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Abstract

The regulation of corporate governance practices in Cameroon is shaped by the country’s legal framework,
including OHADA Laws and national laws promoting transparency and accountability, amidst challenges of
governance quality and evolving business contexts. Key legal provisions aim to mitigate risks from
ownership-control separation and enhance ethical operations, but implementation gaps and weak governance
mechanisms persist. This article investigates the prospects and challenges in regulating corporate governance in
Cameroon, focusing on how existing frameworks support or hinder good governance practices, and the effects
on corporate performance and stakeholder trust. The main objective is to evaluate Cameroon’s corporate
governance regulatory environment, identifying key issues and opportunities for reform and improvement. The
study employs a qualitative methodology, including document analysis of legal texts, corporate governance
codes, and relevant reports, complemented by interviews with regulatory authorities, corporate leaders, and
experts. Findings reveal that while Cameroon has established important governance regulations (e.g., OHADA
law, transparency laws, regulatory bodies), challenges include enforcement weaknesses, limited board diversity,
underdeveloped self-regulation cultures, and inadequate integration of sustainability practices. The governance
landscape is improving with reforms, increased awareness, and technological advancements, but gaps remain.
The study concludes that strengthening enforcement, promoting board effectiveness, and integrating ESG criteria
are critical for advancing corporate governance in Cameroon’s dynamic economic environment. It ends by
recommending the need of enhancing regulatory oversight and compliance mechanisms; encouraging adoption
of the Cameroon Code of Good Corporate Governance; fostering capacity building for corporate leaders;
leveraging technology for transparency; and promoting stakeholder engagement to improve accountability and
sustainability.

Keywords: regulation, corporate governance practice, challenges
1. Introduction

Debates about corporate governance have existed for as long as from when the corporate form itself occurred.!
There is no definitive historical treatment of corporate governance and there may never be one, given the
vastness of the subject. Corporate governance has been with us since the use of the corporate form created the

! Plessis J.J., Anil G.H. & Bagaric M., (2010). Principles of Contemporary Corporate Governance, 2nd ed., Cambridge University Press.
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possibility of conflict between investors and managers.! In the Wealth of Nations, Adam Smith identified
divergent interest between managers and owners as an, in his eyes, insuperable dilemma for the efficient
operation of the corporation. Directors, he wrote, “being the managers of other people’s money rather than their
own,” would never watch over this money with the “same anxious vigilance with which the partners in a private
copartner frequently watch over their own.””

The modern connotation of the term ‘corporate governance’ indicates more than just the mechanics of
governance; it appears to originate in the mid-to-late 1970’s in the United States (US) after the Watergate scandal
and the revelations of secret political contributions and corrupt payments by large American organizations.® It
gained acceptance in Europe as a concept separate from company law, corporate management or organization®.
However, it appears to be of great use in the context of management in the 1990s following the crisis that led to
the collapse of many large corporations in the world.’

In African countries, Senegal and South Africa were in the forefront of developing pieces of legislations on
corporate governance; South Africa taking the lead with the Kings Report of 1994.6 Worth noting is the fact that
the OHADA legislator has not adopted a precise law on corporate governance though some provisions are
provided for in the Uniform Act on Commercial Companies and Economic Interest Groups.

The expression corporate governance is an ideology championed by an American school of thought that
developed in the 1970s.® It quickly became famous owing to a series of corporate scandals against a backdrop of
corporate abuse of power, in the wake of the 2000s that shook the corporate world to its very foundations.’
Mention can specifically be made of the Enron scandal.!® The doctrine gained steam all over the world in the
1990s with the objective of instilling more transparency and ethics in corporate practice in order to make senior
corporate officers more responsible and allow shareholders and other stakeholders participate more effectively in
the life of the company.!! A doctrine of Anglo-Saxon origin, corporate governance is a response to the financial
scandals that captured news headlines the world over. These scandals created a need to restore confidence to
shareholders, investors, creditors and workers of corporations who emerged as the highest losers there from.!? In
effect, it is after the Enron'®, Vivendi Universal'* and Parmalat"® scandals which swept like a storm through the

! Brain R.C., (2012). The history of corporate governance. Working paper no 184/2012.
2 Cited in Harwell (W.), (2010). The birth of corporate governance. Seattle University Law Review, 33(4), pp. 1247-1292.

3 Norman V.E., (1993). The Emergence of Corporate Governance as a New Legal Discipline. The Business Lawyer, 48(4), pp. 1276-1270.

4

Salacuse J.W., (2004). Corporate Governance in the New Century. Company Lawyer, 25(3), pp. 69-83.

5 Davies P.L., (2003). Gower and Davies Principles of Modern Company Law, 7th ed. London, Sweet & Maxwell., p. 291.

¢ https://en-wikipedia/wiki/king-report-on-corporate-governance, lastly visited 20" April 2024.

7 Organisation pour I’Harmonisation en Afrique du Droit des Affaires.

8 Ewane Motto P.C, (2015). La gouvernance des sociétés commerciales en droit de ’OHADA. Thése de Doctorat, Université de

Douala-Université de Paris-Est, p. 11.
° Ibid, p. 13.

10 In the wake of Enron and other similar cases, countries around the world reacted quickly by pre-empting similar events domestically. As a
speedy response to these corporate failures, the United States of America (USA) issued the Sarbanes—Oxley Act in July 2002, whereas
in January 2003 the Higgs Report and the Smith Report were published in the United Kingdom (UK), again in response to their
corporate governance failures. Nigeria’s Securities and Exchange Commission (SEC) in 2003 released the Code of Best Practices for
Public Companies in Nigeria. The Central Bank of Nigeria (CBN) also issued the Code of Corporate Governance for banks in Nigeria
Post Consolidation (which became effective on April 3, 2006).

" Ciancanelli P., (2000). Corporate governance in banking: A conceptual framework. Presentation at the European Financial Management
Association Conference, available online at http://papers.ssm.com/paper.taf?abstract id=253714. (Last consulted on 13/02/2024)

12 Oluseun Paseda A., (2012). The Code for corporate governance of banks in Nigeria: a critique. Nigerian Journal of Finance, 2, p. 191.

13 This was one of the most important companies on the American stock exchange in the 1990s. In just two years between 1998 and 2000, its
share value skyrocketed from 30-90 USD, and its net worth from 31 billion-100billion USD.

14" A corporation specialized in communication and entertainment that was secretly at the brink of financial collapse in the year 2000, losing
a whopping 2 billion USD per month. To the dismay of all, its CEO announced its bankruptcy in 2003 after having lost 23 billion Euros

in just two years, despite the assurances of the same CEO a few months before that the company was doing just fine.
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years 2000-2001 that a global reawakening occurred on an absolute necessity for some ethics in corporate
practice. The need to establish and protect through means of law more responsible leadership became more than
evident.

Corporate governance is a doctrine which aims at ensuring that a corporation is managed and controlled in the
common interest of shareholders and all other stakeholders' and not in the sole interest of majority shareholders
or corporate officers.? It should result in establishing a balance of powers within the corporation. This doctrine
encapsulates the body of measures and principles that relate to the management and control of corporations,
purporting to guarantee their harmonious and transparent functioning, their efficient development, as well as
preventing and sanctioning all abuses susceptible to be committed by its controlling minds.

It is very clear that corporate governance includes the relationship of a company with its stakeholders and the
society; the promotion of fairness, transparency and accountability; reference to mechanisms that are used to
“govern” (manage) and to ensure that actions taken are consistent with the interests of key stakeholders groups.®
The key points of interest in corporate governance include issues of transparency and accountability, the legal
and regulatory environment, appropriate risk management measures, information flows and the responsibility of
senior management and the board of directors.*

Corporate governance mechanisms in Cameroon shows a mixed landscape. Legal and voluntary frameworks
have laid a solid foundation and raised awareness of good governance’s importance. These mechanisms include
legal regulations, supervisory bodies, internal controls within firms, and codes of governance like the 2023
Cameroon Code of Good Corporate Governance. Together, they aim to foster responsible management, protect
stakeholder interests, and promote sustainable corporate value creation within the unique socio-economic
context of Cameroon. However, practical governance remains impaired by political interference, inadequate
board expertise, slow compliance, and systemic institutional weaknesses. These challenges hinder corporations,
particularly public enterprises, from achieving sustained performance and shareholder value. Evaluating the
effectiveness of these mechanisms is crucial to understanding how well they ensure good governance, enhance
organizational performance, and contribute to the overall stability and development of the corporate sector in
Cameroon.

2. Measures Taken by the Government of Cameroon in Regulating Corporate Governance Practices in
Cameroon

Corporate governance as earlier mentioned refers to the system of rules, practices, and processes by which
companies are directed and controlled to ensure transparency, accountability, and efficient management. In
Cameroon, the effectiveness of mechanisms regulating corporate governance is of paramount importance due to
its impact on economic growth, investment confidence, and business sustainability. The country’s corporate
governance framework is shaped by national legislation such as the OHADA Uniform Act, complemented by
local customs and international best practices. Cameroon has taken several measures to ensure good corporate
governance, focusing on legal frameworks, codes of conduct, and institutional reforms: Cameroon has made
significant strides through the implementation of OHADA (Organization for the Harmonization of Business Law
in Africa) reforms and complementary national measures, but challenges remain, especially in bilingual and
regional contexts.

2.1 Adoption of the OHADA Uniform Laws

Cameroon is a member of OHADA (Organization for the Harmonization of Business Law in Africa), which
provides a uniform legal framework for business and corporate governance across member states. The OHADA
Uniform Act on Commercial Companies and Economic Interest Groups sets clear guidelines on corporate

!5 This was an Italian company specialized in the production and sales of dairy products. After been listed on the stock exchange in the
1990s, it started acquiring a number of companies in different sectors of activity in Europe, Latin America and Africa. In Italy, it
acquired the football giant Parma F.C., Parma Tour Resorts and Odeon TV. Faced with a financial turmoil in 2003, the company
succumbed to insolvency.

! These are the groups and/or individuals that have an effect on or who feel the effect of the functioning of the company. It is the group of

persons whose contribution is necessary for the continuous operation of the enterprise. They include: shareholders, management and
directors, staff, suppliers and creditors.

2 Emelia A., Imbarine B, Agnes P, Jamaliah S., (2022). Corporate governance challenges and opportunities in mitigating corporate fraud in

Malaysia. Journal of Financial Crime, 29(2), pp. 620-638:630.

3 Ayandele, 1. A, & Isichei E. E., (2013). Corporate Governance Practices and Challenges in Africa. European Journal of Business and

Management, 5(4), pp. 51-59.

Young, B., (2003). Corporate Governance: is there a relationship? Entrepreneur. Com, University of Western Ontario.
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structures, shareholder rights, director responsibilities, and financial disclosures'. This harmonization promotes
transparency, accountability, and legal certainty for businesses operating in Cameroon. In this light, OHADA
provides a harmonized legal framework governing company law, commercial transactions, and corporate
governance across its 17 member states, including Cameroon.> The Uniform Act on Commercial Companies
(2014) simplifies and standardizes company formation, governance rules, and shareholder protections. For
example, Cameroon’s Law No. 2016/014 reduced minimum share capital and made notarial deeds optional for
setting up Limited Liability Companies (SARLs), simplifying registration. This reform led to easier company
formation, increased formalization, and saved costs for entrepreneurs, especially SMEs.?

2.2 Code of Good Corporate Governance

The Inter-Patronal Group of Cameroon (GICAM) has developed and promoted a Code of Good Corporate
Governance designed for large companies, public enterprises, and regulated firms. The Code outlines principles
such as sustainability, equity, integrity, accountability, transparency, and inclusion. It aims to guide company
managers and boards to make informed, ethical decisions and increase trust among stakeholders.* The Code
emphasizes the importance of clear board responsibilities, risk management, and control mechanisms®. Beyond
OHADA, Cameroon’s private sector actors like GICAM have promulgated corporate governance codes
emphasizing ethics, transparency, risk management, and stakeholder engagement. Capacity-building initiatives
aim to train directors and auditors to uphold governance standards aligned with international best practices. For
example, the GICAM Code of Good Corporate Governance provides guiding principles for large companies and
encourages adoption of internal controls and audit committees, which improve compliance and governance
quality at firm level.®

The OHADA reforms have increased business registration and lowered costs, facilitating greater private sector
participation. This has particularly benefited small businesses by allowing formal entry into the economy,
increasing potential to access credit and grow. For Example, a World Bank and OHADA impact study noted
increased access to finance and business registration in Cameroon, with SMEs benefiting from simplified
collateral mechanisms and lower bureaucratic barriers.

2.3 Regulatory and Institutional Reforms

Cameroon has strengthened business registration processes, tax compliance, and regulatory oversight to create a
sound governance environment. Recent laws aim to streamline compliance requirements and improve
enforcement mechanisms, reducing bureaucracy and encouraging formalization of companies. Also, the
establishment of different institutions to handle issues dealing with corporate governance is an applause.
Cameroon’s courts apply OHADA laws to resolve corporate disputes, and arbitration systems have been set up to
facilitate business conflict resolution with more predictability and speed. This legal certainty is vital for investor
confidence and robust governance. For Example, the establishment of internal arbitration bodies within
employer associations supports faster resolution of commercial disputes to safeguard investments and corporate
governance.

2.4 Encouraging Stakeholder Engagement and Transparency

Measures include promoting shareholder participation in annual general meetings and encouraging the
establishment of independent audit committees. These steps increase oversight and help align corporate actions
with broader stakeholder interests. The Cameroon government, in collaboration with the private sector (notably
GICAM), emphasizes the importance of inclusive governance where stakeholders such as shareholders,
employees, and the public actively participate. The 2023 Code of Good Corporate Governance developed by
GICAM promotes transparency through mandatory disclosure of financial and non-financial information and
encourages companies to hold meaningful annual general meetings where shareholders can voice concerns. For
Example, efforts are underway to roll out a Good Governance Label for firms complying with the Code,

! Bhasa M.P., (2004). Global Corporate Governance debates and Challenges. Corporate Governance, (2), pp. 5-17:10.

2 Ibid.

3 Dabor, E. L. & Adeyemi S.B., (2009). Corporate Governance and the Credibility of Financial Statements in Nigeria. Journal of Business

Systems, Governance and Ethics, 4(1), pp. 13-24:20.

4 Elebute K., (2000). Corporate Governance reporting and Shareholder value. Business and Management Journal, 3(1), pp. 8-19:10.

5 Gatamah, K., (2008). Corporate Governance in the African Context. Economic Reform Feature Service, 1-6.

http://www.cipe.org/publications/fs/pdf/033108.pdf (Accessed 12th February 2025)

¢ Elkington J., (1997). Cannibals with forks: The Triple Bottom line of the 21st century Business. London Capstone, p. 67.
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increasing investor confidence and public trust in these companies. !

The active involvement of public administrations, regulatory bodies, international organizations, and private
companies in governance reforms signals a collaborative governance ecosystem in Cameroon. This collective
engagement fosters ownership, improves compliance, and advances corporate citizenship. The code’s upcoming
initiatives, such as a Good Governance Label and Director Training Institutes, highlight forward-looking
institutional capacity-building.

2.5 Technological Integration and Monitoring

There is increasing recognition of using digital tools for compliance monitoring and reporting. Innovations like
blockchain and data analytics are expected to enhance transparency and accountability by ensuring accurate,
real-time reporting. To enhance compliance, Cameroon is increasingly adopting digital solutions to monitor
corporate activities. Digital platforms enable regulatory authorities to track filings, tax payments, and corporate
disclosures more efficiently. The recent reforms in business registration and tax compliance leverage online
systems to reduce bureaucratic delays and improve transparency. For Example, the simplified procedures for
company incorporation include online filing, speeding up processes and making it easier to monitor companies’
legal compliance. Laws like the 2013 Transparency of Financial Management Act have sharpened focus on
ethical financial reporting and mandatory disclosures. The National Securities Commission and Cameroon Stock
Exchange enforce compliance among listed companies, improving investor confidence and market integrity.

2.6 Focus on Capacity Building and Training

Programs for training company directors, statutory auditors, and business leaders on governance principles and
ethical standards are being encouraged. Building local expertise enhances compliance and decision-making
quality. Recognizing limited expertise as a barrier to good governance, the government and private organizations
facilitate training for directors, auditors, and managers on governance principles, ethics, and legal obligations.
Institutes and workshops are being established to develop governance competencies aligned with OHADA laws
and international standards. For Example, GICAM’s Corporate Governance Initiative includes training programs
and the upcoming Institute for Directors and Managers to professionalize corporate leadership in Cameroon.

2.7 Imposition of Fines and Other Forms of Punishment for Violators of Corporate Governance in Cameroon

The government enforces corporate governance compliance through regulatory agencies such as the Ministry of
Commerce and National Agency for Standards and Quality. Companies violating governance-related regulations
face fines, suspension of licenses, or prosecution, depending on the severity. This punitive approach is meant to
deter misconduct and enforce accountability.

Example: Companies that fail to file annual returns, commit financial misreporting, or engage in
anti-competitive practices risk penalties, license revocation, or legal action by authorities.

These governance improvements support a more stable and attractive business environment. Cameroon’s
progress in governance correlates with modest economic growth and increasing formalization of enterprises,
creating conditions more conducive to investment and sustainable business practices. In summary, Cameroon’s
successes in corporate governance stem from enhanced legal frameworks via OHADA, the creation of a bespoke
national governance code, multi-stakeholder collaboration, and improved transparency in corporate reporting.
These efforts lay the foundation for stronger corporate accountability and sustainable economic development.
Continued enforcement, education, and systemic reform are keys to building on these gains.?

3. Challenges Faced in Regulating the Practices of Corporate Governance in Cameroon

Corporate governance in Cameroon faces several challenges, including weak regulatory frameworks, a lack of
transparency and accountability, and inadequate board professionalism. These issues can hinder the effectiveness
of governance practices, impacting financial performance and sustainability, particularly in microfinance
institutions. Furthermore, political interference, insufficient oversight, and poor strategic planning in both public
and private sectors contribute to these challenges.> While there are laws and corporate governance codes for
ensuring good corporate governance in Cameroon the major challenge lies in the weakened, inefficient and

! CODE OF GOOD CORPORATE GOVERNANCE - GECAM
https://legecam.cm/wp-content/uploads/2024/06/code-for-good-corporate-governanceen-new.pdf (Accessed on 16/7/2025)

2 REPORT ON CAMEROON ECONOMY IN 2023 | Minepat
https://minepat.gov.cm/wp-content/uploads/2022/01/REPORT-ON-CAMEROON-ECONOMY-IN-2023.pdf (Accessed on 18/2/2025)

3 Ibru C., (2008). The corporate Governance Question — Paper presented at the roundtable for Proactive laws and Good Governance in

Nigeria. International Conference Centre Abuja Nigeria, p. 10.
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inadequate legal and regulatory frameworks for enforcing and monitoring compliance.! The objective of this
section therefore is to identify the major challenges to corporate governance reforms and suggest some possible
solutions®. The Cameroon’s legal enforcement and regulatory framework are weakened and made inefficient by
institutionalized corruption has been widely accepted as the bane of poor corporate governance in Cameroon, but
this alone cannot be blamed for the persistent corporate governance failures in Cameroon. There are other
socio-political, economic, and cultural factors that create the dismal corporate governance environment in a
country’, and these factors are analyzed within the socio-political context of contemporary Cameroon in order to
provide more detailed insights into the challenges to corporate governance reforms in Cameroon, which are
discussed in the subsequent paragraphs®.

3.1 Weak Regulatory Framework

Cameroon’s corporate governance is regulated mainly by the OHADA Uniform Act and some local laws, but
these frameworks are often weak, fragmented, and inconsistently enforced®. The frequent amendments and lack
of awareness about governance regulations among companies limit effectiveness. Enforcement agencies lack
resources and capacity, creating a culture of impunity where governance breaches go unchecked®. This weak
framework creates an environment where transparency and accountability are compromised, leading to
mismanagement and corruption. For example, many SMEs are unaware or ill-equipped to comply with OHADA
laws, resulting in poor financial reporting and governance lapses that deter investment.’

In the same light therefore, Cameroon faces fragmented and sometimes outdated corporate laws, causing
confusion and inconsistent compliance among firms. Frequent amendments without effective communication
worsen this issue. Businesses, especially SMEs, often lack awareness of critical frameworks like OHADA
(Organization for the Harmonization of Business Law in Africa), resulting in legal breaches and weakened
governance.®

Cameroon is a country where the ruling elites have little respect for the laws of the land. Rather than obeying
laws, the politicians will peddle their political influence and connections to circumvent and violate laid down
procedures and control mechanisms.” Cameroon operates a unique system where the ruling political elites are
treated as ‘untouchables’ and ‘above the law.’! The country’s law enforcement agencies have been deliberately
weakened by the corrupt practices of the political elites either military or civilian such that they are more
inclined to look the other way instead of confronting the ‘big men’. The institutionalized corruption discussed
above is so entrenched that law enforcement is done alongside a culture of political patronage!!. The politicians
siphon public funds and launder them through the corporations and use their political influence to prevent the
law enforcement agencies from investigating their cronies'?. It is these corrupt practices and abuse of official

Mapping the Landscape of Corporate Governance Research in...
https://www.sciedu.ca/journal/index.php/afi/article/download/26942/16609; 2023 Investment Climate Statements: Cameroon
https://www.state.gov/reports/2023-investment-climate-statements/cameroon/ (Accessed on 4/3/2025)

2 Ngwakwe C.C., (2009). Environmental Responsibility and Firm Performance: Evidence from Nigeria. International Journal of Humanities

and Social Sciences, 3(2), pp. 97-103:100.

3 Meyer K. E., (2006). Asian management research needs more self-confidence. Asia Pacific Journal of Management, 23, pp. 119-137:119.

4 Ibid.

Creation of companies: Cameroon simplifies the formalities for...
https://www.ohada.com/actualite/3264/creation-dentreprises-le-cameroun-simplifie-les-formalites-de-constitution-des-sarl.html?langue
=en (Accessed on 21/4/2025)

¢ Settings Up a Company in Cameroon: Legal Process... https:/kinsmenadvocates.com/cameroon/setting-up-a-company-in-cameroon/

(Accessed on 21/6/2025)
7 Ibid.
8 Corporate Governance and Compliance in Cameroon. https://generisonline.com/corporate-governance-and-compliance-in-cameroon/
(Accessed on 15/4/2025)

Understanding Corporate Governance Standards in Cameroon.
https://generisonline.com/understanding-corporate-governance-standards-in-cameroon/ (Accessed on 9/5/2025)

10" Ahunwa B., (2002). Corporate Governance in Nigeria. Journal of Business Ethics, 37, pp. 269-286:280.

" Amao A., (2008). Corporate Governance, Multi National Corporations and the law in Nigeria: Controlling Multinationals in host State.
Journal of African Law, 52, 89-113.

12 Dike, V. E., (2005). Corruption in Nigeria: A New Paradigm for Effective Control, Africa Economic Analysis. Available at
http://www.africaeconomicanalysis.org/articles/gen/corruptiondikehtm.html (Accessed on 1/8/2025)
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privileges that have made Transparency International to consistently list Cameroon as one of the most corrupt
countries in the world.!

The Corporate governance mechanisms in Cameroon will always weak remain as long as the politicians and
business owners are closely linked and are mutually dependent on each other for bribes and patronage®. The
politicians need the corporations and business professionals to launder their ill gotten wealth and to consolidate
their hold on power® and the business class need the politician for government contracts and patronage. The
business owners also rely on the politicians for protection to avoid paying taxes and to avoid criminal
investigation, arrest and subsequent prosecution for their corrupt practices and tax evasion.*

3.2 Institutionalized Corruption

Corruption in Cameroon is deeply embedded across public and private sectors, undermining corporate
governance. Bribery, nepotism, and patronage influence regulatory approvals, contracts, and audits®. This erodes
trust in governance structures and favors insiders at the expense of shareholders and other stakeholders. Due to
weak enforcement and oversight, corrupt practices have become normalized, promoting unethical behavior and
financial mismanagement. For example, financial institutions and public companies frequently face governance
challenges linked to corrupt practices among directors and auditors, leading to bankruptcies or insolvencies like
the case of Cofinese PLC.

Enforcement mechanisms for governance laws are underutilized or ineffective due to limited resources and
capacity within regulatory authorities. This leads to a culture of impunity where breaches are not punished,
fostering corruption and mismanagement. Bureaucratic red tape also slows compliance and deters investment,
adding operational burdens on companies.®

Corporations cannot be divorced from the corruption that exists in the society in which they are operating
especially if they are operating in a weakened corporate governance environment like Nigeria and Cameroon’.
After attaining independence from France in 1960, Cameroon was ruled by corrupts governments officers for a
total of thirty years while the remaining twenty has been under corrupt civilian elite. Under both systems, a
culture of political patronage was fostered on the country by the ruling class; the military regimes
institutionalized corruption and created an atmosphere of impunity from arrest and legal prosecution while the
politicians shielded law breakers (who are politically connected) from investigations and prosecution®. The
politicians often appoint their cronies as board members of government agencies and use them to award bogus
and over inflated contracts to private sector corporations in which they have controlling interest, influence or
powers to extract bribes from. In other instances, the private sector organization offer kickbacks to the politicians
and helped them to launder their loot through legitimate corporate channels.” For Example, the financial sector
often illustrates these governance failures. Despite strong banking laws under the Central Bank of Cameroon,
enforcement lapses and weak internal controls have led to mistrust among investors and occasional banking
crises or failures due to mismanagement. Similarly, bureaucratic delays in regulatory approvals and opaque

! Amaeshi K. & Amao O., (2008). Corporate Social Responsibility (CSR) in Transnational Spaces: An Institutionalist Deconstruction of

MNC CSR Practices in the Nigeria Oil and Gas Sector, CSGR. Working Paper 248/08, p. 7.

Speciality Diploma in Corporate Governance, with Major in Business...
https://www.ohada.org/en/speciality-diploma-in-corporate-governance-with-major-in-business-administration-in-ohada-procedures-with
-major-in-enforcement-procedures-and-the-ohada-arbitration-certificate/ (Accessed on 21/6/2025)

3 Bakre O., (2007). Opcit.

4 Okike E.N.M., (2007). Corporate Governance in Nigeria: The Status quo. Corporate Governance, 2(15), pp. 173-193:184.

5 Neneng Law Office - Business & Corporate Law Firm in Cameroon.
https://www.nenenglawoftice.com/post/13-business-compliance-tips-to-protect-your-company-in-cameroon-2025 (Accessed on
27/7/2025)

¢ Mapping the Landscape of Corporate Governance Research in... https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5032888 (Accessed

on 18/5/2025)

7 Liu, M. & Lin Z., (2009). The determinants of auditors switch from the perspective of corporate vernance in China. Corporate Governance.

An International Review, 17, pp. 476-491:490.

Investing In... 2025 — Cameroon — Global Practice Guides.
https://practiceguides.chambers.com/practice-guides/investing-in-2025/cameroon (Accessed on 27/6/2025)

° Bakre O., (2007). Money Laundering and Trans-organised Financial Crime in Nigeria: Collaboration of the Local and Foreign Capitalist

Elites. WP 07/03 Department of Accounting and Finance, University of Essex, UK, p. 34.



FRONTIERS IN MANAGEMENT SCIENCE SEP. 2025 VOL.4, NO.5

decision-making often stifle growth for enterprises across sectors.!
3.3 Widespread Poverty Caused by High Unemployment

High unemployment and poverty limit the capacity of many stakeholders to demand good governance. Poverty
restricts shareholder activism and public participation in governance, weakening checks on corporate
misconduct.> Moreover, economic hardship incentivizes corrupt behavior as individuals seek alternative income
sources, perpetuating weak governance cultures. Companies focused on short-term survival often neglect
long-term governance reforms?.

Example: The general business environment is affected by a lack of investor confidence partly related to
economic instability and unemployment that discourage transparent and resilient governance.*

The third major challenge to corporate governance reforms in Cameroon’s is the wide spread poverty and high
unemployment.® Over 70 percent of the Cameroon population lives below the absolute poverty line of less than
one U.S dollars per day and the country’s unemployment rate is approximately 50 percent of the population.®
Thus, the incentives for doing business transparently, accountably and maintaining high ethical standards are
nonexistent’. Corporations in Cameroon often behave in manners that suggest that they are not bothered by the
environment and social responsibility concerns of the citizens®. Cameroon is a country where the government
has persistently reneged on its many promises of rapid development promises to the people such that
corporations are more inclined to disrespecting the people’s rights, doing business unethically, damaging the
natural environment than embarking on corporate social responsibility®. Due to the widespread poverty,
whistle-blowing on unethical corporate practices or professional misconducts are not encouraged'’. There are
many cases where fraudulent acts have been reported to government agencies by employees, informed outsiders
or even professionals but very little have resulted from it'!. Those who blew the whistle often become the
victims of oppression instead of being protected and rewarded for their patriotic acts.'?

3.4 Collapsed of Moral Values

The erosion of ethical standards and moral values in both society and business impairs corporate governance. A
decline in integrity, respect for the rule of law, and accountability facilitates managerial abuses and neglect of
corporate social responsibilities!®. This moral decay hampers the establishment of trust and ethical leadership,
essential pillars for effective governance.'* Example: Cases of corporate fraud, misappropriation of funds, and
insider abuses are widespread and tolerated, reflecting broader societal challenges in ethics and lawfulness."

! Reed, D., (2002). Corporate Governance Reforms in Developing Countries. Journal of Business Ethics, 37, pp. 223-247:229.

2 Ibid.

3 Vinten G, (1998). Corporate governance: An International state of the art. Managerial Auditing Journal, 13(7), pp. 419-431:420.
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The fourth challenge to good corporate governance in Cameroon is the collapse of the country’s moral values'.
While Cameroonians are seen to be very religious, with 90 percent of the population subscribing to one form of
religion or the other?, the lack of transparency and accountability especially amongst the religious leaders have
made the religious institutions to become accomplices to the widespread corruption.® The country is often
described as a nation with no moral values or has lost its moral compass such that the religious institutions are
more interested in material things rather than the spiritual development of the believers®. The institutional and
widespread corruption discussed above has eaten deep into the Cameroonian society® such that some religious
leaders who are accused of money laundering and other criminal acts are not investigated and brought to justice.
Faith-based organizations are consistently accused of financial impropriety at different times to the extent that
the people seem to be losing their faith and confidence in these religious institutions.® Moreover, most religious
organizations do not have annual audited financial statements and do not submit their annual reports to the CAC.
The situation is worse when prominence is given to the corrupt politicians and business owners by the various
religious leaders and institutions.”

3.5 Failing Standard of Education

The education system’s shortcomings contribute to poor corporate governance skills and awareness. Lack of
training in ethical business practices, financial literacy, and governance principles among company leaders and
regulators undermines enforcement and compliance®. Weak professional and managerial capabilities inhibit the
implementation of sound governance frameworks and responsible decision-making. Example: Many companies
lack competent boards or qualified auditors to ensure transparency and accountability due to limited education
and vocational training opportunities.

The fifth challenge is the falling standard of education in Cameroon, the educational institutions which are
supposed to inculcate the moral values of honesty; integrity and rectitude in young minds are bogged down by
strikes, inefficient leadership, insufficient funding, low staff morale and rampant closures. The quality of
education in Cameroon has declined steadily since the mid-1980s due to corruption, poor funding, rampant
closures and industrial actions by staff union’. Eventually, the students will graduate without obtaining the
optimum level of learning from institutions bedevilled by favouritism, cultism, examination malpractices or
other vices only to join the expanding band wagon of unemployed youths who are seeking employment. Only
few graduates are able to find employment and those who get employed do so through nepotism, the political
patronage or business connections referred to above and they start their training in political intrigues and high
stake corruption very early in their career due to poor business ethics in the public and private sectors'’.

The graduates observed their supervisors and manager breaking business rules, circumventing established
procedures and avoiding internal control systems or ignoring code of conduct yet cannot blow the whistle for
fear of losing their jobs. Before very long, they too get accustomed to these unethical conducts and corrupt
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practices which has been perpetrated by their mentors such that when they are promoted to senior positions they
have become adept at breaking rules, cutting corners and adopting sharp practices.!

3.6 Lack of Transparency and Accountability

Due to poor disclosure practices and unclear roles within boards and management, many companies in
Cameroon struggle with stakeholder mistrust. This limits effective oversight, increases risks of corporate fraud,
and reduces investor confidence. Shareholder engagement remains weak, weakening external checks on
management. Different sectors, such as finance and telecommunications, face unique governance hurdles?. For
instance, financial institutions must navigate strict regulatory demands to protect investors and maintain market
integrity, yet enforcement gaps undermine this. Telecommunications grapple with issues like consumer
protection and data privacy amid rapid digital growth, lacking robust governance protocols. There is research
noting that Cameroon has gaps in blending traditional local governance concepts with modern corporate
practices. This disconnect impedes widespread governance reforms and adoption of best practices.?

4. Prospects for Ensuring Good Corporate Governance Practices in Cameroon
4.1 Demarcating the Boundary Between Business and Government

The first step to overcoming the corporate governance reform challenges in Cameroon is to demarcate the
boundary between businesses and politics. This means that clearly separating the corporations from the
government agencies that patronize them. The office of public procurement should prevent all political
interferences in selecting bids for government contracts. Separating business and government functions is
essential to reduce conflicts of interest, political interference, and corruption. When governments interfere
excessively in businesses or state-owned enterprises, it undermines transparency and accountability, key pillars
of governance. Clear demarcation enables independent business decision-making and strengthens regulatory
oversight. Example: In Cameroon, blurred lines between political officials and business leaders have historically
led to patronage and corruption, weakening corporate governance. Demarcation can help rebuild investor trust
by insulating corporate boards from political pressure.*

There must be clear distinction between the political elites and the business owners. The existing policies that
forbid political office holders and public servants from being directors in private sectors corporations should be
enforced by the CAC and other relevant government agencies. If enforced properly, the inherent conflict of
interests which leads to unethical decisions by corrupt government officials would be checked and this will make
contract bidding more competitive. Unless these laws are enforced properly and equally to all without prejudice
to personalities or political positions, Cameroon cannot have a good corporate governance environment® and the
present efforts at corporate governance reforms will surely come to naught.®

4.2 Establishment of a Special Corporate Affairs Tribunal

A dedicated tribunal to handle corporate governance disputes and enforcement enhances speedy resolution of
conflicts and enforcement of governance regulations.” This specialized body would build expertise, improve
legal certainty, and discourage frivolous litigation. It also signals government commitment to upholding
governance standards. For example, several countries with thriving corporate sectors have specialized
commercial courts or tribunals that improve compliance. Cameroon could replicate such models to address slow

! Bello- Imam 1. B., (2004). Corruption and National Development, in Bello-Imama and Obadan .M Eds Democratic Governance and

Development in Nigeria's fourth Republic 1999-2003. Ibadan CLGRDS,
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3 The Current State of Business in Cameroon - AFSIC 2025. https://www.afsic.net/the-current-state-of-business-in-cameroon-2/ (Accessed

on 18/6/2025)

4 Overview of Business Law in Cameroon - AFSIC — Investing in Africa. https:/www.afsic.net/overview-of-business-law-in-cameroon/

(Accessed on 20/4/2025)
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and inefficient general courts which undermine corporate governance enforcement.!

The second step is to establish a special corporate affairs tribunal where violators of the CAMA are tried
promptly and speedily. The present situation where violators are simply fined and allowed to remain in
operations does not serve as enough deterrence to the violators. Prosecuting the offenders through the regular
courts is not only time wasting (lasting between two and ten years) but also resource consuming as all kinds of
legal injunctions are sought and obtained to delay and frustrate the trials.

4.3 Promoting the Culture of Whistle Blowing

Whistleblowing in corporate governance refers to the act of exposing illegal, unethical, or improper activities
within an organization by employees or insiders. It serves as a critical mechanism to promote transparency,
accountability, and integrity in corporate operations.

Whistleblowers act as an early line of defense against corruption, fraud, and misconduct that might otherwise
remain hidden, thereby enhancing the trust of shareholders, customers, and the public in the organization’s
governance. By encouraging the reporting of wrongdoing, whistleblowing deters unethical behavior and
promotes a culture of integrity and ethical conduct, which are foundational to good corporate governance.

Whistleblowing also protects the broader interests of stakeholders by preventing financial losses, reputational
damage, and legal consequences. For example, in the financial sector, whistleblowers have uncovered fraudulent
schemes that could have led to significant investor losses. Moreover, companies that foster a supportive
environment for whistleblowers tend to have stronger ethical cultures, increasing employee morale and overall
corporate governance quality.

Implementing effective whistleblowing systems ensures issues are detected early and addressed promptly,
reducing risks of escalation and reputational harm. Such systems promote compliance with legal and regulatory
requirements, protecting both the organization and the whistleblower from retaliation. An ethical environment
with safe channels for whistleblowing encourages employees to speak up without fear, improving organizational
transparency and accountability.

Whistleblowing is a powerful mechanism to expose corruption, fraud, and governance breaches from within
companies and institutions, increasing transparency and accountability. Establishing legal protections,
anonymous reporting channels, and incentives can encourage employees and stakeholders to report unethical
behavior without fear of retaliation.

Example: Effective whistleblowing programs in developed markets have enhanced corporate compliance. In
Cameroon, promoting this culture is critical given the weak detection mechanisms in business practices.

4.3.1 Enhancing Business Ethics Through Moral Education

Embedding ethical values in business education and leadership development raises awareness about responsible
governance and builds long-term stakeholder trust. Moral education enriches understanding of corporate social
responsibility, ethical decision-making, and the societal impacts of governance failures.

Example: Cameroon’s educational reforms could include governance and ethics modules in business schools and
professional training, addressing current deficiencies in managerial capabilities and integrity issues documented
in many firms*

4.4 Facilitating Rural Development Through Employment Generation

By generating employment and fostering economic development in rural areas, governance compliance
indirectly improves. Economic stability reduces pressures that lead to corrupt practices and unethical shortcuts.
Moreover, rural development expands the shareholder and stakeholder base, fostering a broader culture of
accountability and engagement.

Example: Initiatives by government and private sector to create rural jobs contribute to social stability, reducing
governance risks related to poverty and unemployment in Cameroon.’

' Ibid.

2 Cameroon Overview: Development news, research, data | World Bank. https://www.worldbank.org/en/country/cameroon/overview

(Accessed on 4/8/2025)
3 Komolafe B., (2008). Corruption: ICAN call for Whistle Blowing Act; Reduced Regulation.
4 Cameroon achieves fairly low score in EITI implementation. https://eiti.org/news/cameroon-achieves-fairly-low-score-eiti-implementation
(Accessed on 10/7/2025)

Investing In... 2025 - Cameroon - Global Practice Guides.
https://practiceguides.chambers.com/practice-guides/investing-in-2025/cameroon (Accessed on 17/7/2025)
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At present, the country’s macroeconomic policies are focused on job creation at the urban centres with limited
infrastructural development and employment opportunities in the rural area. This centralization of resources and
amenities in the cities breeds corruption and creates a poor corporate governance environment. A political
solution to both menaces is to decentralize resources and promote employment generation at the local level
through fiscal federalism such that development is resource driven and grassroots oriented as was the case in the
1960s. Cameroon’s should be allowed to develop from the rural area and hinterland through agriculture and
other local resource-based employment activities rather than pursuing bogus contracts and other get rich quick
schemes in the big cities and urban centres.

5. Conclusion

This chapter discusses the successes and the challenges to corporate governance reforms in Cameroon after
agreeing to the fact that the country’s corporate laws and corporate governance codes as sufficient for promoting
good corporate governance in Cameroon. It identifies the challenges as institutionalized corruption, weak
regulatory framework, wide-spread poverty caused by high unemployment, collapse of the countries moral
values and the falling standard of education. The article suggested a set of possible solutions which include
demarcating the boundaries between business and government, establishing a special corporate affairs tribunal in
the judiciary to try offenders of the country’s corporate laws, promoting a culture of whistle blowing, enhancing
business ethics through moral education as well as facilitating rural development through resource based grass
root employment opportunities. Before Cameroon can enjoy the benefits of good corporate governance the
government or the body in charge of ensuring that companies abide to the rules of corporate governance live
must effectively enforce and monitor compliance by corporations and should be able to impose sanctions on
offenders and violators without fear or prejudice in order to boost investors’ confidence and public trust and
make shareholders and other stakeholder feel protected from corporate exploitation and mismanagement.

References
Ahunwa B., (2002). Corporate Governance in Nigeria. Journal of Business Ethics, 37, pp. 269-286.
Akosile, A., (2007, August 28). Protecting the Whistle Blower — Thisday.

Amaeshi K. & Amao O., (2008). Corporate Social Responsibility (CSR) in Transnational Spaces: An
Institutionalist Deconstruction of MNC CSR Practices in the Nigeria Oil and Gas Sector, CSGR. Working
Paper 248/08.

Amao A., (2008). Corporate Governance, Multi National Corporations and the law in Nigeria: Controlling
Multinationals in host State. Journal of African Law, 52, 89-113.

Ayandele, 1. A, & Isichei E. E., (2013). Corporate Governance Practices and Challenges in Africa. European
Journal of Business and Management, 5(4), pp. 51-59.

Babalola A., (2006). The Dwindling Standard of Education in Nigeria: The way forward, First Distinguished
Lecture Series, Lead University, Ibadan, Nigeria.

Bakre O., (2007). Money Laundering and Trans-organised Financial Crime in Nigeria: Collaboration of the
Local and Foreign Capitalist Elites. WP 07/03 Department of Accounting and Finance, University of
Essex, U.K.

Bhasa M.P., (2004). Global Corporate Governance debates and Challenges. Corporate Governance, (2), pp.
5-17.
Brain R.C., (2012). The history of corporate governance. Working paper no 184/2012.

Ciancanelli P., (2000). Corporate governance in banking: A conceptual framework. Presentation at the European
Financial Management Association Conference, available online at
http://papers.ssrn.com/paper.taf?abstract_id=253714. (Last consulted on 13/02/2024)

Corporate Governance and Compliance in Cameroon
https://generisonline.com/corporate-governance-and-compliance-in-cameroon/ (Accessed on 15/4/2025)

Creation of companies: Cameroon simplifies the formalities for...
https://www.ohada.com/actualite/3264/creation-dentreprises-le-cameroun-simplifie-les-formalites-de-consti
tution-des-sarl.html?langue=en (Accessed on 21/4/2025)

Dabor, E. L. & Adeyemi S.B., (2009). Corporate Governance and the Credibility of Financial Statements in
Nigeria. Journal of Business Systems, Governance and Ethics, 4(1), pp. 13-24.

Davies P.L., (2003). Gower and Davies Principles of Modern Company Law, Tth ed. London, Sweet & Maxwell.

Dike, V. E., (2005). Corruption in Nigeria: A New Paradigm for Effective Control, Africa Economic Analysis.
Available at http://www.africaeconomicanalysis.org/articles/gen/corruptiondikehtm.html (Accessed on

12



FRONTIERS IN MANAGEMENT SCIENCE SEP. 2025 VOL.4, NO.5

1/8/2025)

Elebute K., (2000). Corporate Governance reporting and Shareholder value. Business and Management Journal,
3(1), pp. 8-19.

Elkington J., (1997). Cannibals with forks: The Triple Bottom line of the 21st century Business. London
Capstone.

Ewane Motto P.C, (2015). La gouvernance des sociétés commerciales en droit de ’OHADA. Théese de Doctorat,
Université¢ de Douala-Université de Paris-Est.

Gatamah, K., (2008). Corporate Governance in the African Context. Economic Reform Feature Service, 1-6.
http://www.cipe.org/publications/fs/pdf/033108.pdf (Accessed 12th February 2025)

Ibru C., (2008). The corporate Governance Question — Paper presented at the roundtable for Proactive laws and
Good Governance in Nigeria. International Conference Centre Abuja Nigeria.

Investment Climate Statements: Cameroon
https://www.state.gov/reports/2023-investment-climate-statements/cameroon/ (Accessed on 4/3/2025)

Ite U.E., (2004). Multi National Corporations & Corporate Social Responsibility in Developing Countries: A
Case Study of Nigeria. Corporate Social Responsibility and Environmental Management, 11(1), pp. 1-11.

Kay, J. & Silberston, A., (1995). Corporate Governance. National Institute of Economic Review, 153(1), pp.
84-107.

King M., (2006). The Corporate Citizen: Corporate Governance for all entities. Johannesburg, South Africa:
Penguin.

Liu, M. & Lin Z., (2009). The determinants of auditors switch from the perspective of corporate vernance in
China. Corporate Governance. An International Review, 17, pp. 476-491.

Mapping the Landscape of Corporate Governance Research in...
https://www.sciedu.ca/journal/index.php/afi/article/download/26942/16609 (Accessed on 13/6/2025)

Meyer K. E., (2006). Asian management research needs more self-confidence. Asia Pacific Journal of
Management, 23, pp. 119-137.

Ngwakwe C.C., (2009). Environmental Responsibility and Firm Performance: Evidence from Nigeria.
International Journal of Humanities and Social Sciences, 3(2), pp. 97-103.

Norman V.E., (1993). The Emergence of Corporate Governance as a New Legal Discipline. The Business
Lawyer, 48(4), pp. 1276-1270.

Okike E.N.M., (2007). Corporate Governance in Nigeria: The Status quo. Corporate Governance, 2(15), pp.
173-193.

Oluseun Paseda A., (2012). The Code for corporate governance of banks in Nigeria: a critique. Nigerian Journal
of Finance, 2.

Plessis J.J., Anil G.H. & Bagaric M., (2010). Principles of Contemporary Corporate Governance, 2nd ed.,
Cambridge University Press.

Reed, D., (2002). Corporate Governance Reforms in Developing Countries. Journal of Business Ethics, 37, pp.
223-247.

REPORT ON CAMEROON ECONOMY IN 2023 | Minepat
https://minepat.gov.cm/wp-content/uploads/2022/01/REPORT-ON-CAMEROON-ECONOMY-IN-2023.pdf
(Accessed on 18/2/2025)

Salacuse J.W., (2004). Corporate Governance in the New Century. Company Lawyer, 25(3), pp. 69-83.

Settings Up a Company in Cameroon: Legal Process...
https://kinsmenadvocates.com/cameroon/setting-up-a-company-in-cameroon/ (Accessed on 21/6/2025)

Speciality Diploma in Corporate Governance, with Major in Business...
https://www.ohada.org/en/speciality-diploma-in-corporate-governance-with-major-in-business-administrati
on-in-ohada-procedures-with-major-in-enforcement-procedures-and-the-ohada-arbitration-certificate/
(Accessed on 21/6/2025)

Tukur, M., (1999). Leadership and Governance in Nigeria: The Relevance of values. London Hudahuba/ Hodder
& Stoughton.

Ugoji & Isele, (2009). Stress management & corporate governance In Nigerian Organizations. European Journal
of Scientific Research, 27(3), pp. 472-478.

13



FRONTIERS IN MANAGEMENT SCIENCE SEP. 2025 VOL.4, NO.5

Understanding Corporate Governance Standards in Cameroon
https://generisonline.com/understanding-corporate-governance-standards-in-cameroon/  (Accessed  on
9/5/2025)

Vaughan M. & Ryan L.V., (2006,). Corporate governance in South Africa: A bellwether for the Continent?
Corporate Governance, 14(5), pp. 504-512.

Vinten G, (1998). Corporate governance: An International state of the art. Managerial Auditing Journal, 13(7),
pp- 419-431.

Vinten G., (2002). The Corporate governance lessons of Enron. Corporate Governance, 2(4), pp. 4-9:6.

Visser, W., (2006). Revisiting Carroll’s CSR Pyramid, in: Pedersen E.R. & Huniche, M (eds), Corporate
Citizenship in Developing Countries, The Copenhagen Centre.

Wilson, I., (2006, April-June). Regulatory and Institutional Challenges of Corporate Governance in Nigeria Post
Banking Consolidation. Economic Indicators Nigerian Economic Summit Group (NESG).

World Bank., (1999). Corporate Governance: A Framework for implementation (Overview), World Bank (2009)
World Development Report. World Bank Group.

Yakaisai A.G.A, (2001). Corporate Governance in a Third World Country with particular reference to Nigeria.
Corporate Governance, 9(3), pp. 238-253-289.

Yinusa, M.A & Adeoye, M.N, (2006). Religious value: A Panacea to corruption in Nigeria. [jagun journal of
social and management Science, 1(1), pp. 1-14.

Young, B., (2003). Corporate Governance: is there a relationship? Entrepreneur. Com, University of Western
Ontario.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

14



Paradigm Academic Press -—
S

Frontiers in Management Science -
ISSN 2788-8592 PARADIGM
SEP. 2025 VOL.4, NO.5

US Semiconductor Chip Manufacturing Reshoring: Regulatory,
Economic, and Structural Challenges

Zijia Peng!
!'School of Humanities and Social Science, The Chinese University of Hong Kong, Shenzhen, Guangdong, China

Correspondence: Zijia Peng, School of Humanities and Social Science, The Chinese University of Hong Kong,
Shenzhen, Guangdong, China.

doi: 10.63593/FMS.2788-8592.2025.09.002

Abstract

Since the 2008 global financial crisis, successive U.S. administrations have prioritized semiconductor chip
manufacturing reshoring as a core component of safeguarding global leadership, with policies such as the One
Big Beautiful Bill Act (2025) and the CHIPS and Science Act driving this effort. While partial results have been
achieved—including 244,000 new high-tech/manufacturing jobs announced in 2024 and semiconductor projects
accounting for two-thirds of early 2025 Foreign Direct Investment (FDI)—the initiative faces three core
dilemmas: regulatory ambiguities, economic constraints, and structural bottlenecks. This study analyzes the
motivations (addressing manufacturing hollowing-out, maintaining economic/technological power, safeguarding
national security, boosting blue-collar employment), pathways (policy incentives like tax breaks/subsidies, tariff
policies, legislative intervention), and outcomes of U.S. semiconductor reshoring. It draws on data from
authoritative sources (e.g., Semiconductor Industry Association [SIA], OECD, Reshoring Initiative) and case
studies (Intel’s Ohio fab delays, TSMC’s Arizona project setbacks) to identify key challenges: frequent policy
adjustments undermining investment confidence, higher U.S. manufacturing costs (30-50% above Asian
countries) due to energy/labor/raw material expenses, and structural gaps in the semiconductor value chain
(reliance on Asian upstream materials, domestic high-skilled labor shortages). The study further explores the
global impacts of reshoring, including the restructuring of the global semiconductor supply chain and intensified
U.S.-China competition—with China’s semiconductor industry (e.g., SMIC) evolving from import dependence
to independent R&D, though still lagging in advanced processes. It concludes that the U.S. must reassess its
technology blockade policies, balance national security with global technological cooperation, and promote
supply chain stability to ensure long-term prosperity in its semiconductor sector.

Keywords: U.S. semiconductor chip manufacturing reshoring, policy incentives, tariffs, legislative acts,
regulatory dilemmas, economic constraints, cost barriers, structural challenges, labor shortages, value chain
complexity, U.S.-China semiconductor competition, global semiconductor supply chain, technological
sovereignty

1. Introduction
1.1 Research Background

Since the 2008 global financial crisis, successive U.S. administrations have implemented a series of strategic
policies to advance manufacturing reshoring, aiming to safeguard the country’s global leadership. The U.S. has
long been a leader in the semiconductor industry, and semiconductor chip manufacturing—aligned with Moore’s
Law—stands as the most critical component of its manufacturing reshoring efforts. Notably, since the Trump
administration, the reshoring of semiconductor chip manufacturing has represented a pivotal shift in U.S.
economic and national security policy.
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In 2017, the Trump administration proposed the “Manufacturing Reshoring Strategy,” and in 2025, the One Big
Beautiful Bill Act (Public Law No. 119-21) emerged as a key legislative instrument to accelerate semiconductor
reshoring. This policy trajectory builds on prior initiatives: the Obama administration’s “reindustrialization,” the
first Trump administration’s “Bringing Manufacturing Back to America,” the Biden administration’s
“Manufacturing Revitalization Policy,” and the current second Trump administration’s “Bring Back American
Jobs.” These efforts have yielded partial results: according to the Reshoring Initiative’s 2024 Annual Report,
U.S. manufacturing reshoring and Foreign Direct Investment (FDI) collectively announced 244,000 new jobs in
2024, continuing to drive the reconstruction of domestic production capacity. Among these, 88% of new
positions belong to high-tech or medium-high-tech manufacturing (Reshoring Initiative, 2024). Within the
high-tech sector, the semiconductor industry is one of the primary drivers of reshoring and FDI; early 2025 data
shows that semiconductor projects account for two-thirds of FDI, underscoring the industry’s central role in the
reshoring trend (Tranmer, A., & Roberts, D., 2025).

Nevertheless, the new Trump administration faces deeper challenges following the issuance of reshoring orders.
Regulatory ambiguities, economic constraints, and structural bottlenecks have collectively hindered the
reshoring of U.S. semiconductor chip manufacturing, preventing it from meeting initial expectations.

1.2 Research Objectives and Significance

This paper analyzes the motivations, pathways, and outcomes of U.S. semiconductor chip manufacturing
reshoring initiatives, while identifying three core dilemmas under current reshoring policies: regulatory
predicaments, economic constraints, and structural challenges. It focuses on how key policies—such as tariffs,
legislative acts, and executive orders—have influenced semiconductor reshoring. The findings reveal the
complex dynamics between U.S. manufacturing competitiveness, national security concerns, and the impact on
global supply chains amid U.S.-China competition.

Further, this paper explores how reshoring is reshaping the global industry landscape and the evolving role of
major players like China in the semiconductor value chain. A core conclusion emphasizes that amid shifts in the
global semiconductor industry chain and intensifying U.S.-China competition, the U.S. should reassess its
technology blockade and reshoring policies to safeguard its interests in the semiconductor chip sector.

2. Definition and Concept of Semiconductor Chip Manufacturing Reshoring
2.1 Concept of Manufacturing Reshoring

“Reshoring” refers to the process of relocating production activities previously outsourced overseas back to the
domestic market. With the deepening of globalization and production outsourcing, manufacturers in many
countries—particularly developed nations—gradually shifted their production bases to regions with lower labor
costs. However, as production chains grew more complex, global supply chain uncertainties mounted, and
national security considerations intensified, manufacturing reshoring has become a key strategic goal for many
countries.

Reshoring is not merely an adjustment to corporate production models; it also involves reforms across multiple
dimensions, including government policy promotion, tax incentives, technology investment, and workforce
training. Through this process, countries can restore or enhance domestic manufacturing capabilities, reduce
reliance on external supply chains, and thereby strengthen their competitiveness and security in the global
market.

2.2 Specificity of Semiconductor Industry Reshoring

For the U.S., semiconductor chip manufacturing reshoring carries unique significance and complexity.
Semiconductors drive progress in communications, healthcare, military systems, transportation, clean energy,
computing, and countless other applications. They underpin cutting-edge technologies critical to future societal
development, such as neuromorphic computing, virtual reality, the Internet of Things (IoT), high-efficiency
sensing, automation, robotics, and artificial intelligence (AI). As a core technology supporting modern
information technology, communications, Al, and military defense, the semiconductor industry impacts not only
national economic vitality but also global technological competition and national security.

Unlike traditional manufacturing reshoring, semiconductor reshoring entails more than restoring production
capacity—it encompasses technological R&D, innovation capabilities, material supply, and talent cultivation.
First, the high complexity of semiconductor manufacturing technology requires addressing technical bottlenecks
during reshoring. The U.S. must not only relocate production lines domestically but also invest heavily in
state-of-the-art production equipment and process technologies. Second, semiconductor reshoring involves
controlling critical raw materials and supply chains. Semiconductor production relies on specialized chemicals,
equipment, and materials, often supplied by vendors across different countries. To ensure reshoring success, the
U.S. must not only build more domestic fabrication facilities (fabs) but also strengthen control over global
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semiconductor supply chains to mitigate external risks.

Thus, semiconductor reshoring is not merely a strategy for U.S. economic revival but also a critical measure to
safeguard national security and enhance technological sovereignty.

ANNUAL R&D EXPENDITURES BY COMPANY HEADQUARTER LOCATION, 2007-2023
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Figure 1. Annual R&D Expenditures by Company Headquarters Location (2007-2023)
Source: OECD.

3. Motivations for U.S. Semiconductor Chip Manufacturing Reshoring
3.1 U.S. Manufacturing Hollowing-Out and Declining Relative Competitiveness

In the 1960s, the U.S. was the global hub of semiconductor manufacturing, with companies like Intel and Texas
Instruments dominating the global market. However, from the 1980s to the 1990s, driven by globalization, many
U.S. semiconductor firms relocated their production bases to Asian regions with lower labor costs, including
China, Taiwan (China), and South Korea. This globalized manufacturing model promoted the international
division of labor in the semiconductor industry chain, enabling the rise of companies such as Taiwan
Semiconductor Manufacturing Company (TSMC) (Taiwan, China) and Samsung (South Korea) as major global
semiconductor manufacturers.

By the early 2000s, Asian countries had not only caught up to the U.S. in semiconductor production capacity but
also made significant strides in technological R&D and innovation. This trend led to a gradual decline in the
U.S. share of the global semiconductor manufacturing market, exacerbating issues of manufacturing
hollowing-out and weakened relative competitiveness.

3.2 Maintaining Economic Share: Enhancing Technological Power

A primary motivation for U.S. semiconductor reshoring is to maintain its economic share in the global
semiconductor leadership. According to the Semiconductor Industry Association (SIA), the U.S. semiconductor
industry led the global market in 2023 with $264 billion in sales, accounting for 50% of global revenue
(Semiconductor Industry Association, 2025). If the U.S. semiconductor industry maintains its strong 8% annual
growth rate, global semiconductor sales are on track to potentially reach $1 trillion by 2030 (Semiconductor
Industry Association, 2025).

As a cornerstone of global technological competition, the semiconductor industry is central to U.S. concerns
about “technological power”—defined as a state’s ability to leverage its technological strength to compel other
actors to act against their initial preferences (Zhang, Q., 2022). In an era where cutting-edge digital information
technology drives productivity growth, the transformative power of technological power has become a core
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focus of great-power competition, with international power struggles increasingly centered on the contest for
digital technological dominance (Qi, K., 2023). Thus, semiconductor reshoring is not merely about restoring
production capacity but also about enhancing technological power to secure U.S. leadership in the global
semiconductor value chain.

3.3 National Security: Safeguarding Supply Chains and High-Tech Advantages

National security is another core driver of U.S. semiconductor reshoring. As the foundation of modern military
technology, communication systems, and cybersecurity, semiconductors hold immense strategic value. The U.S.
government recognizes that reliance on semiconductor supply chains controlled by competitors—particularly
China—exposes it to geopolitical vulnerabilities and threatens its technological and military advantages.

An August 2022 report by the U.S. think tank Center for Strategic and International Studies (CSIS) revealed that
massive weapons shipments to the Ukraine-Russia conflict frontline had depleted U.S. domestic weapons
stockpiles to the minimum level required for readiness and training (Shivakumar, S., & Wessner, C., 2022). Yet,
U.S. domestic defense manufacturers could not operate at full capacity due to shortages of semiconductors from
East Asia. The U.S. Department of Defense has long maintained an unusually high dependence on the East Asian
commercial semiconductor industry—even the semiconductor components for the most advanced active F-35
fighter jets are manufactured by TSMC and United Microelectronics Corporation (UMC) (Shivakumar, S., &
Wessner, C., 2022).

To address this vulnerability, the U.S. is promoting semiconductor reshoring to rebuild domestic manufacturing
capacity and reduce external reliance. This is particularly critical for high-end chips and military-related chips,
where technological autonomy is essential to mitigating external risks and preserving U.S. global strategic
competitiveness.

3.4 Boosting Blue-Collar Employment and Wage Levels

Beyond enhancing economic competitiveness and national security, semiconductor reshoring aims to improve
blue-collar employment and wage levels. A March 2025 White House article, President Trump is Putting
American Workers First — And Bringing Back American Manufacturing, and the One Big Beautiful Bill Act both
emphasize “bringing jobs back to the U.S.”—a core priority for successive U.S. administrations (White House,
2025a).

Over the past decades, the expansion of manufacturing outsourcing has deprived many U.S. blue-collar workers
of stable employment, particularly in high-tech manufacturing. Semiconductor reshoring is creating a large
number of manufacturing jobs, especially for workers with operational skills in semiconductor production.
Through policy incentives such as tax breaks and corporate subsidies, the U.S. government is encouraging
semiconductor firms to build new domestic manufacturing facilities—generating direct jobs and stimulating
employment growth across related industries.

According to SIA data, semiconductor reshoring is expected to create over 500,000 U.S. jobs, including a large
number of blue-collar positions (Semiconductor Industry Association, 2025). In sectors like semiconductor
manufacturing, equipment production, and construction, reshoring will also drive up wage levels for blue-collar
workers. This model of job creation through reshoring helps alleviate U.S. economic inequality and provides
higher-quality employment opportunities, fostering domestic economic revival and social stability.

4. Reshoring Pathways: Policy Incentives and Legislative Intervention
4.1 Policy Incentives: Taxation, Subsidies, and Investment

A key pathway for U.S. semiconductor reshoring is policy incentives, particularly tax breaks, subsidies, and
investment support. These measures provide economic incentives for semiconductor firms to establish domestic
manufacturing facilities.

Tax incentives are critical to reshoring: by reducing corporate tax burdens, the government encourages
semiconductor firms to relocate production to the U.S. and invest domestically. These policies also prioritize
equipment procurement and technological R&D, ensuring maximum financial support for domestic investments.
The Trump administration’s 2017 tax reform—which lowered the corporate income tax rate and reduced taxes
on production activities—directly accelerated semiconductor reshoring.

Direct subsidies further complement these efforts: the government provides financial support to firms building
semiconductor fabs in the U.S. The passage of the CHIPS and Science Act and the Infrastructure Investment and
Jobs Act has allocated additional funds to manufacturing infrastructure, ensuring the smooth operation of
semiconductor producers. This combination of policies and funding not only advances semiconductor reshoring
but also lays the groundwork for long-term U.S. technological innovation and industrial competitiveness.

4.2 Tariff Policies and External Pressure
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Tariff policies are another critical tool for promoting semiconductor reshoring. The U.S. government—especially
the Trump administration—has imposed high tariffs on semiconductor products from China and other countries
as part of its trade policy. These tariffs directly increase the cost of imported semiconductors, making domestic
U.S. production more attractive, while indirectly encouraging firms to relocate production bases to the U.S. to
avoid tariff-related costs.

Tariffs also signal U.S. strategic resolve to control the semiconductor sector. The Trump administration has
explicitly framed the semiconductor industry as critical to national security, justifying tariff barriers and
protective measures to support domestic manufacturing capacity (Amrith Ramkumar, 2025). External pressure
stems from the geographic concentration of global semiconductor production—particularly China’s rise in the
global semiconductor market. Through high tariffs, the U.S. aims to reduce reliance on China and other countries
while strengthening the advantages of domestic manufacturing.

4.3 Evolution of Reshoring Executive Orders and Legislation

The late 20th to early 21st century marked a period of U.S. manufacturing “hollowing-out” and the evolution of
semiconductor reshoring policies. During this time, the U.S. government gradually recognized the
semiconductor industry’s importance to national security and technological competitiveness. Early policies
focused on tax incentives and R&D funding to encourage corporate innovation. However, as global competition
intensified—particularly from China—the U.S. government began intervening in the economy through
non-market means, seeking to reshape international industrial layout via fiscal policies, tax breaks, and
legislation to revitalize U.S. manufacturing.

This “state capitalism” model is particularly evident in semiconductor reshoring: the government guides resource
allocation to coordinate economic activities and ensure key industries maintain global dominance (Alami, 1.,
Dixon, A. D., & Mawdsley, E., 2021). The Obama administration adhered to traditional establishment views,
avoiding excessive political intervention in the economy, while the Trump administration launched
comprehensive intervention in manufacturing (Huang, Z., 2023). During its first term, the Trump administration
repeatedly rejected routine mergers or acquisitions involving U.S. semiconductor firms, citing vague “national
security” concerns (Lian, Z., et al., 2019). In 2018, it imposed high tariffs on Chinese semiconductor products to
protect domestic high-end semiconductor production.

The Biden administration continued this tough stance on foreign semiconductors, introducing the CHIPS and
Science Act—which provides $52.7 billion in funding for semiconductor fab construction and R&D
(Zimmerman, A., 2022)—and the Infrastructure Investment and Jobs Act, which supports semiconductor
reshoring through investments in power supply, raw material access, and workforce training.

In its second term, the Trump administration has further advanced semiconductor reshoring through legislation
like the One Big Beautiful Bill Act and administrative measures. For example, it announced a roughly 100%
tariff on semiconductors imported into the U.S., while exempting tech firms that invest in U.S. manufacturing
(Amrith Ramkumar, 2025). These policies formalize semiconductor reshoring as a national strategy, aiming to
secure long-term U.S. competitiveness in the global semiconductor industry.

5. Regulatory Dilemmas: Conflicts Between Administrative Policies and Reshoring Implementation
5.1 Policy Volatility and Investment Uncertainty

The rise of state capitalism—characterized by the state’s dominant role in capital accumulation amid complex
national security, technological innovation, and global competition—can lead to market distortions, inefficient
resource allocation, and reduced innovation incentives (Alami, 1., Dixon, A. D., & Mawdsley, E., 2021). In
semiconductor reshoring, the U.S. government’s focus on semiconductor technology’s role in national security
(e.g., military, communications, cybersecurity) has led to interventions such as guiding capital toward
semiconductor fab construction, designing policies to encourage domestic technological innovation, and
providing funding via acts like the CHIPS and Science Act.

However, frequent policy adjustments and uncertainties have eroded corporate trust in these policies, preventing
firms from making effective long-term strategic adjustments and resulting in underwhelming reshoring
outcomes. This reflects a key shortcoming of state capitalism: inconsistencies and opacity in policy
implementation.

The Trump administration’s reshoring policies—including tax incentives, subsidies, and tariffs—have been
marked by frequent changes, leading to fluctuations in corporate investment decisions and undermining
reshoring effectiveness. For example, the Trump administration announced a 100% tariff on imported chips to
force foreign firms to relocate production to the U.S., but policy uncertainty made it difficult for firms to commit
to long-term investments (Amrith Ramkumar, 2025). Despite Apple’s pledge to invest $600 billion in the U.S.,
its core production remains overseas—highlighting the limitations of policy implementation (Financial Times,
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2024).

Using a Difference-in-Differences (DiD) framework, research shows that while short-term tax incentives and
funding support exist, policy volatility has prevented firms from forming stable expectations, limiting investment
and production scale expansion in the U.S. semiconductor sector (Borusyak, K., Jaravel, X., & Spiess, J., 2021).
This underscores the critical role of policy consistency and clarity in successful manufacturing reshoring.

5.2 Policy Conflicts and Goal Contradictions: The Interplay Between Tariffs and Incentives

A key regulatory dilemma is the conflict between the Trump administration’s tariff policies and reshoring
incentives like the CHIPS and Science Act. The CHIPS and Science Act provides over $50 billion in funding to
encourage firms to build semiconductor fabs in the U.S. (Congressional Research Service, 2022), while tariff
policies impose additional taxes on imported semiconductors and key components. This creates a contradiction:
while tariffs aim to promote domestic production, they also increase production costs, reducing the attractiveness
of reshoring.

The SIA notes that tariffs may place unfair competitive pressure on mature-node chip manufacturers, dampening
their willingness to invest in the U.S. (Economic Liberties, 2024). While tariffs have prompted some
semiconductor manufacturers to consider relocating to the U.S., high tariffs have also raised production costs,
undermining reshoring’s appeal (Conerly, B., 2023). Despite the CHIPS and Science Act’s generous financial
incentives, many firms remain hesitant to build large-scale U.S. facilities due to cost-benefit tradeoffs driven by
tariffs.

The core regulatory challenge for the Trump administration is that uncoordinated policy tools can offset each
other’s effectiveness, preventing manufacturing reshoring goals from being achieved.

6. Economic Constraints: Challenges and Limitations
6.1 Cost Challenges in Semiconductor Production

The U.S. semiconductor manufacturing industry faces significant cost barriers. Despite $52 billion in funding
from the CHIPS and Science Act, U.S. manufacturing costs remain higher than in Asian countries (Steptoe,
2024). The SIA estimates that the U.S. plans to invest approximately $650 billion over the next decade in
semiconductor fab construction—yet these facilities cost 30% to 50% more to build than in Taiwan (China),
South Korea, and China (The Future of Commerce, 2025). For example, a single semiconductor fab costs
roughly $10 billion to build and requires a three-year construction cycle (Forvis Mazars, 2023).

Energy costs further exacerbate this challenge: U.S. electricity prices are 30% to 40% higher than in Asian
countries, creating a significant barrier for energy-intensive semiconductor manufacturing (Forvis Mazars,
2023). Additionally, specialized raw materials for semiconductors—such as high-purity silicon and chemical
reagents—often rely on overseas imports, increasing production costs. These factors make it difficult for
U.S.-based firms to compete with Asian rivals on cost, even with reshoring policy support.

The Trump administration’s broad tariffs on products from China, Southeast Asia, and Europe have further
raised costs for firms purchasing intermediate goods like steel and aluminum. Research on the 2018 tariffs shows
that U.S. domestic manufacturers suffered significant losses due to rising raw material prices (ThinkBRG, 2023).

Labor costs represent another major constraint. Building a single fab requires approximately 6,000 construction
workers and a three-year timeline (Asa Fitch & Dan Gallagher, 2025). While the U.S. boasts high labor
productivity and advanced technology, manufacturing wages are far higher than in China, India, and Southeast
Asia. The shortage of high-skilled blue-collar workers has also increased skills training costs for the
semiconductor industry, further elevating U.S. labor costs (Asa Fitch & Dan Gallagher, 2025). This challenge is
particularly evident in TSMC and Samsung’s U.S. investments: delays in factory construction due to a lack of
skilled workers and effective training systems have increased overall costs (Conerly, B., 2023). The U.S.
semiconductor sector’s reliance on high-skilled labor—coupled with high costs and shortages—undermines the
economic viability of reshoring.

6.2 Global Competition Intensifies U.S. Semiconductor Cost Imbalances

The global semiconductor market is highly competitive, especially in Al and high-performance computing
(HPC) (U.S. Department of Commerce, 2021). While the U.S. maintains technological advantages in these areas,
it lags behind Asian competitors in manufacturing capacity and cost control (RBC Wealth Management, 2023).
China’s semiconductor industry is growing rapidly, and with substantial state subsidies and policy support, it is
narrowing the gap in production capacity with global leaders. In low-end chips and consumer electronics,
Chinese and other Asian semiconductor producers are capturing an increasing share of the global market,
shrinking the U.S. market share (Carnegie Endowment for International Peace, 2022).

Global market demand volatility further complicates U.S. semiconductor reshoring. While the U.S. leads in
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semiconductor design and innovation, it faces significant gaps in production technology and manufacturing
capacity—particularly in advanced processes. For example, Intel lags behind TSMC and Samsung in 5nm and
more advanced process production (Asa Fitch & Dan Gallagher, 2025). TSMC has built extensive advanced
semiconductor production lines in Taiwan (China) and dominates global 7nm and 5nm process manufacturing,
while major U.S. firms remain in the catch-up phase (Asa Fitch & Dan Gallagher, 2025).

Even with government funding, U.S. production facilities face bottlenecks in technology transition and
equipment upgrades. For instance, while TSMC and Samsung have invested in advanced manufacturing
equipment in the U.S., existing U.S. facilities lack the capability to smoothly transition from 7nm to 3nm or 2nm
processes (Conerly, B., 2023). This requires massive capital investment, as well as solutions to process
complexity and equipment supply challenges.

Domestic U.S. demand also fails to fully support reshoring investments. While demand for HPC and Al chips is
strong, it is concentrated in a few sectors, with weaker demand in other segments like consumer
electronics—creating market gaps for U.S. semiconductor reshoring (Carnegie Endowment for International
Peace, 2022).

7. Structural Challenges: Outcomes and Dilemmas of U.S. Semiconductor Reshoring
7.1 Expectations for U.S. Semiconductor Chip Manufacturing Reshoring

A key goal of U.S. semiconductor reshoring is to drive economic growth and create jobs. As of July 2025,
supported by tax incentives, funding subsidies, and legislative backing, companies in the semiconductor
ecosystem have announced over $500 billion in private-sector investments. This is expected to triple U.S. chip
manufacturing capacity by 2032 and create or sustain over 500,000 U.S. jobs—including 68,000 facility jobs,
122,000 construction jobs, and over 320,000 additional jobs across the U.S. economy (White House, 2025¢).

This has significant implications for blue-collar workers: reshoring has generated jobs in semiconductor-related
equipment installation, construction, and maintenance—mostly technical and process-oriented roles requiring
specialized skills.
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Figure 2. Projected Increase in U.S. Fab Capacity vs. World Average (% Change in Capacity) (2012-2022,
2022-2032)

Source: SIA/BCG.

7.2 Outcomes and Challenges of Semiconductor Reshoring Under the Trump Administration

The core of the Trump administration’s economic strategy is reshaping the U.S. manufacturing base—with a
focus on semiconductors. Through “America First” policies, the administration has sought to stimulate domestic
manufacturing reshoring via protectionist measures, reduce external reliance, and strengthen U.S. industrial
competitiveness. It views semiconductor technology as foundational to national security and economic
competitiveness, leading to policies like high tariffs on imported semiconductors and funding support to restore
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domestic production (White House, 2025a).

The White House has announced that since President Trump’s return to office, his “America First” economic
policies have driven trillions of dollars in new investments in U.S. manufacturing, technology, and infrastructure
(White House, 2025b). Despite the administration’s emphasis on “Trump Effect”-driven investment success, the
ultimate measure of semiconductor reshoring effectiveness lies in whether production capacity meets
expectations—and progress on fab construction has been disappointing.

Intel’s plan to invest $28 billion in two Ohio fabs has faced repeated delays due to weak market demand, delayed
funding disbursements, and labor shortages. According to Reuters, the first fab—originally scheduled to start
operations in 2025—will now likely open in 2030 or 2031, with the second fab delayed until 2031 or 2032
(Reuters, 2025a). Additionally, Intel’s new CEO, Lip-Bu Tan, has adjusted the company’s strategy to slow Ohio
fab construction and suspend new fab plans in Poland and Germany (Reuters, 2025b). He emphasized a shift to a
“demand-driven” manufacturing strategy, moving away from the traditional “build-it-and-demand-will-come”
approach (Reuters, 2025c).

TSMC’s $165 billion plan to build multiple semiconductor facilities in Arizona has also progressed slowly due
to labor shortages, cultural differences, and infrastructure issues. The company further faces policy pressure from
the Trump administration: President Trump has stated that TSMC’s U.S. production capacity is insufficient to
meet domestic demand and has threatened to impose high tariffs on Taiwan-manufactured chips (Tom’s
Hardware, 2025).

Micron Technology’s announcement of a $200 billion U.S. semiconductor investment—heralded as a positive
response to the Trump administration’s reshoring policy (White House, 2025¢c)—Ilacks specific construction
timelines or progress updates, reducing external confidence in the project’s advancement.

7.3 Structural Challenges in the U.S. Value Chain
7.3.1 The Global Value Chain of the Semiconductor Industry
The semiconductor value chain comprises five key links, each concentrated in specific regions:

e Raw Material Procurement: Semiconductor production requires materials like high-purity silicon and
specialty gases.

e Design: U.S. firms (e.g., Intel, AMD, NVIDIA) dominate the global high-end semiconductor design
market.

e Manufacturing: A capital- and technology-intensive link, primarily concentrated in Asia (e.g., TSMC,
Samsung).

e Packaging and Testing: Mostly located in China, Taiwan (China), and South Korea.

e Distribution and Sales: Global networks, ranging from direct supply to large corporations to
distributor-mediated channels.

A 2024 SIA-Boston Consulting Group (BCG) report highlights the specialization of the global semiconductor
supply chain: U.S. semiconductor manufacturers rely heavily on suppliers from Taiwan (China), Japan, South
Korea, and China for key materials—such as bare wafers, epi wafers, photoresist chemicals, photomasks, gases,
wet chemicals, substrates, and lead frames—accounting for a large share of fab construction costs
(Semiconductor Industry Association, 2025).
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Figure 3. Semiconductor Industry Value Added by Activity and Region (2024)
Source: IPnest; Wolfe Research; Gartner; SEMI; BCG analysis.

U.S. semiconductor reshoring policies aim to reshape this global value chain—particularly by bringing
manufacturing back domestically. However, the U.S. has few domestic suppliers of core upstream semiconductor
products (e.g., high-purity elements, chemicals, specialty gases) and lacks dominant firms in key downstream
assembly, testing, and packaging sectors. Similarly, the semiconductor industry relies on critical minerals that are
under-mined in the U.S., further constraining domestic supply chains.

7.3.2 Complexity of Global Supply Chains

The complexity of global supply chains presents another major challenge to U.S. semiconductor reshoring. In
the global value chain, high reliance on international cooperation across production equipment, raw materials,
technology transfer, and cross-border investment determines a country’s ability to dominate the semiconductor
industry. While the Trump administration has used tariffs, subsidies, and legislation to promote reshoring, these
policies lack coordination and transparency with global supply chains (BBC, 2024a).

The administration’s attempts to restrict imports and boost domestic production conflict with global economic
integration: the U.S. semiconductor industry cannot fully decouple from global supply chains, meaning
unilateral domestic reshoring policies are vulnerable to market uncertainties and external economic shifts. The
disconnect between government policies and market demand further exacerbates reshoring dilemmas.

From a value chain perspective, U.S. semiconductor reshoring faces multi-dimensional challenges—including
costs, technology, labor, market demand, and global supply chains. Despite policy interventions, structural issues
like high production costs, technical bottlenecks, labor shortages, and global competition continue to hinder
semiconductor chip manufacturing reshoring.

7.4 Structural Challenges of Labor Shortages

Structural issues and skill gaps in the U.S. labor market are severely limiting semiconductor reshoring goals.
While the U.S. leads globally in semiconductor design and innovation, semiconductor
manufacturing—especially advanced process production—requires a large number of skilled technical workers.
According to an SIA-Oxford Economics study, the U.S. will face a shortage of 67,000 technicians, computer
scientists, and engineers in the semiconductor industry by 2030, with a broader shortage of 1.4 million such
workers across the U.S. economy (Semiconductor Industry Association, 2025).

U.S. semiconductor reshoring thus faces multiple human resource challenges: labor shortages, skill mismatches,
and limitations in education and training systems.

7.4.1 Shortage of High-Skilled Blue-Collar Workers
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Semiconductor manufacturing is a highly technology-intensive industry, requiring large numbers of high-skilled
blue-collar workers (e.g., equipment operators, process engineers, testing technicians). A key challenge for the
U.S. semiconductor industry is the shortage of technical workers proficient in operating manufacturing
equipment and mastering complex production processes. Reuters reports that reshored semiconductor facilities
continue to face severe shortages of skilled workers, with slow construction progress directly attributed to
insufficient trained personnel (Reuters, 2025d).

7.4.2 Limitations of Labor Training Systems

The U.S. labor training system for semiconductor manufacturing also has significant limitations. While the U.S.
boasts world-leading higher education and research institutions, investment in technical worker
training—particularly for manufacturing blue-collar skills—is insufficient to meet semiconductor industry needs
(BBC, 2024b). Compared to Asian countries, the U.S. vocational education system prioritizes academic
education and management training over production-related vocational education and skills training. This gap
prevents the labor market from quickly supplying sufficient technical workers for new semiconductor fabs.

For example, TSMC and Samsung’s Asian facilities leverage robust worker training systems to rapidly develop
large teams of semiconductor manufacturing workers, while U.S. education and training systems have failed to
align with production demands (Tech in Asia, 2025). This structural education gap creates major obstacles to
attracting and developing semiconductor technical workers in the U.S.

7.4.3 Redistribution of the Global Labor Market

The global semiconductor labor market has undergone significant changes over the past decades: manufacturing
centers have shifted from the U.S. to Asia, with Taiwan (China) and South Korea emerging as core global
semiconductor manufacturing hubs by offering efficient production environments, low labor costs, and strong
technical worker training systems (Tom’s Hardware, 2025). U.S. semiconductor reshoring policies have failed to
address the redistribution of the global labor market, further complicating reshoring efforts.

8. Global Impacts: Industrial Chain Restructuring and U.S.-China Competition
8.1 Uncertainty and Restructuring of Global Industrial Chains

The global semiconductor industry chain has undergone significant transformations in recent years—exacerbated
by U.S.-China trade tensions and the COVID-19 pandemic. For decades, East Asia (particularly Taiwan (China)
and South Korea) served as the global production and supply hub, while the U.S. dominated high-end
semiconductor design and innovation. However, shifting geopolitical and economic conditions—especially
intensifying U.S.-China technological competition—are reshaping the global semiconductor chain.

According to SIA analysis, global semiconductor production is gradually diversifying across regions, with firms
building facilities in Southeast Asia, India, and the U.S. This shift from over-reliance on Asian manufacturing
centers to more regionalized distribution aims to mitigate trade tensions and supply chain risks (Carnegie
Endowment for International Peace, 2022).

SEMTI’s latest quarterly World Fab Forecast report projects 18 new fab construction projects globally in 2025,
including 3 200mm and 15 300mm facilities—most scheduled to start operations between 2026 and 2027
(SEMI, 2025). The Americas and Japan will lead with 4 projects each, followed by China, Europe, and the
Middle East (3 projects each), Taiwan (China) (2 projects), and South Korea and Southeast Asia (1 project each)
(SEMI, 2025).

However, industrial chain restructuring is not straightforward. Despite U.S. semiconductor reshoring policies,
the redistribution of global chains faces constraints in technology, market demand, and production capacity.
Global supply chain uncertainty has pushed countries to balance supply chain autonomy with strategic security,
driving demand for production chain diversification—but implementation remains challenging (Reuters, 2025d).

8.2 Intensified U.S.-China Competition and Technology Blockades

U.S.-China competition in semiconductor technology has become a focal point of the global technology industry.
During the Trump administration, both sides have engaged in fierce competition via tariffs, technology
blockades, and export controls. U.S. technology blockades—particularly targeting Chinese firms like
Huawei—have restricted access to advanced semiconductor technologies, significantly impacting China’s
semiconductor industry development (BBC, 2024c).

By integrating semiconductor producers like TSMC and Samsung into its domestic chain, the U.S. has partially
restored its semiconductor dominance. However, U.S. technology blockades have also accelerated China’s
independent semiconductor R&D. The Chinese government has increased support for domestic semiconductor
firms, boosted R&D investment, and implemented an “industrial autonomy” strategy to reduce reliance on
external technologies—driving rapid growth in China’s domestic semiconductor sector (Asa Fitch & Dan
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Gallagher, 2025).

U.S.-China semiconductor competition now extends beyond market share to core areas like technical standards,
patents, and production processes. The interplay between U.S. technology blockades and China’s “self-reliance”
policies has heightened global semiconductor market uncertainty, prompting countries worldwide to pursue
independent supply chains to ensure technological and production security.

Research shows that while U.S. reshoring policies have delivered partial results (e.g., job growth, improved
supply chain resilience), U.S. high-tech manufacturing competitiveness has not improved significantly (Li, X.,
Jiang, X., & Yang, C., 2025). In contrast, China’s manufacturing competitiveness—especially in
medium-high-tech sectors—continues to strengthen, with accelerated industrial transformation and upgrading.
The short-term impact of U.S. manufacturing reshoring on low-tech and some medium-high-tech sectors has not
been sustained; instead, it has intensified U.S.-China competition in high-tech fields (Li, X., Jiang, X., & Yang,
C., 2025).

8.3 Evolving Role of China in the Global Semiconductor Industry Chain

As U.S.-China technological competition intensifies, China’s role in the global semiconductor chain is
undergoing a profound transformation: from import dependence to independent R&D, and from the edge of the
chain to its core. Historically, the global semiconductor chain was concentrated in the U.S., Taiwan (China), and
South Korea, with China relying heavily on imports for semiconductor technology. However, China’s
manufacturing competitiveness has grown rapidly in recent years—particularly in semiconductor
manufacturing—with increased R&D investment, optimized chain collaboration, and improved domestic
technical capabilities gradually reducing reliance on external technologies and equipment.

China’s semiconductor industry growth is strongly supported by government policies: policy incentives and
funding for domestic firms have accelerated progress in key areas like semiconductor production, design, and
equipment manufacturing (Li, J., & Whalley, J., 2021). For example, China’s Made in China 2025 plan aims to
achieve semiconductor self-production and technological breakthroughs.

According to global semiconductor industry reports, China’s investment in semiconductor design and
manufacturing continues to rise—particularly in wafer manufacturing and packaging testing, where it has
developed significant technical capabilities (Li, J., & Whalley, J., 2021). Semiconductor Manufacturing
International Corporation (SMIC) is gradually challenging TSMC and Samsung’s market share, with its global
manufacturing market share rising to the top tier after TSMC (L1, J., & Whalley, J., 2021). Additionally, through
mergers, acquisitions, and partnerships, China is strengthening its technological influence in the global
semiconductor market—exemplified by the rise of design firms like HiSilicon (Huawei)—signaling its growing
importance in the semiconductor chain (Li, J., & Whalley, J., 2021).

Nevertheless, despite significant progress in R&D and market expansion, China’s semiconductor industry faces
challenges like technology blockades and production capacity constraints. In advanced processes (e.g., 7nm and
below) and high-end chip design, China still lags behind global leaders (Li, J., & Whalley, J., 2021). Thus, while
China’s role in the global semiconductor chain is evolving, further time and technical accumulation are needed
to consolidate its competitive position.

9. Conclusion

This paper systematically analyzes the motivations, pathways, outcomes, and core challenges—regulatory
dilemmas, economic constraints, and structural bottlenecks—of U.S. semiconductor chip manufacturing
reshoring. Against the backdrop of global semiconductor chain restructuring, U.S. government policies and
funding support have promoted semiconductor reshoring, but outcomes have fallen short of expectations due to
three key constraints:

1) Regulatory Dilemmas: Frequent policy adjustments and uncertainties have complicated reshoring
efforts. Conflicts between tariffs and subsidy policies have increased corporate cost pressures,
undermining long-term investment decisions.

2) Economic Constraints: High production costs—including for high-skilled labor, energy, and imported
raw materials—have put U.S. semiconductor production at a global competitive disadvantage.

3) Structural Challenges: The complexity of the global semiconductor value chain, coupled with U.S.
gaps in technological R&D, production processes, and high-skilled labor, has hindered reshoring
progress.

Amid intensifying global competition, the growing competitiveness of China and other Asian countries in
semiconductors has further complicated U.S. reshoring efforts. China has made significant strides in
semiconductor manufacturing and technological autonomy, moving from the edge to the core of the global
chain—a trend that is irreversible.
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Sino-US semiconductor competition not only impacts the economic competitiveness of both countries but also
will shape the global technological competition landscape. The U.S. should reassess its technology blockade
policies to balance national security with global technological cooperation. Only through collective efforts to
promote global semiconductor supply chain stability and technological innovation can the U.S. ensure the
long-term prosperity and growth of its semiconductor chip industry.
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Abstract

The rapid development of the digital economy has made the digital transformation of brand for small and
medium-sized enterprises (SMEs) crucial for enhancing competitiveness and achieving sustainable development.
However, SMEs are severely restricted in their transformation process due to high technological barriers,
substantial cost investments, and a lack of professional talent. This paper proposes a lightweight path for digital
brand transformation, aiming to help SMEs break through transformation bottlenecks with strategies that are
low-cost, easy to operate, and quick to show results. The study first analyzes the current situation and challenges
of digital brand transformation for SMEs, and then puts forward lightweight transformation strategies, including
basic brand digitalization, simple data analysis, and compliance self-inspection.

Keywords: SMEs, digital brand transformation, lightweight transformation, cost-effectiveness, sustainability,
user experience, digital marketing, brand building

1. Introduction
1.1 Research Background

With the vigorous development of the digital economy, digital brand transformation has become a key strategy
for SMEs to enhance competitiveness and expand market share. However, SMEs face many challenges in the
transformation process, such as high technological barriers, substantial cost investments, and a lack of
professional talent, which seriously restrict the progress of their digital transformation. This study aims to
explore a lightweight path for digital brand transformation suitable for SMEs by analyzing the current situation
and challenges of digital brand transformation for SMEs and proposing feasible lightweight transformation
strategies to provide practical transformation guidance for SMEs. (Wu, S., Fu, L., Chang, R., Wei, Y., Zhang, Y.,
Wang, Z., ... & Li, K., 2025)

1.2 Research Purpose

This study aims to explore a lightweight path for digital brand transformation for SMEs to solve the
high-threshold problems faced by SMEs in the process of digital brand transformation. By conducting an
in-depth analysis of the current situation and challenges of digital brand transformation for SMEs, this study
proposes feasible lightweight transformation strategies to provide practical transformation guidance for SMEs.

1.3 Research Significance

This study not only provides theoretical support and practical guidance for the digital brand transformation of
SMEs but also offers new perspectives and methods for research in related fields. By exploring the lightweight
transformation path, it can effectively reduce the transformation costs of SMEs, improve transformation
efficiency, and promote the sustainable development of SMEs in the digital economy era.

2. Current Situation and Challenges of Digital Brand Transformation for SMEs
2.1 Current Situation of Digital Brand Transformation for SMEs
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Driven by the global digital wave, digital brand transformation for SMEs has become key to enhancing
competitiveness and market adaptability. Foreign SMEs started earlier and achieved upgrades in brand
communication, customer relationship management, and marketing by introducing technologies such as artificial
intelligence, big data, and cloud computing. In contrast, domestic SMEs are relatively lagging in digital brand
transformation, with many enterprises facing problems such as weak technological foundations and insufficient
digital awareness. Although some enterprises recognize the importance of digital transformation, they find it
difficult to implement it effectively due to a lack of funding and technical support. However, with the guidance
of national policies and the popularization of digital technology, more and more domestic SMEs have begun to
actively explore the path of digital brand transformation.

The main modes of digital brand transformation for SMEs include the construction of brand official websites,
social media marketing, e-commerce platform operations, big data analysis, and the integration of customer
relationship management (CRM) systems. The brand official website is an important window for enterprises to
display themselves externally and is the foundation of brand digitalization. Many SMEs have realized
multi-terminal display of brand information by building responsive websites. Social media marketing, through
platforms such as WeChat, Weibo, and Douyin, helps enterprises establish more direct interactive relationships
with consumers. E-commerce platform operations provide enterprises with new sales channels and reduce sales
costs. Big data analysis and the integration of CRM systems help enterprises better understand customer needs
and optimize marketing strategies.

2.2 Challenges Faced by SMEs in Digital Brand Transformation

SMEs face many challenges in the process of digital brand transformation. High technological barriers are a
prominent issue. Many digital tools and technologies require professional technical teams for development and
maintenance, which is a huge challenge for SMEs with limited funds and technical resources. Digital brand
transformation also requires a large amount of capital investment, including software procurement, system
development, equipment updates, and personnel training. For SMEs, the high costs of software procurement and
maintenance are a heavy burden. Digital transformation not only requires technical talent but also professionals
with digital marketing and management capabilities.

In the current fierce market competition, SMEs face problems such as low brand awareness and low customer
loyalty. Compared with large enterprises, SMEs are often at a disadvantage in brand promotion and market
expansion. Although digital transformation provides new development opportunities for SMEs, how to stand out
among numerous brands is still a huge challenge. Many SMEs, in the process of digital transformation, fail to
attract enough customers due to a lack of effective brand strategies and marketing means, resulting in
unsatisfactory transformation outcomes.

Table 1.

Category of Challenge | Specific Issue

Technical Barriers Digital tools and technologies require specialized teams for development and
maintenance.

Funding Requirements High costs associated with software procurement, system development, equipment

upgrades, and staff training.

Talent Demand Need for technical personnel and professionals with expertise in digital marketing
and management.

Market Competition Low brand awareness and low customer loyalty.

2.3 Analysis of the Dilemma of Digital Brand Transformation for SMEs

The main dilemmas faced by SMEs in the process of digital brand transformation are reflected in the
contradiction between transformation willingness and capability, the necessity of lightweight transformation, and
the lack of effective transformation guidance. Many SMEs recognize the importance of digital transformation,
but due to a lack of funding and technical support, they find it difficult to effectively implement transformation
strategies. This contradiction between willingness and capability makes it difficult for enterprises to proceed
with transformation. Faced with problems such as high technological barriers, high cost investments, and a
shortage of talent, SMEs need to explore a lightweight and low-cost transformation path. Lightweight
transformation can not only reduce the transformation costs of enterprises but also improve transformation
efficiency, helping SMEs stand out in fierce market competition. SMEs often lack professional guidance and
support in the process of digital transformation. Many enterprises blindly follow trends in the transformation
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process, lacking clear transformation goals and strategies, resulting in poor transformation outcomes.
3. Theoretical Basis of Lightweight Digital Transformation
3.1 Definition and Connotation of Lightweight Transformation

The concept of lightweight transformation is defined as the efficient transformation of brand digitalization and
management for SMEs under limited resource conditions, with the help of low-cost, easy-to-operate, and
quick-result technologies and tools. Its core characteristics include low cost, ease of operation, and quick results.
Low cost is reflected in the use of open-source tools, subscription services, and modular software, reducing
one-time large investments. For example, through the low-cost solutions of cloud service providers, the initial
capital investment for SMEs in digital transformation is reduced by an average of 40%. Ease of operation
focuses on the user-friendliness and operational convenience of tools. Many lightweight tools provide
drag-and-drop interfaces and template-based designs, enabling SMEs to quickly build brand official websites
and digital showrooms without professional technical teams. The time for platform construction is reduced by an
average of 60%. Quick results are achieved through rapid iteration and small-step fast running, quickly realizing
the phased goals of brand digitalization. (Feng, H., Dai, Y., & Gao, Y., 2025)

3.2 Related Theoretical Support

Brand asset theory emphasizes the accumulation and enhancement of brand value, and digital brand
transformation is an important way to increase brand asset value. Through digital means, SMEs can more
accurately reach target customers and enhance brand awareness and reputation. User experience theory states
that good user experience is a key factor in brand success. Lightweight transformation optimizes the user
experience of brand official websites, social media, and digital showrooms, improving user satisfaction and
loyalty.

3.3 Construction of Theoretical Framework for Lightweight Transformation

The theoretical model of lightweight digital brand transformation includes three key elements: basic brand
digitalization, simple data analysis, and compliance self-inspection. Basic brand digitalization quickly builds a
brand digital platform through one-click generation of brand official websites, electronic brochures, and product
digital showrooms. Simple data analysis uses automated tools to capture official website visit data and social
media follower growth data, generating easy-to-understand reports and providing action suggestions.
Compliance self-inspection reduces brand promotion risks through functions such as advertising law risk
detection and data privacy protection. These elements achieve transformation goals through low cost, ease of
operation, and quick results. Low cost is achieved through modular subscriptions and open-source tools,
reducing technological barriers and capital investment. Ease of operation provides drag-and-drop interfaces and
template-based designs, reducing the dependence on professional technical personnel. Quick results are achieved
through rapid iteration and small-step fast running, quickly realizing the phased goals of brand digitalization.

Table 2.
Key Element Specific Content Implementation Path
Digitalization of Brand Foundation | One-click generation of brand official website Modular subscription
Simplified Data Analysis Automated tools for capturing website traffic | Drag-and-drop

data interface
Compliance Self-Inspection Risk detection for advertising law violations Rapid iteration

4. The Lightweight Path to Digital Brand Transformation for SMEs
4.1 Strategies for Lightweight Digital Brand Transformation

Through basic brand digitalization, SMEs can quickly build brand official websites, electronic brochures, and
product digital showrooms. This rapid construction not only saves time and money but also enables brands to
quickly occupy a place in the online market. Simple data analysis is another key strategy in lightweight
transformation. SMEs can use free tools such as Google Analytics to automatically capture official website visit
data and social media follower growth data. These tools can generate intuitive reports, helping enterprise
managers quickly understand the brand’s performance in the market. This data-driven decision-making approach
enables SMEs to more accurately adjust brand strategies, enhance user experience, and improve conversion
rates. Compliance self-inspection is also an important part of lightweight transformation. SMEs often face
advertising law risks and data privacy protection issues in brand promotion. By using compliance detection tools
such as AdCheck, enterprises can quickly detect forbidden words and data privacy issues in brand promotional
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content.
4.2 Implementation Steps for Lightweight Digital Brand Transformation

To implement lightweight digital brand transformation, SMEs need to follow a series of orderly steps. First,
demand analysis is the foundation of successful transformation. SMEs need to clarify their specific needs for
digital brand transformation, including target customer groups, brand positioning, and market expectations.
Based on this demand analysis, the enterprise decides to highlight environmental protection and personalization
elements in its digital brand transformation. Choosing the right lightweight tools is the key to implementing
transformation. SMEs should select low-cost, easy-to-operate digital tools according to their needs. Through
Shopify, the enterprise was able to quickly launch an e-commerce platform and achieved a 40% increase in sales
within three months.

Building a basic brand digital platform is a concrete action in the implementation of transformation. SMEs can
quickly complete the construction of brand official websites, electronic brochures, and product digital
showrooms using drag-and-drop editing tools and industry templates. Data analysis is a continuous optimization
link in the transformation process. SMEs should regularly use simple data analysis tools to obtain brand data and
adjust brand strategies based on data feedback.

Table 3.
Step Specific Content Implementation Details
Demand Analysis Clarify the specific needs for brand | Conduct market research and internal
digital transformation discussions to determine the direction of
transformation

Selection of Lightweight | Choose cost-effective and easy-to-use | Use Shopify to quickly launch an

Tools digital tools based on needs e-commerce platform

Construction of Basic | Quickly build using drag-and-drop | Complete platform construction quickly

Digital Platform for Brand | editing tools and industry templates to reduce technical barriers and time
costs

Data Analysis and | Obtain brand data using simplified | Regularly analyze official website traffic
Optimization data analysis tools data and social media follower growth
data

4.3 Case Analysis of Lightweight Digital Brand Transformation

To more intuitively demonstrate the effects of lightweight digital brand transformation, we can refer to some
successful cases. Green Home, facing problems such as low brand awareness and single sales channels before
transformation, quickly improved its brand awareness through lightweight transformation. The enterprise first
used WordPress to build its brand official website and significantly improved its ranking in search engines
through SEO optimization. Subsequently, the enterprise used Shopify to build an e-commerce platform and
quickly increased brand awareness through social media marketing and influencer cooperation. In the first
quarter after the transformation, the enterprise’s sales increased by 60%, and its brand awareness in the target
market increased by 70%. (Luo, M., Du, B., Zhang, W., Song, T., Li, K., Zhu, H., ... & Wen, H., 2023)

5. The Effects and Impact of Lightweight Digital Transformation
5.1 Assessment of the Effects of Lightweight Transformation

The application of lightweight digital brand transformation in SMEs has achieved significant results. Taking
brand awareness as an example, through lightweight transformation, SMEs can quickly increase their exposure
in the market by using social media, search engine optimization (SEO), and content marketing. According to
relevant research, SMEs adopting lightweight transformation increased their brand awareness by an average of
60% in the first quarter after the transformation. Green Home increased its brand awareness in the target market
by 70% and its followers by 80% within three months through precise marketing on Instagram and Facebook.
(Feng, H., Dai, Y., & Gao, Y., 2025)

In terms of customer loyalty, lightweight transformation significantly improves customer satisfaction and loyalty
by optimizing user experience and providing personalized customer service. This improvement not only
enhances customers’ trust in the brand but also promotes their repeat purchasing behavior.

From a cost-effectiveness perspective, lightweight transformation significantly reduces the transformation costs
of SMEs by using open-source tools, subscription services, and modular software. According to surveys, SMEs
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adopting lightweight transformation reduced their initial capital investment in digital transformation by an
average of 40%. Qingyun Technology reduced its total cost to only 10% of the traditional website and
e-commerce platform construction method by using WordPress to build its brand official website and Shopify to
build its e-commerce platform. Meanwhile, its brand awareness and customer loyalty increased by 50% and 30%
(Zhu, H., Luo, Y., Liu, Q., Fan, H., Song, T, Yu, C. W, & Du, B., 2019), respectively. This
high-cost-performance transformation method enables SMEs to quickly upgrade their brand digitalization with
limited resources.

5.2 Positive Impact of Lightweight Transformation on the Development of SMEs

Lightweight digital brand transformation not only improves brand awareness and customer loyalty in the short
term but also has a profound positive impact on the long-term development of SMEs. First, by enhancing brand
competitiveness, SMEs can stand out in fierce market competition. This improvement in competitiveness makes
enterprises more stable in the market and better able to cope with market changes and competitive challenges.

Second, lightweight transformation promotes the sustainable development of SMEs. Through digital means,
enterprises can more accurately reach target customers, optimize resource allocation, and improve operational
efficiency. After the transformation, Qingyun Technology optimized its marketing strategy through data analysis,
reducing marketing costs by 30% and increasing marketing effectiveness by 50% (Yiyi Tao, Zhuoyue Wang,
Hang Zhang & Lun Wang, 2024). This efficient use of resources enables enterprises to achieve continuous
growth and development with limited capital and human resources.

5.3 Sustainability Analysis of Lightweight Transformation

From a technological sustainability perspective, the open-source tools and subscription services used in
lightweight transformation usually have good update and maintenance mechanisms. For example, platforms such
as WordPress and Shopify regularly update functions and fix vulnerabilities to ensure that enterprises can
continuously use the latest technology. In addition, the community support and developer ecosystem of these
platforms are also very active, and enterprises can obtain technical support and solutions at any time. According
to surveys, the cost of technology updates and maintenance for SMEs using these platforms is only 20% of that
of independently developed and maintained systems. (Feng, H., & Gao, Y., 2025)

From an economic sustainability perspective, lightweight transformation improves the economic benefits of
enterprises by reducing initial investment and operational costs. This high-benefit transformation method enables
enterprises to maintain good financial conditions in the long term and achieve sustainable development.

From a social sustainability perspective, lightweight transformation has a positive driving effect on social
economic development. By enhancing the competitiveness and innovation capabilities of SMEs, lightweight
transformation helps promote employment and economic growth. For example, after a successful digital
transformation, an SME not only achieved rapid development itself but also drove the digital transformation of
upstream and downstream enterprises in the industry chain, creating more employment opportunities. According
to relevant research, each SME that successfully achieves digital transformation can on average drive 3-5 related
enterprises to upgrade digitally, which is of great significance to the sustainable development of the social
economy.

6. Conclusions and Future Outlook
6.1 Research Conclusions

This study, through an in-depth analysis of the lightweight digital brand transformation of SMEs, summarizes
the path and effects of lightweight transformation and emphasizes its significance for the brand development of
SMEs. The study finds that the lightweight transformation strategy can significantly enhance the brand
awareness and customer loyalty of SMEs while reducing transformation costs and improving transformation
efficiency. Through strategies such as basic brand digitalization, simple data analysis, and compliance
self-inspection, SMEs can quickly achieve brand digital transformation with limited resources.

The significance of lightweight transformation for the brand development of SMEs is profound. It not only helps
SME:s stand out in fierce market competition but also promotes the sustainable development of enterprises. By
optimizing user experience and precise marketing, SMEs can better meet customer needs and improve customer
satisfaction. In addition, lightweight transformation also drives the digital transformation of the industry and
provides momentum for the development of the entire social economy.

6.2 Research Limitations and Future Outlook

Despite achieving certain results in both theoretical and practical aspects, this study still has some limitations.
First, the study mainly focuses on SMEs in specific industries, and the applicability to other industries needs
further verification. Second, the data of the study mainly come from some successful cases, and the analysis of
failed cases is insufficient. Future research can further expand the data sources to increase the
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comprehensiveness and representativeness of the study. In addition, the study’s analysis of the long-term impact
and dynamic changes of lightweight transformation is insufficient. Future research can conduct longitudinal
studies to track the transformation effects of SMEs at different stages.

Future research can be carried out in the following directions: First, expand the research scope to cover more
industries and types of enterprises to verify the universality of lightweight transformation. Second, conduct
in-depth analysis of failed transformation cases to summarize the reasons for failure and provide more
comprehensive transformation guidance for SMEs. Third, conduct longitudinal studies to track the
transformation effects of SMEs at different stages and explore the dynamic change laws of transformation.
Fourth, combine emerging technologies such as artificial intelligence and big data to study how to further
optimize lightweight transformation strategies and improve transformation effects.

6.3 Practical Significance and Policy Recommendations

This study has important practical significance for the digital brand transformation of SMEs. By proposing
lightweight transformation strategies, it provides a low-cost, high-efficiency transformation path for SMEs.
SMEs can choose suitable lightweight tools and strategies according to their actual situations to quickly achieve
brand digital transformation and enhance brand competitiveness. From the perspective of policy
recommendations, relevant government departments can support the lightweight transformation of SMEs
through the following measures: First, provide policy support and financial subsidies to reduce the financial
pressure of SMEs in transformation. Second, establish digital transformation service platforms to provide
technical support and consulting services for SMEs. Third, conduct digital transformation training to enhance the
digital awareness and capabilities of SME managers. Fourth, encourage industry-leading enterprises to cooperate
with SMEs to promote the digital upgrade of the industrial chain. Through these policy recommendations, the
government can effectively promote the digital transformation of SMEs and drive high-quality economic
development.
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Abstract

With the rapid development of cross-border e-commerce and international trade, the cross-border logistics
industry is confronted with several pain points, such as fragmented multi-link processes, excessive manual
intervention, and significant efficiency fluctuations. This study focuses on constructing an intelligent logistics
automation technology system that covers the entire chain from “overseas procurement-international
transportation-customs clearance and inspection-domestic warehousing”. The aim is to achieve unmanned
logistics operations and data interconnectivity through the deep integration of intelligent hardware, digital
systems, and process algorithms. A four-layer technology architecture of “perception layer-transmission
layer-decision-making layer-execution layer” has been designed. Moreover, in-depth explorations have been
conducted on key technologies such as intelligent classification of multi-category products, automated
scheduling of cross-border multimodal transportation, and intelligent compliance verification of customs
clearance and inspection. The actual business data of DongGuan Kreen Import and Export Co., Ltd. have been
utilized to validate the significant efficacy of this technology system in enhancing logistics cycle, reducing labor
costs, and minimizing error rates, achieving an overall efficiency improvement of over 30% across the entire
chain. The research outcomes not only provide a replicable automation transformation solution for cross-border
logistics enterprises but also offer theoretical and practical references for the application of intelligent logistics
technology in cross-border scenarios, holding important academic and application value.

Keywords: cross-border logistics, intelligent logistics automation, technology system, efficacy optimization,
cross-border e-commerce, international trade, intelligent classification algorithm, automated scheduling, customs
clearance and inspection, perception layer, transmission layer, decision-making layer, execution layer,
multimodal transportation, logistics cycle, labor costs, error rate, intelligent hardware, digital system, process
algorithm

1. Introduction
1.1 Research Background

The rapid growth of cross-border e-commerce and international trade, driven by global economic integration and
the development of Internet technology, has brought numerous challenges to cross-border logistics. The
cross-border logistics process involves multiple links, suffering from fragmented information, insufficient
collaboration, excessive manual intervention, and operational errors. Moreover, the significant differences in
logistics standards and regulations across countries lead to low logistics efficiency, high costs, and large-scale
fluctuations in logistics cycles. Intelligent logistics automation technology, which integrates information
technology, automated equipment, and intelligent algorithms, can realize unmanned logistics operations and
intelligent management, thereby improving logistics efficiency, reducing costs, and minimizing error rates.
However, its application in cross-border logistics is still in its infancy.
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1.2 Research Significance

This study, targeting the pain points of cross-border logistics, proposes the construction of an intelligent logistics
automation technology system that covers the entire chain. The significance lies in the following aspects:
realizing seamless connection and efficient collaboration among various links, reducing manual intervention,
enhancing accuracy and efficiency, shortening logistics cycles to meet customers’ timeliness requirements;
lowering labor costs, optimizing logistics processes, improving resource utilization, and enhancing corporate
competitiveness; providing technical support and practical pathways for the digital transformation of
cross-border logistics enterprises to help them adapt to market changes; filling the research gap in the
construction of a cross-border logistics-wide-ranging automation technology system, offering theoretical
references and practical cases for subsequent studies; and providing a replicable transformation solution for
cross-border logistics enterprises to promote the intelligent upgrade of the industry.

2. Literature Review
2.1 Current Research on Cross-Border Logistics Technology

As a vital support for international trade, cross-border logistics has garnered widespread attention in recent
years. Current research mainly focuses on logistics network optimization, transportation path planning, and
information technology application. However, due to the involvement of multiple-country regulations, various
transportation modes, and complex information interactions in cross-border logistics, existing technology
systems face limitations in practical applications. Most studies concentrate on optimizing single links, lacking
systematic research on the entire cross-border logistics chain. Moreover, the complexity of cross-border logistics
poses numerous challenges for technology application, such as differences in logistics standards across countries
and compatibility issues of information systems. Therefore, constructing a technology system that covers the
entire cross-border logistics chain has become an important direction for current research.

2.2 Intelligent Logistics Automation Technology

Intelligent logistics automation technology is an important development direction in the logistics field in recent
years. This technology integrates intelligent hardware, digital systems, and process algorithms to realize
unmanned and intelligent logistics operations. Intelligent hardware, such as intelligent workbenches and printers,
can automatically collect and process logistics information. Digital systems optimize logistics processes through
data analysis and decision-making support. Process algorithms are used for automated scheduling and path
planning. These technologies have shown significant advantages in improving logistics efficiency, reducing
costs, and minimizing error rates. However, the application of intelligent logistics automation technology in
cross-border logistics still faces many challenges, such as the coordination of multimodal transportation and the
intelligentization of customs clearance and inspection, which require further research and breakthroughs.

2.3 Efficacy Optimization Research

Efficacy optimization is an important goal of intelligent logistics automation technology. Studies have shown
that optimizing logistics cycles, reducing labor costs, and minimizing error rates can significantly enhance the
operational efficiency and economic benefits of logistics enterprises. In terms of logistics cycle optimization,
research mainly focuses on transportation path planning and warehousing management optimization. Regarding
labor cost control, the application of automation technology reduces the dependence on manual labor. In terms of
error rate control, intelligent systems effectively reduce operational errors through automatic verification and
real-time monitoring. However, existing studies mostly focus on theoretical models and algorithm design,
lacking in-depth analysis and verification of practical application scenarios. Therefore, exploring replicable
efficacy optimization methods in combination with actual business data is an urgent need for current research.

3. Design of Cross-Border Logistics Automation Technology System Architecture
3.1 Overview of Technology System Architecture

The construction of the cross-border logistics automation technology system aims to solve the problems of
fragmented multi-link processes, excessive manual intervention, and significant efficiency fluctuations in
traditional cross-border logistics. By integrating intelligent hardware, digital systems, and process algorithms, an
automation technology system covering the entire chain from “overseas procurement-international
transportation-customs clearance and inspection-domestic warehousing” is constructed to realize unmanned
logistics operations and data interconnectivity. The technology system adopts a layered architecture design,
specifically divided into the perception layer, transmission layer, decision-making layer, and execution layer. The
perception layer deploys intelligent hardware devices, such as Lian Cetong intelligent workbench, to
automatically collect logistics information. These devices can accurately obtain information such as the weight,
size, and barcode of goods, with an accuracy rate of over 99.5%. For example, in the actual application of
DongGuan Kreen Import and Export Co., Ltd., the intelligent workbench can complete the collection of goods
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information within 1 second, greatly improving the efficiency and accuracy of data entry. The transmission layer
utilizes advanced communication technologies, such as 5G networks and Internet of Things (IoT) platforms, to
transmit the data collected by the perception layer in real time to the decision-making layer. The low-latency and
high-bandwidth characteristics of 5G networks ensure the real-time and stable transmission of data. In practical
tests, the data transmission delay is controlled within 10 milliseconds, effectively supporting the system’s
real-time decision-making. The decision-making layer, based on big data analysis and artificial intelligence
algorithms, processes and analyzes the data transmitted from the transmission layer to generate optimal logistics
operation instructions. These instructions are realized through the automated equipment in the execution layer,
such as intelligent printers and logistics robots, to perform specific logistics operations. The devices in the
execution layer can automatically complete tasks such as label printing, goods sorting, and handling according to
the instructions from the decision-making layer, reducing manual intervention and improving operation
efficiency and accuracy.

Table 1.

Level Effect and Indicators

Perception Layer Data Collection Accuracy: Over 99.5%
Transmission Layer Data Transmission Delay: Within 10 milliseconds
Decision-making Layer Optimize logistics operation instructions
Execution Layer Reduce manual intervention

3.2 Characteristics of Technology System Architecture

The cross-border logistics automation technology system has the following significant characteristics: First, data
interconnectivity is one of the core advantages of this system. Through the intelligent hardware devices of the
perception layer and the communication technologies of the transmission layer, real-time data sharing and
interaction among various links of cross-border logistics are realized. This data interconnectivity not only
enhances the transparency of logistics operations but also provides comprehensive and accurate data support for
the decision-making layer, making logistics decisions more scientific and rational. Second, unmanned operation
is another major feature of the technology system. From the collection of goods information, data transmission,
decision-making generation to the final logistics operations, the entire process requires almost no manual
intervention. This not only reduces labor costs but also minimizes the risks caused by manual operation errors.
For example, in the customs clearance and inspection link, intelligent compliance verification technology can
automatically identify and handle various complex regulatory requirements, with an accuracy rate of over 98%
(Li, K., Chen, X., Song, T., Zhou, C., Liu, Z., Zhang, Z., Guo, J., & Shan, Q., 2025), greatly improving customs
clearance efficiency and accuracy. Finally, full-chain coverage is an important characteristic of the technology
system. This system not only covers all links of cross-border logistics but also realizes seamless connection and
coordinated operations among various links through intelligent algorithms and automated equipment. This
full-chain coverage design enables each link of cross-border logistics to operate efficiently, thereby significantly
improving the efficiency and efficacy of the entire logistics system.

4. Breakthroughs in Core Technologies
4.1 Intelligent Classification Algorithm

In cross-border logistics, the rapid and accurate classification of multi-category products (such as chemicals,
machinery, and alcoholic beverages) is crucial for improving logistics efficiency. This study has developed an
intelligent classification algorithm based on deep learning. The algorithm extracts features from product images
through Convolutional Neural Networks (CNN) and analyzes the semantics of product description texts through
Recurrent Neural Networks (RNN) to realize automatic product classification. In the actual application of
DongGuan Kreen Import and Export Co., Ltd., the classification accuracy of this algorithm for more than 1,000
products has reached 98.5%. Compared with traditional manual classification, the classification time has been
shortened from an average of 30 seconds per product to 5 seconds, with an efficiency improvement of 6 times.

Table 2.

Project Technical Details Effect and Indicators

Effect Traditional manual sorting: Average of | Sorting time reduced: From 30 seconds per item
Comparison 30 seconds per item to 5 seconds per item
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Sorting Accuracy | Sorting accuracy: 98.5% Reduction in sorting errors

4.2 Automated Scheduling Model

Cross-border logistics involves various transportation modes, including sea transportation, land transportation,
and Hong Kong transshipment. How to efficiently schedule these transportation resources is a complex issue.
This study has constructed an automated scheduling model based on multi-agent reinforcement learning. The
model dynamically adjusts the allocation and scheduling strategies of transportation resources by simulating the
behaviors of intelligent agents in the logistics environment. In practical applications, the model can
automatically generate the optimal transportation paths and scheduling plans according to factors such as the
urgency of goods, transportation costs, and transportation time.

4.3 Intelligent Compliance Verification Technology

Customs clearance and inspection is a key link in cross-border logistics, with high complexity and compliance
requirements. This study has developed an intelligent compliance verification technology based on Natural
Language Processing (NLP) and rule engine. The technology can automatically parse customs regulations and
inspection requirements and conduct intelligent verification of customs declaration documents. In practical
applications, the technology analyzes information such as the commodity description, HS code, and origin in the
customs declaration documents to automatically identify potential compliance risks and provide verification
reports.

5. Efficacy Optimization Pathways
5.1 Logistics Cycle Optimization

The logistics cycle is a key indicator for measuring the efficiency of cross-border logistics. Through the
application of the intelligent logistics automation technology system, the logistics cycle has been significantly
optimized. Specifically, transportation path optimization utilizes the automated scheduling model, combined
with real-time traffic data and transportation resource status, to dynamically adjust transportation paths. In the
actual application of DongGuan Kreen Import and Export Co., Ltd., the average time from sea transportation to
warchousing has been shortened from 30 days to 20 days, with an efficiency improvement of 33%. In terms of
customs clearance process optimization, the application of intelligent compliance verification technology has
significantly shortened the customs clearance and inspection time, reducing the verification time from an
average of 2 hours to 10 minutes and increasing the verification accuracy from 90% to 99%, with a 50%
reduction in customs clearance delay rate. In addition, warehousing management optimization, through
intelligent hardware devices (such as Lian Cetong intelligent workbench) and digital systems, has realized the
rapid warehousing, storage, and outbound operations of goods. In practical applications, the warehousing time
has been shortened from an average of 2 hours to 30 minutes, and the outbound time has been shortened from an
average of 1.5 hours to 20 minutes, with an overall improvement in warehousing efficiency of 60% (Li, X.,
Wang, X., Qi, Z., Cao, H., Zhang, Z., & Xiang, A., 2024).

Table 3.
Optimization Area Effect and Indicators
Transportation Route Optimization Average shipping time to warehouse: Reduced from 30 days to 20

days

Customs Clearance Process Optimization | Verification time: Reduced from 2 hours to 10 minutes

Warehouse Management Optimization Inbound time: Reduced from 2 hours to 30 minutes

5.2 Labor Cost Optimization

Labor costs are an important component of cross-border logistics costs. Through the application of the intelligent
logistics automation technology system, labor costs have been significantly reduced. In the actual application of
DongGuan Kreen Import and Export Co., Ltd., the reduction rate of labor in the customs declaration link has
reached 40%. The application of the intelligent classification algorithm has shortened the goods classification
time from an average of 30 seconds per product to 5 seconds, with a classification efficiency improvement of 6
times, reducing the labor demand in the classification link. In addition, the application of the automated
scheduling model has made the scheduling of transportation resources more efficient, reducing labor input in the
scheduling link. Through these measures, the company’s overall labor costs have been reduced by 30%, while
improving employee job satisfaction and efficiency.
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5.3 Error Rate Control

The error rate is an important factor affecting the service quality of cross-border logistics. Through the
application of the intelligent logistics automation technology system, the error rate has been significantly
reduced. In the actual application of DongGuan Kreen Import and Export Co., Ltd., the information entry error
rate has been reduced from the original 5% to 0.5%, with a 90% reduction in the error rate. The accuracy of the
intelligent classification algorithm has reached 98.5% (Wang J Y, Tse K T & Li S W., 2022), effectively reducing
logistics delays and customer complaints caused by classification errors. The application of intelligent
compliance verification technology has increased the compliance verification accuracy of customs declaration
documents from 90% to 99%, reducing customs clearance delays caused by compliance issues.

5.4 Efficacy Enhancement Methodology

Through the above optimization measures, a replicable efficacy enhancement methodology has been formed.
This methodology emphasizes data-driven decision-making support, optimizing logistics operation processes
through real-time data collection and analysis to improve efficiency and accuracy. At the same time, the
methodology focuses on the deep integration of technology and business, realizing unmanned logistics
operations and intelligent management through the coordinated action of intelligent hardware, digital systems,
and process algorithms. In the actual application of DongGuan Kreen Import and Export Co., Ltd., the logistics
cycle has been shortened by 30%, labor costs have been reduced by 40%, the error rate has been reduced by
90%, and overall efficacy has been improved by 60% (Li, K., Chen, X., Song, T., Zhang, H., Zhang, W., & Shan,
Q., 2024). These achievements not only provide a replicable automation transformation solution for cross-border
logistics enterprises but also offer theoretical and practical references for the application of intelligent logistics
technology in cross-border scenarios.

Table 4.

Optimization Indicator Data Comparison
Logistics Cycle Reduced by 30%
Labor Cost Decreased by 40%
Error Rate Reduced by 90%
Overall Efficiency Increased by 60%

6. Case Verification and Value Analysis
6.1 Case Background

DongGuan Kreen Import and Export Co., Ltd. specializes in cross-border logistics services. The company is
located at Room 501, Building 1, Jinying Second Street No. 5, Houjie Town, Dongguan City, Guangdong
Province. The main business of Guanhao Import and Export Co., Ltd. includes international freight forwarding,
import and export of goods, import and export of technology, and customs declaration and inspection services.
The company’s brand “Guanhao” enjoys a high reputation in the fields of international trade, cross-border
e-commerce, and international logistics. The current situation of the company’s cross-border logistics business
shows that Guanhao Import and Export Co., Ltd. has accumulated rich experience in the cross-border logistics
field, with a service scope covering the import business of more than 1,000 kinds of products, including
chemicals, daily necessities, machinery, timber, white wine, and red wine. The company has an import logistics
team with over 10 years of experience, possessing professional industry experience and operational capabilities.
However, with the rapid development of business, the company also faces problems such as fragmented
multi-link processes, excessive manual intervention, and significant efficiency fluctuations. In order to improve
logistics efficiency and reduce costs, the company decided to introduce the intelligent logistics automation
technology system.

6.2 Application of Technology System

DongGuan Kreen Import and Export Co., Ltd. has applied the intelligent logistics automation technology system
in the import scenario of more than 1,000 kinds of products. In the specific implementation process, the
company first deployed the Lian Cetong intelligent workbench in the perception layer to automatically collect
goods information, including weight, size, barcode, etc. These intelligent devices can complete the collection of
goods information within 1 second, with an accuracy rate as high as 99.5% (Luo, M., Zhang, W., Song, T., Li,
K., Zhu, H., Du, B., & Wen, H., 2021). In the transmission layer, the company utilized 5G networks and loT
platforms to transmit the collected data in real time to the decision-making layer. The decision-making layer,
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based on big data analysis and artificial intelligence algorithms, generates optimal logistics operation
instructions. The intelligent printers and logistics robots in the execution layer complete tasks such as label
printing, goods sorting, and handling according to the instructions, reducing manual intervention and improving
operation efficiency and accuracy.

During the implementation process, the company also optimized key technologies such as intelligent
classification of multi-category products, automated scheduling of cross-border multimodal transportation, and
intelligent compliance verification of customs clearance and inspection. For example, the application of the
intelligent classification algorithm has shortened the goods classification time from an average of 30 seconds per
product to 5 seconds, with a classification efficiency improvement of 6 times. The application of the automated
scheduling model has shortened the logistics cycle from an average of 30 days to 20 days and reduced
transportation costs by 20% (Li, K., Liu, L., Chen, J., Yu, D., Zhou, X., Li, M., ... & Li, Z., 2024). The
application of intelligent compliance verification technology has shortened the compliance verification time of
customs declaration documents from an average of 2 hours to 10 minutes and increased the verification accuracy
from 90% to 99%.

6.3 Application Effect Evaluation

Through the application of the intelligent logistics automation technology system, the overall efficiency of the
entire chain of DongGuan Kreen Import and Export Co., Ltd. has been improved by more than 30%. Specific
data support is as follows: the logistics cycle has been shortened from an average of 30 days to 20 days, with an
efficiency improvement of 33%; labor costs have been reduced by 40%, with a reduction rate of labor in the
customs declaration link reaching 40%; the error rate has been reduced by 90%, with the information entry error
rate reduced from the original 5% to 0.5% (Tao Y., 2023). These optimization measures have not only improved
the operational efficiency of the enterprise but also significantly reduced operational costs.

6.4 Case Value Summary

The case of DongGuan Kreen Import and Export Co., Ltd. provides valuable experience for the automation
transformation of cross-border logistics enterprises. First, the application of the intelligent logistics automation
technology system has proved its significant effects in improving logistics efficiency, reducing operating costs,
and minimizing error rates. Second, the implementation of this technology system provides a replicable
transformation solution for cross-border logistics enterprises, helping them maintain a leading position in fierce
market competition. Finally, this case has an important promoting effect on the development of the industry.
Through the application of the technology system, DongGuan Kreen Import and Export Co., Ltd. has not only
enhanced its own competitiveness but also set a benchmark for the entire cross-border logistics industry,
promoting the development of the industry towards intelligence and automation.

7. Conclusions and Future Prospects
7.1 Research Conclusions

This study focuses on the pain points in the cross-border logistics industry and proposes and constructs an
intelligent logistics automation technology system that covers the entire chain from “overseas
procurement-international transportation-customs clearance and inspection-domestic warehousing”. By
integrating intelligent hardware, digital systems, and process algorithms, this technology system realizes
unmanned logistics operations and data interconnectivity. In the actual application of DongGuan Kreen Import
and Export Co., Ltd., the technology system has significantly improved logistics efficiency, reduced operating
costs, and minimized error rates.

7.2 Research Limitations

Despite the achievements obtained in both theoretical and practical aspects, there are still some shortcomings in
the research process. First, although the technology system has shown significant efficacy improvement in the
application of DongGuan Kreen Import and Export Co., Ltd., the limitations of this case lie in its relatively
limited business scope and scale. Therefore, the applicability and effectiveness of the technology system in
larger-scale and more diversified cross-border logistics enterprises still need further verification. Second, the
research lacks sufficient analysis of the long-term impact and sustainability of intelligent logistics automation
technology. For example, the maintenance costs, technological updates, and changes in employee skill
requirements during the long-term operation of the technology system require more in-depth research. Finally,
the research does not comprehensively analyze the impact of regulatory changes in different countries and
regions on the technology system. Cross-border logistics involves the regulations and standards of multiple
countries, and the technology system needs to have stronger adaptability and flexibility to cope with the
constantly changing regulatory environment.

References

40



FRONTIERS IN MANAGEMENT SCIENCE SEP. 2025 VOL.4, NO.5

Li, K., Chen, X., Song, T., Zhang, H., Zhang, W., & Shan, Q., (2024). GPTDrawer: Enhancing Visual Synthesis
through ChatGPT. arXiv preprint arXiv:2412.10429.

Li, K., Chen, X., Song, T., Zhou, C., Liu, Z., Zhang, Z., Guo, J., & Shan, Q., (2025, March 24). Solving situation
puzzles with large language model and external reformulation. arXiv:2503.18394 [cs.LG].

Li, K., Liu, L., Chen, J., Yu, D., Zhou, X., Li, M., ... & Li, Z., (2024, November). Research on reinforcement
learning based warehouse robot navigation algorithm in complex warehouse layout. In 2024 6th
International Conference on Artificial Intelligence and Computer Applications (ICAICA), 296-301. IEEE.

Li, X., Wang, X., Qi, Z., Cao, H., Zhang, Z., & Xiang, A., (2024). DTSGAN: Learning Dynamic Textures via
Spatiotemporal Generative Adversarial Network. Academic Journal of Computing & Information Science,
7(10), 31-40.

Luo, M., Zhang, W., Song, T., Li, K., Zhu, H., Du, B., & Wen, H., (2021, January). Rebalancing expanding EV
sharing systems with deep reinforcement learning. In Proceedings of the Twenty-Ninth International
Conference on International Joint Conferences on Artificial Intelligence (pp. 1338-1344).

Tao Y., (2023). SQBA: sequential query-based blackbox attack, Fifth International Conference on Artificial
Intelligence and Computer Science (AICS 2023). SPIE, 12803, 721-729.

Wang J Y, Tse K T, Li S W., (2022). Integrating the effects of climate change using representative concentration
pathways into typhoon wind field in Hong Kong. Proceedings of the 8th European African Conference on
Wind Engineering, 20-23.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

41



Paradigm Academic Press -—
S

Frontiers in Management Science -
ISSN 2788-8592 PARADIGM
SEP. 2025 VOL.4, NO.5

Digital Service Standard Construction and Practice Verification for
Small and Medium-Sized Hotel Apartments

Han Liu!
! Beijing Diman Apartment Management Co., Ltd, Beijing 100124, China
Correspondence: Han Liu, Beijing Diman Apartment Management Co., Ltd, Beijing 100124, China.

doi: 10.63593/FMS.2788-8592.2025.09.005

Abstract

The rapid development of information technology has rendered the digital transformation of
small-and-medium-sized hotel apartments crucial for enhancing competitiveness. However, the lack of unified
digital service standards within the industry has led to uneven service quality. This study constructs a digital
service standard framework for small-and-medium-sized hotel apartments, focusing on key aspects such as
online booking, smart rooms, and security management. The feasibility and effectiveness of this framework are
verified through a case study of Beijing Diman Apartment Management Co., Ltd. The results indicate that
optimizing service processes and incorporating smart technologies can significantly improve booking success
rates, customer satisfaction, equipment utilization rates, and service response speeds, while reducing operational
costs and security risks. This study provides theoretical support and practical guidance for the digital
transformation of small-and-medium-sized hotel apartments, holding significant theoretical and practical
implications.

Keywords: small-and-medium-sized hotel apartments, digital services, service standards, construction path,
practice verification, phased implementation, online booking, smart rooms, security management, operational
optimization, information technology application, industry standards

1. Introduction
1.1 Research Background

In the era of rapid information technology development, the digital transformation of the hotel industry has
become a key to enhancing competitiveness. Small-and-medium-sized hotel apartments, as an important part of
the industry, face unprecedented opportunities and challenges. With increasing consumer demands for
accommodation experiences, not only comfort but also convenience, intelligence, and personalized services are
highly expected. However, the lack of unified digital service standards in small-and-medium-sized hotel
apartments results in uneven service quality, affecting the overall development of the industry. Additionally,
these hotels face issues such as high technology costs, complex system integration, and data security risks during
the digital transformation process, which limit their digital development and market competitiveness. Therefore,
constructing a scientific and rational digital service standard is of great significance for improving the service
quality and operational efficiency of small-and-medium-sized hotel apartments.

1.2 Research Objectives

This study aims to construct a digital service standard suitable for small-and-medium-sized hotel apartments,
providing theoretical support and practical guidance for the industry’s digital transformation. By analyzing the
current status and problems of digital services in small-and-medium-sized hotel apartments, this study constructs
a scientific and rational digital service standard framework from core aspects such as online booking, smart
rooms, and security management, and proposes a “phased implementation” path. Meanwhile, the feasibility and
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effectiveness of the standard are verified through a case study of Beijing Diman Apartment Management Co.,
Ltd., offering an operable digital service optimization plan for other small-and-medium-sized hotel apartments.

1.3 Research Significance

This study holds significant theoretical and practical importance. Theoretically, it fills the research gap in digital
service standards for small-and-medium-sized hotel apartments, providing a new theoretical framework and
research perspective for the digital transformation of the hotel industry. Practically, by establishing unified
service standards, the study helps standardize the service processes of small-and-medium-sized hotel apartments,
improve service quality, and enhance customer satisfaction and loyalty. The verified case study also offers a
replicable digital service optimization plan for other small-and-medium-sized hotel apartments, promoting the
overall development of the industry.

2. Theoretical Basis and Construction Logic of Digital Service Standards for Small-and-Medium-Sized
Hotel Apartments

2.1 Theoretical Basis for the Construction of Digital Service Standards

The construction of digital service standards is based on service science theory, information technology theory,
and quality management theory. Service science theory emphasizes a user-centered approach, focusing on user
experience and service quality during the service process, which provides small-and-medium-sized hotel
apartments with a customer-satisfaction-oriented service philosophy. Information technology theory focuses on
the application and integration of technology to ensure the efficiency and reliability of digital services, providing
technical support for the digital transformation of hotel apartments. Quality management theory ensures the
stability and consistency of services through standardization and continuous improvement, laying the foundation
for the long-term development of service standards. These theories support each other, providing a solid
theoretical basis for constructing a scientific and rational digital service standard.

2.2 Characteristics and Needs Analysis of Digital Services in Small-and-Medium-Sized Hotel Apartments

Small-and-medium-sized hotel apartments have unique characteristics and needs in digital services. Firstly, with
limited funds and technological resources, these hotels find it hard to bear the high costs of digital
transformation. According to a survey by the China Hotel Industry Association, the digital service penetration
rate of small-and-medium-sized hotel apartments was only 35% in 2024, far lower than the 75% of large hotels.
This indicates a huge potential for improvement in digital services for small-and-medium-sized hotel apartments.
Secondly, the high demand for personalized services from consumers, who increasingly expect personalized and
convenient accommodation experiences, is evident. A questionnaire survey reveals that consumers’ digital
service needs for small-and-medium-sized hotel apartments mainly focus on online booking, smart room
facilities, mobile payment, and customer feedback systems. Lastly, the strong operational flexibility of
small-and-medium-sized hotel apartments requires a rapid response to market changes and customer demands.
These characteristics and needs dictate that in constructing digital service standards for small-and-medium-sized
hotel apartments, a balance between cost-effectiveness, user experience, and operational efficiency must be
emphasized.

2.3 Core Aspects and Key Indicators of Digital Service Standard Construction

The construction of digital service standards should revolve around core aspects, including online booking,
smart rooms, security management, customer service, operation management systems, data analysis and
application, marketing and promotion, etc. Each core aspect has key indicators to measure service quality and
operational efficiency. For example, in online booking, key indicators include booking success rate, booking
response time, and customer satisfaction. Currently, the average booking success rate for
small-and-medium-sized hotel apartments is 88%, with a response time of 5 minutes and a customer satisfaction
score of 4.2/5. By optimizing the booking system, these indicators can be significantly improved. In smart
rooms, key indicators include smart device failure rate, smart device utilization rate, and customer feedback
approval rate. Surveys show that the smart device failure rate for small-and-medium-sized hotel apartments is
5%, the utilization rate is 70%, and the customer feedback approval rate is 85%. By introducing more reliable
smart devices and optimizing user interfaces, user experience and device utilization rates can be enhanced. In
security management, key indicators include data leakage incident rate, security vulnerability repair time, and
customer complaint rate. The data leakage incident rate for small-and-medium-sized hotel apartments is 0.5%,
the security vulnerability repair time is 36 hours, and the customer complaint rate is 2%. By strengthening data
security management and technological investment, security risks can be effectively reduced. In customer
service, key indicators include customer response time, customer problem-solving rate, and customer
satisfaction. Currently, the customer response time for small-and-medium-sized hotel apartments is 3 minutes,
the problem-solving rate is 90%, and customer satisfaction is 4.3/5. By optimizing customer service processes
and enhancing employee training, customer service levels can be further improved.
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Table 1.

Core Link Key Indicators Current Level
Online Booking Booking Success Rate 88%

Booking Response Time 5 minutes

Customer Satisfaction 4.2/5

Smart Room Smart Device Failure Rate 5%

Smart Device Usage Rate 70%

Positive Customer Feedback Rate 85%

3. Analysis of Key Aspects of Digital Service Standards for Small-and-Medium-Sized Hotel Apartments
3.1 Online Booking Service Standards

Online booking is a vital entry point for the digital services of small-and-medium-sized hotel apartments,
directly affecting customer booking experiences and satisfaction. According to the latest industry surveys, the
usage rate of online booking channels has reached 85%, with over 60% of bookings made via mobile devices.
However, the performance of small-and-medium-sized hotel apartments in this area is uneven. Data shows that
the average booking success rate for these hotels is only 88%, with a response time of 5 minutes and a customer
satisfaction score of 4.2/5. In contrast, large hotels have a booking success rate as high as 95%, a response time
of just 3 minutes, and a customer satisfaction score of 4.5/5. To enhance the quality of online booking services,
small-and-medium-sized hotel apartments need to optimize their booking systems to increase the booking
success rate to over 95%. For example, adopting a real-time inventory management system can reduce booking
failures caused by inaccurate inventory information. Additionally, introducing an automated booking
confirmation system can shorten the average response time to within 3 minutes. Moreover, through customer
feedback mechanisms, the booking process can be continuously optimized to raise customer satisfaction to 4.5/5.
For instance, providing multilingual support, detailed room information, and convenient payment options can
improve the overall booking experience.

3.2 Smart Room Service Standards

Smart rooms are a crucial element in enhancing customer accommodation experiences and represent one of the
core competitive advantages of digital services in small-and-medium-sized hotel apartments. Market research
indicates that 78% of consumers are willing to pay higher prices for rooms equipped with smart devices.
However, there is a notable gap in the quality of smart room services provided by small-and-medium-sized hotel
apartments compared to large hotels. Data reveals that the smart device failure rate for small-and-medium-sized
hotel apartments is 5%, the utilization rate is 70%, and the customer feedback approval rate is 85%. In contrast,
large hotels have a smart device failure rate of only 2%, a utilization rate of 80%, and a customer feedback
approval rate of 90% (Zhu, H., Luo, Y., Liu, Q., Fan, H., Song, T., Yu, C. W., & Du, B., 2019). To improve the
quality of smart room services, small-and-medium-sized hotel apartments should reduce the smart device failure
rate to below 2% through regular maintenance and upgrades. For example, partnering with professional smart
device suppliers to provide regular equipment checks and maintenance services can ensure the reliability of
smart devices. Additionally, enhancing user training and optimizing user interfaces can increase the smart device
utilization rate to over 80%. For instance, providing detailed usage guides and video tutorials can help customers
quickly become familiar with the operation of smart devices. Moreover, by collecting and processing customer
feedback in a timely manner through customer feedback systems, the customer feedback approval rate can be
raised to over 90%. For example, establishing a rapid response mechanism to address customer feedback within
24 hours can significantly enhance customer satisfaction.

Table 2.

Project Current Status of Small and Medium Current Status of Large Hotels
Hotels

Smart Device Failure Rate 5% 2%

Smart Device Usage Rate 70% 80%

Positive Customer Feedback Rate | 85% 90%
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3.3 Security Management Service Standards

Security management is the foundation of digital services in small-and-medium-sized hotel apartments, directly
relating to customer information security and accommodation experiences. According to industry reports, the
data leakage incident rate for small-and-medium-sized hotel apartments is 0.5% (Yiyi Tao, Zhuoyue Wang, Hang
Zhang & Lun Wang, 2024), the security vulnerability repair time is 36 hours, and the customer complaint rate is
2%. In comparison, large hotels have a data leakage incident rate close to zero, a security vulnerability repair
time of only 24 hours, and a customer complaint rate below 1%. To enhance the quality of security management
services, small-and-medium-sized hotel apartments need to strengthen data encryption and access control to
bring the data leakage incident rate close to zero. For example, employing advanced encryption technologies to
encrypt customer data during storage and transmission can effectively safeguard customer information.
Additionally, establishing a rapid response security team to shorten the security vulnerability repair time to
within 24 hours is essential. Regular security vulnerability scans and repairs can ensure the overall security of
the system.

3.4 Customer Service Standards

Customer service is a key aspect in enhancing customer satisfaction and loyalty. According to customer
satisfaction surveys, small-and-medium-sized hotel apartments have a customer response time of 3 minutes, a
problem-solving rate of 90%, and a customer satisfaction score of 4.3/5. In contrast, large hotels have a customer
response time of 2 minutes, a problem-solving rate of 95%, and a customer satisfaction score of 4.5/5. To
improve the quality of customer service, small-and-medium-sized hotel apartments need to optimize their
customer service processes to reduce the customer response time to within 2 minutes. For example, adopting an
intelligent customer service system to automatically handle common issues can significantly increase response
speed. Additionally, enhancing employee training and process optimization can raise the problem-solving rate to
over 95% (Feng, H., & Gao, Y., 2025). Regular service skills training for employees can ensure their ability to
quickly and accurately resolve customer issues. Moreover, continuous improvement and customer feedback can
elevate customer satisfaction to 4.5/5. Establishing a customer satisfaction survey mechanism to regularly collect
customer opinions and continuously optimize service quality is essential for maintaining high-quality customer
service.

3.5 Operation Management System Standards

The operation management system is the core of digital services in small-and-medium-sized hotel apartments,
directly impacting service efficiency and operational costs. According to industry surveys, the average response
time of operation management systems for small-and-medium-sized hotel apartments is 10 minutes, with a
system failure rate of 5% and an operational efficiency of 70%. In contrast, large hotels have an operation
management system response time of 5 minutes, a system failure rate of 2%, and an operational efficiency of
80%. To enhance the quality of operation management systems, small-and-medium-sized hotel apartments need
to optimize system architecture and improve server performance to reduce the system response time to within 5
minutes. For example, adopting cloud computing technology can enhance the system’s processing capabilities
and response speed. Additionally, regular maintenance and upgrades can lower the system failure rate to below
2% (Wang, Z., Zhang, Q., & Cheng, Z., 2025). Establishing a system monitoring mechanism to promptly detect
and repair system failures is crucial for maintaining operational efficiency. Moreover, process optimization and
data analysis can increase operational efficiency to over 80%. Introducing data analysis tools to optimize
operational processes and improve work efficiency can significantly contribute to the overall effectiveness of the
operation management system.

4. Case Study Analysis of Beijing Diman Apartment Management Co., Ltd.
4.1 Overview of Beijing Diman Apartment Management Co., Ltd.

Beijing Diman Apartment Management Co., Ltd., located in Chaoyang District, Beijing, specializes in the
leasing and management of mid-to-high-end apartments. The company manages over 150 apartments distributed
across several core areas of Beijing. Its target customer groups are mainly business travelers and long-term
tenants. To meet the high-quality accommodation requirements of customers, the company has been committed
to enhancing service quality and operational efficiency through digital means. By collaborating with multiple
technology companies, the company has successfully developed and applied a full-process leasing system and a
smart response system. The application of these systems has not only improved customer satisfaction but also
significantly reduced operational costs, enhancing the company’s market competitiveness.

4.2 Application of the Full-Process Leasing System

The full-process leasing system integrates the online booking platform, customer relationship management
system (CRM), and property management system (PMS) to achieve automation and intelligence in the leasing
process. During the customer booking stage, the system ensures the accuracy of booking information through
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real-time inventory management, achieving a booking success rate of 96% (Wang, Z., Zhang, Q., & Cheng, Z.,
2025), which is significantly higher than the industry average. The system also provides multilingual support and
convenient payment options, resulting in a customer satisfaction score of 4.6/5. During the customer stay, the
system integrates smart devices to offer a convenient accommodation experience. For example, customers can
control in-room smart devices such as air conditioning, lighting, and curtains through a mobile application. The
utilization rate of smart devices has reached 82%, and the customer feedback approval rate has reached 91%.

During the check-out phase, the system streamlines the settlement process, enabling customers to complete
check-out in just 3 minutes, a 50% reduction compared to traditional procedures (Lu, D., Wu, S., & Huang, X.,
2025). Moreover, the system’s data analysis capabilities provide real-time operational data to the company’s
management, facilitating the optimization of service processes and enhancement of operational efficiency.
Through the application of the full-process leasing system, Beijing Diman Apartment Management Co., Ltd. has
not only improved customer experience but also significantly reduced operational costs and enhanced its market
competitiveness.

Table 3.

Stage Key Indicators

Customer Booking Stage Booking Success Rate: 96%
During Customer Stay Smart Device Usage Rate: 82%
Check-out Phase Average Check-out Time: 3 minutes

4.3 Application of the Smart Response System

The smart response system is an essential tool for Beijing Diman Apartment Management Co., Ltd. to enhance
customer service experience. By integrating artificial intelligence (AI) and machine learning technologies, the
system achieves automated handling and rapid response to customer inquiries. It can automatically identify and
classify customer issues and provide instant responses based on a pre-set solution library. For complex issues,
the system automatically escalates them to human customer service representatives to ensure timely resolution.

In practice, the smart response system boasts a customer response time of merely 1 minute, a problem-solving
rate of 97%, and a customer satisfaction score of 4.7/5 (Wu, S., Huang, X., & Lu, D., 2025). For instance, the
system can automatically handle common inquiries such as booking queries, check-in time adjustments, and
device malfunction reports. Through the smart response system, the company has not only improved customer
service quality but also significantly reduced the workload of human customer service representatives, enhancing
operational efficiency. Additionally, the system’s data analysis capabilities provide real-time analysis of
customer feedback, enabling management to promptly adjust service strategies and further improve customer
satisfaction. The successful application of the full-process leasing system and the smart response system has not
only enhanced customer experience but also significantly reduced operational costs and improved market
competitiveness (Yi, Q., He, Y., Wang, J., Song, X., Qian, S., Zhang, M., ... & Shi, T., 2025). These case studies
offer valuable experience and references for other small-and-medium-sized hotel apartments.

5. Conclusions and Future Directions
5.1 Research Conclusions

This study focuses on the construction and practice verification of digital service standards for
small-and-medium-sized hotel apartments, aiming to provide theoretical support and practical guidance for the
industry’s digital transformation. Through an in-depth analysis of the current status of digital services in
small-and-medium-sized hotel apartments and a case study of Beijing Diman Apartment Management Co., Ltd.,
a comprehensive digital service standard framework covering key aspects such as online booking, smart rooms,
security management, customer service, and operation management has been constructed. The practice results
indicate that the optimized online booking process has significantly improved booking success rates and
customer satisfaction. The utilization rate and customer feedback approval rate of smart rooms have also been
enhanced. In terms of security management, the risk of data leakage has been reduced. Customer service
response time has been shortened, and problem-solving rates have increased. The efficiency and stability of the
operation management system have also been strengthened. These improvements have not only enhanced service
quality but also strengthened market competitiveness, providing strong support for the digital transformation of
small-and-medium-sized hotel apartments.

5.2 Research Innovations and Limitations
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In terms of innovation, the systematic construction of this study provides comprehensive guidance for the digital
transformation of small-and-medium-sized hotel apartments. The practice verification demonstrates the
effectiveness of the research method that combines theory with practice, and the data-driven research process
enhances the scientific nature and persuasiveness of the study. However, there are also some limitations. The
limited sample size means that the research results may not be fully applicable to all small-and-medium-sized
hotel apartments. The rapid evolution of technology requires continuous attention to new developments, and the
assessment of long-term effects is not yet sufficient. These aspects need to be improved in future research.

5.3 Future Research Directions

Looking ahead, research can be further deepened in multiple directions. First, by selecting more
small-and-medium-sized hotel apartments from different regions and types for practice verification, the
universality of the service standard framework can be enhanced. Second, continuously monitoring the
development of digital technologies and integrating new technologies into services can further improve service
quality and operational efficiency. Additionally, long-term tracking of hotels that have implemented digital
service standards can assess their long-term operational effects. Cross-industry comparative studies and research
on policies and regulations will provide a more comprehensive perspective and policy support for the digital
transformation of small-and-medium-sized hotel apartments, promoting the sustainable development of the
industry.
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Abstract

With the acceleration of global economic integration, the role of small and medium-sized micro enterprises
(SME?s) in the supply chain has become increasingly prominent. However, under the traditional insurance model,
SMEs face the dilemma of “difficult insurance purchase and slow claims settlement.” This paper proposes the
integration model of “Insurance Technology + Supply Chain Finance,” aiming to address the risk management
challenges of SMEs through a dynamic premium algorithm. A real-time pricing model based on enterprise
operation data and supply chain risk coefficients is constructed, and blockchain technology is utilized to connect
the data of upstream and downstream enterprises to achieve risk-sharing. Through an empirical analysis of 50
pilot enterprises, the results show that the dynamic premium algorithm reduces the insurance cost of SMEs by an
average of 40%, significantly improving the efficiency of enterprise risk management and insurance service
experience. Further industry-fit analysis reveals that the algorithm has good applicability in both manufacturing
and service industries, but optimization adjustments are needed according to the risk characteristics of different
industries. Finally, this paper demonstrates the specific effects and value of the dynamic premium algorithm in
practical applications through three typical enterprise cases, arguing the universal significance of the “Insurance
Technology + Supply Chain Finance” integration model for SME risk management and providing new ideas and
practical paths for the coordinated development of the insurance industry and supply chain finance.

Keywords: insurance technology, supply chain finance, dynamic premium algorithm, small and medium-sized
micro enterprises, risk management, blockchain, empirical analysis, cost-benefit, industry-fit, smart contract,
data sharing, risk-sharing

1. Introduction
1.1 Background

Small and medium-sized micro enterprises (SMEs) play an irreplaceable role in promoting economic growth,
driving innovation, creating employment opportunities, and maintaining social stability as an important part of
the economic system. According to relevant statistical data, SMEs account for more than 90% of the total
number of enterprises, contribute about 60% of the Gross Domestic Product (GDP), provide more than 50% of
tax revenue, and absorb about 80% of urban employment. However, these enterprises face many challenges in
their development, among which the most prominent is the weak risk management capability, especially in terms
of insurance protection.

The insurance pain points faced by SMEs are mainly manifested as “difficult insurance purchase and slow
claims settlement.” On the one hand, due to the small scale of SMEs’ operations, incomplete financial data, and
high risk assessment difficulty, traditional insurance companies are often cautious about underwriting them,
making it difficult for SMEs to obtain suitable insurance products. On the other hand, even if they successfully
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purchase insurance, the claims process is relatively complex, with cumbersome procedures and long claims
cycles, which are hard to meet the needs of SMEs to quickly resume production and business operations. These
problems seriously affect the risk-bearing capacity and sustainable development capability of SMEs and restrict
their performance in market competition.

1.2 Problem Statement

The traditional insurance model has many limitations in serving SMEs. First, the design of traditional insurance
products is often based on the risk characteristics of large-scale enterprises, lacking consideration for the
personalized needs of SMEs, resulting in a mismatch between insurance products and the actual needs of SMEs.
Second, the pricing mechanism of traditional insurance is relatively fixed and cannot dynamically adjust
according to the operating conditions and risk changes of SMEs, resulting in high insurance costs for SMEs. In
addition, the claims process of traditional insurance is complex and lacks an efficient information-sharing
mechanism, further exacerbating the “difficult claims settlement” problem of SMEs.

In this context, the integration model of “Insurance Technology + Supply Chain Finance” has emerged.
“Insurance Technology” refers to the use of modern information technology means, such as big data, artificial
intelligence, blockchain, etc., to innovate insurance business models and improve the efficiency and quality of
insurance services. “Supply Chain Finance” is to provide comprehensive financial services around core
enterprises by integrating the logistics, information flows, and capital flows of upstream and downstream
enterprises in the supply chain, optimizing the capital allocation of the supply chain, and enhancing the
competitiveness of the entire supply chain. Combining insurance technology with supply chain finance can not
only use insurance technology to improve the efficiency and accuracy of insurance services but also solve the
financing and risk management problems of SMEs by leveraging the capital advantages and information-sharing
mechanisms of supply chain finance.

1.3 Research Purpose and Significance

This study aims to explore the application value of the dynamic premium algorithm in the insurance field of
SMEs. The dynamic premium algorithm is a real-time pricing model based on enterprise operation data and
supply chain risk coefficients, which can dynamically adjust the premium level according to the actual risk status
of the enterprise, thereby realizing the precision and personalization of insurance pricing. By introducing
blockchain technology, the algorithm can break through the data barriers of upstream and downstream
enterprises in the supply chain, achieve risk-sharing, and further enhance the risk management capability of
SMEs.

From a theoretical perspective, this study will enrich the theoretical research on the integration of insurance
technology and supply chain finance, providing new perspectives and methods for academic research in related
fields. From a practical perspective, this study will provide a new risk management solution for SMEs, helping
to reduce the insurance costs of SMEs, improve their risk-bearing capacity, and promote the healthy
development of SMEs. Meanwhile, this study also provides a useful reference for the coordinated development
of the insurance industry and supply chain finance, helping to promote the deep integration of insurance
technology and supply chain finance and enhance the ability of financial services to serve the real economy.

2. Technical Framework
2.1 Core of Dynamic Premium Algorithm

The dynamic premium algorithm is the core technology of this study, which is based on enterprise operation data
and supply chain risk coefficients for real-time pricing. The data sources are extensive, covering
multi-dimensional information such as enterprise financial statements, business cash flows, and credit ratings.
These data go through a detailed data processing procedure, including data cleaning to remove noise and
outliers, feature extraction to select key indicators related to insurance pricing, and standardization to ensure the
comparability of data with different dimensions. Through this series of processing, the algorithm can accurately
adjust the premium level according to the real-time operating conditions of the enterprise, ensuring that the
premium matches the actual risk of the enterprise.

The quantification and application of supply chain risk coefficients further enhance the precision of premium
pricing. A thorough analysis of supply chain risk factors is conducted, covering multiple aspects such as supplier
stability, logistics risks, and market demand fluctuations. For example, the financial status and historical supply
records of suppliers are assessed to determine the risk of supply interruption, logistics data is analyzed to predict
the probability of transportation delays, and market demand data is used to forecast the impact of market
fluctuations on enterprises. Based on these analyses, risk coefficients can be dynamically adjusted to reflect the
changes in supply chain risks in real-time, thereby more comprehensively assessing the overall risk status of the
enterprise and adjusting the premium accordingly.
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2.2 Application of Blockchain Technology

Blockchain technology plays a key role in the integration model of “Insurance Technology + Supply Chain
Finance,” especially in the realization of supply chain data sharing and risk-sharing mechanisms. The distributed
ledger and encryption algorithms of blockchain ensure the immutability and transparency of data, enabling
upstream and downstream enterprises in the supply chain to cooperate based on real and trustworthy data. The
decentralized storage method further enhances the security and reliability of data, avoiding the risk of
single-point failure. Meanwhile, smart contracts, an important application of blockchain, can automatically
execute risk-sharing mechanisms according to preset rules. When risks occur in the supply chain, smart contracts
can automatically adjust the responsibilities and obligations of each participant according to the risk coefficients,
promoting trust and cooperation among upstream and downstream enterprises in the supply chain and achieving
risk-sharing.

2.3 Integration and Process Design of Technical Framework

Combining the dynamic premium algorithm with blockchain technology, a complete closed-loop process is
constructed. Starting from data collection, enterprise operation and supply chain-related data are collected,
processed, and then input into the dynamic premium algorithm for pricing. The pricing results are recorded and
shared through blockchain technology, and smart contracts automatically execute risk-sharing mechanisms
according to risk coefficients. This integrated process not only improves the precision and efficiency of
insurance pricing but also enhances the security and credibility of data through blockchain technology, providing
more scientific and rational insurance services for SMEs and promoting the deep integration of insurance
technology and supply chain finance.

3. Empirical Analysis

To deeply explore the application effects of the dynamic premium algorithm in the insurance field of SMEs, this
study carefully selected 50 representative SMEs as research samples. These enterprises are widely distributed
across various industries such as manufacturing and services, covering enterprises of different scales and
operating characteristics, thereby ensuring the broad applicability and representativeness of the research results.
The data sources are rich and diverse, covering enterprise operation data, supply chain data, and insurance
claims data in multiple dimensions. Among them, enterprise operation data provides a solid basis for assessing
enterprise operating risks by recording key information such as the financial status, business cash flows, and
credit ratings of enterprises. Supply chain data focuses on key factors such as supplier stability, logistics risks,
and market demand fluctuations, accurately depicting the risks faced by enterprises in the supply chain.
Insurance claims data provides strong support for analyzing claims efficiency and costs by recording detailed
information on enterprise claims applications, claims amounts, and claims cycles. These data are collected and
organized through enterprise internal information systems, supply chain management platforms, and insurance
company claims systems, ensuring the authenticity and integrity of the data and laying a solid foundation for the
subsequent empirical analysis.

3.1 Sample Selection and Data Sources

Under the traditional insurance model, SMEs generally face the contradiction of high insurance premiums and
low protection levels, as well as the time and opportunity costs caused by cumbersome claims processes. Due to
the lack of personalized risk assessment, traditional insurance products often adopt a “one-size-fits-all” pricing
method, resulting in high insurance premiums for SMEs that do not match the protection levels. According to the
sample data statistics, the average claims cycle under the traditional insurance model is as long as 30 days, and
the claims amount only accounts for about 60% of the insurance premium, which undoubtedly increases the
financial burden of enterprises and reduces the capital turnover efficiency. In contrast, the dynamic premium
algorithm significantly reduces the insurance costs of SMEs through accurate risk assessment and real-time
pricing. Specific data shows that after adopting the dynamic premium algorithm, the average insurance cost of
the sample enterprises is reduced by 40% (Xiong, X., Zhang, X., Jiang, W., Liu, T., Liu, Y., & Liu, L., 2024), the
claims cycle is shortened to 15 days, and the proportion of claims amount to insurance premium is increased to
80%. This significant cost-benefit improvement not only reduces the financial burden of SMEs but also
improves their risk management efficiency and enhances their market competitiveness.

Table 1.

Project Traditional Insurance Model | Dynamic Premium Algorithm
Average Claim Cycle 30 days 15 days

Claim Amount as a Percentage of Premium | 60% 80%
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Average Insurance Cost — Reduced by 40%

3.2 Cost Differences Between Traditional Pricing and Dynamic Premium

Blue Ocean Precision Manufacturing Company mainly engages in the production of automotive parts. Its supply
chain is complex, facing multiple risks such as raw material supply interruptions, production process
interruptions, and market demand fluctuations. Before the introduction of the dynamic premium algorithm, the
company’s annual insurance premium was as high as 100,000 yuan, but the claims amount was only 60,000
yuan, and the claims cycle was as long as 35 days. This traditional insurance model was not only costly but also
had low claims efficiency, which seriously affected the company’s capital turnover and market competitiveness.
After the introduction of the dynamic premium algorithm, Blue Ocean Precision Manufacturing Company
dynamically adjusted the premium according to its own operating data and supply chain risk coefficients. The
premium was reduced from 100,000 yuan to 60,000 yuan, the claims amount increased from 60,000 yuan to
80,000 yuan (Liu, Z., 2022), and the claims cycle was shortened from 35 days to 10 days. This change not only
significantly reduced the company’s insurance costs but also greatly improved the company’s capital turnover
efficiency and market competitiveness. The adaptability of the dynamic premium algorithm in different
industries has also been verified. In the manufacturing industry, the complexity of the production process and the
stability of the supply chain are the main risk characteristics. Blue Ocean Precision Manufacturing Company,
through the dynamic premium algorithm, can monitor the production data and supply chain risks of the
enterprise in real-time and adjust the premium level accurately. For example, when the enterprise faces the risk
of raw material supply interruption, the premium will be dynamically increased according to the risk coefficient,
and after the risk is removed, the premium will be automatically reduced. This flexible premium adjustment
mechanism enables enterprises to reduce insurance costs and improve risk management efficiency under
controllable risks.

Table 2.

Project Traditional Insurance Model Dynamic Premium Algorithm
Annual Premium Expense 100,000 yuan 60,000 yuan

Claim Amount 60,000 yuan 80,000 yuan

Claim Cycle 35 days 10 days

3.3 Industry-Fit Analysis of the Algorithm

In the service industry, the uncertainty of service delivery and market demand fluctuations are the main risk
characteristics. The dynamic premium algorithm can adjust the premium in real-time by analyzing the service
data of enterprises and changes in market demand. For example, during the peak tourist season, catering service
enterprises face increased market demand, the risk coefficient rises, and the premium will be correspondingly
increased. In contrast, during the off-season, the premium will be reduced. This dynamic adjustment mechanism
not only adapts to the operating characteristics of the service industry but also provides more accurate insurance
services for enterprises. Through comparative analysis of the 50 pilot enterprises across different industries, it is
found that the dynamic premium algorithm has good adaptability in different industries. Despite the differences
in risk characteristics and operating characteristics of different industries, the dynamic premium algorithm can
effectively reduce the insurance costs of enterprises and improve risk management efficiency through accurate
risk assessment and real-time pricing. At the same time, the algorithm shows significant cost-benefit and risk
management advantages in both the manufacturing and service industries, providing more scientific and rational
insurance services for SMEs.

4. Conclusion
4.1 Value Argumentation of the Model

The integration model of “Insurance Technology + Supply Chain Finance” provides a new solution for SME risk
management through the application of the dynamic premium algorithm. This model not only significantly
improves the efficiency and precision of risk management but also reduces the insurance costs of enterprises
through accurate risk assessment and real-time pricing, enhancing their market competitiveness. For example,
after applying the dynamic premium algorithm, Huaxing Manufacturing Company’s insurance expenditure was
reduced by 30%, the claims cycle was halved, and the proportion of claims amount to premium increased from
60% to 80% (J. Huang & Y. Qiu, 2025). This not only alleviated the financial burden of the enterprise but also
improved its capital turnover efficiency and market competitiveness. In addition, this model is of great
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significance to the coordinated development of the insurance industry and supply chain finance. It innovates the
insurance service model, expands the scope of business, and promotes the stability and healthy development of
the supply chain finance ecosystem. The data-sharing and risk-sharing mechanisms realized through blockchain
technology enhance the trust and cooperation among upstream and downstream enterprises in the supply chain,
driving the optimization and upgrading of the entire supply chain.

4.2 Typical Enterprise Case Analysis

Global Cross-Border E-commerce Company mainly engages in the cross-border sales of electronic products and
home furnishings, with business covering many countries and regions in Europe and America. With the rapid
expansion of its business, the company faces increasingly complex risk management needs. The traditional
insurance model cannot meet the company’s demand for flexible and accurate insurance services, and the high
insurance premiums and cumbersome claims process also bring significant cost pressures to the company. After
the introduction of the dynamic premium algorithm, the company dynamically reduced the insurance premium
according to its own operating data and supply chain risk coefficients. Through blockchain technology, the
company can share supply chain data in real-time, ensuring the authenticity and credibility of the data. This not
only reduces the company’s insurance costs but also improves claims efficiency and shortens the claims cycle.
Within half a year of applying the dynamic premium algorithm, the company’s insurance expenditure was
reduced by 40%, the claims cycle was shortened from 30 days to 15 days, and the proportion of claims amount
to premium increased from 55% to 75% (Liu, Z., 2025). This change significantly alleviated the company’s
financial burden, improved its capital turnover efficiency, and enhanced its competitiveness in the international
market.

Table 3.

Project Traditional Insurance Model | Dynamic Premium Algorithm
Premium Expense Higher Reduced by 40%

Claim Cycle 30 days 15 days

Claim Amount as a Percentage of Premium | 55% 75%

Huaxing Manufacturing Company mainly engages in the production of automotive parts. Its supply chain is
complex, facing multiple risks such as raw material supply interruptions, production process interruptions, and
market demand fluctuations. The traditional insurance model cannot accurately assess these risks, resulting in
high insurance premiums for the company but relatively low claims amounts. After the introduction of the
dynamic premium algorithm, the company dynamically adjusted the premium according to real-time production
data and supply chain risk coefficients. When risks occur in the supply chain, the premium will be automatically
increased according to the risk coefficient, and after the risk is removed, the premium will be automatically
reduced. This flexible premium adjustment mechanism not only reduces the company’s insurance costs but also
improves its risk management efficiency. Within three months of applying the dynamic premium algorithm, the
company’s insurance expenditure was reduced by 35%, the claims cycle was shortened from 25 days to 10 days,
and the proportion of claims amount to premium increased from 60% to 85% (Huang, T., Yi, J., Yu, P, & Xu, X.,

2025). This change significantly improved the company’s capital turnover efficiency and market
competitiveness.

Table 4.

Project Traditional Insurance Model | Dynamic Premium Algorithm
Premium Expense Higher Reduced by 35%

Claim Cycle 25 days 10 days

Claim Amount as a Percentage of Premium | 60% 85%

Sunshine Travel Service Company mainly engages in travel services. Its business has obvious seasonal
characteristics, facing risks such as the uncertainty of service delivery and market demand fluctuations. The
traditional insurance model cannot adapt to this seasonal change, resulting in high risks for the company during
the peak tourist season and excessive insurance costs during the off-season. After the introduction of the
dynamic premium algorithm, the company dynamically adjusted the premium according to real-time service data
and market demand changes. During the peak tourist season, the premium will be automatically increased
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according to the risk coefficient, and during the off-season, the premium will be automatically reduced. This
dynamic adjustment mechanism not only adapts to the company’s operating characteristics but also reduces its
insurance costs. Within one year of applying the dynamic premium algorithm, the company’s insurance
expenditure was reduced by 30%, the claims cycle was shortened from 20 days to 10 days, and the proportion of
claims amount to premium increased from 65% to 80% (Yu, D., Liu, L., Wu, S., Li, K., Wang, C., Xie, J, ... &
Ji, R., 2025). This change significantly improved the company’s capital turnover efficiency and market
competitiveness.

4.3 Research Limitations and Future Outlook

This study has achieved significant results in both theoretical and practical aspects, but there are still some
limitations. First, the sample size is limited, with only 50 SMEs selected as research objects (Li, X., Cao, H.,
Zhang, Z., Hu, J., Jin, Y., & Zhao, Z., 2024), which cannot fully reflect the actual situation of all SMEs. Second,
the research scope is mainly concentrated in the manufacturing and service industries, and the application effects
and industry-fit analysis in other industries are not deep enough. In addition, there are still some challenges in
the process of data acquisition and processing, and the completeness and accuracy of data from some enterprises
need to be further improved. Future research will be committed to expanding the sample scope to cover more
industries and types of enterprises to verify the universality and applicability of the model. Meanwhile, the
dynamic premium algorithm will be further optimized to improve its precision and adaptability.
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Abstract

The thrust of this study was to examine conflict management strategies and organizational productivity of
Ecobank Plc. Cross River State, Nigeria. To achieve the objectives of this study, five research questions were
raised and subsequently transformed into research hypotheses. Literature review was done according to the
variables explored in the study, while the survey research design was deemed appropriate for the research. The
population of the study was 108 respondents from Ecobank Plc. Cross River State, where a sample of 85
respondents were randomly selected through the Taro Yamane formula. A semi-structured questionnaire designed
by the researcher was deployed as an instrument for data collection. Pearson product moment correlation
analysis was the statistical technique deployed for the analysis of data with the aid of the statistical package for
Social Sciences (SPSS version 28). Findings of the study revealed that “arbitration strategy, mediation strategy,
avoidance strategy, open communication strategy and compromise strategy significantly relate organizational
productivity of Ecobank Plc.” Cross River State, Nigeria. Based on the findings of the study, it was
recommended among others that the management of organizations or institutions should monitor, intervene and
employ the different strategies on conflicts’ matters in order to enhance organizational productivity.

Keywords: conflict management strategies, organizational productivity, arbitration strategy, mediation strategy,
avoidance strategy, open communication strategy, compromise strategy

1. Introduction

Conflict management strategy is conceptualized as the methods and processes involved in facilitating the
peaceful ending of disputes and retribution in an organization. Conflict management strategies are mechanisms
or measures employed in resolving disagreement between individuals, groups and organizations (Ele et al.,
2024). The contributions of conflict management strategies cannot be over emphasized in the resolution of
disputes among workers in an organization. Conflict is an inevitable feature of organizational life. Conflict is a
situation of disagreement between two parties. A conflict situation is therefore one that is characterized by the
inability of those concerned to iron out their differences (Omene, 2021). The aim of conflict management is to
enhance learning and group outcomes, that is, effectiveness of productivity and performance in organizational
setting. It is not concerned with eliminating all conflicts or avoiding conflict completely but to employ good
conflict strategies in maintaining peace and harmony among members of the organization.

Conflict management strategies imply integration of all factors which can contribute to conflict resolution or its
prevention. Those factors are improvement of communication and practicing discipline in the organization, as
well as having in mind the life phases of parties involved. Conflict management strategy is a catalyst for change
and can have a positive impact on employee satisfaction and performance of any given organization (Omene,
2021). He further asserted that effective management strategies in conflict resolution will boost good
communication, time management, cooperation and organizational productivity. Good conflict management
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practices or methods will significantly improve decision outcomes and high profile of productivity. Conflict
management strategy assists in reducing negativity and increases positivity in the workplace. Since a good
conflict improves decision outcomes and ensures group productivity when properly managed, it also creates
additional channels of communication with employees as means of obtaining prompt feedback on organizational
policies, so that conflicting interest will not arise again in the organization. (Wonah et al, 2020; Ele & Anono,
2020).

Awan and Ibrahim (2015) in Omene (2021) contend that if the individuals do not have the communication or
interpersonal skills to resolve their disputes, the conflict can grow and spread to others, eventually affecting their
job productivity, performance, which, in turn, affects the job satisfaction of others, as well in addition to the
workers not having the communication skills to address their disputes, and their managers often lack the
necessary skills to be effective in conflict resolution. Disputes are primarily an inevitable and systemic part of
human existence that cannot be ignored or avoided in the Nigeria work organizations (Okafor et al, 2020). Over
the years or decades, litigation has been the traditional technique of settling disputes that have not given head
way in the work organizations (Omisore & Abiodun, 2014). This is because the increasing growth of slow and
costly court proceedings have deterred many organizations as well as employers and investors from choosing
litigation to resolve their disputes.

Organizational productivity is the effective key to success for businesses, especially manufacturing firms.
Gigantic or large manufacturers, have the ability to attain better as well as superior economies of large scale
because of the availability of resources. Productivity can also be hindered if the systems in place do not allow
employees to flourish (Davies, 2020). This is because modern total quality management practices or techniques
stare at all aspects of a business, from the sourcing of raw materials and components, to production line
technology, staff skills, planning, back office roles, sales, marketing and customer relationship management. The
objective is to ensure that all the departments are working at optimal level and together in harmony in order to
provide the end customers or users with a better-quality product.

2. Literature Review
2.1 Theoretical Framework

The theoretical framework of this study is anchored on the Structural-Functionalism Theory propounded by
Persons (1960) in Omene (2022). The theory postulates that individuals normally adjust to a given structure in an
organization but any change in the structure of the organization causes conflict and destabilizes the organization.
Conflict need to be minimized by minimizing structural changes in order to maintain stability with both the
individuals as well as the institutions. Another theory that lends credence to this study is conflict management
model. This theory was propounded by Blake and Mouton in 1964. The theory explained styles for handling
interpersonal conflicts into five types: forcing, withdrawing, smoothing, compromising, and problem solving. In
the 1970’s and 1980’s, researchers began using the intentions of the parties involved to classify the styles of
conflict management that they would include in their models. The model based on the concerns of the parties
involved in the conflict. The combination of the parties concerned for their own interests (that is, assertiveness)
and their concern for the interests of those across the table (that is, cooperativeness) would yield a particular
conflict management style. Pruitt called these styles yielding (low assertiveness/high cooperativeness), problem
solving (high assertiveness / high cooperativeness), inaction (low assertiveness / low cooperativeness), and
contending (high assertiveness / low cooperativeness). Pruitt argues that problem-solving is the preferred method
when seeking mutually beneficial options. The relevance of the theory to the study is that it stresses on ways of
handling conflicts in an organization

2.2 Conflict Management Strategies

Conflict management strategies are those mechanisms, measures and methods used by managers, supervisors,
lawyers (practitioners) and management to resolve disputes or disagreements between employees and managers,
among groups and organizations (Ele et al., 2024). These strategies can be arbitration, mediation, collaboration,
good governance, communication, negotiation, compromise, avoidance, accommodation, alternative dispute
resolution, conciliation, facilitation, mini-trial, expert determination, etc. Conflict management strategies implies
integration of all factors which can contribute to conflict resolution or its prevention (Qmene, 2021). These
factors are improvement of communication and practicing discipline in the organization, as well as having in
mind the life phases of parties involved.

Conflict management strategies are very important in every organization or institution in order to generate
creative thinking and how to develop problem solving methods and attitudes between the confronting parties
(Sanda, 2018). Most scholars such as Knippen et al. (2019), Hellriegel (2017), and Ajike (2015) identified
effective conflict management strategies to include conflict competing, accommodation, avoidance,
confrontation collaboration and mediation. They further posited that the application of a particular conflict
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management strategy depends on the nature of conflicting situations between the parties involved. Conflict
management strategies are techniques and dimensions or measures that can be used by organizations or
institutions to identify, manage and resolve conflicts sensibly, fairly and efficiently in order to reduce negative
consequences of it (Ekpu, 2018).

2.3 Organizational Productivity

Productivity is a tool of measurement that determines the efficiency of an organization in relations to the ratio of
outputs produced with respect to inputs used (Okolie et al, 2018). They further elucidated that productivity and
quality of products and services are integral components of organizations’ operational strategies or techniques.
Productivity plays an important role at both macro and micro levels of every manufacturing firm. Productivity
describes various measures of the efficiency of production. A productivity measure is expressed as the ratio of
output to input used in a production process, i.e. output per unit of input. Productivity specifies the ability of all
related activities to produce goods and services. As an alternative in focusing on the input and output sides only,
productivity characterized or embodied a major philosophical shift in how a work system such as workstation, an
assembly line, a process, and plant will be analyzed for continuous improvement of quality products and
services. When dividing the outputs by the inputs, the implications show how well the inputs that can be
described as the resources are utilized in order to generate the outputs (Okolie et al, 2018). Good conflict
management techniques greatly improve decision outcomes and high profile of productivity. Effective
management strategies in conflict resolution will boost good communication, time management, cooperation and
organizational productivity on a continuous basis (Omene, 2021).

2.4 Arbitration Strategy and Organizational Productivity

Arbitration is one of the oldest methods for the resolution of disputes between parties in an organization (Okafor
et al, 2020). This is a process similar to an informal trial where an impartial third party hears each side of a
dispute and issues a decision; the parties may agree to have the decision be binding or non-binding. It is a
simplified version of a trial involving limited discovery and simplified rules of evidence (Cornell Law School,
2019). The arbitration is led and decided by an arbitral panel. To make this panel, both parties must agree and
select one arbitrator from each side, and the two arbitrators will select the third party. Arbitration hearings
normally stays between a few days to a week, and the panel only meets for a few hours per day. The panel then
deliberates and issues a written decision, or arbitral award. This method has long been used in labour relations,
construction and securities regulation, but is now gaining popularity in other business disputes. For the first time
in history of Nigeria that arbitration and other forms of ADR is given constitutional right and backing as a
method of resolving disputes in the work organizations (Okafor et al, 2020).

Arbitration means a way of settling conflict by involving a third, unbiased individual, referred to as an arbitrator,
after the evidence has been assessed, and consideration has been given to the arguments of both experts and the
experts choose to settle the situation (Mboya, Kiplagat & Ernest, 2017; Aigbavboa, 2022). Gulghane and
Khandve (2015) describe arbitration as a method of settling conflict that requires that the experts should agree to
refer their situation to an arbitrator. Such an agreement is termed an arbitration agreement. Arbitrating as a way
of settling conflict using a third, unbiased individual, known as a mediator, after the evidence has been assessed
and consideration has been given to the arguments from both experts and a choice has been made to deal with
the situation (Maureen, Maore & Were, 2021).

2.5 Mediation Strategy and Organizational Productivity

Mediation is one of the forms of alternative dispute resolution (ADR) mechanisms (Ampoma et al, 2022).
Mediation is the use of a neutral third-party to help the disputing parties resolve the dispute on their own. A
mediator will not resolve the dispute but will help facilitate discussion between parties in conflict with an aim of
finding a solution (Ampoma et al, 2022). Mediation is a voluntary process in which an impartial person (the
mediator) helps with communication between the parties which will allow them to reach a mutually acceptable
agreement. Mediation often is the next step if negotiation proves unsuccessful. Mediation can be used to solve
conflict arising from personality differences. Interpersonal conflict in organizations can get too destructive
resulting into third party to solve the dispute. Mediation strategy is a method by which professionals can resolve
conflict. Mediation concerns a personal process in which an impartial third party assists other individuals to
examine a difficult condition and come to an agreement between them (Gulghane & Khandve, 2015). Tshuma,
Ndlovu and Bhebhe (2016) counted mediation as among the main approaches of conflict resolution. According
to Ojo and Folayan (2017), mediation is based on the involvement of a third, unbiased individual that helps
individuals to arrive at an agreeable settlement. While Heather specified that mediation has emerged as an
efficient method of conflict resolution which is initiated by relationship-based conflict.

Mediation is an informal alternative to litigation. This is a collaborative process where a mediator works with the
parties to come to a mutually agreeable solution (Findlaw, 2019). Mediation is usually nonbinding. It is a
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significant method for resolving disputes between managers and workers in the work organizations. Mediation
involves the use of a neutral third party (i.e., the mediator) to act as a facilitator of settlement discussions
(Oni-Ojo, Iyiola & Osibanjo, 2014; Okafor et al., 2020; Osabiya, 2015; Lipsky, Avgar & Lamare, 2017).

2.6 Avoidance Strategy and Organizational Productivity

Avoidance is reacting to incompetence or inadequate understanding of an unpleasant difficulty by being
ambiguous. Zhang et al. (2015) emphasized that avoiding can also be identified as a disregarding approach. The
scholars asserted that avoidance involves delaying circumstances and retreating from contradictory problems
(Aigbayboa, 2022). According to Omene (2021), the avoidance strategy seeks to put off conflict indefinitely. By
delaying or ignoring the conflict, the avoider hopes the problem resolves itself without a confrontation. Those
who actively avoid conflict frequently have low esteem or hold a position of low power. In some circumstances,
avoidance strategy can serve as a profitable conflict management strategy, such as after the dismissal of a
popular but unproductive employee. The hiring of a more productive replacement for the position soothes much
of the conflict.

2.7 Open Communication and Organizational Productivity

Open communication involves the process of sharing and exchanging information between individuals, groups
and potential parties in settling a dispute situation (Ele & Anono, 2020). It also involves the process of
interacting and relating with others, meaning that parties to a dispute situation still talk. This exchange and
sharing of information can help to remove doubt, suspicion and contribute to the process of confidence building
in peace keeping among workers and management in an organization. Communication is an essential elements of
peace building and peace education. It relates to the presence and sharing of accurate information about a dispute
or conflict situation, being able to discuss about feelings and concerns of parties, talking about what disputants
would like to exchange and discussing the nature and type of dispute, touching on the positions, interests, needs
and fears of parties involved. Here, communication assumed increased significance following the ASUU strike
action of 5th November, 2018, that lasted for 4 months (Natukunda-Togbga, 2017). Wilson (2019) revealed that
poor communication between individuals and groups, personality clashes, poor management policies, scarcity
resources, and non-implementation of service circulars, are the major causes of the conflicts in public hospitals
of Port Harcourt, Rivers State.

Awan and Anjum (2015) say that properly managed conflict promotes open communication, collaborative
decision making, regular feedback, and timely resolution of conflict. Open communication and collaboration
enhance the flow of new ideas and strengthen work relationships, which can have a positive effect on employee
morale. Regular feedback and timely resolution of conflict have the potential of improving employee satisfaction
and job performance (Awan & Saeed, 2015). Conflict has both positive and negative impacts on the performance
of any organization, but for any organization to develop, it must be able to manage and resolve any conflict that
occurs within and outside the organization without much delay (Oladimeji, Adeoti & Babatunde, 2020). Conflict
situations or problems denoted incompatibility of goals and opposing behaviors within an organization.

2.8 Compromise Strategy and Organizational Productivity

Compromise is an attempt to manage conflict by expecting each person to give up something (Okafor et al,
2020). This is the mini-win/mini-lost strategy based on a solution that partially satisfies the interests of the
parties involved. This approach results in the parties’ attempting to win as much as possible while preserving the
interpersonal or inter-group relationships as much as possible. The compromise approach to conflict is to assume
that a win/win solution is not possible and adopt a negotiating stance that involves a little bit of winning and a
little bit of losing, with respect to both the interests and the relationships of the involved parties. Persuasion and
manipulation dominate the style. The objective is to find some expedient, mutually acceptable solution that
partially satisfies the interests of the parties involved. Through compromise, managers try to resolve disputes by
convincing each party in the conflict to sacrifice some valuable objectives in order to gain others. Decisions
reached by compromise are not like to leave conflicting parties feeling frustrated or hostile (Anele, 2014; Okafor
et al, 2020).

According to Omene (2021), the compromising strategy typically calls for both sides of a conflict to give up
elements of their position in order to establish an acceptable, if not agreeable, solution. This strategy prevails
most often in conflicts where the parties hold approximately equivalent power. Business owners frequently
employ compromise during contract negotiations with other businesses when each party stands to lose
something valuable, such as a customer or necessary service.

3. Empirical Review

Empirical studies in both public and private sectors have consistently demonstrated that conflict management
strategies grounded in collaboration, negotiation, and arbitration tend to result in higher organizational
performance. For instance, a study by Olukayode (2015) on a Nigerian manufacturing firm found that conflict
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resolution strategies such as collective bargaining, negotiation, and compromise were significantly associated
with improved employee productivity and organizational efficiency. This correlation suggests that arbitration,
when implemented as part of a broader cooperative conflict management system, has tangible benefits for
organizational output.

Similarly, Longe (2015) emphasized the importance of collaborative dispute resolution in the Nigerian civil
service, where arbitration and collective bargaining were positively correlated with employee performance
(r=0.91 and r=0.86 respectively, p <.001). These findings reinforce the idea that arbitration contributes not
only to resolving disputes but also to enhancing trust, morale, and clarity of communication within
organizations. In the oil and gas sector of Nigeria’s Niger Delta region, Researcher (2025) found that arbitration,
alongside collaboration and CSR-based conflict strategies, had a statistically significant effect on corporate
productivity (p<.05). The study concluded that organizations that institutionalize fair, transparent, and
third-party mediated arbitration procedures tend to experience fewer work stoppages, improved labor relations,
and enhanced operational performance.

Gren (2019) reported that unresolved interpersonal conflicts negatively affected perceived team productivity.
However, introducing structured conflict management techniques—such as arbitration and facilitated
negotiation—helped mitigate these effects, thereby enabling teams to maintain productivity even under
high-stress, iterative work conditions (Preprints.org, 2025). A 2022 review by Martinez-Pecino et al. found that
mediation is most effective when strategies are matched to the specific nature and stage of the conflict. The study
emphasized a “contingency approach,” here different mediator behaviors—such as trust-building,
problem-solving, and agenda-setting—are applied depending on whether the conflict is interest-based or
rights-based. Notably, contextual and substantive strategies were found to be the most effective in achieving
positive outcomes, whereas reflexive strategies could be counterproductive, particularly in legalistic or
rights-based disputes (Martinez-Pecino et al., 2022; Ongori & Bosire, 2021). Similarly, in Nigeria, a study
conducted by Ushie and Ekpenyong (2020) demonstrated a statistically significant positive relationship between
mediation strategies and employee productivity. The researchers concluded that when conflicts are resolved
amicably through dialogue and mutual understanding, employees are more likely to remain engaged and
motivated in their roles.

Additional research from Uasin Gishu County in Kenya examined mediation in the context of secondary school
teachers. It revealed that mediation strategies effectively reduced disruptive conflicts, which in turn led to
increased teacher productivity and better educational outcomes (Koech & Njuguna, 2024). In the private sector,
Ajike et al. (2023) examined conflict management at Mobile Nigeria Plc in Port Harcourt. Their findings
highlighted that continuous dialogue—a key component of mediation—had a strong, positive impact on
productivity, reinforcing the value of open communication in resolving organizational tensions.

Beyond immediate conflict resolution, mediation has also been shown to have broader organizational benefits.
For instance, a study published in Emerald Insight examined virtual teams and found that mediation partially
mediated the relationship between perceived team value and productivity. Although the indirect effect was
modest (B = —0.090), the findings suggest that mediation can enhance team cohesion and effectiveness,
particularly in remote or hybrid work environments (Zhang et al., 2022).

Lazarus (2014) examined conflict management strategies within the Nigerian civil service and found a
significant negative correlation between avoidance and employee productivity. The study compared avoidance
with other strategies such as negotiation and collective bargaining, and concluded that avoidance was not only
less effective but often detrimental. Employees who frequently avoided conflict tended to have unresolved
issues, leading to inefficiencies and communication breakdowns.

Similarly, Olanrewaju and Ibrahim (2020) conducted a survey among public sector employees and found that
avoidance and imposing strategies had a weak and statistically insignificant relationship with productivity. In
contrast, collaborative and problem-solving strategies showed a stronger positive relationship. The authors
concluded that organizations relying on avoidance as a default approach were more likely to experience
persistent interpersonal tensions and stagnation in team performance.

A more recent study by Okwuise (2023) focused on organizations in Nigeria’s Niger Delta region. The research
examined how conflict avoidance strategies affected workplace picketing and employee engagement. Using
regression analysis, the study found that avoidance had no statistically significant effect on preventing labor
unrest or improving productivity (F = 1.532, p = .143). The findings highlighted that while avoidance might
reduce immediate confrontation, it does not resolve the root causes of dissatisfaction among workers. In the
educational sector, research conducted in Kenyan public universities also addressed the role of avoidance in
conflict resolution. While some respondents acknowledged that avoidance might be useful in situations where
emotions run high or when more time is needed to gather facts, the study ultimately concluded that it negatively
impacted long-term organizational performance. Staff who consistently avoided conflict contributed to a culture
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of silence and unresolved tensions, which in turn hindered collaboration and innovation (Ongori & Bosire, 2021;
Thomas & Kilmann, 1974). While it may be appropriate in minor disputes or emotionally volatile situations,
over-reliance on avoidance can lead to resentment, poor morale, and reduced trust among team members.

Park et al. (2022) investigated the role of open communication in multidisciplinary teams. Their findings
revealed that teams that actively engaged in transparent conflict dialogue reported higher cohesion and
productivity. The study used survey data and structural equation modeling, showing that open communication
mediates the relationship between conflict and team effectiveness, with a standardized indirect effect of 0.32 (p
< .001). This mediation suggests that open communication helps transform potential negative conflict into a
performance-enhancing process. Njuguna and Wanjiku (2024) explored how open communication among school
staff impacted conflict resolution and teacher productivity in Kenyan secondary schools. The qualitative data
indicated that when teachers and administrators maintained open channels for airing grievances and feedback,
conflicts were resolved more quickly and with less resentment. This resulted in improved collaboration and
better teaching outcomes, supporting the assertion that open communication contributes to sustained
organizational productivity.

Liu, Wang, and Zhang (2023) synthesized findings from 25 empirical studies across various industries,
confirming that open communication is among the most effective conflict management strategies to enhance
organizational performance. Their analysis indicated a moderate to strong average effect size (d = 0.54) linking
open communication to key productivity indicators such as innovation rates, employee satisfaction, and turnover
reduction. The theoretical foundation for these findings aligns with the integrative conflict management model,
which posits that open communication facilitates understanding, trust, and joint problem-solving, converting
conflict into opportunities for growth (Rahim, 2017). Open communication reduces ambiguity and suspicion,
enabling employees to focus on task completion and collective goals rather than interpersonal disagreements
(Okoye & Nwankwo, 2023).

Similarly, research conducted by Mwangi and Wanjiru (2022) in Kenyan educational institutions indicated that
compromise was effective in resolving conflicts among teaching staff and administration, leading to increased
teacher satisfaction and productivity. Their mixed-method study showed that compromise facilitated quicker
conflict resolution compared to avoidance or competing strategies, which often escalated tensions or delayed
outcomes. Patel et al. (2023) explored the role of compromise within multidisciplinary teams. Using structural
equation modeling, the authors found that compromise not only directly improved team productivity but also
positively influenced psychological safety, which in turn fostered better collaboration and innovation. Their
findings highlight that compromise helps balance competing interests, reducing interpersonal friction and
improving overall team function.

Furthermore, a meta-analysis by Singh, Kumar, and Verma (2024), synthesizing over 30 empirical studies, found
a moderate average effect size (d = 0.48) linking the use of compromise strategies to improved organizational
performance metrics, including productivity, employee engagement, and reduced turnover. They concluded that
while compromise may not fully satisfy all parties, its ability to quickly restore equilibrium makes it a valuable
tool in dynamic workplace environments. The theoretical rationale behind these findings can be traced to
integrative conflict management models that position compromise as a middle ground strategy—offering partial
satisfaction for all while preventing escalation and preserving relationships (Rahim, 2017). By encouraging
flexibility and shared concession, compromise can reduce the disruptive effects of conflict on productivity and
morale.

4. Research Methodology

The study adopted a survey research design. The population of the study was 108 respondents from Ecobank Plec.
Cross River State. Taro Yamane was used to determine the sample size of 85 staff. Appropriate information for
this study was gathered from two main sources: the primary and secondary sources. The study adopted
structured questionnaire using 5-points Likert scale of strongly agreed = 5, agreed = 4, undecided = 3, strongly
disagreed = 2 and disagreed = 1. In this study, the researcher used inferential and descriptive statistics in
analyzing data and summarized numerically with the use of simple percentage for analyzing Bio-Data.
Hypotheses were tested using Pearson-Product-Moment Correlation and was done with the use of SPSS version
23.

5. Results and Findings

Test of Hypotheses

The hypotheses for the study were tested using Pearson Product Moment Correlation.
Hypothesis one

Hoi: There is no significant relationship between arbitration strategy and organizational productivity of Ecobank

59



FRONTIERS IN MANAGEMENT SCIENCE SEP. 2025 VOL.4, NO.5

Plc. Cross River State.

Hal: There is a significant relationship between arbitration strategy and organizational productivity of Ecobank
Plc. Cross River State.

Table 1. Correlation showing the relationship between arbitration strategy and organizational productivity in
Ecobank Plc.

Arbitration (A) Organizational
Productivity (OP)

Pearson Correlation 1 431"
Arbitration (A) Sig. (2-tailed) .000

N 80 80

Pearson Correlation 4317 1
Organizational ~ Productivity Sig. (2-tailed) 1000
(OP)

N 80 80

**_ Correlation is significant at the 0.01 level (2-tailed).

The result of correlation portrayed the relationship between arbitration strategy and organizational productivity.
The analysis was carried out to ensure that assumptions were void of violation of linearity, normality, and
homoscedasticity. Therefore, the ““sig” level in the table shows that P value (.000) is less than 0.01 which reveals
that the independent variable is statistically significant. (r =.431, n = 80, p <.000). The result shows that there is
a significant relationship between arbitration strategy and organizational productivity of Ecobank Plc, Cross
River State.

Hypothesis two

Hoz: There is no significant relationship between mediation strategy and organizational productivity of Ecobank
Plc, Cross River State.

Haz: There is a significant relationship between mediation strategy and organizational productivity of Ecobank
Plc, Cross River State.

Table 2. Correlation showing the relationship between mediation strategy and organizational productivity in
Ecobank Plc.

Mediation Strategy (MS) Organizational
Productivity (OP)
Pearson Correlation 1 705"
Mediation Strategy (MS) Sig. (2-tailed) .000
N 80 80
Pearson Correlation 705" 1
Organizational Productivity Sig. (2-tailed) 000
(OP)
N 80 80

**_Correlation is significant at the 0.01 level (2-tailed).

The result of correlation portrayed in the above table points out the relationship between mediation strategy and
organizational productivity. The analysis was carried out to ensure that assumptions were void of violation of
linearity, normality, and homoscedasticity. Therefore, the “‘sig’ level in the table shows that “P”’ value (.000) is
less than 0.01 which reveals that the independent variable is statistically significant (r = .705, n = 80, p < .000).
The result shows that there is a significant relationship between mediation strategy and organizational
productivity of Ecobank Plc, Cross River State.

Hypothesis three
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Hos: There is no significant relationship between avoidance strategy and organizational productivity of Ecobank
Plc, Cross River State.

Has: There is a significant relationship between avoidance strategy and organizational productivity of Ecobank
Plc, Cross River State.

Table 3. Correlations result showing the relationship between avoidance strategy and organizational productivity
of Ecobank Ple.

Avoidance Strategy | Organizational Productivity
(AS) (OP)
Pearson Correlation 1 .528™
Avoidance Strategy (AS) Sig. (2-tailed) .000
N 80 80
Pearson Correlation .528™ 1
Organizational Productivity (OP) Sig. (2-tailed) .000
N 80 80

**_ Correlation is significant at the 0.01 level (2-tailed).

The result of correlation portrayed a relationship between avoidance strategy and organizational productivity.
The analysis was carried out to ensure that assumptions were void of violation of linearity, normality, and
homoscedasticity. Therefore, the “sig” level in the table shows that “P”* value (.000) is less than 0.01 which
revealed that the independent variable is statistically significant (r = .528, n = 80, p <.000). The result revealed
that there is a significant relationship between avoidance strategy and organizational productivity of Ecobank
Plc, Cross River State.

Hypothesis four

Ho4: There is no significant relationship between open communication strategy and organizational productivity
of Ecobank Plc, Cross River State.

Ha4: There is a significant relationship between open communication strategy and organizational productivity of
Ecobank Plc, Cross River State.

Table 4. Correlations results showing the relationship between open communication strategy and organizational
productivity of Ecobank Plc.

Open Communication | Organizational
(00) Productivity (OP)
Pearson Correlation 1 528"
Open Communication (AS) Sig. (2-tailed) .000
N 80 80
Pearson Correlation 627" 1
Organizational Productivity (OP) Sig. (2-tailed) .000
N 80 80

**_Correlation is significant at the 0.01 level (2-tailed).

The results of the correlation portrayed a relationship between open communication strategy and organizational
productivity. Preliminary analysis was carried out to ensure that assumptions were void of violation of linearity,
normality, and homoscedasticity. Therefore, the ““sig” level in the table shows that “P”” value (.000) is less than
0.01 which revealed that the independent variable is statistically significant (r = .627, n = 80, p < .000). The
result revealed that there is a significant relationship between open communication strategy and organizational
productivity of Ecobank Plc, Cross River State.
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Hypothesis five

Ho5: There is no significant relationship between compromise strategy and organizational productivity of
Ecobank Plc, Cross River State.

Ha5: There is a significant relationship between compromise strategy and organizational productivity of
Ecobank Plc, Cross River State.

Table 5. Correlations result showing the relationship between compromise strategy and organizational
productivity of Ecobank Plc.

Compromise Strategy | Organizational
(CS) Productivity (OP)
Pearson Correlation 1 .528*
Compromise Strategy (CS) Sig. (2-tailed) .000
N 80 80
Pearson Correlation 634" 1
Organizational Productivity (OP) Sig. (2-tailed) .000
N 80 80

**_Correlation is significant at the 0.01 level (2-tailed).

The results of correlation portrayed a relationship between compromise strategy and organizational productivity.
The analysis was carried out to ensure that assumptions were void of violation of linearity, normality, and
homoscedasticity. Therefore, the “sig” level in the table shows that “P”” value (.000) is less than 0.01 which
revealed that the independent variable is statistically significant (r = .634, n = 80, p < .000). The result revealed
that there is a significant relationship between compromise strategy and organizational productivity of Ecobank
Plc, Cross River State.

6. Summary of Findings

From the hypotheses tested, the study revealed that there is a significant relationship between arbitration strategy
and organizational productivity of Ecobank Plc, Cross River State. The study also revealed that there is a
significant relationship between mediation strategy and organizational productivity of Ecobank Plc. Cross River
State. The study also revealed that there is a significant relationship between avoidance strategy and
organizational productivity of Ecobank Plc. Cross River State. The study also revealed that there is a significant
relationship between open communication strategy and organizational productivity of Ecobank Plc. Cross River
State. The study also revealed that there is a significant relationship between compromise strategy and
organizational productivity of Ecobank Plc, Cross River State.

7. Conclusion

The contributions of conflict management strategies cannot be over emphasized in the resolution of disputes
among workers in an organization. Conflict management strategies are methods or mechanisms employed in
resolving disagreement between individuals, groups and organizations. Conflict arbitration, mediation,
avoidance, open communication and compromise strategies had a significant relationship with organizational
productivity of Ecobank Plc. In the same vain, all these conflict management strategies have positive effect on
employees’ performance of the organization. Conflict among workers in an organization is inevitable. If conflicts
or disputes are managed properly, it brings a catalyst for change and can have a positive relationships and effect
on employees’ satisfaction, productivity and performance of the organization. Conversely, unmanaged conflicts
negatively affect employee satisfaction and organizational productivity of the organization.

8. Recommendations
Based on the findings, the following recommendations were made:

1) Management of organizations or institutions should monitor, intervene and employ arbitration strategy on
conflicts’ matters in order to enhance organizational productivity.

2) Management of organizations should invite mediator or a third party (neutral mediator) to assist in conflict
resolution in order to enhance organizational productivity as well as employees’ motivation.

3) Management should employ avoidance strategy or approach of win-win method of conflict resolution in
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order to enhance organizational productivity and employees’ commitment in the organization.

4) Management of the organization should also attend to conflicting situation as urgent matter with open
communication system as fast as possible in order to avoid those factors that can hinder employees’
motivation and commitment to goal achievement.

5) The management of the organization should also employ compromise strategy in resolving of disputes or
conflicts to enhance employees’ performance as well as organizational productivity.
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Abstract

The decoupling between SAP systems and lean production (LP) has become a critical barrier to manufacturing
digital transformation, leading to 15-22% overproduction rates, 20-30% delayed deliveries, and 12-18% cost
wastage. To address this, this study proposes a systematic four-stage integration framework (Needs
Quantification — System Configuration — Process Reengineering — Dynamic Evaluation) and
industry-specific adaptation schemes for the automotive, electronics, and equipment manufacturing sectors.

Key innovations include: (1) A Lean Demand Prioritization Matrix (LDPM) integrating 17 KPIs (e.g.,
production plan update frequency, material arrival tolerance) with AHP-based weight assignment, improving
needs analysis accuracy by 32.7% vs. traditional interviews; (2) A Real-Time Lean Rule Embedding Engine
(RTLREE) that embeds JIT, kanban, and TPM rules into SAP modules, achieving 99.2% rule execution
accuracy—18.5 percentage points higher than existing methods; (3) Industry-specific modules (e.g., automotive
BOM auto-switching, electronics rapid changeover) with 89.5% functional reuse rate.

Validated across 32 manufacturing enterprises (16 experimental, 16 control) in China, Germany, and Japan over
18 months, the framework achieved: (1) Average overproduction rate reduction by 68.3% (from 15.2% to 4.8%,
p<0.001); (2) Order delivery punctuality improvement by 19.8% (from 81.7% to 97.9%, p<0.001); (3)
Production cycle shortening by 28.6% (from 42.3 days to 30.2 days, p<0.01); (4) Inventory cost reduction by
23.7% (p<0.01).

The framework has been adopted by the International Society of Lean Manufacturing (ISLM) as a global
reference standard and promoted in 120+ enterprises, generating cumulative economic benefits of $142 million.
Future integration of generative Al is expected to further reduce maintenance costs by 25%.

Keywords: SAP system, lean production, manufacturing digital transformation, integration framework, industry
adaptation, real-time data synchronization, production efficiency, cost optimization

1. Introduction
1.1 Research Background

Global manufacturing digital transformation has accelerated, with ERP systems becoming a core
infrastructure—SAP holds a 42% share of the global mid-to-high-end manufacturing ERP market. However, a
global survey of 500 manufacturing enterprises by Deloitte (2023) revealed that 73% of enterprises report
decoupling between SAP and lean production, leading to critical inefficiencies: (Li, X., Cao, H., Zhang, Z., Hu,
1., Jin, Y., & Zhao, Z., 2024)

*  Production-Demand Mismatch: 68% of enterprises rely on manual synchronization of sales orders to
SAP PP modules, resulting in an average 24.5-hour delay and 18.3% overproduction. For example, a
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Chinese automotive parts supplier incurred $3.2 million in inventory costs in 2023 due to overproduction
caused by delayed order synchronization.

*  Lean Rule Infeasibility: JIT production requires real-time material arrival monitoring, but only 29% of
SAP deployments integrate supplier data, leading to 12.7% production downtime due to material shortages.
A German electronics manufacturer reported 156 hours of annual downtime due to this issue, equivalent to
$2.8 million in lost revenue.

*  Data Silos: 62% of enterprises have disjointed SAP and MES systems, with data synchronization accuracy
of only 76.3%, hindering lean continuous improvement. A Japanese equipment maker found that 42% of
production deviations were detected too late to adjust plans, due to poor data integration.

In China, the “Made in China 2025 initiative mandates a 30% increase in manufacturing productivity by 2025,
but the SAP-LP decoupling has left 61% of enterprises unable to meet this target (China Machinery Industry
Federation, 2024). This study addresses this gap by developing a scalable integration framework.

1.2 Literature Review
Existing research on SAP-LP integration can be categorized into three streams, each with notable limitations:

*  Process-Oriented Integration: Buer et al. (2018) proposed optimizing production flows by embedding
kanban rules into SAP, but their method lacked real-time data support, resulting in a 15.6% error rate in
order prioritization. Their single-industry (automotive) focus also limits scalability (Huang, T., Xu, Z., Yu,
P, Yi, J, & Xu, X., 2025).

*  Technology-Driven Integration: Rahman et al. (2020) used simulation tools to enhance SAP OEE data,
but the solution was limited to single enterprises and failed to address industry-specific differences (e.g.,
electronics small-batch production vs. equipment long-cycle production).

*  Cost-Focused Integration: Abu et al. (2019) applied lean to reduce SAP implementation costs, but ignored
production efficiency improvements, with only an 8.3% reduction in delivery delays—insufficient to meet
customer demands for fast turnaround.

Critical gaps remain: (1) No systematic framework integrating “needs quantification — system configuration —
effect evaluation”; (2) Lack of industry-specific adaptation considering production characteristics; (3)
Insufficient long-term, multi-region validation data to confirm global applicability.

1.3 Research Significance and Innovations
1.3.1 Theoretical Contributions

* Develop a Lean Demand Prioritization Matrix (LDPM) to quantify 17 lean requirements with
AHP-based weight assignment, addressing the subjectivity of traditional interview-based needs analysis.
This matrix improves needs analysis accuracy by 32.7% and provides a standardized method for translating
lean goals into SAP configuration requirements.

*  Propose a Real-Time Lean Rule Embedding Engine (RTLREE) that integrates JIT, kanban, and TPM
rules into SAP modules (PP, MM, SD) via APIs. The engine achieves 99.2% rule execution accuracy—18.5
percentage points higher than existing methods (Buer et al., 2018)—and supports dynamic rule updates
without system downtime.

*  Establish a Dynamic Evaluation Index System with 12 KPIs (e.g., overproduction rate, OEE, carbon
emissions) to enable continuous improvement, addressing the static nature of traditional
post-implementation reviews.

1.3.2 Practical Contributions

*  The framework reduces overproduction rates by 68.3% and shortens production cycles by 28.6%, helping
enterprises meet global productivity standards. For example, BYD reduced annual inventory costs by $12
million after implementation.

*  Industry-specific modules have been adopted by Foxconn, Zoomlion, and BMW, generating $47 million in
annual cost savings and improving customer satisfaction by 15-20%.

*  The framework’s cross-regional validation (China, Germany, Japan) confirms its adaptability to diverse
regulatory and industrial environments, supporting global manufacturing enterprises in scaling lean
practices.

2. Theoretical Foundations and Framework Design
2.1 Theoretical Synergy of SAP and Lean Production

SAP provides end-to-end resource planning (e.g., PP for production scheduling, MM for material management),
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while lean focuses on waste elimination. Their integration requires three levels of synergy:

*  Data Synergy: SAP’s real-time data collection (e.g., material consumption, equipment status) supports lean
waste identification. For example, SAP MM data on material lead times helps optimize kanban
replenishment cycles, reducing inventory by 23.7% (Li, K., Chen, X., Song, T., Zhou, C., Liu, Z., Zhang,
Z., Guo, J., & Shan, Q., 2025).

*  Process Synergy: Lean’s value stream mapping (VSM) optimizes SAP’s process flows. By eliminating
non-value-added activities (e.g., redundant approval steps) in SAP SD, enterprises can reduce order
processing time by 42.3% .

*  Decision Synergy: SAP’s data analytics enhances lean continuous improvement. A German automotive
manufacturer used SAP BI to analyze production data, identifying that 30% of machine downtime was due
to poor maintenance—subsequently implementing TPM to reduce downtime by 28%.

2.2 Four-Stage Integration Framework
2.2.1 Stage 1: Needs Quantification with LDPM

The LDPM quantifies lean requirements across 4 dimensions, using AHP to assign weights based on enterprise
strategy and industry characteristics (Table 1):

Table 1.
Dimension Key Indicators Weight Measurement | Industry Variations
Range (%) | Method

Production Plan update frequency; | 28-35 Interview  + | Automotive: Hourly updates

Planning Order priority rules; historical data | (multi-model production);
Production batch size analysis Electronics:  Real-time  (urgent

orders); Equipment: Daily (long
cycles)

Material Material arrival | 25-32 Supplier Automotive:  4-hour  tolerance

Management | tolerance; Supplier data survey + SAP | (just-in-time); Electronics: 1-hour
integration rate; Kanban log analysis tolerance (short cycles); Equipment:
replenishment frequency 24-hour tolerance (long lead times)

Process Production progress | 22-28 Shop-floor Automotive: 15-minute tracking;

Execution tracking frequency; observation + | Electronics:  5-minute  tracking;
Quality defect tolerance; MES data Equipment: Daily tracking
Changeover time target

Cost Control | Cost variance tolerance; | 15-20 Financial Automotive: +5% variance;
Waste identification report analysis | Electronics: +3% variance;
accuracy; Energy + lean audit Equipment: +8% variance
consumption target

Case Example: For BYD (automotive), “plan update frequency” (weight 18%) was set to hourly (vs. daily for
Zoomlion, equipment manufacturing), aligning with multi-model mixed-line production needs. This
quantification ensured that SAP PP was configured to update production plans hourly, reducing overproduction
by 66.7%.

2.2.2 Stage 2: System Configuration with RTLREE

The RTLREE embeds lean rules into SAP via three core mechanisms, ensuring real-time execution and
compatibility with SAP S/AHANA:

*  Rule Library: 52 pre-configured rules covering JIT (e.g., material arrival warning), kanban (e.g.,
replenishment trigger), and TPM (e.g., equipment maintenance alert). Each rule is mapped to SAP modules
(e.g., JIT rules to PP, kanban rules to MM) with 98.7% compatibility (Li, X., Wang, X., Qi, Z., Cao, H.,
Zhang, 7., & Xiang, A., 2024).

* Real-Time Trigger: When SAP detects deviations from lean rules (e.g., material delay >4 hours), the
RTLREE automatically triggers warnings via email/SMS and proposes corrective actions. The average
response time is 1.2 seconds, ensuring timely adjustments.

*  Conflict Resolution: The engine identifies and disables SAP settings that conflict with lean principles (e.g.,
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batch production defaults). For example, disabling SAP PP’s “minimum batch size” setting reduced
overproduction by 45.6% in pilot tests.

Technical Validation: A test at Foxconn showed that the RTLREE reduced manual intervention in rule execution
by 89%, with 99.2% of rules executed correctly—compared to 80.7% for manual execution.

2.2.3 Stage 3: Process Reengineering with Digital VSM

Optimize “production execution-data feedback” flows using digital VSM, which integrates SAP data with MES,
IoT sensors, and shop-floor devices:

* Real-Time Data Collection: Shop-floor workers upload production progress via barcode scanners (error
rate <0.3%) or IoT sensors (e.g., machine vibration sensors for equipment status). Data is synchronized to
SAP in 3.5 seconds, eliminating manual data entry delays.

*  Deviation Warning: SAP compares actual vs. planned progress in real time. If deviations exceed
thresholds (e.g., 5% for production progress, 10% for material consumption), the system triggers alerts to
production supervisors and generates adjustment suggestions via machine learning (accuracy 89.2%).

*  Waste Identification: Digital VSM analyzes SAP data to identify lean wastes (e.g., waiting time,
overproduction). For example, A Japanese electronics manufacturer used this feature to discover that 22%
of production time was spent waiting for materials—subsequently optimizing supplier delivery schedules
to reduce waiting time by 78% (Li, K., Liu, L., Chen, J., Yu, D., Zhou, X., Li, M., ... & Li, Z., 2024).

2.2.4 Stage 4: Dynamic Evaluation with KPI System

A 12-indicator evaluation system (Table 2) is used to measure integration effectiveness quarterly, with results
feeding back into framework optimization:

Table 2.
KPI Indicators Target Threshold Industry Variations
Category
Efficiency | Production cycle; OEE; | Cycle reduction >20%; | Automotive: OEE >92%; Electronics:
Changeover time OEE 2>90%; Changeover | Changeover reduction >75%;
reduction >50% Equipment: Cycle reduction >15%
Quality Defect rate; Rework | Defect rate <1%; Rework | Automotive: Defect rate <0.5%;
rate; First-pass yield rate <0.5%; First-pass yield | Electronics: First-pass yield >99%;
>98% Equipment: Rework rate <0.3%
Cost Inventory cost; Waste | Cost reduction >15%; | Automotive: Inventory reduction >20%;
rate; Labor productivity | Waste rate <5%; | Electronics: Waste rate <3%;
Productivity increase >10% | Equipment: Productivity increase >8%
Delivery Punctuality rate; Delay | Punctuality >95%; Delay | Automotive: Punctuality >98%;
duration; Order | <2 hours/order; Fulfillment | Electronics: Delay <1 hour/order;
fulfillment rate >98% Equipment: Fulfillment >95%

Example: After quarterly evaluation at Zoomlion, the “production progress tracking frequency” was adjusted
from daily to weekly for non-critical stages (e.g., component processing), reducing data collection workload by
30% without compromising progress visibility.

3. Industry-Specific Adaptation Schemes

3.1 Automotive Industry: Mixed-Line Production Adaptation

*  Core Challenges: 8-12 models per production line; 1000+ suppliers; material mismatch risk (15% of
downtime, BYD 2023); high demand for JIT material delivery.

*  Key Modules:

v Model BOM Auto-Switching Module: Integrates SAP MM and PP to automatically load BOMs
based on sales order models. The module uses machine learning to predict BOM changes (e.g.,
component substitutions) with 98.5% accuracy, reducing manual switching errors by 92%. Switch
time is <10 seconds, enabling seamless multi-model production.

v Supplier Material Real-Time Monitoring: Connects 120+ suppliers’ systems to SAP MM via APIs,
triggering warnings for material delays >4 hours. The module also predicts material shortages using
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LSTM (prediction accuracy 89.6%) and suggests alternative suppliers.

Performance Data: BYD’s application of these modules reduced overproduction rate from 15% to 5% (annual
inventory cost savings $12 million), production downtime from 12 hours/month to 2 hours/month, and order
delivery punctuality from 82% to 98% (Table 3).

3.2 Electronics Industry: Small-Batch Production Adaptation

*  Core Challenges: Order batches 100-500 units; delivery cycles <7 days; changeover time 2 hours; high
demand for production flexibility.

*  Key Modules:

v" Rapid Changeover Module: Pre-saves production parameters (e.g., temperature, pressure) for 500+
products in SAP PP, reducing changeover time from 2 hours to 30 minutes (efficiency up 75%). The
module also uses Al to optimize changeover sequences, further reducing time by 15% for complex
products.

v" Urgent Order Insertion Module: Prioritizes orders with urgency >90 (e.g., customer emergency
requests) and adjusts production plans in SAP in 5 minutes. The module ensures that urgent orders do
not disrupt existing plans by rescheduling non-urgent orders to off-peak hours.

Performance Data: Foxconn’s application of these modules increased urgent order delivery punctuality from
75% to 98%, customer satisfaction from 85% to 95%, and production capacity by 22% (Table 3).

3.3 Equipment Manufacturing Industry: Long-Cycle Production Adaptation

*  Core Challenges: Production cycles 3-6 months; cost per unit >$100k; progress deviation risk (12%
overrun, Zoomlion 2023); high demand for cost control.

*  Key Modules:

v" Progress Segment Warning Module: Divides production cycles into 3 stages (component processing
— assembly — debugging) and sets stage-specific thresholds (e.g., 10% delay for processing, 5% for
debugging). The module triggers warnings via SAP workflow and provides root-cause analysis (e.g.,
material shortage, equipment failure).

v" Cost Real-Time Tracing Module: Integrates SAP FI/CO with production stages to calculate costs per
stage (e.g., component processing cost, assembly cost). The module alerts managers if costs exceed
budgets by >5% and suggests cost-cutting measures (e.g., switching to lower-cost materials).

Performance Data: Zoomlion’s application of these modules reduced production overrun rate from 12% to 3%,
production cycle from 90 days to 72 days, and cost overrun by 75% (annual cost savings $8 million, Table 3).

4. Multi-Case Validation and Performance Analysis
4.1 Experimental Design

*  Sample: 32 enterprises (16 experimental, 16 control) across China (12), Germany (10), and Japan (10); 10
automotive, 12 electronics, 10 equipment manufacturing.

*  Duration: 18 months (June 2023—November 2024).

*  Control Variables: Enterprise size (1,000-5,000 employees), annual revenue ((500M-)2B), SAP version
(S/4AHANA 1909+), product type (e.g., hot-rolled steel, smartphones, construction machinery) (Wang J Y,
Tse KT & Li S W, 2022).

. Data Collection:

v' Technical Indicators: SAP logs (production progress, material consumption), MES data (OEE,
changeover time), loT sensors (equipment status).

v' Economic Indicators: Financial reports (inventory costs, labor costs), customer feedback (delivery
punctuality, satisfaction).

v' Statistical Methods: ANOVA to compare experimental vs. control groups; regression analysis to
identify key success factors.

4.2 Quantitative Results
4.2.1 Cross-Industry Performance Improvements

The experimental group achieved significant improvements across all KPIs, with statistically significant
differences from the control group (Table 3):
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Table 3.
Indicator Experimental Group| Control | Absolute Relative p-Value
(Post-Implementation) | Group | Improvement | Optimization
Overproduction Rate (%) 4.8 15.2 -10.4 pp -68.3% <0.001
Order Delivery Punctuality (%) |97.9 81.7 +16.2 pp +19.8% <0.001
Production Cycle (Days) 30.2 423 -12.1 days -28.6% <0.01
Inventory Cost Reduction (%) |[23.7 2.1 +21.6 pp +1028.6% <0.01
Changeover Time (Hours) 0.5 2.2 -1.7 hours -77.3% <0.001
OEE (%) 923 85.6 +6.7 pp +7.8% <0.05

Note: pp = percentage points; data is average across 16 experimental enterprises.

4.2.2 Industry-Specific Results

Table 4.
Industry Enterprise Overproduction | Delivery Production | Inventory Changeover
Rate (%) Punctuality | Cycle Cost Time
(%) (Days) Reduction (Hours)
(%)

Automotive | BYD (China) 15-5 82—98 45—-36 20 1.5—-0.4

Automotive | BMW (Germany) | 12—3 85—97 40—32 18 1.8—0.5

Electronics | Foxconn (China) | 12—3 75—98 7—5 18 2—0.5

Electronics | Sony (Japan) 10—-2 80—96 8—6 22 1.5—0.3

Equipment | Zoomlion (China) | 12—3 80—95 90—72 25 4—1.2

Equipment | Komatsu (Japan) | 1152 82—94 85—-70 23 3.5—1.0

4.2.3 Statistical Validation

* ANOVA Analysis: Significant differences between experimental and control groups (F=42.8, p<0.001),
confirming that the framework is the primary driver of performance improvements.

*  Regression Analysis: LDPM weight accuracy (f=0.38, p<0.01) and RTLREE response time (f=-0.29,
p<0.05) are key predictors of overproduction reduction, explaining 68% of the variance in performance
improvements.

4.3 Long-Term Benefits and Scalability
4.3.1 Performance Retention

A 12-month post-implementation analysis (December 2023—November 2024) showed that 92% of performance
gains were maintained:

*  BYD’s overproduction rate remained at 5.2% (vs. 5% initial reduction).
*  Foxconn’s changeover time stayed at 0.5 hours (vs. 0.5 hours initial reduction).
*  Zoomlion’s production cycle remained at 73 days (vs. 72 days initial reduction).

This retention is attributed to the framework’s dynamic evaluation and continuous improvement mechanisms,
which enable enterprises to adapt to changing market conditions (e.g., new product launches, supplier changes).

4.3.2 Scalability to SMEs

A pilot study with 5 Chinese SMEs (2 automotive parts, 3 electronics) showed that a simplified version of the
framework—with cloud-based deployment and reduced module complexity—achieved:

*  Overproduction rate reduction by 58% (vs. 68.3% for large enterprises).
* Inventory cost reduction by 18% (vs. 23.7% for large enterprises).

*  Deployment cost of (80,000 (vs. )300,000 for large enterprises), a 73% reduction.
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This suggests that the framework can be adapted to SME needs, with further cost reductions possible via SaaS
deployment.

5. Conclusions and Future Work
5.1 Research Conclusions

* The four-stage framework effectively resolves SAP-LP decoupling, with cross-industry average
improvements of 68.3% in overproduction, 28.6% in production cycles, and 23.7% in inventory costs.
These results confirm that systematic integration of SAP and lean production is critical for manufacturing
digital transformation.

*  Industry-specific modules address unique challenges: automotive BOM auto-switching reduces material
mismatch by 83.3%, electronics rapid changeover cuts changeover time by 75%, and equipment progress
warning lowers overrun rates by 75%. This customization ensures the framework’s applicability across
diverse manufacturing sectors.

* LDPM and RTLREE are critical innovations, improving needs analysis accuracy by 32.7% and rule
execution accuracy by 18.5% respectively. These technologies provide a theoretical and practical
foundation for future SAP-LP integration research.

5.2 Limitations and Future Directions
5.2.1 Limitations

* SME Coverage: While a simplified version shows promise, the framework’s current design is optimized
for large enterprises. Further customization is needed to address SMEs’ limited IT resources and lower
economies of scale.

*  Generative Al Integration: The current framework relies on rule-based deviation warning and manual
adjustment. Integration of generative Al could enhance self-adaptation to market changes (e.g., automatic
BOM updates for new products).

*  Sustainability Metrics: The framework focuses on efficiency and cost but has limited coverage of
sustainability indicators (e.g., carbon emissions, energy consumption)—critical for meeting global
“net-zero” goals.

5.2.2 Future Work
*  Generative Al Enhancement: Integrate GPT-4-based modules to:
v' Automatically update lean rules in RTLREE based on real-time market data (e.g., supplier lead time
changes).
v Generate optimized production plans in SAP PP using generative Al, reducing solution time by 50%
(target: <5 minutes).
v Predict equipment failures using SAP IoT data, improving OEE by 10-15%.
*  SME Lightweight Version: Develop a cloud-based SaaS solution with:
v Pre-configured industry templates to reduce deployment time by 60%.
v Shared LDPM and RTLREE resources to lower maintenance costs by 40%.

v' Pay-as-you-go pricing (target: (5,000-)10,000/year per SME), making the framework accessible to
small manufacturers.

*  Sustainability Integration: Add modules for carbon footprint tracking (integrated with SAP
Environmental Management) and energy optimization (e.g., scheduling production during low-carbon
energy hours). This will help enterprises meet global sustainability goals while improving efficiency.

*  Global Regulatory Compliance: Add modules for EU CBAM, US IRA, and Japanese Green Growth
Strategy to support enterprises with global operations in complying with regional carbon regulations.
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Abstract

Empirical validation across 3 representative SMEs (manufacturing, logistics, software) shows that the system
identifies 83% of hidden informatization issues, and targeted optimization plans improve overall health scores by
38.2% (from 52.6 to 72.7/100) within 6 months. Specifically: (1) Lanhui Machinery’s ERP integration rate
increased from 42% to 89%, reducing production cycle by 23% (p < 0.01); (2) Green Star Logistics’ data
transmission latency decreased by 42%, boosting delivery efficiency by 32% (p < 0.05); (3) Zhichuang
Software’s data leakage risk dropped by 82%, with project success rate rising by 22% (p < 0.01). (China SME
Development Index, 2024) This study fills the gap in Al-driven dynamic assessment for SME informatization,
providing a replicable framework for digital transformation. The model’s interpretability (SHAP value analysis
identifies top 5 influential metrics) and scalability (adaptable to 8 industries via parameter fine-tuning) enhance
its practical value for policymakers and enterprises.

Keywords: small and medium-sized enterprises (SMEs), informatization health assessment, Al diagnostic model,
machine learning, Delphi method, digital transformation, SHAP value, performance optimization

1. Introduction
1.1 Research Background

SMEs account for 99.8% of Chinese enterprises and create 82% of urban employment, yet their informatization
level lags significantly—only 35% have completed core business system deployment, and 62% lack systematic
health monitoring (China SME Development Index, 2024). Key bottlenecks include: (IDC, 2023)

¢ Infrastructure Gaps: 58% of SMEs use outdated servers (average service life >5 years), leading to 2.3x
higher system failure rates than industry benchmarks (IDC, 2023).

¢  Evaluation Limitations: Traditional assessment methods (e.g., static checklists) miss 41% of dynamic
risks (e.g., real-time network bandwidth saturation), resulting in 27% of digital investments being
ineffective (McKinsey, 2023).

* Al Application Barriers: 76% of SMEs lack access to high-quality labeled data, restricting the adoption of
advanced diagnostic models (IEEE Transactions on Engineering Management, 2024).

The “Shuzhi Zhen” system, developed by Beijing Mint Information Consulting Co., Ltd., addresses these issues
by integrating Al with multidimensional assessment, but its theoretical mechanism and quantitative effectiveness
remain understudied—this research aims to fill this gap.

1.2 Research Significance
1.2.1 Theoretical Significance

* Propose a “Risk-Diagnosis-Optimization” (RDO) theoretical framework, quantifying the causal
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relationship between 128 metrics and informatization health (B = 0.73, R = 0.68, p < 0.001).

e Enhance model interpretability via SHAP (SHapley Additive exPlanations) analysis, identifying that
“server response time” (SHAP mean = 0.18) and “IT training coverage” (SHAP mean = 0.15) are the top 2
influential indicators.

1.2.2 Practical Significance

*  The assessment system reduces diagnostic time by 75% (from 14 to 3.5 days) compared to manual audits,
with a cost reduction of 42% (average ¥86,000 vs. ¥148,000 per enterprise).

¢  The Al model’s online update function (retraining with new data every 3 months) maintains accuracy above
90% across 12 months, outperforming static models (accuracy drops to 78% after 6 months).

1.3 Research Methods and Data Sources

Table 1.
Method Details
Delphi Method 30 experts (15 academia, 10 enterprise CIOs, 5 policymakers) across 3 rounds; consensus

threshold: CV <0.15.

Machine Learning | Ensemble model (RF + LightGBM) with 5-fold cross-validation; hyperparameter
optimization via Bayesian search.

Case Study 3 SMEs selected via stratified sampling (manufacturing: Lanhui, logistics: Green Star,
software: Zhichuang); 6-month follow-up.

Statistical Analysis | SPSS 26.0 for paired t-tests (pre- vs. post-optimization); SHAP 0.41.0 for model
interpretability.

Data Sources: (1) Primary data: 187,000+ records from enterprise information systems (2023-2024) and 500+
employee questionnaires; (2) Secondary data: Ministry of Industry and Information Technology’s SME
Informatization Report and IDC’s Global IT Infrastructure Survey.

2. Literature Review
2.1 SME Informatization Research

Existing studies confirm that informatization improves SME productivity by 18-25% (Petropoulou et al., 2024),
but challenges persist: (Gouveia, S., et al., 2025)

*  Resource Constraints: SMEs allocate only 3.2% of revenue to IT (vs. 8.5% for large enterprises), limiting
infrastructure upgrades (Gouveia et al., 2025).

*  System Fragmentation: 67% of SMEs have data silos between ERP and SCM systems, leading to 35%
higher operational errors.

However, few studies focus on dynamic risk assessment—only 12% of frameworks include real-time metrics
(e.g., network latency), failing to capture time-varying issues.

2.2 Informatization Evaluation Index Systems
Traditional index systems (e.g., EU Digital Economy and Society Index) have limitations:

*  Overlooking SMEs: 78% of indicators are designed for large enterprises (e.g., “cross-border data
integration”), with 43% of metrics unavailable for SMEs (OECD, 2021).

*  Lack of AI Integration: Only 9% of studies use machine learning for automated diagnosis, resulting in
5-7 days of assessment cycle.

2.3 Al Applications in Evaluation

Al models (e.g., neural networks) improve assessment accuracy by 15-20%, but SME-specific challenges
remain:

¢ Data Scarcity: 68% of SMEs have <10,000 labeled data points, leading to overfitting (training accuracy:
92%, test accuracy: 76%) (Kergroach, 2021).

* Interpretability: Black-box models (e.g., deep learning) fail to explain 63% of diagnostic results, reducing
enterprise trust.

2.4 Research Gaps
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Table 2.

Gap Category | Description

Theoretical Lack of causal link between metrics and informatization health; no dynamic assessment
framework.

Methodological | Single-algorithm models underperform in multi-industry scenarios; low interpretability.

Practical High assessment cost (>¥100,000/enterprise) and long cycle (>10 days) limit scalability.

3. Construction of SME Informatization Health Assessment Index System
3.1 Construction Principles and Theoretical Basis
3.1.1 Core Principles

e Scientific Rigor: All indicators align with ISO/IEC 29110 (SME IT management standards) and pass
KMO (0.83) and Bartlett’s test (x> = 1267.3, p < 0.001). (Kergroach, S., 2021)

e Dynamic Adaptability: 32% of metrics (e.g., real-time server CPU utilization) are updated hourly,
capturing transient risks.

e Data Accessibility: 91% of indicators use data from existing systems (e.g., ERP logs, network
monitors), avoiding additional data collection costs.

3.1.2 Theoretical Framework
Integrate Resource-Based View (RBV) and Dynamic Capability Theory:

e RBV: IT infrastructure (e.g., server performance) and human capital (e.g., IT skill level) are core
resources (f=0.62, p <0.001).

e Dynamic Capability: Application system flexibility (e.g., ERP module scalability) enables rapid
adaptation to market changes (correlation with health score: r=0.71, p <0.001).

3.2 Index System Structure

Table 3.

First-Tier Indicator | Weight (%) Second-Tier Indicators (Key Examples)

IT Infrastructure 28 Server performance (uptime rate, response time), network bandwidth
(utilization rate, latency), hardware update cycle.

Application Systems | 32 ERP integration rate, system failure rate, response time, functional
coverage.

Data Management 22 Data accuracy, integrity, encryption rate, backup frequency.

Personnel & Training | 18 IT training coverage, skill proficiency, certification rate, digital
awareness.

Weight Determination: Analytic Hierarchy Process (AHP) with consistency ratio CR = 0.08 < 0.1, ensuring
rationality.

3.3 Delphi Method Validation
3.3.1 Expert Panel Composition

Table 4.

Expert Type Number | Affiliation Expertise Field

Academia 15 Top 10 Chinese universities (e.g., Tsinghua) IT management, operations
research

Enterprise CIOs 10 SMEs across manufacturing/logistics/software Practical informatization
implementation

Policymakers 5 Ministry of Industry and Information Technology | SME digital policy
formulation

77




FRONTIERS IN MANAGEMENT SCIENCE SEP. 2025 VOL.4, NO.5

3.3.2 Validation Results

Consensus Level: After 3 rounds, 128 indicators achieve a consensus coefficient of 0.89 (initial: 0.67), with
96% of indicators rated “highly necessary” (score >4.2/5). (McKinsey & Company, 2023)

Indicator Optimization: 12 indicators (e.g., “cloud adoption rate”) were added, and 8 (e.g., “paper document
ratio”) were removed due to low data accessibility (score <3.0/5).

4. Development of “Shuzhi Zhen” AI Diagnostic Model
4.1 Data Collection and Preprocessing
4.1.1 Data Scope and Characteristics

Sample Size: 18,000+ data points from 50 SMEs (8 industries), split into training (70%), validation (15%), and
test (15%) sets.

Data Types: (1) Structured data (e.g., server CPU utilization: 20—-100%); (2) Unstructured data (e.g., system
error logs: text format, parsed via NLP).

4.1.2 Preprocessing Pipeline

Table 5.

Step Method Effectiveness

Missing ~ Value | KNN imputation (k=5) for numerical data; mode | Reduced missing rate from 12% to

Handling imputation for categorical data. 0.3%.

Outlier Detection | IQR rule (£1.5xIQR) + DBSCAN clustering (¢=0.5, | Removed 2.8% outliers, improving
min_samples=5). model stability by 11%.

Feature Scaling Standardization (Z-score) for numerical features; | Reduced training time by 35%.
one-hot encoding for categorical features.

Class Imbalance | SMOTE  (Synthetic =~ Minority =~ Oversampling | Recall rate for high-risk cases
Technique) for high-risk samples (1:1.2 ratio). increased from 76% to 91%.

4.2 Algorithm Selection and Optimization
4.2.1 Algorithm Comparison

Table 6. Performance Comparison of Different Algorithms (Test Set)

Algorithm Accuracy (%) | Recall (%) F1-Score (%) Training Time (min)
Logistic Regression 82.3 79.5 80.9 2.1

Random Forest (RF) 87.6 86.8 87.2 15.3

SVM 85.2 83.1 84.1 22.7

LightGBM 89.4 88.7 89.0 8.6

RF + LightGBM Ensemble 92.3 91.7 92.0 12.8

4.2.2 Hyperparameter Optimization

Using Bayesian search with 5-fold cross-validation, optimal parameters for the ensemble model:
e RF:n_estimators=200, max_depth=12, min_samples_split=5.
e LightGBM: learning_rate=0.05, num_leaves=31, subsample=0.8.

4.3 Model Validation and Interpretability

4.3.1 Performance Metrics

Table 7. “Shuzhi Zhen” Model Performance Across Datasets

Metric Training Set Validation Set Test Set

Accuracy (%) 95.1 93.4 92.3
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Precision (%) 94.8 92.9 91.5
Recall (%) 94.5 92.2 91.7
F1-Score (%) 94.6 92.5 92.0
AUC-ROC 0.97 0.95 0.94

4.3.2 Interpretability Analysis (SHAP Value)

e Top 5 Influential Indicators: (1) Server response time (SHAP mean = 0.18); (2) IT training coverage

(0.15); (3) ERP integration rate (0.14); (4) Data encryption rate (0.12); (5) Network bandwidth
utilization (0.10). (Ministry of Industry and Information Technology, 2024)

Case Interpretation: For Lanhui Machinery, SHAP values show that “ERP integration rate” (-0.23) is
the primary factor lowering its health score, consistent with on-site audits.

5. Case Analysis of SME Informatization Health Assessment

5.1 Case Enterprise Profiles and Pre-Assessment Status

Table 8.
Enterprise | Industry Annual Key Informatization Issues | Health
Revenue (¥M) | (Pre-Assessment) Score (Pre)

Lanhui Manufacturing | 320 ERP integration rate = 42%, outdated servers | 52.6/100
Machinery (failure rate = 18%), IT training coverage =

35%.
Green Star | Logistics 200 Network bandwidth saturation (utilization = | 48.3/100
Logistics 92%), no data analytics tools, employee digital

skill score = 4.1/10.
Zhichuang Software 190 Data encryption rate = 58%, no unified IT | 56.8/100
Software strategy, training frequency = 2 times/year.

5.2 Diagnostic Process and Key Findings
5.2.1 Data Collection and Analysis

Automated Data Acquisition: 85% of data (e.g., server logs, ERP transaction records) is extracted via
API, with 15% supplemented by employee questionnaires (Cronbach’s a = 0.89).

Al Diagnosis Output: Each enterprise receives a 3-tier report: (1) Overall health score; (2)
Dimension-specific scores (e.g., IT Infrastructure: 45.2/100 for Lanhui); (3) Risk heatmap (red = high
risk, yellow = medium, green = low).

5.2.2 Key Issues Identified

Lanhui Machinery: (1) Server CPU utilization peaks at 95% (threshold = 80%), causing 1.2-hour
weekly downtime; (2) ERP-SCM data silo leads to 32% inventory discrepancy.

Green Star Logistics: (1) Peak-hour network latency = 800ms (benchmark = 300ms), delaying
delivery updates; (2) Manual route planning results in 15% higher fuel costs.

Zhichuang Software: (1) Unencrypted customer data accounts for 42%, violating GDPR requirements;
(2) Agile development tool adoption rate = 35%, slowing project delivery.

5.3 Optimization Plans and Post-Assessment Results

5.3.1 Lanhui Machinery (Manufacturing)

Table 9.

Optimization Measure Investment Post-Assessment Outcome Statistical
M) Significance

Server upgrade (replace 12 | 8.5 Server failure rate = 2.3%, response time p <0.01

old servers) reduced by 68%.
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ERP-SCM integration 12.3 Inventory discrepancy = 5%, production p <0.01
cycle shortened by 23%.
IT training (120 3.2 Training coverage = 92%, operational error | p < 0.05
employees) rate reduced by 62%.
Overall 32.0 Health score = 75.8/100 (+44.1%) p <0.001
5.3.2 Green Star Logistics
Table 10.
Optimization Measure Investment (¥M) | Post-Assessment Outcome Statistical Significance
Network bandwidth | 5.8 Latency = 464ms, system | p<0.05
expansion efficiency increased by 53%.
Deploy Al route | 7.2 Transportation cost reduced by | p<0.01
optimization tool 22%, customer satisfaction =
84.5% (+18.3%).
Digital management | 2.5 Employee productivity increased | p <0.05
training by 32%, complaint rate reduced
by 52%.
Overall 20.0 Health score = 69.7/100 | p <0.001
(+44.3%)
5.3.3 Zhichuang Software
Table 11.
Optimization Investment Post-Assessment Qutcome Statistical
Measure GM) Significance
AES-256 data | 6.7 Data leakage risk = 3.6%, recovery time <1.2 | p <0.01
encryption hours.
Formulate IT strategy | 4.2 Digital transformation speed increased by 32%, | p <0.01
framework project success rate = 89% (+22%).
Agile tool training (80 | 2.8 Development efficiency increased by 37%, | p <0.05
employees) on-time delivery rate = 92% (+15%).
Overall 19.0 Health score = 73.1/100 (+28.7%) p <0.001

6. Conclusions and Future Outlook

6.1 Research Conclusions

¢  Index System Validity: The 4-dimensional, 128-metric system captures 92% of SME informatization
characteristics, with expert consensus coefficient (0.89) confirming scientific rigor.

*  Model Superiority: The RF-LightGBM ensemble model outperforms single algorithms by 4.7-7.1% in
accuracy, and SHAP analysis enhances interpretability, addressing the “black-box” issue.

¢  Practical Effectiveness: Targeted optimization improves SME health scores by 28.7-44.3%, with
significant improvements in operational efficiency (p < 0.05) and risk reduction (p < 0.01).

6.2 Research Limitations

¢ Sample Scope: Current validation covers 3 industries; adaptability to high-tech or agriculture SMEs needs

further testing.

*  Long-Term Effects: 6-month follow-up is insufficient to evaluate model performance under technological
Iteration (e.g. 5G adoption).

*  Data Bias: 72% of data comes from East China; regional differences (e.g., Western China’s infrastructure
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gaps) may affect generalization.
6.3 Future Research Directions

* Index System Update: Incorporate emerging technologies (e.g., 5G, blockchain) as new metrics (e.g.,
“blockchain traceability coverage”) to adapt to Industry 4.0.

*  Model Enhancement: Integrate transformer-based NLP to analyze unstructured data (e.g., employee
feedback) and improve real-time diagnostic speed (target: <10 minutes/enterprise).

*  Cross-Industry Validation: Expand samples to 10+ industries, develop industry-specific parameter
templates (e.g., manufacturing: weight ERP integration higher; logistics: weight network latency higher).

*  Policy Integration: Collaborate with local governments to embed the system into SME digital subsidy
programs, reducing implementation costs by 30% via policy support.
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