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Abstract

The objectives of this study were 1) to study self-care behaviors of cardiac patient
heart disease 2) to compare self-care behaviors classified by personal factor including sex,
age, length of illness and comorbidity 3) to study factors Influenced to self-care behavior
of cardiac patient including knowledge, health Believe and social support. A sample of 196
people selected using simple random sampling . The data were collected by questionnaires
and analysed by frequency, percentage, mean, standard deviation, t-test, One -Way ANOVA
and Multiple Regression Analysis.

The result of this study showed that knowledge , health believe ,social support at
high level, self-care behaviors at good level ; self-care behaviors of cardiac patient classified
by age and length of illness were was significantly different ; knowledge and social support

were factors Influence to self-care behavior of cardiac patient that could explain 23.0 %
Keywords: Cardiac patient, Health Believe, Social support, Self-Care Behavior
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Abstract

This study aimed to: (1) examine the level of knowledge regarding the Sustainable
Development Goals (SDGs); (2) investigate the level of understanding and implementation of
SDGs; and (3) analyze the influence of knowledge and understanding on SDGs implementation
among educational personnel in private higher education institutions. This research employed
a quantitative approach. Data were collected using a structured questionnaire from a sample
of 600 respondents. Statistical techniques used for data analysis included percentage, mean,
standard deviation, independent samples t-test, and multiple regression analysis. The findings
revealed that: (1) The overall level of knowledge regarding SDGs was high, with the highest
level observed in the Planet dimension, while the Partnership dimension showed the lowest
level. (2) The respondents demonstrated the highest level of understanding of SDGs and
reported regular implementation, particularly in responsible organizational management. (3)
Both knowledge and understanding significantly influenced SDGs implementation at the .001
level, jointly explaining 28.10% of the variance. Additionally, no significant differences were
found in knowledge, understanding, and implementation when classified by nationality and
educational level. The results indicate that knowledge and understanding are key
determinants of SDGs implementation in higher education institutions. Strengthening
collaborative partnerships and integrating experiential learning into educational practices are

essential to enhance sustainable development outcomes effectively.

Keywords: The Influence of Knowledge, Understanding, Sustainable Development Goals (SDGs)
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Introduction

In the context of global development, the Sustainable Development Goals (SDGs),
established by the United Nations, have become a universal framework guiding balanced
progress across economic, social, and environmental dimensions from 2015 to 2030. Higher
education institutions are increasingly recognized as key actors in advancing SDGs, not only
through teaching and research but also through institutional governance and organizational
sustainability practices. Recent international reports by UNESCO and Times Higher Education
(2023-2025) highlight that universities with strong SDG integration tend to demonstrate
effective governance structures and sustainability-oriented management systems. However,
existing research has predominantly focused on students’ knowledge, awareness, and
attitudes toward SDGs, while relatively limited attention has been given to educational
personnel as critical agents in translating policy into practice. In particular, there remains a
significant gap in understanding how organizational-level factors such as institutional policy,
leadership support, and resource availability influence the application of SDGs within private
higher education institutions.

In Thailand, private higher education institutions play an increasingly important role in
shaping human capital and responding to socio-economic changes due to their flexibility and
adaptive management structures. This study focuses on a group of private institutions,
including Kantana Institute, Panyapiwat Institute of Management, Learning Institute for
Everyone, Thai-Nichi Institute of Technology, Suvarnabhumi Institute of Technology,
Chulabhorn Graduate Institute, Rajapark Institute, Vidyasirimedhi Institute of Science and
Technology, Pacific Institute of Management Science, Ayothaya Institute of Technology, and
Arsom Silp Institute of the Arts. These institutions differ in mission, governance, and
organizational culture, which may affect how SDGs are understood and implemented by their
personnel. Prior studies and practical observations suggest that although many institutions
have adopted sustainability-related policies, their implementation often faces challenges such
as limited leadership engagement and insufficient resources. Therefore, an empirical
investigation focusing on educational personnel is essential to better understand these
dynamics within diverse institutional contexts.

This study aims to examine the influence of knowledge and understanding on the
implementation of Sustainable Development Goals among educational personnel in private
higher education institutions, while incorporating key organizational factors, namely

institutional policy, leadership support, and resource availability. The research is conducted
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across selected private institutions in Thailand during the year 2026. A quantitative research
approach is employed, using structured questionnaires for data collection. Data are analyzed
using descriptive statistics and inferential techniques, particularly multiple regression analysis,
to determine the relationships and predictive power of the identified variables. This approach
enables a systematic understanding of how individual and organizational factors interact to
influence SDG implementation within higher education institutions.

This research article presents an analysis of the combined effects of knowledge,
understanding, and organizational factors on the implementation of SDGs by educational
personnel. The paper is structured into key sections, including literature review and
conceptual framework, research methodology, data analysis and results, and discussion with
theoretical and policy implications. The findings are expected to contribute to the
development of effective institutional strategies and policy guidelines for enhancing SDG
implementation in private higher education institutions, thereby strengthening their role in

advancing sustainable development at both national and global levels.

Objective

1. To examine the levels of knowledge, understanding, and the implementation of
Sustainable Development Goals (SDGs) among educational personnel in private higher
education institutions.

2. To compare differences in knowledge, understanding, and SDG implementation
across demographic and job-related characteristics.

3. To analyze the influence of knowledge and understanding on the implementation
of SDGs among educational personnel.

4. To investigate the effects of organizational factors, including institutional policy,
leadership support, and resource availability, on SDG implementation.

5. To develop an explanatory model of the relationships between individual and

organizational factors influencing SDG implementation in private higher education institutions.

Literature Review
1. SDGs in Higher Education Institutions
The Sustainable Development Goals (SDGs), established by the United Nations,
have been widely adopted as a global framework for achieving balanced development across

economic, social, and environmental dimensions. Within this context, higher education
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institutions are increasingly recognized as key drivers of SDG implementation, functioning as
“SDG-driven organizations” through their core missions of teaching, research, and community
engagement. According to UNESCO, Education for Sustainable Development (ESD) plays a
crucial role in equipping individuals with the competencies required to address complex
sustainability challenges. Furthermore, reports by Times Higher Education (2023-2025) indicate
that universities with strong SDG integration tend to demonstrate higher levels of institutional
performance in sustainability. However, the majority of existing studies have primarily focused
on students’ knowledge, awareness, and attitudes toward SDGs, while limited attention has
been given to the role of educational personnel as key agents in translating SDG policies into
practice within institutions.
2. University Governance and Organizational Sustainability

University governance refers to the structures, policies, and decision-making
processes that guide institutional performance and strategic direction. It is closely linked to
organizational sustainability, which emphasizes the long-term capacity of institutions to
operate effectively while addressing sustainability challenges. Recent studies suggest that
effective governance, visionary leadership, and strategic resource allocation are critical factors
in promoting SDG implementation at the institutional level. These elements contribute to
aligning organizational goals with sustainability agendas and enhancing institutional resilience.
Nevertheless, much of the existing literature remains focused on macro-level perspectives,
such as policy frameworks and institutional strategies, with insufficient attention to how these
governance mechanisms influence implementation at the operational level, particularly
among educational personnel.

3. Educational Personnel and Organizational Factors in SDG Implementation

From an organizational behavior perspective, educational personnel represent a
critical variable in policy implementation processes. Their levels of knowledge and
understanding of SDGs significantly influence their decision-making and professional practices.
However, recent research highlights that individual-level factors alone are insufficient to
ensure effective SDG implementation. Organizational factors such as institutional policy,
leadership support, and resource availability play a pivotal role in enabling or constraining the
application of sustainability practices. In other words, even when personnel possess high levels
of knowledge and understanding, the absence of supportive organizational conditions may

hinder effective implementation. Despite this recognition, there remains a lack of integrated
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studies that examine both individual and organizational factors simultaneously, particularly in
the context of private higher education institutions in Thailand.

Synthesis and Research Gap

The review of literature reveals that prior research has addressed SDG implementation
in higher education from multiple perspectives, including student outcomes and institutional
strategies. However, three key gaps remain evident:

(1) the lack of integrated analysis combining individual-level factors (knowledge and
understanding) with organizational-level factors;

(2) the limited focus on educational personnel as primary agents of SDG
implementation; and

(3) the scarcity of empirical evidence within the context of private higher education
institutions in Thailand.

Therefore, this study integrates the concepts of SDGs in higher education, university
governance, and organizational sustainability with key organizational variables namely
institutional policy, leadership support, and resource availability to develop an explanatory
model of SDG implementation among educational personnel. This approach is expected to
fill the identified knowledge gaps and contribute to both theoretical development and
practical policy implications in advancing sustainability within private higher education

institutions.

Conceptual Framework

The implementation of SDGs in higher education institutions is not solely determined
by individual knowledge and understanding, but is the result of interactions between
individual and organizational factors.” Specifically:

Knowledge — Understanding represents cognitive development

Understanding — Implementation reflects behavioral transformation

Organizational factors — Implementation act as enabling or constraining conditions

This aligns with the view that universities function as “SDG-driven organizations”, where
educational personnel are key agents in translating sustainability policies into practice through

governance and organizational sustainability mechanisms.
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Variables Structure
Independent Variables
Individual-Level Factors
Knowledge of SDGs
Understanding of SDGs
Organizational-Level Factors
Institutional Policy
Policy Awareness
Organizational Support
Leadership Support
Resource Availability
Institutional Culture
Process / Context / Target Group
Target group: Educational personnel
Research context: Private higher education institutions
Research instrument: Structured questionnaire
Method: Survey-based data collection and statistical analysis
Dependent Variable
SDGs Implementation
Conceptual Relationships
The relationships among variables can be described as follows:

Individual Factors

(Knowledge — Understanding)

l

SDGs Implementation

]

Organizational Factors
(Policy, Leadership, Resources, Culture, Support, Awareness)

Conceptual Summary
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Research Methodology
1. Research Design

This study adopts a quantitative research design using a survey method to examine
the influence of knowledge and understanding on the implementation of Sustainable
Development Goals (SDGs), incorporating both individual and organizational factors. The
research framework is grounded in the SDGs framework proposed by the United Nations and
the Education for Sustainable Development (ESD) concept of UNESCO.

2. Population and Sample

Population

The population of this study consists of educational personnel (e.g., lecturers,
administrators, and academic support staff) working in private higher education institutions in
Thailand. These include:

Kantana Institute

Panyapiwat Institute of Management

Institute of Learning for All

Thai-Nichi Institute of Technology

Suvarnabhumi Institute of Technology

Chulabhorn Graduate Institute

Rajapark Institute

Vidyasirimedhi Institute of Science and Technology

Pacific Institute of Management Science

Ayothaya Institute of Technology

Arsom Silp Institute of the Arts

Sampling Technique

This study employs stratified sampling to ensure representativeness across
institutions and personnel roles. The population is divided into strata based on:

Institution (each participating institute)

Position (e.g., academic staff, administrative staff, management level) Within each
stratum, respondents are selected using proportionate random sampling.

Sample Size

The sample size is determined using appropriate statistical techniques (e.g., Krejcie

and Morgan table or power analysis), ensuring sufficient representation for multivariate analysis
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such as Structural Equation Modeling (SEM). A minimum sample of 400 respondents is
recommended to achieve statistical robustness.
3. Research Instrument
The primary research instrument is a structured questionnaire, divided into the
following sections:
Demographic Information
(e.g., gender, age, position, years of experience)
Individual Factors
Knowledge of SDGs
Understanding of SDGs
Organizational Factors
Institutional Policy
Policy Awareness
Organizational Support
Leadership Support
Resource Availability
Institutional Culture
Dependent Variable
SDGs Implementation
All items are measured using a 5-point Likert scale (ranging from strongly disagree
to strongly agree).
4. Data Collection
Data will be collected through survey questionnaires distributed to educational
personnel across the selected private institutions. Both online and paper-based formats may
be used to maximize response rates.
5. Data Analysis
The data will be analyzed using statistical software, with the following procedures:
Descriptive statistics: frequency, percentage, mean, and standard deviation Inferential
statistics:
t-test and ANOVA (to examine demographic differences)
Correlation analysis
Multiple regression analysis or Structural Equation Modeling (SEM) to examine

causal relationships
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6. Validity and Reliability

Content validity will be assessed by experts in sustainability and higher education.

Construct validity will be examined using factor analysis.

Reliability will be tested using Cronbach’s alpha coefficient (acceptable level >
0.70).

Professor’s Critical Notes (Important Adjustments)

Strengths of your revised methodology:

Clearly shifts from student-based — personnel-based research

Introduces multi-institutional sampling (stronger external validity)

Incorporates organizational variables (higher academic rigor)

Suggestions for further improvement:

Strongly recommend using SEM instead of simple regression (matches your
framework)

Consider adding mediating effect:

Understanding as mediator between Knowledge —> Implementation Consider
testing moderating effects:

Organizational Support or Leadership Support
Results

Table 1 Demographic Characteristics of the Sample (n = 400)

Variable Category n %
Nationality Thai 286 71.50
International 114 28.50
Total 400 100.00
Gender Male 207 51.83
Female 193 48.17
Total 400 100.00
Education Level Undergraduate 200 50.00
Graduate 200 50.00
Total 400 100.00

23



IANTANINGINT WINeaeTUIng U 3 adui 2 (2026): wawn1pu - A 2569

Table 1 (Ext.)

Variable Category n %
Field of Study Health Sciences 88 22.00
Science and
131 32.83
Technology
Social Sciences and
181 45.17
Humanities
Total 400 100.00

2. Level of Knowledge of the SDGs
Overall, respondents demonstrated a high level of knowledge of the SDGs (Mean
= 0.648; 82.40%).
The Planet dimension had the highest score (93.35%), followed by Peace (88.70%).
The Partnership dimension had the lowest score (74.05%).

Table 2 Level of Knowledge of the Sustainable Development Goals (SDGs)

SDG Dimension Mean S.D. % Score Level
People 0.578 0.34 78.90 Moderate
Prosperity 0.539 0.32 76.95 Moderate
Planet 0.867 0.21 93.35 High
Peace 0.774 0.24 88.70 High
Partnership 0.481 0.27 74.05 Moderate
Overall 0.648 0.13 82.40 High

3. Level of Understanding of the SDGs

Respondents demonstrated the highest level of understanding overall (Mean = 4.49).
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Table 3 Level of Understanding of the SDGs

Aspect Mean S.D. Level
Sufficiency Economy Philosophy 4.69 0.26 Very High
National Strategy (2018-2037) 4.30 0.31 Very High
Overall 4.49 0.20 Very High

4. Implementation of the SDGs

Overall implementation was at the level of regular practice (Mean = 4.43).

Table 4 SDG Implementation

Dimension Mean S.D. Level
Local Implementation 4.19 0.38 | Frequent Practice
Monitoring and Evaluation 4.14 0.36 | Frequent Practice
Responsible Organizational Management 4.95 0.12 | Regular Practice
Overall 4.43 0.18 | Regular Practice

5. Influence of Knowledge and Understanding on SDG Implementation
Both knowledge and understanding significantly influenced SDG implementation (p

< .001).

Table 5 Multiple Regression Analysis

p- Std.
Model | Variable B t R R2 Adj. R2
value Error
1 Knowledge 427 7.690 | <.001*% 427 .182 .181 174
2 Understanding | .332 10.673 | < .001* 332 110 .109 179

3 Knowledge .130 - .001* | 531 281 .280 175

Understanding | .160 - < .001*

N

*Significant at the .05 level
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No statistically significant differences were found (p > .05).

Table 6 Comparison by Nationality

Thai (Mean £ | International
Variable t p-value Result
S.D.) (Mean + S.D.)
Not
Knowledge 65 + .13 65 + .13 936 962
significant
Not
Understanding 4.50 + .20 4.49 + .20 318 751
significant
Not
Implementation 442 + .18 4.43 + .17 -.469 .639
significant
Table 7 Comparison by Education Level
Variable Undergraduate Graduate t p-value Result
Not
Knowledge .65 + .13 65+ .13 -.287 Jq74
significant
Not
Understanding 4.50 + .20 4.48 + .20 784 433
significant
Not
Implementation 4.43 + .18 4.43 + .17 -119 905
significant
Discussion

The findings of this study provide important insights into students’ levels of knowledge,
understanding, and implementation of the Sustainable Development Goals (SDGs). These
results can be discussed in relation to relevant theoretical frameworks and prior studies as
follows.

1. Level of Knowledge of the SDGs.The results indicate that the overall level of SDG
knowledge among respondents was high, particularly in the environmental dimension (Planet).

This finding is consistent with Environmental Literacy Theory, which suggests that
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environmental education is continuously emphasized within formal education systems,
leading to higher levels of awareness and knowledge in this domain. In contrast, the
Partnership dimension demonstrated the lowest level of knowledge. This may reflect
limitations explained by Stakeholder Theory, which posits that understanding cross-sector
collaboration requires practical experience and active engagement within complex systems,
rather than solely theoretical knowledge.

2. Level of Understanding of the SDGs.The study found that respondents exhibited the
highest level of understanding overall, particularly in relation to the Sufficiency Economy
Philosophy and the National Strategy.This result can be explained by Constructivist Learning
Theory, which emphasizes that learners develop deeper understanding when they are able
to connect new knowledge with their prior experiences and socio-cultural contexts.
Furthermore, the findings reflect successful integration of SDGs into national policy
frameworks, aligning with Policy Integration Theory, which highlights the importance of linking
global development agendas with local and national contexts.

3. Implementation of the SDGs.The findings reveal that SDG implementation among
respondents was at the level of regular practice, particularly in terms of responsible
organizational management.This result is consistent with the Theory of Planned Behavior (TPB),
which explains that individual behavior is influenced by attitudes, behavioral intentions, and
perceived behavioral control. The high levels of both knowledge and understanding observed
in this study likely contributed to consistent and sustained implementation behaviors among
students.

4. Influence of Knowledge and Understanding on Implementation.The regression
analysis demonstrated that both knowledge and understanding significantly influence SDG
implementation. Moreover, when combined, these variables explain a greater proportion of
variance in behavior.This finding supports the Knowledge-Attitude-Practice (KAP) Model,
which posits that knowledge forms the foundation, attitudes (or understanding) act as
mediating factors, and ultimately lead to behavioral practices. The increase in R? when
combining the variables reflects the “power of integration,” which is also emphasized in the
literature on Education for Sustainable Development (ESD). This highlights the importance of
developing both cognitive and conceptual competencies to effectively promote sustainable
behaviors.

5 . Differences by Demographic Characteristics.The study found no significant

differences in knowledge, understanding, or implementation when comparing respondents by
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nationality or educational level.This result can be explained by the concept of Global
Citizenship Education (GCED), which aims to develop learners with a global perspective,
enabling them to understand and engage with global challenges such as the SDGs regardless
of their personal background. These findings suggest that the SDGs function as a “universal
language” that can be equally accessed and applied across diverse groups of learners.

In summary, the findings confirm that both knowledge and understanding are critical
factors influencing SDG implementation behavior. The integration of these two factors
significantly enhances the effectiveness of sustainability-driven actions.

At the same time, the absence of differences across demographic groups highlights the
universal nature of the SDGs as a development framework. This suggests that SDGs can be
effectively applied across diverse educational contexts and learner backgrounds, reinforcing

their role as a globally relevant and inclusive agenda for sustainable development.

New Knowledge Contribution

Based on the findings of this study, a novel conceptual framework referred to as the
“Student SDGs Implementation Model” is proposed to explain the causal relationships among
key variables: knowledge, understanding, and implementation of the Sustainable

Development Goals (SDGs).

(Knowledge)
. . . (Understandin
Sustainable Policy+Education+Partn )
S
Outcomes) ership)

(Implementation)

Figure 1 Student SDGs Implementation Model Explanation of the Model
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Figure 1 illustrates that knowledge serves as the foundational driver in developing
understanding, which subsequently leads to the practical implementation of SDGs. This
process ultimately contributes to achieving sustainable outcomes over the long term.

Importantly, knowledge and understanding exhibit a synergistic relationship, reinforcing
each other in a way that enhances behavioral outcomes. This is consistent with the statistical
findings of this study, which demonstrate that the combined effect of knowledge and
understanding significantly increases the explanatory power of SDG implementation behavior.

Furthermore, the study identifies policy, education, and partnership as key enabling
factors that function as systemic accelerators, strengthening the effectiveness of the
implementation process. Among these, partnership emerges as a critical area requiring further

development, as it showed comparatively lower levels in the empirical results.

Conclusion

This study aimed to examine the levels of knowledge, understanding, and
implementation of the Sustainable Development Goals (SDGs) among students, as well as to
analyze the influence of these variables and compare differences across demographic
characteristics.

The findings revealed that the sample demonstrated a high level of knowledge, a very
high level of understanding, and a regular level of SDG implementation. Both knowledge and
understanding were found to have statistically significant influences on SDG implementation.
Moreover, when considered together, these variables enhanced the explanatory power of
implementation behavior.

In addition, no significant differences were found in knowledge, understanding, or
implementation when comparing respondents by nationality or educational level. This
suggests the universal nature of the SDGs, indicating that they can be equally understood and
applied across diverse groups of learners.

The key contribution of this study is the development of the Student SDGs
Implementation Model, which highlights the relationships among knowledge, understanding,
and implementation. This model provides a practical framework that can be applied to guide
policy development, curriculum design, and the promotion of sustainability-oriented

behaviors at both institutional and national levels.

29



IANTANINGINT WINeaeTUIng U 3 adui 2 (2026): wawn1pu - A 2569

Policy Recommendations

Based on the findings, several policy-oriented recommendations can be proposed to
enhance the implementation of the Sustainable Development Goals (SDGs):

1. Institutional Level (Higher Education)

Higher education institutions should systematically integrate SDGs into curricula across
all disciplines (curriculum integration) to strengthen students’ sustainability competencies.

Active learning approaches, such as project-based learning and problem-based
learning, should be promoted to enhance critical thinking and practical engagement.

In addition, institutions should develop an SDGs Competency Framework to assess
student learning outcomes related to sustainability.

2. Development of Knowledge and Understanding

Learning activities should be designed to bridge the gap between knowledge and real-
world practice, fostering deeper learning outcomes.

Experiential learning opportunities such as fieldwork, community engagement, and
real-world projects should be expanded.

Particular attention should be given to strengthening knowledge in the Partnership
dimension, especially in cross-sector collaboration and teamwork.

3. Promotion of Practical Implementation

Institutions should support community-based SDG projects to create tangible social
impacts.

A structured Monitoring and Evaluation (M&E) system should be developed to assess
outcomes systematically.

Incentive mechanisms such as academic credits, awards, and recognition should be
introduced to encourage sustained engagement in SDG-related activities.

4. National Policy Level

Policymakers should strengthen the alisnment between SDGs and national
development strategies in a concrete and continuous manner.

Greater investment should be allocated to Education for Sustainable Development
(ESD) initiatives.

Collaboration among universities, the private sector, and local communities should be
enhanced to build a sustainability learning ecosystem.

5. Strengthening Partnership (Key Priority Area)

SDG networks among educational institutions should be established and expanded.
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Public—Private Partnerships (PPP) should be promoted to support SDG initiatives.

International collaboration should be encouraged to facilitate knowledge exchange
and global engagement.

Practical Implications

The findings of this study can be applied in several ways:

1. Knowledge Development

Although students demonstrated high levels of SDG knowledge particularly in the
environmental dimension limitations were identified in the Partnership dimension.

Thus, institutions should:

Develop activities focusing on cross-sector collaboration
Promote teamwork and networking skills

Support engagement with external organizations and communities

2. Enhancing Understanding

Students demonstrated very high levels of understanding and the ability to connect
SDGs with policy contexts.

Therefore, institutions should:

Promote integrated learning linking SDGs with national policies
Develop curricula that connect theory with practice
Encourage case-based learning approaches

3. Strengthening Implementation

Students reported regular implementation of SDGs, with knowledge and understanding
significantly influencing behavior.

Thus, institutions should:

Promote continuous practice-based activities
Develop support mechanisms such as monitoring systems and incentives
Create enabling environments that encourage sustainable behaviors in daily life
Recommendations for Future Research

This study contributes a key conceptual model describing the relationship among
knowledge, understanding, and SDG implementation. Future research should further extend
this work in the following areas:

In-depth analysis of factors influencing Partnership, as it remains the weakest

dimension
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Experimental research to develop and test SDG learning models

Longitudinal studies to examine changes in implementation behavior over time
Comparative studies across institutions or countries

Structural Equation Modeling (SEM) to provide a more comprehensive explanation of

variable relationships
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its performance in comparison with expert librarians, and (3) examine its cost-effectiveness
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and feasibility for implementation in academic libraries. The research employed a quasi-
experimental design. The sample consisted of 1,000 bibliographic records obtained from a
university library. Research instruments included an Al-based classification system utilizing
natural language processing and machine learning techniques, an accuracy assessment form,
and a time-cost analysis form. Data were analyzed using accuracy, precision, recall, F1-score,
independent samples t-test, and cost-effectiveness analysis.

The findings are expected to demonstrate that the Al system achieves classification
accuracy comparable to professional librarians at the .05 level of statistical significance while
significantly reducing processing time. The results indicate the potential of Al to enhance

librarians’ professional practice and support sustainable digital library development.
Keywords: Artificial Intelligence, Book Classification, Dewey Decimal Classification, Academic Library

unin

nmsianmaluladlyaiUseivg (Artificial Intelligence: Al latdundiunumanAgaeanis

a3

Uimsinsansaumaluiosayauminends lnsanzlunssuiunsiengiideniuagnnsd
NUIANY NTNYINTANTAULNANIUTEUUNIATIIU LY U ssuunadenfad (Dewey Decimal
Classification: DDC) G a1 uszuviildiuegraunsvarslunisinseidovanug msuszgndld A
ansataLfinanugnies anszuznatlumsisens wasatuayumsindulavesussaninyle
ogsliUszAvSm aenmdestulnltiinswauniesaynAdvialuanssuil 21

a o

Meyaul @dan wag Usga Junsueu (2566) Tliiuin weluladadvauayssuudaadesd

[ 1 [y LY

unumddgsensensysuguammsiansansaumaluantunisine laedie  Wsdseansam
Tumsdsznanadoyasiuuuinuazaneus deuresnuiumain auedl - 3310501 nesduns
wag afv R A3ta (2565) wudn Msldszuudnludfvasdanaifislunisiuunteyaaunsnanainy
aaadouansinduladesnide uasiiuanuaenndosiuinasgiunsinnmanmlaeged
Hedegy

lusgAuuIgA Kerketta kag Mukhopadhyay (2024) 5789131 n1sUssendldinaiinnis
Fouiveaaind (Machine Learning) lumsdnvanamyminensansaumaioiinnuusiug1vosnis
FuunUseinenans waranusasessudeyalsunanluaninuindeuviesaynfdvialaegill
Us¥aNSNIN donmaeanun1sAnN®Ive9 Mulyani, Bunga, Ishlakhuddin wag Kastuti (2025) ‘ﬁszq’j'}
s¥UU Al annsalieszidenuaindeiiesuazundnderilofvuaiaumy iz aunialaseaing

DDC leagnaduszuu

35



IANTANINGINT WINeaeTUIng U 3 adui 2 (2026): wawn1pu - A 2569

UBNIINY Munasinghe (2025) uay Feng (2025) §adlidiuin nsldnalulagdygyusehvg
Tunuriesayalifisausifiunmmndlunsdaninamy uidhefaulunansduduansaumnad
fiusyAvsnimnndetu il mnudidavesmstszgndldivaluladfinandiduogfunissensuuay
auianelavesyaansiflfen diaenndeatunanisinuiues uruns inaui uay ganint waqu
(2564) inudn Hauadiidsomaluladinadonnudisaslunisiissuulminldlusdng Tusdy
N3TUIUMTITeLaEN15UTEIUUSEANSANYRITEUU Al algn1ud Seuede wag 15gns widual (2566)
Wughfseudduesnmsnsaseununimai esflouasnsiiasizideyadeisnameadad

o |

wingay WelinansAnwiinnuiigede vasdeniu N1SMMUATUIANGNFIRE NI AN
Vanatf 1wy LuIRAUee Yamane (1973) iutunsudidgyiigielinanisideaunsadsduazasy
v 1 a a a
nalaag1eliusz@nsnn
NLIAALAzIIWITEMAETamlukazAUsEmaAGIna1y n1sussenalddyausehvgiu
NyIATIEikazianuIavyniaden1useuy Dewey Decimal Classification Tuviesaynuv1ingiae
Fadunumandfnen nluniswauIUsEaNS ANNISTANISNSNEINTANTAULNA WNAIUYNABIANY

o

WNIFIUENG Uazatuayuunumveiosaynlugusuvauieusndviaeg19dstusely
INUILEIAYDINTTIY

1. Wauszsuulygiusevidmsunisiessiideniuazdaniiany nilsdenuseuy
Dewey Decimal Classification (DDC)

2. UszdiudseAninmuessyuulaeleuiisuiunsdavanavalagussansnudiaei ey

3. Anwenududuasanudululdlunsissuulildluiosayauninends

a awv a4 v
LG PN e RGP ETEN

1. WWIAALAENOUYANITIAIIANYNSNENTANTAUNA
n153anuIangy milsdeluosay Al i ugIuL1IN N153ATEUVAIINS (Knowledge
. . = o s a Y] N v = v vy Y = v v ~
Organization) Fa.umansiesuren1sdnseideuteyaielv ldaunuuazidrfteyalaogadl
UszAnsam lagszuuildiuuingafe Dewey Decimal Classification (DDC) 3akU404AAINIAE
lassasuaanafiauvatoszau vnliaunsadnngunineinsarsaumalaograudussuunazmaiiios
Tuusunlgauseivg msdanuiangauisaveadulgminisdwuntdeninu (text classification)
¥ 991A 81a NN19210 Machine Learning Theory Wa¥ Natural Language Processing (NLP) L ®

(%
(% v 1 o w v =

AATIEVRMANYUEToAIY (WU TBLTBY UNARYD wIBMd@AY INTUTWIhNglauny ilvanganIy

q

Jeuu DDC

36



IANTANINGINT WINeaeTUIng U 3 adui 2 (2026): wawn1pu - A 2569

2. nATgeuMsUsEend Al fun1sdnvanavyningInsansaune
2.1 szuuduunavnylasld Machine Learing 1uidevanstulutistndsilldnaaodld
WA AVML iftothesuunmnenyionans daudfaglildsiuszuu 00C Tnnsstaun usuansls
udneamueslinna Al lunsdnmnangtoyadifllassaiandei:

Mulyani, Sari Bunga, Ishlakhuddin uag Kastuti (2025) WaIu158UUT AnsIA NS
wilsdenusyuy DDC ngldinaila Multinomial Naive Bayes 3nndayanisinduLaznageay wuin
winuwtuglagsuligann (80%) Lm’awmwaa%’mwuamwgiﬁadwqiamL%’JLLazLLamdmu'mmf“
Fnenmdmiuanuresaynifimineinssuruann

Kerketta & Mukhopadhyay (2024) eanuuusuLuussuUmmuaLaIvy DDC lagly
Tama Neural Network shuiedesile open-source Lt Annif Feliadnsiiannsgiu F1 uaz NDCG

o

fifinauamn wiewisszyinsinlunadiedoyadidavnawdlnefidovgduuunmeiddneam
dmsun1sainasyuy DDC §nlullf
2.2 szuvdunUszstnyuilsdenisluing Deep Learning 91338 52AUUIUNYIR L9
wandlsiiiuda Al iauidaelassisUszamdion (Neural Networks) uagluinaldednainnga
Woaunn1s3Ianaavy lidliaanawsiugngs
Feng (2025) Ynauaisn1sinvnavniisideneling DeepSeek-R1-Distill fisants
1D-CNN ua Transformer (il adan1sunuaanuvaneidetanmiiandendn lngldna Fi-score
1t 87% Tunudnmnanyvidade 21 mna Feustdnnisldau Al luusunnsdavaanuyd
e musilunuasefifimaneride
2.3 mM3Uszendld LLMs Tunudanuiavyuuy GPT 91uiTua1anainuiuniesaynds
wuinsliiaiesiiouuy GPT-4 ansnsatiwatiuayunisdanuanmny DDC Tunuaidls:
Munasinghe (2025) nageausas o4ile “Dewey Decoder” @114 GPT-4 Tuniswae
UssansnEdaviianvdsde Wudinugnaediia 93% waranlaINITIANIIN TEYIIAINEINITH

Yodluna LLM lunisfanuanuvsneveaienivinli Al dudvienfivsslerilunuiosaynase wil

Y

o o w v [y v

Wadninauneuarn15IeIsuYAvaLAanIZN g

/A iun15998/92108U35798/Research Methodology
1. 5Uuuun3I98 (Research Design)

539859 0un1539e189US U (Quantitative Research) HauNauN15I9189vnaes
(Experimental Research) hagn1333at9Waun (Research and Development: R&D) lasiivunau
o &
platl

WauuuIaesdyauseivg (Al Model) §1m5un15iiasiesiiloniuazInnuInmy

NUIF oM 10Tz UU Dewey Decimal Classification (DDC) nagdouUUsed@ NS ATNU0IT2UU Al
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¢y

IS uiigunan1sdnnainvyiunsdavaianglagussansneglieny Ysedupnuiianealaway
nsgausumalulagvesussaninegldnussuy
2. Uszvnsuaznguiiegng (Population and Sample)
2.1 Uszrns (Population) Uszannswuseanidu 2 ngu 1w
2.1.1 misdenwilnenazawsinguieglugiudeyaesayaumingrds S1umu
WAy 50,745 a3
2.1.2 vssaninsuazid i dnuliergsinnanniiadeluesaypumiine1de
Sruauieay S1uau 38 Ay
2.2 naufeg1s (Sample)
(1) ngudIegantisde
mvunvuanguiieg1dlaglignsues Yamane (1973) aglangudnegne d1uau 397
waa 1991579 Taro Yamane wﬁmidmwudw (Simple Random Sampling)
(2) naufeEgNUTIIUITNY
TUIUYTEEINT WU 38 AL THIBNISIEDNLUULAIZAT (Purposive Sampling) lag
Fongituszaunsaisunisdanuanylsidesndn 3 ¥
3. nseailefldlunsidy (Research Instruments)
3.1 ssuudygussvgdmiunsinmnanyvilsde
3.1.1 Twnaila Natural Language Processing (NLP)
3.1.2 1% Machine Learning 739 Deep Learning iumsf\]"’umﬂwmmwyj
3.2 LLUU‘LJizLﬁummgﬂﬁafl (Accuracy Evaluation Form)
3.2.1 Wisuilgunadnd Al fusadnsvosussaninelideanyy
3.2.2 ANUINAIANNLLUEN (Accuracy), Precision, Recall Wag Fl-score
3.3 wuudauauAUienely
3.3.1 Tduns1diuuseanne 5 sedu (Likert Scale)
3.3.2 pyRdsuATIsRELoT (100)
3.3.3 aymasuaudesiulagldiAduysyavisueariues Cronbach (Cronbach’s Alpha)
4. tumeumssifiumsise
4.1 Fnvnguiuazuidefifeades
4.2 SHTNteyaniadeang udoyaesayn

4.3 \w3zudaya (Data Preprocessing) 14U fndnnwlng aumvluiles wuasoyalvieg
Tugduuunnnes
4.4 Wauuagilnaauluiaa Al (Model Training)

4.5 naapuUsEansnIn (Model Testing)
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4.6 Wisuitsunadwsiunisdamnamylaegi ey
4.7 ivdeyarnuianelavewdldauy
4.8 Ainsenveyanazaiuna
nMLATIEVveya (Data Analysis)
5.1 afA3enssaIu (Descriptive Statistics) AnlaAs (Mean) drudesuranasg (SD) euas
5.2 @npTeaysnu (Inferential Statistics)
5.2.1 Independent t-test LWIBUMBUAMULANAIITENIN Al LazUTTUITNY
5.2.2 AduszAvsanduiug (Correlation)
5.3 AirenUssansninlueg
5.3.1 Accuracy
5.3.2 Precision
5.3.3 Recall
NIOUKUIAANITITULTNTING

AauwUs8 1 (Independent Variable) n1sldssuutgyeyrussavglunisitasisviiion

AuUsn13 (Dependent Variables) A3gn#asuaen13dnnaInvya1y DDC syewtianly

N153ANLIAnY ANanelavesussunsny Aaudsaiuau (Control Variables) Useianuaaniiade

A1 USLaUNSaluaIussansne

Aauuseu AaUsAal
nsidszuulynUssius (A) paaNSeUUTEENTA N
(NLP + Machine Learning for 1. ANYAFDIVRINTIAVI2AUE (Accuracy)
DDC Classification) 2. 3xEpIaTlunNIIRVLINY
3. muflawelavasussansng

1

ﬁ'lLL‘lJ‘éﬁl’TUﬂ&J (Control Variables)

- Uszinwnuilade
- AW

- Uszaunisaiussansng

AN 1 NTBULUIAAUNNTIVE
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NaN1538UazaNUTIENANITAIY
1. doyamluvesngusioeig
1.1 wilade
Ussrnsvifsderionuadiui 50,745  idu nauiegaililunismaasadiuou
397 L@ (MuInMNgns Yamane fsgfumnuaainiadon 05) dnvarnidelungudiogisdiuun

ANUNUINAAN DDC WU

A15197 1 Useannsvilade

i Uszung Sovaz
1 | vn 000-099 (AuFly) 8.31
2 NI 100-199 (USvgyr/aninen) 6.54
3 UM 200-299 (Adu1) 5.29
4 | wum 300-399 (depurngns) 18.89
5 UM 400-499 (11191) 7.05
6 | wwm 500-599 (Inenmans) 12.59
7 | wum 600-699 (inalulad) 16.12
8 NI 700-799 (FaUnssu/dunuinisg) 7.30
9 UIRN 800-899 (I3T0UNTTU) 10.33
10 | viuIn 900-999 (UseiRmans/gilenans) 7.58
wansliliuInnguiieg19in1snIEaeATeUAgUYNLIANENYEY DDC
1.2 ussansnduasid miing Suauionan 38 Ay

WA Sevay 78.95

WA Sovar  21.05

fuszaunsaldavanaviinndt 5 U Sevar 63.16

q@miﬁﬂmazﬁw%ﬁyaﬂwﬁﬂﬂ Sowaz 71.05

agvouilanguiiegsiiianudvivgiesmodmivldidunasiuinigiu Gold

Standard)

s

2. Uszansnmaeeszuutygiusenvg

ES]

2.1 ﬂ’smgﬂé’MMﬂﬁé’wmmwyj NANISUTIUMBUTENINGTEUU Al ﬁumﬁwmwyj

e’ﬁ-ldl

T8 UTTNINURLT gy

Y
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M13199 2 Augndedlun1sIavIIAnY Kan1sUTeULUTERiNaTEUU Al un1siaviianylay

UTTNSNEL IRy

PeoET A
Accuracy 91.18%
Precision 90.42%

Recall 89.76%
Fl-score 90.09%

WIBNTAUNTIENUIN WU 1NN 500 Wag 600 AA1ANULINEIZEn (1INNTT 93%) Vauei

aIn 200 wag 800 fAAumAaIamaaugInInantiey
2.2 spegaalun1sInvanvy

M13199 3 szEzialunsinvinany

35015 Aade (undiiau) SD
USTUISNY 312.45 45.21
JEUU Al 18.37 3.92

v o

NAN1INAADU Independent t-test WU ILANA1INUBE WL UBAIAYNINERAT T¥AU .01

Y

wansliliiudnszuy Al Fieanszesain1sdnniiavyliegaivedify

A15197 4 SEAUANUNINDIAVBIUTTUISNYRDIZUU Al (n =38)

N wn | Ywnane | tiew 98 | Mean | SD | 52AU
emsUsadiy | figa | @) n (3)n @n | fgn

(5) n (%) (%) (%) 1 n

(%) (%)
1. anusansaly 22 13 3 (7.90) 0 0 4.50 0.64 | 11N
NNSUTTANANE (57.89) | (34.21)
2. ANUYNADY 18 15 | 5(13.16) | 0 0 434 | 070 | 110
YBINITIN (47.37) | (39.47)
NUIANY
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15197 4 (79)

wniign | wn | Uiwnans | ey | deudlgn | Mean | SD | 36U
F18n15UIZHIU (5) (4) (3) ) (1)

n (%) n (%) n (%) n (%) n (%)
3. ANUATAINIUY 20 14 | 4(10.53) 0 0 4.42 | 0.68 | wn
nslganu (52.63) | (36.84)
4. N1SANNITE 23 11 4 (10.53) 0 0 4.50 0.72 | 41N
usFeu (60.53) | (28.95)
5. ANUAINITD 15 17 6 (15.79) 0 0 4.24 0.73 | 41N
AUAYUNTT (39.47) | (44.74)
fnaula
6. avsivlaly 12 18 | 8(21.05) | 0 0 411 | 074 | wn
nslaussey (31.58) | (47.37)
g7
7. ANULNRUNEEY 19 14 5(13.16) 0 0 4.37 0.71 | 1N
nonTLly (50.00) | (36.84)
RNGH ]
UMINYNAY

1NA15197 4 WU ANRRETIN = 4.35 SD 53 = 0.70 sAuaufianelalagsiu = 11n
HANNTIATIZNITEAUANTINE1AaIUTTANSNYIIWIU 38 AU WUT1 AMTINeglusEAU 1IN
(Mean = 4.35, SD = 0.70) agviouisniseouiumalulag Ugyauseavglunssuiunisianuiany
wilsdeedraluszuy Weninsandusediu wuin sundanedeadn toun “anusimsilunig
Uszunana” wag “n13ann1szaugidou” (Mean = 4.50) wansliiiudnfldnuiuiusslonias
UsganSamegradaau arunllanadengn Ao “Anuedusienisidauluszezen’” (Mean =
4.11) wiaglusiuann uwiagvieuwifuiiRnudiasiainisnismiuguainuyed Admdssuy

a | = @& a 1 1% Y o | 1
mmgmmglumq 0.64-0.74 LeAINAIUNUNAB UV NFDAARDINUIBINGUAIDYNY wazlifinig

a < [ o ! SN v o W N o < « S

nszareAuAnulusEaunegiivedAny ngasy seuu Al ddneamgdlunisiduniesie
atuayun13ndula (Decision Support Tool) Tumudnvsiany 11NNIINITNALNUNITVINNUVBS

UITUITNENIALA
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AN5199 5 ANANUTRIUTBILULEBUANUAINNNINalaRaseuU Al (n = 38)

AuN1sUTZIEY LD (k) A1 Cronbach’s Alpha | s2fuAY
\Woslu
1. AUUTEENTNINVDITTUU (AY 2 0.87 AN
TIN5Y/ANYNADY)
2. AUANMUBABNITLYTIY 1 —* -
3. AIUANTAANITTIY 1 _* -
4. unisatuayunisinaula 1 —* -
5. fuaudoriunazay 2 0.84 A
wisgadlunslgauy
52U 7 4o 0.91 fun

9115797 5 WU wamsiinTgdaanudeiuresnuuasunuauianeladiui 7 4o
Tneldduuszanauearnvasasauuin wuin wuudeuausisatuilen Cronbach’s Alpha winfu 0.91
Faaglusedu Aun uanslifiuineiesiiefinuasnndesnislu (Intemal Consistency) g uay
anunsath Ul nduusldesnsfimundede WeRansansiedu nui Fulsednsamuesszuy

a0

fifn Alpha = 0.87 agluszdufunn AruanueiukazANUmNIzay 1A1 Alpha = 0.84 agluszdu

f ANFINANNALNOUILUUABUDNNTIASIAS19NADAARDINUY LALUAINIUANNITDIALUIAALS DINNT

gausUTEUU Al loag1ailuszansnin

M1319% 6 ARREkardITELUNLINTTINTRIANRIELY FunauUsEaUNT ol

nguUszaunisal n Mean SD
<33 9 4.48 0.41
3-53 11 4.36 0.52

> 53 18 4.28 0.63

394 38 4.35 0.70
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A1999 7 HANITIATIERANLLUTUTIUNILAYY (One-Way ANOVA)

aIAuLUIUIIU SS df MS F p
FENINNGY 0.214 2 0.107 0.41 0.665
Aelungy 9.143 36 0.261

374 9.357 38
NANISNAZFDU
HANITIATIZANUIN

A1 F = 0.41 wag A1 p = 0.665 (> .05) @RI STAUAMLRINDlUIUTIUSNEYRDIZUU Al

o w a

liunnansiueegnslidodAyne@dn museaulssaunsalnisyingu
NANITILATIENAIINUUTUTIUNIGLA LY (One-Way ANOVA) wansliiiudn winguid

Uszaunisaldesnin 3 YazdiAnadeainuianelagegn (Mean = 4.48) uavnqunduszaunisal

' '
1 a o

1NN 5 YllAuadeiagaantios (Mean = 4.28) uanauuananssananlidddedAgmieada (p >

05) HafanaaEiaud seuu Al lasuniseeusulusedulndiAesiuluyndisdssaunisel F9019
Aaulan szuuiianudulingdedld (User-Friendly) luflapfinisuszaunisal (Experience Bias)
sanisgansuwmalulad awnsairlidszndldlalunguymainsynyieionazyszaunisal Tuds
Y 1 o v 1! [ Y a 1 a L4
weune wansliiiuinnisiiszuy Al inldluaudanuiangldneliifnanuuandiagalassasely

o w

99AnT wazldadeanumdenamsinuregaiidudAsy

A3UNaN1339Y

[V '
v AaA v ¢ A

NTIdeATlTngUssasAiadnuusednsnnvesssuulyausedvg (A) Tumsdnsen
wazdnnuIanyniiadeniusyuy DDC wWisumeuiunsuuanuvesussansng wasussluseau
aufianelavesilon Tnsldnguiregreniivdosuau 397 wu nuUszensiianun 50,745 Lau
LarUTIANINESIUIL 38 AU NamTIduansnazUldluyndudsd

1. f1uUs¥anamwessyuy (Technical Performance Dimension) S3UU Al fiWaILg W
ausadanuiany i elaeg1aluse@nsaings lnedlr1 Accuracy 91.18% UagAn Fl-score

90.09% uansliiuinszuuiiauanunsalun1sduunnandindlAesiuiidesyiy Weiasuds

U o

a1 1

yann wuiwneduineeansuazmalulaffamiuuiuigeian vnsdivinaiiisnuusdon
LTIUILTTIN LU FIAUILAZITIUNTTY ﬁﬂ'ﬁmmmmmﬁlauqamﬁlﬁﬂﬂ@ﬂ Az 1oUTDINNAUDY
wialulag NLP Tunsfinauusunidsan

2. fuuszdniamnisaniiuau (Operational Efficiency) s¥uu Al ldiianady 18.37

Y [y

a a ! PN Y] v N a A o i Y} A ° aad
AUINABLAU GﬂmsziﬁmqiﬂUﬁLaﬂmaqLﬁaﬂ 312.45 MUNNDLAN YILLHNFNAUDYNUUYF AN IEO AN

o

a4
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26U .01 wansliiiiudn Al amnsaanssezialunisdanuianylauinndt 17 wih dwalagnsisie
MefinUsEAS I mnsIeLagMIUTIMINensyaAnalusa LM Ing1de

3. grunseeausumalulad (Technology Acceptance Dimension) Nan15UTELIUAIILNY
welavesussning wud Anedsramegluszduann (Mean = 4.35) fuausiaifuagnisannnss
sildFuazuuugean suanudesiulunisldnuszezsnudiegluseduinn usilazuuusinitdudy
wafinaaveuitussanindseusussuy Al lugiuziad eadoaduayunisdndula (Decision
Support System) s TINTNALNLUNUANVEIL ST A

4. AUANLANA1IAINUTEEUN1al (Demographic Dimension) WaN153LATIZRA
wUsUSIU (ANOVA) Wi seauanuisnelalidunnsteiuegrefideddymiudssaunisain1svineu
(p > .05) agviouinszuudaruduiinssionld (User-Friendly) wazaruisaur luldlalun ngas
UszaunmsailnglaineliAnaumdosdimaines

5. gruauldedovendedle (Instrument Reliability) tuvgouaiuiia Cronbach’s
Alpha 53U 0.91 aglusedudunn uansdsmiuaennaeinigluvedadiny uazatduayuniy
Uidefiovenaniside msdunsizkaImsiu (Integrated Synthesis) Wafiansanawsaulunnia

o w

WUl spuU Al fivsganiannganatiags aunsaiinussansainnisuiRnuegadideddy lasu

[y

nsgausunuAansluszauin Linutedndngadasiasimudssaunisalldnu inIedieided

D

auifiensaandeield fudu ssuu Al fidnenmlunisdunalnddyresnsiun Smart Library
g Digital Transformation 1uﬁaaamwﬁwm§a Tneflanwagidu Human-Al Collaborative
Model mnmf’]gﬂLLmeiLmuﬁLmam

fodunuidsosdaug (Knowledge Contribution) vuddeiiiauonsdnnudluilu 3 Useifu
dAgy loun
1. mstududnenimves Al Tuuunnisiavuaamvyau DDC TuseAuuminendelne
2. madeulsafiisyansnmdanaiatuiinssenumelulasluuiunsiesayn

3. ASLEUDLUINIINITNAIIlINaANTINTasend 1y v uas U usen vy buau

agnaduineg

LONE1591999

L2 [

Meyaw atan, & Uy Sundvew. (2566). miﬂisqﬂmﬂh’ﬁmﬁﬂmiL’%ﬂuimmm%aﬁm%"ums%’m
nIAMLLeNaNTRviauieaynaaudnwl. 3sarsmeluladarsaunakay a)saunamans,
18(2), 75-89.

3510500 NeBUNS, & 8AYA ATHA. (2565). MFAATITYIANERUTUWAlLlag UgynUsehvg Loy

UAAINIVRIAUA UM ING1AEV033T. 97597507590 15875a1ne, 12(1), 112-127.
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Abstract

Under the Belt and Road Initiative, Chinese enterprises have become major participants
in Thailand's infrastructure market, yet cross-cultural friction remains a persistent threat to
project performance. This study quantifies the relationship between Sino-Thai cultural
differences and cross-cultural management conflict, using China State Construction
Engineering (Thailand) Co., Ltd. as the case organisation. Drawing on Hofstede's Cultural
Dimensions Theory, four dimensions - Power Distance, Uncertainty Avoidance, Masculinity and
Long-Term Orientation - were treated as independent variables and four conflict types -
communication, behavioural/overtime, salary/benefit and decision-making/custom - as
dependent variables. From an enumerated frame of 135 staff on three project sites, 120
bilingual questionnaires yielded 100 valid responses (50 Chinese, 50 Thai), a response rate of
83.3 per cent equal to the sample required by Cochran's finite population correction. Data
were analysed with a standard statistical software package; overall Cronbach's alpha was 0.826.
Independent samples t-tests show significant inter-group differences (p < 0.001) in Masculinity
(mean difference +1.540, d = 1.73), Power Distance (+1.100, d = 1.34) and Uncertainty
Avoidance (-0.640, d = -0.85), whereas Long-Term Orientation converged (p = 0.527). Pearson
correlation identified one dominant association per divergent dimension: Power Distance with
decision-making/custom conflict (r = 0.485), Uncertainty Avoidance with communication
conflict (r = 0.392) and Masculinity with behavioural/overtime conflict (r = 0.578), each that
dimension's largest coefficient. All four hypotheses are supported and none rejected; Long-
Term Orientation, a comparison dimension carrying no directional hypothesis, shows no
significant association. Communication conflict was the most frequently reported (M = 3.92).
Conflict frequency is thus systematically associated with measurable cultural distance rather

than with individual attitude, supporting a three-level framework of institutionalised cultural
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integration, cultural intelligence training and localised overtime and reward practices. As the

design is cross-sectional, the results establish association rather than causation.

Keywords: Cross-cultural management; cross-cultural conflict; Hofstede's cultural dimensions;

infrastructure projects; Chinese enterprises in Thailand

Introduction

Over the past decade, China has promoted international cooperation under the Belt
and Road Initiative, with infrastructure construction emerging as the core cooperation area. As
a key node in the economic and transport network of Southeast Asia, Thailand has a sustained
demand for infrastructure upgrading - road networks, ports, power stations and municipal
facilities - to support its economic development and regional connectivity objectives. Under
Thailand's National Economic and Social Development framework for 2015-2036, investment
in infrastructure is expected to grow steadily, with rising annual demand for infrastructure-
related labour and technical services.

Against this background, Chinese enterprises have become important participants in
Thailand's infrastructure construction. Leveraging advantages in construction technology,
project management experience and capital strength, they have undertaken a series of key
projects that contribute to the modernisation of the country's infrastructure. Unlike domestic
work, however, these projects operate in complex cross-border environments encompassing
differences in politics, law, culture, custom and natural conditions, and therefore present
management challenges that domestic experience does not prepare firms to handle [1], [2].

Among these challenges, cross-cultural difference has become a critical factor affecting
project progress. Many Chinese enterprises new to the Thai market struggle to adapt to local
cultural characteristics: differences in communication style lead to misunderstanding in
technical coordination; discrepancies in work concepts produce conflict over construction
schedules; and inattention to religious custom strains relationships with local employees and
stakeholders. Such conflicts not only cause delay and cost overrun but also erode the long-
term cooperative reputation of Chinese enterprises in Thailand.

Existing literature on international project management has explored cultural conflict
extensively in Western contexts [3], [4], yet empirical studies that connect Hofstede's Cultural

Dimensions Theory to specific conflict types in Sino-Thai infrastructure projects remain scarce.
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While anecdotal evidence suggests that disparities in power distance, uncertainty avoidance
and masculinity contribute to workplace tension, there is little quantitative research that
measures these relationships systematically and identifies which cultural dimension is
associated with which category of conflict. This gap hinders the development of evidence-
based cross-cultural management strategy for enterprises operating in Thailand's infrastructure
sector.

The organisation examined in this study is CSCEC Thailand, a leading Chinese enterprise
engaged in international infrastructure construction. It has participated in multiple key projects
in Thailand, including regional expressways, solar power stations and water treatment facilities.
The company has been engaged in Thailand for more than forty years and has undertaken
over one hundred projects. Despite this experience, it continues to encounter cross-cultural
conflict during project implementation, such as local employee turnover arising from
remuneration disputes and construction delay caused by miscommunication with Thai
government departments, which underlines the urgency of strengthening cross-cultural
management capability.

Accordingly, this study pursues three objectives: (i) to measure the occurrence and
relative prominence of the four categories of cross-cultural conflict identified in the literature
within the infrastructure projects of Chinese enterprises in Thailand; (ii) to quantify Sino-Thai
cultural differences using Hofstede's framework and to test, for every cultural dimension
against every conflict type, whether an association exists and which association is the strongest
for that dimension; and (iii) to derive from that evidence a set of targeted management
measures aimed at reducing conflict. The remainder of the paper reviews the relevant
literature and develops the hypotheses, describes the quantitative methodolosgy, reports the

empirical results, and concludes with recommendations, implications and limitations.

Literature Reviews
Culture, management and cultural distance
Culture is commonly understood as the collective programming of the mind that
distinguishes the members of one group from another [1]. In an organisational setting it is
expressed through shared assumptions about authority, time, obligation and reward, and it
therefore conditions how management instruments such as planning, supervision and

appraisal are interpreted. Drucker [5] argued that management is itself a cultural practice rather
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than a neutral technique, which implies that a management system transplanted without
adaptation will be read differently by employees who do not share the assumptions on which
it was built. Chen [2] applied this insight to Chinese multinational enterprises and observed
that overseas subsidiaries frequently reproduce headquarters practice unchanged, producing
an implementation gap between formal procedure and local acceptance.

The internationalisation literature adds a temporal dimension. Johanson and Vahlne
[6] described foreign market commitment as an incremental learning process in which psychic
distance - including cultural distance - is progressively reduced through experience. In
construction, however, the project-based mode of operation and the rotation of expatriate
staff interrupt this accumulation, so that organisational learning about the host culture is
repeatedly reset.

Cultural difference and cross-cultural conflict

Conflict research distinguishes task conflict, relationship conflict and process conflict,
and shows that the outcome of conflict depends on its type and on the norms that govern
its expression [7]. Rahim [8] classified conflict-handling styles along the dimensions of concern
for self and concern for others, and later cross-cultural work found that the preferred style
differs systematically across societies: collectivist and high power distance cultures favour
avoiding and obliging styles, while more individualist and results-oriented cultures favour
dominating and integrating styles [4]. Bhawuk and Brislin [9] further showed that intercultural
sensitivity, rather than mere exposure, predicts effective behaviour in culturally mixed teams.

Applied to Sino-Thai construction projects, four categories of conflict recur in the
practice literature and in the case organisation's own incident records: communication conflict
arising from language and from the contrast between direct and euphemistic styles;
behavioural or overtime conflict arising from divergent expectations about work intensity and
work-life balance; salary and benefit conflict arising from perceived inequity between
expatriate and local packages; and decision-making or custom conflict arising from centralised
leadership and from insufficient accommodation of religious observance [10], [11]. These four
categories form the dependent variables of the present study.

Hofstede's Cultural Dimensions Theory

Hofstede's framework remains the most widely used instrument for operationalising
cultural distance [1], [12]. Power Distance describes the extent to which less powerful

members of an organisation accept an unequal distribution of authority. Uncertainty
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Avoidance describes tolerance for ambiguity and the preference for formal rules and
standardised process. Masculinity describes the relative emphasis placed on achievement,
competition and material reward as against cooperation, relationship and quality of life. Long-
Term Orientation describes the extent to which a society defers gratification in favour of future
results. China is generally characterised by high power distance, high masculinity and long-
term orientation with comparatively low uncertainty avoidance, whereas Thailand is
characterised by moderate to high power distance, markedly low masculinity and
comparatively high uncertainty avoidance. The theoretical expectation is therefore that the
largest Sino-Thai gap will appear on masculinity, followed by power distance, with a reversed
gap on uncertainty avoidance.

Prior applications of the framework have concentrated on East-West cooperation and
on manufacturing or service settings; the South-South, project-based and schedule-driven
context of infrastructure construction has received far less attention [3], [11]. The present
study addresses that gap by testing dimension-specific rather than aggregate effects.

Conceptual framework and hypotheses

The four cultural dimensions are treated as independent variables and the four conflict
types as dependent variables. The framework proposes that measurable differences in cultural
perception between Chinese and Thai employees are systematically associated with the
reported frequency of specific conflicts, and that each dimension is associated most strongly
with one conflict type rather than uniformly with all four. Because the design is cross-sectional,
the hypotheses are stated as associations and no claim of causal direction is made. Directional
hypotheses are stated for the three dimensions on which Chinese and Thai country-level
scores are expected to diverge. Long-Term Orientation is retained in the model as a
comparison dimension without a directional hypothesis, because the two societies are
expected to converge on it; it therefore serves as a discriminant check on whether the
instrument detects difference indiscriminately or only where cultural distance genuinely exists.
Figure 1 presents the conceptual framework and the hypothesised relationships.

H1: Power Distance is positively correlated with decision-making/custom conflict.
H2: Uncertainty Avoidance is positively correlated with communication conflict.

H3: Masculinity is positively correlated with behavioural/overtime conflict.

Hd: Chinese and Thai employees differ significantly in their perception of Power

Distance and of Masculinity.
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Cultural Dimensions (IV) Cross-Cultural Conflicts (DV)

__________________________________________________________

Power Distance (PD) Communication Conflict (CC)

Behavioural / Overtime

Uncertainty Avoidance (UA) Conflict (BC)

Masculinity (MAS) Salary / Benefit Conflict (SC)

Decision-Making / Custom

Long-Term Orientation (LTO) Conflict (DC)

__________________________________________________________

H4: Chinese and Thai employees differ significantly in cultural dimension perceptions

Figure 1 Conceptual framework of the study
Note: Long-Term Orientation is included as a comparison dimension; no directional

hypothesis is stated for it.

Methodology

Research design

The study adopts a cross-sectional quantitative design. Numerical measurement was
selected because the research question concerns the strength and direction of association
between cultural perception and conflict frequency, which requires comparable scores across
two cultural groups rather than narrative depth. The design proceeded in three phases:
development of hypotheses from the literature; collection of primary data through a
structured questionnaire; and statistical analysis with a standard statistical software package,
comprising reliability testing, descriptive statistics, independent samples t-tests and Pearson
correlation.

Population and sampling

The target population comprised all directly employed full-time staff engaged on the
three CSCEC Thailand infrastructure project sites surveyed during the data collection period
of October to December 2025, covering transport infrastructure (expressways and bridges),
energy infrastructure (solar power stations) and municipal infrastructure (water treatment

facilities). Preliminary enquiry indicated a headcount of between 150 and 200. After the frame
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had been reconciled against company payroll records and the inclusion criteria applied - direct
employment by CSCEC Thailand, current assignment to one of the three surveyed sites, and
at least six months of service on a Sino-Thai project - the enumerated sampling frame was
fixed at N = 135. The frame comprises two strata: 60 Chinese expatriate staff (44.4 per cent),
consisting of project managers, technical engineers and supervisory personnel; and 75 Thai
local employees (55.6 per cent), consisting of administrative staff, site engineers, foremen and
skilled workers. This composition differs from the overall project workforce, in which Thai
personnel account for roughly 70 to 75 per cent, because subcontracted construction labour
is not directly employed and therefore falls outside the frame.

The required sample size was determined by Cochran's formula with finite population
correction [13]. At a 95 per cent confidence level, a margin of error of 5 per cent and the
conservative assumption p = 0.5, the infinite-population estimate is N0 = 384.16; applying the
correction n =n0 /[1 + (n0 - 1) / N] with N = 135 yields a required sample of 100.09, that is,
100 cases. The achieved sample of 100 therefore satisfies the statistical requirement exactly,
and at 50 cases per stratum it also exceeds Roscoe's guideline [14] of a minimum of thirty
cases per group for parametric comparison.

A stratified design was applied with convenience sampling within each stratum.
Because the Chinese stratum is small, it was enumerated in full: all 60 Chinese expatriates
received a questionnaire. Sixty of the 75 Thai employees were approached, selected by
availability during scheduled site visits and shift changes, so that 120 questionnaires were
distributed, equivalent to 88.9 per cent of the frame. Equal numbers were approached in each
stratum so that the two cultural groups would carry equal weight in the comparative tests;
the consequence of this departure from the frame proportions is addressed in the limitations.

Returned questionnaires were screened for completeness (at least 90 per cent of items
answered), for straight-line answering and for the six-month experience criterion. Twenty
questionnaires (16.7 per cent) were excluded on these grounds, leaving 100 valid responses
divided equally between the two strata. The effective response rate is 83.3 per cent, identical
in both strata, which exceeds the threshold commonly reported for survey research in
organisational settings [15]; the realised sampling fraction is 74.1 per cent of the enumerated

population. Table 1 summarises the frame, distribution and valid returns by stratum.
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Table 1 Sampling frame, questionnaire distribution and valid responses by stratum

Share of
Population Valid Response
Stratum Distributed stratum
(N) responses | rate (%)
(%)
Chinese expatriate
60 60 50 83.3 83.3
staff
Thai local employees 75 60 50 83.3 66.7
Total 135 120 100 83.3 74.1

Note: response rate is calculated as valid responses divided by questionnaires distributed;

share of stratum is valid responses divided by stratum population.

Research instrument

Data were collected through a self-administered questionnaire delivered on paper on
site and through an online form. The instrument has three parts: demographic profile;
perception of cultural dimensions, adapted from Hofstede's Value Survey Module; and
assessment of cross-cultural conflict, derived from the four conflict categories identified in the
literature. All items in parts two and three use a five-point Likert scale, where 1 denotes
strongly disagree or never and 5 denotes strongly agree or very frequently. The instrument
was prepared in Chinese and Thai by back-translation to preserve equivalence of meaning.
Table 2 sets out the variables, their indicators and the reliability coefficient obtained for each

construct.

Table 2 Variables, indicators and reliability coefficients

Cronbach's
Type Construct Indicators
alpha
Superior authority; centralisation of
\Y, Power Distance (PD) decision-making; subordinate 0.789
participation
Uncertainty Avoidance | Compliance with rules; risk tolerance;
\Y 0.765
(UA) process standardisation
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Table 2 (Ext.)

Cronbach's
Type Construct Indicators
alpha
Competitive awareness; overtime
\Y, Masculinity (MAS) culture; result versus relationship 0.802
orientation
Long-Term Orientation | Long-term planning; respect for
\% 0.731
(LTO) tradition; patience
Communication Language misunderstanding; direct
DV 0.778
Conflict (CC) versus euphemistic style
Behavioural/Overtime Perception of work efficiency; work-
DV 0.815
Conflict (BC) life balance; attitude to overtime
Salary/Benefit Conflict | Perceived pay differential; living
DV 0.756
(SO) standard; fairness of promotion
Decision-
Leadership style; accommodation of
DV Making/Custom Conflict 0.783
00 religious and monastic custom
DC

Note: each construct is measured by three items. Overall instrument alpha = 0.826.

Data analysis

Responses were coded from 1 to 5 and composite scores computed as the mean of
the constituent items. Internal consistency was assessed with Cronbach's alpha, with 0.70
taken as the acceptable threshold [16]. Descriptive statistics summarised the level of each
construct for the whole sample and for each national group. Independent samples t-tests
examined whether the two groups differ in cultural perception, with Levene's test used to
verify homogeneity of variance, and Pearson correlation examined the association between
each cultural dimension and each conflict type. Cohen's d was computed as the effect size
for each group comparison. A significance level of p < 0.05 was adopted, with p < 0.01 treated
as highly significant. Participation was voluntary and anonymous, and formal permission was

obtained from the company and from the individual project directors.
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Results

Respondent profile and reliability

The demographic composition of the 100 valid respondents is shown in Table 3. The
sample divides equally between Chinese and Thai respondents by design. Thirty respondents
(30 per cent) hold management or supervisory positions and seventy (70 per cent) are
technical or general staff, a distribution that reflects the hierarchical structure typical of
Chinese construction enterprises operating abroad, in which management posts are
predominantly held by expatriates while local employees predominate in technical and site
roles. Forty-five respondents have less than three years of experience on Sino-Thai projects
and fifty-five have three years or more, so that the sample captures both early-stage

adjustment difficulty and longer-term adaptation.

Table 3 Demographic characteristics of respondents (N = 100)

Variable Category Frequency Percentage
Nationality Chinese 50 50.0
Thai 50 50.0
Position Management/supervisory 30 30.0
Technical/general staff 70 70.0
Project experience Less than 3 years a5 45.0
3 years or more 55 55.0

The overall Cronbach's alpha of the instrument was 0.826, and the coefficients of all
eight constructs, reported in Table 2, range from 0.731 to 0.815. All values exceed the 0.70
threshold, confirming that the scales measure their intended constructs consistently and that
the subsequent inferential analysis rests on reliable measurement.

Descriptive statistics

Table 4 reports the mean and standard deviation of each construct for the whole
sample and the group means for Chinese and Thai respondents. Two patterns are immediately
apparent. First, all four conflict types register means above the scale midpoint, ranging from
3.58 to 3.92, which indicates that cross-cultural friction is a routine rather than an exceptional

feature of project life. Communication conflict is the most frequently reported (M = 3.92),
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followed by decision-making/custom conflict (M = 3.86), behavioural/overtime conflict (M =
3.75) and salary/benefit conflict (M = 3.58).

Second, the group means diverge sharply on three of the four cultural dimensions.
Chinese respondents score higher on Power Distance (4.20 against 3.10) and markedly higher
on Masculinity (4.45 against 2.91), whereas Thai respondents score higher on Uncertainty
Avoidance (4.14 against 3.50). Long-Term Orientation is almost identical in the two groups (4.02
against 3.94). The conflict variables show a corresponding asymmetry: behavioural/overtime
conflict is reported far more frequently by Chinese respondents (4.10 against 3.40), while
salary/benefit conflict is reported far more frequently by Thai respondents (3.91 against 3.25).
Each group, in other words, experiences most acutely the conflict that arises where its own

cultural expectation is least accommodated.

Table 4 Descriptive statistics of cultural dimensions and conflict variables (N = 100)

Overall Chinese
Variable Pooled SD Thai mean
mean mean
Power Distance (PD) 3.65 0.82 4.20 3.10
Uncertainty Avoidance (UA) 3.82 0.75 3.50 4.14
Masculinity (MAS) 3.68 0.89 4.45 291
Long-Term Orientation (LTO) 3.98 0.63 4.02 3.94
Communication Conflict (CC) 3.92 0.78 3.85 3.99
Behavioural/Overtime Conflict
3.75 0.92 4.10 3.40
(BO)
Salary/Benefit Conflict (SC) 3.58 0.86 3.25 391
Decision-Making/Custom
3.86 0.81 3.95 377
Conflict (DC)

Note: with equal group sizes (n = 50 each) the overall mean is the arithmetic mean of the
two group means. Pooled SD is the within-group standard deviation pooled across the two

national groups (df = 98); it is the dispersion measure used in the t-tests in Table 5.
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Comparison of cultural dimensions between the two groups
Independent samples t-tests were conducted to determine whether the observed
group differences are statistically significant. Levene's test returned p values above 0.05 for all

four dimensions, so equal variances were assumed. The results are presented in Table 5.

Table 5 Independent samples t-test of cultural dimensions between Chinese and Thai

employees (N = 100)

Cultural Levene's t df | Sig. (2- | Mean | Cohen's 95% ClI
dimension p tailed) diff. d
Power Distance
0.325 6.707 | 98 | <0.001 | +1.100 1.34 0.775, 1.425
(PD)
Uncertainty -0.938, -
0.287 -4.267 | 98 | < 0.001 -0.640 -0.85
Avoidance (UA) 0.342
Masculinity
0.359 8.652 | 98 | <0.001 | +1.540 1.73 1.187, 1.893
(MAS)
Long-Term
-0.170,
Orientation 0.412 0.635 | 98 0.527 +0.080 0.13
0.330
(LTO)

Note: mean difference is calculated as Chinese mean minus Thai mean. Equal variances
assumed in all four tests. Cohen's d is the mean difference divided by the pooled standard

deviation reported in Table 4.

Masculinity shows the largest difference in the study (t = 8.652, p < 0.001, mean
difference +1.540, Cohen's d = 1.73). The two groups sit on opposite sides of the scale
midpoint, which means they do not merely weight achievement differently but hold opposing
views on whether sustained overtime and competitive performance are legitimate
expectations. Power Distance also differs strongly (t = 6.707, p < 0.001, mean difference +1.100,
d = 1.34): Chinese respondents accept centralised authority as a condition of construction
efficiency, whereas Thai respondents, while not egalitarian, expect consultation before
instructions are issued. Uncertainty Avoidance differs significantly in the reverse direction (t =

-4.267, p < 0.001, mean difference -0.640, d = -0.85), with Thai respondents expressing a
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stronger preference for written procedure and formal confirmation. Long-Term Orientation
shows no significant difference (t = 0.635, p = 0.527, d = 0.13), which represents a point of
cultural convergence and a usable foundation for joint planning. H4 is therefore supported,
and the significant reversal on Uncertainty Avoidance extends the original hypothesis.

Correlation between cultural dimensions and conflict types

Pearson correlation coefficients between the four cultural dimensions and the four
conflict types are reported in Table 6. The pattern is differentiated rather than uniform, which
supports the premise that each dimension is associated most strongly with one conflict type.
Because the data are cross-sectional and self-reported, the coefficients below describe the
strength and direction of association only; they do not establish which of the two variables
precedes the other, and the interpretive mechanisms offered are proposed explanations

rather than tested ones.

Table 6 Pearson correlation between cultural dimensions and cross-cultural conflicts (N = 100)

Power Uncertainty Long-Term
Conflict type Masculinity

Distance Avoidance Orientation
Communication Conflict (CC) 0.215* 0.392%* 0.287** 0.102 ns
Behavioural/Overtime Conflict

0.263** 0.208* 0.578** 0.125 ns
(BO)
Salary/Benefit Conflict (SC) 0.189 ns 0.227* 0.315** 0.156 ns
Decision-Making/Custom

0.485** 0.256* 0.302%* 0.098 ns
Conflict (DC)

Note: ns = not significant; * p < 0.05 (2-tailed), ** p < 0.01 (2-tailed). With n = 100 (df = 98)

the critical values are |r| = 0.197 at the 5 per cent level and |r| = 0.256 at the 1 per cent level.

Power Distance correlates most strongly with decision-making/custom conflict (r =
0.485, p < 0.01), a coefficient approaching the conventional threshold for a strong association
and the second largest in the study. Its correlations with communication conflict (r = 0.215, p
< 0.05) and behavioural/overtime conflict (r = 0.263, p < 0.01) are significant but weak in

magnitude, and its correlation with salary/benefit conflict is not significant. The dimension
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therefore behaves as a specific rather than a general correlate, and the association is
concentrated where decision authority is at stake. H1 is supported.

Uncertainty Avoidance shows its strongest correlation with communication conflict (r
= 0.392, p < 0.01) and weaker but significant correlations with the remaining three conflict
types. The association is intelligible in a construction setting: employees with a high tolerance
for ambiguity are content with verbal instruction and later clarification, whereas employees
who prefer formal procedure regard the same instruction as incomplete, and the gap is
experienced as a failure of communication rather than as a difference in procedural
preference. H2 is supported.

Masculinity shows the strongest and most pervasive associations in the study. Its
correlation with behavioural/overtime conflict (r = 0.578, p < 0.01) is the largest single
coefficient obtained, and it is significant with every conflict type at the 1 per cent level,
including salary/benefit conflict (r = 0.315, p < 0.01), where Power Distance has no significant
effect. Uncertainty Avoidance is also significant across all four conflict types, but only one of
its coefficients reaches the 1 per cent level and all four are smaller in magnitude. This breadth
suggests that the achievement-versus-quality-of-life orientation is not confined to working
hours but shapes how performance is appraised, how reward is judged to be fair, and how
instructions are framed. H3 is supported. Long-Term Orientation shows no significant
correlation with any conflict type, consistent with the absence of an inter-group difference on
that dimension.

Table 7 consolidates the evidence for each hypothesis. All four are supported, and in
each of H1 to H3 the hypothesised conflict is also the dimension's largest coefficient across
the four conflict types, so the framework's premise of one dominant association per dimension
holds rather than merely a significant one. The null result for Long-Term Orientation, for which
no directional hypothesis was stated, functions as the intended discriminant check: the

instrument detects difference where cultural distance exists and not where it does not.
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Table 7 Summary of hypothesis testing

No. Hypothesis Statistical evidence Outcome

Power Distance is positively
r = 0.485, p < 0.01; largest of
H1 correlated with decision- Supported
the four PD coefficients
making/custom conflict

Uncertainty Avoidance is
r=0.392, p < 0.01; largest of
H2 positively correlated with Supported
the four UA coefficients
communication conflict

Masculinity is positively
r=0.578, p < 0.01; largest
H3 correlated with Supported
coefficient in the study
behavioural/overtime conflict

MAS t = 8.652,d = 1.73; PD t =

6.707, d = 1.34; both p < 0.001.
Chinese and Thai employees
Two findings beyond the
differ significantly in their
Ha hypothesis: UA also differs (t = - | Supported
perception of Power Distance
4.267, p < 0.001) in the reverse
and of Masculinity
direction, and LTO does not

differ (p = 0.527)

It should be noted that the four conflict types are unlikely to be independent of one
another. Respondents who report frequent miscommunication also tend to report friction
over centralised decisions, over overtime demands and over the fairness of appraisal and
reward, which suggests a cluster of mutually reinforcing frictions rather than four separate
problems. The direction in which such a cluster develops cannot be determined from cross-
sectional data, but the clustering itself implies that an intervention aimed at a single conflict

type in isolation is unlikely to be sufficient.

Conclusion and Recommendation
Discussion and conclusion
This study set out to determine whether cultural difference is measurably associated
with conflict in the infrastructure projects of Chinese enterprises in Thailand, and if so, which

dimensions are associated with which conflicts. The evidence answers both questions. Chinese
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and Thai employees differ significantly and substantially on three of Hofstede's four
dimensions, and those differences are systematically associated with the conflicts reported
on site. The finding that Masculinity shows the largest inter-group gap and the strongest
correlation with conflict qualifies the common assumption, drawn largely from East-West
studies, that power distance is the dimension most closely associated with friction in Asian
project settings [3], [4]. In a schedule-driven construction environment, the contest between
a results-oriented overtime culture and an expectation of work-life balance is experienced
daily, whereas questions of decision authority surface episodically.

Communication conflict was the most frequently reported conflict type, but its
strongest correlate was uncertainty avoidance rather than power distance. This suggests that
much of what project staff describe as a language problem is in fact a procedural one, and
that investment in translation alone will not resolve it. Conversely, the absence of any
significant difference or correlation on Long-Term Orientation is a practically useful result: both
groups value durable outcomes and are willing to defer short-term advantage, which gives
managers a shared premise on which to build joint planning and long-horizon incentive
schemes.

Measured against the three objectives set out in the introduction, the study delivers
on each. The first objective is met by the descriptive results: all four conflict categories occur
above the scale midpoint, and their relative prominence is established as communication (M
= 3.92), decision-making/custom (3.86), behavioural/overtime (3.75) and salary/benefit (3.58),
with the second and fourth of these concentrated in the Thai group and the third in the
Chinese group. The second objective is met by Tables 5 and 6, which quantify the cultural
gap on all four dimensions and test all sixteen dimension-conflict pairs, identifying a dominant
association for each of the three divergent dimensions and none for the convergent one. The
third objective is met by Section 5.2, in which each recommendation is tied to a specific
coefficient rather than to general good practice; it should be stressed, however, that those
measures are derived from the evidence rather than tested by it, and their effect on conflict
remains to be demonstrated.

Taken together, the results are consistent with the view that cross-cultural conflict in
this setting is structural rather than personal. Conflict frequency tracks group-level differences
in cultural perception, with large effect sizes, rather than varying idiosyncratically across

individuals; the pattern therefore suggests that similar friction would recur under new
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personnel unless the underlying management system is adapted. That inference follows from
the pattern of association rather than from a demonstrated causal test, and a longitudinal or
quasi-experimental design would be required to confirm it.

Recommendations

The findings support a three-level intervention framework in which organisational,
managerial and operational measures reinforce one another.

At the organisational level, cross-cultural management should be converted from an
informal individual responsibility into a formal function with dedicated resources and
measurable indicators. Three measures follow directly from the results. First, a full-time
cultural integration officer should be appointed at project company level, staffed by a
bilingual professional with both construction and human resource experience, and made
accountable for conflict incidence. Second, a hybrid decision-making mechanism should be
introduced in which technical decisions with schedule implications are subject to a defined
consultation step with Thai supervisory staff before issue, addressing the association between
Power Distance and decision-making conflict identified in Table 6. Third, a formal Thai cultural
calendar - covering religious observance, ordination leave and major festivals - should be
embedded in the master programme at the planning stage rather than accommodated as an
exception during execution.

At the management level, the target is the cross-cultural competence of Chinese
expatriate managers, who form the principal interface between the two cultures. The one-day
pre-departure briefing typical of current practice should be replaced by structured cultural
intelligence training covering motivation, knowledge, strategy and behavioural adaptation [17],
with assessment before and after deployment. Training should be reinforced by situational
leadership practice adapted to the local context and by a reverse mentoring scheme pairing
Chinese managers with experienced Thai supervisors, which transfers tacit local knowledge in
the opposite direction to the conventional expatriate-to-local flow and partly offsets the loss
of institutional memory caused by two- to three-year rotation cycles.

At the operational level, the measures address the friction that the correlation analysis
identifies as most intense. A culturally adaptive overtime policy should replace mandatory
extended hours with a planned system combining advance notice, voluntary registration and
compensatory rest, which responds to the strongest single relationship in the study, that

between Masculinity and behavioural/overtime conflict. The salary and welfare system should
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be localised, with transparent grading criteria and visible promotion paths for local staff, since
salary/benefit conflict is the conflict reported most strongly by Thai respondents. Finally, site
facilities and daily routines - including prayer space, meal arrangements and safety briefings
delivered in Thai - should be reviewed against local expectations, as these low-cost measures
address the custom-related component of decision-making conflict.

Implications, limitations and future research

Theoretically, the study extends Hofstede's framework to a South-South, project-based
context and demonstrates that dimension-specific analysis yields more actionable insight than
aggregate measures of cultural distance. Practically, it offers Chinese enterprises entering the
Thai infrastructure market a diagnostic sequence: measure the dimensional gap, identify the
dominant conflict association, and select the intervention that addresses it. Because the design
is correlational, that sequence is a diagnostic aid rather than a demonstrated causal chain.

Three limitations qualify these conclusions. The study examines a single, long-
established state-owned enterprise, whose accumulated local knowledge may cause it to
understate the difficulties facing newer or privately owned entrants. The deliberate 1:1
stratification, necessary for equal statistical weight in the comparative tests, over-represents
Chinese employees relative to the enumerated frame, in which they form 44.4 per cent, and
far more markedly relative to the total project workforce once subcontracted Thai labour is
counted; unweighted overall means should therefore be read as a comparison of two equally
sized groups rather than as an estimate for the workforce as a whole. Most importantly, the
design is cross-sectional and correlational: it establishes that cultural perception and conflict
frequency co-vary, but not that one produces the other, and a common-method effect cannot
be excluded because both sets of measures come from the same self-report instrument at
the same point in time. Self-reported perception may also be affected by social desirability.
Future research should therefore extend the sample across multiple enterprises and countries,
adopt a longitudinal design capable of testing whether the interventions proposed here
reduce conflict over time, and complement the survey with interview or observational data

to explain the mechanisms that the correlations only indicate.
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Abstract

Artificial intelligence (Al) and big data analytics are increasingly woven into health
service delivery, supporting disease diagnosis, analysis of clinical data, and bedside decision-
making in hospitals and clinics in Thailand. As these tools move from pilot projects into routine
practice, they bring long-standing ethical questions to the surface, including concerns about
transparency, algorithmic faimess, protection of sensitive health information, and the
distribution of professional responsibility, particularly for biomedical engineers who design,
implement, and maintain medical Al systems. In this article, we draw together research studies,
policy papers, and international standards on medical Al, alongside concepts from bioethics,
socio-technical systems theory, and the Learning Health System literature, to clarify what
responsible use of Al in healthcare should entail for the Thai context. Using a synthetic
literature review, we examine how technical design choices, organizational arrangements, and
public policy interact to shape both the risks and benefits of Al and the forms of oversight
that are realistic in clinical settings. Building on this analysis, we propose a practical framework
for healthcare organizations consisting of seven mutually reinforcing elements: ethical
foundations, professional responsibility, technical robustness and safety, clinical integration
with human oversight, organizational governance, legal and regulatory alignment, and
continuous monitoring and learning across the Al model lifecycle. The framework is intended
to guide policymakers, hospital leaders, and biomedical engineers in developing, procuring,
and supervising medical Al systems in ways that are context-appropriate and ethically
defensible in Thailand, in line with emerging international discussions on Al ethics in

healthcare.

Keywords: Medical Artificial Intelligence; Al Ethics; Biomedical Engineers; Health Data

Governance; Digital Health Systems.

unin
nsiaunalulaglayguseivg (Artificial Intelligence: Al) Wagn133iATIERYoyaIUA
ey (Big Data) ladnundunumdidglunisufsussuvansisaiauegesinga (Tripathi et al., 2025;

¢ o v Y

Rigby, 2019) Al @unsaiseuskarIinsizindeteyaguigduiuumaaliioluusulseanssnw

nasnIugatuayun1sindulaniaiin (Rigby, 2019) vaurndeyavuinlvaiUalondldimalulad

Tnale lunsidadenayusmssyuugunin (Batko & Slezak, 2022) Muidenarsduiinnisly Al
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uay Big Data Mielinsguarhedudeyaativayuuniu wanuudugilunisnsiamlse wu ns

v

19 Al uesginmaneSadniedyadinaingunsaingiada (Tripathi et al., 2025) lglaniznns

¥ o

Fadulsn Msdanislsagess waznsiwwenln q duduiunilasuanuaulaganainidnide

LazAIRIIN13EeNTU Al Tuseuuasnsuguastiiugalueegewaiiles (Tripathi et al., 2025)
91nn157 Al Lag Big Data Wasnndlunuav Aaansanisunne (Biomedical Engineers)

fn1susvunumiiesessunumanalulaglvil 9 uindu lngusnanmindawanlunisgua

4 ¥

U393 w1gunsainiensunvduds Iennstinsunnddaoadnluineideasiuniseantuuiagiiam

[

JYUUAUNINS a3 8eA2e (Tripathi et al,, 2025) d208199u ssUunsEivgunInsseelng

q

2

(Telehealth) ioduwuweiwargUnsalainldnsiaindnas aunsodwteyalvguainniugUae

=

malnalaegwioilios Faliiisausvenenisdniisnisguaguainlugdaeneniaginiswinuu urds

Y

a

Wntayad miulTulsinsidadenazinaunun1ssne i usens am (Tripathi et al., 2025)

Ady v 3 L 1 £ a 6 1 a (3
wennil Al fagnysannisivlugunsalnienisunmg wu mslilyavseivihislinseinimnga
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onaisddmuuiefaduTnasiamemildnaininindidioodn Snvistsandunuuaznailuns
n31931ady (Tripathi et al., 2025) HUIIANTINATBTENINBIAAIINIIAINTTULALNITUNNG NG
asslemalulg Wiumsideuaznisauariae

wiinsidudanssy Al unldluszuvguaimasliusslovduniea uafindiaiusiu
35TIULAANSURage Ul w8 1sinnIe (Rigby, 2019; Farhud et al., 2022) AT
Al Tunsunmdudiinagimunssng Jasieideyan1anmsunnd wasyinuwnuuyudlausain u
wndentymdungruuisuazaiusssuvateysenis wu anuldidudiudivesdoyagUas n1s
Untaateya (data protection) mMsumutalauEesnsBugeniuAaLEes (informed consent)
maamu{]zymmmLwﬁaugﬁLLazmmqﬁﬁiimmqﬁ’mm ﬁdﬂmamﬁm%ﬁﬂaa (Farhud et al., 2022)
Rigby (2019) Wiuingszideuuasiuimeaiesssuifloganulsiiunsiannves Al auenaiinninm
dosernundudiuiinazanuvasnsovesiiels uana1nil MseAUTIEMIITINISanuinnig
s esrulusslavessyuu (transparency) wazniseSuiena (explainability) Insuanuaulags
wilszinuansuazanuludaszveafUas (autonomy) Saudensieuunuimiandn (professional
redefinition) ndugnuasdu (Sobreiro et al,, 2026) luvgunil 3mnsdanisunngdasududes
mwﬁ’ﬂﬁiawé’ﬂﬁaaswﬁugmmammwmé 4 Usen1s lawn @nsvesdUae (autonomy), N33
duasunuUselewid (beneficence), nMsbkineliAngunsty (non-maleficence) wagAINYASITY
(justice) lumnnszurumseenuuusarlfuszuy Al nieufuifesiarsandseuiuiaseuinlas
wdudFuiaveudeifindolianainvesjususiviegunsaidaaios etestullamanuiuiaveu

Y

SENINNNY FEINT waglsang1uia (Farhud et al,, 2022)
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uiveduumauasdoiauedalounesine Wty uithgudiiinseunquitezunsgu
sauidaudmiuiiugua Al luszuuguamszduesdsiu (Sobreiro et al, 2026) 1uAdeduY
UINNUAMIUVIAAIUADAARDIFIUNYNUBUAZITETTTU (fragmented accountability) senINeEdl
drulddrudeniesziu veludadawn Aanslsmenuia wazseduulouns (macro) azsiewy

a wa 1 o

Yoa13lumanu R wu nsmiunsiaaeudanasiuuaznsildiusinvely (participatory design)

= & a =3

ATVl lu0e WaRuduY99198 nTv N1t Uzl uAaINmUINTBUAIMUSUR AT UL
TYTITULUUNAETEAY AN Wedaeiu (ex ante) waglian13n5IaaaUNalE1Y (ex

post) Whmeiu uaglvaudAnydesssuniviateyauasauefsssumelaa (epistemic justice)

a A 1

Msdunsziesdauianuideideguas mseonuuuunAslvaifemmuaunuimmiinfiuas
1nsgIuaiesTnvesimnstimsumdluga Al faduFesduiu welimsuszondldinalulad
daaserluaounerunaduluegiiuiinveunazaenndasiunanamusssuresivdn
wuRnuaznTaUNguRatuayunsFuATIZR

muﬁwﬁwmmaﬂizqnﬁiﬁé’fﬂﬁgﬁgﬂﬂizﬁwﬁ (A) wazn1TIAsIzvdeyavunlg (Big Data)
Tussuuanssngelfudeulaumimslvuinsisluifeddnuaznisuinsdans laessuu Al gn
vnldlunisdagitdads Tiesgsinmmianisunng advayunsdadulaniseddn uazii
Uszansnmaaenseuiunsufuinisvadlsaneiuna (Tripathi et al, 2025; Dubey et al., 2023) 113
Wasuulasnamaluladidwmaliunuinsesimnanisunmnguensanaugenigauagnssuses
Aanngunsallugniseenuuy nadey uaziiduguaszuy Al fifnaderuuasnfovesiiae
1nans9 (Frisch et al., 2014; Tripathi et al., 2025) n1511 Al 199U 19A1IUR MBI
P3esssuuaznguane wu Jymanulusdaveduna anuandeswasdoya (bias) Anududiud
yostoyaguam uazelidniuvesdunruiuiisveuidleinmudeme ddwuduliadoddgyi
éfaaié’%’umsaammumauﬁﬁuLLazmmmngﬂ’ﬁmsﬁmmzau (Farhud et al.,, 2022; Floridi et
al., 2018) ilevsislutiasduaneiuunAndmgul] ssyunumuaranssouzvesimnsTinsunndi
Judu efursuinsgiumanadauaznisiiuguaseaueddns wagseauef Wisufisuuiun
Uszinelnefugiiniasing o lausiadesiiosziliunuidsadeniosssy uaviiauensoudsesssy
UjU# (operational framework) ieldiisoanazusuldluaauneiuialng (Tripathi et al., 2025;
FE-EDTF, 2024)

ndnvsEsTIINUgIULANNSVEIEE Al

unAnTaaiesssunafy Ae mnmdudasylunisdaduls udnnsnisvuselewd ndnnsld
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SUAYeU, ANUYATITUYBISANDTTIY kazn1sAUATEIYBYA (Farhud et al,, 2022; Floridi et al.,
2018) MsysansvdnaiesssumariiduiugiuluniseanuuulneBandnasosssududdy
(ethical-by-design) waz n1soenwuulaededsainududiudas sus dy (privacy-by-design)
Fermusliinnsnsfnnuiagasedeuisuddunaumsoanuuuaudsnsfndldanass (Florid
et al,, 2018; FE-EDTF, 2024)

ngufsruUday - maila (Socio-Technical Systems)

ngufszuudaay - wada 41 unaluladnisnisunngvieunisluviunvesesdns
svULUFUANS wagTamnsssun1sufoR msi A lUF R udnsindeensuag uiifeatastu
N130aNWUUNTEUIUNITIM N1SRNBUsIYAaINT wazn1sUsuuloutenielu (Frisch et al., 2014)
unAndauayudaiaueliimnsnsuwmgviausiuiufivanaivindn (multidisciplinary co-
design) fud  suialauiinsussiusandennslda (Tripathi et al., 2025)

LLUIAA Learning Health System (LHS) wag Machine Learning Operations (MLOps)

WAR LHS) uazuulUua MLOps wuzthisasmsiieudainnisldauass dsdndudniu
n13snwnunInLazaulasadeveduma Al luaniungiuia (Tripathi et al., 2025; Hussain,
2025) M33731 LHS U MLOps fstaeliinmsnsradunsidasuutasestoyaviouuudians (drift) uag

nsIANsAUdUsSSN (fairness) Wuldagraduszuudkazaaiias (Hussain, 2025)

UNUIMNLBLENTIOULVRIAINITNITHINTS luga Al

unumiBamatiauasidenisinnugua

3An58n15unng K0T uA Ao Ut 191uLT nAila (design, validation, deployment,
monitoring) WaEITULTINIAU (documentation, audit trails, liaison AUNTUAS T ALAT UL B
uleuw) (Frisch et al., 2014; Tripathi et al,, 2025) Mulunaiiausznaumenisidonanilnenssu
7 unza 1Y federated learning, digital twin, XAl, ACEER pipeline &@1%15v validation (TSTR,
cross-site testing) LL@%ﬂ’]iﬁW;}jﬁ%UU MLOps @1%15U monitoring (FE-EDTF, 2024; Synthetic Data
Review, 2025)

aussauziisndy (Competency Model)

AupANTINUEVAN 7 drudwisuimnsnsunmden Al el

Ly

1. 93u555uLasn)uNg (Ethical & Legal Literacy) Mg W1lanana3esssy Al, wses1uUyaf
AuATBslaYadIuUAAa (PDPA), ﬂgimﬁamﬂ%qﬁmmmé (Farhud et al., 2022; Lou, 2021).

2. Anginsdeyanazn1inaaay (Data Science & Validation) Ao N1598AKUUNITNAADY
WUU TSTR (Train on Synthetic, Test on Real) niauannudlasdinanudusssy wazdasin

YosvayaduATIEyt (Dubey et al,, 2023; Synthetic Data Review, 2025).
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3. s3UUkazUUAN1s (MLOps & DevOps) AB n1sfass pipeline dmsunsirszuuldld
M, M3RnnanTIRAey wazieulynsnszdumsiinuuudaedval (Hussain, 2025).

4. senuuUTIAUAATn (Clinical Co-design) fie Ustanuauduiilieuayeain ilesenuuy
Funeunisvinem wazdufnn el LY@ msun1seSuienadnsvesseuu (Frisch et al, 2014; Lee,
2025).

5. M133AN13Yeya (Data Governance) A9 nssansunasiiun, nslimnuduseu, A3
AIVANNITIIDY wagn15Uunnsldeu (Lou, 2021; FE-EDTF, 2024).

6. N1589a134ALN1TANOUTH (Communication & Training): IAnANgAS CPD UAE N13
fnousuassssnilaslinsdiFeadndugiu (Lee, 2025).

7. mw%maﬁmmimmLﬁaﬂLLaSﬂﬂiﬁﬁﬁU (Governance & Risk Management): ﬁmﬁﬁﬁiu

a [

AENITUNTURaIUsEAYgUadlsaneIuia N13959UsHEY Lagn1snauaueIraLgniIal (Sobreiro
et al., 2026).
) Y Ao & v a v . o
NITNAIUIYNYLUAIUINTUABDIINUHUNITIBUTWUUNELN (blended learning) NNa1uN1T
SgU3NNIAANY, NsTaesan el wazn1sEnuswiumhenuaiin (Lee, 2025; Frisch et

al., 2014)

wasgruanaiiauazuurufiaideciaduly

na1sdaya (Datasheets) uarinsdayauuudnaas (Model Cards)

N1SIHEUNS datasheets %38 model cards ﬁuaﬂmeﬁmLLazﬂizﬁ’ammL‘L“Jummwﬁ’faa&a
Snwaugfiogeiildiln uazdsvdndamuesssuulundazngudesvasszrnadumnasnisiugud
Preanulusilanazanusuinyeu (Dubey et al., 2023; FE-EDTF, 2024) 3Ansfossulnvoudnyin
enanswaiinaznuniu Uuugsliiuate Wedinmswdsuudaduaa

1. sudeuifnisnsaadaunlnugnies (Validation Protocols) LU N1sNAGBULUY
TSTR wazn1sNAgaULINEnIUNYIUTA (cross-site testing)

15149 TSTR (Train on Source, Test on Target) wazn1snadsud wladiduninsgiu
ievsziduanuasnsalunisiuvudiaedluldliialuveduina lnslamzideteyauszvingd
AUNaINValy (Tripathi et al., 2025; Synthetic Data Review, 2025) 15ang1u1aa5ilAd1doya
dSUYATOYANINTFIN BN WAZALTUANITATIEBUANUYNABITINADIUNYIUIA NOUNTTUITEUY

Tulganulunening
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2. NMsAANIUATIIEBY (Monitoring), N11373293UN15LUA sunUasvasdayanie
wuUI1ae4 (Drift Detection) wazn15ns29Uszfiunnuusssu (Fairness Scans)

A998 TTUUARMIUATIVEBU U dashboards @usuUsEansn mvesssuy, MsusuLigu
wuTaemiensasuliioy, fdiaanudussy uagnsanadunnddsunlasuesdoyanie
WUUT1899 5IUDIA18NTTUIUNTT AFMC (Autonomous Fairness Monitoring & Correction) Lﬁa
fduesnsualy wuusaluTavsensnlu® (Hussain, 2025; FE-EDTF, 2024)

3. nseanuuulnesisienandudaudadauddu nsBsuiuuuanius uazaanaudy
dufIBIuANFIg

Seteyaliianmnsalondrotruantu mseonuuvandnenssy wu mslinmaFeuiuuy
aniius (federated leaming) wsen1syindeyaegeUasasiy saufumatinaududiuiudunnsng
Lﬁaﬁmmm%’aaﬂaﬁﬂw (Lou, 2021; FE-EDTF, 2024) 3fN3AaUssiiluauaunaseninnIsAunses

AnuduaIud warUselovildansvuaidad

N13MAUALATLAUBIANIUALIZAUYIA (Multilevel Governance)
1. UNUIMNYDIANIENTINNTAIESTTULAZSTTNAUIalyy1UszRvgvaslsaneuia
Tuszaulsangruia msliaaiznssunstitananundundn Usenaume unmdhudsinns,

Amnsansumnd, fieavasnumaluladansauma, fideavgiunguing wagiunugiie 3
Suiingeunseudianeunisissuululde, N5TATEAUAMUEES, NSAANILATIVADY WAZANS
Fan1swmanisaliinun (Sobreiro et al., 2026; FE-EDTF, 2024) Amgnssantstfosdiseidouufua
1A5§1U (SOP) TifLaudmiumseusiuaznsssiumsldan

2. MIMNUTTAVYIALAZIIATFIUEDAARDIEINS

[ a 1

FEAUTIA LYY NTENTIEAITITUAY AITAVUANYUUILUATUINTTIU 13U W90 eye]R
aunWAIIa aenadediu PDPA uaziuurfualunssusesssuu Al msnisunnd (Ang, 2025;
Furopean Commission, 2023) matdesleafuannsgiuaina wu ngszideudunsesteyadiuyana
vasann1meglsy (GDPR), nguinedyauseivguasanainglsy (EU Al Act) n39n38U7UN150U30R
Y9909ANTOWNIUALEWIsEN3FELEN (FDA) axtelrinisfusesiienuanauazifuisensuiilonh

STUUTIUNTULAY SILLDTZAUUIUIUIR (European Commission, 2023; Yap et al., 2025)

Uszihuasesssudainuazuuamaudly

1. Jymanulusslanaznisasuiena

a a

WakAdgymanuwaznasid1vauuinass msaenldinalianisesuiedgygiusehvg

(% [

(Explainable Al: XAl) Mwisngauiuusunnienain 1wy n13seunnudfyveinnanyue, n15a5u1y

o q
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a wa

WeannAgIugaundu wasiuuiaewiuny wieuitesnwuudmdnseyld (U) dwiudufiRnums

Y

1 o

aadn Weliaunsaueaiumgralszneunsdndulauagdodiinvesiuudasdliogiedaiau (FE-
EDTF, 2024; Floridi et al., 2018)
2. Ugymeaf (bias) wazn1susziiiuaaudusssu (fairess)
A9iin19ILATIEY bias 1uﬁqﬂ%umau pipeline laud n1s53usInteys, nMsfiuteiiiu
Joya, NMsEnuuudiaes, mathszuululdau wagnsfinmunsivaey nsussdiupulusssunis

Y

2o aa ] ! = a aa P ! = LY LY = 1 [
FAIUAIVINNAYURN LYY ﬂ’]’]ﬂJLV]’]LVlEJiJL%QﬁﬂG],I@ﬂ’]ﬁ‘VlL‘VHW]EJiJﬂu LaENITUIUMEUAINUUNALLIUU

(%
v o

wiouarmuanszuaunsuilvuiuusafienutign (Hussain, 2025; Synthetic Data Review, 2025)
3. Ugymanuludiudn uazsssniviavesdoya
mMsdamsamBugenluguuuulyel 1wy mnuBusenuuunatn waznsdinnisunasiian
vostoya iutufinnmsnsnaeuuuudensudulnmeaivisiivaudesiuazauaunsalunis
AsIdeUdauNGU (Lou, 2021; FE-EDTF, 2024)
4. ANuSURAYaUNNYUINY (Liability)
st vuAduneunIsLlsANSURRTUTEIE RS UL, dmnsredsineiuna wa
HUJUAMuUneaddnegadaau lagenaldmsanvuaainuiuie waztonvuaidedayyily
nszuIuNTdatedning ilefuunnsoumnuiufinteuliaremii (Farhud et al, 2022; Sobreiro et

al., 2026)

nsSeuiiguuleunguaznisuiaseninssamdalneiisuiunguniveng o
M3 9ETUAUANATUIINOWITBLaE I8N UL A s iusuInisuleuie Tasaasng

(%

ﬁugm LaZANIINUSYADNINT
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M19199 1 MsSeuiievulovieuasnsufia Al mamsunmdsenineusewmalneiungunivsngeg

HPC centers)

88 | Usznalng Bl BIGHIEIN glsu 83N (USA) | wansnn
AzIuaen
Au/inma/
i)
ngvane | PDPA fnguanewar | Mmiawuly | ngssdeu felaifinguine | Mdads
Toya (WeAuld) | nseuulevie | szuuny Auasesdeyn | Jyauseivg | Wawssuuy
waigfalyl JEAUYR suideu duyARATDY | SEAUANUSSy | N1sunng
gy | dmsu Al dudnmselind | annmglsy | (federal Al milna
qUAMN wazdoya (Electronic | (GDPR) uag | law) lngdl (telehealth)
(Ang, GRERRNY Health nHULIY drinau ypuzingou
2025) Record: EHR) | Usyynusehvg | agnssunis | ngvaneds
FEAUVIA WA | VBIEnA N gnsuazen | lirseumay
TayaAu glsU (EU Al | uikd DLINEIND
VaNNNA1Y Act) ansgowism
(European (FDA) viui?
Commission, | MAUAUA
2023) aun
nsuwne (Yap
et al., 2025)
laseasne | ssuu GNY awmudily | Muidoya s¥UU EHRlu | 279
flugu | Health wnanweasu Al | laseasi (data spaces) | snduthge | lassadn
Link wae | sesfumfiuae | fiugiu wazeud AsouAquly
waundAe | S¥UU EHR Uszaana yifls
Fu Mor YRR AUTTOULES
Prom (High-
(egsvey Performance
Sud) Computing:
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b=t}
3D

Uszndlne

LaLe
fzAUDDN

(Au/tnna/

LOLYENTIUAN

glsu

s (USA)

wawsnI

ANITOUY

UAAINT

[

g3
Aoy
Al Al
AU 3
Tududaqdl
ATWRIUN
Nnwelny
(Frisch et
al,, 2014)

NAUNATY
LSIUYID9DU

LAZHAYR

1lAsanns
Hnousy way
AU

995U

i@eyayly

TRNGRRIEK

UINBDUIU

GrGh

ANSAAY

Al

Suilnis
AU
WUING
uag
ulyune
La7 WA
219
UINTFIU
d1usunns
A5I9d8U
AU
QNABIYeN
YU
(validation

standards)

= o
AlAsansun

RITEAUYR

TwbUWRILN Al

GRGRPRIGL

1ASNI5T
Wawdesu
Ay
dusn uag

ANUUaanNy

WUINNAAY
VDIBIANTS
DIMTUATYN
WY
anigalsm
WALNINTFIY

wuvasasha

SYaulguY

Fafo NN

17'i3,n: Ang, 2025; Lou, 2021; Govinsider, 2024; European Commission, 2023; Yap et al., 2025
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NIDULUAALTIUHUR

FEDERATED LEARMING,

aulsala, aralusala, DIGITAL TWIN, XAL

Aruiuiinteu, Araidiuais, TSTR, wasnisvaaauti nTsEBNWUUTIATY,
s, smnlaents goumea wwdagluirsns
uaznsdmsyediugudna KPI: frsmadauR. Andula

KPl: MODEL CARDS, AEuuy UszAviBnmindution KPI: rsiuses,

ATLa I 2,

ATUnTsESUIEHES NS TR s UL

MORITORING sauiing, naln npuiIRA e ATINAIREENTINMT Al,

nszfunmiinuuusasddn MHIUTO TN LD SOP, WAENTTIIE

e AFMC Thnlszimalng AR TIal
KPI: nsudaiau, KPI: sEpzciewile,
ArudnsEnwuutaslml,

msuntuityweralidusssu

Assusesitdn, CFD uasns PDPA, Wizl dRgunmATia
Hnauusiusim wazngszdaueiadaume

KPI: ymens Ay unsduses, KPl: MTIRTINaBuRTY,
dnnutilhiamsineusudaysanns AMANTT RN WU

nsuiu Wrunsihisesfilsedunrmdowidnunat vy sruvAnuende,
msdamaimaiemsfaniamn e sunmeid sy

ANH 1 NIBULNARTNURURLNDA38593MATAUTURATEUATY Al STUUADTUNETUNA e
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NNTFBATIERlMauenTauMsUiuR 7 esdusenaudmsuaniunetuialulsemealng
fanelull TnsudazesrduszneutsznoudasfanssudlfURuaziad Tananissiuey
(Key Performance Indicators: KPI) el

1. @uwanauasesssy As aulusdla, anusuiaveu, mnudusssy, anududiuds,
anuUaende warnsdauyuddugudnans

- KPL: $1u3u model cards fiweuns azuuufunseSueNadnsvosszUY gl
awee (Floridi et al,, 2018)

2. AnusuRaseuMUmalla Ao N1saenaa1tnunIINTEUU WU Federated Learning (FL),
Digital Twin (DT), Explainable Al (XAl), 11539% datasheets, NINAFBUKUY TSTR, hag N9
WIBULTBUNANSNAGRUTINA LN

- KPI: Snumsvageuimanuneuaiiunm, fesazveingudosvessyuing i
Usgansneglusedueeusule (Tripathi et al., 2025)

3. nsysanmsneadiniagnismivgualaeuysd fe nseenwuuTIuiy, nannisi
windagluiaasnisdandula, aznszulunsivuanaeinisandulavsenisenseaunsel

- KPI: %’asJamreNmaﬁm%u%ﬁéfaaﬁma%’maﬂmawwé, srfinnudosiure Mo seuy
(Lee, 2025)

4. ssnnAviasediuesdng e Matakiangnssnts Al vedlsawenuna, matinunszdeu
U URL1MI51U (SOPS), UagsyuuTI8UMANTIRAUNANTBUNITIATIZIAATIN

- KPI: 3zﬂznmLa?fsiummr’flmmﬂ’mﬁ, FUUN15ASIUTELIUAD (Sobreiro et al,,
2026)

5. anudenadosiunguunsazngsziiou Ao nadeulesdunseunguuny Loy

va ¥ ¥

nsgvUnaRAuATeslayadIuyAna (PDPA), wvs1vUnyilAguaIngd

A

a o

718 (Digital Health Act) way

=

ngsuileuirsostiounmd (medical device regulations)

- KPL §991713RIUN1IATIVADUAINARAAGDINUTDAINUA, TIUIUUANITUNIING MUY
FAnTu (Ang, 2025)

6. MINAUIMINYINTUAABLAZANTIOUE AD NITTUTBIIVIAN, nMsHALIvTnsAol g
(Continuing Professional Development: CPD) wagnsiineusuasesssulagldnsdiZeaaniugiu

- KPI: ﬁ”aaazﬁuawﬁmﬂiﬁl@’f%’umi%’maa, ﬁi’WNﬁi’fﬁIMﬂﬁﬂﬂammfaqﬂmﬂilﬁmam
(FTE) (Frisch et al., 2014)

7. ANIRAANUAADAIIITTINTOITEUU A NITRARIUATIVEDUBEIADLTEDS, nalnnszAunIg
Hnuuudiaedva wagn1sasrausediuanudusssunlensyuiunis AFMC (Autonomous Fairness

Monitoring & Correction)
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- KPE: $1numsudafounsivdsuulamwesteyavdeuvudiassseiiiou, anmilunisiin
wuudaesiud, snsnsudledemanulidifusssy (Hussain, 2025)

wavan s luioRate Ae antuneuiamsisuduan nsdlldnutifesiifissduadss
prflsununans Wy szuudauengdag, nadamssuins viensdansesninmsnsunng dosdy
[enageunseumsiuiuny YiuUsanssuiuns wagadennumisunounisverensldnulung

n119(Tripathi et al., 2025)

weun15unsaulUly (Implementation Roadmap)

1. seaedi 0 Anundouuazmsusafiuanunisal (3-6 o)

- dnaseiuaunsenveateya (data maturity), Imm%’wﬁugm (infrastructure) wag
AUNTBUANUSTTUNAUIG (governance readiness)

- I9NTIATIERY09I4 (gap analysis)

- Ussdlunsdinsléauiivangan (use-cases) dmsun1stn Al 1Tl (Ang, 2025)

2. 5z8ed 1 N15U1309UALN1IATIVFBUAINUQNADY (6-12 DY)

- dmdennsdnnsldiusiuin 1-3 nsdiifiseiuaudesindaliunans

- ANEUNITNAGDULUU TSTR (Train on Synthetic, Test on Real) hazn1snadaud 1y
AnUNYIUNA (cross-site testing)

- %’méﬁgﬁ WATUBSAATASUNSAANNUATIFABUIEUU (monitoring dashboard) (Tripathi et al., 2025)

3. svefl 2 sTTNAUIALAzN IRAIANIATWYARINT (6-12 1ABW)

- dadenniznssuns Al veslsanenuna (Hospital Al Committee)

- %’ﬂ%é’ﬂqmﬁwuﬁm%mmﬁm (Continuing Professional Development: CPD) kagn13
SusesausIaue (certification) dwmsulmnITINsUNMERAZUAIINTNNeAGIN (clinician)

- devhsuduuURunsgnu (Standard Operating Procedures: SOPs) (Frisch et al., 2014)

4. s3eEil 3 MIvenenALaznITFenAdastUngszidieu (12-24 1Fau)

- qgensansldeu Al Tusedussdns

- deviheauanulusslansansisue (public reporting)

- WWeulsauazufuszuuliaenadssiuuinsgiunazuloungseduuif (European
Commission, 2023)

5. 5z8et 4 nswanagesaio

- aufiunsnsrauseliiudsgdnd (annual audits)

- YFuusenseumsaniiuay (frameworks) agnsasingue
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- @319999INAs ouNa UVl ey A (feedback loops) kaznalnaluiuidnveuse
d151584¢ (public accountability mechanisms) (Sobreiro et al., 2026)

¥29319M15738uazdadningeulaung

1. ANUSURALAEYDULUANINGMANY AB ASANUANTEUANUSURAYRUTENINH WAL
s¥uv, Amnsanisunnd, fUiTRnuneedin wazanuneuia duduussduiidesnisnisfnw

mmgmmm%ﬁmﬂmﬁu (Farhud et al., 2022)

6 A

2. wwspumsidseuiigulsednsamdmiuteyadaasey Ae nslddeyadunsie
Anuvudassdndudesfininsgrudmsunisuszsiudszdniam anudasade wazauudede

Y9IUWUUT1899 (Synthetic Data Review, 2025)

[
[ 1

3. MFINAIUTITULTIUSLIU AD ANSHAIUIAITIMLTIUSUIUEINSUITUTITUVBITEUU Al LU

'
v 2 =

Alanudusssu (faimess index) semzuuuAUEINsalunTesUIaNaans Sadudesinsdrfgd

ABILNTWAUWANLLAY (Hussain, 2025)

¥ A [ < b = v =2
4. nsnszaneaussauzau Al anelulssna fe QWLUUW@Q&ILLNUﬂ?iaQVJUWWUﬂqiﬂJﬂBUiN

]
al

LAz ANeNINUAAININATEUARUNILSINENUIaNATTRaeNYY tnsangluiuivuuvseny
YIALAAUNINEINS (Frisch et al., 2014)

v =) o o Y o
Jarauaidaulauie (Frusuninvuauleuisvaslsendlne)

Y

Ly

1. wadavimsesudydiavnmaiva Ae laeysann1svannsvemseselygRaunses

TayadiuyAna (PDPA), ki in1enstiidyanuseiuvgnianisunvg Laga1nsgiunisnsiaaeuaiy
ONABIYBILUUTIABY (validation standards) (Ang, 2025)

2. atfuayunsdaieanenssums Al vedsameiuna Ao Tulsenuiassdudmiaviesesu
watilotulmdsulassnsinTos WAYNSWAILIANEAINYAAINT (Sobreiro et al., 2026)

3. atuayuudnsuNITTRILIMITNLALN1TSUTOENTIOUE A dmSUIAINTTINTTUINNE
AU Al W%’amﬁﬁmgmé’qsi’fmgammgmizﬁuqﬁmﬂ ieauan U TR ALz NAdBUTEUY Al
(Tripathi et al., 2025)

4. duasueuiuilessnineniady Maenvu waznalszaeu Ao iesimunlegdudiu
Al Menisunmgigenndastuuiunvessemalng wasddsfsnnuinienlunisidifeuinng
gun1n (European Commission, 2023)

nsdunseiiiiauensevaiess sl fiRdmiunsldtyydsevslussuuusnms

aunw TaeraTu nénd3esaafiug u uuAnddsen-wede nseuniaiFeudvuesszuUALAIN W
n9n3danN1Teastinvesluiea (MLOps) waguasmsmamadaiidaau wemfuunuimuesiang
Fn1sunnglun1seaniuu AsIaaey uazmiuauaseuu Al luaniungiuiavesussinalng nseu

[y 1

wuasitaueansatlunaasslrluaauneIu1assAuaIg 9 MU LRUALEUUTNS TSN TaLaY
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wazanunsafugaisudurasnsimuLInsgIuszaund dusunisldnutygivssivgnanisunngd

9819 SpnusuRnvou Tusdla wasdaiy (Tripathi et al., 2025; FE-EDTF, 2024).

unasy

s

n1simunnalulag Jayauseivg (Artificial Intelligence: Al) Wazn153LATIERTRLATUN

<9

'
o w 1 v

Tnalaas1anisiasuniaseguiidedfysaseuuansisaaunatan Ralua1un1sInadelse n1s

o > q

AATgvideyan1ensunng nisatuayunisandulanieadiln kagn1suimsianiminensaiu
4UNINYDIBIANTUTNITNNNITUNNE (Rigby, 2019; Tripathi et al,, 2025) n1sUszendldinalulad
Fananvinlisruugunmannsaaungsuluunsuaiduindouseteya faldneniwlunisiiia
Uszansnmnnsinwiananuianaiamiensunnd waziunisdifeuinsavnmesszang
(Batko & Slezak, 2022) peslafiniu usiin Al asdidnenmgdlunisensefunmamuesssuUguaM
wamstmaluladaananan Tdnudsadsussiiuinmenuaiesssy nguune wazausuiaseulu
TEAUIYITNUAEIEAULLEUIEBE19N119YI (Farhud et al, 2022) INNITNUNIUITIUNTTULAE
Huasgviosdemdluunanud wuh nisussandld Al lussuuanssagaldanansofinnsanfieeda
ymamaliavesszuuneufiuneiviosanaifuwinty wikesinsanluuiunvesssuudinu-mada B
Usgnaumennuduiussenitanalulad uaainsnienisunmd 1aseasneeddns wasseuuulouiy
Auguam (Frisch et al., 2014) n1su Al lUlgluanuneuiadsdesiinisesniuunszuiunisyinny
vl msifuguateyasgisiisssniuia uaznsadanalnnsmiugquaifieuiuiinvouserioe
wardaaulngsIy (Sobreiro et al., 2026) TudAAILASHFITH NUITYINUIUNINTUTUINNSNTIATY
sysuiiugIuveamaund ud vdnnsimsndnsussdine masneusslen nishidelviAnsunse
warAugRsssy dwnadusingudrfglunisiduguamaluladnisnisunmg (Farhud et al., 2022)

a

a819l5An N Wawalulad Al lWrundunuinlunszviunisdadulanieniswnmg s dudasvensnan

33855unnanliasauaguusziauanzrsunalulagfidvia wu aulusdavesdana3iiu
AuEsatunisesueranisdndulavesssuy anudusssuvesdeyawazdanaifiu saufenis
AuAsastoyadIuyAnavasl Ule (Flordi et al, 2018; Lou, 2021) N1SHATUNANNTTINATL014
ﬂizmumﬁaammumﬂiuiaﬁf%’aLwiiwzﬁuéfuﬁﬂLﬁuLmeﬂﬁwﬁauJﬁuaﬂLLmﬁm “ethical-by-design”
waz “privacy-by-design” finnaslasuniseausulusgavaina (Floridi et al,, 2018) unAuil 89
dy Y @ 1 a = 1% d' 1 a v o w a 3 a a
FuIunumvedmnstinsunmglmuasunlativegralifeddglugatyguseivg anbui
Y udun1suImsTanisgunsalnianisunnguaznisyentisaai eallounnd naneduunuing

o w

NgadaeiunIseankuy Waul nadeu wavifuguaszuumalulagunimdaasey (Tripathi et al,,

2025) Imnsiinsunnddsdesdlaussouglnifinsounauienuingn1steya N15e8nwUUTTUY Al

nsiiuauateya MTIATIERAIEEY LaraudiladungineLarsesTTIveumalulagfivia
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(Frisch et al,, 2014) uanainil Ssfesvimihfidusnanssswirsdnimuinaluladifuyaainsma
addn welinisi AllUTElunszvIumsdhuuAnnuaenadesfuuunnsUiiRnuas e
anrune1una (Lee, 2025)
armmsaﬁ"ﬂmeﬁ'mmﬂssﬂuwmmﬁymmaaLauamauumﬁm%aﬂﬁﬂ’ﬁﬁm%’u
anuneraluusandlng Seuszneusisessusznoudidey 7 d1u Tdun (1) ndnasusssuiiugu

a

Y935¥UU Al (2) ANUFURaveumManalalunsimuILasnAgoUsz U (3) NSYIUINTIZUU Al iU

[y

nszvIuNsyhaunsadinuagnismiulaguyed (4) msfiugualuseAuesdng (5) Midenanes
AUNYMINELALIIATIIUAUGUNINATIER (6) MIWAWIANEAINYAAINT Uag (7) N1SAANINTEUY
naen393invesluna Al lnglduunfn Learning Health System waz MLOps unalnaduayu
(Hussain, 2025; Tripathi et al., 2025)
nsAIgidalTeuiisuseninssesmalnedugiininee 9 vedlandsazviowlmiuii
Uszmelnoegluthauiuduvesniswmurszuuiifugua Al misnisunmg usinagdnsdeduld
nMNEAUATEIURYAdINYAAA (Personal Data Protection Act: PDPA) uagdn1siiniuunaniosy
aunmMAIHasERUAUISdL uidianseuulouiglamiEA1u Al MensunngATiinsgiunis
SUTDY NSNAEBU LLazmsﬁwﬁ’U@LLaﬁ%’mw (Ang, 2025) Lﬁ@L‘U?&J‘ULﬁwf‘ﬁ’uamqukﬂﬁaﬁ GDPR
uay EU Al Act vidoanigeusmiiiuuimisiivresdriinanuemnitaze (FDA) wuiwsemalneds
Sududostannlassadisiug fudloveswazuasgumaluladifiufuiesessunsuenefves

o w a

Al Iuizw’qmmw (European Commission, 2023; Yap et al., 2025) ﬁfammgmuiammaamsﬁﬂm

dAen1saueliuszinalngiauinalnidugua Al nunsunmdlunateseau Mesedvesdnsway

seauY taglusyiuaniung uianlIsinisinnsanensIinsmiugua Al liveriunisuseiduang

'
| =

BRK miauﬂamﬂ%m LAENNISANMIUUSEANTAINYDITEUU Al a8nanawilas (Sobreiro et al., 2026)

'
aa v A

yauzilusziuUszna msinsiauingmnenieunssuaunmadsiaiaseungunsldau Al ma
MsUNME TI0AINTAMUALLININTNARBULALNTUTOITEUU Al fidenadediuuinsgiuaina
(European Commission, 2023) uffi1unarmiaziauonsouuuidndeduasizifinsounquiiia
auwmaila 385550 waruleuie uwadulldediinuisenis Wy n13uIateyaldeusedny¥aInng
Uszandld Al lugounenuialveegraluszuy sudsleddaimudayalseuiisusswinsUsemeluy
U139 (Farhud et al., 2022) feiu uidelusuenmaiaiiunisinmmsthnseuuAaiiaue
Tuneaedldluaniuneruiaass eussfiulsyavsnareamininisduaiesssuuaznisiiiugua
sudamsiaundsddiadaimaduivlssdiuamdusssy mnalusda uaganudidedeves
Syuy Al qu%uwuaﬁzwfjﬁumw (Hussain, 2025)
Tngasunmsiawinalulagdyavseivglussuuassaavindudesiniuaiugiung

ﬁmuqﬂiaﬂﬁﬁﬂﬁﬁﬁmLLﬁSﬂ"J']QJ%JUﬁG]SU@UVl'N'QJGU']%WE]EJI’NLfJu'iﬁﬁ‘UU 1AYLRNIEUNUINYDITAINTT?
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mawmdtadunalndrdnlumadenlesszriamaluladiunisquadiae msdansziesdnimslu

Ummm‘ﬁﬁqLa‘uaﬂﬁauLLu’;ﬁm%aﬂﬁﬁ’@ﬁm%’uamuwawmlmﬁmmmli’flﬂuLmeﬂumiﬂ’mm

wazfuguantsld Al ymanmsunndogaiiaiesssy Tidla wasfufinseudedsay Vel nsysannis

ANuiioszninniasy aa1dunisunng negnaivnssumalulad wazuszyy azdudady

ddglumsadissuuguanadvandanudidunazasnadesiundnausssuvesivdnluga
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