Developing Smart Port with Crucial
Domains and Indicators in the Thai
Port Case: A Confirmatory Factor

Analysis
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The port is an important transportation hub of maritime
transport, recently developing smart ship transport for the
smart port. Therefore, smart port indicators (SPIs) are crucial for
smart port development. Applying SPIs for port management
improves the overall port performance, reduces environmental
pollution, as well as promoting port safety and innovation.
This research aims at confirming the smart port indicators and
defining the primary strategies for smart port performance in
Thailand. We have employed a questionnaire survey as a method
of data collection. Descriptive statistical analysis of respondents'
general information and confirmatory factor analysis (CFA) has
been used to test the key domains and indicators for confirming
the dominant and verify the relationship of these indicators

KEY WORDS

~ Maritime transport

~ Smart port performance
~ Smart port indicators

~ Smart port environment
~ Smart port safety

~ Smart port operation

a. Burapha University, International College, Chonburi, Thailand
b. Burapha University, Faculty of Logistics, Chonburi, Thailand

e-mail: thanya.donut@gmail.com

doi: 10.7225/toms.v12.n01.w03

This work is licensed under

Received on: Feb 11,2022/ Revised: Dec 19, 2022 / Accepted: Jan 17, 2023 / Published
online: Jan 23,2023

Trans. marit. sci. 2023; 01: xx-xx

to the domains to which the indicator belongs. The results
obtained comprise three main domains: smart port operation,
smart port environment/energy, and smart port safety/security,
using primary nineteen SPIs measurements. Furthermore, this
research results have succeeded in introducing port operation to
performance management in smart ports, thereby ensuring and
facilitating port practice planning.

1. INTRODUCTION

Maritime transport, being the primary transport mode, is
extremely important to supporting global logistics and supply
chains (Kong and Liu 2021; Puig and Darbra 2019; Rodrigues et al.
2021). However, according to UNTCAD (2020), maritime transport
has decreased due to the coronavirus disease (COVID-19)
pandemic, and is expected to recover and expand in 2021.
COVID-19 has forced the global economy to become reduced to
a contactless life, including the maritime industry, and the global
logistics and supply chain pattern will probably begin to increase
after the COVID-19 era (Othman, et al 2022; Keshta, et al 2020).
A smart port is a solution to support a new trend, redesigning
global logistics and supply chain, as well as contactless global
trade. A smart port is a port that uses automation and integrates
the 4th industry revolution (IR 4.0) technologies, including Al,
Big Data, loT, and Blockchain for port management (UNESCAP,
2021; Kosiek et al.,, 2021; Re, H and Vnl, O, 2016), with a view to
improving port operational efficiency, safety, security, energy
efficiency, and environmental impact.

A smart port indicator (SPl) is a tool for indicating,
measuring, and encouraging smart port performance (Makkawan
and Muangpan, 2021; T.H. Yen et al, 2022; Douaioui et al., 2018),
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and can be used for port management, transformation, and
development. Therefore, SPIs must meet their purpose and be
comparable, competitive, reliable, and manageable (De Monie,
1988; Gonzalez et al., 2020). Since a smart port represents a new
trend (Gonzélez et al., 2020; Karas A, 2020), only a few researchers,
who have focused on and are involved in a smart port indicator,
such as Gonzalez et al. (2020), have studied and developed
smart port indicators for measuring and applied them for
ranking of Spanish smart ports. Zhao et al. (2020) proposed key
performance indicators to evaluate and measure the functions of
smart technologies in the coal part of Huanghua Port.

In Thailand, the smart port has recently been introduced
in the maritime industry and is still in its early stages. The
government is trying to develop and transform them into smart
ports (DEPA. 2020). The developing infrastructure and advanced
integrating technology for port transformation are to be adopted
in some terminals. However, since the smart port transformation
has begun, there is still a lack of suitable SPIs to assess building
up a smart port in its beginning stage in Thailand.

Previously, a smart port conceptual model was developed,
focusing on three domains to measure, encourage, and indicate
the smart port performance academically in a case study of
The Eastern Economic Corridor (EEC) in Thailand (Makkawan
and Muangpan, 2021). The model has three domains: smart
port operation, smart port environment/energy, and smart
port safety/security, consisting of 29 indicators. Therefore this
research aims at practically confirming a conceptual model
and defining Thailand's primary strategies for smart port
performance. Furthermore, SPIs support foundation knowledge,
including guiding the ports and terminals in their development/
transformation towards meeting the international standards and
world regulations.

2. LITERATURE REVIEW

The smart port can be a fully automated port that integrates
innovative technologies and performs digital transformation
(UNESCAP, 2021). Furthermore, the smart port will encourage
improved productivity and efficiency by using IR4.0 technologies,
including 5G, loT, big data, and eco-friendly technology (Zhao
et al,, 2020; Jun et al., 2018; Ferretti and Schiavone, 2016). New
technologies must be applied to transform a seaport to a smart
port (Gonzélez et al.,2020). The development of the port can be
divided into four stages: Stage 1: port informatisation, Stage 2:
automatic port, Stage 3: digital port, and Stage 4: smart port
(UNESCAPR2021). Smart port indicators will be a tool to assess
the level of port development, port transformation, and port
performance. There are several research approaches to smart
port indicators. Gonzélez et al. (2020) analysed Spanish ports
and defined smart port indicators using the Delphi method.
They classified smart port indicators into four pillars, i.e.,

Operational economic (8 indicators), Social (7 indicators), Political
& Institutional (8 indicators), and Environmental (9 indicators).
Duran et al. (2019) proposed smart port domains to be classified
into the following four groups: cyber, social, technological,
and cognitive. In addition, Philipp (2020) studied the digital
readiness index for seaports and classified it into five dimensions:
management, human capital, functionality (IT), technology, and
information.

Makkawan and Muangpan (2021) have developed smart
port indicators (SPIs), classifying them into three key domains:
smart port operation (11 SPIs), smart port environment/energy
(11 SPIs), and smart port safety/security (7 SPIs).

The first domain, smart port operation, was developed
using eleven leading indicators: port productivity and efficiency
including terminal management efficiency (output/input,
throughput) (OPR1), yard management efficiency (output/input,
throughput) (OPR2), integrated smart technology in terminal
management, such as loT, Big Data, Cloud, Edge computing,
Robotics, 5G, etc. (OPR3), availability of digital platforms for
exchanging information among stakeholders in the port
community (Cloud, Blockchain, etc.) (OPR4), capacity and smart
technology for terrestrial connectivity (roads, railways) (OPR5),
availability of automation in quayside cranes, yard gantry cranes,
and equipment for internal cargo movement (AGV, ASC, QC,
robots, etc.) (OPR6), availability of real time weather data analysis
(OPR7), digitisation in customs processes (Customs single
window) (OPR8), integrated technology in port traffic and roads
control, such as RFID, WSN, OCR, real-time tracking systems,
truck queue systems, etc. (OPR9), availability of information and
technology for cargo tracking systems, such as loT, RFID, real-time
tracking, etc. (OPR10), and strategies and investment in digital
and smart technologies (loT, Big Data, Cloud, Edge computing,
Robotics, Autonomous, Al, AR, VR, 5G, etc.) (OPR11).

The second domain, Smart port environment and energy,
consists of eleven leading indicators: environment management
certification and implementation (ENV1), water consumption
management implementation (ENV2), implementation of
technology for water quality measurement (ENV3), automation
facilities for air quality assessment implementation (ENV4),
sustainable waste management implementation (ENV5),
automation facilities for air quality assessment implementation
(ENV6), amount of GHG emissions by all terminal activities
(ENV7), implementation of technology in noise pollution
detection (ENV8), energy management plan certification and
implementation (ENV9), implementation of clean and sustainable
energy for port vehicles (ENV10), and implementation of
renewable electricity production, such as solar power systems
and wind energy (ENV11).

Finally, the smart port safety/security domain consists
of seven leading indicators: availability of smart technology
and systems for safety and security management (Al, AR, VR,
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Intelligent CCTV, etc.) (SAF1), safety and security certification
(SAF2), rate of accidents in ports (SAF3), investment in safety,
cybersecurity, and security (SAF4), security, cybersecurity and
safety training conducted for port workers and implementation
of smart technology for training systems (Digital Twin, AR, VR,
etc.) (SAF5), cybersecurity measures implementation (SAF6), and

digitisation of smart and access automation for security (SAF7).
Consequently, Figure 1 shows the smart port management with
the domains and these indicators responsible for confirming
practically smart port management and defining the primary
strategies of smart port management in this study.

Smart port
I
v ¥ v
Operation Environment and energy Safety and zecurity

—= OFR1 —» ENWV1 —» SAF1
— OFRZ —» ENVZ L SaF2
— OPR3 — ENV3 —» TAF3
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Figure 1.
Smart port domains and indicators.

3. METHODOLOGY

3.1. Data Population, Collection, and Questionnaire
Design

The SPIs developed from the study of the previous article
by Makkawan and Muangpan (2021), which used Triangulation
data collection. Qualitative research with triangulation increased
the validity and reliability of the results. In addition, there is the
literature review used in the research, theories, critical evaluation,
and discussion of this content. The participant observation
studies a group by participating in its activities. The semi-
structural interviews concerning data collection method rely on
asking questions within a predetermined thematic framework
to determine SPIs. In this research a quantitative approach is
employed, using these SPIs to create a questionnaire survey with
a view to examining this research tool. The questionnaire has
three parts; part one is the general information of respondents,
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including the name of the port that the respondent is working,
position, department, education background, and working
experience. Part two is a rating scale of importance on which
respondents can rate levels 1-5 (one is essential and five is
critically important) of 29 SPIs in three main domains. Part three
represents suggestions and recommendations. In addition,
survey research contains data directly filed in the smart port
operation to confirm the contribution of SPIs towards the smart
port performance.

The population in this research was employed in the
operation and safety/environment departments. Directly
responsible for smart port management by 11 container terminals
in the EEC Thailand, a total of 341 people. Probability sampling
uses a simple random sampling method that determines
the sample size from the calculation formula of Taro Yamane
(Yamane, 1967) - 95% confidence level and 5% randomness error.
Therefore, the total sample calculated, according to the Taro
Yamane formula, was 184 samples for respondent acceptance.
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3.2. Framework of Research Method and Statistics
Analysis

The research method is presented in Figure 2. Descriptive
statistics are employed to find general information of
respondents, using frequency and percentage of qualitative
variables. A quantitative approach using Factor analysis is
Confirmatory factor analysis (CFA). These SPIs confirm the
dominant structure of a set of indicators and the relationship

of these indicators to the domains; moreover, to examine the
existing model and the reliability measures (Wanichbuncha et al.,
2018; Mishra, 2017; Sharif et al., 2011). Data analysis studied the
fitting analysis according to the Pearson correlation coefficient
and Kaiser-Meyer-Olkin test. Factor loadings would surpass the
standard threshold of 0.5, thereby indicating the measure in
which the data fits in this model (Pisharodi, 1992; Hidayat et al.,
2014; De Araujo et al., 2013).

Triangulation data collection (Previous study)
- Literature review
- Participant observation
- Semi-structural interview

»
»
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<
<

Qualitative research

Smart port domains and Smart port indicators
(SPIs)

Content Analysis

Questionnaire

design

Quantitative research

Confimma tory

factor analysis

(CFA)

SPIs of Smart Port Management

Figure 2.
A framework of research method.

4. RESULTS
4.1. Descriptive Statistics of the Research Sample

This part presents the personal information of the research
sample. There have been 192 respondents from 11 container
terminals in the Eastern Economic Corridor (EEC), and the sample
size is the respondent acceptance. The summary of personal
data is shown in Table 1. The samples included people directly
responsible for smart port management in the operation and
safety/environment departments. Of the respondents, 25.0%
have worked in a management position, including manager,
assistant manager, and supervisor, and 75% have worked in an
officer position.

4.2. Correlation analysis

Factor analysis for this research: the indicators, domains,
and relationships among them have tested the Pearson
correlation coefficients of all pair-wise indicators in each smart
port domain have proved significant (p<0.05). For example,
the Kaiser-Meyer-Olkin measure statistic is 0.900 with a p-value
is 0.000 (Table 2). Furthermore, the results have found that all
indicators are significantly related. Therefore, a factor analysis
should use the Principal Component Method to group the
relevant indicators into domains. (Krzanowski, 1984; Camacho et
al.,, 2017; Muangpan and Neamvonk, 2018)
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Table 1.
Number and percentage of personal information.

Personal Information Number Percentage
Department of work
Operation 28 14.6
Safety and environment 164 854
Position
Manager, Assistant Manager, Supervisor 48 25.0
Officer 144 75.0
Education
Below Bachelor Degree 12 6.3
Bachelor Degree 174 90.6
Master Degree 6 3.1
Doctor Degree 0 0.0
Working Experience
0-5 Years 98 51.0
5-10 Years 50 26.0
More than 10 Years 44 23.0
Total 192 100.0
Table 2.

Kaiser-Meyer-Olkin statistic and p-value.

Kaiser-Meyer-Olkin Measure of Sampling Adequacy

0.900

p-value

0.000

4.3. Measurement Model for Smart Port

The research has tested the measurement model of smart
port indicators using reliability and correlation analysis, followed
by confirmatory factor analysis with principal component method
extraction. The varimax rotation evaluates the error of indicators
that compose the domains. The number of domains was fixed
to three to confirm the framework of the three domains. Table
3 presents those indicator loadings representing the correlation
of indicators to domains. The test indicates the strength of the
relationship between domain and indicator by a value of the
loading factor. The confirmatory factor analysis has classified that
the three-domain model, supported and related to the sample
data. The high-value loading factor is representative of the
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domain that indicators belong to (Hurley et al., 1997; Mueller and
Hancock, 2001; Muangpan and Neamvonk, 2018)

The smart port operation domain has nine indicators; OPR3,
OPR4, OPR5, OPR6, OPR7, OPR8, OPR9, OPR10, and OPR11 are
significant correlative and relationship to this domain (loading
factor values greater than 0.5). The smart port environment/
energy domain has seven indicators: ENV4, ENV6, ENV7, ENVS,
ENV9, ENV10, and ENV11 represent significant correlatives
and have a relationship to this domain (loading In, In factor in
values In greater than 0.5). Finally, the smart port safety/security
domain has three indicators: SAF 2, SAF3, and SAF4, representing
significant correlatives and having a relationship to this domain
(loading factor values greater than 0.5).
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Table 3.
Loading indicator of three domains.

Indicator Loading factor

Domain1

Domain2 Domain3

1. Smart port operation domain (OPR)

1.1 OPR3

0.587

1.2 OPR4

0.782

1.3 OPR5

0.823

1.4 OPR6

0.533

1.5 OPR7

0.601

1.6 OPR8

0.635

1.7 OPR9

0.644

1.8 OPR10

0.713

1.9 OPR11

0.684

2. Smart port environment and energy domain (ENV)

2.1 ENV4 0.569

2.2 ENV6 0.667

2.3 ENV7 0.826

2.4 ENV8 0.751

2.5 ENV9 0.686

2.6 ENV10 0.839

2.7 ENV11 0.843

3. Smart port safety and security domain (SAF)

3.1 SAF2

0.588

3.2 SAF3

0.736

3.3 SAF4

0.577

5. DISCUSSION

The research results have shown that the 19 SPIs are the
key attributes of smart ports' three total efficacy domains.
As illustrated in Figure 3, the three-domain model shows the
applicable model, which fits in 19 SPIs examined. The operation
domain has a significant correlation to the smart port. Other
operation domains and smart ports have a strong relationship.
This domain is most important and consists of 9 SPIs (OPR3,
OPR4, OPR5, OPR 6, OPR 7, OPR 8, OPR 9, OPR 10, and OPR 11) to
encourage port productivity and efficiency. These are measured
using an automation system for cargo movement and integrating
the IR4.0 in infrastructure and the superstructure for terminal
management (Molavi et al., 2019; Makkawan and Muangpan,
2021).

The environment/energy domain has a significant
correlation to the smart port. The environment/energy domain

and smart port have a strong relationship. The environment/
energy domain is the second significant domain. It can consider
applyingall of thisdomain's 7 SPIs (ENV4, ENV6, ENV7,ENV8, ENV9,
ENV10, and ENV11) by a terminal to decrease its consumption of
water, fuel, and energy, and to use clean and sustainable energy/
electricity. Moreover, it reduce the emission of greenhouse gas
and environmental pollution in the air, water, waste, and noise
(Taljaard et al., 2021; Makkawan and Muangpan, 2021).

The last domain, safety/security, correlates significantly to
smart port. Other safety/security domains and smart ports have
a relationship. This domain consists of 3 SPIs (SAF 2, SAF3, and
SAF4).1tis related to improving safety and security for all activities
in port operation, including cybersecurity, which is necessary for
a smart port driven by smart/advanced technologies. (Molavi et
al., 2019; Alvin et al., 2020; Makkawan and Muangpan, 2021).

Therefore, container terminals wishing to improve their
practice planning need to monitor their indicators continually
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and compare them to these indicators. In addition, the critical
domains of the smart port, for which we have developed the
basis on the container terminal, can be applied identically to
non-container and multi-purpose terminals. Therefore, these
main domains/indicators can be used for any other port/smart
port in the very introduction, confirming that these are the
key domains/indicators required to develop the smart port and
improve smart port management.

Figure 4 smart port management model explains the three
critical smart port domains which constitute the primary practice
of smart port development. These SPIs represent the application
policy, mission, and strategy, including the operation practice,
for achieving smart port performance and upgrading primary
elements in smart port management, especially in the initial
stage of the smart port.

Since Thailand is still developing and is in the foundation
stage of smart port, there are still many steps to be taken in
order to create a world-class smart port. Therefore the authors
have proposed a strategic plan for developing a smart port, as
presented in figure 5. The goal is the smart port management
model (Figure 4). Secondary data literature has been reviewed
regarding smart port development policies in Asia and the

Pacific (UNESCAP, 2021), as well as six policy actions in order to
prepare for a post-pandemic world (UNCTAD, 2020). The plan
aims at developing and upgrading the port infrastructure and
related components to transform it into a world-class smart port.
In addition, the programme aims at increasing performance
and efficiency, creating customer value, making the port safe
and secure, and achieving the global standard. The authors
have projected strategies according to smart port domains to
complete this goal. The strategies to apply in each smart port
domain are as follows:

Of strategic importance for the smart port operation
domain is infrastructure development. This strategy consists
of four main strategies: strategy 1- Increase terminal and
management efficiency by using automation equipment for
internal cargo movement (AGV, ASC, QC, robots, etc.); strategy 2
- Using smart platforms for exchanging information in the port
community (Blockchain, Cloud), strategy 3 - Using technology
for port traffic and cargo tracking system (loT, RFID, etc.), and
strategy 4 - Development of terrestrial connectivity for road and
railway.

Strategic consideration for the smart pot environment/
energy domain is the accelerator of sustainability. This strategy

Mission: Develop and upgrade the port infrastructure and related components to
transformation to world-class smart port

Goal : Increase performance and efficiency, create value for customers, make
the port safe and security, sustainability and achieve global standard.

Strategics

Smart port operation domain : Smart port environment/energy domain: Smart port safety/security domain:
Infrastructure development Accelerator of sustainability Safety and security upgrading

Strategy 1 Increase terminal and management
efficiency by using automation
equipment for internal cargo
movemnent (AGY, ASC, QC, robats, etc.)

Strategy 2 Using smart platforms for exchanging
information in the port community
(Blockehain, Cloud)

Strategy 3 Using technology for port traffic and
cargo tracking system (loT, RFID, etc.)

Strategy 4 Development of a terrestrial
connectivity for road and railway.

Strategy 1 Implementation of smart sensors for
environment/pollution monitoring.

Strategy 2 Promote the use of clean and
sustainable energy in port operation.

Strategy 1 Upgrading port safety and security
with Al, AR & VR rechnology.

Strategy 2 Upgrading and investment for port
cyber security.

Figure 5.
Smart port strategic plan.
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consists of two main strategies: strategy 1- Implementation
of smart sensors for environment/pollution monitoring, and
strategy 2- Promotion of the use of clean and sustainable energy
in port operation.

Strategicfor the safety/security domainis safety and security
upgrading. This strategy consists of two main approaches: 1)
upgrading port safety and security with Al, AR & VR technology,
and 2) upgrading and investing in port cybersecurity.

According to the final 19 key attributes of SPIs, it can be
concluded thatthelR4.0technologies are essential and contribute
towards all smart port domains. The IR4.0 technologies can be
applied to the operation domain and increase port productivity
and efficiency, such as big data, loT & prediction analysis, cloud,
Robotics, and 5G. For example, in the terminal management
system and loT, RFID, real-time tracking for real-time cargo
tracking, including using automated AGV, ASC, QC, and Robot for
cargo movement in port/terminal. For the environment/energy
domain smart pollution sensors can be applied to control and
reduce pollution emissions from port activities.

Finally, the safety/security domain can improve its
performance by using AR/ VR / Digital twin for safety and security
training. Through simulation, RFID/ Intelligent CCTV in safety
measurement, Al/Intelligent Biometric access control/Automatic
license reading systems, and RFID in access automation for
security come to be used.

6. CONCLUSION

Smart port management is the solution for the post-
COVID-19 pandemic era that expects the global trade and
supply chain to redesign and become contactless trade—IR4.0
technologies to be applied to all primary activity domains in
smart ports. However, smart port management and development
still lack suitable SPIs for measuring and encouraging smart port
performance, especially in Thailand, which is still in the early
stages of the smart port. The measurement model of this smart
port indicator for the case study of the container terminal in
Thailand's Eastern Economic Corridor (EEC) has been developed
using confirmatory factor analysis to analyse the factors
influencing the efficiency and effectiveness of the terminal's
operations. This research aims at establishing the dominant
structure and the indicators' relationship. The results have found
19 SPIs in three key domains; OPR: smart port operation (9 SPIs).
ENV: smart port environment/energy (7 SPIs), and SAF: smart
port safety/security (3 SPIs) correlate significantly to smart port
and can be vital to smart port development.

Furthermore, the performance model of smart port
management and the smart port strategic plan is to represent
management guidelines. This critical information sets port
development strategies and their applications to port operation
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practice aspects. Future research can use these SPIs for
performance benchmarking to compare smart port performance
in Thailand with other smart ports worldwide. Furthermore,
sustainability factors should be considered and added to smart
port indicators to ensure covering of all domains of smart port
management.

CONFLICT OF INTEREST:

The author(s) declared no potential conflicts of interest
with respect to the research, authorship, and/or publication of
this article.

REFERENCES

Abdissa, G. and Fitwi, T.,, 2016. Factors Affecting Performance of Micro and Small
Enterprises in South West Ethiopia: the case of Bench Maji, Sheka, and Kefa Zones.
Global Journal of Management and Business Research 16. Available at: https://
globaljournals.org/GJMBR_Volume16/5-Factors-Affecting-Performance.pdf.

Camacho J., Rodriguez-Gémez R.A. and Saccenti E., 2017. Group-Wise Principal
Component Analysis for Exploratory Data Analysis, Journal of Computational and
Graphical Statistics, 26(3), 501-512. Available at: https://doi.org/10.1080/10618600
.2016.1265527.

De Araujo, E. et al, 2013. Confirmatory factor analysis on strategic leadership,
corporate culture, good corporate governance and company performance.
Academic Research International, 4(4), p. 487. Available at: https://core.ac.uk/
outputs/132599550.

De Monie, G., 1988. Medicién y Evaluacion del Rendimiento y de la Productividad de
los Puertos; Naciones Unidas, Comision Econdmica para América Latina y el Caribe:
New York, USA.

DEPA, 2020. Progress of the smart port development project in Thailand. Available
at: https://www.depa.or.th/th/article-view/20200120_03.

Douaioui, K., et al., 2018. Smart port: Design and perspectives. 4th International
Conference on Logistics Operations Management (GOL), April, 2018. Available at:
http://dx.doi.org/10.1109/gol.2018.8378099.

Ferretti, M. and Schiavone, F, 2016. Internet of Things and business processes
redesign in seaports: The case of Hamburg. Business Process Management Journal,
22(2), pp.271-284. Available at: https://doi.org/10.1108/BPMJ-05-2015-0079.

Finch, W.H., 2020. Using Fit Statistic Differences to Determine the Optimal
Number of Factors to Retain in an Exploratory Factor Analysis. Educational
and Psychological Measurement 80(2), pp.217-241. Available at: https://doi.
org/10.1177/0013164419865769.

Gizelis, CA,, et al., 2020. Towards a Smart Port: The Role of the Telecom Industry. In:
Maglogiannis, 1., lliadis, L., Pimenidis, E. (eds) Artificial Intelligence Applications and
Innovations.. IFIP Advances in Information and Communication Technology, p.585.
Available at: https://doi.org/10.1007/978-3-030-49190-1_12.

Gonzaélez, A. R, et al., 2020, Preparation of a Smart Port Indicator and Calculation of
a Ranking for the Spanish Port System. Logistics 4(2), p.9. Available at: http://dx.doi.
org/10.3390/logistics4020009.

Hidayat, N. R. et al, 2014. Measurement model of service quality, regional tax
regulations, taxpayer satisfaction level, behavior and compliance using confirmatory
factor analysis. World Applied Sciences Journal, 29(1), pp.56-61. Available at: http://
eprints.upnjatim.ac.id/7266/1/wasj.pdf.

TRANSACTIONS ON MARITIME SCIENCE -rf\Mq


https://globaljournals.org/GJMBR_Volume16/5-Factors-Affecting-Performance.pdf
https://globaljournals.org/GJMBR_Volume16/5-Factors-Affecting-Performance.pdf
https://doi.org/10.1080/10618600.2016.1265527
https://doi.org/10.1080/10618600.2016.1265527
https://core.ac.uk/outputs/132599550
https://core.ac.uk/outputs/132599550
https://www.depa.or.th/th/article-view/20200120_03
http://dx.doi.org/10.1109/gol.2018.8378099
https://doi.org/10.1108/BPMJ-05-2015-0079
https://doi.org/10.1177/0013164419865769
https://doi.org/10.1177/0013164419865769
https://doi.org/10.1007/978-3-030-49190-1_12
http://dx.doi.org/10.3390/logistics4020009
http://dx.doi.org/10.3390/logistics4020009
http://eprints.upnjatim.ac.id/7266/1/wasj.pdf
http://eprints.upnjatim.ac.id/7266/1/wasj.pdf

10

Hurley, A. E. et al., 1997. Exploratory and Confirmatory Factor Analysis: Guidelines,
Issues, and Alternatives. Journal of Organizational Behavior, 18(6), pp.667-683.
Available at: http://www.jstor.org/stable/3100253.

Jun, WK, Lee, M. and Choi, J.Y.,, 2018, impact of the smart port industry on the
Korean national economy using input-output analysis. Transportation Research
Part A: Policy and Practice, 118, pp.480-493. Available at: https://doi.org/10.1016/j.
tra.2018.10.004.

Karas, A., 2020. Smart Port as a Key to the Future Development of Modern Ports.
TransNav, the International Journal on Marine Navigation and Safety of Sea
Transportation, 14(1), pp.27-31. Available at: https://doi.org/10.12716/1001.14.01.01.

Keshta, J.I, Elmesmary, H.E. and Obrecht, M.A., 2022. Investigating the impact of
COVID-19 on maritime supply chain sustainability and technology: A review. In
Proceedings of the ICAMS International Conference on Advanced Materials and
Systems, Bucharest, Romania.

Knekta, E., Runyon, C.and Eddy, S., 2019, One size doesn't fit all: Using factor analysis
to gather validity evidence when using surveys in your research. CBE—Life Sciences
Education 18(1). Available at: https://doi.org/10.1187/cbe.18-04-0064.

Kong, Y. and Liu, J., 2021. Sustainable port cities with coupling coordination and
environmental efficiency. Ocean & Coastal Management 205, p.105534. Available
at: https://doi.org/10.1016/j.ocecoaman.2021.105534.

Kosiek, J., e al, 2021. Analysis of Modern Port Technologies Based on
Literature Review. TransNav: International Journal on Marine Navigation
and Safety of Sea Transportation, 15(3), pp.667-674. Available at: https://doi.
org/10.12716/1001.15.03.22.

Krzanowski, W. J., 1984. Principal Component Analysis in the Presence of Group
Structure. Journal of the Royal Statistical Society. Series C (Applied Statistics), 33(2),
pp. 164-168. Available at: https://doi.org/10.2307/2347442.

Makkawan, K. and Muangpan, T, 2021. A Conceptual Model of Smart Port
Performance and Smart Port Indicators in Thailand. Journal of International
Logistics and Trade 19(3), pp. 133-146. Available at: https://doi.org/10.24006/
jilt.2021.19.3.133.

Mishra, M., 2016. Confirmatory Factor Analysis (CFA) as an Analytical Technique to
Assess Measurement Error in Survey Research: A Review. Paradigm 20(2), pp. 97—
112. Available at: http://dx.doi.org/10.1177/0971890716672933.

Molavi, A., Lim, G. and Race, B., 2019. A Framework for Building a Smart Port and
Smart Port Index. International Journal of Sustainable Transportation 14(9), pp. 686-
700. Available at: http://dx.doi.org/10.1080/15568318.2019.1610919.

Muangpan, T. and Neamvonk, J., 2018. Green supply chain management in the Thai
automotive industry: Confirmed factor analysis. International Journal of Business
and Management Science 8, pp. 535-547. Available at: https://www.scopus.com/
inward/record.uri?eid=2-s2.0-85063327716&partnerlD=40&md5=e1a64d7fc25b6f
792247872e728c16cC.

Mueller, R.O. and Hancock, G.R, 2001. Factor Analysis and Latent Structure,
Confirmatory, International Encyclopedia of the Social & Behavioral Sciences,
pp.5239-5244. Available at: https://doi.org/10.1016/B0-08-043076-7/00426-5.

Othman, A., El Gazzar, S. and Knez, M., 2022, Investigating the Influences of Smart
Port Practices and Technology Employment on Port Sustainable Performance: The
Egypt Case. Sustainability, 14(21), p.14014. Available at: http://dx.doi.org/10.3390/
su142114014.

Pallant, J., 2010. SPSS Survival Manual, 4th Edition, Mcgraw Hill, USA.

Philipp, R, 2020. Digital readiness index assessment towards smart port
development. In Sustainability Management Forum, Nachhaltigkeits Management
Forum 28, pp.49-60. Available at: https://doi.org/10.1007/500550-020-00501-5.

Pisharodi, R. M., and Parameswaran, R., 1992. Confirmatory factor analysis of a
country-of-origin scale: initial results. ACR North American Advances 19, pp.706-
714. Available at: https://www.acrwebsite.org/volumes/7377.

Puig, M. and Darbra, R.M., 2019. The role of ports in a global economy, issues of
relevance and environmental initiatives, In: Sheppard, C. (Ed), World Seas: An
Environmental Evaluation. Available at: https://doi.org/10.1016/B978-0-12-805052-
1.00034-6.

Re, H. and Vnl, O, 2016. Marine transport and the fourth industrial revolution.
Pr. Nauk. Politech. Warsz. 111, pp.269-278. Available at: https://www.
wt.coitest.pw.edu.pl/index.php/content/download/6256/35235/file/Lech%20
Kobyli%C3%85%E2%80%9Eski.pdf.

Sharif, A. R. et al, 2011. Confirmatory factor analysis of the university student
depression inventory (USDI). Procedia-Social and Behavioral Sciences 30, pp.4-9.
Available at: https://doi.org/10.1016/j.sbspro.2011.10.001.

T.H. Yen, B, et al., 2022. How smart port design influences port efficiency - A DEA-
Tobit approach, Research in Transportation Business & Management, p.100862.
Available at: https://doi.org/10.1016/j.rtbm.2022.100862.

Taljaard, S. et al,, 2021, The natural environment in port development: A ‘green
handbrake’ or an equal partner?. Ocean & Coastal Management 199, p.105390.
Available at: https://doi.org/10.1016/j.ocecoaman.2020.105390.UNCTAD, 2020.
Review of maritime transport 2020. viewed 10 September 2021, Available at:
https://unctad.org/system/files/official-document/rmt2020_en.pdf.

UNESCAP, 2021. Smart port development policies in Asia and the Pacific.
Available at:  https://www.unescap.org/sites/default/d8files/eventdocuments/
SmartPortDevelopment_Feb2021.pdf.

Wanichbuncha, K. and Wanichbuncha, T., 2018. Using SPSS for Windows to data.
31ed. Bangkok: Samlada.

Yamane, T., 1967. Statistics, an introductory Analysis. Harper and Row, New York,
USA.

Yau, K.-L. A. et al,, 2020. Towards Smart Port Infrastructures: Enhancing Port Activities
Using Information and Communications Technology. IEEE Access 8, pp. 83387-
83404. Available at: https://doi.org/10.1109/ACCESS.2020.2990961.

Zhao, D., Wang, T. and Han, H., 2020. Approach towards Sustainable and Smart Coal
Port Development: The Case of Huanghua Port in China. Sustainability 12(9), p.3924.
Available at: https://doi.org/10.3390/su12093924.

Kittisak Makkawan and Thanyaphat Muangpan: Developing Smart Port with Crucial Domains and Indicators in the Thai Port Case: ...


http://www.jstor.org/stable/3100253
https://doi.org/10.1016/j.tra.2018.10.004
https://doi.org/10.1016/j.tra.2018.10.004
https://doi.org/10.12716/1001.14.01.01
https://doi.org/10.1187/cbe.18-04-0064
https://doi.org/10.1016/j.ocecoaman.2021.105534
https://doi.org/10.12716/1001.15.03.22
https://doi.org/10.12716/1001.15.03.22
https://doi.org/10.2307/2347442
https://doi.org/10.24006/jilt.2021.19.3.133
https://doi.org/10.24006/jilt.2021.19.3.133
http://dx.doi.org/10.1177/0971890716672933
http://dx.doi.org/10.1080/15568318.2019.1610919
https://www.scopus.com/inward/record.uri%3Feid%3D2-s2.0-85063327716%26partnerID%3D40%26md5%3De1a64d7fc25b6f792247872e728c16cc
https://www.scopus.com/inward/record.uri%3Feid%3D2-s2.0-85063327716%26partnerID%3D40%26md5%3De1a64d7fc25b6f792247872e728c16cc
https://www.scopus.com/inward/record.uri%3Feid%3D2-s2.0-85063327716%26partnerID%3D40%26md5%3De1a64d7fc25b6f792247872e728c16cc
https://doi.org/10.1016/B0-08-043076-7/00426-5
http://dx.doi.org/10.3390/su142114014
http://dx.doi.org/10.3390/su142114014
https://doi.org/10.1007/s00550-020-00501-5
https://www.acrwebsite.org/volumes/7377
https://doi.org/10.1016/B978-0-12-805052-1.00034-6
https://doi.org/10.1016/B978-0-12-805052-1.00034-6
https://www.wt.coitest.pw.edu.pl/index.php/content/download/6256/35235/file/Lech%2520Kobyli%25C3%2585%25E2%2580%259Eski.pdf
https://www.wt.coitest.pw.edu.pl/index.php/content/download/6256/35235/file/Lech%2520Kobyli%25C3%2585%25E2%2580%259Eski.pdf
https://www.wt.coitest.pw.edu.pl/index.php/content/download/6256/35235/file/Lech%2520Kobyli%25C3%2585%25E2%2580%259Eski.pdf
https://doi.org/10.1016/j.sbspro.2011.10.001
https://doi.org/10.1016/j.rtbm.2022.100862
https://doi.org/10.1016/j.ocecoaman.2020.105390.UNCTAD%2C%202020.%20Review%20of%20maritime%20transport%202020.%20viewed%2010%20September%202021%2C%20Available%20at:%20%20%20https://unctad.org/system/files/official-document/rmt2020_en.pdf
https://doi.org/10.1016/j.ocecoaman.2020.105390.UNCTAD%2C%202020.%20Review%20of%20maritime%20transport%202020.%20viewed%2010%20September%202021%2C%20Available%20at:%20%20%20https://unctad.org/system/files/official-document/rmt2020_en.pdf
https://doi.org/10.1016/j.ocecoaman.2020.105390.UNCTAD%2C%202020.%20Review%20of%20maritime%20transport%202020.%20viewed%2010%20September%202021%2C%20Available%20at:%20%20%20https://unctad.org/system/files/official-document/rmt2020_en.pdf
https://www.unescap.org/sites/default/d8files/eventdocuments/SmartPortDevelopment_Feb2021.pdf
https://www.unescap.org/sites/default/d8files/eventdocuments/SmartPortDevelopment_Feb2021.pdf
https://doi.org/10.1109/ACCESS.2020.2990961
https://doi.org/10.3390/su12093924

