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ABSTRACT

This study aimed to identify the challenges of Thai rubber industry under the
responsibility of RAOT and to test a solution which explore the acceptance of
blockchain traceability platform by a proposed UTAUT model among all stakeholders
in the rubber industry supply chain in Thailand. The study employed the conventional
UTAUT model by incorporating the Technological Anxiety (TA) factor, which was
hypothesized to influence stakeholders’ acceptance of the blockchain traceability
platform. The conventional UTAUT model included Social Influence (SI), Facilitating
Conditions (FC), Performance Expectancy (PE), and Effort Expectancy (EE) factors,
all of which were theorized to influence Behavioral Intention (BI). Data was collected
from the focus group and developed a questionnaire survey of 27 statement items with
130 stakeholders’ respondents. Firstly, it was found that the major challenge in the
rubber industry supply chain is price fluctuation, while the imbalance between local
demand and supply is a minor challenge. Moreover, this study investigated the root
causes of the rubber industry’s minor challenge in Thailand and identified potential
solutions within the authority of RAOT. Secondly, the results were analyzed by using
Structural Equation Modeling (SEM), testing the proposed UTAUT model that
incorporated the TA factor. The initial results of the proposed UTAUT model were not
consistent with the empirical data. In contrast, the path analysis showed that the

individual factor (SI, FC, PE, TA) influenced BI, except for EE. In conclusion, FC



directly influenced BI (B = 0.974; p<0.001) that FC could support the active
stakeholders’ involvement in the process of rubber supply chain. Additionally, it is also
highlighting the importance of facilitating conditions (FC) e.g., IT infrastructure,
updated rules and regulations, and capacity building in blockchain technology for all
stakeholders in promoting acceptance. Based on these findings, the study provided
recommendations for each factor, suggesting that RAOT should support and encourage
the acceptance and adoption of blockchain traceability platform in Thailand’s rubber
supply chain. Furthermore, recommendations for future studies have been proposed

based on the findings.
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CHAPTER 1

INTRODUCTION

1.1 Background

Natural rubber is also known as India rubber, which is a milky colloid as latex,
produced from the rubber tree. In 2021, Thailand is the world leading natural rubber
country that produced 4.8 million metric tons with approximate of 37.5% of global
rubber production (Statista Research Department, 2024). Thailand is the world’s largest
supplier of natural rubber, with key trading partners including China, the United States,
Malaysia, Japan, and South Korea. Regarding the comparison of rubber production
countries in ASEAN, Thailand is the leading producing country among Indonesia,

Vietnam and Malaysia as shown in Figure 1.1.

Leading natural rubber producing countries worldwide in 2020 and 2021 (in 1,000
metric tons)

® 2020 @ 2021

Sources AddBonal infoamation

Source Statista Research Department (2024)

Figure 1.1 Leading Natural Rubber Producing Counties Worldwide in 2020 - 2021



There is the increasing trend of rubber consumption worldwide, for instance
Thailand’s rubber consumption increased 12.5 percent in 2022 (Statista Research
Department, 2024) due to the COVID-19 outbreak caused high demand of rubber glove
for the health and hygiene self-protection. However, Thailand produced rubber mainly
for exporting at 70.25 percent in 2022 (Office of Agricultural Economics [OAE], 2024).
Although, Thailand holds the position of the leading producer and supplier of natural
rubber worldwide, the price fluctuation of rubber is the main problem of Thai rubber
producer. There is a complex issue that is caused by many factors. However, the main
cause of the rubber price problem can be summarized into three main issues as follows:

1. The imbalance of demand and supply affects the selling price of rubber.

2. The economic slowdown, especially in the world's largest rubber
consumer, China, the United States and Japan that cause declining the purchase rubber
consumers. Furthermore, political tensions in many countries and the situation of the
COVID-19 epidemic are also other factors, directly causing a price fluctuation to
decline accordingly.

3. Investor's speculation in both the domestic market and the futures
market is affecting trading, pricing in that market (Rubber Authority of Thailand
[RAOT], 2024a).

According to the three main causes of rubber price fluctuation, Issue 1 is an
internal factor that can be addressed under the authority of the Thai government, while
Issues 2 and 3 are external factors that cannot be controlled. Hence, this study will focus
on Issue 1 as the primary problem.

Therefore, the Thai government has established an official agency named the
Rubber Authority of Thailand (RAOT) since 2015. RAOT has a responsibility for
facilitating and supporting rubber industry including leveraging livelihood of farmers
and all stakeholders in rubber supply chain, strengthening fair trade in rubber industry,
being a center of rubber production and innovation for sustainability, and creating stable
rubber pricing (RAOT, 2024a). Up to now, the RAOT has been encountering some
challenges due to a lack of big data related to rubber between government organizations
and external organizations. This includes stakeholder data on rubber and data on rubber

trading. Addressing these data challenges is essential to effectively facilitate and



support the rubber industry supply chain, as well as to forecast rubber demand and
supply both domestically and internationally.

To be the leading rubber industry, there are five stakeholders to play a
significant role in supporting Thai rubber industry supply chain according to the supply
chain as follows:

1. Upstream Rubber Industries: Farmers

Rubber growers and tappers are involved in both the cultivation and
harvesting of rubber plantations. To enhance the value of their primary production,
some farmers also carry out basic processing of the latex they collect, turning it into
dried rubber products like cup lumps, scrap rubber, sheets, and crepe rubber.

2. Intermediate or Midstream Rubber Industries, or Rubber Processor:
Collectors.

Intermediate or midstream rubber industries, also known as rubber
processors or collectors, obtain latex or processed rubber from farmers and transform
it into semi-finished products. These include ribbed smoked sheets, technically
specified rubber, concentrated latex, compound rubber, and skim rubber, materials that
meet the necessary standards and properties for use in various downstream
manufacturing processes.

3. Downstream Rubber Industries: Manufactures and Exporters

To produce rubber goods such as car tires, latex gloves, condoms, elastic
materials, and other related products. Nevertheless, it still has RAOT as another
stakeholder, it is playing significant role as the facilitator and supporter in Thai rubber
industry under the Rubber Authority of Thailand Act, B.E. 2558 (2015). Moreover,
there are two government agencies involved in the Thai rubber supply chain: (1) the
Rubber Division under the Department of Agriculture (DOA), which acts as the
regulator under the Rubber Control Act, B.E. 2542 (1999); and (2) the Customs
Department, which oversees customs procedures as the regulator under the Customs
Act, B.E. 2469 (1926). To have the clearer understanding, the relationship of all
stakeholders, challenges and potential solution in Thai rubber supply chain is shown in

Figure 1.2.
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Figure 1.2 Rubber Industry Supply Chain in Thailand

With the advanced technology available as “Blockchain” which is the different
kind of “Distributed Ledger Technology (DLT)” it is a high potential for managing big
data by developing transparent, efficient and reliable management system with a good
accountability. Due to the characteristics of blockchain, it is guaranteed record format
security that previously recorded information cannot be changed or modified, which
means every user will see all the same data. Using Cryptography principles and abilities
of distributed computing to establish a trust mechanism (Raskin & Yermack, 2016).

Due to abovementioned in term of stakeholders, RAOT’s challenges and a
potential technological solution as “Blockchain Traceability Platform”, it is important
for finding what is an essential key success to the implementation of blockchain in Thai
rubber industry. It may be the acceptance of all stakeholders in cooperation with the
implementation process. However, it is necessary for the study to find out the factors
influencing the way of all stakeholders’ acceptance, the Unified Theory of Acceptance
and Use of Technology (UTAUT) will be appropriate model to test the acceptance of

technology among all stakeholders in rubber supply chain.



Therefore, this study will aim to explore the factors affecting the adoption of all
stakeholders by implementing blockchain traceability platform in their rubber supply

chain which each stakeholder will gain some benefits either directly or indirectly.

1.2 Objectives

There are 2 objectives as follows.

1.2.1 To identify the challenges of Thai rubber supply chain under the
responsibility of RAOT.

1.2.2 To test a solution which explore the acceptance of the adoption of
blockchain traceability platform by a proposed UTAUT model among all stakeholders
in rubber supply chain in Thailand.

1.3 Hypotheses

There are five hypotheses to be tested that form the basis of the proposed
UTAUT model, as illustrated in Figure 1.3, as follows.

1.3.1 Hypothesis 1 (H1 = PE — BI)

Performance Expectancy (PE) has a positive and significant direct effect on
Behavioral Intention (BI) of the blockchain traceability platform. Performance
Expectancy (PE) in this study is expected that the system would make the task increase
effectiveness and quality (Venkatesh et al., 2003).

1.3.2 Hypothesis 2 (H2 = EE — BI)

Effort Expectancy (EE) has a positive and significant direct effect on Behavioral
Intention (BI) of the blockchain traceability platform. Effort Expectancy (EE) in this
study believe in the system will be easy and clear to understand (Venkatesh et al., 2003).

1.3.3 Hypothesis 3 (H3 = SI — BI)

Social Influence (SI) has a positive and significant direct effect on Behavioral

Intention (BI) of the blockchain traceability platform. Social Influence (SI) in this study



is focused on the influence of coworkers and supporting organizations to social
influence (Venkatesh et al., 2003).

1.3.4 Hypothesis 4 (H4 = FC — BI)

Facilitating Conditions (FC) has a positive and significant direct effect on
Behavioral Intention (BI) of the blockchain traceability platform (Popova & Zagulova,
2022; Nain, 2021). Facilitating Conditions (FC) in this study are focus on the capacity
building and the regulatory and technical infrastructure exists to support use of the
system for example smart phone, computer, internet or Wi-Fi and training in blockchain
technology by RAOT.

1.3.5 Hypothesis 5 (H5 = TA — BI)

Technological Anxiety (TA) has a positive and significant direct effect on
Behavioral Intention (BI) of the blockchain traceability platform. In this study,
Technology Anxiety (TA) refers to negative emotions and thoughts triggered by actual
or imagined interactions with computer-based technology. This aligns with Bozionelos
(2001), who found that computer anxiety was prevalent across all sample groups.
Moreover, Technology Anxiety (TA) has been integrated into the evaluation phase of
the UTAUT model, with its significance validated and highlighted in various research
studies (Gunasinghe et al., 2019; Zhang & Zhang, 2024).

Source Adapted from Venkatesh et al. (2003)
Figure 1.3 Proposed UTAUT Model



1.4 Conceptual Framework

The way of doing this research is based on this conceptual framework as shown

in Figure 1.4
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Figure 1.4 Conceptual Framework of the Study



1.5 Expected Outcomes

1.5.1 The factors that influence the acceptance of blockchain traceability
platform implementation by all stakeholders in rubber industry supply chain in
Thailand.

1.5.2 Suggestions to the Rubber Authority of Thailand (RAOT) to implement

the possible acceptance of blockchain traceability platform.



CHAPTER 2

LITERATURE REVIEW

2.1 Rubber Industry Supply Chain in Thailand

The rubber industry supply chain in Thailand is regulated by government
agencies under the Rubber Control Act, B.E. 2542 (1999), which established the
Rubber Division under the Department of Agriculture (DOA) to oversee and monitor
the entire rubber supply chain. The Rubber Authority of Thailand Act, B.E. 2558
(2015), established the Rubber Authority of Thailand (RAOT) to facilitate and support
the entire rubber supply chain. Additionally, the Customs Department under the
Customs Act, B.E. 2469 (1926), was established to facilitate global trade and provide
effective control on imports, exports and transit goods as shown in Table 2.1 (RAOT,
2024b).

Table 2.1 Activities Under the Rubber Act of Rubber Supply Chain in Thailand

Stakeholders Rubber Act BT Data Report
Agencies
1. Farmers - The Rubber - DOA - Rubber Grower
Control Act, B.E. -RAOT Registry
2542 (1999) - Rubber Cultivation
- The Rubber Area (or Plantation

Authority of Area)
Thailand Act, - Number of Rubber
B.E. 2558 (2015) Trees and Rubber

Varieties

- Annual Production
Yield

- Quality Management
Standard Certification




Table 2.1 (continued)

10

Government
Stakeholders Rubber Act Data Report
Agencies
2. Collectors - The Rubber - DOA - Rubber Trader
(Middlemen and Control Act, B.E. -RAOT Registry (or Rubber
Cooperatives) 2542 (1999) Merchant Database)
- The Rubber - Rubber Trading
Authority of Volume
Thailand Act, Record (or Detailed
B.E. 2558 (2015) Rubber Transaction
Log)
- Rubber Types and
Traded Quality
Grades
3. Manufacturers - The Rubber - DOA - Rubber Processing
Control Act, B.E. -RAOT Plant Registry (or List
2542 (1999) of Registered Rubber
- The Rubber Processing Factories)
Authority of - Types of Processed
Thailand Act, Rubber Products
B.E. 2558 (2015) - Processed Rubber
Production

Volume (or Output
Quantity of Processed

Rubber)
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Table 2.1 (continued)

Government
Stakeholders Rubber Act Data Report
Agencies
4. Exporters - The Rubber - DOA - Rubber Importers and
Control Act, B.E. -RAOT Exporters Registry
2542 (1999) - Customs - Customs Clearance
- The Rubber Certificate (or Custo
Authority of ms Declaration Form)
Thailand Act, - Rubber Export Duty
B.E. 2558 (2015) Collection (or Rubber
- The Customs Export Fee Levy)
Act, B.E. 2469 - Export Rubber
(1926) Quality and Standard

Certification

Source RAOT (2024b), DOA (2024) and Customs Department (2024)

2.1.1 Situation of Rubber Industry Supply Chain in Thailand

In 2023, Thailand was the largest producer of natural rubber in the world,
producing 4.8 million tons. The total rubber plantation area in Thailand covers nearly
22.5 million rai, equivalent to 3.6 million hectares. Rubber plantations span 69 out of
77 provinces in Thailand and are distributed across all four regions with high
production potential, including the Southern region 56% (14 provinces), Northeastern
region 28% (20 provinces), Central region 8% (20 provinces), and Northern region
5.8% (15 provinces), respectively (OAE, 2024).

Moreover, Thailand was the leading exporter of natural rubber, exporting 3.9
million tons. This included approximately 1.6 million tons of mixed rubber, 1.5 million
tons of Standard Thai Rubber (STR), also known as block rubber, and 0.78 million tons
of other types such as concentrated latex and smoked rubber sheets (Rubber Division,
2024). The export value was approximately 125,000 million baht, with China being the
largest consumer, accounting for 39% of total production. Other major importers

included Japan, the USA, and Malaysia (Thailand’s Trade Statistics, 2024).
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Meanwhile, domestic rubber consumption accounted for 1.2 million tons, including 0.6
million tons for automobile tires, 0.1 million tons for latex gloves, 0.096 million tons
for elastics, and other uses (Rubber Division, 2024).

2.1.2 The Flow of Rubber Industry Supply Chain in Thailand

It can be characterized into 3 levels as follows (Figure 2.1-2.2).

2.1.2.1 Upstream Rubber Supply Chain

This is a critical and essential step in the initial process of natural rubber
production in Thailand. The key stakeholders in this stage are rubber farmers, who
play a vital role in cultivating and tapping natural rubber.

Thailand’s natural rubber industry relies on over 1.6 million farming
families, cultivating approximately 22.5 million rai (3.6 million hectares) of rubber
plantations. With an average yield of 214 kg per rai, the country has an annual
production potential of 4.8 million tons. Rubber cultivation is widespread, covering 69
of Thailand’s 77 provinces, with regional distribution as follows: the Southern region
dominates production (57.5%, 14 provinces), followed by the Northeastern (28.5%, 20
provinces), Central (8.1%, 20 provinces), and Northern regions (5.9%, 15 provinces)
(OAE, 2024).

As aresult, field latex (90%) and cup lump (10%) make up the main forms
of primary production. To enhance the value of these raw materials, some rubber
farmers carry out basic processing of their field latex to produce dried rubber products,
consisting of dry rubber (83%) and latex (17%). Almost all upstream production in
Thailand is used as input for the country’s midstream rubber industry (Sowcharoensuk,
2024).

2.1.2.2 Midstream Rubber Supply Chain

This rubber produced on plantations is converted into semi-finished
products such as Standard Thai Rubber (STR), also known as block rubber, which was
the most produced type, accounting for approximately 39.6% of production from 2013
to 2017. Ribbed smoked sheets and concentrated latex were also produced,
representing approximately 19.3% and 18.5% of production, respectively. Other
products, including compound rubber and skim rubber, possess specific qualities and

properties required as inputs for various downstream production processes.
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2.1.2.3 Downstream Rubber Supply Chain

This sector includes producers of goods such as automobile tires (57%),
elastics (15%), latex gloves (11.6%), motorcycle tires (5.2%), and rubber bands
(3.5%). However, synthetic rubber, developed by the petrochemical industry, may also

be used as a substitute for midstream natural rubber products in applications where its
properties are more advantageous.
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Figure 2.2 Products of Rubber Supply Chain in Thailand

2.2 Rubber Market in Thailand

2.2.1 The System of Rubber Market in Thailand

Thailand's domestic rubber trade operates through a three-tiered market system
(local, central, and agricultural futures markets), where export-oriented companies
procure rubber through intermediaries rather than dealing directly with farmers.
This multi-layered supply chain-involving small hawkers, traders, cooperatives, and

medium-sized collectors creates systemic inefficiencies. The lack of transparent
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tracking mechanisms leads to unpredictable daily price volatility, quality adulteration
(mixing high-grade and low-grade rubber), and exploitative practices where middlemen
suppress farmgate prices.

Significantly, Thailand's upstream rubber industry functions mainly under
monopolistic competition, marked by many suppliers but relatively few buyers. Rubber
prices are largely dictated by collectors, causing frequent daily price fluctuations.
Additionally, collectors tend to hoard rubber in anticipation of better prices before
releasing it to the market.

Despite government interventions-including financial subsidies, processing
support, and stockpiling-these measures offer only short-term relief. The Rubber
Control Act, B.E. 2542 (1999) attempts to standardize trade practices but fails to
address core data infrastructure gaps. With over 1.6 million farmers (OAE, 2022), the
absence of a verifiable, centralized data system results in inconsistent record-keeping,
undermining supply chain management. The opaque trading model perpetuates profit
fragmentation across intermediary chains, leaving farmers economically disadvantaged

and hindering sustainable price stabilization is shown in Figure 2.3.
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Source Adapted from RAOT (2020)
Figure 2.3 The System of Rubber Market in Thailand
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2.2.2 The Policy of Rubber Market in Thailand

The rubber market policy in Thailand is governed by the Rubber Trade License
under the Rubber Control Act, B.E. 2542 (1999) (RAOT, 2024b). The main
stakeholders subject to this license include middlemen, manufacturers, and exporters
involved in the purchase of rubber products. The primary purpose of this policy is to
ensure that all relevant stakeholders report on their rubber trading records monthly, pay
annual income tax, and renew their rubber trade license annually. Furthermore, failure
to comply with the policy may result in a fine of up to 10,000 baht, along with other
penalties as outlined in Table 2.2.

Table 2.2 Rubber Trade License Policy

Trading Duties of Rubber
Stakeholders Penalties
Activity Trade License Policy
Selling
Farmer Rubber - -
Product
Middleman Buying 1. The licensee must 1. Anyone who
Collector
Manufacturer Rubber  prepare records of excavates land
Exporter Product  rubber trading activities, without a permit:

monthly sales, and Shall be fined not
remaining rubber stock.  more than 10,000
These records must be baht.

submitted to the relevant 2. In cases where
authorities by the 10th land is filled or

of each month. The rubber is brought
records should be along with other
prepared using Forms 5,  materials, including
6,7, and 8, as specified  waste, tools,

by law. equipment, etc., into
2. In each rubber sale or  an illegal area: The
transfer, the license, competent official
date of relocation. shall take

buyer, or transporter appropriate action.




Table 2.2 (continued)
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Stakeholders

Trading
Activity

Duties of Rubber

Trade License Policy

Penalties

must allow officers to
inspect the transaction,
and must provide
evidence of the sale,
such as a rubber
transport certificate, and
must carry it during
transportation.

3. If the licensee
suspends or ceases
rubber trading
temporarily, they must
notify the authorities in
writing within 15 days,
stating the reason and
expected duration.

4. If the licensee
relocates their rubber
trading operation or
changes the location,
they must notify the
authorities within 15
days from the

5. If the licensee wishes
to renew the license,
they must submit the
renewal application
before the license

expires.

3. Anyone who
submits a permit
application or
prepares a list of
items or expense
accounts incorrectly
or fails to comply
with the factual
requirements
prescribed by law:
Shall be fined not
more than 5,000
baht.

4. Permit holders
who fail to comply
with the conditions
specified in the
permit: Shall be
fined not more than

5,000 baht.
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Table 2.2 (continued)

Trading Duties of Rubber
Stakeholders Penalties
Activity Trade License Policy

6. If the license expires
and is not renewed, but
the licensee still
possesses rubber, they
must report the
remaining rubber
amount within 60 days
from the expiration date.
7. If the rubber trader no
longer wishes to
continue the business,
they must report the
discontinuation in
writing to the local
authority within 15
days.

8. In case of death of the
license e, the heir must
notify the authorities in
writing within 15 days
to cancel the license or

apply for a new one.

Source RAOT (2024b)

2.3 The Challenges of Rubber Industry Supply Chain in Thailand

The rubber industry supply chain in Thailand is very complicated and faces
many challenges. To analyze these challenges, they can be divided into three causes
that directly affect the fluctuation of rubber prices, including (1) The imbalance of

demand and supply affects the selling price of rubber. (2) The economic slowdown,
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especially in the world's largest rubber consumer, China, the United States and Japan
that cause declining the purchase rubber consumers. Furthermore, political tensions in
many countries and the situation of the COVID-19epidemic are also other factors,
directly causing a price fluctuation to decline accordingly. (3) Investor's speculation in
both the domestic market and the futures market is affecting trading and pricing in that
market (RAOT, 2024a). To provide a clearer understanding, it can be clarified as
follows.

2.3.1 The Imbalance of Rubber Demand and Supply: Affecting the selling price
of rubber.

2.3.1.1 Lack of domestic demand and supply data (RAOT, 2024a).

2.3.1.2 The supply is higher than domestic demand, causing low rubber
prices (Intrasakul et al., 2017).

2.3.1.3 Plant Diseases: Diseases such as leaf blight and root rot can devastate
rubber plantations, reduce the overall supply and cause prices to spike (Intrasakul et
al., 2017).

2.3.1.4 Production Costs: Rising costs of labor, fertilizers, and other inputs
can reduce profit margins for rubber producers, potentially leading to decreased
production and higher prices (Intrasakul et al., 2017).

2.3.1.5 Technological Advances: Innovations in synthetic rubber production
can affect the demand for natural rubber. If synthetic alternatives become cheaper or
more efficient, the demand for natural rubber may decline, reducing prices (RAOT,
2024a; Intrasakul et al., 2017).

2.3.2 The Economic Slowdown: Especially in the world's largest rubber
consumer, China, the United States and Japan that cause declining the purchase rubber
consumers.

2.3.2.1 Global Economic Conditions: The demand for rubber is closely tied
to the global economy. During economic booms, the demand for rubber in industries
such as automotive and manufacturing increases, pushing prices up. Conversely, during
economic downturns, demand decreases, leading to lower prices (Statista Research

Department, 2024; Do, 2024).
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2.3.2.2 Consumer Preferences: Changes in consumer preferences, such as a
shift towards more sustainable and eco-friendly products, can influence the demand for
natural rubber and its price. Moreover, domestic consumption remains much lower than
exports, resulting in a gradual decline in the contribution of manufactured rubber and
plastic products to Indonesia’s GDP in recent years, in line with the drop in rubber
production (Statista Research Department, 2024; Do, 2024).

2.3.3 Investor's Speculation in both the Domestic Market and the Futures
Market: It affects trading and pricing in that market.
2.3.3.1 Trade Policies: Tariffs, trade agreements, and export restrictions
imposed by major rubber producing or consuming countries can significantly affect
rubber prices. For example, import tariffs on rubber products can decrease demand,
leading to price drops (Intrasakul et al., 2017; Do, 2024).
2.3.3.2 Unfair trading, pressure on prices, weight, percentage of dry rubber,
and unfair rubber quality selection, etc. (Munkong et al., 2013; Intrasakul et al., 2017;
Statista Research Department, 2024).
Based on previous studies that identified the problems faced by various
stakeholders in the rubber supply chain, several key issues are presented in Table 2.3
as follows.

Table 2.3 Problems of Rubber Industry Supply Chain in Different Country

Stakeholders = Countries Problems References
Farmer Thailand - The para-rubber farmers' groups Intrasakul et al.
were not strengthened, leading to a (2017)

lack of negotiation power for rubber
prices at 83.27%

- The prices of rubber have been
decreasing and fluctuating at 60.6%
-The health problems of rubber
farmers at 55.42%

-The lack of professional rubber

farmers at 52.31%
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Stakeholders

Countries

Problems

References

Indonesia

Malaysia

-The lack of knowledge in marketing
and selling at 43.89%

-The problem of rubber disease at
40.14%

-The cost of para-rubber production
was quite high at 39.85%.

-The uncontrollability of suitable areas
for planting rubber was at 38.60%.
-The misunderstanding of production
technology under the control of the
Rubber Research Institute at 36.54%
-The lack of family workers, leading to
the need to import migrant workers at
36.28%

-The misunderstanding of rubber
tapping at 35.29%

-Unfair trading, pressure on prices,
weight, percentage of dry rubber, and
unfair rubber quality selection, etc.
-Domestic consumption remains much
lower than exports, resulting in a
gradual decline in the contribution of
manufactured rubber and plastic
products to Indonesia’s GDP in recent
years, in line with the drop in rubber
production.

-The falling price of rubber, along with
the heavy dependence on smallholder
farmers for natural rubber production,

has caused a reduction in the industry's

Munkong et al.
(2013)

Statista
Research
Department
(2024)

Statista
Research
Department
(2024)
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Stakeholders

Countries

Problems References

Middleman

Industry

Exporter

Thailand

Thailand

Thailand

contribution to GDP compared to
previous years.
-The lack of rubber domestic demand ~ RAOT (2024a)
and supply data
-The supply is higher than the Intrasakul et al.
domestic demand, causing low rubber  (2017)
prices.

-The middle market is uncovered and
unsystematic across all rubber
production areas.

-The lack of rubber domestic demand ~ RAOT (2024a)
and supply data.

-The Thai upstream rubber industry Intrasakul et al.
lacked professional expertise in (2017)
technology, especially in the

government sector.

-The foreign entrepreneurs in the

finished-product industry were moving

their investments out of Thailand to

other Asian countries with lower labor

costs.

-The lack of support for small

community industries and the

disconnect from local farming

practices.

-The lack of rubber domestic demand ~ RAOT (2024a)
and supply data

-The use of synthetic rubber, whichis  Intrasakul et al.

lower in price, has impacted the (2017)

market share of natural rubber.
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Table 2.3 (continued)

Stakeholders  Countries Problems References

Vietnam Vietnam's rubber export prices Do (2024)
declined, resulting in a decrease in
export value compared to the same
period last year. Additionally, the
recovery of production activities in
China was slower than expected,
leading to reduced consumption and
lower rubber prices.
Government Thailand -The lack of technological RAOT (2024a)
advancement.
-The lack of rubber domestic demand
and supply data.
-The management of the entire Thai Intrasakul et al.
rubber supply chain is unsystematic. (2017)
-The unstable and unsystematic nature
of the rubber industry policy affects
the entire supply chain.

Source Intrasakul et al. (2017), Mankong et al. (2014), Statista Research Department
(2024), Do (2024) and RAOT (2024a)

2.4 Thai Government Agencies in Rubber Supply Chain

It can be characterized into 3 agencies as follows (Figure 2.3).

2.4.1 Rubber Authority of Thailand (RAOT)

RAOQOT is a government agency operating under the Ministry of Agriculture and
Cooperatives since 2015, with six core missions, including the following (1) Nation:
Support the country in becoming a sustainable hub for rubber production, trade, and
innovation. (2) People and Consumers: Promote awareness of the value of natural
rubber use among the public and consumers. (3) Rubber Farmers: Improve the quality

of life for rubber farmers. (4) Farmer Institutions: Strengthen farmer institutions and
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promote professional business management. (5) Rubber Entrepreneurs: Promote trade
and enhance competitiveness in the rubber industry. (6) Organization: Strengthen the
organization’s financial stability, develop it into a knowledge-based and high-
performance organization by leveraging digital technology, innovation, and good
governance.

Hence, RAOT plays a role in supporting, developing, and facilitating all
stakeholders in the rubber supply chain. For example, it provides financial assistance
to farmers through the Rubber Plantation Welfare Fund. However, farmers must obtain
permission from RAOT to plant rubber trees in accordance with the legal limits on
plantation areas. RAOT also offers support in the form of rubber saplings and financial
aid. Furthermore, RAOT provides financial loan support to intermediaries and the
rubber industry. To be eligible for funding or loans, farmers, intermediaries, and
industry stakeholders must register in the RAOT database in accordance with the
Rubber Authority of Thailand Act, B.E. 2558 (2015).

For another role of RAOT as the regulator, the exporter must pay CESS money
(Centre for Experimental Social Sciences) which officially means the rubber subsidy
fund. The CESS money is collected from rubber exporters by the Office of the Rubber
Replanting Aid Fund under the RAOT. This fund is used to finance the replanting of
low-yield rubber plantations with high-yield rubber varieties as shown in Figure 2.4.

2.4.2 Department of Agriculture (DOA)

The Rubber Division, under the Department of Agriculture (DOA), was
established under the Rubber Control Act, B.E. 2542 (1999) to oversee and monitor the
entire rubber supply chain. For example, it manages the issuance of Rubber Trade
Licenses in accordance with the Rubber Control Act, B.E. 2542 (1999) (RAOT, 2024b),
as shown in Table 2.2 and Figure 2.4, respectively.

2.4.3 Thai Customs Department

The Customs Department under the Customs Act, B.E. 2469 (1926), Customs
Department (2024), was established to facilitate global trade and provide effective

control on imports, exports and transit goods as shown in Figure 2.4.
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Figure 2.4 Flow Chart of Rubber Authority of Thailand

2.5 Distributed Ledger Technology (DLT)

A decentralized database, often referred to as Distributed Ledger Technology
(DLT), is a system where data is distributed across various computers, known as nodes.
Each node maintains a copy of the ledger, which is autonomously updated whenever
data is modified. DLT can represent data in various structures and does not follow a
specific sequence, as different types of DLT may adopt different sequences. It operates
without the need for consensus mechanisms, resulting in lower power consumption.
DLT is being developed for diverse applications and does not necessarily require a
currency or token to function within the network (Panwar & Bhatnagar, 2020). There
are five different kinds of DLTs, namely Blockchain, Hashgraph, Holochain, DAG, and

Tempo, as outlined below.
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2.5.1 Blockchain: The Sequential Ledger

Blockchain is the foundational DLT, where transactions are grouped into blocks
and linked in a linear, chronological chain. Each block contains a cryptographic hash
of the previous one, ensuring immutability. This structure provides security and
transparency, as seen in Bitcoin and Ethereum. However, its sequential nature can lead
to scalability issues, as all nodes must validate each block, creating bottlenecks.

2.5.2 Hashgraph: Parallel Event-Based Consensus

Hashgraph improves by using a directed acyclic graph (DAG)-like structure
where transactions (called "events") are recorded in parallel. Instead of blocks, it
employs a "gossip about gossip" protocol for consensus, allowing multiple transactions
to share the same timestamp. This enables high throughput, fairness, and low latency,
as seen in Hedera Hashgraph. However, Hashgraph is patented, limiting its
decentralization compared to public blockchains.

2.5.3 Holochain: Agent-Centric Distributed Ledger

Holochain shifts from a data-centric to an agent-centric model, where each user
maintains their own chain. Transactions are validated through peer-to-peer interactions
rather than global consensus, enhancing scalability and reducing energy consumption.
This approach supports decentralized applications without requiring miners, making it
eco-friendly. However, its security model relies heavily on user honesty, which may
pose risks in adversarial environments.

254 DAG (Directed Acyclic Graph): Asynchronous Transaction
Processing

Unlike blockchain’s linear structure, DAG-based ledgers (e.g., IOTA, Nano)
store transactions in a topological order, where each new transaction references
previous ones. This allows parallel processing, eliminating miners and enabling feeless
transactions. DAGs excel in scalability and speed but face challenges in security, as
they are vulnerable to certain attacks (e.g., Sybil attacks) without additional safeguards.

2.5.5 Tempo (Radix): Event-Ordered Consensus

Tempo, used by Radix, orders transactions based on actual event occurrence
rather than timestamps. It employs a unique "gossip" protocol to ensure consistency

across nodes, improving efficiency over traditional blockchain models. Radix aims to
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solve scalability without sacrificing decentralization, making it a promising alternative

for high-performance decentralized finance (DeFi) applications.

2.6 The Adoption of Blockchain Technology

Blockchain is a specific type of DLT where each node in the network maintains
its own copy of the ledger. When a new transaction is executed and verified, all ledgers
are simultaneously updated. In blockchain, data is organized as a chain of blocks, which
follows a specific sequence, making it distinct from other DLT structures. Unlike some
DLTs that operate with lower power consumption, blockchain typically employs
various proof-based consensus mechanisms, which require higher energy usage. The
applications of blockchain are vast and span across numerous industries and
governmental operations. Additionally, different blockchain platforms often utilize
unique tokens and currencies within their networks, further distinguishing them in
functionality and purpose (Panwar & Bhatnagar, 2020).

Blockchain technology was first proposed by Nakamoto in 2008 as Bitcoin,
which is a digital currency enabling peer-to-peer (P2P) transactions without the need
for centralized authorities. The concept of blockchain functions as a distributed
database that operates without third parties (Chang & Chen, 2020).

The evaluation of blockchain technology was adopted from 2008 to 2015 in the
field of financial applications, such as Bitcoin and other digital currencies. In 2016, the
first studies on supply chain traceability and transparency, including agricultural
products, were conducted. Since 2017, the growth of blockchain technology has
integrated with other emerging technologies. In 2018, there was an increasing focus on
studying blockchain security and privacy, distributed ledger technologies, and smart
contracts. Since 2019, there have been various topics, especially focusing on blockchain
acceptance and adoption (Chang & Chen, 2020).

Blockchain technology has been adopted in several fields, such as agri-food
value chain management, in four main aspects: traceability, information security,

manufacturing, and sustainable water management (Zhao et al., 2019).
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Blockchain technology in the agricultural supply chain has shifted traditional
supply chain management to a lean and agile model. In 2001, the study on the agri-food
supply chain based on traceability, transparency, safety, security, food integrity, and
quality assurance of the products was conducted (Salin et al., 2001).

In 2019, blockchain technology was introduced to natural rubber manufacturing
by Benedict et al. (2020), who utilized the IoT-Blockchain Enabled Yield Advisory
System (IBEY AS) to evaluate the yield of rubber trees at various intervals. The system
alerts rubber manufacturers and relevant participants about any anomalies.

The implementation of blockchain technology in public administration can
transform traditional bureaucratic processes into a more efficient system, playing a
major role in the digitalization of the public sector. Many countries have integrated
blockchain into their government frameworks. For example, the government of Mexico
is using blockchain to decrease corruption in areas such as financial transactions,
collusion, tenders, procurement, audit agencies, funding, and land registration.
Similarly, the government of Turkey has adopted blockchain in various sectors,
including voting, energy, land registration, IoT, healthcare, identity management,
supply chain management, public financial management, and more. Other countries,
such as South Korea, Estonia, Australia, the United Kingdom, and Israel, are also
leveraging blockchain technology for similar purposes (Aliti et al., 2022).

Blockchain in Agriculture: Enhancing Efficiency, Transparency, and
Stakeholder Engagement. Blockchain technology has emerged as a transformative tool
in agriculture, addressing long-standing challenges in market efficiency, fraud
reduction, and supply chain coordination. Empirical studies and real-world
implementations demonstrate their potential to revolutionize the sector.

2.6.1 Improving Market Efficiency and Reducing Fraud

Research by Kouhizadeh et al. (2021) highlights how blockchain-based systems
enhance market efficiency by streamlining transactions and minimizing intermediaries.
The immutable nature of blockchain ensures tamper-proof data recording, significantly
reducing fraud and errors in procurement processes (Tian, 2016). For instance, Lin et

al. (2020) conducted a case study in agriculture where blockchain implementation
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improved transaction verification and product traceability, leading to faster and more
reliable supply chain operations.

2.6.2 Strengthening Traceability and Accountability

Traceability platforms like IBM’s Food Trust have demonstrated measurable
improvements in accountability and operational efficiency (Park & Li, 2021). By
enabling end-to-end visibility, blockchain allows consumers and regulators to verify
product origins, reducing food fraud and ensuring compliance with safety standards.
This transparency also helps balance supply and demand, mitigating price volatility
(Wang et al., 2020).

2.6.3 Stakeholder Collaboration and Adoption Challenges

However, the success of blockchain in agriculture depends on widespread
stakeholder participation. Studies emphasize the necessity of early engagement with
farmers, cooperatives, and legal entities to ensure system adoption (Klerkx et al., 2019).
Casino et al. (2019) further argue that without buy-in from small-scale producers-who
often lack digital infrastructure-blockchain solutions may fail to achieve full supply
chain integration.

Blockchain technology offers a robust solution for enhancing agricultural
supply chains, but its effectiveness hinges on both technological implementation and
collaborative stakeholder engagement. Evidence from academic research and industry
applications underscores its potential to foster transparency, efficiency, and market

stability.

2.7 Blockchain-Based Application

Blockchain implementations, particularly those utilizing Ethereum, have been
widely adopted across multiple sectors including finance, information security, and
agri-food value chain management. As demonstrated in the study by Woéhrer et al.
(2021), hybrid blockchain architectures have been successfully implemented in various
business contexts. Their research not only documented these implementations but also
proposed a comprehensive set of architectural design options for blockchain

applications, as illustrated in Figure 2.5.
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Figure 2.5 Feature Model for a Blockchain-Based Application

2.8 Unified Theory of Acceptance and Use of Technology (UTAUT)

The Unified Theory of Acceptance and Use of Technology (UTAUT) is a well-
known technology acceptance model used to verify the factors influencing individual
acceptance of new technology. It is a combination of eight models rooted in information
systems, psychology, and sociology, which are derived from: (1) the Theory of
Reasoned Action (TRA), (2) the Technology Acceptance Model (TAM), (3) the
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Motivational Model (MM), (4) the Theory of Planned Behavior (TPB), (5) a model
combining the Technology Acceptance Model and the Theory of Planned Behavior (C-
TAM-TPB), (6) the Model of PC Utilization (MPU), (7) the Innovation Diffusion
Theory (IDT), and (8) the Social Cognitive Theory (SCT) (Venkatesh et al., 2003).
The UTAUT is formulated with four core determinants of intention and usage,
which depend on four moderators of key relationships and four moderators, as follows:
(1) Gender, (2) Age, (3) Experience and (4) Voluntariness, as follows: (1) Performance
Expectancy (PE) is the degree to which an individual believes that using the new system
will help improve job performance, moderated by gender and age. (2) Effort
Expectancy (EE) is the degree of ease associated with the use of the new system,
moderated by gender, age, and experience. (3) Social Influence (SI) is the degree to
which an individual perceives effect to others believe to use the new system, moderated
by gender, age, experience and voluntariness. (4) Facilitating Conditions (FC) is the
degree to which an individual believes that an organizational and technical
infrastructure exists to support use of the new system, moderated by age and experience.

Shown as Figure 2.6 (Venkatesh et al., 2003).

Performance
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Behavioral Use

Intention /; Behavior
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Source Venkatesh et al. (2003)
Figure 2.6 Unified Theory of Acceptance and Use of Technology (UTAUT)
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The UTAUT theory is more commonly used for studying user acceptance of
information systems than other theories such as TAM, DMIS, ECM, and ISSM,
especially in countries like Indonesia, China, Australia, India, Malaysia, Thailand,
South Africa, and Taiwan. (Nugroho et al., 2023).

The UTAUT Extension can be categorized into four primary types: (1) New
exogenous mechanisms, which refer to the influence of external factors on the four
exogenous variables in UTAUT (performance expectancy, effort expectancy, social
influence, and facilitating conditions); (2) New endogenous mechanisms, which focus
on the impact of new predictors on the two endogenous variables in UTAUT
(behavioral intention and use behavior), or the enhancement of the four exogenous and
two endogenous variables in the original UTAUT; (3) New moderating mechanisms,
which introduce new moderating effects into the original UTAUT, including the
moderation of newly established relationships; and (4) New outcome mechanisms,
which add new consequences for behavioral intention and technology use to the original

UTAUT. This is illustrated in Figure 2.7 (Venkatesh et al., 2016).
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Source Venkatesh et al. (2016)
Figure 2.7 Extension of UTAUT
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Factor Influenced to

FC PE TA
Category Behavior Intention (BI)
Author
Field TA/
PE SI FC EE Others
AN
Budhathoki et ~ ChatGPT
_ v N N N AN - - -
al. (2024) adoption
Zhang and E-Commerce
v N - TA - -
Zhang (2024)
Hetal. (2024) Al-powered
Transportation - - \ - - - -
Applications
Khan et al. E-Learning
- N A - AN - - -
(2023)
Petersen Business
(2023) simulation N A - AN - - -
games
Srivastava and  M-Learning
| o ¥ AN AN VR
Bhati (2023)
Bhati et al. E-Banking
@ Y. - .
(2023)
Popova and Smart City
Zagulova \ - V - - - FC -
(2022)
Umbas et al. M-Banking J J
(2022)
Smyth et al. Automated
- - - - - - EE -
(2021) Vehicles
Kar et al. Industrial
V- - - AN -
(2021) Internet of
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Table 2.4 (continued)

Factor Influenced to
FC PE TA
Category Behavior Intention (BI)
Author

Field TA/
PE SI FC EE Others
AN

Things and
Emerging
Digital
Technologies
Nain (2021) Social Media
Learning in \ - V V - - - -
Education
Saparudin et Mobile
al. (2020) Banking
Gunasinghe et  Education

al. (2019)

Note TA = Technological Anxiety, AN = Anxiety

Source Gunasinghe et al. (2019), Saparudin et al. (2020), Bhati et al. (2023), H et al.
(2024), Nain (2021), Srivastava and Bhati, (2023), Petersen (2023), Popova
and Zagulova. (2022), Umbas et al. (2022), Budhathoki et al. (2024), Smyth et
al. (2021), Kar et al. (2021), Khan et al. (2023) and Zhang and Zhang (2024)

2.9 Structural Equation Modeling (SEM)

Structural Equation Modeling (SEM) is a well-known method used to test
various types of theoretical models by demonstrating relationships among observed and
latent variables. The purpose of SEM analysis is to verify the extent to which the
theoretical model is supported by the sample data. Therefore, if the sample data do not

support the theoretical model, either the original model can be modified and retested,
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or new theoretical models may need to be developed and tested (Schumacker & Lomax,
2004).

The Structural Equation Model (SEM) is one of four types of models, including
regression models, path models, confirmatory factor models, and structural equation
models. SEM was introduced around 1972—-1973 by Ward Keesling, Karl Joreskog, and
David Wiley. It was developed as the foundation for the first software program
designed to estimate such models, known as LISREL (Linear Structural Relations).
Today, most SEM software programs are designed for Windows operating systems,
such as AMOS (SPSS), EQS, JMP, LISREL, Mplus, Mx, OpenMx, PROC CALIS
(SAS), R, SEPATH (Statistica), and SEM (STATA) (Schumacker & Lomax, 2016).
Moreover, between 1994-2001, SEM gained significant popularity in academic
journals that published research involving multivariate methods, largely due to
advancements in structural equation modeling techniques. Hence, SEM techniques
have been accepted as a method for confirming or disconfirming theoretical models in
quantitative research (Schumacker & Lomax, 2004).

As the study of Kline (2023) that the method of SEM divided to tree distinct
families of techniques including (1) Covariance-Based SEM (CB-SEM) or Traditional
SEM is most widely used and common in psychology and related fields. Traditional
SEM provides a more accurate representation of real-world data by incorporating
measurement error, a frequent issue in behavioral research. It is flexible enough to
accommodate both exploratory and confirmatory analyses, depending on the objectives
of the study. Furthermore, traditional SEM offers more extensive modeling capabilities
for analyzing data collected over time (longitudinal data) than composite SEM. It works
by estimating parameters in causal models composed of observed or latent variables. It
does this by minimizing the difference between the actual covariance matrix and the
one predicted by the theoretical model. Latent variables are modeled using shared
factors, like those found in early 20th-century factor analysis techniques. Confirmatory
Factor Analysis (CFA) is a key technique within this group. Several well-established
software programs-such as Mplus, LISREL, AMOS, and EQS are widely recognized
for their capabilities in conducting CB-SEM analyses. (2) PLS path modeling (PLS-
PM) or Composite SEM, also known as Variance-Based SEM, use simpler statistical
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techniques and fewer assumptions by representing theoretical constructs with
composite variables instead of common factors. It's popular in fields like marketing and
information systems. Composite SEM focuses on maximizing explained variance (R?),
unlike traditional SEM, which doesn't always emphasize this for individual outcomes.
Unlike traditional SEM, which focuses on modeling covariances, composite SEM
emphasizes analyzing total variance in observed data using composites (weighted
combinations of variables). The approach is based on regression techniques and is
suitable for causal modeling, especially when data or theory is less developed.
Confirmatory Composite Analysis (CCA) is the counterpart to CFA in this framework.
From here on, the term composite SEM is used. Several well-established software
programs-such as SmartPLS, ADANCO, WarpPLS, Lavaan, Mplus and LISREL are
widely recognized for their capabilities in conducting PLS-SEM analyses.
(3) Nonparametric SEM or Structural Causal Models (SCM) highlights the importance
of counterfactuals, hypothetical outcomes under different conditions, in understanding
causal relationships. It is commonly used in epidemiology, computer science, and
medicine. Originating from Judea Pearl’s work on Bayesian networks, SCM represents
causal relationships using graphs-either DAGs (for one-way causation) or DCGs (for
reciprocal causation). Unlike traditional SEM, SCM doesn’t require assumptions about
distributions or functional forms. It can even analyze causal structures without any data,
aiding study design and control for confounding factors. This flexibility has led to new
methods in mediation analysis. The SCM methos or Piecewise SEM can be conducted
using standard statistical software like SPSS, eliminating the need for specialized SEM
programs.

The comparative study of SEM software applications between CB-SEM and
PLS-SEM revealed no significant differences in reliability and validity scores across
both approaches. Therefore, the choice of model and its theoretical development by
researchers should be guided by the appropriateness of the selected modeling approach,
consistent with the findings of Awang et al. (2015) and Sandoval and Ramos-Diaz
(2018).
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2.10 Confirmatory Factor Analysis (CFA)

Confirmatory Factor Analysis (CFA) is the researcher who determines the
number of factors, their relationships, and the variables linked to each factor. The
research begins with a pre-defined theoretical model (Schumacker & Lomax, 2004).
CFA is indeed a technique within SEM, especially as a key method within CB-SEM
Kline (2023), that evaluates the relationships between observed indicators and latent
variables. It is conceptually grounded in the common factor model. There are two types
of analyses based on the common factor model including (1) Confirmatory Factor
Analysis (CFA), which involves predetermined specifications such as the number of
factors, indicator loadings, factor relationships, and indicator variances; and
(2) Exploratory Factor Analysis (EFA), which examines data without prior assumptions
about the number of factors or the relationships between factors and observed variables.
Hence, EFA is typically used in the early stages of construct development, while CFA

is employed later to confirm an established factor structure Hoyle (2023).
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CHAPTER 3

RESEARCH METHODOLOGY

This study examines the acceptance of blockchain traceability platform among
all stakeholders in the rubber supply chain, including farmers, collectors, exporters,
government agencies, and others. It aims to identify the factors that encourage each
stakeholder to accept the blockchain platform as a traceability system for tracking the
volume of rubber purchases and sales within the supply chain. The study follows the
conceptual framework illustrated in Figure 1.3 and includes a review of relevant
literature that supports the research objectives. The details are presented as follows:

3.1 Study Area

3.2 Data Collection

3.2.1 Sample Groups
3.2.2 Sample Size Formulas for Structural Equation Model (SEM)

3.3 Proposed UTAUT Model

3.4 Questionnaire Survey Construction

3.5 Statistical Data Analysis

3.5.1 Descriptive Analysis

3.5.2 Questionnaire Reliability

3.5.3 Confirmation Factor Analysis (CFA)
3.5.4 Structural Equation Model (SEM)

3.1 Study Area

This research focuses on the rubber supply chain in Thailand, covering all
regions and 24 provinces, including the Northern, Central, Northeastern, Eastern, and
Southern regions. The sample distribution across these regions is illustrated in Figure

3.1 and Table 3.1.
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Figure 3.1 The Sample Distribution in Rubber Supply Chain

Table 3.1 The Sample Distribution in Rubber Supply Chain

Regions Provinces
Northern 1. Chiang Rai 2. Phayao 3. Nan 4. Phitsanulok
Central 5. Kanchanaburi 6. Prachuap Khiri Khan
Northeastern 7. Loei 8. Udon Thani 9. Nong Khai 10. Bueng Kan 11. Buri Ram
12. Si Sa Ket 13. Ubon Ratchathani
Eastern 14. Prachinburi 15. Sakaeo 16. Rayong 17. Chachoengsao 18. Trat
Southern 19. Chumphon 20. Surat Thani 21. Phang Nga 22. Nakorn Srithammarat

23. Songkhla 24. Yala
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3.2 Data Collection

The study carefully collected data to represent respondents from each
stakeholder group, focusing on high-potential rubber production areas across the five
regions of Thailand, as shown in Figure 3.1. An experimental research method was
employed, involving the manipulation of independent variables through different
groups of participants, each exposed to various experimental conditions. The study
examines the effects of five factors based on the proposed UTAUT model, with
Technology Anxiety (TA) integrated into the evaluation phase. The proposed UTAUT
model includes Performance Expectancy (PE), Social Influence (SI), Facilitating
Conditions (FC), Effort Expectancy (EE), and Technology Anxiety (TA). These
factors were analyzed across five stakeholder groups within Thailand’s rubber industry
supply chain: Farmers, Collectors, Exporters, Government Agencies, and Others,
depending on their roles in rubber market activities, as shown in Table 3.2.

Table 3.2 Comparing the Old and New Rubber Market Activity in Supply Chain

Proposed New Market
Old Market Activity
Stakeholder . . .
Activity (Blockchain Traceability
Platform)
Farmer Rubber Product Rubber Product
A
peer to peer
A 4
Middleman Rubber Product Rubber Product
Collector A
peer to peer
y A
Manufacturer
Rubber Product Rubber Product
4
i peer to peer
Exporter ) Y :
Rubber Product Rubber Product

Note Government agencies and other stakeholders play crucial roles in utilizing rubber

market activity data.
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3.2.1 Sample Groups

The research was designed using a multi-stage sampling method, combining
stratified random sampling and quota sampling. Multi-stage sampling, or multi-stage
cluster sampling, is a method used to collect data from large populations by selecting
samples through multiple stages, starting with large groups and narrowing down to
smaller units. Though less statistically precise than pure random sampling, it is more
cost-effective and time efficient. The process typically involves four stages:
identifying a sampling frame of distinct groups, assigning identifiers, selecting sub-
groups, and finally choosing individuals using probability sampling. This method is
especially useful in large-scale research (Teddlie & Yu, 2007; Makwana et al., 2023).

Stratified random sampling is a sampling technique in which a population is
segmented into distinct subgroups, known as strata, based on shared attributes, and
then random samples are drawn from each subgroup. This method increases the
accuracy and representativeness of research by minimizing variation within each
stratum. There are two main forms of this technique: proportionate and
disproportionate stratified sampling including (1) Proportionate stratified sampling,
the number of samples taken from each stratum corresponds to the stratum’s
proportion within the overall population. This method is straightforward, efficient, and
particularly useful when larger strata exhibit greater variability, as it ensures an
appropriate sample size from each group. (2) Disproportionate stratified sampling, in
contrast, does not adhere to the natural proportions of the population. Instead, it allows
researchers to assign sample sizes based on factors such as the size and variability of
each stratum or the specific goals of the study. This method is more flexible and often
used when subgroups warrant more focused analysis (Sekaran & Bougie, 2016;
Makwana et al., 2023).

Quota sampling is a non-probability sampling technique where participants are
chosen based on specific characteristics set by the researcher to ensure the sample
represents the population. While it resembles stratified random sampling by dividing
participants into subgroups, it differs by not using random selection. There are two

types including (1) Controlled quota sampling, with strict selection guidelines, and
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(2) Uncontrolled quota sampling, which allows more flexibility and is based on
convenience (Sekaran & Bougie, 2016; Makwana et al., 2023).

Hence, this study adopted the proportionate stratified random sampling method
based on Sekaran and Bougie (2016), where 20 percent of the population from each
stratum (stakeholder groups) is considered sufficient for conducting research. The total
calculated sample size was not less than 100 respondents. Additionally, quota
sampling was emphasized for representing the major sectors of the rubber industry,
which have a significant impact on the industry, as shown in Table 3.3.

Accordingly, a total of 130 respondents were selected from five stakeholder
groups in the rubber supply chain: Farmers, Collectors, Exporters, Government
Agencies, and Others (including brokers and rubber scholars), as defined below.

3.2.1.1 Farmers: There were 1,667,095 rubber farming families registered
in the government database (OAE, 2022). They play a key role by growing rubber trees
and producing materials such as cup lump, latex, and crepe rubber, which are sold to
collectors. This study focused on large landowners, specifically those owning more
than 100 rai, who represented 0.01% of the families registered in the government
database.

3.2.1.2 Collectors: There were around 1,000 middlemen and manufacturer
registered in the government database (RAOT, 2023). They purchase natural rubber
from farmers, process it into semi-finished or finished products, and sell it to exporters
or other buyers. This study focused on the 10 largest businesses registered in the
government database.

3.2.1.3 Exporters: There were 38 export companies registered in the
government database (RAOT, 2022). They play a key role in exporting both semi-
finished products (e.g., block rubber, ribbed smoked sheets, and concentrated latex)
and finished products (e.g., tires, medical rubber gloves, and elastic materials). This
study focused on the 10 largest businesses registered in the government database.

3.2.1.4 Government Agencies: The government agencies involved in the
Thai rubber supply chain include three key organizations:

1. The Rubber Authority of Thailand (RAOT): There is a head center

located in Bangkok and around 146 branches covering all regions of Thailand (RAOT,
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2021). These act as facilitators and supporters within the Thai rubber supply chain
under the Rubber Authority of Thailand Act, B.E. 2558 (2015).

2. The Department of Agriculture (DOA): There is a head center
located in Bangkok and around 17 branches covering all regions of Thailand (DOA,
2022). They operate under the Rubber Control Act, B.E. 2542 (1999), oversees and
monitors the entire rubber supply chain.

3. The Customs Department: There is a head center located in Bangkok
and around 46 branches covering all regions of Thailand (Customs Department, 2022).
They regulate rubber exports under The Customs Act, B.E. 2469 (1926).

Hence, this research focused on executives, heads of rubber divisions, and
staff responsible for rubber data.
3.2.1.5 Others: This group includes brokers, who facilitate trade within the

supply chain, and rubber scholars, who contribute academic and technical expertise to

the industry.
Table 3.3 The Calculation of Proportionate Stratified Random Sampling
Population Sample
(Major Sector (Proportionate
No. Rubber Stakeholders
of the Rubber Sampling: 20% of
Industry) the Elements)
1 Farmer (F)
\ 200 20% x 200 =40
(Land > 100 Rai)
2 Collector (C)
_ 100 20% x 100 =20
(10 Business Largest)
3 Exporter (E)
. 100 20% x 100 =20
(10 Business Largest)
4 Government Agencies (QG)
50 20%x 50=10
(3 Organizations)
5 Others (O)
50 20%x 50=10
(Broker & Scholar)
Total 250 100

Source Sekaran and Bougie (2016)
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3.2.2 Sample Size Formulas for Structural Equation Model (SEM)

This study determined the sample size for structural equation modeling (SEM)
using Analytics Calculators (2024), a widely used tool for calculating sample sizes. The
calculation indicated that the recommended minimum sample size was 88 stakeholders
from the rubber supply chain industry in Thailand as shown in Table 3.3. This study
using 3 formulas that are used to compute sample sizes for structural equation model
(SEM) studies involving latent variables (Analytics Calculators, 2024).

3.2.2.1 Cumulative Distribution Function (CDF)

e ()

Variable definitions:
[ =mean
o = standard deviation
erf = error function

3.2.2.2 Error Function

erf(z) = ﬁ/o et dt.

3223 Structural Equation Model (SEM)

7= max (ny,nz)
where:

.y 2 =
ny = {50 (%) — 450 (%) + 1100]

g = [%(A(%—B+D)+H+ \/!(A(%—B-FD)+H)2+4.~1H(%+~/§+QB—C—QD)N

A=1-p

B = pm‘csin(g)

C = parcsin{p)
A

D=

2
H= (#)
A—aj2 — Z1-3

i
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Variable definitions:

j = number of observed variables

k =number of latent variables

p = estimated Gini correlation for a bivariate normal random

vector

o = anticipated effect size

o. = Sidak-corrected Type I error rate

S = Type Il error rate

z = a standard normal score

This study calculates the sample size for SEM by Analytics Calculators, (2024)

which is the widely instant program computed to compute sample sizes for structural
equation model (SEM). The compute demonstrated that the recommended minimum
sample size for this study is 88 sample of stakeholders in rubber supply chain industry
in Thailand as shown in Table 3.4.

Table 3.4 Structural Equation Model (SEM) Sample Size Calculator

Variables Number Input
Expected effect size 0.5
Latent variables 6
Observed variables 27
p-value 0.05
Statistical power 0.8
Output/ Result
Minimum sample size to detect effect 40
Minimum sample size for model structure 88
Recommended minimum sample size 88

Source Analytics Calculators (2024)
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Variable definitions:

Expected effect size = The minimum absolute anticipated effect size for the
structural equation model. By convention, values of 0.1, 0.3 and 0.5 are considered
small, medium and large, respectively.

Latent variables = The number of unobserved (latent) variables of the SEM.

Observed variables = The number of indicator (observed) variables of the SEM.

p-value = The probability level for the study. This value should typically be less
than or equal to 0.05.

Statistical power = The desired statistical power level (should typically be

greater than or equal to 0.8).

3.3 Proposed UTAUT Model

This study proposed a hypothesis model structure based on the Unified Theory
of Acceptance and Use of Technology (UTAUT), which serves as the foundational
model for non-profit activities (Venkatesh et al., 2003), as shown in Figure 3.2. The
model suggests that the intention to use technology is influenced by four key constructs:
performance expectancy (PE), effort expectancy (EE), social influence (SI), and
facilitating conditions (FC), all of which impact behavioral intention (BI). This
framework has been supported by previous research and is adopted in this study
(Gunasinghe et al., 2019; Saparudin et al., 2020; Bhati et al., 2023; H et al., 2024; Nain,
2021; Srivastava & Bhati, 2023; Petersen, 2023; Popova & Zagulova, 2022; Umbas et
al., 2022; Budhathoki et al., 2024; Kar et al., 2021; Khan et al., 2023; Zhang & Zhang,
2024).

Additionally, this study investigates the role of technology anxiety (TA) in
relation to technology adoption, drawing from Bozionelos (2001), who found that
computer anxiety was prevalent across various groups. TA has been incorporated into
the evaluation phase of the UTAUT model, with its relevance validated and emphasized

in several studies (Gunasinghe et al., 2019; Zhang & Zhang, 2024).
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Figure 3.2 UTAUT Basic Version Model

The study was designed based on the conceptual research framework to analyze
the acceptance of a blockchain traceability platform by applying the hypothetical
UTAUT model, which was developed from previous studies (Gunasinghe et al., 2019;
Saparudin et al., 2020; Bhati et al., 2023; H et al., 2024; Nain, 2021; Srivastava & Bhati,
2023; Petersen, 2023; Popova & Zagulova, 2022; Umbeas et al., 2022; Budhathoki et
al., 2024; Kar et al., 2021; Khan et al., 2023; Zhang & Zhang, 2024), as illustrated in
Figure 3.3.

Since the blockchain traceability platform is a relatively new technology, its
introduction to the rubber supply chain industry in Thailand may bring uncertainty.
Therefore, technological anxiety could be an important factor influencing stakeholders'
acceptance behavior.

In response, this study incorporates Technological Anxiety (TA), a factor whose
significance has been validated and highlighted in prior research (Gunasinghe et al.,
2019; Zhang & Zhang, 2024), into the UTAUT model, resulting in a revised version
referred to as the Hypothetical UTAUT Model, shown in Figure 3.3. This model will
be statistically tested to identify factors affecting the acceptance behavior of

stakeholders in the rubber supply chain.
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Source Adapted from Venkatesh et al. (2003)
Figure 3.3 Proposed UTAUT Model Based on UTAUT with Adding “Technological
Anxiety”

3.4 Questionnaires Survey Construction

This study is designed by applying the concept of “Constructed Questionnaire
Survey”. The start of the development of the questionnaire survey is to conduct the
focus group meeting with different stakeholders and experts to get key points of concern
and challenges related to the study objectives. The first draft of questionnaires was
designed from the opened-ended answers of interviewees that ensured a common
understanding of the term “acceptance” regarding the factors affecting the behavior of
stakeholders. This results from the focus group meetings were used for designing a
constructed questionnaire survey that already applied in a Brazilian supply chain
context. Then, the draft questionnaire had to get the comment from senior supply chain
specialists (Sibona et al., 2017). Therefore, the results from focus group meetings and
comments from specialists were also used as the concept to construct the questions in
this questionnaire survey (Mazur & Bennett, 2008) which this study intentionally

adopted. The list of constructed questions is shown in Table 3.4, and the final version
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of questionnaires is a tool for collecting data from the stakeholders in the form of
closed-ended questions as shown in Appendix A.

The questionnaires consist of general information and specific information that
focus on six factors, according to the research from Venkatesh et al. (2003). It is focused
on five basic factors (factor 1-5) and the one added factor (factor 6) into the Proposed
UTAUT Model of this study as follows.

1. Performance Expectancy (PE) is defined as the degree to which an
individual believes that using the system will help him or her to attain gains in job
performance.

2. Effort Expectancy (EE) is defined as the degree of ease associated with
use of the system.

3. Social Influence (SI) is defined as the degree to which an individual
perceives that it is important for users to believe in the new system.

4. Facilitating Conditions (FC) are defined as the degree to which an
individual believes that an organizational and technological infrastructure exists to
support the use of the system.

5. Technological Anxiety (TA) is defined by applying from the study’s
Bozionelos (2001) that investigated the computer anxiety involved the use of
computers.

6. Behavioral Intention (BI) is defined as the decision to either accept or
reject the adoption of the blockchain traceability platform as a new technology among
all stakeholders in the rubber industry supply chain in Thailand.

Therefore, this study considers adapting the blockchain traceability platform as
the new technology applying to be added into “Proposed UTAUT Model”. The selected
factors were also adapted from previously validated studies ( Venkatesh et al., 2003,

2012).
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Table 3.5 The List of Questions from the Focus Group Meeting and Verified

by Specialists
Construct Items
PE PEl Do you agree that requiring farmers and collectors to report information in a
blockchain traceability platform would help ensure that the data is transparent and
reliable?
PE2 Do you agree that requiring farmers and collectors to report every rubber transaction
in a blockchain traceability platform would be beneficial?
PE3 Do you agree that requiring farmers and collectors to report every rubber transaction
in a blockchain traceability platform would be effective?
PE4 Do you agree that a government agency needs to have reliable big data on rubber?
PE5 Do you agree that a blockchain traceability platform can meet the requirements for
deforestation-free products set by the European Union?
PE6 Do you agree that displaying a daily summary of rubber transactions in a blockchain
traceability platform would provide insights into the supply and demand levels?
PE7 Do you agree that disclosing information about all producers would help in accessing
sources of raw materials?
EE EEl Do youagree that a blockchain traceability platform would work well with many users,
such as 1.6 million farmers?
EE2 Do you agree that you will be able to use the blockchain traceability platform by
yourself?
EE3 Do you agree that you will be able to use the blockchain traceability platform by
yourself and adapt to changes in digital technology?
EE4 Do you agree that reporting rubber trading information in the blockchain traceability
platform will be redundant by reporting rubber trading values to the Rubber Control
Center, Department of Agriculture?
SI SI1 Do you agree that age will affect the use of the blockchain traceability platform?
SI2 Do you agree to start using the blockchain traceability platform with agricultural
groups first, such as cooperatives and legal entities?
SI3 Do you agree that if the government mandates stakeholders in the rubber industry to
use the blockchain traceability platform for rubber trading?
FC FCl1 Do you agree that you have the equipment to use the blockchain traceability platform,
such as a smartphone or a computer?
FC2 Do you agree that the Government Agency is ready to assist with equipment and
personnel?
FC3 Do you agree that the internet is accessible in all areas?
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Table 3.5 (continued)

Construct Items
TA TAl Do you agree that farmers who grow rubber trees in natural forest areas would not use
blockchain traceability platforms due to concerns about data disclosure?
TA2 Do you agree that some rubber collectors might not use blockchain traceability
platforms due to concerns about tax collection from the Revenue Department?
TA3 Do you agree that disclosing information on a blockchain traceability platform could
lead to a loss of benefits?
TA4 Do you agree that some rubber collectors may not use blockchain traceability platforms
due to concerns about government inspection?
TA5 Do you agree that exporters and processors of rubber products might not use
blockchain traceability platform due to concerns about the price of raw rubber?
BI  BI1 Do you agree that you are willing to use blockchain traceability platform?
BI2 Do you agree that there will be many users of blockchain traceability platform?
BI3 Do you agree that blockchain traceability platform will be beneficial to stakeholders
in the rubber supply chain?
BI4 Do you agree that you are willing to use blockchain traceability platform?
BIS Do you agree that you are willing to cooperate with the government in using

blockchain traceability platform?

The measure of scales is based on a 7-point Likert, ranging from “strongly

disagree” to

“strongly agree”. The 7-point scale provides more varieties of options

which in turn increase the probability of achieving the objectives according to the

people’s perception and belief are as follows (Joshi et al., 2015).

1 = Strongly disagree

2 = Disagree

3 = Somewhat disagree

4 = Neither agree nor disagree
5 = Somewhat agree

6 = Agree

7 = Strongly agree

The final version of questionnaires was sent out to the target stakeholders in

different groups including Farmers, Collectors, Government Agencies, Exporters, and
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Others to ensure that the samples truly are represented. Then, the data collected will be

analyzed by statistical methods to test the hypothesis.

3.5 Statistical Data Analysis

This study was conducted through the prescript step as follows (1) Descriptive
Analysis (2) Questionnaire Reliability and Validity and (3) Confirmatory Factor
Analysis (CFA) and (4) Structural Equation Model (SEM) are as shown in Figure 3.4.

Step I
P Descriptive Analysis
i
Step IT A I
Questionnaire Reliability
Step 111
Confirmatory Factor
Analysis (CFA)
A4
Step IV
Structural Equation
Modeling (SEM)
Data Analysis
Y

Analyzing the Hypothesis
UTAUT Model

Model fit

b

Report the Result

Figure 3.4 Statistical Data Analysis Framework
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3.5.1 Descriptive Analysis
Descriptive statistics are subjected to an analysis of variance (ANOVA) to
carried out comparisons to group the different average of each user.
3.5.2 Questionnaire Reliability
The questionnaires' reliability will be determined on how reliable or consistent
questionnaires perform such as (1) Instrument Reliability and Validity and (2) Factor
Analysis as follows (Shrestha, 2021).
3.5.2.1 Instrument Reliability and Validity
1. Cronbach’s Alpha
The reliability of a questionnaire is examined with Cronbach’s alpha. It
provides a simple way to measure whether a score is reliable (Shrestha, 2021).
nr
(1)

n = the number of items

r7 = the mean correlation between the items

Cronbach’s alpha ranges between 0 and 1. In general, Cronbach’s
alpha value is more than 0.7 is considered acceptable.

2. Convergent Validity

This is used to measure the level of correlation of multiple indicators of
the same construct that agree (Shrestha, 2021).

3. Average Variance Extracted (AVE)

This is a measure of the amount of variance that is taken by a

construction in relation to the amount of variance due to measurement error (Fornell &

Larcker, 1981).

DM
AVE=S=4=L
n
n = the number of the items

A = the factor loading of item 1

d. Composite Reliability (CR)
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This is a measure of internal consistency in scale items (Netemeyer et

al., 2003).

PN
Z in:lkiz + Zin:l\/ar(ei )

CR=

n = the number of the items

M = the factor loading of item i

Var (ei) = the variance of the error of the item 1

The value of AVE and CR ranges from 0 to 1, where a higher value
indicates a higher reliability level. AVE is more than or equal to 0.5 confirms the
convergent validity.

3.5.3 Confirmatory Factor Analysis (CFA)

This study employs First-Order Confirmatory Factor Analysis (CFA) based on
Suksawang's (2020) methodology to validate measurement models. The analysis serves
three primary purposes: (1) verifying theoretical consistency between variable
structures and conceptual frameworks, (2) confirming the structural validity of
measurement instruments, and (3) assessing the relative weights of observed variables.

The CFA process involves four key stages: model specification (defining
theoretical relationships and creating path diagrams), model testing (evaluating fit
using multiple indices including y*/df, GFI, CFl, RMSEA and SRMR), model
modification (adjusting for error covariance and removing insignificant variables), and
result interpretation (analyzing factor loadings and reliability).

Strict evaluation criteria are applied, with excellent model fit indicated by y/df
< 3, CFI/TLI/GFI > 0.95, RMSEA < 0.05, and SRMR < 0.08. When models fail to
meet these standards, corrective actions include permitting correlated errors between
specific observed variables and eliminating variables with statistically insignificant
factor loadings.

This rigorous analytical approach ensures the development of precise
measurement instruments that accurately capture latent constructs while maintaining

strong theoretical foundations. The methodology provides a systematic framework for
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validating measurement models, particularly useful for studies examining complex,

multi-dimensional constructs in behavioral and social sciences

the footsteps as shown in Figure 3.5.
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Source Adapted from Suksawang (2020)

Figure 3.5 Confirmatory Factor Analysis (CFA)
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3.5.4 Structural Equation Modeling (SEM)

Structural Equation Modeling (SEM) is widely popular for illustrating
relationships among observed and latent variables in various theoretical models. It
provides a quantitative method for testing hypotheses proposed by researchers. In
essence, SEM allows researchers to hypothesize and test various theoretical models
systematically (Schumacker & Lomax, 2016).

The proposed modified UTAUT model for the general population, based on
UTAUT, will be analyzed and verified using a Structural Equation Model (SEM) in
five steps, following Schumacker and Lomax’s structural thinking framework
(Suksawang, 2020), as illustrated in Figure 3.6

This statistical analysis will utilize Excel and JAMOVI Software (Version 2.6)
(The Jamovi Project, 2024), developed as an open-source alternative to proprietary
statistical software such as SPSS. JAMOVI is a modern and user-friendly statistical tool
designed to make data analysis straightforward and accessible. It is entirely free, open
source, and licensed under the GNU General Public License (GPL). Additionally,
JAMOVI is gaining popularity alongside other established tools like LISREL, AMOS,
and Mplus.

The statistical significance will be addressed in step 4 of Model Testing within
Schumacker and Lomax’s structural thinking framework (Suksawang, 2020). This step
involves verifying the consistency between Matrix S and Matrix £. The model testing
analysis will be divided into three main parts as follows:

3.5.4.1 Evaluation of Model Consistency with Empirical Data
This involves assessing the overall fit of the developed structural equation
model with empirical data through three key aspects:
1. Chi-square Ratios
Ratios between 2 and 5 are considered indicative of a reasonable fit
(Marsh & Hocevar, 1985), with a p-value greater than 0.05.
2. Goodness-of-Fit Index (GFI) or Fit Indices
Includes indices such as GFI, AGFI, TLI, and NFI, with values greater

than 0.05 considered acceptable.
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3. Estimation Error
Metrics such as RMSEA, RMR, and SRMR should have values less than
0.05 to indicate an adequate fit.
3.5.4.2 Examination of Individual Parameters

The t-values of individual parameters will be analyzed following the Rule

of Thumb.

1. Absolute |t| values larger than 1.96 indicate significance at the 0.05
level.

2. Absolute |t| values larger than 2.58 indicate significance at the 0.01
level.

3.5.4.3 Assessment of Parameter Reasonableness
The size and direction of individual parameters will be evaluated for logical
consistency and alignment with the formulated hypotheses. However, if the overall fit
in Step 4 of model testing does not meet expectations, the next step is model
modification. The model modification process is divided into two aspects as follows.
1. Considering measurement error caused by the instruments use
In this aspect, modifications can be made without affecting the proposed
UTAUT model.
2. Considering the removal or addition of certain parameters in the
model
This approach may lead to changes in the structural framework of the
proposed UTAUT model. This situation typically arises due to insufficient literature
review or inadequate reference to previous research. After addressing each aspect, the
overall fit of the modified model should be reassessed to ensure it meets the expected

criteria for model testing (Suksawang, 2020).
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CHAPETR 4

RESEARCH RESULTS

This research aims to study a sample group of 130 rubber stakeholders in
Thailand, comprising experts with more than five years of experience in rubber, drawn
from five regions of the country. The research results are composed of the following
sub-topics.

4.1 Secondary Data Analysis

4.1.1 The Challenges of Rubber Under the Authority of RAOT
4.1.2 Possible Solutions in the Challenges of Rubber Supply Chain in
Thailand
4.2 Descriptive Statistic Analysis
4.2.1 Respondent’s General Information
4.2.2 Respondent from five Regions of Thailand

4.3 Questionnaire Reliability Analysis

4.4 Measurement Model Analysis

4.5 Confirmatory Factor Analysis (CFA)

4.6 Structural Equation Model Analysis

4.6.1 Proposed UTAUT Model Analysis
4.6.2 Path Analysis of Each Factor from the Proposed UTAUT Model

4.1 Secondary Data Analysis

According to Chapter 2 (2.3), the literature review found that each stakeholder
in the supply chain faces its own challenges based on their roles, existing conditions,
knowledge of marketing and trading, and other factors. Therefore, this study identifies
the priority problems that should be addressed for government support, which are

officially under RAOT’s roles and responsibilities as follows.
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4.1.1 The Challenges of Rubber Under the Authority of RAOT

The challenges facing the rubber industry in Thailand are complex and stem
from various factors affecting each stakeholder. All stakeholders should be involved in
finding the best solution. This study focuses solely on the challenges that fall under the
authority of RAOT, specifically addressing the fluctuation in rubber prices and
identifying the most effective solutions.

The factors contributing to the fluctuation in rubber prices are as follows: (1)
The imbalance between rubber demand and supply, (2) Economic crises, particularly
in China, the USA, and Japan, which are the leading rubber-consuming countries, and
(3) Profit speculation in the local and futures markets. The imbalance between rubber
demand and supply in the local market is a challenge that RAOT can address under the
Rubber Authority of Thailand Act, B.E. 2558 (2015). However, addressing the other
two challenges, which are beyond RAOT's authority, requires support and collaboration
with relevant countries as shown in Table 4.1.

An analysis of the root causes of this imbalance reveals the complexity of
Thailand’s rubber market. Notably, the upstream rubber industry in Thailand
predominantly operates as a monopolistic competition market, characterized by many
suppliers and a limited number of buyers. One significant impact of past policies is the
implementation of the rubber trading license, which affects collectors (middlemen and
manufacturers) who are responsible for purchasing and processing rubber products.
This policy has led to several issues as follows (1) Inaccurately Verified Report
(2) Ilegal Trading (3) Lack of Rubber Trading Data (4) Lack of Big Data/ Open Data
in Rubber Trading.

Rubber prices are heavily influenced by collectors, leading to daily fluctuations.
Furthermore, collectors often stockpile rubber to wait for higher prices before selling.
Although the government agencies have made efforts to address these issues within its
authority, the implemented solutions have not been sustainable. As the authority of
RAOT aims to address the root causes by focusing on big data management, especially
open data. These data-related challenges are essential to overcome to effectively
facilitate and support the rubber industry supply chain, as well as to forecast rubber

demand and supply both domestically and internationally as shown in Figure 4.1.
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In summary, the fluctuation in rubber prices poses a significant challenge for
the Thai rubber industry, which falls under the responsibility of RAOT. This issue stems
from an imbalance in rubber demand and supply within the local market, which RAOT

is authorized to address under the Rubber Authority of Thailand Act, B.E. 2558 (2015).

Table 4.1 Secondary Data Analysis

Authority of RAOT under

No. Rubber Challenges Sub-Rubber Challenges
the Act, B.E. 2558 (2015)
1 The imbalance of 1. Lack of domestic demand and 1. Nation: Support the country
demand and supply supply data (RAOT, 2024a). in becoming a sustainable hub

affects the selling price 2. The supply is higher than

of rubber domestic demand, causing low
rubber prices (Intrasakul et al.,
2017).
3. Plant Diseases: Diseases such
as leaf blight and root rot can
devastate rubber plantations,
reduce the overall supply and
cause prices to spike (Intrasakul
etal., 2017).
4. Production Costs: Rising costs
of labor, fertilizers, and other
inputs can reduce profit margins
for rubber producers, potentially
leading to decreased production
and higher prices (Intrasakul et
al., 2017).
5. Technological Advances:
Innovations in synthetic rubber
production can affect the demand
for natural rubber. If synthetic
alternatives become cheaper or
more efficient, the demand for
natural rubber may decline,
reducing prices (RAOT, 2024a;
Intrasakul et al., 2017).

for rubber production, trade,
and innovation.

2. People and Consumers:
Promote awareness of the
value of natural rubber use
among the public and
consumers.

3. Rubber Farmers: Improve
the quality of life for rubber
farmers.

4. Farmer Institutions:

Strengthen farmer institutions
and promote professional
business management.

5) Rubber Entrepreneurs:
Promote trade and enhance
competitiveness in the rubber
industry.

6. Organization: Strengthen
the organization’s financial
stability, develop it into a
knowledge-based and high-
performance organization by
leveraging digital technology,
innovation, and good

governance.




Table 4.1 (continued)

Authority of RAOT under

No. Rubber Challenges Sub-Rubber Challenges
the Act, B.E. 2558 (2015)

2 The economic 1. Global Economic Conditions: These challenges are beyond
slowdown, especially The demand for rubber is closely  the control of RAOT under
in the world's largest tied to the global economy. the ACT, B.E. 2558 (2015),
rubber consumer, During economic booms, the as they stem from global
China, the United demand for rubber in industries economic factors, which are
States and Japan that such as automotive and external influences.
cause declining the manufacturing increases, pushing
purchase rubber prices up. Conversely, during
consumers. economic downturns, demand

decreases, leading to lower prices
(Statista Research Department,
2024; Do, 2024).

2. Consumer Preferences:
Changes in consumer
preferences, such as a shift
towards more sustainable and
eco-friendly products, can
influence the demand for natural
rubber and its price. Moreover,
domestic consumption remains
much lower than exports,
resulting in a gradual decline in
the contribution of manufactured
rubber and plastic products to
Indonesia’s GDP in recent years,
in line with the drop in rubber
production (Statista Research

Department, 2024; Do, 2024).
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Authority of RAOT under
No. Rubber Challenges Sub-Rubber Challenges
the Act, B.E. 2558 (2015)
3 Investor's speculation 1. Trade Policies: Tariffs, trade These challenges are beyond

in both the domestic
market and the futures
market is affecting
trading, pricing in that

market

agreements, and export
restrictions imposed by major
rubber producing or consuming
countries can significantly affect
rubber prices. For example,
import tariffs on rubber products
can decrease demand, leading to
price drops (Intrasakul et al.,
2017; Do, 2024).

2. Unfair trading, pressure on
prices, weight, percentage of dry
rubber, and unfair rubber quality
selection, etc (Munkong et al.,
2013; Intrasakul et al., 2017;
Statista Research Department,

2024).

the control of RAOT under
the ACT, B.E. 2558 (2015),
as they arise from investor-
related factors, which are
influenced by individual
preferences and personal

decisions.
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Figure 4.1 Root Causes of Imbalance Rubber Demand and Supply in Thailand

4.1.2 Possible Solutions in the Challenges of Rubber Supply Chain in
Thailand

The primary cause of rubber price fluctuations is the imbalance between
domestic demand and supply. Currently, government agencies lack a big data tracking
system to monitor the actual daily demand and supply of rubber. As a solution for big
data management, RAOT is interested in adopting advanced technologies such as
blockchain, a form of Distributed Ledger Technology (DLT). Blockchain offers
significant potential for managing big data by providing a transparent, efficient, and
reliable system with strong accountability. Therefore, RAOT, under the Rubber
Authority of Thailand Act, B.E. 2558 (2015), has committed to adopting advanced
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blockchain technology to address these challenges in the era of technological
disruption.

Due to the characteristics of blockchain technology, it provides a secure and
immutable record format, ensuring that previously recorded information cannot be
changed or modified. All users will have access to the same data, ensuring transparency.
By employing cryptographic principles and the capabilities of distributed computing,
the platform establishes a trust mechanism (Raskin & Yermack, 2016).

Hence, to explore the acceptance of the Blockchain Traceability Platform by all
stakeholders in the Thai rubber industry, a solution will be tested using a modified
UTAUT model. RAOT, under the authority of the Rubber Authority of Thailand Act,
B.E. 2558 (2015), plans to adopt a DLT-blockchain technology platform to transform
the Thai rubber market. This platform is expected to address major challenges in the
rubber industry, including the accurate recording of big data on rubber purchasing. It
holds significant potential for managing big data by developing a transparent, efficient,

and reliable management system with strong accountability.

4.2 Descriptive Statistic Analysis

4.2.1 Respondent’s General Information

The validity of the questionnaires distributed to the respondents was assessed
according to the principles outlined in Chapter 3, Research Methodology. In this study,
a questionnaire survey consisting of 27 statement items was distributed to a total of 130
respondents. The demographic analysis reveals that most respondents are male (98%),
typically serving as heads of their families and key contributors to the Thai rubber
industry, while females account for only 2%. Most respondents have over five years of
experience in the rubber industry, establishing them as specialists in the field. The
respondents' age range is predominantly between 51-65 years. Their occupations are
distributed as follows: farmers (31%), collectors (22%), government agencies (22%),
exporters (12%), and others, including brokers and rubber scholars (13%). These

findings are summarized in Table 4.2.
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Table 4.2 Respondent’s General Information

General Number  Percentage

Information ftems (%)
Gender Male 128 98%

Female 2 2%

Age range 51-65

Experience Over 5 years 130 100%
Stakeholders Farmers (F) 40 31%
Collectors (C) 29 22%

Government Agencies (G) 29 22%

Exporters (E) 15 12%

Others (Broker, Rubber Scholar) (O) 17 13%
Total 130 100%

4.2.2 Respondent from five Regions of Thailand
The respondents, drawn from five regions of Thailand, are experts in the rubber
industry with more than five years of experience. Additionally, they were required to
participate in a focus group discussion on blockchain technology, an advanced
innovation, prior to completing the questionnaire survey. The distribution of
respondents across the five regions of Thailand is as follows:
4.2.2.1 Northern Region: 18%, including Chiang Rai, Phayao, Nan, and
Phitsanulok.
4.2.2.2 Central Region: 17%, including Kanchanaburi and Prachuap Khiri
Khan.
4.2.2.3 Eastern Region: 31%, including Prachinburi, Sakaeo, Rayong,
Chachoengsao, and Trat.
4.2.2.4 Northeastern Region: 25%, including Loei, Udon Thani, Nong
Khai, Bueng Kan, Buri Ram, Si Sa Ket, and Ubon Ratchathani.
4.2.2.5 Southern Region: 39%, including Chumphon, Surat Thani, Phang
Nga, Nakhon Si Thammarat, Songkhla, and Yala.

These findings are summarized in Table 4.3.
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Table 4.3 Respondent from Five Regions of Thailand

Stakeholders Number

Farmer Collector Government Exporter Other (%)

(F) © Agency (G) (E) )

Regions/

Provinces

Northern 3 4 6 2 3 18 13.85
Chiang Rai,

Phayao, Nan

and

Phitsanulok

Central 2 2 6 3 4 17 13.08
Kanchanaburi

and Prachuap

Khiri Khan

Eastern 15 5 5 3 3 31 23.85
Prachinburi,

Sakaeo,

Rayong,

Chachoengsa

o and Trat

Northeastern 5 8 6 3 3 25 19.23
Loei, Udon

Thani, Nong

Khai, Bueng

Kan, Buri

Ram, Si Sa

Ket and Ubon

Ratchathani

Southern 15 10 6 4 4 39 30
Chumphon,

Surat Thani,

Phang Nga,

Nakornsri

Thammarat,

Songkhla and

Yala

Total 40 29 29 15 17 130 100
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4.3 Questionnaire Reliability Analysis

The study demonstrates as follows.

4.3.1 Cronbach’s a

A score of 0.97 is much higher than the commonly accepted threshold of 0.7,
indicating excellent internal consistency and reliability of the measurement tool.

4.3.2 Item-Rest Correlation

Scores ranging between 0.650 and 0.863 surpass the threshold of 0.2,
suggesting that individual items strongly contribute to the overall reliability of the scale.

4.3.3 Mean Scores

The range of 4.24 to 6.56 suggests that participants generally expressed positive
responses toward the measured constructions.

4.3.4 Standard Deviation (SD)

Values between 0.498 and 0.822 indicate reasonable variability in responses,
without excessive dispersion.

The results collectively demonstrate robust reliability and positive participant
feedback on the constructions being assessed. These findings align with Table 4.4 and
Appendix B.

Table 4.4 Questionnaire Reliability Analysis

Item Reliability Statistics

Item-rest Cronbach's

Items Mean SD Result
correlation o
All 5.36 0.510 - 0.970 Reliable
PE1 5.72 0.739 0.731 0.969 Reliable
PE2 5.55 0.706 0.740 0.969 Reliable
PE3 5.74 0.721 0.742 0.969 Reliable
PE4 5.65 0.608 0.803 0.968 Reliable
PES 545 0.716 0.725 0.969 Reliable
PE6 5.60 0.700 0.714 0.969 Reliable

PE7 5.58 0.755 0.728 0.969 Reliable
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Item Reliability Statistics

Item-rest Cronbach's
Items Mean SD Result
correlation a

EE1 5.64 0.623 0.750 0.969 Reliable
EE2 5.45 0.636 0.719 0.969 Reliable
EE3 5.58 0.554 0.745 0.969 Reliable
EE4 5.34 0.822 0.696 0.969 Reliable
SI1 4.24 0.702 0.711 0.969 Reliable
SI2 4.24 0.668 0.726 0.969 Reliable
SI3 4.67 0.741 0.718 0.969 Reliable
FCl1 4.58 0.581 0.779 0.969 Reliable
FC2 4.78 0.693 0.741 0.969 Reliable
FC3 5.04 0.720 0.650 0.969 Reliable
TAl 6.49 0.532 0.835 0.968 Reliable
TA2 6.33 0.652 0.674 0.969 Reliable
TA3 6.56 0.498 0.863 0.968 Reliable
TA4 6.37 0.612 0.677 0.969 Reliable
TAS 6.25 0.727 0.679 0.969 Reliable
BI1 4.72 0.729 0.790 0.968 Reliable
BI2 4.76 0.620 0.731 0.969 Reliable
BI3 4.85 0.792 0.683 0.969 Reliable
B4 4.56 0.671 0.717 0.969 Reliable
BIS 4.96 0.762 0.761 0.969 Reliable

Note m = number of observed variables; N = applies to number of observations per

group when applying CFA to multiple groups at the same time.
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4.4 Measurement Model Analysis

The measurement model analysis for each latent variable was evaluated to
confirm the structure of the measurement model, using JAMOVI software (Version 2.6)
by The Jamovi Project (2024) and AMOS IBM26 by Arbuckle (2019). The results
should align with the criteria for model fit, which require a p-value > 0.05, Relative
Chi-Square of less than 2, RMSEA values below 0.08, CFI values above 0.99, N <250
and 12 <m (Hair et al., 2019). The results for the six variables are as follows.

1. Technological Anxiety (TA): Chi-Square (¥2) = 0.135, df = 3, Relative
Chi-Square = 0.045, p-value = 0.987, RMSEA = 0.000, CFI = 1.000, indicating a good
fit.

2. Performance Expectancy (PE): Chi-Square (y2) = 1.92, df = 8, Relative
Chi-Square = 0.24, p-value = 0.983, RMSEA = 0.000, CFI = 1.000, indicating a good
fit.

3. Effort Expectancy (EE): Chi-Square (¥2) = 0.844, df = 1, Relative Chi-
Square = 0.844, p-value = 0.358, RMSEA = 0.000, CFI = 1.000, indicating a good fit.

4. Social Influence (SI): Chi-Square (y2) = 0.682, df = 1, Relative Chi-
Square = 0.682, p-value = 0.409, RMSEA = 0.000, CFI = 1.000, indicating a good fit.

5. Facilitating Conditions (FC): Chi-Square (¥2) = 0.073, df = 3, Relative
Chi-Square =, p-value = 0.995, RMSEA = 0.000, CFI = 1.000, indicating a good fit.

6. Behavioral Intention (BI): Chi-Square (y2) = 0.073, df = 3, Relative Chi-
Square = 0.024, p-value = 0.995, RMSEA = 0.000, CFI = 1.000, indicating a good fit.

The details are shown in Table 4.5, Figure 4.2-4.7 and Appendix C.



71

Table 4.5 Measurement Model Analysis

Criteria Factors
Goodness of
Required
Fit Indices TA PE EE SI FC BI
(N< 250, m<12)

Chi-Square (¥2) Insignificant p-  0.135 1.92 0.844 0.682 0.163 0.073

values expected

(p-values >

0.05)
df - 3 8 1 1 1 3
Relative Chi- <2 0.045 0.24 0.844  0.682 0.163 0.224
Square (y2/df)
p-value >0.05 0.987 0983  0.358  0.409 0.687 0.995
RMSEA <0.08 0.000 0.000  0.000  0.000 0.000 0.000
CFI 0.99 or better 1.000 1.000 1.000 1.000 1.000 1.000

Result Fit Fit Fit Fit Fit Fit

Note m = number of observed variables; N = applies to number of observations per

group when applying CFA to multiple groups at the same time.

1. Technological Anxiety (TA)

TAl

TA2

TA4

——a TAS

Tal TA3

Chi-Square (y2) = 0.135, df = 3, Relative Chi-Square = 0.045, p-value = 0.987,
RMSEA = 0.000, CFI = 1.000
Figure 4.2 Measurement Model Analysis of TA
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Chi-Square (y2) = 1.92, df = 8, Relative Chi-Square = 0.24, p-value = 0.983,

RMSEA = 0.000, CFI=1.000

Figure 4.3 Measurement Model Analysis of PE
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Chi-Square (y2) = 0.844, df = 1, Relative Chi-Square = 0.844, p-value = 0.358,

RMSEA = 0.000, CFI = 1.000

Figure 4.4 Measurement Model Analysis of EE
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4. Social Influence (SI)

Si1

Chi-Square (y2) = 0.682, df = 1, Relative Chi-Square = 0.682, p-value = 0.409,
RMSEA = 0.000, CFI = 1.000
Figure 4.5 Measurement Model Analysis of SI

5. Facilitating Conditions (FC)
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Chi-Square (y2) = 0.073, df = 3, Relative Chi-Square = 0.824, p-value = 0.995,
RMSEA = 0.000, CFI = 1.000
Figure 4.6 Measurement Model Analysis of FC
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6. Behavioral Intention (BI)
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Chi-Square (y2) = 0.073, df = 3, Relative Chi-Square = 0.024, p-value = 0.995,
RMSEA = 0.000, CFI = 1.000
Figure 4.7 Measurement Model Analysis of BI

4.5 Confirmatory Factor Analysis (CFA)

The results of the Confirmatory Factor Analysis (CFA) at the first order,
conducted using JAMOVI software (Version 2.6) (The Jamovi Project, 2024), show
that the AVE ratios range between 0.594 and 0.763, while the CR ratios range between
0.738 and 0.912. Since these values exceed the thresholds of 0.5 and 0.7, respectively,
the analysis is considered reliable.

In summary, this data demonstrates the convergent validity index, which
confirms that the developed model is consistent with the empirical data. The results
goodness of fit indices are as follows: Chi-Square (y?) = 446, df = 267, Relative Chi-
Square = 1.7, p-value < 0.001, RMSEA = 0.072, SRMR = 0.064, CFI =0.997, and TLI
=0.997. These results align with the criteria for model fit, which require a Relative Chi-
Square of less than 2, RMSEA or SRMR values below 0.08, CFI or TLI values above
0.97, N <250 and 12 <m < 30 (Hair et al., 2019).
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Therefore, it can be concluded that the developed model is consistent with the
empirical data. In summary, the developed model includes six factors, with the most
strongly influenced indicators for each factor listed as follows.

1. Technological Anxiety (TA): Most strongly influenced by the indicators
TA1, TAS, TA2, and TA4, respectively.

2. Performance Expectancy (PE): Most strongly influenced by the
indicators PE1, PE3, PE2, PE7, PES and PEG6 respectively.

3. Effort Expectancy (EE): Most strongly influenced by the indicators EE1,
EE2 and EE4 respectively.

4. Social Influence (SI): Most strongly influenced by the indicators SI3 and
SI1 respectively.

5. Facilitating Conditions (FC): Most strongly influenced by the indicators
FC1 and FC3 respectively.

6. Behavioral Intention (BI): Most strongly influenced by the indicators
BIS, BI3, BI2 and BI4 respectively.

The details are shown in Table 4.6, Figure 4.8 and Appendix D.

Table 4.6 Confirmatory Factor Analysis (CFA)

Construct b B S.E. & AVE Result
>0.7) >0.5)

TA 0.890 0.763 Reliable
TA3 1.000 1.047 0.0000
TAS 0.751 0.786 0.0401
TA4 0.733 0.767 0.0422
TA2 0.744 0.780 0.0397
TA1 0.907 0.949 0.0320

PE 0.912 0.709 Reliable
PE4 1.000 0.906 0.0000

PE7 0.904 0.820 0.0444

PE6 0.869 0.788 0.0511

PES 0.895 0.811 0.0480

PE3 0.945 0.857 0.0347
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Construct b B S.E. CR AVE Result
>0.7) >0.5)
PE2 0.936 0.848 0.0372
PE1 0.947 0.858 0.0455
EE 0.802 0.690 Reliable
EE3 1.000 0.858 0.0000
EE4 0.931 0.799 0.0603
EE2 0.940 0.807 0.0586
EEI 0.998 0.857 0.0569
SI 0.747 0.594 Reliable
S12 1.000 0.797 0.0000
S13 0.976 0.778 0.0505
SI1 0.925 0.737 0.0526
FC 0.738 0.626 Reliable
FC2 1.000 0.829 0.0000
FC3 0.904 0.749 0.0447
FC1 0.956 0.793 0.0577
BI 0.874 0.683 Reliable
BI1 1.000 0.857 0.0000
BI5 0.984 0.843 0.0365
BI4 0.901 0.772 0.0527
BI3 0.971 0.832 0.0389
BI2 0.963 0.825 0.0341

Chi-Square (y2) = 446, df = 267, Relative Chi-Square= 1.7, p-value = <0.001, RMSEA =
0.072, SRMR = 0.064, CF1=0.997, TLI = 0.997

Note m = number of observed variables; N = applies to number of observations per

group when applying CFA to multiple groups at the same time.
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Chi-Square (¥2) = 446, df = 267, Relative Chi-Square= 1.7, p-value = <0.001,
RMSEA =0.072, SRMR = 0.064, CF1=0.997, TLI = 0.997
Figure 4.8 Confirmatory Factor Analysis (CFA)

4.6 Structural Equation Model Analysis

4.6.1 The Proposed UTAUT Model Analysis

The analysis of the path analysis of the Proposed UTAUT Model was conducted
using JAMOVI software (Version 2.6) (The Jamovi Project, 2024), considering the B
ratios, z ratios, and p-values. The acceptance criteria require that the values of § do not
exceed the threshold of 1 and are in a positive direction, with z> 1.96 being significant
at 0.05 or z > 2.58 being significant at 0.01, as the rule of thumb. These results must
align with the criteria for model fit with N < 250 and 12 < m < 30 which require a
Relative Chi-Square of less than 2, RMSEA or SRMR values below 0.08, CFI or TLI
values above 0.97 (Hair et al., 2019).

Therefore, it can be concluded that the developed model is not consistent with

the empirical data. In summary, the developed model includes five hypotheses with the
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criteria for model fit Chi-Square (y2) = 220, df = 214, Relative Chi-Square= 1.8, p-
value = 0.377, RMSEA = 0.015, SRMR = 0.049, CFI = 1.000, TLI = 1.000. The
influenced indicators for each hypothesis are listed as follows.

1. Hypothesis 1 (PE * BI): The result of B = 0.955 with the positive
direction, z = 0.802, p-value = 0.422, indicating that Hypothesis 1 is rejected.

2. Hypothesis 2 (EE ® BI): The result of p = 0.652 with the positive

direction, z = 1.305, p-value = 0.192, indicating that Hypothesis 2 is rejected.
3. Hypothesis 3 (SI ® BI): The result of B = -0.803 with the negative
direction, z =-0.191, p-value = 0.848, indicating that Hypothesis 3 is rejected.

4. Hypothesis 4 (FC ® BI): The result of B = -0.009 with the negative

direction, z = -0.004, p-value = 0.997, indicating that Hypothesis 4 is rejected.

5. Hypothesis 5 (TA * BI): The result of B = 0.325 with the positive

direction, z = 0.304, p-value = 0.762, indicating that Hypothesis 5 is rejected.
However, the proposed UTAUT model was not consistent with the empirical

data and could not be accepted. One possible explanation for these results is that PE,

EE, SI, FC, and TA may have had indirect rather than direct influences on BI, whereas

the proposed UTAUT model was designed to test only their direct effects, as shown in

Table 4.7, Figure 4.9 and Appendix E.

Table 4.7 Structural Equation Model Analysis of the Proposed UTAUT Model

Hypothesis Construct path B z p-value Result
H1 PE * BI 0.955 0.802 0.422 Rejected
H2 EE * BI 0.652 1.305 0.192 Rejected
H3 SI *  BI -0.803 -0.191 0.848 Rejected
H4 FC * BI -0.009 -0.004 0.997 Rejected
H5 TA> BI 0.325 0.304 0.762 Rejected

Note m = number of observed variables; N = applies to number of observations per

group when applying CFA to multiple groups at the same time.
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Chi-Square (¥2) = 220, df = 214, Relative Chi-Square= 1.8, p-value = 0.377,

RMSEA =0.015, SRMR = 0.049, CFI = 1.000, TLI = 1.000
Figure 4.9 Structural Equation Model Analysis of the Proposed UTAUT Model

4.6.2 The Path Analysis of Each Factor from the Proposed UTAUT Model

According to the analysis, the Structural Equation Model was not consistent
with the empirical data. Therefore, it is necessary to test the path analysis of each factor
from the proposed UTAUT model to verify whether each factor directly influences
Behavioral Intention (BI).

The analysis of the path analysis of the proposed UTAUT model was conducted
using JAMOVI software (Version 2.6) (The Jamovi Project, 2024), considering the 3
ratios, z ratios, and p-values. The acceptance criteria require that the values of B do not
exceed the threshold of 1 and are in a positive direction, with z> 1.96 being significant
at 0.05 or z > 2.58 being significant at 0.01, as the rule of thumb. These results must

align with the criteria for model fit with N <250 and m < 12 which require a p-value >
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0.05, Relative Chi-Square of less than 2, RMSEA values below 0.08, CFI values above
0.99 (Hair et al., 2019).

Therefore, it can be concluded that the path analysis of each factor shows that
four out of five are consistent with the empirical data, while one is not. In summary,
the path analysis of the proposed UTAUT model includes five factors, with the most
strongly influenced indicators for each factor listed as follows.

1. PE # BI: The result of B = 0.956 with the positive direction, z = 19.20 p-
value <0.001. The criteria for model fit Chi-Square (y2) = 59.9, df = 46, Relative Chi-
Square = 1.30, p-value = 0.083, RMSEA = 0.048, CF1=0.999, indicating PE influences
directly BI and significant at 0.001.

2. EE » BI: The result of f = 1.060 with the positive direction, z = 12.80 p-
value <0.001. The criteria for model fit Chi-Square (¥2) = 2.5, df = 14, Relative Chi-
Square = 0.18, p-value = 1, RMSEA = 0.000, CFI = 1.000, indicating EE does not
influence directly BI.

3. SI » BI: The result of B = 0.994 with the positive direction, z = 10.90 p-
value <0.001. The criteria for model fit Chi-Square (y2) = 4.46, df = 14, Relative Chi-
Square= 0.32, p-value = 0.992, RMSEA = 0.000, CFI = 1.000, indicating SI influences
directly BI and significant at 0.001.

4. FC # BI: The result of B = 0.974 with the positive direction, z = 11.90 p-
value <0.001. The criteria for model fit Chi-Square (¥2) =21.7, df = 17, Relative Chi-
Square = 1.28, p-value = 0.195, RMSEA = 0.046, CFI = 0.999, indicating FC influences
directly BI and significant at 0.001.

5. TA » BI: The result of B = 0.950 with the positive direction, z = 23.00,
p-value <0.001. The criteria for model fit Chi-Square (%2) = 30.4, df = 30, Relative Chi-
Square =1.01, p-value =0.444, RMSEA =0.011, CFI=1.000, indicating TA influences
directly BI and significant at 0.001.

Hence, the results demonstrated that out of the five factors, four were influenced
directly BI (PE, SI, FC, and TA), while one was not influenced directly (EE), as shown
in Table 4.8, Figure 4.10-4.14 and Appendix F.

In summary, the factors affecting the adoption of blockchain traceability platform
in Thailand rubber supply chain using UTAUT model are Social Influence (SI),
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Facilitating Conditions (FC), Performance Expectancy (PE), and Technological
Anxiety (TA), respectively. While Effort Expectancy (EE) is not affecting the adoption
of blockchain traceability platform in Thailand rubber supply chain using UTAUT model.
Table 4.8 Path Analysis of Each Factor from the Proposed UTAUT Model

Construct path B z p-value Result
PE » BI 0.956 19.20 <0.001 Accepted
EE » BI 1.060 12.80 <0.001 Rejected
SI » BI 0.994 10.90 <0.001 Accepted
FC » BI 0.974 11.90 <0.001 Accepted
TA » BI 0.950 23.00 <0.001 Accepted

Note m = number of observed variables; N = applies to number of observations per

group when applying CFA to multiple groups at the same time.

BI4

Chi-Square (2) = 59.9, df = 46, Relative Chi-Square= 1.30, p-value = 0.083,
RMSEA = 0.048, CFI = 0.999
Figure 4.10 Path Analysis of PE to BI
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Chi-Square (y2) = 4.46, df = 14, Relative Chi-Square= 0.32, p-value = 0.992,
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Figure 4.12 Path Analysis of SI to BI
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Chi-Square (¥2) =21.7, df = 17, Relative Chi-Square= 1.28, p-value = 0.195,
RMSEA = 0.046, CF1=0.999
Figure 4.13 Path Analysis of FC to BI

TA1

Chi-Square (¥2) = 30.4, df = 30, Relative Chi-Square = 1.01, p-value = 0.444,

RMSEA =0.011, CFI1=1.000
Figure 4.14 Path Analysis of TA to BI
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CHAPTER S

CONCLUSION AND DISCUSSION

This research conclusion and discussion are composed of the following sub-
topics.

5.1 Discussion the Result
5.1.1 Challenges and Solutions for Rubber Under the Authority of RAOT
5.1.2 Structural Equation Model Analysis of the Proposed UTAUT Model
5.1.3 Path Analysis of Each Factor from the Proposed UTAUT Model

5.2 Conclusion the Hypothesis

5.3 Conclusion of the Objectives

5.4 Suggestions to the Rubber Authority of Thailand (RAOT)

5.5 Limitation and Further Recommendation of the Study

5.1 Discussion the Result

This section presents the research findings based on a study of 130 rubber
stakeholders in Thailand. The sample includes industry experts with over five years of
experience, representing five regions of the country. The results are organized and
discussed under specific subtopics.

5.1.1 The Challenges and Solutions for Rubber Under the Authority of
RAOT

As the three main causes of rubber price fluctuations including (1) The
imbalance between rubber demand and supply, (2) Economic crises, particularly in
China, the USA, and Japan, which are the leading rubber-consuming countries, and (3)
Profit speculation in the local and futures markets. Issue 1 is identified as an internal
factor that falls under RAOT’s authority and can be addressed under the Act, B.E. 2558

(2015). In contrast, Issues 2 and 3 are external factors beyond RAOT's control.
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Therefore, this study focuses on Issue 1 as the primary problem as shown in Table 4.1
and Figure 4.1.

To determine the root causes of the imbalance between rubber demand and
supply, RAOT considered the impact of previous policies and the current market
structure, which reflects monopolistic competition, characterized by many producers,
each with a small market share and limited power to influence prices. One significant
impact of past policy is the implementation of the rubber trading license. This policy
affects collectors (middlemen and manufacturers), who play a key role in buying and
processing rubber products, as shown in Figure 4.2.

RAOT, or the Rubber Authority of Thailand, is an official government agency
responsible for facilitating and supporting the rubber industry. Its roles under the
Rubber Authority of Thailand Act, B.E. 2558 (2015) especially (1) Improving the
livelihoods of farmers and stakeholders across the rubber supply chain. (2) Promoting
fair trade and serving as a center for rubber production and innovation for sustainability.
And (3) Contributing to stable rubber pricing.

Hence, RAOT aims to tackle these root causes by focusing on big data
management, particularly using open data. Overcoming these data-related challenges is
essential to effectively support the rubber supply chain and to forecast rubber demand
and supply both domestically and internationally. As a tool for big data management,
RAOQOT is exploring advanced technologies such as blockchain, a form of Distributed
Ledger Technology (DLT). Blockchain holds significant potential for managing big
data by enabling a transparent, efficient, and reliable system with strong accountability.

5.1.2 The Structural Equation Model Analysis of the Proposed UTAUT
Model

However, the proposed UTAUT model is not consistent with the empirical data
and, therefore, cannot be accepted. One possible explanation for this result is that TA
(Technological Anxiety), PE (Performance Expectancy), EE (Effort Expectancy), SI
(Social Influence), and FC (Facilitating Conditions) may have indirect rather than direct
effects on BI (Behavioral Intention). This aligns with findings from previous studies by

Gunasinghe et al. (2019), Popova and Zagulova (2022), and Smyth et al. (2021). In
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contrast, the proposed UTAUT model was designed to test only direct relationships, as
illustrated in Table 4.7 and Figure 4.9.
5.1.3 The Path Analysis of Each Factor from the Proposed UTAUT Model
The study found that the key individual factors influencing Behavioral Intention

(BI) to adopt the blockchain traceability platform in Thailand’s rubber supply chain,
based on the UTAUT model, were Performance Expectancy (PE), Social Influence (SI),
Facilitating Conditions (FC), and Technological Anxiety (TA), respectively. In
contrast, Effort Expectancy (EE) was not found to have a significant effect on adoption.

5.1.3.1 The Effect of Performance Expectancy (PE) on the Behavior
Intention (BI) to Adopt the Blockchain Traceability Platform

PE refers to the extent to which an individual believes that using a new
system will enhance job performance, with this relationship moderated by gender and
age (Venkatesh et al., 2003). The path coefficient of PE on acceptance blockchain
traceability platform was B = 0.956 with probability value of <0.001, indicating a
positive and significant influence of PE on the intention to accept the blockchain
traceability platform, as shown in Table 4.8 and Figure 4.10 This outcome corresponds
with earlier researches of Gunasinghe et al. (2019), Saparudin et al. (2020), H et al.,
2024; Nain. (2021), Srivastava and Bhati (2023), Bhati et al. (2023), Petersen (2023),
Popova and Zagulova (2022), Umbeas et al. (2022), Budhathoki et al. (2024), Kar et al.
(2021), Zhang & Zhang, 2024).

5.1.3.2 The Effect of Effort Expectancy (EE) on the Behavior Intention (BI)
to Adopt the Blockchain Traceability Platform

Effort Expectancy (EE) refers to the degree of ease associated with using a
new system, with this relationship moderated by gender, age, and experience
(Venkatesh et al., 2003). The path coefficient of EE on the acceptance of the blockchain
traceability platform was B = 1.060, with a probability value of <0.001, indicating that
EE had a non-significant influence on the intention to accept the blockchain traceability
platform and was therefore rejected, as shown in Table 4.8 and Figure 4.11. Hence,
users perceive that the system is not easy to use because blockchain traceability
platform is an advanced technology, making it difficult to understand. This observation

is supported by prior research of Umbas et al. (2022).
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5.1.3.3 The Effect of Social Influence (SI) on Behavioral Intention (BI) to
Adopt the Blockchain Traceability Platform

SI refers to the extent to which an individual perceives that others' beliefs
influence their decision to use a new system, with this relationship moderated by
gender, age, experience, and voluntariness (Venkatesh et al., 2003). The path
coefficient of SI on the acceptance of the blockchain traceability platform was 3 =
0.994, with a probability value of <0.001, indicating a positive and significant influence
of SI on the intention to accept the blockchain traceability platform, as shown in Table
4.8 and Figure 4.12 This result aligns with previous studies of Saparudin et al. (2020),
Bhati et al. (2023), Srivastava and Bhati (2023), Petersen (2023), Umbas et al. (2022),
Budhathoki et al. (2024) and Khan et al. (2023).

5.1.3.4 The Effect of Facilitating Conditions (FC) on Behavior Intention
(BI) to Adopt the Blockchain Traceability Platform

FC refers to the extent to which an individual believes that an organization's
system and technical infrastructure support the use of a new system, with this
relationship moderated by age and experience (Venkatesh et al., 2003). The path
coefficient of FC on acceptance blockchain traceability platform was B = 0.974 with
probability value of <0.001, indicating a positive and significant influence of FC on the
intention to accept the blockchain traceability platform, as shown in Table 4.8 and
Figure 4.13 This finding is consistent with previous studies of Bhati et al. (2023), Nain
(2021), Srivastava and Bhati (2023), Popova and Zagulova (2022), Budhathoki et al.
(2024), Khan et al. (2023) and Zhang & Zhang, 2024).

5.1.3.5 The Effect of Technological Anxiety (TA) on the Behavior Intention
(BI) to Adopt the Blockchain Traceability Platform

Technological Anxiety (TA) is defined based on Bozionelos (2001) study,
which investigated computer anxiety related to the use of computers. Therefore, this
study considers adapting the blockchain traceability platform as a new technology to
be incorporated into the proposed UTAUT model. The path coefficient of TA on
acceptance blockchain traceability platform was = 0.950 with probability value of
<0.001, indicating a positive and significant influence of TA on the intention to accept

the blockchain traceability platform, as shown in Table 4.8 and Figure 4.14. This
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evidence reinforces the findings of previous studies of Bozionelos (2001), Gunasinghe

et al. (2019) and Zhang & Zhang, 2024).

5.2 Conclusion the Hypotheses

Five hypotheses were tested based on the proposed UTAUT model; however,
the results indicated that the model was not consistent with the empirical data and,
therefore, could not be accepted. One possible explanation for this outcome is that the
factors (Technological Anxiety (TA), Performance Expectancy (PE), Effort
Expectancy (EE), Social Influence (SI), and Facilitating Conditions (FC)) may
influence Behavioral Intention (BI) indirectly rather than directly. This interpretation
aligns with previous studies by Gunasinghe et al. (2019), Popova and Zagulova (2022),
and Smyth et al. (2021). In contrast, the original UTAUT model was constructed to
assess only direct relationships, as shown in Table 4.7 and Figure 4.9.

Consequently, the study conducted a path analysis of each factor in the proposed
UTAUT model to determine whether each directly influences Behavioral Intention (BI)
to adopt a blockchain traceability platform in Thailand’s rubber supply chain. Based on
the proposed UTAUT model, the key individual factors found to have a direct influence
on BI were Social Influence (SI), Facilitating Conditions (FC), Performance
Expectancy (PE), and Technological Anxiety (TA), respectively. However, Effort
Expectancy (EE) did not demonstrate a statistically significant impact on adoption, as

illustrated in Table 4.8 and Figures 4.10 through 4.14.

5.3 Conclusion the Objectives

This study proposes a hypothesized model structure based on the UTAUT
framework, incorporating the “Technological Anxiety (TA)” factor from Bozionelos
(2001), to analyze the factors affecting the adoption of a blockchain traceability
platform in rubber supply chain industry Thailand. This discussion addresses two

research objectives, with the analysis of each factor presented as follows.
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5.3.1 Objective 1: To Identify the Challenges of Thai Rubber Industry Under
the Responsibility of RAOT

Rubber price fluctuations present a major challenge for Thailand’s rubber
industry, a concern overseen by the Rubber Authority of Thailand (RAOT) under the
Rubber Authority of Thailand Act, B.E. 2558 (2015). The root cause lies in the
imbalance between domestic rubber demand and supply, largely due to the market’s
monopolistic competition structure, many suppliers but few buyers.

A key contributing factor is the implementation of the rubber trading license
policy, which impacts collectors (middlemen and manufacturers). This policy has
resulted in several issues: (1) inaccurately verified reports, (2) illegal trading, (3) lack
of rubber trading data, and (4) lack of big data/open data systems.

Collectors heavily influence rubber prices and often stockpile products, causing
daily price fluctuations. Although government agencies have attempted to address these
problems, the solutions have not been sustainable. RAOT now aims to tackle the root
causes through big data management, particularly by emphasizing open data.
Addressing these data-related challenges is critical to strengthening the rubber supply
chain and improving the accuracy of domestic and international demand and supply
forecasting, as illustrated in Table 4.1 and Figure 4.1.

In summary, the findings highlight the complexity of challenges within
Thailand's rubber supply chain. The major challenge is rubber price fluctuation, while
a minor challenge is the imbalance between rubber demand and supply. The root causes
of these issues stem from past policies, particularly the rubber trading license system
and monopolistic market competition. These challenges are compounded by difficulties
in accurately recording large volumes of data related to rubber transactions.

To address these issues, there is significant potential in leveraging advanced
technology to develop a transparent, efficient, and accountable big data management
system. One promising solution is the adoption of blockchain technology, particularly
for managing domestic rubber trading data. This aligns with the mission of the Rubber
Authority of Thailand (RAOT), under the authority granted by the Rubber Authority of
Thailand Act, B.E. 2558 (2015), to embrace technological advancements. RAOT plans

to implement a blockchain traceability platform to reform the Thai rubber market. This
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platform aims to address the root causes and ensure sustainability while tackling both
major and minor challenges in the industry.

5.3.2 Objective 2: To Test a Solution which Explore the Acceptance of
Blockchain Traceability Platform by a Proposed UTAUT Model Among All
Stakeholders in Thai Rubber Industry

The proposed UTAUT model did not align with the empirical data and, as such,
was not supported. A potential reason for this outcome is that Technological Anxiety
(TA), Performance Expectancy (PE), Effort Expectancy (EE), Social Influence (SI),
and Facilitating Conditions (FC) may influence Behavioral Intention (BI) indirectly
rather than directly. This observation is consistent with the findings of earlier studies
by Gunasinghe et al. (2019), Popova and Zagulova (2022), and Smyth et al. (2021).
Notably, the original UTAUT model used in this study was structured to examine only
direct effects.

Accordingly, this study reveals that the main individual factors influencing
Behavioral Intention (BI) to adopt the blockchain traceability platform in Thailand’s
rubber supply chain which based on the proposed UTAUT model are Social Influence
(SI), Facilitating Conditions (FC), Performance Expectancy (PE), and Technological
Anxiety (TA), respectively. Conversely, Effort Expectancy (EE) did not show a
significant impact on adoption. This suggests that users perceive the platform as
difficult to use, likely due to the complex nature of blockchain technology, which poses
challenges in comprehension. These findings are consistent with those of Umbas et al.
(2022).

In summary, the factors affecting the adoption of blockchain traceability platform
in Thailand rubber supply chain using UTAUT model are Social Influence (SI),
Facilitating Conditions (FC), Performance Expectancy (PE), and Technological
Anxiety (TA), respectively. While Effort Expectancy (EE) is not affecting the adoption
of blockchain traceability platform in Thailand rubber supply chain using UTAUT model.
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5.4 Suggestions to the Rubber Authority of Thailand (RAOT)

The suggestions to the RAOT are based on an analysis of the Proposed UTAUT
Model, which identifies and prioritizes key factors influencing the acceptance of a
blockchain traceability platform in rubber industry supply chain in Thailand. These
factors include “Facilitating Conditions (FC)”, “Social Influence (SI)”, “Technological
Anxiety (TA)”, “Effort Expectancy (EE)” and ‘“Performance Expectancy (PE)”
respectively, guiding the implementation of the new system accordingly.

5.4.1 Facilitating Conditions (FC)

5.4.1.1 Capacity Building

To train government staff on blockchain traceability platform and
applications, conduct workshops for rubber farmers (targeting 1.6 M farming
households) to improve technological literacy and address technology access gaps
despite 80% device ownership.

5.4.1.2 Regulatory & Infrastructure Development

To modernize the Rubber Control Act (1999) to streamline blockchain-
based reporting and build robust technical infrastructure to support blockchain
implementation.

5.4.1.3 Data-Driven Market Enhancement

To develop comprehensive big data systems are as follows enable better
business decisions, unlock new market opportunities and create competitive market
conditions.

5.4.2 Social Influence (SI)

5.4.2.1 Proactive Communication & Engagement

To launch targeted awareness campaigns highlighting blockchain
traceability platform benefits (price stabilization through improved supply-demand
balance, enhanced data accuracy for better decision-making and transparent supply
chain management), prioritize engagement with all stakeholder tiers (farmers,

cooperatives, legal entities) and emphasize solutions for 1.6M rubber-farming families.
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5.4.2.2 Capacity Building Initiatives

To implement age-appropriate digital literacy programs, design hands-on
training workshops tailored to farmers' technological competencies and develop
progressive learning modules for different tech-literacy levels.

5.4.2.3 Incentivized Participation Framework

To introduce compliance rewards for RAOT-registered members, establish
flexible regulatory adaptations (non-ALRO land farmers and unregistered stakeholders)
and create tiered participation benefits to encourage broader adoption.

5.4.3 Technological Anxiety (TA)

5.4.3.1 Inclusive Participation Framework

To ensure system flexibility for independent farmers, especially in non-
group affiliated growers, farmers cultivating non-ALRO lands and stakeholders with
legal status concerns.

5.4.3.2 Data Governance Assurance

To implement PDPA-compliant data protection protocols, address
registration hesitancy by clarifying the number of mandatory membership fees and
transparent tax obligation guidelines.

5.4.3.3 Market Transparency Features

To develop open-data tools for price prediction using real-time supply-
demand analytics and localized market intelligence.

5.4.3.4 Risk Mitigation Capabilities

To bridge information gaps between domestic market realities and
international futures markets (AFET/ TOCOM/ SICOM/ SHFE) and provide reliable
long-term investment indicators.

5.4.4 Effort Expectancy (EE)

5.4.4.1 Intuitive User Experience

To prioritize simple, accessible interface design requiring minimal training
and implement clear navigation and instructions for all user types.

5.4.4.2 Operational Efficiency

To streamline processes to save time for all stakeholders and eliminate

redundant tasks and to duplicate data entry requirements.
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5.4.4.3 Scalable Performance

To build robust architecture capable of handling 1.6 million farmer profiles
and high-volume transaction processing and to ensure system reliability with near-zero
error rates.

5.4.5 Performance Expectancy (PE)

5.4.5.1 Transparent Communication

To clearly articulate system benefits to drive user adoption and demonstrate
value proposition for all stakeholder groups.

5.4.5.2 Market Transparency & Compliance

To implement open-data standards for real-time (domestic transaction
visibility, supply-demand analytics and new market opportunity identification) and
enable EU deforestation-free certification compliance.

5.4.5.3 Operational Efficiency

To eliminate duplicate reporting under Rubber Control Act (1999) and
streamline purchase reporting requirements.

5.4.5.4 Accessibility Assurance

To guarantee cost-free access with no membership fees and no mandatory

payment requirements and to maintain zero financial barriers to entry.

5.5 Limitation and Further Recommendation of the Study

This study is the first in Thailand to apply a blockchain traceability platform to
the rubber supply chain, focusing on a major sector of the rubber industry by
specifically targeting large landowners owning more than 100 rai, as well as the 10
largest businesses registered in the government database, including farmers, collectors,
factories, exporters, government agencies, brokers, and experts, all of whom have a
significant impact on the industry. Due to its broad scope, the research faces several
challenges and limitations, including the complexity of the rubber supply chain industry
and the high cost of technology and data servers. It is recommended that future research

focus on smaller-scale operations, particularly rubber farmers (1,667,095 farming
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families) most of whom own areas of 20-30 rai and are registered in the government
database or other stakeholder groups.

The recommendation for future studies: First, the results indicate that the
proposed UTAUT model had no significant influence on the intention to adopt the
blockchain traceability platform and was therefore rejected, as shown in Figure 4.5.
Consequently, the proposed UTAUT model is not consistent with the empirical data
and cannot be accepted. One possible explanation for this outcome is that TA
(Technological Anxiety), PE (Performance Expectancy), EE (Effort Expectancy), SI
(Social Influence), and FC (Facilitating Conditions) may have indirect rather than direct
effects on BI (Behavioral Intention), whereas the current model was designed to test
only direct relationships. Therefore, future research should consider developing and
testing an alternative UTAUT model that better fits the empirical data.

Second, as RAOT continues to develop the prototype blockchain platform, it is
recommended that a follow-up survey be conducted to analyze stakeholders’ behavior
after they have had practical experience using the technology. This approach will
provide valuable insights and contribute significantly to the advancement of Thailand’s

rubber industry.
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APPENDIX A

QUESTIONNAIRE SURVEY

This questionnaire is a part of my study of Master of Business Administration
Program in International Logistics and Supply Chain Management (A2) at School of
Management, Mae Fah Luang University in Chaing Rai, Thailand. Thetitle of research
study is “Factors Affecting the Adoption of Blockchain Traceability Platform in Thailand
Rubber Supply Chain Using UTAUT Model”. As| am aresearcher, | would liketo share
the objectives of thisresearch that areto identify the challenges of Thai rubber industry
under the responsibility of RAOT, to explore the factors affecting the adoption of
blockchain traceability platform by stakeholders. The blockchain traceability platform
is an application designed to facilitate, monitor and give a feedback of rubber supply
chain in Thailand. This application will support all stakeholdersto be able to access the
information of whole supply chain as well as the tendency of demand and supply in
Thai rubber industry. The researcher would like to have cooperation from you to
respond truly to all questions based on your understanding, knowledge and experience
towards the rubber supply chain process. All your information shared will be kept
confidential according to PDPA (Personal Data Protection Act B.E. 2562 (2019)).
If you clearly understand and agree to answer all questions in this questionnaire upon
the above condition, please kindly sign on thisform for confirmation of understanding

and voluntary participation.

| understand all details and conditions and

o I agree

o I disagree

Thank you so much for your cooperation.

Jeeranan Wandee

Student of M.B.A. Program in International Logistics and Supply Chain Management
School of Management, Mae Fah Luang University
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This questionnaire is composed of two parts and please kind \ your answer into a
box.
Part 1. General information
1.1 Gender
O Male

o Female

1.2 Age(Year)
o 15-35
o 36-50
o 51-65
0 >65

1.3 Occupation
0 Farmer (F)
o Collector (C)
o0 Government agency (G)
o Exporter (E)
0 Others (O)

1.4 Location/ Station/ Region
0 Northern (Chiang Rai, Payao, Nan and Phitsanulok)
0 Central (Kanchanaburi and Prachuap Khiri Khan)
O Northeastern (Loei, Udon Thani, Nong Khai, Bueng Kan, Buri Ram, Si Sa
Ketand Ubon Ratchatani)
o Eastern (Prachinburi, Sakaeo, Rayong, Chachoengsao and Trat)
o Southern (Chumphon, Surat Thani, Phang Nga, Nakon Srithammarat,
Songkhlaand Yala)
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Part 2: Specific Information

The next list of questions will be focused on different factors that affecting the
acceptance of blockchain traceability platform on the use behavior of stakeholders in
the rubber industry supply chain. Therefore, each question will be emphasized on
different factors and sub-factorsthat you can answer according to the level of agreement
in the range of 1 (strongly disagree) to 7 (strongly agree) scale as the details below.

1 = Strong disagree

2 = Disagree

3 = Somewhat disagree

4 = Neither agree nor disagree

5 = Somewhat agree

6 = Agree

7 = Strong agree
Table A 2.1 Performance Expectancy (PE)

No. Factor Content 1 2 314 5 6 |7
211 PE1 Do you agree that requiring farmers and
rubber traders to report information in a
blockchain traceability platform would
help ensure that the data is transparent
and reliable?

21.2 PE2 Do you agree that requiring farmers and
rubber traders to report every rubber
transaction in a blockchain traceability
platform would be beneficial ?

21.3 PE3 Do you agree that requiring farmers and
rubber traders to report every rubber
transaction in a blockchain traceability
platform would be effective?

214 PE4 Do you agree that a government agency
needs to have reliable big data on
rubber?

215 PES Do you agree that a blockchain
traceability platform can meet the
requirements for deforestation-free
products set by the European Union?
216 PE6 Do you agree that displaying adaily
summary of rubber transactionsin a
blockchain traceability platform would
provide insights into the supply and
demand levels?

217 PE7 Do you agree that disclosing
information about all producers would
help in accessing sources of raw
materials?




Table A 2.2 Effort Expectancy (EE)

107

No.

Factor

Content

221

EE1

Do you agree that a blockchain
traceability platform would work well
with many users, such as 2 million
farmers?

222

EE2

Do you agree that you will be able to
use the blockchain traceability
platform by yourself?

223

EE3

Do you agree that you will be able to
use the blockchain traceability
platform by yourself and adapt to
changesin digital technology?

224

EE4

Do you agree that reporting rubber
trading information in the blockchain
traceability platform will be redundant
with reporting rubber trading values to
the Rubber Control Center,
Department of Agriculture?

Table A 2.3 Social Influence (Sl)

No.

Factor

Content

231

Sl1

Do you agree that age will affect the
use of the blockchain traceability
platform?

23.2

SI2

Do you agreeto start using the
blockchain traceability platform with
agricultural groupsfirst, such as
cooperatives and legal entities?

233

SI3

Do you agree that if the government
mandates stakehol ders in the rubber
industry to use the blockchain
traceability platform for rubber
trading?

Table A 2.4 Facilitating Conditions (FC)

No.

Factor

Content

241

FC1

Do you agree that you have the
equipment to use the blockchain
traceability platform, such asa
smartphone or a computer?

242

FC2

Do you agree that the Government
Agency is ready to assist with
equipment and personnel?

243

FC3

Do you agree that the internet is
accessiblein all areas?

Table A 2.5 Technological Anxiety (TA)

No.

Factor

Content

251

TAl

Do you agree that farmers who
grow rubber treesin natural forest
areas would not use blockchain
traceability platform due to
concerns about data disclosure?
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No.

Factor

Content

252

TA2

Do you agree that some rubber
collectors might not use blockchain
traceability platform due to
concerns about tax collection from
the Revenue Department?

253

TA3

Do you agree that disclosing
information on a blockchain
traceability platform could lead to a
loss of benefits?

254

TA4

Do you agree that some rubber
traders may not use blockchain
traceability platform dueto
concerns about government
inspection?

255

TAS

Do you agree that exporters and
processors of rubber products might
not use blockchain traceability
platform due to concerns about the
price of raw rubber?

Table A 2.6 Behavioral I ntention (BI)

No.

Factor

Content

26.1

BI1

Do you agree that you are willing
to use blockchain traceability
platform?

2.6.2

BI2

Do you agree that there will be
many users of blockchain
traceability platform?

2.6.3

BI3

Do you agree that blockchain
traceability platform will be
beneficial to stakeholdersin the
rubber supply chain?

264

Bl4

Do you agree that you are
intending to use blockchain
traceability platform?

2.6.5

BI5

Do you agree that you are willing
to cooperate with the government
in using blockchain traceability
platform?

Thank you for your support and cooperation.
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APPENDIX B

QUESTIONAIRE RELIABILITY ANALYSIS

Results
Reliability Analysis
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APPENDIX C

MEASUREMENT MODEL ANALYSIS

Measurement Model Analysis of TA

Results

Structural Equation Models
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TaS--TAL

WWote, Yariable (TA3, TS, TA4, 182, TA1) has been cocrced to ordered type.
Wote. lavaan-=lay ooject_past_checki); some estimated ov varanoes are negative
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Overall Tests

Model tects
Labal i df ]
Uzer Modal D135 3 0.O87
Basglne Model 6136 B6H 10 = (M1
Scaled Uver 0,72 5 [LB54
Scaled Baseine 4492 TET 10 < [l
AL ndices
55% Confidence Intervals
Typa SRMA RMSEA Lowar Uppar RMSEA p
Classical 0.0 0.000 0.000 0000 i =
Rebust 0.005
Scabad 000G 0.000 0.000 00481 04903
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Modal Scalad

111

Comparative Fit Index [CFI) 1,600 1 00
Tucker-Lewils ndes (TLI} 1.4z Lo
Bantier-Bonett Non-normed Fit index {NwF1) 1002 1.paz2
Ralative Norcentrality Index [RNT) 1,000 1.000
Bentler-Bonett Mormed Fil Index [NFI) 1.000 1.000
Bollen's Relative Eit Index (REI1] 1,000 0999
Bollen's Incremental Fit Index (IF1) 1,604 Leag
Parsimony Normad Fit indax {PNFL) 0.300 300
Estimates
Measuremsant model
95% Confidence
Ik rva s
Latent Observed Estimata 5E Lower LUpper 1] F ] 4]
Th, TAT 1.000 00000 1000 Lok 1042
TAS 0. 783 Gu0S06 0604 ] 0.B16 155 <001
TAA 0816 D.0d84 0,721 0.4aL1 0,850 1649 <, 001
TAT 0.7TE4 D.oadg? i 0,471 oELY 11.5 ==, 001
TAL a8 L0350 0827 g 0,835 1540 =001
Varancas 3nd Covariances
B5% Confldanca
Intervals
Variable Varlsbl  gtimmte sE Lower  Upper B z B
TaA TAZ 0.1506 0Lasn7 0.0enz 025891 0,5253 115 0,003
Tis TAL 01,1003 0484 o 1552 3,00544 Bagld 2,47 0,033
Tia TAd S8 EL Gofdbd 1. 0861 S OEA0T A O8il
TS T&S 03344 foana 03344 0.33445 3344
Tad Tl 0.2772 R ] 02772 027723 02772
TAZ LT 0.3331 00000 0.3331 0,33307 03331
Ta1 Tal 01346 DLaaE] a1xa8 a, 13457 01246
TA TS 1.08EY L4249 10620 1.17018 16000 3532 =, CHF1




mwpts - Pr— - g - - - —
35% Confidence Intervals
Variable Intercept SE Lowwear Upger =
TAZ 0004 0.0a0 0.03a0 0.000
TAS LR 0,000 0,040 0,000
Tad 0. G} 0.0a0 0.03a0 D.000
TAZ . 0, {1 0.0 0,000
TAL 0.00q 0.0aa0 0.0a0 0,000
Ta 0000 0.0aa 0.0a0 0.000
Threshalds
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variable 5Step Thrasholds

TA3

TAS
Ta%

Tl
Tad

Taz
TAZ

Tal
TAal

tl

4§
k2
rl
L
£l
2

kl
2

85% Confidence Intervals

SE
0,155 DIl
0957 0DA31
0,214 0,111
-1.482 0.166
0,155 0111
1,282 0,151
0174 0111
2160 0D.2ED
0019 Ba1

Lowar
=037

-L214
-[2, 004

-1.8511
-lLO&Z
-1,877
-0.043

-2 709
02356

Uppar z P
[ER e -1.387 0162
-0.701 -7.316 <.001
bax 1.9 s
-1.153 -8.825 =001
03T 1,397 0162
L.547 -8.515 =001
0352 1572 0.118
-LE11 -1 7153 =.001
0,197 -017s 0861

Maodifcation indicas

Modihcateon indices

—_———

Modif. Index EPC sEPC (LW] sEPC {all] sEPC (mox)

o ——

Mode, No modicathon indices abowve threshald

Path Model
Path diagrams
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Measurement Model Analysis of PE

Results
Structural Equation Models
Pty Irf
Extimasion Method L%
O i 3o Motk o MLMINE
Mumber of nheervations 10
Frisn para el ]
Standprd eqrors Fnb st
Scaled test ean adjusred scaled and shifed
Converged TRUE
Iteraaions 25
Mo el PE=-PEF+FET+PES#PES#PE 44 PE2+PEL
PER-~~PEL
PE&-~PES
PEd—PE T
PE2~~PEL
PES—PELR
PER--~ &

fice Vanable (FEAPETPED, FES. FEAFELPEL: hies Deern coermed to ondarad iy,
(2} [a

Crearall Tests

M=l imgin
Lakbe| ¥ it e}
L Mde| 1.83 | Qasas
Bakakna Modal  36BA.31 1 =301
Scnbed Liser EAE 3 Ran3

Gealod Baadinp  2505.51 a1 = 0]

At indipes
248 Copfdenes inrsruai
Tyoe SRME  EMSER Lo Upaer RMSEM @
Clagsical Dnl? il H k] ouann IS kb (R =T ]
FhiE (013 1000 oD L.[85 R

Boaled ERH [LRFILE Gann ngT HE: b
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Coenparaties Fit mdex (0F1]
Tk el -4 il Bl {TLAD

Pemtler.Bopetl Mom.normed Fa indes 88F0)

Ml i Mo entra By e [RAID
BemtlorBonett Memed Fio index (NFLR

Badlen's Redative Fir Index (RFI1]

Bl len's ncremensal Fi nadea (1R
Parsimony Nemned Fir sdes (PRED

Mol Srafed  Robaest
Lo LoD [ Me e
L= 1004 1072
Loicd 1.00g LDTE
Loca 102 | Meriny
Bk LB 2

[Pl s

Loog 1002

FRES B3840

Estimates

A el o el

b gl &

Lefent  Obasraed  Estimmeie &E Lower  Upper 18 ] P
PE PEA j Relyed B e nnne 1.nn napd

PET Cilsl [ERI TR O.EH 1063 s Fra ] w30

FEfR QEaT (=R E b ] n,7a3 1602 Qral j [ ] =01

PES Ll B GDER LEDE 155 [FE=HES 4.5 = 0]

PE4 (et b i3] nanT 1.0% faga x4 =00l

PE2 i L I | G SE5 [IN ] 1.0 ashe 7.2 = G011

PEL CAE (= e iy mrel LR QTG 1LY =]

Warianres 3 rad Oy rd BS
B5% Confideacs
InTErysis
“’r‘:“" 1""';;'”' Eurimars S L v W [ Pl 0
FER PER L] SR [eTe].] - GLDEaR [l Y S [P R ] a1 1 e ]
FEd P2 L1aad QRS ES 0,014 P3a3s eATa 3 noEs
FES PES =Bi[=28 § ele v L0 (= R = L5 Lxl L]
2 Ml bl2es  BelE £, M50 =8 {13 350 214 002

FES FEl [ERTLEE Qofra 40351 [ER Y oiia L3B O_RET
FEH Ea SnT48 [l el § L.13TE LiEEEE L0337 245 [ rla]
FER =3 L2328 Can (e =8 frrt ] o233
FET PET [ERL A (eleliiial (et Do s (=L ]
FER PER ekt | (=Telilial LEN: o h BATHFL [ i
FES ES BS540 eteirEal 05301 [ el £.330
FEd 2 =] [L2B3T els I 0. B3RT DI2EAT 0339
fE? PE2 B2BTy N D ETT 27T el
FE1 PER RANES [eteliial Q,d588 A8 (=55 L= ]
PE PE [ Erge el [t 1% ey 0.ETSR LATAS | We i} 1503 = G0
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5% Conffdere e b ensaly

Warkshls  IRTerCepT SE Lswinr ligner 2
PER e [LRLEE Gnn eSS
PET =T E ] D.DCS [ELali]i] [ERi]i]e]
FEd =T 0,0 fataliil ER I
PES =l e 1] B.0ED [l i R}
PEa (=81l ] b.DEG =Lali]] R HE]
PEZ =il e) nned Gann ER il
PE1 [=RilE ] LR EES =Ll i) [FEi]1]=}
PE ey LAl EEl Cann nney

Thieaholds

s Canfldeads Miadals

Varishbe Sren  Theeshalds . SE Linsar Uaper 2 o
PE3 12 <108 242 -2,49h6 1,530 H,2492 =00
PER t2 BE14  GILZ 0554 0095 #.79% D.OOS
R 1z Logr D38 0.BL7 1337  THEEE =001
FET i | 14mr  [BIeE SLELL 1.155  B.E25 =001
FET s oS BRI - BT LeE -LERT 0,162
FET i5 1AET iS4 1:025 1823 BAl4  =.00R
FER 11 AT BZLA -22an 1,441 A548 =001
FER ¥} = Y T D.ELS 0.830 DLET4 DED
PG i} Lzt G154 Lnzs LG a5ld. = 00L
FES i | Jddar o G18H SLELL 1858 #6715  =.D0K
PER f2 fgay [ER LR -0,120 332 HBTd 01,382
= 1= 1347 DI7q 1.201 1235 &E53  «<.001
PEa 11 g ] [ER LR -ﬂ.l_ll? LM e l] -1, 798 .08l
FEd tz 1457 [D.I8E 1.153 12101 &E:5  =.0D01
P L LTG0 L el - 166 1.4Th 4,720 =00%
FEy t7 puoan - DUED 0218 0214 OOOD  1.000
PE2 [E} 1475 [31586 1,085 1684 . 5y | =, (0L
1l t 2423 DE 5135 171 46T <.001
FEl F) gEEy x1E1 e [, Gy 1,821 0,055
"1l ta 1oz WmI13E 0.787 1.314 7758 =001

MModfiTeation indices

FA el Tk o inidi e

repdif, imdes  EPC  wERC {IV]  wFRC [pll]  sEPC inoal
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Path diagrams
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Measurement Model Analysis of Bl

Models Infa

Estimation Methad
Dptimization Mathad
Humber of absarvations
Frae parametars
Standard errors

Scaled test

Convarged
lterations
Modal

DWLS .
HLMINE

130

Z1

Robust

Maan adjusted
scaled and shiftad

TRUE
ir

Bi=-BiS+BId+BI3
+8i2+Ei11

Bla—--Bil
Bi4——BIE

wate. Veriahie [B15,814 BI3, 612 BI1y hes been ooerced o anfered Type.

wate, |-EI'I'HET'I-3‘|3".'__['IT€IIJE'1_'I.'EEI||'I:] The varance-casvanance matrix of the
estimated parameters [voow) doas nat appear 1o be positive definite! The
smadlest pigenvalue (= -2 B1B926e-1T) s smaller than zemy This may be
a symptom that tha medel is not identified,

[3114]

Overall Tests

Modal tasts
Label x: df P
User Model Q0730 T (R L
Easeline Mogdal 17254084 10 = Dl
Sraled Usar 08651 2 0536
Scaled Baseline 13443728 10 = 0l

ik ingdaces _
95% Confidence Intarvals
Type SRMR RMSEA Lower Upper RMSES p
Classacal {.004 {000 0.000 0.000 0.4947
Bnobust 0.403 0,000 0,040 0,000 .9454
Sealed 0.003 0. 000 0.0aa 0.047 0.953
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Lear mdel versus Dasefine moadel

119

Model Scaled Robust
Comparative Fit Index (CF1) 1,000 1.000 1000
Tucker-Lewis Index (TLI) 1.006 1.006 1.052
Bantler-Bonett Mon-normed Fit ndex (NNFI) 1006 1,006 1.0532
Ruolative Moncontrality Indax (RNI} looz 100z LOI6
Bentler-Bonett Mormed Fit index [(HFi) L1000 1.0040
Bollen's Relathve Fit Index {AFT) 1,000 0.95%
Bolian's Incramantal Fit Indax [IFF) 1.0032 1.00@
Parsimony Mormed Fit index (PRFi) 0.300 0.300
Estimatas
MpasEramant madel
B5% Confdance
Intarvals
Latent Observed Ostimote SE Lower  Upper 1] z [+
[i1] BiS 1.0 .00 1.000 1.000 0920
B4 G734 LI o 0.598 0870 0.6TS 10.6 =, 001
TE] 0.957 & (-a40 0.871 1.043 0.881 21.7 =001
Bz 0874 . {1494 0877 1.071 0,896 19.7 <001
Bil 0.752 .65 3 0624 0.aan a.693 11.3 =008
Var@ances snd Covarisnoes
95% Confidence
Intervals
Uarl;hll Variabla Eatimat SE | Upper B . g
=L} Bil 0.1428 00624 0.0214 0265 LT 2.30 .02k
By Hi2 .04 06858 004725 £.2109 D249 1.24 4216
Bi5 BIS 11531 30000 01531 0153 0153
Bi4 Bi4 0.5435 q.0000 0.5439 0544 0544
B3 g3 2247 Q0000 0,2247 o225 D225
arz Hi2 a.1968 {0000 0, 1564 o 147 wig?
ail Bil {5217 0000 05217 (522 0522
gl al 1 B469 10515 0. 746D 05438 1.0MHD 16.45 =001




intercepls
95% Confidence Intarvalks
Varlable Intercept SE Lawier Upper ¥
Bis waon 0,800 o.000 [ u]iH)
Bi Qoo 0.0a0 [FRu]xN] .00
B3 &.oon 300 o.aon [ ATELL
Bi2 oon 0,000 0.opo 000D
Bil onn 0, €00 a.non LURHE
Bi {000 0.0a0 0.000 0.000
Trresholds
95% Confidence Intervals
Varlable Step Thresholds 5E Lowar Uppar ] 4]
Bis £l 0,524 0,116 0,752 40,207 -4 515 =001
Bis 2 0.662 0,120 0.423 [ER:1" 1 5.538 = 001
(=1L E3 2,423 0.363 1.711 31385 B.ETL =. 001
B Il -1,769 0.203 -2.166 -1L.371 -B. 720 =001
Big o =008 BL11E -0,313 B.3E0 -D.ava .362
g E3 1.542 0.174 1201 1.BE3 B.BSS =.001
B3 K1 -0.375 0.113 -0,597 0,153 -3.312 = 001
Bi3 k2 0,927 0.1249 0673 1,181 7163 = 001
Bi3 3 2.423 0,363 1.711 3135 6.671 = 001
B £l 0,417 0.114 -0, 640 S k] -1658 =001
a2 k2 1,282 0.151 0.987 1577 B.515 = 001
ail rl 1.994 0242 <3468 1520 -B242 <001
Bil L2 =0.253 0.112 0472 0035 2. 269 L0233
Bil 3 1.087 0138 0817 L3557 7.898 = 001
Modifcation indices
Modification indices
Modif, index EPC sEPC (LY) sEPC [all} sEPC {nox)

fate. Mo meddficatien indices aboye thrashold

Path Model
Path diagrams
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Measurement Model Analysis of EE

Maodels Info

Estimation Method
Optimization Method
Humber of obzervations
Free parameters
Standard errors

Scaled test

Converged

Model

DWLS

MLMINB

130

17

Robust

Mean adjusted scaled and shifted
TRUE

15
EE=~EE3+EE4+EE2+EE1
EEZ~~EELl

Note, Yarlable (EE3,EE4,EER EEL) has been coerged to ordered type,

(3] (4]

Overall Tests

Model tesls
Labal il df ]
Usar Modal 0. 844 1 0.358
Baseline Model  1151.719 5] =.001
Scaled Liser 1.547 1 0.214
Scaled Baseline 1005.312 5 == 001

Fit indices
95% Confidence Intervals
Type SRMR RMSEA Lower Upper RMSEA p
Classical 0.022 0000 B.000 0226
Fobust 0.015 0,123 0.000 0.dgd
Scaled 0015 0.0&65 0000 0254
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Lisar modal versus basalirs modal

Model Scaled Robust

123

Comparative Fit index [CF1) L0060 i 1] o.8494
Tucker-Lewls Index |{TLI) 1001 0997 0963
Bentier-Bonstt Non-normed Flt index (MNP 1001 00957 0563
Relative Moncemntrality index (M} Loog 000 0,594
Bentier-Bonett Normed Fit Index (NFI} D.a9% 1 9%A
Bollen's Relative Fit Index {RFEl) 0996 a5l
Ballen's Incramental Fit ndex [IF1) Loon [HEL
Prarsbmany Mormed Fit bndax [PHFI) 0167 H1ES
Estimates
Maasiramant miassi
95% Canfidence
Intervals
Latent Obssrved Estimate SE Lower Uppar B X P
EE EE3 1.000 00000 1,000 1004 0905
EE4 0650  0.0757 0.503 D7EE 03T E.6S o 001
EEZ 0.748 o.l022 f.547 0848 0oTad 7.31 < (W1
EEL f.786  o.oasT o.5a1 fOE2 0TI 7.88 < {1
Yariances and Covarlances
Q5% Confidenca
Imtersails
Varihle Variable putimets  5E Lowsr  Upper B : "
EE2 EEL 0635 D.OTES Q.01256 BA13E2 LAG20a 212 0.05a
EE3 EE3 0.00%27 0000 0.00827 000927  ODEZT
EE4 Efia 0.9831032 CLOO00 0508802 bSa102 DER1G2
EEZ EE2 048635 B0 044626 ¥ 4638 DA8578
EE1 EE1 038778 00000 D3ETTE  RISTTE O3BTYE
EE EE 0.99073 G.1280 0.73540 124157 10000 7.7a = (1
Inbencepis
a5% Confidence Intervals
Varfable Intercept SE Lowad Uppear I P
EE3 0,000 0,000 .00 0, g
EE4 0000 00D 0.000 0.000
EEZ Q.000 0,00 0,000 0000
EE1 0000 0.0 f.00a 0.0
EE a.0p0 0,000 000 0.000
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Thrasholds
95% Confidence Intervals

Variable Step Thresholds — SE Lower Upper z p

EE3 ti -£.423 0,363 -3.135 -1.711 6,671 <.{{K1
EE3 ¥ 0174  0a11 -0,392 0.043 1572 0.116
EE3 t3 1.994 0.242 1.520 2454 B.2&8%F < (N1
EE4 t1 -1.087 0,138 -1.357 -0.817 -7.896 o (M1
EE4 L2 0.273 0112 0,054 0.493 2.44% Q015
EEq L3 1.375 0.158 1.065 1.684 B.700 = 1
EE2 L -1.542 0.174 -1.883 -1.201 -B.A855 <l
EE2 ¥4 0,460 0,110 -0.214 0216 0,000 1. 000y
EE2 L3 2.180 0.280 1.611 2.7049 7.715 < [l
EE1 (3] 2427 0.363 -3.13% -1.711 G 6TL < 0l
EE1 L2 -0.194 0,111 -0.412 0024 -1 746 3081
EEl ] 1.482 f.168 1.153 1811 B.825 = [yl

Modifcation indices

Madification indices
Modif. index EPC sEPC (LV] sEPC (alll sEPC (nox)

Nate. Mo modification indices abeye threshisid

Path Model
Path disgrams
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APPENDIX D

CONFIRMATORY FACTOR ANALYSIS

Results

Structural Equation Modelling

Estimanbomn Motlad
Opthmication Method
Humiber of observatbens
Fres parameters
Stamdand errors

Scaled test

Convargod

aratans

ol

Mean adjosied scaled amd shifted
TRUE

4
Bl=~Bil+8I5+Bl4+Bi3+BE2
Tivm ~THRY & TRS4 ThA 4+ THT + TR1
FE=—PEA+PET+PEG+PES+PFEZ+PEZ+PEL
fim-%i2+Sik+ %01
EE=—EE3#FE4+PEI+EEL
Fle=FC2 +PCISFCE

RIA——ErL

B2 —=ThE

SIF—FC1

EES-~=FCL

BIS-—EI1

PEd~=EEZ

Fi2—-FCl

PEd==FC1

mil--FCl

EEl=~=FCL

T4 - —-TA

TAY=~EEJ

81— -LEa

Téad~ -~ BED

SI1——FET

THS—~-FE4

TS~ —FCR

TAZ==FCL

S1r-~EEX

TAL-—-FCL

Thl--%i1

Rote. ‘Wanabks {BYL,ESS 554 812 812, TA3 TAS, TAL TAZ TA1, PE4 FET PEG,PES, FE3UFED PEL 512 512,501 EE3 . EE4,EE2 EE

comred ko ordormd bypa.

Note. [nvean->law sarglestets step2il; cornelation Deteeen varisbies TA1 and BIZ & [neary) 1.0

Mote lavaan -l model woosd ) The safiance-cova e matid of fe estimated parairetes (wovl does nol ap
gefinite! The smaiest sgenvsiee (e -3, 160351e-17) s smaker than memo. This may be 3 syeotom that the model
Wote lavaan-sday_object post check{): some estimated v varlarces are negatise

Note. Covarance matns of lskent yerables | not positive dedinite
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Fosieln info

PES~-FCl
BiZ- =811

mid--EE4

TRe~~FEL
BIS——EED
PES~~5[2
Y —

PET=~FC2
ma—-—FC3
S~ < PES
[LIL B £ ]
PEd~~S13
PES——FCZ
PET = ~5i3
TR —EE1
BIS=~TAZ
P
Th4~~PES
SZ——FC2
Bll-~PES
TAS—-PEZ

Note Wariabks (RO, BS% B4 012 812 TAT TAS TAL TAZ TAL. PE4 PE7 PEG.PES,. PERPED PEL, 512,512 S1LEELEES EEQ.EE
cperred Lo srdansd Typa.

Wote lavaan-=iay samplestste siep2i): comelstion befween warisbies T and 812 18 jneary) 1.0

Weto. |avian-=lav_imedal veowdfc Tha veciance-covarliecs malria of Bw satimaled paramrebicds {v2ov] dois nol ap
dasfiniin! The smalest dgenvsies (= -3 36039 1e-17) is smalerthan pem, This may be & syeetam that the model
Kere. lavaan-wlay ohject pods checkl): some estimabed oy wafismcas ang nogative

Note. Covarance matr of lebenl virnakies s ool positive defrite

3=
COvarall Tasts
Modiz] hest
Lashazl w df P
User Hodel 446 267 =001
Bsseine Model  HOATH 51 =001
Scoied User 474 BGT - <001

Scaisd Baseline 224300 351 <501




Models infs

Fede. Warable [Bad ﬂE.,Hl-:,.ﬁl!.ﬂli.'l’.l.!-.'lﬂ&.TM.!:AE.'E\J..PI':!-_.I-'.EJ‘.I'-"EI!-..EE.#E’E}EI.EIE.EMLM.E?.EE

coemed to ordered brpe

Mo laviin- =iy sainpaeilile @epl il cormlation Balman waeiabies TAL Tnd BIZ i (feaik) L0

Naote lavean->lay model woovlk The varance-<ovarisnce mairis of the estimated paramsters {voovl does not ap
dafinite] Thie smakesh einyakes (= 3. 3503306-17] & amalkar than zem. This may b 2 sywptom thak the model

Mo layvear->ley_chiatt_post check]l some aylimates oy varipmces are regalive
Modn. Cova ks matrie of lamant vanalies | no? positve ol

EI-—F-IH.
B ——511

Eld-—EEd

TRA-=PC1
Bl S~~EE3
PES-~SE2
BL——51Z

PEI——PC2
Bld—--FiC3
WS- —PEG
Bld~-—FEG
FEd—-500
PFES~~FCZ
PET-—5i3
TAd-=EE1
- —TAZ
EiZ—-—EE4
TiAd —~PRd
B2 ~~FIC2
BII-—PER
TAS=~PEZ

31 [4]

Owerall Tasts

Mol tests

Lakel i o [

Liger Wl 446 - J0T =111
Hocolng Mode &E47E 351 o001
S alend Kisar 424 2RT =001
Sraked Baseina 23409 351 = [HI1
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Fit indices

35% Confidence Intervals

Type SAMR RMSEA Lower Upper RMSEA p
Classical 006 0.072 0060 0.084 04.002
Robust 0.059
Scaled 0.059 0.078 0.066 0.089 =.001
User model versus baseline model
Model Scaled
Comparative Fit Index (CFI) 0.987 09491
Tucker-Lewis Index (TLI) 0,997 0.988
Bentler-Bonett Non-normed Fit Index (NNFI) 0.997 0.988
Relative Noncentrality Index (RNI) 0.997 0.991
Bentler-Bonett Normed Fit Index (NFI) 0993 0970
Bollen's Relative Fit Index (RFI}) 0.991 0.972
Bollen's Incremantal Fit Index (IF1} 0.097 0.991
0.756 0,745

Parsimony Normed Fit Index {PNFI)

Estimates
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Maasurerment rodel

95% Confidence
Intervals
Latent Observed Estimats S8 “Lowar Upper B 2 P
Y BI1 1000 00000 1000 1000 0857
Bis D.O9B4  O0O0IES  0O12 1055 0843 270 <001
B4 0861 0Os3T 0.758 1pd4 0773 17.1 .01
B3 6.971 00388 0BESS 1047 0832 250 <001
B2 Be63 00341 0E%E 1030 0825 262 <00l
™ TA3 1.004 il o) 1,008 1.0 1.047
A% 0751 00401 0672 029 0786 167 <001
TA4 0,733 00422 0650 0B1S 0767 174 =001
A3 0,744 00397 GBS 0822 0780 187 <001
TAl 0S07 04320 064 0969 094 ZEF =001
PE PE4 1,000 00000 1000 1000 0906
PET 0000  QOM44 0817 0091 0820 204 =000
PEG 0AEI 0511 O7EE 0969 078E 170 <001
PES 0.89% Q0480 0AG) 0989 0811 187 <001
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PEZ D036 00377 0.E83 - LIN9 O848 253 <001
FEL 0,047 00455 2 0BSE 1036 0858 208 =001
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EEZ 0940 | 00586 - 0S5 LOSS 0807 160 <001
EE1 nG%8  OSES 0BBT 1110 0857 1ve <00l
F Fez 1060 00000 1000 1000 0429
FC3 OE0d  DO44T  0ELE 0991 0.74% 202 <001

FC1 0.95& QasTT O.Bad 1-W65 Q. F9% 166 =001




Warisnces and Covariances
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TaA PFE4 b:167L Lis N ] 0.08517 0. 2490 06163 4.00 = i60]
i P2 0.0635 LY TH 1,058 T m1iee 2,180 1.10 oaTE
Al PES 01847 BOERL [ G 0240 RS 4.8 O]
TAS PEZ 01480 0410 IR 022948 0ALs3 3.63 <1001
ik i 2653 [ilee e} 01,3555 0.20855 abey L

ais BIS 0.3839 [CHe s ] 023583 0.288% OZZBED

L] ma E T [Ele e ] 01,4055 04030 Q{0

&ai3 E: k] 0. 3077 [ ] 0, 30 T6E 03077 03077

a2 a2 03150 LR e ] 0. 3050L 0.318F 03190

Tad TAY -0 0968 GOad -0 GRETE -00GeE -0006R
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Wailanies sl Covarlanies
TrS TAS LAl
THA TAL ALLR2
Te Tax 324
Tal TAl [l L
FEA PFE4 oara?
PE? PET 3263
FEG PEB 0.3rea
PES PES BLALE
FEQ PER o IGE
FE2 PEX 02306
PFEL PEl 02833
=iz b 03547
513 515 052
=il =111 (LR 1
EE3 EE2 02533
EE4 EE4 oo
EE2 EEZ 3487
EEY EEl GLI657
FE2 L] cLiddg
FC3 FC3 04387
FCH Rl 6,315
=] Bl 07345
T T L oqed
FE PE (e b
=] 5l 05353
EE EE [ R Lo
FC FC 0
B I, o s
L] PE QLT30S
=] 1] 0Tl
m LE arang
Bl FC 0gs
T PE R
Th L1} fEda
T EE LLETE?
T4 F BoEa0E
FE 1] 0 TLE4A
PE EE 2347
FE FC oorang
| EE O EAlE
a5l = a.mgAan
EE Fe E833

0,000
10,0000
0. 0000
0,400
0.0000
00000
0.0000
o1, 0000
0.oa0n
0.0000
0.0000
0.0000
0. 0BG
0.0000
0.0000
00000
0.0000
00000
0, 0004
0. 0000
001100
0.0&57
0. 0360
0, 0456
0.0560
0.0811
0.0554
00351
0.02a7
0.0327
0,087
0.033%
0, 0324
o.0zag
00406
0.0&53
0.0302
0103484
00383
0.0384
I:I.I;I-I[l.:!
0.0372

03014 o.sp1r 0.5817
0.£1118 04117 4112
030236 L FLY 03034
[T E] pDAgaRk Q09Es
fL17AT2 01FRT  GLITET
0.3202A 0ERRE 0.5FEE
0.37879 03ITOR  03THE
{34162 03816 G316
026600 LEGGD  OE6ED
026056 0.FB0E  G2EGE
028921 02635 [
0.36467 036ET  O364T
0.56510 DSOS O ERAY
0.as5H92 DESHE  DASES
0.76331 0ZE3T  03EI3
036204 03621 2.3611
0.38811 038081 0340
026574 b FRST 02657
0.aiz6z pylEE ANk
043872  O43RT  Q43ET
[ bET1E 0.3715%
0.64537  DUEZAD 10000 1608  <.00E
1.03624 11673 10000 I04F =000
0731685 D810 10000 IM0Z <003
il.57540 0.T&5F L0000 1134 o000
061640 oASE 10000 1308 =007
05777 LT8G0 10000 1240  <.001
f.63341 ETER 10608 2784 L0600
068232 DBODG  ©EBEE 1925 <001
0.60819 OLT37z  O8ESS 081 <D0
05771 R EY [=E-1-5L) 15,88 =, 00
0.68370 0.TIs3  08ER6 0 2187 <001
bEZ250 LR LR R 27.3% =, g
0.6 puBar ogReE g7 <000
0,74110 pRsDd  OOEET 2043 <0t
0.¥rin4 npan .9812 1300 < 0
065713  DTFISE  0RNIT 0 2370 .00l
0.A2710 b.Ta2E QRRHY g ta = ¥l
0.6TREA  QUROH] 08BE1 - 21Ed  <Dod
0.61412  DT400  Q@DER 1381 «.00d
0.67525 OTAAR 0 10681 1741 =00
.61043 O.FSAL  OBGD]l 1R300
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Intercepts
95% Confidence Intervals
Variable Intercept SE Lower Upper z
Bil 0.000 0.000 0. 000 0.000
Bi5 0.000 0000 0. 000 0000
Bi4 0. 000 0.000 0,000 0000
B3 Q. 000 0.000 0. G0 0.000
2] 1) 0. 000 0.000 0. 000 0.co0
TA3 0.000 0.0040 0,000 0,000
TAS 0.000 0.000 0.0:00 0000
TA4 0.000 0.000 0.000 0.000
TAZ 0.000 0.000 0.000 0.000
Tal 0.000 0.000 0. (00 0.000
FE4 0.000 0000 0. R0 0000
PET 0.000 0.000 0.000 0.000
FEG Q.000 0.000 0.0 G004
FES 0,000 0.co0 0.0:00 0.000
FE3 0.000 D000 0000 0000
PE2 0.0040 0.000 0. 000 0.000
FEL1 0.000 0.000 0000 0000
512 0.000 0.000 0.000 0.000
513 0,000 0.000 0. 000 0.000
g1 0, 000 0.000 0,000 0.000
EE3 0.000 0.000 0.0:00 0.000
EE4 L0040 0.000 0. 0D 0.0o00
EE2 0.000 0.0a0 0,000 0,000
EEL 0.000 0.000 0.000 0.000
FC2 0.000 0.000 Q.00 0.000
FC3 0.000 0000 0. 000 0000
FC1 0.000 0.000 0. 00 0.000
Hi 0. 000 0.000 0.000 o.oao
TH 0.000 0.000 0,000 D.ooo
FE 0. 000 0.004 0.0 0.ooa
Sl 0.000 0.000 0.0:00 0.000
EE 0, 000 0.000 000 0000
FC 0.000 0.000 0.000 0000
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Threshodde

3% Confidence Intervals

Variable S5tep Thresholds 5E Lowier Upper z ]

i1 tl -1.894 0,242 -2. 464 -1.53) -B242 =041
4z L2 <0.133 1112 HrLav 0035 L2039 0.023
il 13 1.0a? 0136 LELT 1.357 1006 =001
as t1 41,524 4116 <L.T52 0,297 -4.51% =001
8i5 L2 0.662 0120 EE L] 08497 5.534 <001
as t3 2423 a.343 1.711 3135 6671 =001
EIES 1l =1. 7Y a4.203 -2 104 -1.371 =BLTI0 <001
a2 2 0,097 .11l -B3L3 o120 -LET4 0.3&2
LTS 3 1.542 0174 1ol 1043 La5% <001
iy tl 0,375 0.113 =587 -0.151 -3313 =001
a3 L2 0:527 a.129 G732 1.181 7163 =001
b K3 3 t.423 0,363 LT11 3135 Tl <001
a3 tl 0417 0114 <640 0,193 -3.658 =001
ai2 L2 1.242 0.15% LoaaT 1.577 6513 <.001
TA3 tl 40,155 0111 L372 0062 -1.397 0.162
TAS il -0,957 0.131 -1.214 0,701 -7.316 =001
TAL 2 0114 o011l 004 0.4z 1921 0.045
Tad t1 -1.483 i.168 -1 811 1.153 -BBes <001
A4 2 0.155 a1l RrRi] 0372 1.387 0.162
TAZ 1 ~1.282 0.151 -L37T -1.387 =BLE1% <001
A2 ) Q.17 aLI1L k043 0392 L5732 2116
Al t] -2.160 0,280 2. 709 -14611 -T.T13 =001
Al 2 0018 0110 I 236 0157 0175 0.861
PE4 tl 01,194 0111 -Gl 0.0Z4 -1L.Ta6 0081
PEA ] 1.482 O.Ene 1.133 1.B11 LR L <.001
BET t1 3482 0168 <1LA11 1.183 BE2% < 01
PE? 2 4155 AIll 03T 0,662 -LasF 0182
PE? i 1.327 0.154 L0925 16249 m6ld <001
PE6 1l -LETG 0210 -d.208 -1441 -8 5a4 =001
PEB (] .09 aiir 317 a.1zo «8v4 0.3z
PEG t3 1337 0,154 LAO25 1630 Bl =001
PES tl -1.483¢ 0166 -1.811 -1.153 -B-823 =001
PES L2 0097 (.All (1120 0,313 874 03482
PES i3 1.542 a.174 el 1.E83 B.B5E =,001
PE3 L1 =1.594 0,242 <. E08 =1.320 =H243 <00l
PE3 12 -0.214 0.E12 -R534 -0.093 -.TH 0.0a5
FEX i 1.087 a.L3n CBeLT 1357 N <.001
PE2 tl -1. 764 0.3 -2 166 -1.371 -BT20 <001
PEd 2 Q.000 Q110 D216 02186 000 1.040
PE2 ] 1.375 0,156 1065 1.6 B TG <Ll
PE1 tl -3.423 0.3683 -1.135 -1.711 -B671 =001
PEL L2 0214 4i11 ~bdir 0004 -1.4921 0055
PE1 3 1.053 013 oLTET 1.319 r.T58 =001
=1 Ll <1123 Q.10 L3397 Q.B49 034 =001
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T s
512 £ L334 0L1lE [ ] 0,555 2065 0003
513 £l -1.8T0 D212 ~Z. 258 -1.441 - 544 <001
513 £2 RATYq CL1lL L. I5E 0.043 SLATE 0116
513 [ 1123 0140 D.Bd3 1397 2034 = T601
=15 EE =L.0a7 [ 1 -1.33T HILELT =FHHe =1
Bi £ B384 G113 B.1%3 05T X135 0.bad
SIL 3 2150 0-2B0 1611 2.9 T.rs = (811
FE3 i1 2421 0IR3 3135 AT -BETE =00l
EE3 £ 4ard Aill 0.3z 0043 572 D18
EEX £ 1994 D242 1.530 2464 B.24r =001
EE4 i SR 1,357 0817 -7E0E. <001
EE4 12 BEFl 0112 0,054 0493 2443 0015
EE# 3 1375 0153 1.068% 105G B =, 01
EEZ £l 1542 01 -1 BEZ 1200 -BESS =001
EEZ 02 nom  olLe 0,216 0216 0000 1000
BEZ £ paBe G260 1811 pI08 TS <ol
EE1 (4 2.823 D363 3135 1.711 BAT1 . 001
EE1 ¥} -0 B4 0111 0433 0.024 -1.748 081
EE1 £3 LAR? 0168 1153 16811 8825 <0dl
RI2 L} =34 011l 0.555 «0.113 2865 003
RC2 £2 1.020 0134 07T 1.283 TR14 = 01
P i S R B L “L003 DSFL -B20F <l
e £ BEEd  0oan o.a81 45 sTE <00l
FC3 t3 2 LB 02BN 1.611 2.709 T.F113% < 001
1 | 2421 | 03Ga 313 A 6671 <]
FC1 £ 038 DAL 0.382 (T I T+ & S ) |
FC1 B3 1769 D203 1371 2156 B.7I0 <. 101

Additional outputs

Rellsbilty indipas

Wariakiba ® Dl el [ [ s ANE
Bl 0A74 OPI4  0@66 BEE OBED  ORE3

A 690 0.95F  O54E 048 0B2T 0783
PE oa12 ngad 00T 020F 0 oBos 008
i o747 0EI% 0781 0TAl 0738 0554
EE 0.8 0.BED 0. 5:20 oEE (=l | .m0
FC 9,738 OBz - 0750 D750 Q7R3 D626
(51

Modifcation Indices
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Motifcation intices
iHnr.lH. EPC HEPC [LV) ®EPC {all] =EPC (nox)
rides

FC = Eil 151662 =202 76 -168.1149 -168.119 <168 110
TA - Bl 12257 3 86830 Q0934 -DA34 2934
PE ==  5I2 14046 8 “140.133 -153.276 153276 153 276
51 == BA 10882 8 40.733 71973 -71.023 -71.923
EE == BR 5955 .8 5B.3%2 48367 4p367 41347
EE ==  5I2 4656.2 SB.059 483.832 £5.832 49.8332
s1 == FC2 29718 41.481 £0.006 45,006 45006
Bl ~* BO 2B48 0 2R3t 2997 1000 S
81 -= B ZBSE B -23.927 20508 20504 -20.500
PE - FC2 20677 47 0B5 -33.608 -1 604 <33 GoA
PE == B 19219 14883 13.502 13502 13.502
a1 == FC2 14.24.% “2B.250 22534 22534 22538
TA - FC2 1254 .6 A0S -1 T 21 TER 21 TEH
FCZ "~ FC2 844 8 ~18.847 -18.847 -1 .16 -1.0040
EE =— FC2 a5 -16.245 -13.943 -13.943 -13.8413
FC =— FC2 BOE.3 “17.95%0 14918 14.916 -14. 958
TA =— w2 412 6 AT -0.9L8 -91#8 =908
EE == (L] 408.7 -1081 =[98 =098 = OFd
FC == w2 405.6 -1.0&7 -0 a02 -0 a0z 002
i == w2 4015 -1.123 -[r. B35 -A%S - B35
PR =— w2 Ja2a G958 -8G5 -hAaks - 405
niz —_— W2 3765 -1.1G4) -1.10¢) -1.000 =100
L9 = EE2 193.4 -5.672 -4 571 -4.521 -4.521
2 - PFEA L7718 -5.479 -4.367 -4.36T -4.367
T, =— BE2 17w -4.186 -4, 354 -1 354 -4 A54
B = PE4 lalg -4.847 -4.154 -4.154 -1.154
FC ™= PEA 1448 -4 006 -3 B4 -3.984 -394
Al == EE2 1278 -4.101 -1.514 -3.974 -3.314
FC - EE2 116.5 -3.757 -3.148 -3.148 -3.148
EE =- PEd 9B.1 -2.502 -2 147 2,147 52147
Th = PEA 249 -2.184 -2 254 -2.25%48 -2.2598
EE - Tal ac.a -[.aER -atdl <0 - 50H)
B ==  TAL 7ol 0564 0.4E3 -0.483 -0.483
PE =~  EEZ TET -3.1ER -1.983 1983 -1.063

Mate, Mals produced

Marg, lavaan-=lav_start_check_cavil starting vakues imply Hall For 2 carmelation vakue;
wariables mvolved are: BIZ2 TA3

Maota. [avaan-=lav start_chock oowi): starting values imphy a corredation largar than 1; wariablas

invalved ane: PE4 EEZ

Mate, levaan. =lav_start_chack_oovi): starting valies imply a cometation larger than 1; variabies
Invalvesd ane; Bl TA
Mate. lavaan:=laxv_start_check_coviy: starting vadues impiy a cormeation larger than 1; wariablec
irwahvied e 51 FC

149



Medification Indices

e
PE

SRR RRESFRT

BE4
FE
i3

Sl

PFE
TA
BIS
&
L]
PE
FC
PE
TAZ
EE
FC

Wole, Mahs produced
Nate. |svasn-=lav_start check_oow): starting values imply Mafl far 8 carrelstion vaye!

Tal
Tal
TAl
Tal
Bis
FLC1

FCL
FCl

PEEERREERE

511
TAZ
511
511

735
65.2
64,0
55.0
4.4
5315
52.%
513
50.8
50,3
502
&9.8
&59.49
452
LI
480
478
47.2
#5.7
£4.0
47,8
#2.8
3RB
3B
arl
367
6.6
321
a7
303
29.9
9.0
267
288
276
27.6

variables invalved are BIZ TAF

Nobe, lavaan-=lav start check oow): starting values imply a correlation langer than 1; varlabbes
mvatved aro: FE4 EE2

Note. lavaan-=lay_start check cow): starting values imply a correlstion langer than 1; variables

invalved are: Bl TA

Wote, lavaan-=lav_start_check_comall: starting values impdy @ cormelation larger than 1; vardables

mvahesd are: 51 FC

0563
-0.488
D547
-DAGE
-0.390
528
Laz7
-B.501
d68
VATZ
1439
Gabid
821
-0.48%
0512
G434
0408
0512
-0:522
-0.49%
a5y
0507
0522
538
0503
D ATS
-0:403
0499
0510
DasE

b8

-0AaTS
LAz
-BL.554
B Lok
-G asT

- AET
-0.443
-0A436
-D.A58
-D.408
L5528
D487
-0.430
-0.402
0391
-0.330
0421
0415
0419
-0.A40
-0.98%
0427
nAZ4
0416
o485
L4156
0507
-0.432
0427
-0AFE
-0.431
D422
D.A95
-pAaT
-0.392
0ua01
-0394
-0.383
0,554
0383
0371

-0.487
0443
0436
-1.000
0408
S1.000
-0,447
-0.430
=040
0.3
-0,330
-D42L
-0.41%
R
-0.4a0
-0.349%
G427
-D424
-0 16
1,000
0416
-1.000
20437
0427
-0437
-0431
-0a2%
«1,0410
0,407
-0.3492

0441
-0,304
-0 33
-1.50
-0,382
-0.3T1

. 46T
-0.443
0,435
-1, 000
-0.4048
1,004
40,447
-0.430
0. 402
3,391
0,350
0421
0.415
0,419
0440
.553
£0.42F
. 424
0.416
-1.004
A.416
-1,0040
£.432
0.42F
0,433
0,431
0.422
1,004
0,407
-0.302
40,401
43,304
1. 3E3
-1.0040
41,3B3
1,371
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Modification Indices

Ta
FE
Bi3
Tad
EE

Ta
PE
Bl
FC
EE
51

Bia
FC

FC3
A1
FC
B
EE
Bil
TA

gil
TAS
TAL
Tad
Tad
i3
1 k]
TaZ
513
TaAZ
TAS

22

1
13
iz

BEEE

HERY B R

334

214
2.4
26.3
253
252
25.1
25.0
250
24,5
4.8
244
231
2.7
22,7
373
22,3
3.3
I1.E
211
0.8
206
15.8
183
17.1
17.0
16.4
15.7
15.2
151
14.6
13.4
11.8
11.2
10.7
10.2
10.0

03559
ALaTh
0207
537
-1L463
{403
LAg?
ALA2E
<502
1LAEE
-1L511
- 182
4T3
ha5h
I 45{
-.523
467
L5173
-1A56
a2
ALa45
AL43E
-IL3ES
<1378
- 355
47T
-1LA37
L4113
1313
-0.495
-[.407
1.362
113
‘T3
<0.138
D735

0396

0.4286
0.207
-0.537
-0.3%54
422
0.423

0,364
0.414
0.375
0. 407
-1.182
0,352
-0.350
0. 367
0.5323
0.467
0.517
<0.301
A0.354
~0. 302
0,374
=0.330
. 306
-0.3322
-0. 382
0. 305

.57

0.228
-0.443
0. 349

1.12%9

0.966

0663
-0.138

0.759

0.3TE
D426
-L1EE
-1.000
-0.349E6
-0
-0.423
-0, 344
04106
-0.3TS
-0.A407
-0.%15
0,343
-0.390
0,367
-L,00
-1.CaOD
~1.040
-0.341
-0.354

0.343
-0.374
-0.330
-L396
-0.322
-0, 502
-0.375
0.37q

O.EZE
-1.000
-0, 348

LIZ9

0566

0.663
<0269

O.75%

-0.3T8
R
-1.186
<1.000
-(.338
<432
<0423
J36a
<0416
I.375
407
1415
S LF
“0.390
<0367
-1.000
-1.000
<1000
-.391
-0.3%4
0343
0374
“0.330
-0.3%96
o
-0 382
1375
-0.374
0.8z8
-1.400
0344
L1229
0.4966
L
0265
058

Akare. Maks produeced

More. lavaan-wlay start_checi_cowl): stamng vatues mply Mai far a cormalaton valua;

variabies inwalved are; B2 TAS

Mate, favaan-=lav_start_chack_cowll: starting vadues ingly & corlation langar than 1) variablog
irwolved are: PE4 EE2

Mate, lavaan-=lav_start_chedk covll: staring vadues rrply 5 comaiation |arger than 1 variables

irveolved are: BITA

#lote. lavaan-=lav_start_check cowl: starting values imgly & cometation larger than 1; variabbes

Inwewed are: 5 FC
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Path Maodiel

Path diagramns
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APPENDIX E

STRUCTURAL EQUATION MODEL ANALY SIS OF PROPOSED

UTAUT MODEL ANALYSIS

Modits Infe
Estimation Mothod DWVILS N
Optimization Mathad Pl F| R .
Mumber of observations 130
Froe paramectors 08
Standard errars Rotiuat
Seadad baal Manm sdjisitid scaled and whifosd
Comearged TRIE
IEmratizn FE T
Mol TA=-TAZ+TAS+TA4+TAZ+TAL

PE=—FEd+PE7 +PEG6+PES+PEI+PEZ+PEL
EE=-HEL+EN4+ERI+DEL
Sl==512+53 #511
FC=—FCL+FLI4FCT
Bi=—BI1+ A BB+ HE
Bl ~TA#PE 4 EE & 514 FC
Bl —-mid

Si%e =Pl

BlZ--FCL

FC1--Bi5

EET--FC1

Bi% = 813

BI5-~B12

FE4-=PEL

S11=~8i5

TALI--BI3

Ta1--Bl4

510~ B

EE3——BIS

A—-m3

BI5--Bl4

PEG—-BIS

T~ =TAZ

FEG~~B5

PES--FC1

feobe, Model seb-up lavas >lae partabile st ) duplicates slements in model syrtex heve beer lgnored: = FC1 —
Hinte, Vanable [TA3,TAS, TAS, TAZ, TA1,PE4,PET,PEG,FES, PES, PET PEL EE L EE4 EELEFER 512,513,511, FC1,FC3,FC3, BiL

toeried b ordered bype

Note. lavaan- =l samplestabs stepli): comelation babsoen varabies 312 and TAL i {naarky) 1.0

fiobe. lavasn->lay model soovi | The yanancecovanance matns of the estmeted parameters |soy) doees not ap
dalinita? Thi sralest aiganilun (= -4 B0EE05- 111 ik amaber Than Been, This may B & syenilam Uhel the moadal

Mobe, lavean-=lay_ object post check]l: some gstemnted oy varisnces are negatve
fipte, lpvasn-=lee cbiect post checkl) dome pstimsted v varisrces are negstine

[3] [4]
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Mndals infa

Taz-——EET
Bld--Bi2

TALl=-=FC1
BIS~=FC1
Bl4--FC1
PE4-—-EEZ
EEd-~Hi%
EE2=~=FC1
EE4~—5i1
TAL-—BIS
EEd-~BiZ
EEd=~=~FC1
EE3-=BIZ
EE4~—BI5
EE4~—mia
PLA- B
PEL-~BI%
EE1--BI15
PEd~=FL{1
EE3-—5I1

TaZ--BI3
T5=-=Hi4
FCZ~=F{1
FC3-—BM4
TAl-—5I11

Hid--—-@id

PEL- - RIS
PEL-=BI2
SiI2~=FC1

PE4——BIA
PET--HI4
EEL--BI2

EEl=~~FC1
TAd~~EEZ
PET-—FC1

Note, Model set-up: |awaan-~lay_partabie_flat]): duplicabed slemerts in moded symitax kave been ignoned: = FC1 -

KNote, Variable (MAI.TAS. TA4 TAZ, TAL FE4,.PET.PES.PES, FEZ.PEZ .PEL.EE]1. EE4.EE3, EET 512,503,511 FCL FC3, FCZ.BILL
cenied bt ordered bype

Nofe. favaan-=lav_samalostats stepd () comelation bebween vanahbles BI2 and TAL Is Imeary] 1.0

Nole. lavaar-=lav_madel vcou) The variance-covariance malrx of the estrnated parameters [woov) does ol g
definite! The smaliest sigeralue (= £ %29825¢0-11] is smaller than zer. This may b= a symptom that the model

Note, lavaan-=lah_obaor_post_chack]]: some astimated o varianoss ane regative
Note. favaane=>lav_obdect post checkll: some estimated lv wariances an= megative
131 1a]
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Madels Infe

PEL——BIA
TAL——FCR
EE2~~FC1
EEX==5IZ
TAS——PE4
TAX-~BIS
PEZ-~BId
TAL==~FL1
EEL-=FC1
FCX——RI3
TAZ-~BI2
TAS-~BI2
FCZ——BIS
FCI—BI
S11~ =Bl
FLC2=~H13
PET-~FC2
$13—-8i1
PEL——PCY
PES~~5I2
s11--FC3
TAL-~BEY
TAZ—~FC1
TAZ-~BIZ
'I".!.-I--—'P.E-
PEA—-5I3
sz--FC2
PET=~~513
TAS~~PEZ2
TA4——EE1
EEZ--51%
EEl--5I2
PEG-~PE1
PES-—FC2
EE4--EE2
Mape Mode| sat-up: lh'.'ﬂ&'l-:"i*-‘._ﬂ-ﬂ'lﬂ'!_ﬂﬂlrh dnipicgtes dlaments im el Dpilay have Daen paored: * FCL -
Mate. YWariatilo (TA3, TRS, TAS, TA2, TAl _PE4.FET FEL,PES PEZ PEZ FE] EEL EE& EE3.EEZ 557,543,511 FCL FCAFCZ EIL |
coercad to ordarad type,

Maote. lovsan-=isv_sampiesiabs step2(]: comelation betseen varisbles 812 ard TAL is (neary) 1.0

Mare, |lpwisan-=lay model_wooel]: The vanance-covariance matiy of Ihe estimated parmmetens (Wwoou) 0oss noz ap
dafiritel The smallest siganvahie |= -4 949835211} =5 smaller [han 2ér. This may Be & symphom that The maded
Maote. javsan-=lsy object_post checki): some estimated ov variances are negatie

Mare, lavaan-=lay_object_posy_checki): some esrimated W varianoas ang negatine

2102l
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Models infio

EE4-—EE1
PEG~ ~PEd
§11~~FC2

FES—-FC1
PES~=FC1
TAL~~PE4
PRS- -EE2
PE4--PEL
Ta4 - ~EE3
PE3--FC2
FES-—BEZ
TAL~=FL2
PE4~=PES

N Mol sef-up Bvaan-xlay partable Nadl); caplicated akamsents in madel syntas have Been igoaned; ® FCL =
Mobe. Varshle (T4 TAS TAS, TAT TAL MEL PET PEE.RES PES PELOELEEL FE4.EEZ.EED 512, 803 SILFCLFCY FE20IL,
crsdpad o grtired Lyps

Rapbe. vaan-=lay_samrplestars stepdil corelation Betwaen varables B3 and TA] s {reariyd 10

Nobe. lyvaan-=lay_model_veonll The eafance-covanants makrix of the estenalbed parameters {voov| dosd not sp
definitel The smallesl slgenvais | = 4 04903518} is emaller than rend: This may b b syrmptam that the model
Note. lsvasn-=loy_ohpect post checkil: some estimeted av yariances st negative

Nobe. lavaan-=loy_otiect post_checkils some estimated b warianoss aee negatioe

13114]
Ovarall Tests
Moded tems
Lahel M df B
User Madel 220 314 0aFy
Baseling Mods!  EB4ATE 351 = 0L
Soaked Usar 285 214 =001

Scaked Baseline 32439 331 =001

Ft In@ces

5% Confidence Intervals
Type  SAMA  AMSEA  Lower Upper  RMSEAp
Clansical Dgagw LN Q000 Losn 0,595

Ro bt 093
Scabed 0095 0.0532 2.03s% 0067 0.3538




Uiser model versus baseline model

158

Model  Scaled
Comparativa Fit Indax (CFl} 1,000 0.547
Tucker-Lewis Index {TLI} 100N 0,994
Bentier-Bonett Non-normed Fit index (NNF1}  L.O0D 0944
Relative Noncentrality Index (RMI) 1000 0.9497
Bentler-Bonett Normed Fit Index [MET) 0.997 0987
Bollen's Aelative Fit lndex {(RFI} 0,055 0.979
Bollen's Incremental Fit Index (1FI) 100 0.947
Parsimony Mormed Fit index (PNFI) D608 0,602
Estimates
Paramalers estimalbes
B5% Confidence
Intarvals
Dep Pred Estimate SE Lower Uppar B z P
a2l 5 0,25936 .B51 -1.,410 1.93 {1.32584 0.30350 L.TEd
i ] PE 0. 854104 1.8 -1.213 .90 0.855259 Q.B0237 LU i
[:1] EE 061916 0474 «0,311 158 065145 1 3048% 0.1532
] 5l -0 3004 4,433 -§,53%9 T.a4 B2 TE L1890 T4 i.EB48
B FC -0.008TE 2. 385 -4.883 .87 {1 {35 -0 00368 0.oo7




Meaasuremant rmadel -
95% Confidence
Intersals
Latent Observed Estimate SE Lower Uppar 1] F 4 1]
TA TA3 1.000 Q.04:00 1.0k 1.000 1405
TAS 0.750 0.0398 0672 0.a8za 0.7949 1ES <.001
Tad 0757 0.0387 .GEL 0.83z LI 196 =, 001
TAZ 0.T4E 0.0391 1.671 n.azd 07346 191 <.001
TAEl 0.366 0.0317 0,803 0.928 0922 273 =, 001
PE FE4 1.000 .00 1000 1.000 0562
PET 0862 00416 0780 0943 0.629 20.7 =, (0%
PEG 0.axr 0.8 0.737 0.926 OB 173 .00l
PES 0.8a87 .39 QLEDL n.ars 0.853 20.2 <. 001
PE3 0.8 0.0313 .E20 0.94% 0_E48 2B.2 <.001
PEZ 0.8 0.6339 15 0948 0.g48 6.0 <00k
PEL 0.869 0.0428 0.785 0.953 0.636 20.3 =.001
EE EFE1 1.000 0.00a0 100 1.000 1.591
EEd 0915 00603 0.Ta7 1.033 0.E1l% 15.2 ==, 001
EE3 0,951 00548 B4 1.05% 0.B48 T4 = 0%
EEZ 0855 0.0543 0.248 1.06% 0.851 176 o, 001
51 512 1000  G0000 1ood 1000 0800
5I3 0998 0.0509 LESH ogy 0794 196 <001
si1 o.eay 0.051% 0787 0.088 07140 173 «.001
FC FCL1 1.000 Q.00 1.000 1.000 0.664
FC3 0.790 00572 DLETT 090z 0682 138 <001
L S 0003 0.0593 0.B05 1.002 0.780 IB.D =, 001
Bl TR 1.000 Q.00 1.0040 1000 0847
BIS 0.383 0.0417 0.802 0965 0748 1.2 =, 001
Bla oA 0.0%a3 0784 08951 0732 1E.% = (101
B3 LAa2a LR 0750 n.8ay LR 2.0 <. (0}
Bz o.aEy 00358 LEL? 0.as¥ 0.752 4.8 =001

159



160

Variamces snd Covariancon

§5% Confidence
Intarvas

""‘"i""" 1""’;“‘ Estimate  SE Lowar uppar B z p

511 B3 03344 DOA08 023490 043387  D6E1S  BSAY <001
512 FC1 01938  DO0480 009063  O2BE00 06405 4035 <001
FC1 RIZ 00357 D493 D185 001087 02576 -1738 0.082
FC1 BIS 01146  D.04D7 519428 -D.0BS D345 2817 D005
EE3 FC 01398  D.OSSE | DO3Z7S 024685 05230 00 2560 0.0d0
s a3 02943 DOE3  DITOAT 041918 DEIBE 4647 <00}
s B2 02608  DOSES 014538 ONTEX 0SOSE 4420 <001
PEA FC1 00681  DOIGE  -000402 014020  DAS4d 1851  0.064
511 BIS 02786 DOSBI - D16439 030274 05958 020 4782 <001
™1 BI3 0.2287 D047 DI4EEE 031047 08227 5479 <001
™ B4 01387 DOZT0 008412 01933 DSITI 49070 <.00]
5i1 EIlZ 02107 D.5%3 O.10322%9 a. 2180 L4533 3 Bo% < 1
EE3 BIS 01762 00416 009473 025770 DSOM0 4230 <001
i3 Bl 02582 DEED DAFV0R 03893 DS460 0 3050 <O}
Bi5 Bl4 00801 00566 00320 019131 01743 1410 0I5B
PEE BIS 02079 00528 010444 031135 05223 0 3030 <001
T T2 02125 D450 DA 030075 05977 0 4716 <00
PEG Bl4 01714  DOST4  DOSBE3 028387  Da1lX 0 24984 D003
PES el 00831  DOS40 000313 Q16930 G157 1888 DosS
Thz EE2 02221 0.0335  DASEE 028772 06988 632 <001
i B2 01442  D.0230 (O6LOF 02364 018 3435 <001
Th1 FC1 00375 D041 -DO04ASA 011987 01921 DBS3 0372
FC1 R4 00314 DOEEL 008201 004931 -D0612 0592 D554
PEA EEZ 02148 DOILL DAS39 . 027570 14964 6913 <003
EE4 BlZ 1892 D.op2E2 B e 0. 26381 4081 3511 < (L
EEZ EE1 01088 poALT D.pa449 a.20ra LT 2.b4F L1
EE4 a1y 03004  DO0400  BAOBT 00854 BA9ET 4138 <001
Tl BIS 01550  DOS22 - 0OSI/O | 025824 DEO0E0 2086 0003
EE4 BI2 01452 D.0456  DOSSEF 023488 DIEDS 3186 0.001
EE4 FCi 41027 00506 020479  -000357 03520 2030 0042
EE3 BIF 0.1B08 | D032 012965 0. 75500 0. A0 5711 - D1
EEA s 01138 GBS 0HATTR . A3AMO DO9E0 2333 D020
EE4 Bid 02004 D481 011700 0P0dE)  BSOEI 0 4808 <001
PEA Bid 41400 DO0IEY -D20133  -0.07863 07404 4471 <001
PE1 BI3 03103  D.OG35  DO94TE  0.34376 05570 3452 <000
EE1 BIS 00609 D045 -D.ISSES Q0197 02335 -1 0127
EE3 g1l 0.2414 O.04ER [ 7 033707 W Ty &.4949 « 11
Taz RIS 4. 1674 D.0se3 <7631 -0, 06435 04168 -31.203 0,003
Ths B4 00997  DO0SLE 01996  134ed 02397 -19SE 0050
FCl FC2 0.0352  O06al  -00SEZE 016872 01117 0517 D605
FC3 Bld 01710 D.0S86  DOSS06 028589 03T 2916 0.004
A1 sl 01384 DOITS 006492 021180 05066 3691 <000
Rl BI3 00529 DOSBd DOZIEL 020733 01872 1590 0112
PE1 BIS 01509 00680 00668 029308  0A3BE 2353 0009
PE1 B2 00452 00284 009684 000648 01247 1714 D086
Pra B3 00690 D032 003885 017184 DI%FS 1318 D.1AS
PET B4 00607 00343 -DAITEE 0O0ESL 01568 1770 0.077

EE1 Bz 00413 L0477 -0.13475 0.05204 -0L1382 as7 (.385



Variances and Covariamnoes
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EER
Rt
PE?
PEL
TAL
EEX
TAS
A3
PE2
FCH
Az

FC3
si1

FE?
1k

PEL
FES
Si1

AL
TA2

A4
PE4
512

PE?Y
TAS
7249
EE3
EE1
PER
PES
EE4
EE1
FEd
511

PEE

PES
FE4
TA4
FE3
FL3
TAl
PE4

TAS
Tad
TAZ
TAL

FEl
EEZ
FC1
Eia
FL3
s
PEA
k]
Bia
3
Ei2
B2
B15
Eiz
Eld
i3
FC2
Eld
FC3
S

EE3
FC1
Bz
PES
53

Siz
PEZ
EE1
Si3
SiE
FE1

EEZ

FE4

PEES
FC2
FE1
FES
EE2
FE1
EE3
FC2
Bid

0.0574
00,2425
11033
00863
4.1819
01441
1.1826
0,0506
0.0612
i.1420
00733
0.a78%
{1,068 4
0308
1.a877T
i.0542
a0, 1828
10531
01563
1.1159
0.1738
0. 1861
10,0580
01572
42339
00714
0.1517
01070
1.1407
01759
B
01057
01319
1, 1308
02689

AL1ETO

401778
f.1lel2

AL1THE

40.1183
4. 1480
41623
Q1337
0.1524
4.0588
41126
40.1474
4.1339
43817
03309
03663
1.1503

00555
0.0449
0.03%5
0.0a54
0.05E0
0.0453
0,040
0,0555
0.0417
00643
0.0500
0.as72
00650
0.0523
0.0437
00748
0.057h
0,0743
Q.0358
(AL
0.0539
06371
00377
0.0407
0.0509
0.0413
0.0574
00521
0.C408
0,0315
0.0408
0.0503
0.0604
0.0570
00633
0.0567
0.0277
0.05%8
0,033
0.0272
00855
0.0273
0.0443
0.0544
0.6763
f.0400
0.0370
0,000
0.0000
0.0000
0,000
Q.00

-0,05138
0.15442
A AT2EE
0.00733
006317
0.03524
{0.00856
-1.05322
014204
.0LALE
4037202
A0.03253
04263
41,0854
000297
. OREGS
0.06305
409256
008402
f.01547
0.08317
01139
{01483
49.07738
0.93365
-0.00809
0.03818
Q00287
0,06
a.11407
020853
0.00702
0.01351
Q.02dRs
0. 30306
A1,70917
1. 23203
0.05850
40,71389
4107161
0.22918
{.21581
a.035837
0.00573
4109077
‘A.03263
023008
40,13386
0.36178
a.35a88
0.3R5246
015033

016616
033057
SO.CE30E
018536
029565
023280
036660
0.15%36
0.020a%
0. 2600
0.02E35
01918
021345
014893
017350
019432
0,29564
019873
0.2ZE53
021630
027045
0252432
015783
O.23ea3
0,13421
LISZ16
026521
0.21112
022065
023771
L D2 3
020425
0.2503%
025042
-0, 145403
-0,07584
-0.17353
0. 26732
-0.08335
0,06493
-0 DS ED0
-0, 0BT
0. 20550
025%02
020831
oL1Ehd
007484
-0, 13386
OL35L75
0,35 50n
0, 36676
0. 15033

12511
LTTR]
R[]
0.2535
MA414
4527
1.1114
2083
01671
2704
-0 1635
f.2 684
2128
r0634
1799
01208
05235
0.1239
13691
3698
k3372
0.9655
1934
LGS11
0. 7565
14320
D4o3g
03175
n.4420
0 f551
panzd
H38d3
04005
4242
“p.BER3
07133
-1 OE4E
D362
-LA%14
L1165
-0.5347
-LO818
0 3506
4504
01218
A543
L1038
-0 1330
03617
o.3%03
T
01503

1034
5398
.3.8908
2.121
3.135
3175
4258
0011
=1 465
£.2110
1443
1.391
1322
0519
24029
0158
3175
L.714
4. 239
2262
3,228
S0l
1.566
3.B6L
. 5590
1721
3610
20148
3451
2476
3152
2100
4,183
2431
- 265
-13297
SBATE
3.1l
-4 463
4345
-3.184
-5.04.2
3.16%
2 .80
oaTe
2.960
A48k

0.3
o, D1
a.004
Q.034
0,002
2.001
=, 01
1,362
4142
oy
0,149
o164
0186
0,504
a,.0a2
449
Qq,001
0,475
=.001
.04
a3.001
=.001
0,117
= 001
=001
0085
a.009
a.044
=001
o2, 0]
a2
Q.036
o039
a.01s
=001
o, 00
o, 001
0003
=L, CHH]
=, 01
0,001
=,001
a.004
O.005
Q441

=,001



varlarices snd Covariarces
PE4 PE4 0.0746
PET PET [0 e i1
DER PER 0.3548
BES PES a.a7ras
PE3 PEZ 02509
RE2 PEX 0.2E03
PEL PEL 0.30158
EEX EEL 02455
EE4 EE4 0.3%a35
EE3 EE3 0.2E1%
EEZ EEZ 0276
512 512 03603
=3 gz 03633
511 511 0A%6E
oo | FC1 025483
3 FC3 O.R251
FCZ FC2 0A%15
Bl Brl ozEZ?
als Ei5 04443
[iIE] bed oAt
;3 B3 03139
Bl BiZ 04353
™ Th 11335
PE PE 089754
EE EE 00,7545
Al i 607
FC FC Q7458
i} (il 0.0737
™ PE 0.0535
A EE O.AcaE
A Sl QLA 30
TA FC 09067
PE EE 0, 7465
PE 5l s
HE FC 0.H187
EE 5l 06759
EE EC 09781
5l FC oeE2a

e T e

d.0000
A D0
000G
0.0000
0.0000
00000
0.0000
00000
000060
0.0000
90000
00000
0.0000
pEi
0.0:000
0.0000
0.0064
a.0000
0.0000
0.0000
0.0000
0. 0000
00364
0.0853
0.0538
0.0574
O.0BBS
0.0615
JiRek FE
4.0351
00307
0081
92,0336
06303
0.0s819
A.0346
0.051F
LO3%T

0.07463
0313258
0.35543
0.27253
0.28095
028027
0.20152
020548
033048
0.33105
0.27608
0. 36028
035330
0495659
0.2%4211
0.53507
0.39154
023274
0.48036
0.0 7054
0.31388
0.43527
1.06260
0.B3667
0.69109
0.52720
0.57239

-0.15418

0,03055
0, 73607
07736
0 Be55h
0.62052
0.69755
0.73p45
O.6OR0T
067678
0.B344T

0.07463

0.31754
035983
0.17283
0.78055
0.28027
020152
0,20548
033448
0.28105
0,27608
036020
0.36330
049659
2.254F1
0.53507
039154
0.28274
044026
o478
0.%13E8
QA3533
1.20513
1.01411
@.Ra7S5
0,75225
0519148
004679
1,61643
0.93359
0, B2
088737
0.61238
081640
0.B00ER
0,74376
0.BTg42
Q76021

00746

13125
0. 3558
02725
0. 2808
0. xa03
0.3018
02055
0.3345
07811
02761
02603
13633
04066
a.2542
1.5351
0.3pL5
0.2827
0.4403
04788
1.5133
0.4352
L.GDg0
1.0000
1.0000
L.G0G4
1.0000
40,1027
0.90309
0.3112
09792
0,906
O.5705
09838
19855
92,2587
1.0108
1.9873

31.184
20,436
15.056
11.143

8.430
-1.194
296492
28,652
27,134
12019
43150
24,967
18518
19,527
15.04H
17.174

=001
=01
= 001
= 0{1
. 001
0.331
<=, 001
=, 001
= 01
<. 31
=, 001
= (M1
= 001
=, 01
=, 001
< 01
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Intercepts
95% Confidence Intervals

Variable Intercept SE Lower Upper

TA3 0.000 0,000 0.000 0,000
TAS 0,000 0.000 0.000 0,000
TA4 0000 . 000 Q000 LER
Thz2 0.000 0,000 0,000 0,000
TAL 0.000 0,000 0,000 0,000
PE4 0000 0000 Q000 0000
PE? 0,000 0,000 0,000 0,000
PEG Q00 0. 000 OO0 0000
PES 0.000 0.000 0.000 0.000
PE3 0000 0.000 0.000 0.000
PE2 0.000 0.000 0.000 LR ]
PE1 0.000 0.000 0.000 0.000
EEl 0000 0. 000 0000 0000
EE4 0.000 0, Do 0, 00y 0.000
EE3 0.000 0.000 0.000 0.000
EE2 0,000 0.000 0,000 0,000
512 0.000 0,000 0.000 0,000
513 0000 0,000 OO0 0.000
3l1 0.000 0.000 O 0 0.000
FC1 0.000 0.000 0.000 0.000
FC3 .000 0,000 0. 000 0,000
FC2 0.000 0.000 0.000 0,000
Bil 0.000 0, D 0,000 0.000
BiS 0,000 0.000 0.000 0.000
Bi4 0.000 0.000 0,000 0,000
B3 000 0.000 0.000 0,000
Bi2 0.000 0.000 0.000 0.000
TA 0.000 0.000 (AR 000
PE 0.000 0.000 0.000 0,000
EE 0.000 0.000 0.000 0.000
sl C.000 0.000 0.000 000
FC 0,000 0.000 0.000 0,000
El .000 .00 0. 000 LR H
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Thresholds

45% Confidence Intervals

Varlable %Step Thresholds SE Lower pper z 1]

Tad tl 155 0111 0372 0.062 -1. 397 0162
TaS Tl LG57 1.131 -1.214 -0.701 -71.11% <001
TAR ta 0214 {111 0004 0433 1.521 f.055
T tl 1482 164 1,811 1,153 B.ERS =001
Tid t2 {1455 0111 0062 0,37 1,397 0,163
Tad il <1282 (151 <1 577 -p.aay -B.515 o, 001
TaZ 2 0174 0111 -0.043 0,353 1.572 0116
Tl 1l -2.1460 0280 -2 0% -L.611 -71.715 = 001
Tl | 0019 0.110 -0.238 0,157 -0L175 Q.8sl
PEY Tl 194 0111 -0.412 o024 -1. 746 0.081
PE4 ¥ 1482 .164 1.15% 1811 B.E25 <001
BET tl 1.482 0168 1811 -1.153 0B35S =001
PET td SR L] 0111 <. 372 0,08 =1.397 a.163
PET i3 1327 0.154 1.025 1625 B.614 =, 001
FER il -1.870 0.21% -2.298 -4 -B. 544 =001
PEG 2 .07 1111 -0,313 D1Z0 -0 BT 0,382
PER <] 1337 0.354 1425 1629 BEl4 =, 001
PES Tl -1.4482 0164 <1.811 -1.153 -BLEIS <.001
PER t2 Ll 111 0.120 0.313 D.E74 0.3a2
FES £ ] 1.542 o174 120t 1.883 B.ES3 =, 001
FE3 tl -1 48 0242 =2 .68 1530 -B.242 =, 001
PE3 ¥ 3314 LIl1z -0,534 -0.0%3 -2.791 0.005
PE3 & ] 10487 0.138 0.817 1.357 7.E048 =001
MEZ Tl -1.769 0.203 -2 166 -1.371 -B.720 <, 001
PEZ L] LEE ] 110 0216 0216 D.C0a 1.000
FEZ 3 1375 0.158 148 1684 B.70Q <, 001
PEZ £l 2,433 1363 -313% -1.7111 -BETL =001
PE1 L ] 314 0111 -0.43F 0,004 -1.531 0.055
PEL | ] 1.053 0.136 a.7a7 1319 7.758 = 00L
EE1 1l -24323 L3563 -3.135 -1.711 -EBT1 =001
EE1 | %] 01494 1.111 -0.41F 0.024 -1.746 008l
EE1 | 1482 4. 163 1.15% ipil B.E2S =001
EE4 tl «1L.0AT 0.134 1,357 <0817 <. B4 <001
EE4 i 0273 LLS S s 0054 0.4%3 443 Q015
EE4 o 1375 0.158 1065 1.684 B. 700 =001
EE3 Tl -2.433 0.363 -3.135 -L711 -BBT1 <, 001
EE3 2 0174 0111 -0.3932 0.043 -1.572 0116
EEQ 3 1044 0342 1520 2468 [ e =001
EEZ £l -1.542 0.174 -1, 883 -1.201 ] =001
EE2 t2 LX) 0114 <0218 0216 0.0 1.000
EEZ td 2-160 0280 14611 2,709 T.715 =, 001
L Tl -1.133 0.140 -1.397 -0.849 -B.034 =001
S12 2 0334 0113 0,113 0.555 2.965 0.003

543 1l -1.870 0219 -2286 -L.4d] -B.544 =001



Threshalds
Sy L2 -0.174 0111 -0, 552 0.0413 -1.572 4116
i3 L3 1.12% 0.140 0.849 1.357 0034 <= 0L
Sil tl -1.087 01348 -1.357 -0,817 -7.B9E = 001
il 2 0.35%4 B113 0,133 O5TE 3133 .02
1 | t3 2,160 D284 L&6L1 2,705 1718 =001
FC1 tl 2.AZ3 (e [ <3135 1,711 HUETL < a1
FCl t2 0,13% 0,111 0,352 0,082 1223 0221
FC1 k3 1.76% 0,303 1371 2,166 B.720 = 0OL
FC32 tl i ] 0123 -1.003 -0,521 4203 < 01
FC3 LT 0,487 0,120 0,451 0,943 5 106 < DO
FC3 t3 2. 160 0. 280 1.611 2. 705 7.715% < 001
FC2 tl 0,334 0113 0,555 40,113 -2, 06 .003
FC3 L2 1020 0,134 0,757 1.283 7614 = 001
Bil tl -1.954 0,243 <3468 <1530 H.3243 = {101
Bil L2 -(,253 D112 -0.472 -0,035 -2 26% 0033
Bl T3 1087 01348 0817 1.357 7.89E = L
aln k1 {0,524 01146 0,752 0,297 4515 < 001
Bi5 t2 0,662 0,129 0.428 0.897 5.538 == 0L
Bi5 t3 24023 0,363 1711 3,135 6.671 =001
B4 1l -1. 760 0203 -3 166 -1.371 -A.730 == 00%L
Bia L2 -0.097 011l -0.313 0120 0874 .35z
B L3 1.542 0174 1201 1883 #8555 = L
B3 1l -0.375 0113 -0,5%7 -0.153 -3.312 = {01
B3 L2 0927 0.1 0,673 1.181 7.163 = 01
i3 13 2423 0.363 L7111 3.135 HETL < (1
B2 1 <0417 0114 -0.6440 -0.193 -1 65E < {HL
B2 L2 1282 0.151 0.987 1.577 8515 = {01

Modifcation indices
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Medification indices

""n“;;': EPC sEPC LV}  sEPC (all) I‘rf:,ﬁ

FC =  PE4 54441 17198 -14.B53 14853 14,853
51 =  PEA 441,70 -13.973 -11.176 1176 11.176
- ==  PE4 189,93 -4,805 4144 4,148 4,148
Ta =—  PE4 176.13 -4.138 4.407 4.407 4,407
EC =—  TAS 150.91 -5.907 7.692 -7.692 7,632
51 = TAS 119.09 -7.737 5.188 -5.198 -6.18B
EE -  PEG 106.13 .2.501 -2.230 2,230 2.230
B ==  TAS 53.14 -3 GBA -3.124 3124 3,124
st == TAR 60,45 5,552 44471 -4.441 4,441
PE =—  TAS £%.35 2,534 .2.438 -2.438 2,438
FC == TA3 47.52 47 3656 1656 3656
e = Tl 39,39 3734 3.224 3224 3.224
sl =— TAL 36 54 3870 3.063 1,063 3063
FC =~  PEG 33.27 3958 3.419 3.41% 3,419
- =~  PEB 30.25 T.794 2.634 2.634 2634
EE =— TAR 78.45 -1.547 -1.379 1379 1379
Bl =  TAL 23,74 1974 1672 1672 1672
FCZ -~  BI 22.53 0,531 0511 1588 1,535
EE =—  TAS 15.39 1,325 1141 1181 1,181
Fe =— PRl 14.01 2,282 1971 1971 1971
Bl -  fTHR 13.40 -1.528 1294 1,294 1204
FC =~  PES 12,41 2476 2.139 2,139 2,139
FC =  pEZ .97 1,086 1.801 1.801 1.801
A = PEZ 9,57 0,865 1921 0.921 gzl
51 == PFEL 9.56 1614 1293 1.293 1.2%2
PE = THL 934 0848 BLT 0817 081y
51 =  PE2 2.14 1,642 1313 1.313 1313
EE =  TAM 515 1.458 1.300 1.300 1,300
a8 ==  PEG 7.58 0.961 0614 0.814 0,814
EE =~  PEZ 586 0.513 0.457 0.457 0.457
EE = ™ £.85 0711 534 0.634 0634

=-  PE6 667 0,560 0 507 8,507 0,507
B - PEZ £.59 0816 0.691 0.691 0.691

wate. lavaan-=lav_start_check _cow|l: starting valsas mply a correfabion larger than 1; vanables

inwenlved are PE4 EE2

fate. lavaan-=lay_start_check cowl b starting valiees mmply a cormedation larger than 1; vanables

Inwalved are: TAS PE4
Nare Nals produced

Ware. lavaan->lay start_check cowl]: starting valwes Fnply Ma for a cormslation vakes;
varables Inyolyed are; TAS BIS

Wate. lavaan->lav_start theck cowl]: starting valses Fnphy a carrefation langer than 1; vanables

nwalved are: PEA PEG

Nate. Additional wamings are present,
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Mofe, lavaan->lay start_cheack covi) starting waluas imply a cormedafion Ecger than 1; varables

-

A

TAZ
FEE
PE1
FCZ

Bl
PES
FC2
EE4
FE3
EEZ
EE4
513
EE4
FC3
PES

PFE3
PES
Bil
EEZ

EEZ
EE3
513
Bil

B3
EE4
Bil
EE:
FC2
PE1l
Tad
EE4
Bl
EE3

imyalved ara: PE4 EE2

Mote. [Evaan->lay_star_check cevi): starting values imply & correlation larger than 1; variablas

irvalved are: TAS PE4
Mole Mals produced

Mot |avaan->lav_start_chack_cowl); starting waluas imply Nabl for a comalation value;
variables involved are: TAZ BES

Mobe. |avaan->lav_star_check covl): siarting valuas imply a carmelation larger than 1; variables

irmvalved are: PEA PES

Mobe. Additional warnings ane prasant,

6.46
6.38
6.0
551
506
A.87
AT5
4.74
483
487
4.51
4,37
4.26
4.0%
1.B6
183
1.66
161
356
348
347
3.44
3.41
3.3%
3.38
3.37
31.26
1.19
313
252
2.891
1.E7
2.87
2 BR
2EL

-0, 785
0. 740
0817
A.156
4,114
A.112
0.158
£.122
0,185
«(,129
1, 1046
1,128
-0.132
4,117
£.137
0571
0610
0,094
1155
0,109
-0.093
0,104
-0.094
0,119
0.112
-0.118
0.136
0.098
4.129
-0.087
-0.079
1.155
0.156
0117
0,045

-0.755
0,788
0,692
0156
0,114
0,112
0.158
0,122
0145
-0,129
0,106
0128
-0,132
0,117
0,137
0,608
0,517
0,094
0.924
0,109
-0,093
0,104
-0,094
-0,119
0,112
0,118
0,136
0,098
0,129
-0.0a7
0079
0,925
0.156
0.117
0,085

-0.755
0. 788
0.692

0.431

0,705

-0.40%
0.500

0,354
0.539

0,405

0,381

-0.573

-0.363

0,369

-0.313
0608
0,517
0.456
0924
0,345

-ETT
0,329

-0.178

-0.37E
0.349

-0.164
0480
0.3a7

-0.408

-0.232

-0.271
0.925
0.447
0.281
0.304

-0.755
0.788
0.692

0.431

0. 705

0405
0.500

0. 3469
0.539

-0.440%

-0.381

-0.573

-0.363

0,349

-0.313
0,604
0.4517
0.456
0.924
0.345

-0.177
0.329

-0.178

1372
0.349

-0.164
0.860
0.347

-0.404

-0.232

0271
0.925
0.447
0.281
0.304



Micdification indices

PES —— EEd .79 117 .117 -0 36D -0.38%
EE1 — FC2 2.64 4119 0118 4240 -0.420
TAS ok TAL 268 008G 0. DHE AT 0,370
TAZ i EE1 266 0041 40,081 A0 206 0,296
52 e ‘il 2085 .05 <0009 0. 270 0,270
PE4 - EEL 2.62 001 43091 1733 -0.733
TAZ - EE3 €82 a0 O.0aa 287 0287
TAS e EEd 2.6 i0.148 0.149 0428 0,438
TA4 = FC2 258 3131 9131 383 0,353
TRA - PE2 .48 G134 0.134 0426 0.426
TA =— k| 2.4a -0.939 -1.0:d0 -1.0:04 -1.000
PEY i EES 241 0.067 0067 0240 0.240
EER - FC3 2,34 -0.103 £.193 -0. 265 -0.265
TAl =i EE2 7,34 0, 6 0. D6 0326 0,376
TAL A FEL 2.33 £} 5T Fa i 3,316 0,316
TAZ - 511 23] @.104 a.104 241 0.24%
TAZ - FC2 2.27 d.114 114 0302 0.302
Th = PEL 2.26 0.394 0419 0419 0419
TAS i PES .26 2.115 0115 0.365 0.365
TAS - B3 4,19 -1.113 41113 -0 281 0,261
TA3 - EE1 212 0.5 0069 {152 0,153
PEG g 5i2 2.11 0.0497 0.0a7 0.270 0.270

Nate. lavaan-=lav start_check cavil: starting values imoly & correlation larger than 1; variables
imwalved are: FE4 EEZ

Wate. lavaan-=kay_start_chack covib starting values Imaly & cormedation Brger than 1 vartables
mwoived ara: TAS PE4

Wate. MaMs produced

Nate. lavasn:=lav stant_check covik starting vaides imoly Nl for o camrelntion value;
wariables ifvalved are: TA3 A5

Kote. |lavasn-sfay start check cavi]: starting values imply & carmeiathan larger than 1; variables
invaived ama; FE4 PEG
Nafe. Additional wamings ane present.
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APPENDIX F

PATH ANALYSISOF EACH FACTOR FROM PROPOSED
UTAUT MODEL ANALYSIS

Path Analysis of PE to Bl

Results
Structural Equation Models
Muodels info
Estimation Mathaod DNLS "

Optimizetion Method MLMIMD
Number of observations 130
Fres paramatsrs 54
Standard errars Babust

Scnled tast Maan adjustad
sgalad and shifted

Cofiim el TRUE
leerations a7

Maodal PE= ~PEL+#PET+PEG
+PES#PFE4+PE3
+PE2

Him~BEI2 4 EI5-+B14
+BIRSEIL

Bl-PE
PES==BIL
PEG~-BEl4
PEG~~EIS
PE4—-BI1
PE4—--FEL
PEL-—-Bi2
FET=-=BI1

fote Variable (PEL PET PEG, FES BEL PES FEZ BEZ BIS_ 94, B3, 51) has
bien coented bo ordered byps.

Woda lavaan-=lay_model veowi): The variante-covariance motnx of the
esftimated parameters (veov) daes ot apoear to be pasfive definite! The
smalest eqorwalies (= -2 3019378-17] 5 smaller than 2era. This may b
syTiptam that the modal is not dentfied,

{31 (4]
Overall Tests
Moalal fests
Labed M df P
Usr Mol 5%.0 a6 0,083
Baabng Model  11134.8 1] o1
Scaled User 75.3 a5 a.504

Scaled Baseling  5522.2 66 o, e
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Fit indices
95% Confidence intervals
Type SAMR RMSEA Lower Upper RMSEA p
Classical 0,049 0.0648 O (e(3n [a TR 0.5
Anbust 0041
Seabad 0041 0.070 LT B 0 0oE 0.123

Lkser micdel versus baseline model

Model Scaled
Comparative Fit index (CFI) 0.9499 0.995
Tucker-Lewis Index (TLI) {9494 0,933
Bantler-Bonett Non-normed Fit index (MNFI) 09338 0993
Relative Moncantrality Index {(RNI] 0.939 0.995
Bentler-Bonett Normed Fit Index (NFI) 0995 Q.9g7
Bollen's Relativa Fit Indax (RFI) 0.992 0,982
Bollean's Increamental Fit Index [IF1) 0,999 0,995
Parsimony Mormed Fit index {(PNFI) 0,693 0,634
Estimates
Parametars astimatas
3% Confdeance
Intarvals
Dep Pred Estimate SE Lower Upper B z p

B PE 04912 004395 G819 101 0.%56 19.2 =001




Messurerment modsl

85% Confidence
Imtarvals
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Latent Observed Estimate SE Lower Upper 1] 3 p
PE PEL L.000 0. 0000 1.00:0 1000 0.5915%

PET oLEsE 0.0843 a.7er el LT G.780 s B i = 001

PEG DLBSD 10858 a.red L] 0. Te% 1%.4 = (2

PES CLBTE 01,0527 a, 774 aa1 Q.60 16.6 =L 0610

PE& 0,068 0,0483 0,574 14063 0,584 20,1 =, 010

PEX 0.932 10,0446 0.Bd4l 1424 0.851 20.0 =001

PEZ 0.06E 0.052% 0.864 140649 o.Ee2 18.5 =01
ai iz il 0,000 1.000 1000 0.8z

BIS 0,938 90,0437 0.5913 1482 0.B70 231 =, DE1E

Bid C.BT3 1.051% 0772 0 a7a 0.7l 16.% o (%

i3 0.O57 .0407 877 1036 0.834 23.5 = 001

Bil Og1E 00454 O.&839 1007 05600 0.3 = 001

Vanarces pnd CoMvariaAces
95% Confldance
Intervals

Varisbie  Verisbl® metimate. 82 Lowsr  Upper 8 * P
PES i 02250 O.0aZE 1403 430673 0.3 &0 535 <. i
PEG B 01937 0.6518 R TP 02551 o.4815 374 <. 0
PER Bl5 OATon 0,086 o7 OZET 0.5557 343 =, K]
FE4 Ell QU157 0.039E 0393 01823 04127 296 0003
PE1 FE4 =0, 1631 0.0361 f23zg <0.0%4832 -0.B540 457 =, 01
PEL &2 -0, 1609 0.0a03 - 2300 -0.0820 -GE42 -4.00 <. 01
PET EiL 01545 0.0537 {30 G 0.2603 04210 288 .00
PE1 FE1 0.166E 0.0 1666 0166 0. 1666
FET PET 03754 0.ooon B.3754 03754 0.2754
PEG PER 0384 0.o000n 0. am40 0. 3B40 03840
PES PES 0L35B0 0.0000 BASED Q3540 0. 3580
PE4 PE4 02180 00005 321640 g 02150
PE3 PE3 02756 0, 000 02756 0.2756 03756
PE2 PE2 o2t 0.oi05 2217 Q.2x17 0.x217
(LT 2 02403 f.ooon 02401 Q2403 0,2401
Bil5 ElS 02457 00000 B2437 0.2437 0. 2437
B4 El4 04213 0,000 BAZL3 04313 04213
Bi3 Ei2 0, 2050 [aRitial] .3080 a.36sn 0. 2050
Bl Bl 03502 0.Ga005 3552 0.39492 0.3552
PE PE O.Ei%g 0.0594 B.¥16a 0.949% 10000 1802 <. 1
Bl Bl 0.0eED 0.0263 EEENE ] Q.1175 0,856 2.51 0.0z
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Intercepts
895% Confidence Intervals

Variable Intercept SE Lower Upper

FE1 0.000 0.000 0003 0000
FE7 0,000 0,000 0,000 £, 000
FEG 0.0:00 0.000 0. 000 0. 000
PES 0.000 0.000 0.000 0,000
FE4 0.0:00 0.004 0000 0000
PE3 0,000 0.000 0,000 0000
PEZ 0.000 0000 0,000 0. 000
8l 0000 0,004 0. 000 0000
Bl5 0.000 0.000 0. 000 . 000
Bla 0.000 0.000 0. 000 0.000
Bl3 0.0:00 0.000 0.000 0.000
BI1 0.0:00 0000 OO0 0000
PE 0.000 0.000 0.000 0. 000
Bl 0.0:00 0,000 0,000 0.000




Thrashalds
95% Confidence Intervals

Variable Step Thresholds SE Lowar Uppar B P

PE1 t1 <2423 13463 -3138 «1.711 H.6T1 < 1
PE1 12 0214 0111 BUCE P, 004 -1.921 1.055%
PE1 13 1.053 0.136 0.7&7 1.3149 1750 = 001
PET Tl -1.4832 163 -1.811 -1.153 -3.835 = 01
PET 12 -fi.155 1111 -0.372 .062 -1.397 I.1a2
PEY 3 1.327 1154 1.025 1. 629 2614 <= 00l
PEG L -1L.B70 218 -2.200 -1.441 -B.544 =M1
PES td <0087 0.111 -0.313 o120 0874 i.3a:
FE& 13 1.337 3.154 1.0%8 1639 a1 - 1
PEG 1l -1.482 L1163 -1.811 -1.153 B = (M]E
FPES 12 0.097 0.111 0120 313 0874 #3832
PES i3 1.542 0174 1.201 1. EB3 B.855 < {01
PE4 11 -[.194 1111 -04E2 0.024 =1. 746 0081
PE4 2 1.4832 L168 1.153 1.E11 H.825 =001
PE3 1l -1.004 0.242 -2 AGE -1.520 -3.242 <L
PE3 12 {.314 1112 -0.534 <0103 -2.78L 0005
PE3 13 1.087 #.138 o817 1.357 T.a98 w501
PE2 tl -1. 789 .23 =2, 16E =1.371 BT = {111
PE2 12 000 7.110 -0.216 0216 0.000 1.040
PEZ L} 1.378 0.153 1.065 1.E84 2700 = 001
B Tl -A17 LS -0.640 193 -3.65E == [T
B 12 1.282 1151 0987 1.577 B.515 < [l
BiS Lk -524 116 -0.752 -0.29T -4.510 = (01
B 12 0.E62 0120 0.4ZE 0.Ea7 5.53E = [01
o td 2.423 1.363 1.7i1 a.135 G.ETL < 001
B4 Ll =1.789 0.203 -2 166 =1 371 -8. 730 < 1
B4 td L. 6 ¥ 111 -0.313 {1124 <0874 38:
Bid LE 1.543 i L 1,301 1.883 2855 = 01
Bl 1l 315 1113 0,507 k153 -3.31k = (01
g3 12 0927 1129 a7 1.181 7163 < 001
B3 13 2.423 1.363 1.711 3.135 GETL = (0L
Bil 11 -1.504 0.242 -2 46E -1.5320 -8.242 = {1
Bl 12 .53 4112 -0.472 1035 -2 2ED 0.023
gl i3 1087 1.357 T AGE « (01

1.138

0.817

Medifcation indices
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Modificalion ingdices
Modif. index  EPC  SEPFC (LW} SEPC (alll sEPC {mox)

M =- PEl 1T 1540 -1.680 S -1.538
P =— D1 RS2 -1.837 -LET? <LA&TT -1ET7
PEL -~ ME3 EER (=8 L1 0,156 737 ayFar
PEE -- PEA 510 @135 0.135 T 0L 466
[T —— L1 4.7 01131 0,141 4T 0470
PES -—— @I 464 L0126 1,128 AL EZ5 375

Path Modal

Path disgrams

1]
=]

151
Structural Equation Models



Path Analysis of FC to Bl

Models Info

Estimation Method DWLS H

Optimization Method MHLMINE

Number of abservations 130

Frea parametars 3z

Standard errors Rohiast

Scalad tast Muan adjustad
scaled and shifted

Comeargad TRUE

fterations 27

Maodal FC=~FC2+FCI+FCL
Bl= -~ BIZ+BIS+B4
+Bi3+ni1
Bl=FC
FC1--Bi1
FC2=~al1

Aoda, varfable [FCZ.FC3, FOLLBIZ, BE5,B.B13 Bi1) has been Cosrced @
orderad type,

fipka, lavaan-=lav_modal vooyk Tha yafance-covanance maom of tha
esttmated parameters (woay) dogs not appear to be positive definig! The
smallest sigenvalue {= 4. 16604 7=-1T7] is clase to 2ero. This may be a
syrmptom thal the mogal ks not identified,

i3] 14]

Ovearall Tests

Mol Eary
Label K df )
User Model 217 17 0185
Baseline Model 21767 28 <001
Sraked Ussr 121 17 0d

Scaled Baseline 287460 28 < (11

At indices
55% Confidence intervals
Type SRMAR EHEMSEA Liowar Uppar RMSEA p
Classical 46 0046 000 0098 {097
Robust 0036 0126 {0400 0237 172

Scaled 036 LER LT 4037 127 {102
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Usar mpded versus Basaiine model

Model Scaled Robust

Comparative Fit ndex {CFi) 1.555 .955 (bEd
Tucker-Lewis Indax (TLI) 01.988 0.a%1 Dol
Bantiar-Bonatt Non=normad Fit Indes [NMF1] 0938 0.9%1 CuB41
Relative Moncentrabity Imdex (RMI) 0.933 a5 Dagd
Bentler-Bonett Hormed Fit index (HF1} f.9495 [ A
Bodlen's Relathoe Pit Index [RFD) 0.9491 0AE1
fRollen's Incremenial Fit index [iFi) 0.99% 0985
Parsimany Mormad Fit Indax (PRFI) a.504 (hE ]
Estimates
Parampters astimates
B5% Confidence
Intervals
:l:!_u_h-_d I:-rl__i-l:lll!:l 5E.- Lower Uppar B ® 1]
L1 FC 107 OEoR (RH: 1] L.za LIR-FEE 1.9 <001
Maasuremont modal
5% Confideance
Intsresls
Latent Observed Estimate SE Lower Upper B ] 1]
Fc Fcz Loon .00 Loon 1,00 LRI
FC3 nas3 00734 0.A3A 1137 0.7RY 13.3 =001
FC1 D.a7a 0.0808 0 ADa 1.14a 0.THL 11.2 <.001
: 1] Bz 1000 000040 LO0d 1,000 0.8
BIS 0054 00421 naE2 1077 0872 136 =101
id [H R 00,0570 0.795 1.018 4,795 15.% =001
Bl PRI F 0, 0447 [ERG L 1.0&% 0861 e 001
Bl CLHIE  0.ossl 0736 0543 0.737 %% < 001
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Variancas snd Covarisnces
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95% Confidence
Intervals
Variable Varable potimate SE  Lower Upper b z B
FC1 EIlL 0.,28%4 Q0.a557 0104 0,359 0673 S.20L = 001
FC2 EIL 02451 0.0665 011448 0.375 0.601LL 3.68% =001
FC2 FCZ 03578 0.8000 0.3574 0.258 0.3575
FC3 FC3 o.330n Q. G000 0,300 0,380 03800
FC1 FCL 0,390 0. 9000 0, 3008 0.391 0. 3906
Biz 2 02310 0,000 b.2310 0.321 02310
s ] 0.2387 0. 000 07357 0,240 02357
B4 El4 03683 L0 0, 26632 [ERE11: 0.366832
®i3 B3 02582 0.0000 0. 2562 0,258 02582
(=1} Bl 04645 04000 0,2645 0.456% 04645
FC FC 06421 Oa75E 04949 0. 7ED 100000 8.550 = 001
[L1] Bl LO3ER 0.0£932 -0.0577 0.135 0.0505 0.78e 0430
intercopts
95% Confdence Intervals
Wariable Intercept 5E Lowar Uppar T P
FC2 C.DOG ulalili} 0,000 0,000
FC3 0. D uNalili] 0,000 Q.000
FC1 (R ] aWalili} 0000 0,000
=12 [ O 0,000 0,000 0,000
BIG R 1] 0,00k 0,000 0.aamn
Bla [ER K1 ] 0.00E 000k 0.000n
w3 (LA nlutili} 0,000 0,000
Bl 00 0, Q0 0,a0k 0,000
FC O D 0O 0,000 0,000
] DD D.000 0.000 0.000




Threshodds
5% Confidence Intarvals

Varlable Step Thresholds -1 Lower Upper z -]

FC2 (4§ -0.334 0113 0,555 -0.113 -2.865 0.003
FC2 Lz LazE0 0,134 0.¥57 1.283 T.6l4 = 0l
FC3 4] -0, 762 0123 -L.003 D521 -6,203 =001
FC3 tE 0.6a7 0130 0,451 0.%23 5,706 =, 01
FC3 L3 2.160 0280 LA11 .70 T. 715 =001
FC1 4] -2.423 0.363 -3.135 <1711 -6,67] .01
FC1 ¥ 41135 0111 -bi253 . ORZ -L.323 0331
FC1 3 1769 0.203 L3n 2. 166 8720 <. 001
B2 2 § 40,417 0,114 <0, 540 <0193 B BoLE =.001
BlE td 1283 0,151 0L BET L57T B.515 <. [N
Bi% t1 A 524 0116 =0, TH2 =0, 287 -4.514 =001
Bl% tE a.8a2 0,130 o428 L.EYT 5238 =001
Bl t3 2,422 0.263 1,711 1135 6671 ~.[KH]
B4 th -1.769 0. 303 -2 BB -1.371 -B.720 <01
B4 L2 0.097 0111 0,313 0124 0,874 0.382
Bi4 t3 1442 014 101 1.EA3 B.EES <001
Bl2 i ] -1.375 0113 =0L397 -0.153 -3.312 <001
Biz [+ 0.4927 ok LR 1181 T.163 <001
Bis 3 423 0383 1,711 313% CHTa <= 001
BlL th -1.994 0242 -2.464 =1.520 -B.242 <0l
Bl1 k2 4.253 0.112 0472 -0.035 -2, 264 0.023
i1 3 1087 0138 oLELT 1387 T804 =001

Modifcation indices

Madification indices
Modif. index EPC sEPC (V) sEPC {all} sEPC [nox]

Path Madel

Path diagrams
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Path Analysis of EE to Bl

fdodels Indo
Extimation Methad DWLE
Optimiration Methed HLKIHB
Humber of observations 130
Fraw paramstars 43
Sandard errem Relmisg
Srabed test Maean adjusted scaled amd shifted
Conyerged TRUE
fteraticns 1]
Madel EE=—EE3 +EE4+EEE = EEN

El=<El5+Bl4+BI3+8lE+ BN
Bi-EE

EE4 ~~Bid
EEZ--HE1
EEZ==HI1
EE3—~EEZ
EES~~EE]
EE1-<BI
EE1 B
EE3 -~E
EE4~~Bi
El4--Bi1
Bi4--HEi%

Bl5= =Bl

tofe. Wariable (EE3,EE4.EES, EE1, BA5, 864,613,812, 0i1) has been menced o ardered type.

Mot ladadn-=Lay imads oo The vansnce-civaiance imding of the astimated parametios
(wooy] does not appear b be poditive definite! The smales) sigernales (= -1626300-19) i
snaller than zera. This may be a symptom that the moded is nat identified.

Mote. lavaan-=lev_ohjedt_post_ check(t some esimated b vanances are negative
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Pebaacdels Infor

PRE_UE T

Optimisation Methad
Mumber of cbservations
Fres paramutars
Stardard errors

Scaled tost

Cosvarged

Maan adjusted scaled and shifted
TRUVE
L

EE=-EE3+EE4+EE2 + EE1
Bl= —Ei 5+ Bld + B3 +Bi2+ B1Y
Bi~EE

Mite Varisle |EEXEEA.EE2.EE, BIS.BI.BI3 BIZBIT) s boen coevred to et typa

tiana lavaan-» o model wees(l The vanance -cowvariance matrtr of the astimated parameters
(] does nat apgaar 1o ba positive definiiel The smallest egemalue (= - 1626303615 &
smader than mero This mag B8 @ SYmpTom that the mecel s ned ideritifiad

M. evian- > lav_abject_post_checkll: soms estimated b vanances am regative
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Overall Tests
Moo tests
Label x* df P
LEer Model .50 14 1000
Basefing Model ERTHEES h < (K1
Scaled Lser 577 14 247z
Saled Basehing AT 44 3k = (N

Mote lavaan-»lav_objeci_post chedell someastimated W vanances are regativelavaan-
shar_oiect_post_checkl). Some edtimated Iy variances are negative

Fit imdices
95% Confidence Intervals
Type SRMR  RMSEA  Lower Upper  RMSEAp
Classics| a4 nioon 01 000 1000
Rabust i Tl i ] i D981
Scaled 901 G 000 0,000 0534
User mosded versus haseling mods| ;
Model  Scaled  Robust
Comparative Fit Index (CFI) 1.000 1.000 1000
Twscker-Lewis Index {TLI) 1,004 1.005 1.155
Bentler-Bonett Mon-norimed Fit Index (MHFI 1004 005 1155
Relative Moncentrality Index [RMNI) 1002 1.002 1.060
Bentler-Bomnett Marmed Fif Indaw [MFT) 1000 fbg8
Ballen's Relative Fit index (RFI) (L 0955
Ballen's Incremental Fit Index (IFD .002 1.002
Parsimony Mormed Fit Indey [PMFI) (3ge [n38s

Estimates



Parameters estimates

95% Confidence Intervals

Cep Pred Estimaie 5E Lorweer Upper B F 4 1]
a EE 116 0u0e07 0.5aEz 134 1.06 128 =00
Measurement model
25% Confldence
Intervaly
Latant Obhsorved  Ectimate 5E Lowar Uppar B ] (5]
EEE EE3 1.000 0,000 18000 1.6 QLEET
EE4 D4 nndal a5 1035 oral )48 = 00
EE2 VI oorLa 57% il feay 944 <0
EE1 (K2 0043 LE D927 L5 1257 <0
B &5 1.000 0.0000 1000 1.0 ik 1K)
B4 [ R43 Q47 4,750 LLEY) L LEE < 001
i3 [ili=2 1 OL0Eas 0935 1045 (LBl 1229 <001
B2 (il | aOoas? as=ny 1.081 fLeay #5493 o SHH
1 i [ 03 {639 0 AR 0593 1204 <00
Varkences and Covatiandes
95% Confidence
Ivbervals
Varlabl  Varabl  Estimat
s a2 i 5E Lower Upper B ] ]
EE4 o4 0165 01057 0053 D278 041 258 0,004
q E ] | 3
EE2 EE1 0352 0.053 0247 45T 55 658 =00
7 ] [ 7 4 1
EED B 0x 0.055 o182 3w 150 524 =<0
a 5 2 T 3 1
[ 1] EE2 0.z59 0.053 0155 0363 as7 490 <00
L) i) 5 B & 1
B EE1 D.zey 0as7 2115 0339 Q33 328 « 30
2 1 k| i} G 1
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Vankanoes and Cowariances

45% Confidence
Irtervals
Wariabl  Wariabl  Estimat
.1 -3 i SE Lower Upper B 4 P
EET an (k] Roes LR (LR P LET] EE = Ak
L 2 9 4 L 1
EE1 Bl 0141 D045 R050 0233 029 03 a.0m
9 i 2 & |
EE3 8 ERE f4s e fLsh .39 EF. s i
L 5 5 F) 1
EEd an o1is RLiSE 0o 0230 030 25t 0.005
& 3 ] i 1
gk an 0u.0E0 ouosq = T8 17 1451 .o
7 1 L.oT? ] 4
&
A LIES . [elv ] no1v 183 R LE]
il 3 B153 7 030
8 2 4
als a4 » npss .- no4 - 134 0.18m
007 4 8- 3 027
L1 a 5
- x EE3 EERL .00 G315 HERE .31
5 Q 5 5 b
EE4 EES k- o) CL0ed rag0 G350 {139
1] a a a [
T2 EE2 D643 L0 DEt3 D43 054
& a & & 4
EE1 EE1 OE&T i) mS&F EAT 56
& a & 4 T
8IS BI3 076 0uooo 0176 0ATE @17
5 a 5 5 &
4 1L 414 fpoa LR 0414 HE |
3 a 3 3 4
ai3 a3 0.2 REEEY L2 (LR 20
3 a 3 ] 1
Ak Al D34 G.ooa s ER ] a3
3 0 3 3 4
an an 0520 e 0520 CL520 .52
Fi ] 2 ) L
13 EE 0GR o064 0557 D& 1.0 106 =
5 3 & 5 a 4 1
al L] . D05 : D052 . AEF Q203
009G 7 2ok Q an
4 9 7
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Inerrepts

5% Confidence Intervals

Variabde Intercept SE Lower Uppeter ]
EE3 000 0000 0D0a 0000
EE4 G000 0o0d Q0 000
EEZ 0.0 (R 000 0.0
EE1 0. Ca0k 000 0000 00
BIS 0000 OC0d D 000
Eia CLe0D 000 0 00ad
(L] LT OO0 LT 000g
Biz .00 0o {1 0.0
EN 000 0000 O000 0000
EE 0000 0o0d DL ] 0000
Bl C.CH0 el il a40a [e¥e ]

Threshols

95% Confidence Intervals

Varlable Step Threshalds SE Lower Upper z -]
EE3 Il 2435 1363 -3135 -1.an -5.671 < 001
EE3 L2 1174 G211 -03az 043 -1.57E D1e
EE3 i3 1454 0.242 1520 2AER B.242 <041
EEA i -1.087 0.138 -1357 <LBTT ~T.H58 [0
EE4 e 0273 LRk 0.054 1453 2443 5
EEA td 137& 158 1065 1684 B0 <001
EE2 L1 -1.542 0.17d - 1583 =120 -B.855 = (01
EE2 td (1000 4,110 0216 216 (k00 1,008
EE2 i 21860 i0.280 1611 270 5 .00
EEY t1 - A4 {0363 -3.135 =101 5,671 {01
EE* td £ T84 4111 0474 024 1,04 (x0E1
EE% 13 1482 il.166 1.153 1817 B.825 <001
Bi5 il L1524 {1178 075 2497 -4.5179 « 011
EIS Ld 1662 4120 0428 0.857T 5.518 <001
Bi5 L3 2423 1363 1T 3135 6671 <0101
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Threshalds
95% Confidenca Intervals
Varlabde Step Theesholds SE Lenseer Upper E -]
B il -1.7659 0203 -2. 166 -1.371 -B.720 21301
B 2 -0y o111 -0313 a.140 -0.E74 03e2
Bad t3 1.542 D74 120 1.BE3 B.B&E <1001
B t1 -0.37% 0913 -0.557 0153 -1.312 <100
s t2 oazT 0249 06T 1.181 7163 o001
A t3 2433 (nfetre 111 31315 E6M < 0
[ 1" ti D417 it Q840 01593 1658 =01
ez t2 1.282 051 Q8E7 1.577¢ 8515 « 01
Bn 11 -1.9494 0242 -2 868 -1.540 -B.242 = [
Bn e 253 1 b -0472 -5 -2 a3
BN & 1.087 0138 a8y 1.357 { BAE =01
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Path Analysis of Sl to Bl

hadek Info
Optimization Method HLMINE
Plurmibssr of observation 120
Froe paramsctors ELS
Standard errors Robarst
Scaled test Mean sdjusted scaled and shifted
Converged TRUE
Perationg E i)
Padal Sl= 511+ 134502
Bl= =815+ B4+ B3 «BI2 = BIN
BI-51
H2--BI
S13-~Al
H2--Bi
B~ ~EBI1
S11-~Bi3

Mote Wariable (511513502 815664 B2 8]2.817) has been coeroed to ardored type.

Mate Ladaan-»lav_model_yoondl The varlance-covarnance matng of the estimated paramesars
(eoov) daes ned appear 1o b2 posiive delinite! The smallpst olgernalus [= 49402608017 b
eraler tham zers. This may be a symptam that the model s ol dendilied.

Owerall Tests
Model tests
Labei W of p
Lt P ed A 45 id 04a2

Basaiine Modsl 415426 28 <001
Sealed Liser HEE it E7T



Mode] tests

Labal xt i p
Scalod Baseine 300370 28 <000

Fit indices
5% Confidence Intereals
Typa SEMRE  RMSEA Lower Upper RMESEA p
Claszical o2z 0.000 0000 0000 15498
Fiabusi 1017 0000 {000 (l k) Ll py
Siaen nare 1000 00D 043 0564

Lsar mode| versis baseline moded

Blodel  Scaled  Fobust

Comparative Fit Index {CFI} 1000 1000 100
Tusckar-Lawis Index (TLI 1,005 100 1114
Bantler-Banati Non-normed Fit Indax (MHFI) 1005 1.004 1,114
Relative Moncentrality index (RNI) 1.002 10403 1087
Bentler-Bonett Mormed Fit index [MF) 985 0T
Baolben's Relative Fit Index (RF1) 1.998 5
Baollen’s incremental Fit Index (BF1) o0 1002
Parsimany Marmed Fit Indes [PHF) 0.49% 2439
Estimates

Parametors pstameios

5% Confidence Intervals

Dep Pred Estimato SE Lowar Uppar 13 3

al al 144 Q0944 {rasi 1252 O 5sa 10s

< 001
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Faasuremant model
¥5% Confidence
Intervals
Latent Observed Estimats SE Lowes  Uppar B ] P
5 511 1,000 anoo 7000 1.000 DBE4
513 032 D743 oeay a974 0736 1,2 < 0
512 B30 raTr2 QAL AR=F 4] DGSE 1na <0
an BI5 1.0:00 ER1 KR 1.0 1.000 KRTES
Bid 077s 47T OEES DEaT oTE 168 <001
RBI3 943 0432 QB4 11026 03T 223 =00
Bz 0583 i (40 aagy 1083 o0y 2id £ (i
B (744 57T QA2 A5G 0 G&F 130 <00
Varianies and Covanances
95% Confidance
Intervals
“.' lﬁI‘ "‘:‘;H Estimate 5E Lowsr  Upper B ' P
A Bt L3065 10066 DATEE 043 0585 452 <40
7 3 B B 1] 5 1
53 ai @ 1z4n a084 MIaECEE C3E .40 235 a1
0 1 5 3 3 b i |
512 - 01384 258 22T 025 mayr 2.34 HE |
fi 3 T 5 ] 4 )
(215 A a119E [+ Ta R [1fa kel a3y 0235 241 41
2 B g T 5 4 B
&1 Bi3 Q5T 051 - (ER L D456 1&7 OE
3 2 000345 i a 1 1
5
501 1 1.2788 000 0.z188 D21 028
4 1 o g &
513 S 4586 fills e 02586 (.45 0458
! i) 1] G T
sl = 15724 00 05125 LAt 05082
2 a 2 3 o
G5 15 11481 0000 40,7487 14 KR
2 4] 2 g 1
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Vamances and Covanances
95% Confidence
Intervals
.1 i " Entimats 5E Loser  Upper B F [
Bld Eld D4885 Qa0 D4RES 048 0488
T V] T 9 &
B3 B3 02419 (HLE ] 02410 024 0243
7 o 7 2 o
Bl2 Bl2 DAFTa U000 BATTO 1T a7y
3 o 5 T 1
1h A 05281 0000 52817 a5 0528
5 o 5 ] 2
] g 0.7at oo8s QEDTS 345 1.000 CE <00
] & 4 5 ] B 1
Bl Bl DT 0uors - .16 oo o1z a.4an
9 T 71404 i 5 3 .
E]
Imtercepts
#5% Confidence Intervals
Variable Intercept 5E Lo Uppar P
& G0 ELLE ] (LG 00
- E| L LR Leliei] 0, 0000
S12 OO LHLL ] LENLiH 00D
Bl5 OO0 L] ooa 10.CHMD
i ] 0000 0. CO 0.CHD
Bl3 QL0 00 Qo0 Q000
[E]W L0 i L] 0 D G
B G000 n0oa QLG QLG
= KL Qo 0L L0
Bl OO0 000 Cu 0l QLD
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Thresholds
95% Confidence Intervals
Variable Step Thresholds SE Lower Upper z ]
s 11 -1,087 0,134 -1.357 0BT -7 E9é =<, 00
2n 12 0,354 0.ma o133 0.576 1139 Q.00
b1k t3 164 (.230 1811 2709 7. 715 = [
53 11 -1.870 0.219 -2 2948 -1.4417 -8.5404 <00
53 12 3174 0.1 -39 0043 -1.572 0. 145
53 13 1,123 0.£40 L8349 1.397 2034 =,
52 11 -1.123 0.140 -1.397 -0L.Ba9 -B.034 =0
52 t2 0334 0.113 {113 0L.555 2965 (.003
815 11 0524 0116 0752 -f2ar -15149 =00
5 t2 G662 0.120 Q428 0837 5.5348 <,
&5 13 2423 0.353 1.M 3135 &EETT =0
EW 11 -1.763 0.3 -2 16k -1.371% -8.720 =, 001
Bid t2 N 187 0,111 =0.313 0120 =ET4 .38
fild 13 1,547 0.174 1.2 1.883 8B5S <.
LIE] 1 373 013 ={L5497 -0,153 -3.312 =0
B3 t2 0827 0.129 0673 1.181 7163 =0
gi3 t3 2423 0.353 1711 2135 BETT = [
B2 11 417 04 0640 -0:ra3 -3658 =00
B2 i2 1.282 0.¥51 Q987 1.577 8515 =00
B i1 -1.954 0.242 -2 464 -1.520 -B.242 <,00
B 12 3,253 0112 -04ar2 -03Es -2.269 {0,023
Bi1 13 1.087 0138 0a17 1.357 TR93 <001
Path Model

Path diagrams
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Path Analysis of TA to Bl

Results
Structural Equation Models

Madals fnfo

Estimation Method DwWLs .
Optimization Method HLMING
Number of ahservations 130

Free parameters iy

Standard errors Robasst

Scaled test Mean adjested
scaled and shifted

Comverged TRUE
Iterations in

Model Th=-TAZ+TAS+TAS
+TAZ+TAL

Bi=-BIZ+BI5+Bi4
+EIZ+BI1

BI-TA

Tad ——Tad
TAI==~TAL
TAS--TAL
BIS~~EI3

Mgbe, Wariable {TA3, TAS Tad TAZ Tl BIZ, 855 Ed,BIZBI1) has baen
coerced o arfered fypa,

Noie, lavaan-=lav_samplesiats stepZi): comelation batween variabtas B2
and TAT 15 {neary} 1.0

Mot lavaan-=lav_maded_wooe| | The vanance-covariance matriy af the
estimated paramaters (veov] does not appear ba be pasitive definite! The
smalest asigenvalee {= -1 B96599e-1 7)1 smaller than rem. This may be
# symptoen that the modal is not ldentified,

HIJ'!'E‘._H'JHI'I-!"-'E'-.'___HEI}EH_ past checki]: some estimated oy variances ans
nagative

[3114]
Overall Tests
Mode| lests
Label W f P
User Madel o4 30 Q444
Basaline Model 145687 45 =00l
Sealed User 433 30 Q.06

Scaled Bassline E818.1 45 o« {10
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Rt ndices

95% Canfidence Intervals
Wpgsesr RMSEA p

T SRMR RAMSEA Lowear
Clagsical QL0d4 0.011 0.000 0.068 0.E23

Flizk sk 063y

oAl 0.0arT 0,056 0,000 0,083 0,369

User model versus haseling moadal
Mozl

Comparative Fit Index [CFI] L0
Tucker-Lewis index {TLI) Lo
Bentler-Bonett Mon-normed Fit index (MMET} 1000
Relativa Noncantraflty Index (RN 1oon
Bantler-Bonectt Hormed Fit index {NF1) 098
Bollen's Relative Fit Index (RFI} (987
Ballen's Incramantal Fit Indax [IFl} 1Laoc
Parsimony Mormed Fit Indes [PNFI) B G&S

Estimates

Farameters estimates

Intereals
Dep Pred Estimate 5 Lower Uppar B z 7]
Bl T 0.7ar (ER e 0.&874 0.204a 0.950 23.0 <. 001
Miasuremant mode
95 Confidence
Interdals
Latent Observed Estimate 5E Lowar Upper B T <]
Th TAZ 1,000 0,06 1.000 1,008 L1145
TAS eEd 0.0457 .64 .78l .734 15,3 <= 001
TAS [ 00337 1] 0.73s LLIEL 178 <. L
TAZ FUE s 0.03a3% La%8 0.&a97 L1716 18.3 o2, I
TAL 14a61 0.0333 0896 1,026 1.101 89 < 0L
LT B2 1.400 0.an0 1000 1.04040 DoBRS
BIS 0917 1 E LY {844 0,504 0LB1S 261 <, 001
Bild A5 0.0396 762 0,934 0764 2.7 = D01
BlZ {915 Q0376 adl 0,989 LELE 244 <001
Bil 1.900 Q.03 3.H33 0967 D.BOQ 26.3 . 0L
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“ariarces and Covarances

95% Confidence

Intervals
HI‘I-]:I-EP& 'H'H-I"I:IH:IIH- Estimate SE Lowar Upper B z [+
Tad TaZ 0.3091 0.0430 02245 0.353 06823 71.19 =001
Ta3 Tal -0.2877 0.0557 06 -0.171 -1.1151 -4 B2 <01
TS Tal 0.2113 0.0%64d - 3226 -0, 100 -0.7540 -1.72 =001
@5 1]k ] 4.1532 0.05491 0.037s 0.2&9 0.4550 2.549 00S
TA3 Ta3 413132 0.0000 -3.3132 -0.313 -0.3132
TAS TAS 0. 3606 0004840 0. 1E9E 0.3 0. 3606
Tha Tad 042132 0.0000 b.a212 0421 04212
Taz TAZ 0.4873 000 04873 0487 04673
Tal Tal <.2125 0.0000 02125 +0.213 -0.2125
giz aiz 0.20%9 0.0000 0. 2095 Q.210 0. 2085
Bis Bi5 1.3353 0.0000 03352 0.335 0.3352
ar4 Hi4 1.4158 000K A15E 0416 041548
a3 a3 0.3384 0.0000 (.3 364 0.338 0.3384
@il (1] 03607 0.0000 03607 0.361 0.3607
A, A 1.3132 Q0835 1.1B5E 1438 10000 2069 <. {101
ai ai 10766 0.0%148 00143 0.139 00570 241 016
Intercapts
5% Confidence intorvals
Varable Intercept SE Lowar Uppar z (1]
TS .00 0.0 U000 0.000
TAS 0L000 0,000 ui0 0,000
Thd 0.0 0.000 £.000 0,000
TaZ CLO0D 0,004 QU000 2.000
Tal 0,00 0,00 U000 Q.000
i P 0,00 .00 [HE 6] 0,004
Bi5 0.0 0. 00] LLE L] 0.000
o4 0,000 0,000 L.000 0,000
ai3 GLO0D 000D 000 0.000
ail 0.0 0.00 0u0an 0,000
ThA, 0.0 0000 U0 0,000

& 0,04 FRu]E LER e 0.004
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Thresholds
88% Confidence Intervals

Variable Step Thresholds SE Lower Upper z [c]
TAS | 3155 0.111 -0.372 D062 -1.397 0.162
TAS t1 0,857 0,131 -1,214 0,701 1316 < 001
TAS t2 214 0111 -0.004 0,432 1321 0355
T 11 -1.483F 0, 168 -1.811 -1, 153 -8.825 .01
Tavd [ 0.155 0.111 -0.062 D372 1.397 0.162
Taz tl -1.282 0.151 -1.577 -D.9q7T -4.51% o (W11
Taz ] 017 0,111 0.043 0,392 1,572 0.11&
Tl L1 -2. 160 0.2ag -2.709 -1.611 -T.715 = 001
TAl t2 019 0,118 0,236 m.1a7r 0175 0861
BIZ L D417 0.114 -0.640 -0.193 -3.658 =001
Bz b 1.282 0151 0987 1577 3.515 <, 01
S (4] 524 0.116 -0.752 =[.297 -4.519 <. 001
BIS 2 0.6G2 0120 0.4248 0897 5.538 =, 001
BI% t3 2423 0,363 1111 3,135 a7 {11
[1{F.] (4] -1.769 03203 -2.166 -1.371 -H3.720 =001
B4 L2 087 0,111 -0.313 0120 -0.874 0.382
B4 t3 1.242 0,174 1,200 1,883 8.85% i |
B3 Ltk -0.375 0,113 -0.597 -0,153 -3.312 =001
B3 L2 0,927 0129 0,673 1.141 T1.163 = (i1
B3 L3 4423 0.363 I b 3135 6671 =001
BIL | -1.994 02432 -2.4583 -L.520 -3.242 =001
Bl td 253 f.112 -0.473¢ -0, 03% -2.265 0,423
BIX L3 1.087 0.138 0817 L.357 7.598 == 001

Madifcation indices

Muodification indices

FHodif. i =EPC
Indéx EPC sEFC [LV) sEPLC |all} [now)

Bl - TAl 300399 136005 1208493 120,993 10,893
B = TAS 1676375 4. 441 83,845 83,945 B3.94%5
Bi =— TASR X203.49% 34 e50 34 363 34,363 %4 363
182 ~~ BIS 4,77 0.143 0.143 0.354 0,354
BIZ e RIS 4, 7% <,1354 -0,134 0.50% 0,505
TA == BIl 4,39 D.ETE =1, -1, -1.006
Biz i Bil 3.03 0.105 0.105 0,383 0.383

Mote, lavaan-=lay_star chack cowl )i starting valees Imply 8 carralation larger than 1; varables
invalved are: TAS TAL

Waba, Nalls produced

Note. levasn-=lay start check cowl): starting values imply Mak Tar & carrelation vadee,

varables invohad ara: Ta5 TAL



Path Modal
Path dizgrams

Bil

[5]

References

[1] The jaiasyi propect (20280 Aol hﬁrﬂurl 2.6} [Camputar Safware ] Petrieved Fom hitped
EWWAMGALSrD.

[2] R Covaa Team: {20243 A A ad anvironaiesd T SIS iion cermouding. (Morsion 4.4)
[Earnpitnr anfiwars]. Riiriddd ram M | e eagRs Felrasved Tram CILAN
snapshot 2024-08-07)

[X] Gaducsd, M., Jentschin, S (ROEL] SEME fdmaw S5 Aralpsis. [Erndnl module], Far fuedp
pleasevisit pipsOsemiohib iy

[a] Anesesl, ¥ (2019) lnvaanc &n P Package foc Siructural Bopation Maodeling, Aomal of
Seadishica Foftwars, 4812) 1.30. fink:

[8] Epsiearnp 5., Sculier 5. Mak | oenman M., [organcen T.O, [T01%). sembler Park Daganrs
mmmmgwwmsmmmu Dulpot. (R Package]. Retriswnd from PRIRsiTRAN.B:

Rasults
Structural Equation Modeals

198



199

APPENDIX G

RESEARCH PUBLICATION

college EDUCATION
BTC. T a025
MY Bprd KIS

D O PN ManLscTipt = El.u'r‘l'}':al'i"[ullq: Jesarmal
Cear Ms jeergran Warces, Derretrsgeol Kiremlegeane, FroDo and Samalimechal Tamas-eel,
Phpl

Wour wibmitted amcle srfiled ©Aleerative UTAOT Rlodsl wilweecing the Adoption of
# Hleckcham Traceatiiy. Plathor i 0 Rubbei inchsmy Sanply Chainy in Thaland® has rer
been reviswed and FBillos tre proteds o e e Al Eaal 3 oespery from el
insiigiong | am alrdsed 1o acfend vour arficie, ‘whech will Be poblabed m Duegd Third
Coli=ps joumdl Yase J025 Volurne 19 e 1 Lanearny = 4l J025)

Tramk wou fon your cosirbtion 1o DullE Thasd Colldes Jowmat ard we ook fovard bo
spcEiang farttier submsions fom o

Bl vegands,

£ fugrai™

Sinpong Suemad, O,
Ednet of Diwa Thare Callege ourmal

Ammanic Dui Trami Covege oumai S22 1R6-0108 & & cerfied gualiy feamsls o Group 2 (Tmi]
ol sty Adarrrrerd by TRad- o Cilalon rokex TCD Cerdii

T LWl Syll.ornn I ks B naunEed n @ fetumy 198

g Frssa, Hopghns BTS00 Mesiewes Tael sl {11 B340 0L S Mg ki D BRI TR
Submn H:I'.'I-I‘-mt-l.ﬂ'q.l'lﬂ Ay, e O Tramearsn Ve el 00 M Sk - TR oo 0 S ST

e



200

ExSiC TR0S - LIVLI [HFRrT

1RGN 25T - 5742 OninG]

dusit thani college

JOURNAL

Jsasanendeqansid

Vol.1? No.1

January - Apri 2025

https://so01.tci-thaijo.or g/index.php/jour naldtc/issue/view/17923

Published: 28-04-2025


https://so01.tci-thaijo.org/index.php/journaldtc/issue/view/17923

Dust Thars College boaimal Wal. 19 Ha 1 ey - Apdl 3025

wwUsRanaIfan TR UTAUT fiwedamsuaufumeednfunamas iy
Faunfumuisssu i idmrman e eadssnalng

Frdfnd A8 S rmemn s’ werans il utumom ™

YT YA TS LT BT R

vl vy LY Tk T Ao TR

* e L g (e S e b

Alonmp orelrs duthe Ernsil. mmgthechsl pam@miuecih
Beoa=net RRch 3, 1005 Reet g Apnd 18, 225, Acgpdeed Apei I, 2025

LB

1A i e v o1 2eledud Pa o dnafusmsavinisnd ornlurmnm s oudaurdil
nldur e s UTAUT S Ay eedadunpsnos UTAUT madan iEvdwnnonm
amann ciuufenaulern Tl lnbaldo g mmmam e sl el menounen oo
UTALT woudaduiwrurnaiut wiassuSendnsemaneluiad | 7e Sl Adiuuisud-d@vinarne
raumAL s s danmurosisa At lunmiboorses UTAUT uwoufsfneneod wisde
vEmRyTIad L L Cmilastbes | FCh, Rt w e VAR e AP B arenT e M LT ammn Y
EE) Salkind e AvETrnon a1 ik 4RE nivdos s Ao Giimulienai Ty 120 T
it el Alun 13D An s uRmuRT SRR TIanaTlen 1 e e Sl E oo Wk g
ssend Tl unau Eacel wrmldtumiu IAMOW o fiug 2 6 R ivesouaiiSed UTAUT 8wyl 3
AzehL e LTI W o

a1y nuh euufieos UTAUT A8 suday Wanreelaatudnygaubindednd fi'vimane
mikemreduusnon LT wadan dml.munrrﬂm'l'ﬁ.rﬁm,!prh;ntfrd 1 i fAvBnralhidwauwra
pc T il gy ugarnsueanaan Tayuldh dade Ao Tloeinaksoaisn & B - L9
Dol i m1ﬂ1lﬂum1ﬁﬂmm1m#huhﬁ1uthtummmﬂinm1n usr
AR O e Tnsed i ugna s el s rndiy s oeubidusts use
m:ﬂ'mmhnnnhiaﬂulmm'lﬁlrﬁhﬂim!u pealadmu Tl TA, PE, 2 wre B ldnlmedvivn
wiadouso 8 Ay TeenTEmEwannT JalAl o nume i e el R oA e i s vl
PR T P L e P T T T R pein Aorens i A nruo e i haming e
g AR wemnEdLh bl

PR W R TnBe TR T vz e s v ivalulafilaner wolranmmeedy Tuinmnadion

14 i e i AT el o o i e by B h ! Fapmy Cham = Thaikarest

201



TR TR A R L 19 LA | WRmaram - a2

alternativa UTAUT Model Influancing tha Adeption of a Blockdhain
Traceability Platform in the Aubber Industry Supply Chain n Thailand

JeznaEn wandes!, Dy orgped Karrbargweny” and Samatthadai Yamsa-and'™

15 hond. of W resarmamd, Mam Fan Lusne Unrean iy
Tkl of Rgra- ke, Blaa Fih Lo L sy
’ﬁul Transism e on Resssrs Care e for Asc-ind ueerg and Suconms, Neae Fah Luang Uresarsty

*npenoredineg Aith o Bl agnstthechsl ppeganiiaecth
PRCE=Eak Wanh 34, 150 Red ek Apnl I8 2015, Argepiad Apd I, 28

Abstract

Triz study' ammad 10 explore faciom reabod to e bhacdenan taceskdiny platfoim wihin $a
typotasis of tha Undled Thaoy of Acsplanca and Uss of Technology IUTALT) model and o deslop
B pberradns LTALIT meod el that infoenced the adopbon of a olackchain raceabdily' platfomm n-1he
tuisber Fokistry sopety chan in Thaiancl The wudy emcloyed the conventoral UTALT modsl by
ncoiporing the Tachioloeeal Aredety (T4 f2ctor, whic b 'wes hypetheszed 10 mluenee stabsoicer’
rdaption of e bicckchaey tracesbiny platfen, The comenfionsl UTAUT model included Soow
influgrce 50, Faciiatng Candiions (RO, Pafamance Expectency 4FE, mnd Effrt Bxpectancy EE
facnoes, wil of which wers Heonmed 10000 ueroe Behaiomd e sfion IBE - The sample gnop oonsisied
o L0 sisketaldss The resepch (on wes 8 qm.tm'm:. wtl he readts wee aalpred sy
Bncterdl Bouakan Mockeling (5B U O Batel 300 WE0L Software SWenes L8], for dlabivhead
syl et bt Thee Fypaihi of 1he UTEIT model and an & temathe UTEUT modsl.

Tha Firckry s mevsdfad thal tho hppatheds ofF te U TAUT rocal weis nel oorsidart with 1
el cala Themalong, o sllemalixo ATAUT meockl wes Srooccod, whichywas Teurd 10 be dorskbent
witti his amencal dard 0 this radi, B hed @ dear Pluerce o the adagtan o Blockehan 2
miber- supply chain indiedng. it w2 corcluded e FC tad 8 diect infuercs an B 1f - nms
B % R PO plass a sigrifonmt mole 0 chiving stskehalcer patiopation 0 ihe ribber supply hain
procesy & hglighty e qu:.n-rlartz o faciitating rondbors, vich e nfommion technidogy
miraatrch e, rEgutainy mo demi kb inn,; and blocia b 1echn ol ogy fraire g for sEskeholide s, Howesyer,
TAFE. 5, ond EEwere fourd 10 hwes an pdient nfluercs on AL Beed on etk indings, e dudy
proves 1peciic recom mercd nns for gack actur siggesting that RAST shoul d 2upper snd encourage
the atloption of The biodahain traceebdity plationm in Trailard s nuicbey industry Spply cham

Fomyawn rcle U TAAIT b el Fuober Suppdy Craing Blacke hak Tachealogy, ddapien Bataor, AL matie
Wl

L

202



Dust Thars College boaimal Wal. 19 Ha 1 ey - Apdl 3025

Infrocuction

kavral rubbar, i iraen as nda nobber, & derwed from (ale precioed oy ubber Toec
Thailard & the wiid’s 1=2d e radursl robber o mdures, comtnbune 35% of dokal production in 2022
W thes business Ures, the Thai poreemere nl estabdiabe d the Ruboer Autbanty of Thadand FRROTT i 2018
o suppoit the ribber noaekry, improve skakeoloker lselinoads, snd sablize poces, Al the present,
RACT it fachs chalierges in marajng Dig data relabed 1o ibber production and bade. which bincken
ditective dpply dain raragsrent and cRmand forecaslicg: Wih the . atvarcerent of digisl
techraciogy, the blockehan fechnology 1% mnddsed w8 decerirsired techrology, with 14
taraparency, secuity, and relabilty, offerng & polevisl solubon tothese cheleng= by ensbling
fcient dein merasement and irsceabdity dhis dhe Unfed Theon of Arceptence ard e of
Techralogy (TRUT] fremewwl, & imeresting for understanching how prd why people acel ord 1ue
Teshin ooy, 11 Ca b udnful 10 Solwe Bhedd' < hall orgas o the ASOT in the fubanedaniabach oL al, S00EL

D b aboeerrantiorad ifi farn- of clakePoldes, RAOT: challanges ard o pobanial
iechreodogical - oolution a3 "Blozkchan Trocabslfy. Maffoem®. i imporiant for Aindng whal = an
emerhis key-aaoteid b tha implandniobion of Hockdhain im Thad rubber nducy. £ omsy ba e
acaptanoe o all stakeho, ders ncnnpsnﬁ:p st ihe irpleiranation process. Howe, & & niisan
Tow thi= shchy B0 fined oyl the fackoe ol ncing the way of 2. seholdes acoeplanne, The UTAUT kl
te pppropree radel 1o et the pocepianee of bedrabary amoneg Bl s holder in rubber supply
ches

Therefore, The study simes do ssplame the cilal 1echnolagy 2 Tre Dlockehain o gwenooTe
drallerges byt opplying the posiblz Lieified Trearny ot Acceptaree. and Uie of Technolagy (UTALTY
Famewort in orer 1o fest ihe faclon influencing the adoplion of e blockenen technodogy i thie
ruber irehpiry supply cher, i Traksnil

Research Objacthes

L To aelond factors ibad and related to ihe blockohan maccabdity plathanm within e
h:.rpmhn-ui:t Thn. Ui Thirry of Becaprtars e and Wad of T hralor A TAUTS el

L To.cdeweiop o otemaibe UTAUT model that infleences the adopion of b blockcham
trac=atilty plactarm i the ubber sty supely chan in Thaland

Scopw of Stucly Aras

L Tha s dpa of sactunts Tha tudy of fos faton poorisg Socsl Pluenee 0 Fasiitaing
Corachiicans (F D Peformand i Expsst arcy (P Efirl Espsrtany {EE] and Tl csgical duv ity [T8] hat
e e Behaneand, mientien (BIL

2 Tha seepi of pepulitioe and sevrpla sze Thi mesanch Tocused an & total of L350
msponderts o ive prouss of staleholtors P, coll ebar, oonmins, oo Mt 3 ks, ard

1m i e i AT el o o i e by B h ! Fapmy Cham = Thaikarest

203



TR TR A R LA 19 0T | WAmaraTe - ey 2558

oihershin e rubter supedy chadn in Thalend. Dues fothe Fagh-cost of the 1echnology and Lretatoes
o {he dala seeer, the shoks speofoplly bangeied laree landowren cemrg more than 1840 m, gy well
w10 Largeet Eusnmass mgaisied in b poverrent celabens, whach bad & sgrdiceet mgsct o
the ooy

4 Tha Seopa of Brel: Doein | e g ard 21 provdince i ine licing the Morthem, Ceniral,
koitheactam, Extten, & Southen regaies. The sargls distrbanie acn: Bt ragasg b lsieged
n Rjue 1.

4. Thi stepa of purisd osmrber 202 - Al 2604

e ] Presme=s

el Meritarn | 1. Tvare B

i Fepez

1 MY

i Pk

L= ¥ Fereherabad

i 1 Eeadremp Eien Fhan
,;, W Mot bamabe 1. Lo

f - L Usiors Thpra

18 ‘ B berd Fha
4| i ey Fan

. B s

IC 3 50 Rk
b LMo Brchrta e
R . Prack rkssi

[

:
|

T Calaes
., Fapo
- 11 e b =
A = Trai
! Sowther | B Urmprphon
A 0 Bt Thavi
Dk . Fewd R
- L] 5. Biweoar sl e o md

i

i

|

PRI , s A S Gomgebte
= . Tuh

Apsn | The Kapof Samole Detnbobonin Robber Supply han
LAn e e oy Dieparimerr af Sgroiiboes | Ebergon (20020

el A LT bl £F L} T H 171

204



205

Dust Thars College boaimal Wal. 19 Ha 1 ey - Apdl 3025

Concaptual Frameark

i

,_I—l_

|-

[ owen

| i |

[t

Teis
| TR pdadsd. | [
Fipar 3 Corcemil Framamk

Leterature Rercares

Thad s s ok ber industrg F‘Eﬂ'ﬂd by the Rubibver Conerol ACH D 19F) ard the F!-..bl:lﬂ'.-’l.l.ll.hﬁﬂ'l_'i
of Thadl and Aot {2015, operated through a st thnee-ter supply chen Upstream, midstream,
dowrsireaT msrtanng i gobs, (esdeship, HI!-'-E'-H the sarinrfaced pnoe volatiite -as'l:herr\q;u-r
drailenge cue fo suoply-demand mgalanoes, Economic sowdmens 0 ke marost [Thira, the U5,
Jagard, ard Frvestior specdstion 1 fuiures makets Altheugh Wmnd rhplarce were
tomidered o minarchalienge ey rercaied the need for nnovetee soluhoes by AT, such s the
rdnption of blockchan iechnoiogy to enfanoe Tensparency and discice the mariet, mpecolly n
wl b b the Pufsbes e Trecieg License: F'dlq.'.';rﬁdﬂm-h mer cpme of the Iack of data on domeshe
ropply and demprd. PACT reeded bo address debas geps ond mmpreee shakenoider collsbanmmion o
s rerpther supply chom efficency snd mprctpe comreetriveness,

112 i e i AT el o o i e by i + [ 1 Fapmy Cham = Thaikarest
I



TR TR A R L 19 LA | WRmaram - a2

Tradarafs robber seciar faosol ol dats raragencent chellenpes, with RAOT stnerging 1o
miegale rubber pocuchon end bsde dals sorocs, gevermment s povede sipke hol ders This debs
Fagmertabon hindered. sffscies supply char mersgemerd and scosrsts derard. forscacding
Heoxichar ischniiogy offsmed & trandamaive inlubon thmugh g decsriraloed, rancpanr Lll:br
b s B 2008 arbiaduction Nakarods, D008 COharg @ Chen, 20000 Proved aeceEhd @
s ubose for racedkdity anc wveification (L et el 2000, Bdckdhan ool d enhance supply chamn
sy, i derrand-vppdy B ance wd mdues prica vlatity harg et al, 2000

Tha wiid et ] S ek o, deer’ ar.u:mrﬂh of blockdramn tedhealagy 8 Thadarchs rabbssr radustny,
this stuchy ereplopad the Ueified The oy o Aceprance i Lk o Techinobosy 0UTAUT) & i teniatia)
Famewori. Hnaly descloped by venkameh of 2 CL0CE), 1he carsantional UTAIT model eanins
Tour faciore {1 Perforrance Eq:m:llr-::.r-I:'E:nm*tu tra eanoid bo wiach o waded chiad Eaalinags, Ehat
Lo & P S0 i il s fiain o oy o o ran ok, wiih Thie e latoichep radaraned by prcar and se
sanistesh ot 9, 2003, (2 Efon-Espeitanioy EET mhe 1o the conem of ese s sted with wsing 3
Mesar Syterm, vt 1 fe a8 nieha p e e by pencer, 2o, and sxpenerce [enlaieh ot i 2003,
3 Sacial riosn ca (5] ndfers Borthe exBart 10 which an indinoul, parc e that alfreis belefs aflesnce
ther decision to e & new sertebC with 1hi reletiorehip moteabend by pencer, ape. superence, ord
willurianiness [Verdaieity et al., J0031L aod b Fad|bating Condbon: (FO refers ba the exdent 1o which
wn it el beldeies that wo-aagan soes spaterm and bachrecsl ifeshnuciune supoort the we of a
fe Lpstenn, vl 1hE Eummn'.:. Mickralad by ags ol sbrarenca (rankaled ek @l S00EL Thi
magaich adanded the eorsentions) UTEUT mdel by reoporaing Tedindogead sreeby (TAL i@
et b 6n Huzbonedos 20011 shoy, which newstigetud rarpalsr sty rolated te the s of
v gD, o TN @ fuchor (hat  Boddn oo CI0GA] ddd & racsanch. The Fypaibece U TAUT rreschkl
s el b in P 2 e suppsaiend by prévines risssarch Tindngs pressmad o Tabis L

Apsn 3 The Hypedrasy UTAUT Model with Addtioral T Facior
[ Adepbar rim-!'\-u-mr. ek, 20ms.

206



Dust Thars College boaimal Wal. 19 Ha 1 ey - Apdl 3025

Table 1 Prewvos Sluce: Relabed ba Yarows Faciars in e UTSUT kodsl,

s it Puctors Influmrcadsst | R pe | TA
CHE-HE- AR Dk
Busdhthoodd ' il S0 ChIEGIT S N I S Y R
Prposw and Zupleve, 202 | Srarl Ciky o [N IR (R (N R PR R B . = Y
Grwth of ol,, G2 Bukoenatw Vahiches | - | - [ -] -] - [ -]E]|S
Guragnjha aral, 2013 Eckationl 4 | 4 Ta
Wathesalogy
1 Duts Sollactian

The atwch collecied dads By mplemrsniing & mnuneted quedoneis vy spacech
The developrent precess began wigh fucuy gous nesbngy neclvg deksholdes and sy 1o
dard iy by conosrro sed challe g releisd ba el obsctres. noghls o ths s raebegs, sorg
wll i ke e Seisis, r'.l"é-.'ﬂdd tha it | deaft of e deidtadinia e, Thar chiafl et middwaii] Iy
@ PPl ch n goenal i 16 erure Aligrerent with the siudy™s objectees. Tha fnal cusclisnrans
dhestigr] Lirinf oon fioours [rospfessilhia o6 and <pe Cal et npat (et ard Berdatt, 23050 ludled clogeck
i d CuesTionk ahd & T-point Lkt scale for vespocr, mr i Trom: 305 ron gy Dissgeas) 1o 7 (Srengly
Hr.m:'. The- sexle wie chozen o provwde Freater rezpores vanety and beter cpphore shakehoigers’
percept o and belef, Doshiet ol 10961

2 Swmpln Braups

Thes sludy detemned the sprgle s for structursd equerbar, mmcelng ISERL pang Aaphtes
Cabcul sk, {500 pwidely uaed ool for celcitating anple soes The caloudation indosbed that e
recomreEnded mirerum ampe e e 36 siakeholden. fromotbe ke wpoly chan indkaing n
Thaslerd, The reseemh was tezgred ming a miticstme wmpling methad, combnng simlified mndam
waic g S e Al SRS 0w sl o 4 ok i ol ot
n the wisher weply then s, Thalard, covsnrg the rartham, norbmaciem, ceniral, sadsm, sed
wrt b mgone. ak shown n Frers L The detels of the sempde g oo sem s follos

21 Farmars: Thers waim 1,687,005 bl Tanfang Gamdiss, et of wham swrad anees of
050 v, it it Phie et il chilabie fis g ng £ ubdey raes 2l p o g Fraterals such
&g lumps fabes, and crepe ks, bk wsnr el fo cellectors, This oy feoursd o Lange
landerwrrs, spmacifica by thise demeng rooe - than L0 i, whd reprewened G0d% o tho fardies
regtsterad i 1M fownerent s,

2. Cetlasbaiss Thens wiors a1, 0040 madelomr and factones registanad im ha srvarrarant
mzkae. Tha mic e and Tactary aoerton puichae nabasl ibber o famner, Eacesss it
vt s e Fires hud i e s s penecd o, ;n:l aold & to enparbers of otrar Bupers: Ths Sty focutod on
the 10 larpeoid Booareespen, regrdered i fhe govemmesn, cisbee,

11 i e i AT el o o i e by B h ! Fapmy Cham = Thaikarest

207



TR TR A R L 19 LA | WRmaram - a2

23 Beparters Thene wens 3 sgpeodt companies regebensd in the poesmirent chriabane
Thig we e reaparadkle fr erparing semieinehed pockics de g, black nubber, nkbed sroked sheetd
wnd Ariched prodocts ey, tess, redicel gdow). The sudy feoasd o the 105 Iegest - binrsaoss
monieed n ths goesmrsck datebaue.

24 Bevarrenant dgans i The pouemment afereie involvad i e Thal nber sopgly chain
Aicligledd hress ke aogzn Tatvrs: the Rubber Aoty ol Thadard (RAOTY the Cepaiiment of agculiong
Tcie, and the Cotiors Depafrscl. Traie ayercie playicd imporiant robes moibe mbbar rousiy
upky chaie This mausarch Moousod o wecutves, heak of iubbe diigors, o (Al mspordble fol
Tt bBer data

2.5 Oehars! THE mroup moluded brokers frdm e Beres actar, whea Roliatad e withn
the wuppty drain, and rubbsr scholas from PE-Emient e al and ukaiche, who connbared
acaderre and tedhrecal experise 1o the indusing,

5 Sewtiseal Dat Aralysis

Sructurall Byustos F..l.ntl.hl (SEME ZERS wars wssdl ba aahgs the e sborehips betesen
orwered and Latant wamibles, provleg & sptamanc Methad for teseng repatheses The prapased
micckfied UTALT rodel wasevalusbe] Gor SERLin feestepes fodlosdrs Schumacker and Lomze’s
sinclum, Thirkicg Teresark (Facavand. 20200, and Bassdd an the Concephul fmnmewark S in
Figu= 2 The study utheed Facel and BMOWT wrfbware erion a8 AT jervimed prciect, 20348 Tor
iatstical analysk. BMOV & & mocken, doefian dy, ofan-au s altematiae 10 propistan Lo
wcky i SPES, ancd s applied o rechng Bty the Pegoteide al 1he athematies UTRUT okl
Leerasd cifdes The GHU Gemal Publs Leeres 0500 ©kardinaly Tiee s b bsaconii] Porsanngl
popdiar dongsde elatlched 1a0l: eochds USREL, AMCE, o] Mplus. s acokssildily and saw of ke
rriadi if o aifectve doce Mo data analyas ooy

Facaarch Raa i lte

1 Respordent’s Geneial Infoamaticn

The walitly o the: cuesdnmrane from the o groon compreed 27 shederend dema s showe
0 Annes | The reaubts of qussdionrem wney v dodrbuisd 40138 fopardeis, wih cemegeche
smbyan revsaling the foilowng ke chamctsmb e Geredes 988 mals (ypically fnrdy Pascs and key
contibtons B h rbber it s e female, Baostieros Most regoni ern e oves i peas
o upsikerce, establising Pem 31 ncktng sper b, S Pradoriamly beimee § 165 jeary,
e gupation Falnres S0, oollactor: (15N {ou mimeenit s ferc ki o) eopaer (15 ard otfsis
il adired Cvewane ard bt el ars {1200 This frdangs an cumeraned in Table 3.

Lra

208



Duist Thars College boa il Wl

19 a1 Javwwy - Al 2025

Table 2 Fesporskent’ s Gereral |nfoaration

fAoraril Infor meSoen 5 A Murm ban Poreendnga [

Bender rlnE (i ElE
Ferale z o

g fange TL-E8

Eparidnge OWET e LG LA

Stmbkmhiodcers Farmresiz {F} an LW
Colleshors (T e 1%
Grvernment Aoencies (B 29 13
Exparten [E) 15 12
Cehers (Himkers Ribber Scholars] (00 LT 1%

Tetal L3 L00r

2 Peth Analyss of the Hmpothess UTAUT Modul

The wrafyes coreder the b sbon,.z i, prd pralues The sccephance oilena regee Hal
thw uslimy of I oo ot ecwed ike thmeshodd of 1and s e postes disscloe, wib 2 o L98 bang
ugmnfcant ol 005 or x> 251 berg wgrelicant sl 001, @ the s of {Fumbk Thess mwilbs monk wign
i the criteria Tof ieockel it with = 25050 12« o 300wiach reciars 3 Pedar jae Chi- Souens of last
1 2, FRESEA i SRR waliies Bl G0R, CH 08 TU walish abide 007 {Haw el &, 5219

The euplts sosed that the bypothesized UTALT model ‘wee rot oons stent with the empircal
cta sl ooutd ol b pooepted, ay dhawn in Teble 3 pod Figuore 4, Ore pessigle repzon was the! the
fackas had ar inchrect ifoaence on bebavioral cberton B0 Therefom i was neoeszany forthas study
o propsee by altematve UTAUT madel, developed breed on infommartion gathered duneg 1he foous
Foup denmnen, which betber hts e scophon of the bec bchpany fracesbddy attormy, ay shown m

Tabe d sed Fpure &

Tuble & Paih Sraly=r of the Hyepobesi Stnches Bodel
00 SWUET @R [ z g (=TT
B = B e ELEE nata Fimjmctard
= e 8 [T Lisd o Fopactad
- D Lk k-1 Frimctad
FI =g B s (] 3 it Fapscted
Th =i B QLT3 LARLD Qe p Easiaainad
L i N OE5La 2351 oo Foapnad
T4 = R ATEA da5p0 00 B
2 = (il-r.=cd Apag T Svmrad
g T [T IEENL e Fombad

W1 1y = P OF G D5t varkdi; Mo g phiis DO ey F 005 80 D4 A Dot o il CFA D
e ple groescs o The save 1res

]

i e i AT el o o i e by

1 Fapmy Cham = Thaikarest

209



TR TR A R L 19 LA | WRmaram - a2

=5y

-
-
TR
e~
2] -
PR - -
Hi s !
e ¥ a )
[T Malettin i
L.t e - |
Ha - - o
[L=] ¥ - L
it F b — - m [
o - - i

1 .
ewl &
i . [ - {

- " X ey —

Tl T
= o , 3
- - T -

W - —= B

CheSpmr [1 5= 520 o8 s 300, Pl T 10, poshm v BT | SRS = 07, SR i ags, CFf = | D0, L= ] EE
Fiurs 4 The Hypntem UTAUT Mazel,

5 Peth Ansbeds of s Al maihos UTAUT Aol

Trie ara sy cornaisr he E rafa, 2 reins, andl peuplues. The scosptsnce cnfena e e bhat
thié waluasi of [ ok et et Bos thnscfedd of 1 and @ iR & peniies diecton, #ih 2 5 LS beig
bijreficand af GOS8 o 35 2EE b umfcant 3t S04, o the rule of thamb. Theds etk mast @ion
with e cringra for mockal At adih W 250 ard 13 o < S0 which agam 2 Felarve Ch-Souae of last
MLFI.'EEA’&T“‘H?ME Dl 208, CFF 04 TU Wil o (LR [l el al, 2008 ),

Tra nib s shewvad Al Tha @i maie WTAUT mcho | wirs corakaetwitly the enmpincal odis
wichoating ot tha moced wak 3 pood it Manedvern, the stamate i atel included ci factars, Witk Ta
cirorgatt inluerarng indcatons far @ch facher kol as dhoe (6 'I".bl:ﬁ & and Hpura &

Takile & The Path Anslysie of =n Akmrotoe TALT Modal

Do shru £l ﬂ. I -l Risls

FC 4 H vt P B it At

PE R LEn EA ) 0ns Arrepried

TR FC 0T 4] ~afLon Arceied

EE < FE R ES 19.75 <Ok Acc ol

3 - Ta RS o LK A wimd
LB I T ] s b o] SRR Hom G D G 3 e oo B vy ¥ e e L g L
W
Ll LT R e - g [y 177

210



Dust Thars College boaimal Wal. 19 Ha 1 ey - Apdl 3025

TR e BRI
¥ . L Bl

| = HE  WE | WL
L1 - 7] i} PR Y i
Wi N T _ .
Vi - i e
1l e
Wi =t =

; ¥ Y L L . . %
2t T T TR T

dwialp v (e~ ity i - i, Baliie Lo I.Ap-l:ﬂi-d#h. WS - G SRR - g fll, OF - OFE TU - B

Figeae 5 An AL erateee UTALT ko]

e oo e Concluson

Plssuzzlan

L. The a¥fest of the hypothess UTAUT medel on the behevies sybentscn (B0 of 4
Backs hain Tracsabilhy @iatsnm,

These reed]s ndoafe that 1he hypotheys based on the UTRIT miodel, which noomonied the
atd e of “Taorweslosd al AnaEty [TA7 fioem Bociorelos 120011 ko the rmcd L sivoc e, The moedel
tad B o eicantinfuence on the irtention o adopt 2 beckchaln treceabdlty platfnmmin Thaland's
b ber ndusry supnly chain, and vwas Therefone rejected, & showe n Table 8 :rﬂﬂpm 0 Cne pasitbe
Eph AT thon fix these resufs is that T, PE, EE. 8, ardl FC ey bavee an indirect mther than s direct
infiuercs o Betevior sl mrlention BE, Tre findines sow that oriy T8 bd s dnect ifiusrcs on B, whis
{re b her pondiicts cid not. Theefors, | wel faurd that PE sntl T4 influence FE, EE influerces PE, ord
Hinflmnees TA

2 Tha effactof an albtarraiies UTAUT wmodal on the ke havics intenti o 00 of o Bleskchein
traceabiltyy platfapm

or Benmtaal Intanton L this stury sireed tofurther eqplons how revacus factorinfuence
B Thees, an stemalne UTAUT mindsl ey deselop=d brlnlzpntiq F, TA. EE. FE, ardd BT, Bl of
which are Coreithert wilh B fowad the adoplion of & Hockehan tracestdily platfom 0 Thaland's
wibker irck =y supply chan, The pevih copffoenes of the plbematree U TAUT mociel waere consiniched
based on Fndirgs from e Fyvpoibese UTHRIT model eudis and 27 sisterent temre gathemed from
focus goin dimuseon s wth dhake holcders, The el incbcpte o poeribee prd s cond nfuence of the
piematse UTAUT madel on the adopbon of the Blockchan traceabity platfom, Tre coninbuing
B el e as Toll oan

178 i e i AT el o o i e by B h ! Fapmy Cham = Thaikarest

211



TR TR A R L 19 LA | WRmaram - a2

2.1 The factss that directly Influerees B B e Todlovwes

211 S = 085 pe LOOLY an reporbed by Buchethol = al, (269240 sed Gunasingte & ol
G180 FC refun ko the modeml e which an refvck sl beleves thal an crososbicn’s spriemy end
technesl infrsinctiors vopport dhe e of & e siem (Vechaienh st al., 2005

22 Tha factars indivactly influene s B e as fallows

224 8l chrwctly infueriag Té w5 = AT pol (1) o rpsitecl by REOT (3000 51 e b
this sierd o whath e rdreichial peocessid That ot Doty rflosnce e clacrion 1o uie & reme
et (Mackalash of 2., 20081 i chie ettt il G i nchabocd B obbee g bl infl udeos Ta

123 Ta chsctly wfoenes FOQ8 = 0780; paD.004), o repaited] by AAOT 0043 This dafned
Baced o T Slucy by Bazeralas §200 1L which Mvastizahes covpiler araicty folated totha uce af
o pobers. Thee mapalis edcate iral mrp;h:ra'ﬁd::,rrrﬂun'-:m FL.

132 EE dieactly mbencas PEaE 4 = 000443 pao0ly & eported. by Smyth & al, X201 Usars
et Tat e syriemn b rol easy 1o LEw & the Blocdcran 1ecesabloy plabform & an advancad
Techned oy frat b ST o unce rrand. The cbsersation & supported by the prior reseanch of Lmbas
BBl (202 The retilts indicate than e B deoves o ComvErande regachng the use oF the sustem
wnfl=nces PE

2322 FE dheectly fences FC (B = (800 o=0015, a5 repoitadd by P snd Zepikove, 2072,
PE s i the eader! toowbich anvind Al belisved thal tang B new seshern will grbores job
pelerTrarce (Uanbanec ol 6., P08 The edufs inoke s Brat The belisf i arproued joh pefomcnca
g e ute o &N ew wretem nflsnces FC

Hanice, the cavaloprrssd of an slisoate UmJTﬂ'ﬂil“;iLdmﬂ fo #ee conusben b with 1he
i cak i, perfirrring Tt B srorely senetrams te procoss o rabber sapply chain By divrg The
stk of e blacech bin Dracsatl by platfern rbber reu iy sopply dhain in Thaland,

Canclusien

i Covielusoey e andi the Arst obyacTve of this nesesic found ot thal The Fypolrese LUTALT
mexclel wrih d nogiral fector. plus TR fechor does rad drectiy infiusece B Ther, T8, B EE, 8 ard FC
Bactoir mowy b e nfiusoem bebws e mach, facton, an the mulby ndicsts imco iwnin mrms
o ihe l'rn|:|r':|d debr Thewfom, weh e mulb s quidieog o S second cljecive of thi @y,
Thee teringn of &0 @ temaive UTaIT okl & 1o cevalop for ko oul which factons nfueccs Bin
et o dinsct aved inchopet S pects I L corfinyeed Tal RO cheelly i iércs BI L = 000 el GOLY,
hat il crergted the pacasof robber sphd thian by e sctive dratwemet of sl siekolda
Thirefong, & aam indcatas the rrgafancs o facliating cardbans FO ks T infastaure, opdaid
pis & raiulabions, Capacity buddieg o 1he Dlasdkchan Dechnobosy for 2 slabsboldes) o ba
Errphased i order to prorrabe the sdoptien of the: B kchan tracazbdity platfarm in Thad.and rubbar
noeny Susply chain, Bt Ta and PE slio crecty mfluonee B, et fachon 200 el Love support i

212



Dust Thars College boaimal Wal. 19 Ha 1 ey - Apdl 3025

tera of POPA (Peronsl Coin Proteciion AcE corrplimecs, Mon-ngd speclen, oesr beneft to
s akeholclers, nre=shop salem for @, el

The wlucky slen recormmand o RRCT thet ihe scoglion of 8 bockchar e sy platform n
hghly poubie fo rrplerer mothe supply chae of the ukbee edung in Thaland To schiess ths
e of The Blockehar traceals| gy platform rglament aliory, 11 iecedoay M e BT 18 play 3
urifican and supportees roles Gy o Do wpdaied T Uterany 1o &l fiakebaddders, proccbve and claar
comresahon of the Dlodehan berafis, mademied nles © regdalin, #c sbeh wil aclily
ureriian the process of suppdy oharn by the meokament of 2! stabaholor.

Recarmmendeticn

Thie iy e ke fecd in Thefand o sipiy & Bockeh e irec pabdrty @ siform s dhe nabber sy
chwry focining on 8 men secior of the rubdeer rdl.u'l:p"h:.'r_:-pm:ﬁrd.'.:.' {argeting large lerckemers cuming
mepe Hran LG e, powell as the 10 lagesh bopreneegsd ered m the moeemnrend defpbee, moladng
farmery, collecion, Factun ey, mperien, goosmmend agerae, b, and woprtn, all af whorn bave =
dgrificant irpwcl onothe g, m.ll- = e briad arope, the mwach faces wsyersl challsrges and
iniEatiove, neliud ng the pompad i of thanobbee supply chan iecustes and the high cot of Tecknolagy
and fata seeven [ n eoararancked Thar foturs esarch Tocus onsmallecoale operatees, paioulaly
iy AT s L ST, 05 Farmnind) i lies) ot of whham ol arsas: of 20-30 ral and ana negctensd i
i o Tt clriabor o oifer stabeleloar o

Referances

Frvr ok, Swt Bale, Satib Chanded arel QK Pl G20751 Likerf Scale: Bpdmed. srd Bplaned
Beifish )aiuna' < f Aol Soimnos & Techeology, Tl; 306003

Enarka Cunssrets, .un.u'r\..d-\. M Hammt, & M_J-!-hh ard 5. 0. Fardoon Axeere 000 DOES siETY
¥olP ECE-WLE BOTETION BITENTCHE OF STATE LMWERSITY LECTURERS) - & ETLOY BASED OH
FAODIRED UTAIT Frasd EWOAR Europecr: o cf Sacinl Sores Shickes. Volurme 4, (nwas
. Ooe 106538 Laenncks YE5E1 51

Baizicaaa s, . (20 i e 3 Raeys relatiaiaen vith conpuler arperieros and
proatnog, Dorpudens b Fuman hefarion, £ 72, 215 200,

Chore- i Ling, Anckers Bro e, &, Wk O Bfithed, Snd Amin H Fabpos, (0200 resipabing
riecdated effects of fear of COHE0F I and COMICH® msunderttanding n the - 2ssociation
betwi e ol Emass SCl Medn we, pyTrolodca, deres, ord Pdomai et
biberrantiry Wi ume 21, Seprlamiber 1020 Lonsas

Gabeila W Uvibas, Bellans, Fahel G Reiraths, feckenes S, and Muhameesd 5 Sha handin, L0221
Fodanticl fockes Hhat b fluerces QeEsiamers ntenhons fo use m-banking 2h niemationsl

1an i e i AT el o o i e by B h ! Fapmy Cham = Thaikarest

213



214

TR TR A R L 19 LA | WRmaram - a2

Confeeres ot irfomation Techroioey (T 2abijak. [6 - 29 Febaons 2022, D0
10 UI0RATS 4500 SO W TLEGET,

Eungng Zhes, Shecfeny Loy, Canree Loger, Hegan Lo, Ssbanben Elousie, Bijea fleos Bodbenka
wrd Holan Chan, (201 W) Blockeh s dechns ooy imosgn-food walus cham rmansgermset: 8
iyrtheck. of sppleabion, challened 2 FUTLEs e @0 drecliors. Sarpelde @ ockafe,
120, AR Wt ichod ang i LA de conrparal S8 S 00

desaplhi F. Harr ., Wil am . Black, Bary L Habin, Rpn E seidenan, (018 v teenate Dats dnalyin
A s LT g,

Jesaph ety Hordi Chen, valendin Denzsila and Roger Woedrrar: {20203 Public Aceplante of
Dvivier 2k Mo Eaning Fol Audomanad vehices Agalymg tha UTAUT Frarsaark
Tramupastakion Ressach Foet i Tocjfie Papahiol oy and Sahanioer, Vobums B3, Howa s
2024, Pagas 17010, Pitpesyidosons L0 ICSA AT 2021 LLODE,

Faxtia WY ared boffioy W, Barnett: (2O Uiing foous proups to casgn & dhesce mockiing
e stiorn are: fiod 5T naling natual e rnz-l"agm'cn'l: bensfits 1 HIY, Envrannantal
Foomamuss Resoaenk Husr Reseoesd faporss. 1S5M LSEE-5T20. Crewiord Schanl of BCofnanmess
g Edeemment The Austratian Hatona ] Unkeriby ipoiwmascimfond emled s,

Wikl W, DEL Wy and Atvroclbaresh L 20201 Blockcain Tedoadogy and Hs Roke in Enhancing
Fupply Thaie rdegration Capabil ity and Reducirg Carbors Brisson: & Concepludl Frsmeamd.
Susamalelte 3000, 180 L0550 ifpssd i ony L0, TR0G8L XL 1055,

P pha i Subiaans, {200, Sviitues Equabion Mogdating (8 B L Charkt: S0 Blugaint

§ E Chargarc . Dhar, SWher Blockchain Wesit Supply Chaie & Srsenrate Liarat o Rev on
Camand DavalaErent and PoberDal Agpl catone,” 01 EEE sooact ool B pp e TE22404,

T bibrarn S baitioki, &az Tvar, B Tohouemop My Ak Timend 00 CranaiT atasian
aneh 3Rt & Ergs-nountny aralysks Wi ng the Lrdnd thiaely of ccepbance and uss of
ekl agy (UTELITL Sharscs & Al Blsanforn 180 ol oag L0 0G0 TR CT L2 D04 2 15305,

Warkabesh, WL Mons, b Dl G, & Deve, F4O005L LRar An:q:r!mr.ﬂ' of H'urrn:i:n‘n Tackralogg!
Tewveard & Unifed View, WU G ucrlety, 27, G55 172, Il pavost.ong L0, 207 /20058544

Tl ra Popoes and Dane Tapdond (20020 UTALT Model for Sma CEy Concesn brplemencsfion: Liss
1o Wit it by Pestickints, Fior Eutclayy Cyie o s, & faomatios 2022, 5, 2T,

i preitciod g1 25 Ml rfonmaticsa 01 0027,

LE]



	1-Cov
	2-Intro
	3-Abs
	4-Cont
	5-Ch1(edit)
	6-Ch2(edit)
	7-Ch3(edit)
	8-Ch4(edit)
	9-Ch5(edit)
	10-Ref(edit)
	11 App(edit-2)



