% [4].

Thirdly, the automobile and ship industries in China, in 2023, China's automobile exports reached 4.91 

million units, an increase of 57.9% from the previous year, making China the world's largest automobile 

exporter. Particularly in the field of new energy vehicles, the export volume was 1.203 million units, a 77.6% 

increase year-on-year, further proving that China's leading position in the global new energy vehicle market is 

continuously strengthening [5]. Additionally, China's shipbuilding industry also maintains a global leading 

position. In 2023, based on deadweight tonnage, China's shipbuilding completion, new order volume, and order 

book each accounted for 52.6%, 64.5%, and 51.1% of the global total, further consolidating China's dominant 

position in the global shipbuilding market [6].

3. Analysis of the Rapid Development of China's Industrial Economy

3.1. Increasing Foreign Investment Attraction

In recent years, China has actively adopted a series of strategies to vigorously attract foreign investment, 

thereby accelerating the rapid growth of the industrial economy. Firstly, the Chinese government has introduced 

a range of preferential policies, such as tax incentives, land benefits, and financial support, to attract high-tech 

enterprises and multinational companies to establish R&D centers and production bases in China. In 2023, the 

actual foreign investment attracted by China exceeded 154 billion USD, reaching the third highest level in 

history. At the same time, 53,766 new foreign-invested enterprises were established nationwide, a year-on-year 

--41



Le Hai Dang N, et al. Econ. & Mgmt. Info. 2024, 3(3)

increase of 39.7% [7]. Secondly, China has continuously optimized its business environment, simplified 

administrative approval processes, and reduced corporate operating costs. According to data from the World 

Bank's business environment report, China's global ranking in the business environment has jumped from 91st 

to 31st since 2006 [8]. The government has created a favorable investment environment by reforming regulatory 

systems and improving administrative efficiency, providing convenient services for foreign enterprises. Thirdly, 

China has established free trade zones in several provinces and cities, implementing more open trade and 

investment policies. To date, the number of China's free trade pilot zones has expanded to 21. These zones offer 

a more relaxed operating environment for foreign enterprises, promoting regional economic development and 

internationalization [9]. China has signed 21 free trade agreements with 30 countries and regions. These 

cooperation agreements not only provide solid legal protection for foreign investments in China but also 

significantly enhance the confidence of foreign investors. This increased confidence has effectively promoted 

the attraction of foreign investment in China's high-tech industries and manufacturing sectors in 2023. 

Specifically, the proportion of foreign investment attracted to high-tech industries rose to 37.4%, while the share 

of foreign capital in the manufacturing sector also increased to 27.9% [7].

3.2. Promoting Expansion of Domestic Market Demand

The Chinese government continuously works to raise income levels among residents, thereby fostering 

consumption growth. According to data from the National Bureau of Statistics, in 2023, the national per capita 

disposable income was 5490 USD, representing a nominal increase of 6.3% from the previous year [10]. The 

rise in resident income directly spurred an expansion in consumer demand, providing strong momentum for the 

development of the industrial economy. Additionally, China has persistently driven the urbanization process, 

enhancing urbanization rates. By the end of 2022, the permanent urban population rate reached 920.71 million, 

an increase of 6.46 million people from 2021 [11]. The urbanization process has led to substantial demands for 

infrastructure construction and real estate development, further boosting demand for industrial products such as 

steel, cement, and home appliances. Simultaneously, the Chinese government has implemented a series of 

policies to expand domestic demand, including promoting automobile consumption, supporting the upgrading of 

green home appliances, and fostering the development of rural markets. These policy measures not only 

stimulated consumption of industrial products but also promoted the development of related industrial chains. 

Lastly, China's digital economy has developed rapidly, with burgeoning sectors like e-commerce and mobile 

payments flourishing. In the first four months of 2024, China's national online retail sales reached 617 billion 

USD, growing 11.5% over the same period last year [12]. The development of the digital economy has not only 

facilitated consumers' shopping experiences but also opened new channels for the sales of industrial products.

3.3. Enhancing Labor Quality

Reforms in the education system have improved overall quality, with the higher education enrollment rate 

reaching 60.2% in 2023, cultivating a large number of highly skilled talents to meet industrial demands [13]. On 

one hand, there has been a strong emphasis on promoting vocational training, covering manufacturing and 

service industries, with over 10 million participations in 2023, effectively enhancing professional levels and 

practical skills. Additionally, enterprises are encouraged to conduct in-house training; many large companies 

have established internal training centers offering specialized courses to improve production efficiency and 

competitiveness. At the same time, China has adopted more open policies to attract top international talent. 

Since upgrading the concept of “Talent as the Primary Resource” to a “Talent-strong Nation Strategy” and 

incorporating it into the party constitution, to proposing a talent strategy of “Gathering the World's Best Talents 

for Use” China's talent policies have strongly emphasized the importance of international talents. Since 2001, 

approximately 440,900 foreign experts have come to work in mainland China, a number that increased to 623,

500 by 2015 and has continued to rise in recent years. International talents have shown many advantages in 

advancing technological innovation and development in enterprises [14].
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3.4. Strengthening Infrastructure Construction

Firstly, in terms of transportation construction, the government continues to increase investments in 

highways, high-speed railways, ports, and airports, effectively enhancing logistics efficiency and reducing 

transportation costs. Secondly, in terms of information infrastructure construction, China has accelerated 

progress. The number of national fiber broadband users has reached 550 million, and the construction of 5G 

base stations has surpassed 3.377 million units, significantly promoting the digital transformation of enterprises 

and improving production efficiency [15]. Additionally, numerous modern industrial parks have been built 

nationwide, attracting a large number of enterprises and forming strong industrial clusters, which have propelled 

regional economic development. To further promote technological innovation and industrial upgrading, China 

has extensively constructed multiple national and provincial laboratories, R&D centers, and innovation bases.

4. Major Issues in China's Industrial Development

4.1. Insufficient Development of International Markets

Firstly, although China is one of the world’s largest manufacturing bases, the international recognition of 

Chinese brands remains relatively low. According to the “2024 Global Top 500 Brand Values” report, out of the 

top 500 global brands in 2024, 72 were Chinese brands, while American brands accounted for nearly half [16]. 

This indicates that Chinese brands lack sufficient influence and competitiveness on the international market. 

Many Chinese companies invest relatively little in brand building, focusing more on short-term market share 

and sales volume while neglecting long-term brand development. Secondly, China’s export market is overly 

dependent on a few countries and regions, resulting in weak risk resistance on the international market. For 

instance, a significant proportion of China's exports go to the USA and the European Union. This high 

concentration in the export market makes Chinese companies particularly vulnerable in the face of trade 

frictions and market fluctuations. Data from 2023 shows that trade tensions between the US and China led to a 

25% year-on-year decrease in China’s exports to the US, causing significant impacts on some export-dependent 

businesses [17]. These issues not only limit the international competitiveness of Chinese enterprises but also 

hinder the further development and transformational upgrading of China's industry.

4.2. Insufficient Technological Innovation Capacity in Key Areas and Relatively Low Investment in Basic 

Research

In recent years, China has made certain progress in technological innovation, particularly showing 

significant growth and competitiveness in fields such as new energy, electric vehicles, and mobile 

communications. However, despite these achievements, there is still a notable deficiency in China's innovation 

capacity in critical technological areas. Particularly in core components and key technologies, China's 

dependence on foreign technology remains severe. Take integrated circuits as an example, a critical area for 

China's technological development. Integrated circuits are the heart of modern electronic devices and are crucial 

for enhancing the country's technological strength. However, despite significant domestic market demand, 

Chinese companies' capabilities in designing and manufacturing high-end chips still lag behind international 

advanced levels. This gap means that in critical technologies and markets, Chinese companies often rely on 

imports. Moreover, the autonomous innovation capability in areas such as industrial robots, CNC machine tools, 

and industrial software represents weak links in China's technological development. Despite substantial 

investments in manufacturing, research and development in these high-end equipment and software areas are 

still insufficient, particularly in terms of owning core technologies and intellectual property rights. This not only 

affects the upgrading and transformation of industries but also limits the international competitiveness of high-

tech industries. Another serious issue is the insufficient investment in basic research. In China, funding for basic 

research usually represents a lower proportion of the total R&D budget, restricting the depth and breadth of 

technological innovation. For a long time, this situation has constrained the efficiency of transforming basic 

science into applied technology, reducing the originality and disruptiveness of scientific achievements [18].

--43



Le Hai Dang N, et al. Econ. & Mgmt. Info. 2024, 3(3)

4.3. Industrial Pollution Damaging the Environment

Although the rapid growth of China's industry has promoted economic development, it has also caused 

serious environmental issues. Industrial emissions contain harmful substances such as sulfur dioxide and 

nitrogen oxides, leading to deteriorating air quality, increased acid rain, and negative impacts on water bodies 

and land resources. Heavy metals and chemical substances in industrial wastewater severely pollute water 

resources, threatening aquatic ecosystems and human health. Additionally, improper disposal of industrial solid 

waste leads to soil contamination, affecting agriculture and food safety. Although the Chinese government has 

recently started to prioritize environmental protection, implementing various regulations and policies to control 

and reduce industrial pollution, such as the Air Pollution Prevention and Control Law and the Action Plan for 

Water Pollution Prevention, and achieving initial success in some regions, the progress of environmental 

governance remains slow. The investment in environmental protection and the application of technologies have 

not yet fully kept pace with economic development. Therefore, strengthening the enforcement of environmental 

regulations, enhancing pollution control technologies, and raising public awareness of environmental protection 

are the major challenges currently facing China [19].

5. China's Industrial Development as a Mirror for Vietnam

5.1. Expanding International Markets and Building Brands

Vietnam should learn from China's experiences and lessons in expanding international markets and building 

brands, placing greater emphasis on brand development and long-term strategic planning. Firstly, Vietnamese 

enterprises should strengthen their brand image by providing high-quality products and services to gain 

recognition in international markets. The government could establish special funds to support enterprises in 

promoting their brands on international markets, while also encouraging enterprises to go international through 

tax incentives and low-interest loan policies. This not only helps enterprises expand their market share but also 

enhances the overall image of the national brand. Secondly, to reduce dependence on a single market, Vietnam 

should actively explore emerging markets. This includes strengthening trade cooperation with multiple 

countries, signing free trade agreements, and simplifying customs procedures to lower trade barriers with these 

countries. This strategy not only aids in diversifying markets but also enhances the market adaptability and 

global competitiveness of Vietnamese enterprises. Lastly, enhancing production efficiency and product quality is 

crucial. Vietnam should continuously improve product competitiveness through technological innovation and 

optimization of the industrial chain. Moreover, introducing and promoting advanced quality management 

systems, such as Lean production and ISO quality management systems, can not only improve production 

efficiency but also ensure that product quality meets international standards. By providing technical support and 

employee training, Vietnamese enterprises will be able to establish a firm foothold in a broader international 

market.

5.2. Strengthening Investment in Technology and Innovation

Vietnam should focus on developing high-tech industries and fostering innovation. By learning from China's 

experience, Vietnam needs to establish advanced research and development (R&D) centers and provide 

comprehensive support to enterprises in researching and applying new technologies. This will not only help 

enhance the technological level and competitiveness of enterprises but also promote the advancement of the 

nation's overall scientific and technological capabilities. Simultaneously, the government should introduce 

relevant policies and incentives to attract more domestic and foreign investment into the high-tech sector, 

thereby accelerating industrial upgrading. To improve productivity and product quality, Vietnam needs to 

significantly enhance its education system and vocational training, offering specialized and in-depth training 

courses. Tailored training plans should be designed to meet the actual needs of various industries, and 

enterprises should be encouraged to conduct their own employee training to improve skill levels and 

professional qualifications. Additionally, the government can introduce advanced educational concepts and 

teaching methods through cooperative education and international exchanges, thereby comprehensively 
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enhancing the quality of the nation’s human resources. By strengthening cooperation with leading international 

educational institutions and businesses, Vietnam can provide more learning and practical opportunities for its 

workforce.

5.3. Infrastructure Development

China has significantly improved logistics efficiency and reduced transportation costs through large-scale 

investments in constructing highways, high-speed railways, ports, and airports. This approach has not only 

improved the domestic transportation network but also facilitated rapid economic development. Vietnam should 

learn from this experience and focus resources on building modern transportation infrastructure to enhance 

logistics efficiency and competitiveness. Simultaneously, Vietnam should also invest in developing advanced 

communication infrastructure, expanding the coverage of fiber networks, and enhancing the speed and stability 

of internet access to support the development of the digital economy. Vietnam should actively develop modern 

industrial parks to attract more foreign investment and provide a favorable operating environment for 

businesses. These industrial parks should be equipped with comprehensive infrastructure and supporting 

services, including water supply, electricity, wastewater treatment, transportation, and logistics services. By 

constructing high-standard industrial parks, Vietnam can create strong industrial clusters, promoting the 

perfection and upgrading of industrial chains.

5.4. Focus on Environmental Protection and Sustainable Development

Vietnam should implement strict environmental regulations and emission standards, enhance pollution 

source monitoring, and support enterprises in adopting green production technologies through government 

financial incentives and technical support. At the same time, it should promote the development of renewable 

and clean technologies, such as solar, wind, and biomass energy, reducing dependence on fossil fuels and 

lowering carbon emissions. This not only aids in environmental protection but also creates job opportunities and 

fosters economic growth. Additionally, Vietnam should introduce and promote advanced clean production 

technologies, improve energy efficiency, and reduce resource consumption to ensure coordinated development 

of the economy and the environment. Through government macro-control and financial support, establish a 

green transformation mechanism for the industrial economy, encourage the development and use of green 

energy, create an environmentally friendly energy structure, and enhance the enforcement capabilities of 

environmental protection departments. Establish standards and management schemes for green industrial 

technologies to achieve the dual goals of ecological environment protection and industrial economic 

transformation. With these measures, Vietnam will be able to create a better living environment for future 

generations and achieve sustainable development.

6. Conclusion

China’s rapid industrial development provides invaluable lessons for Vietnam as it embarks on its own 

journey of economic modernization. However, it is crucial that Vietnam carefully evaluates which elements of 

China’s path are applicable and which may not align with its unique circumstances, avoiding the risks 

associated with blindly following a similar route.

One area where caution is required is China’s heavy reliance on labor-intensive industries during its early 

stages of development. While this approach facilitated rapid economic growth, it has also led to challenges such 

as wage stagnation, labor exploitation, and environmental degradation. For Vietnam, adopting a strategy that 

leans too heavily on low-cost labor could hinder its ability to transition into higher-value industries. Instead, 

Vietnam should emphasize innovation-driven growth, focusing on industries such as technology, high-value 

manufacturing, and services, which offer greater long-term potential and resilience.

Another consideration is China’s significant investment in large-scale infrastructure projects. While these 

investments have been instrumental in China’s growth, Vietnam’s smaller economy and resource limitations 

necessitate a more targeted approach. Rather than replicating China's vast physical infrastructure efforts, 

--45



Le Hai Dang N, et al. Econ. & Mgmt. Info. 2024, 3(3)

Vietnam should prioritize modernizing digital infrastructure, improving regional connectivity, and supporting 

industries that rely on technological advancements. This shift would allow Vietnam to tap into global value 

chains and bolster its competitiveness in the digital age.

Vietnam must also be cautious of China’s state-driven model of industrial development. While effective for 

a country of China’s scale, Vietnam may benefit more from a balanced approach that fosters greater private 

sector involvement and entrepreneurship. Encouraging market-oriented reforms and attracting foreign direct 

investment will drive competitiveness and innovation, creating a more dynamic and adaptive economy. 

Additionally, Vietnam should be mindful of China’s experiences with overcapacity and inefficiencies in certain 

state-run sectors, and proactively avoid similar pitfalls by ensuring a balanced and diversified economic 

structure.
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Abstract: This quantitative research investigates the impact of perceived emotional value in luxury experiential 

marketing, particularly its influence on the likelihood of repeat purchases. Conducted quantitatively in Shanghai, 

a city in the Eastern coastal region of China, the research collected data from 206 customers who purchased 

luxury goods. The findings show a significant positive correlation between customers' perception of emotional 

value and the likelihood of repeat luxury purchases. Customer satisfaction plays a crucial mediating role in 

linking customers' perception of emotional value to the likelihood of repeat purchases, while gender does not 

moderate this relationship. These results underscore the importance of integrating diverse emotional value 

services into smart marketing strategies. By doing so, businesses can not only enhance customer satisfaction but 

also significantly improve overall luxury sales performance. This research emphasizes the strategic value of 

nurturing meaningful customer experiences, thereby strengthening market presence and competitiveness in the 

dynamic luxury business environment.

Keywords: Smart marketing; emotional value; customer satisfaction; luxury goods

1. Introduction

The luxury goods industry is renowned for its unique purchasing and sales models. Buying luxury items 

often transcends mere transactional behavior; it embodies a symbolic experience expressing personal taste, 

status, and social identity. Compared to other sectors like food, fast-moving consumer goods, or tobacco and 

alcohol, luxury goods exhibit significant distinctions and connections. Consumers of luxury items typically 

possess refined tastes and specific social status, emphasizing product quality, uniqueness, brand history, and 

tradition. Simultaneously, they seek emotional satisfaction and special services when purchasing, projecting 

emotions and identity through these experiences. Marketing and sales strategies in the luxury industry should 

not rely solely on traditional methods. Intelligent marketing becomes crucial; brands can better understand and 

meet personalized consumer needs through data analysis and personalized recommendation systems, thereby 

enhancing shopping experiences and customer satisfaction. Successful data analysis in various fields indicates 

that the luxury industry can use extreme value mixed modeling to better predict market risks and optimize smart 
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marketing strategies [1,2]. Research on emerging market growth shows that smart marketing can enhance brand 

strategic positioning and secure a competitive edge in a globalized context [3 – 5]. For example, improving 

unsupervised domain adaptation methods based on implicit contrastive learning enables brands to enhance data 

diversity and discernibility, allowing for more accurate capture of market demand and consumer preferences [6].

However, the luxury industry faces challenges. Due to high-end positioning and pricing strategies, consumer 

purchase decisions are complex and cautious, necessitating brands to build deep trust and effective 

communication to earn consumer loyalty and support. Additionally, while emotional value theoretically 

influences consumer decisions significantly, effectively measuring and leveraging this emotional impact requires 

further empirical research and exploration. Recent BERT-enhanced prompt engineering techniques offer strong 

support for improving news classification and text analysis in smart marketing, potentially enhancing emotional 

value delivery [7].

To gain deeper insights into consumer behavior and attitudes towards luxury goods, this study surveyed 206 

customers in Shanghai. It found that customer satisfaction mediates between perceived emotional value and 

repeat purchase intention. Therefore, in enhancing customer satisfaction and promoting luxury goods sales, sales 

personnel should provide high-quality emotional value services to build closer customer relationships, enhance 

brand loyalty, and adapt service levels effectively. Cluster-based marketing strategies, successfully applied in 

logistics and network optimization, offer valuable insights for improving sales personnel scheduling and 

efficiency in the luxury industry [8, 9]. Leveraging the success of semi-supervised learning in image 

classification, the luxury industry can better capture market demand dynamics and refine marketing 

strategies [10].

2. Literature Review

2.1. Smart Marketing: More Than Just a Concept

In recent years, smart marketing has garnered increasing attention, emerging prominently within the 

contemporary landscape of technological advancements and the expansive luxury market environment. Chiu et 

al argued that smart marketing transcends mere technological application, embodying a strategic approach that 

integrates diverse elements such as data analytics, personalized recommendation systems, and enhanced 

consumer experiences [11].

First and foremost, data analysis plays an indispensable role in smart marketing. Through meticulous data 

analysis, luxury brands can delve deeply into consumer preferences and behaviors, enabling the formulation of 

precise marketing strategies [12]. Models like the attention-based DCGAN combined with autoencoders 

effectively improve classification accuracy, providing strong support for optimizing smart marketing [13]. 

Research in other fields shows that detailed data analysis can effectively identify potential risks, inspiring the 

luxury industry to better predict market trends and consumer behavior [14, 15]. By scrutinizing consumer 

purchase histories, browsing habits, and social media interactions, companies can pinpoint lucrative customer 

segments and craft targeted marketing campaigns. This precise market positioning not only boosts marketing 

effectiveness but also slashes operational costs. Studies show that integrating AI with market analysis improves 

consumer behavior prediction, leading to higher conversion rates and customer retention [16]. Federated 

learning, by sharing model weights while preserving data privacy, is increasingly used in luxury industry data 

analysis, enabling market-wide collaboration and enhancing privacy and personalization [17]. Additionally, 

domain-adaptation deep learning frameworks help brands bridge market distribution boundaries, enhancing 

understanding of consumer behavior diversity and improving the accuracy and efficiency of smart marketing in 

the luxury industry [18,19].

Secondly, personalized recommendation systems stand out as a cornerstone of smart marketing [20]. 

Leveraging advanced algorithms and user behavior data, these systems deliver tailored product suggestions to 

consumers. Recommendations are curated not only from consumers' historical purchase patterns but also from 

real-time browsing behaviors and preference analyses. For instance, when consumers explore a particular 

product category, the system automatically proposes related items, thereby heightening purchase probabilities. 
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Such personalized recommendations elevate the shopping experience and significantly enhance conversion 

rates. Research indicates that integrating deep neural network-based image recommendation algorithms in social 

networks helps consumers more easily find products aligned with their preferences, thereby enhancing the 

overall shopping experience [21]. Fuzzy-label-based recommendation systems enhance information accuracy 

and personalized recommendations [22].

Lastly, optimizing consumer experiences constitutes a paramount objective of smart marketing. In the 

competitive luxury goods sector, differentiation extends beyond products to encompass service and overall 

experience [23]. Marketers' language proficiency, service acumen, and adaptability are pivotal in this regard. By 

deeply comprehending consumer needs and psychology, and delivering personalized, attentive service, brands 

can elevate consumer satisfaction. This premium service experience not only amplifies shopping gratification 

but also cultivates repeat purchases, fostering enduring customer loyalty. Optimizing emotional value services 

strengthens the emotional bond between brands and consumers, increasing customer loyalty [24]. Social media, 

as a digital marketing strategy, significantly influences consumer decision-making, providing key insights for 

optimizing online services in the luxury industry [25]. Applying active learning to optimize system reliability 

assessment helps the luxury industry better predict and enhance customer service quality [26–28].

In conclusion, smart marketing enables luxury goods companies to distinguish themselves in a competitive 

market by leveraging data analysis, personalized recommendations, and optimized consumer experiences. This 

approach not only boosts marketing efficacy but also enriches consumers' shopping experiences with greater 

personalization and enjoyment, creating a mutually beneficial outcome for both businesses and their clientele.

2.2. Emotional Value: A Key Element in Demonstrating Customer Respect

Emotional value has become a prominent topic in recent years, describing the emotional and psychological 

satisfaction consumers derive from purchasing and using products or services [29,30]. This satisfaction is not 

only based on the functional aspects of the product but also encompasses intangible elements such as brand 

identity, service quality, and overall consumer experience. Hsu et al argued that the emotional value can be 

categorized into several types, including pleasure, respect, pride, and belonging. Respect value, especially in 

luxury consumption, stands out significantly, as luxury goods are not just commodities but symbols of social 

status [31]. Through acquiring and using luxury items, consumers achieve social recognition and affirm their 

status, fulfilling their need for respect.

The impact of emotional value on consumer behavior and psychology is profound. From a sales perspective, 

brands and products that possess high emotional value are more likely to capture consumer attention and trigger 

purchase decisions [32]. Once an emotional connection is established, consumers tend to exhibit greater brand 

loyalty and are more inclined to make repeat purchases, thereby enhancing the brand's market share and revenue 

potential [33]. Therefore, within the luxury goods sector, sales and marketing teams must consistently enhance 

the emotional value of their brands. This entails delivering personalized services and creating unique 

experiences that resonate with consumers' emotional desires. By doing so, companies can achieve sustainable 

business success and maintain a competitive edge in the luxury market.

2.3. Repeat Purchase as a Manifestation of Successful Smart Marketing

Repeat purchase is a cornerstone of successful smart marketing, directly reflecting customer trust and 

satisfaction with a brand or product [34]. When customers choose to make repeat purchases, they validate their 

initial decision and affirm the value and quality of service provided. This behavior is more than just a 

transaction; it signifies positive customer experiences and effective relationship management.

Knox and Walker highlighted that the repeat purchases not only drive sales growth but also play a critical 

role in sustaining brand development and securing market share [35]. Effective smart marketing strategies go 

beyond acquiring new customers; they prioritize enhancing customer satisfaction and loyalty through repeat 

purchases. By continuously refining products, optimizing emotional value service experiences, and executing 

targeted marketing campaigns, especially in luxury goods markets [36,37], companies can strengthen customer 

retention, achieve long-term business success, and maintain competitive advantages.
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In summary, repeat purchases are a vital indicator of customer loyalty and satisfaction in smart marketing. 

By focusing on enhancing customer experiences and fostering ongoing relationships, businesses can build a 

solid foundation for sustainable growth and market leadership.

Currently, most research focuses on how marketers influence customers' repeat purchase behavior by 

providing emotional value. However, there is relatively little research on the mediating role of customer 

satisfaction in this relationship and whether gender plays a moderating role. Emotional value as a marketing 

strategy emphasizes deepening customer brand experience through emotional experiences and connections, 

thereby enhancing their brand identification and loyalty. Despite the increasing importance of emotional value in 

customer relationship management, further research and discussion are needed on how to ensure that this 

emotional value positively influences subsequent sales and the critical role customer satisfaction plays in this 

process. In particular, whether gender differences will have differential impacts in this process is an important 

topic for further research. By deeply understanding the complex relationship between emotional value, customer 

satisfaction, and gender, more profound theoretical support and practical guidance can be provided for the 

precise formulation of marketing strategies. In summary, in this study, five research hypotheses were proposed 

to explore the relationships among different variables. These hypotheses focus on the following key variables:

1) Perception of Emotional Value (IV): This refers to the emotional value that consumers perceive when 

experiencing sales services. This variable serves as the independent variable of the study, used to predict 

changes in other variables.

2) Likelihood of Repeat Purchases (DV): This refers to the likelihood that consumers, after perceiving 

emotional value, are willing to purchase the product or service again. This variable is the dependent variable of 

the study, used to measure consumer behavioral responses.

3) Customer Satisfaction (Mediating Variable): Customer satisfaction mediates the relationship between the 

perception of emotional value and the likelihood of repeat purchases. The study hypothesizes that customer 

satisfaction can explain the mechanism through which the perception of emotional value influences the 

likelihood of repeat purchases.

4) Gender as a Moderator: The study also explores whether gender moderates the relationship between the 

perception of emotional value, customer satisfaction, and the likelihood of repeat purchases. The aim is to 

understand if gender influences these relationships (as shown in Figure 1).

Specifically, the five hypotheses include:

Hypothesis 1: There is a relationship between perception of emotional value (IV) and likelihood of repeat 

purchases (DV).

Hypothesis 2: There is a relationship between perception of emotional value (IV) and customer satisfaction.

Hypothesis 3: There is a relationship between customer satisfaction and likelihood of repeat purchases 

(DV).

Hypothesis 4: Customer satisfaction mediates the relationship between perception of emotional value (IV) 

and likelihood of repeat purchases (DV).

Hypothesis 5: Gender moderates these relationships.

Figure 1.　illustrates the research framework.
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By validating these hypotheses, the study aims to gain a deeper understanding of the role of emotional value 

in sales services and to explore the mechanism of customer satisfaction as a mediating variable. It also seeks to 

confirm whether gender plays a moderating role in these relationships. These findings can help sales personnel 

in smart marketing strategies to offer diverse emotional value services, enhance customer satisfaction, and 

increase the likelihood of repeat purchases, thereby achieving sales growth.

3. Methods

This study aims to explore the relationships among perception of emotional value, customer satisfaction, and 

the likelihood of repeat purchases. It employs the PERVAL scale developed by Sweeney and Soutar to 

objectively assess customers' perceived emotional value from sales interactions [38]. The PERVAL scale 

provides a structured approach to measuring emotional value, ensuring a comprehensive evaluation of customer 

perceptions in sales contexts. This instrument is essential for understanding how emotional value influences 

customer satisfaction and subsequent purchase behaviors. Additionally, to comprehensively understand overall 

customer satisfaction with sales personnel, the study utilizes the three-item scale designed by Ramsey and Sohi 

[39]. This scale assesses customers' satisfaction levels based on the quality of service received, the 

responsiveness of sales personnel, and overall satisfaction with the sales experience.

Measurement in the study utilizes a five-point Likert scale ranging from 5 (very satisfied/very likely) to 1 

(extremely dissatisfied/unlikely), reflecting customers' willingness and likelihood to make repeat purchases. 

This approach ensures a nuanced assessment of customer satisfaction, crucial for identifying the specific drivers 

of repeat purchase intentions.

Located in the eastern coastal region of China, Shanghai serves as a key market for luxury goods 

consumption. Shanghai not only boasts a diverse consumer base but also features a highly competitive retail 

environment, attracting numerous domestic and international luxury brands. To ensure sample diversity and 

representativeness, the study selected three major shopping centers with high foot traffic as research sites. These 

centers include multiple luxury brands such as LV, Gucci, Hermès, and Prada, making them ideal locations for 

purchasing luxury goods. Additionally, these shopping centers attract a large number of high-end consumers 

with their rich brand combinations and exceptional shopping experiences, providing a more accurate reflection 

of the luxury goods market dynamics. This also enhances the practical value of the study's results, offering 

strong support for the luxury goods industry to improve competitiveness in a rapidly changing market [40–42].

The study successfully collected 206 valid customer questionnaires, achieving a response rate of 98.5%. 

These data provide a solid foundation for subsequent in-depth analysis, aiding in a more precise understanding 

of the role of emotional value in sales services and its specific impacts on customer satisfaction and purchase 

intentions. The high response rate ensures the reliability and validity of the findings, highlighting the study's 

contribution to the field of emotional value and consumer behavior in retail settings.

Researchers utilized SPSS software for comprehensive data analysis, including descriptive statistics, 

Pearson correlation exploration, and testing of mediation and moderation models, to comprehensively 

investigate relationships among variables. These analytical approaches not only helped uncover underlying 

patterns and correlations in the data but also deepened the understanding of the mechanisms through which 

emotional value operates in the sales process, providing valuable guidance for further research and practical 

applications.

4. Results

4.1. Overview of Sample Demographics and Characteristics

To gain an understanding of the sample's characteristics, SPSS was used to conduct a descriptive statistical 

analysis, focusing on gender, age group, work style, and educational level.
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Table 1.　Sample Demographics.

Name

Gender

Age

Work style

Educational level

Summary

Item

Male

Female

26-30 years old

31-35 years old

36-40 years old

41-45 years old

46-50 years old

Above 51 years old

Under 25 years old

Agriculture

Arts and Culture

Construction

Education

Energy

Entertainment and Media

Finance

Healthcare

Information Technology

Legal Services

Manufacturing

Nonprofit Organizations

Public Services and Government

Real Estate

Research and Development

Retail

Services

Telecommunications

Tourism and Hospitality Management

Transportation and Logistics

Junior High School

Master

None

Ph.D.

Primary

Senior High School

Undergraduate

Frequency

72

134

12

47

63

48

11

17

8

5

21

5

12

11

11

13

9

13

10

5

1

10

10

10

11

13

10

15

11

19

42

10

26

19

6

84

206

Percentage
 (%)

34.95

65.05

5.83

22.82

30.58

23.30

5.34

8.25

3.88

2.43

10.19

2.43

5.83

5.34

5.34

6.31

4.37

6.31

4.85

2.43

0.49

4.85

4.85

4.85

5.34

6.31

4.85

7.28

5.34

9.22

20.39

4.85

12.62

9.22

2.91

40.78

100.0

Cumulative 
Percentage (%)

34.95

100.00

5.83

28.64

59.22

82.52

87.86

96.12

100.00

2.43

12.62

15.05

20.87

26.21

31.55

37.86

42.23

48.54

53.40

55.83

56.31

61.17

66.02

70.87

76.21

82.52

87.38

94.66

100.00

9.22

29.61

34.47

47.09

56.31

59.22

100.00

100.0
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Table 1 showed a higher proportion of females (65.05%) compared to males (34.95%). The majority fell 

within the 36-40 (30.58%) and 41-45 (23.30%) age brackets. Participants worked in a variety of industries, with 

notable representation in arts and culture (10.19%), finance (6.31%), information technology (6.31%), and 

tourism and hospitality management (7.28%). Regarding educational level, the largest group held undergraduate 

degrees (40.78%), followed by those with master's degrees (20.39%). The sample included participants with 

diverse educational backgrounds, ranging from primary school to Ph.D. holders. Overall, the sample comprised 

206 respondents, providing a comprehensive overview of various demographic and occupational categories.

4.2. The Relationship Between Perception of Emotional Value (IV) and Likelihood of Repeat Purchases (DV)

To investigate the correlation between the perception of emotional value (IV) and the likelihood of repeat 

purchases (DV), a Pearson correlation analysis was conducted using SPSS.

Table 2 presented the correlation coefficients between customers' perception of emotional value and their 

likelihood of repeat purchases. A significant positive correlation was indicated between the two variables, with a 

correlation coefficient of 0.562, which was significant at the 0.01 level (**p<0.01). This suggested that as 

consumers' perception of emotional value increased, their likelihood of making repeat purchases also rose.

4.3. The Relationship Between Perception of Emotional Value (IV) and Customer Satisfaction (Mediating 

Variable)

To examine the relationship between the perception of emotional value (IV) and customer satisfaction 

(mediating variable), a Pearson correlation test was conducted.

Table 3 showed the correlation coefficients between customers' perception of emotional value and their 

satisfaction. A significant positive correlation was revealed, with a coefficient of 0.604, significant at the 0.01 

level (**p<0.01). This indicated that a higher perception of emotional value was associated with increased 

customer satisfaction.

4.4. The Relationship Between Customer Satisfaction (Mediating Variable) and Likelihood of Repeat Purchases

To analyze the relationship between customer satisfaction (mediating variable) and the likelihood of repeat 

purchases, researchers utilized SPSS to perform a Pearson correlation assessment.

Table 2.　Overview of Correlation Coefficients between IV and DV.

Likelihood of repeat purchases (DV)

Perception of emotional value (IV)

0.562**

* p<0.05 ** p<0.01

Table 3.　Overview of Correlation Coefficients between perception of emotional value and customer 
satisfaction.

Customer satisfaction

Perception of emotional value (IV)

0.604**

* p<0.05 ** p<0.01

Table 4.　Overview of Correlation Coefficients between perception of emotional value and customer 
satisfaction.

Likelihood of repeat purchases (DV)

Customer satisfaction

0.762**

* p<0.05 ** p<0.01
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Table 4 presented the correlation coefficients between customer satisfaction and the likelihood of repeat 

purchases. The results show a significant positive correlation, with a coefficient of 0.762, significant at the 0.01 

level (**p<0.01). This indicates that higher levels of customer satisfaction are strongly associated with an 

increased likelihood of repeat purchases.

4.5. Testing the Mediating Effect of Customer Satisfaction Between Perception of Emotional Value (IV) and 

Likelihood of Repeat Purchases (DV)

To investigate whether customer satisfaction (mediating variable) mediates the relationship between 

perception of emotional value (independent variable) and likelihood of repeat purchases (dependent variable), 

the mediation model was tested using SPSS.

Table 5 showed the mediation effect test reveals that the independent variable (IV) has a significant indirect 

effect on the dependent variable (DV) through the mediator, with an effect value of 0.063 and a 95% confidence 

interval ranging from 0.085 to 0.222, indicating full mediation. The IV significantly impacts the mediator (effect 

value of 0.185) and the mediator significantly influences the DV (effect value of 0.340). In contrast, the direct 

effect of the IV on the DV is not significant (effect value of 0.032). The total effect of the IV on the DV is 

significant (effect value of 0.095), confirming that the mediator fully explains the relationship between the IV 

and DV.

4.6. Testing for Gender Moderation Effect

To test the gender moderation effect, the SPSS were used and three models were compared, as displayed in 

Table 6. Model 1 did not consider the gender effect, Model 2 adds the moderator variable (i.e., gender) to Model 

1; and Model 3 includes an interaction term between the IV and gender in addition to Model 2.

Table 6.　Testing for gender moderation effect (n=206).

Constant

IV

Gender

4.68

0

0.09

5

0.034

0.028

138.3

79

3.445

0.000

**

0.001

**

-

0.23

4

4.680

0.080

-0.22

2

0.033

0.027

0.071

141.3

54

2.911

-3.141

0.000

**

0.004

**

0.002

**

-

0.197

-0.21

3

4.681

0.081

-0.22

2

0.034

0.029

0.071

139.0

52

2.849

-3.141

0.000

**

0.005

**

0.002

**

-

0.201

-0.21

3

Model 1

B
Standard 

error
t p β

Model 2

B
Standard 

error
t p β

Model3

B
Standard 

error
t p β

Table 5.　Mediation Effect Test.

Item

IV=> Mediator=>DV

IV=> Mediator

Mediator =>DV

IV=>DV

IV=>DV

Symbol

a*b

a

b

c'

c

Meaning

Indirect

X=>M

M=>Y

Direct

Total Effect

Effect 
value 
Effect

0.063

0.185

0.340

0.032

0.095

95% CI

0.085

0.080

0.287

-0.010

0.041

0.222

0.290

0.393

0.074

0.149

Standard 
Error 

Devalued

0.034

0.054

0.027

0.021

0.028

z 
value 

/t 
value

1.827

3.460

12.546

1.496

3.445

p 
value

0.068

0.001

0.000

0.136

0.001

Summary

Full Mediation
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IV*gend

er

R 2

Adjust 

R 2

F value

R 2

F value

0.055

0.050

F (1,204) =11.865, p=0.001

0.055

F (1,204) =11.865, p=0.001

0.099

0.090

F (2,203) =11.123, p=0.000

0.044

F (1,203) =9.865, p=0.002

0.012

0.099

0.086

F (3,202) =7.397, p=0.000

0.000

F (1,202) =0.049, p=0.825

0.055 0.221 0.825 0.015

Cont.

Model 1

B
Standard 

error
t p β

Model 2

B
Standard 

error
t p β

Model3

B
Standard 

error
t p β

* p<0.05 ** p<0.01

Model 1 showed a significant positive effect of the independent variable on the dependent variable (B = 

0.095, t = 3.445, p = 0.001, β = 0.234). Model 2 revealed that after adding the gender variable, the effect of the 

independent variable on the dependent variable remained significant (B = 0.080, t = 2.911, p = 0.004, β = 

0.197), while gender had a significant negative effect on the dependent variable (B = -0.222, t = -3.141, p = 

0.002, β = -0.213).

However, after including the interaction term between the independent variable and gender, Model 3 showed 

that the p-value for the interaction term was 0.825, which is far greater than 0.05, indicating that the interaction 

term is not significant. Therefore, the researcher further compared the F-value and R² value results between 

Model 2 and Model 3.

As displayed in Table 6, the F-value decreased from 11.123 in Model 2 to 7.397 in Model 3. Additionally, 

the adjusted R² value for Model 3 was 0.086, lower than the corresponding value of 0.09 in Model 2. These 

results suggest that the interaction term did not significantly improve the model’s explanatory power. In other 

words, gender did not play a significant moderating role in this study.

The results of the above analysis indicate that the likelihood of repeat purchases is significantly associated 

with customers' perception of emotional value and their satisfaction. Specifically, the stronger the perception of 

emotional value provided by sales personnel, the higher the satisfaction levels among customers, thereby 

increasing the likelihood of repeat purchases. Furthermore, satisfaction mediates the relationship between 

perception of emotional value and likelihood of repeat purchases, with gender showing no significant 

moderating effect in these dynamics. Overall, this study provides valuable insights into understanding smart 

marketing strategies.

5. Discussion & Conclusion

Firstly, the research findings reveal how sales personnel in the luxury goods market significantly influence 

customer experience by providing emotional value. Emotional value is not only reflected in the characteristics of 

the product itself but also in the emotional connections and personalized services established during the sales 

process. Therefore, companies aiming to enhance customer satisfaction and boost repeat purchase intention need 

to prioritize the emotional intelligence and service quality of their sales staff.

Secondly, higher customer satisfaction correlates with stronger repeat purchase intentions and increased 

sales [43 – 45]. Overall, there is a close relationship between high customer satisfaction and strong repeat 

purchase intentions, directly impacting sales performance and market share growth. Hence, companies should 

strive to continually elevate customer satisfaction levels by offering superior emotional value and personalized 

services to enhance customer loyalty and drive sales growth [46-49].

Additionally, customer satisfaction plays a crucial mediating role between perceived emotional value and 
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repeat purchase intentions, with gender having a minor influence on these relationships. This finding 

underscores the mediating role of customer satisfaction between emotional value and repeat purchase intentions, 

irrespective of customer gender. Therefore, when devising marketing strategies, companies should focus on 

enhancing overall customer satisfaction levels rather than overly considering gender factors.

In summary, companies should enhance training in emotional intelligence for sales personnel to improve 

their abilities in emotional communication and personalized service delivery, thereby enhancing their capability 

to provide emotional value. Secondly, optimizing customer experience design by implementing strategies and 

processes that enhance customer satisfaction is crucial to ensuring positive emotional connections in every 

interaction. Furthermore, companies can delve deeper into understanding the specific mechanisms through 

which customer satisfaction affects the relationship between emotional value and purchase intentions, enabling 

precise adjustments to marketing strategies and service designs to maximize their impact. These 

recommendations will aid companies in leveraging emotional value and customer satisfaction to enhance sales 

performance and competitive advantage in the luxury goods market, thereby achieving sustained business 

success. Moreover, intelligent methods can be also investigated to explore the efficiency of the proposed method 

[50–52].
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