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Abstract

[Background]

Energy conservation is prominently featured among the United Nations’

17 Sustainable Development Goals. The interplay between social and be-

havioral science and energy usage has begun to play a crucial role in ad-

dressing the energy challenge. Employee behavior significantly affects an

organization’s energy consumption. Numerous intervention strategies have

been explored to encourage energy-saving behaviors among employees in the

workplace. Nonetheless, only a limited number of studies have examined

energy conservation from both social and behavioral viewpoints.

[Objective]

The goal of this research is to develop a theoretical model of energy-

saving behaviors, grounded in empirical results, with implications for pro-

moting such behaviors in the workplace. To understand the drivers behind

energy behaviors in office buildings, the primary research question (PRQ)

is: What are the determinants of energy-saving behavior in the workplace?

This investigation aims to identify the influential factors of behavior and as-

sess their impact on energy conservation. We examined key behaviors, such

as turning off lights when not needed, to encourage energy-saving actions

through the lens of social and behavioral sciences. Our approach involved

integrating the ability-motivation-opportunity (AMO) model, the norm ac-

tivation model (NAM), and the theory of planned behavior (TPB) into a

cohesive framework. Additionally, external factors like individual comfort

and intention were included in the proposed model.



We conducted an online survey targeting employees at the NECTEC

building of the National Science and Technology Development Agency, as

well as those working in private companies in Thailand. The collected data

were analyzed using partial least square structural equation modeling (PLS-

SEM) to evaluate the proposed model. By combining these three perspec-

tives, we developed a more comprehensive model of energy-saving behavior,

offering practical insights for energy control and management.

[Results]

The proposed variables have been shown to predict energy-saving behav-

ior and enhance the AMO model. We employed the NAM to emphasize the

implications of energy-saving behavior and the TPB to illustrate the cogni-

tive deliberation process behind effective behaviors.

The empirical results from the PLS-SEM analysis reveal that, in govern-

ment workplaces, all constructs except behavior motivation are significantly

and positively correlated with energy-saving behavior. In contrast, in private

company workplaces, ability, motivation, opportunity, intention, and indi-

vidual comfort all show significant positive correlations with energy-saving

behavior.

This integrated framework offers researchers a systematic method for

studying the factors that influence energy-saving behavior in the workplace.

Keywords: Energy-saving behavior; Norm activation model; Ability-

motivation-opportunity model; Theory of planned behavior; Thailand
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Chapter 1

Introduction

The transition to sustainable energy is a critical global priority as countries

strive to reduce their dependence on fossil fuels and mitigate the impacts

of climate change [1]. Different nations face unique challenges and oppor-

tunities in this transition, shaped by their specific socioeconomic contexts,

technological capabilities, and policy environments [2]. For instance, Thai-

land and Japan provide contrasting examples of how countries can approach

sustainable energy development. With its focus on policy-driven initiatives,

Thailand aims to expand its renewable energy capacity to address the rural-

urban energy divide and enhance national energy security [3]. In contrast,

Japan emphasizes technological innovations and regulatory reforms to im-

prove energy efficiency and increase renewable energy adoption, particularly

following the Fukushima disaster [4].

1.1 Background of Thailand Energy Sector

Thailand presents a unique case for studying sustainable energy practices

due to its diverse socioeconomic conditions, growing energy demands, and
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distinct policy environment. Thailand boasts a well-developed energy sec-

tor primarily based on oil and natural gas. Conventional thermal sources,

such as oil and coal, account for 90% of Thailand’s electricity generation.

However, oil-fired plants have largely been replaced by natural gas, which

supplied 65% of the country’s electricity demand in 2018. Coal-fired plants

provided an additional 20%, with the remainder coming from hydropower,

biogas, and biomass [5]. The electricity load distribution for each sector of

Thailand in 2021 is shown in Figure 1.1, which highlights the variation in

energy consumption across different sectors.

As of May 2018, the Electricity Generating Authority of Thailand (EGAT)

accounted for 37% of the country’s electricity demand, with independent

power producers supplying 35%, small power producers 19%, and electric-

ity imports covering 9% [6]. In 2015, Thailand’s Power Development Plan

(TPDP) for 2015–2036 outlined new strategies, targets, and policies for the

next 20 years [7]. This plan included energy-saving programs and energy-

efficiency promotions aimed at reducing total electricity demand by 25% over

this period. From 2015 to 2036, the plan aims to increase the use of alterna-

tive energy by 25%.

According to the TPDP, the plan includes the construction of nine clean

coal-fired power plants (totaling 7,390 MWe), 20 additional gas-fired power

plants (17,728 MWe), and renewable-energy plants (14,206 MW), including

hydropower, much of which will be imported from Myanmar or Laos. To

implement these policies for the next 20 years, they forecasted the total

electricity load demand for 2026.

The Electricity Generating Authority of Thailand (EGAT) operates a

diverse power-generation infrastructure, consisting of three thermal power

plants, six combined cycle power plants, 24 hydropower plants, eight renew-
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able energy plants, and four diesel power plants. The majority of EGAT’s

electricity production comes from gas-fired generation, which accounts for

67%, while coal-fired power plants contribute 20%. The distribution of this

electricity is primarily handled by the Metropolitan Electricity Authority

(MEA), which serves the Bangkok region, and the Provincial Electricity Au-

thority (PEA), which supplies the rest of Thailand [6].

Figure 1.2 illustrates the yearly load comparison for 2019, 2020, and 2021.

The load pattern in 2020 was significantly lower compared to the other two

years due to lockdowns during the COVID-19 pandemic [8]. However, there

was a slight increase in load patterns in 2021. The COVID-19 pandemic

has caused a global health crisis and economic disruption, which has directly

impacted the power grid.

1.2 Rationale for Choosing Thailand

Thailand’s focus on policy-driven initiatives, particularly through the Al-

ternative Energy Development Plan 2018 (AEDP 2018), aims to increase

the share of renewable energy in its national energy mix. This approach is

designed to address both the rural-urban energy divide and the broader ob-

jective of enhancing energy security across the nation. The country’s strategy

to augment renewable energy capacity, especially in the solar and biomass

sectors, provides a valuable opportunity to analyze the effectiveness of policy

instruments in a developing context [9].

The choice of Thailand as a primary example in this thesis is driven

by several factors. First, Thailand’s rapidly developing economy and its

significant reliance on imported fossil fuels highlight the urgent need for a

sustainable energy transition. Second, the diverse geographic and socioeco-

nomic landscape of Thailand poses unique challenges in energy distribution

3



Figure 1.1: Electricity Load for each sector of Thailand in 2021

Figure 1.2: Yearly Load Demand Comparison 2019, 2020, and 2021
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and access, making it a compelling case for studying the impacts of targeted

policy interventions. Finally, Thailand’s experience offers important lessons

for other developing countries in the region that face similar challenges in

balancing economic development with environmental sustainability [10].

This thesis builds upon the foundational work using the Motivation-

Opportunity-Ability (MOA) framework as applied to American office settings

[11]. However, it introduces a novel perspective by employing the Ability-

Motivation-Opportunity (AMO) framework to specifically analyze energy-

saving behaviors in Thai office environments. The emphasis on ’ability’ as

the initial determinant in the AMO framework reflects the unique socio-

cultural and technological context of Thailand, distinguishing this research

from previous studies. Additionally, the introduction of a unique Case 3

model provides new insights into the applicability of these frameworks across

diverse settings, contributing a significant extension to the existing literature.

1.3 Comparative Context: The Case of Japan

While Thailand is used as a primary example to understand policy-driven

approaches to sustainable energy, Japan illustrates a different pathway char-

acterized by its advanced technological infrastructure and response to energy

challenges, particularly after the Fukushima disaster [4]. Japan’s focus on

integrating technological innovations, such as smart grids and the Feed-in

Tariff (FiT) system, has resulted in significant growth in solar energy capac-

ity and improvements in energy efficiency. By examining both Thailand and

Japan, this thesis seeks to provide a broader understanding of how differ-

ent nations can navigate the complex transition to renewable energy under

varying conditions [2].
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1.4 Energy-saving Behavior and Workers

Government entities in Thailand, classified as small businesses/commercial

enterprises, account for 22% of the country’s national electricity consumption

[12]. According to the Provincial Electricity Authority (PEA), load demand

in the business sector significantly dropped to 12% in April 2020 compared

to 2019, but saw a 4% increase by April 2021. This slight increase in the

load factor in April 2021 has raised awareness about the importance of saving

electrical energy. Unlike households, where electricity bills are directly paid

by residents, there is more potential for energy waste in the business sector

[11]. Given the increase in load demand in the business sector in 2021, pol-

icymakers, grid operators, and regulators must develop energy-saving plans

for the workplace to ensure long-term energy efficiency.

There are two main approaches to reducing energy consumption in small

businesses/commercial buildings. The first approach focuses on technical

solutions to enhance building energy efficiency, such as implementing hybrid

ventilation systems and upgrading building management systems. However,

technical solutions often face challenges such as loss of building information

[13] and high uncertainty in energy-saving outcomes [14].

The second approach emphasizes the impact of human behavior on energy-

saving and building performance. Studies have shown that about 56% of en-

ergy consumption during non-working hours is due to workers leaving lights

and devices on [15]. Workers who actively engage in energy-saving practices

can reduce their consumption by up to 50% during working hours. Behavioral

studies have achieved energy-savings of 5% to 30% by motivating changes in

worker behavior [16]. In office settings where workers are not responsible

for electricity costs, group dynamics, and normative beliefs play a significant
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role in reducing energy consumption.

Promoting energy-saving behavior among workers is particularly challeng-

ing compared to encouraging such behavior at home, due to the lack of fi-

nancial incentives for workers and the voluntary nature of pro-environmental

actions in public places. Additionally, workers often lack access to energy-

control features in buildings and may not receive organizational support for

energy-saving behaviors [17]. The increasing use of automated building-

control systems and open-plan workspaces further limits workers’ control

over environmental factors such as windows, thermostats, and lighting [15].

To address these challenges, researchers have examined workers’ energy-

saving behavior from various social-psychological perspectives. The theory

of planned behavior (TPB) and normative activation theory (NAM) are

widely used frameworks in studies on pro-environmental behavior. TPB has

been extensively used to study environmentally friendly practices [18], green

purchasing[19], and energy-saving[20]., and has received considerable sup-

port despite some limitations. To address these limitations, researchers have

integrated additional variables into the TPB framework [18].

An adapted ability-motivation-opportunity (AMO) model has been pro-

posed to identify the influential factors of energy-saving behavior [21]. By

integrating the AMO model with decision-making and human behavior theo-

ries, researchers aim to better understand the complexity of human behavior.

Model integration allows for compensation of the limitations of individual

theories by incorporating empirical findings and various social-psychological

perspectives. This new integrated framework provides a more comprehensive

understanding of energy-conservation behavior in the workplace.

To examine this proposed framework and its associated hypotheses, we

conducted structural equation modeling (SEM). This integrated approach

7



combines the AMO model with NAM and TPB, offering a systematic method

to study the factors influencing energy-saving behavior in workplaces.

1.5 Research Gap and Study Purpose

Carbon emissions from energy consumption have become a significant con-

tributor to overall emissions, drawing global attention. Thailand faces chal-

lenges with inadequate energy supply, leading to energy insecurity. To ad-

dress this, the Thai government has mandated all government agencies, in-

cluding public schools, to reduce their energy usage. The country’s energy

efficiency plan for 2018 aims to decrease electricity consumption in the build-

ing sector by 10% by the year 2030. [22]. Currently, there are increasing

numbers of energy-saving research in residential building [23, 24, 25] and

promoting energy-saving behavior to students in the universities [26, 27].

However, it is important to consider office buildings where employees, who

are not responsible for utility bills, might lack motivation to save energy. A

previous study found that environmental factors and educational initiatives

positively influence energy-saving behaviors in Bangkok.[28].

Most research on energy-saving focuses on social and behavioral aspects.

However, the key behavioral factors are not fully understood in existing stud-

ies [29, 30]. This research aims to construct a theoretical model based on the

Theory of Planned Behavior (TPB) to analyze the factors influencing individ-

ual energy-saving behavior in the office. TPB includes three main variables:

attitude, perceived behavioral control, and subjective norm. Many scholars

have applied TPB to explore pro-environmental behavior, such as household

energy-saving behavior and sustainable consumption. Norton et al. [31] used

TPB to investigate pro-environmental behavior in office settings. Therefore,

TPB is a suitable choice for the integrated theoretical framework in this
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research to understand individual energy-saving behavior in offices.

Shi et al. [32] combined the Norm Activation Model (NAM) with TPB to

analyze behavioral intentions for reducing particulate matter PM 2.5. The

Ability-Motivation-Opportunity (AMO) model hypothesizes that employee

performance can be enhanced by leveraging these three concepts in a mu-

tually beneficial manner. The AMO model includes three factors: ability,

motivation, and opportunity. Abilities refer to the cognitive, emotional, fi-

nancial, physical, or social resources available to perform a specific behavior.

Motivation is the incentive for behavior, influenced by an individual’s needs

and wants. Opportunity refers to the constraints that enable behavior. For

employees, motivation can be provided by incentives and rewards that bene-

fit the organization. Opportunities, such as engaging employees in activities

that help the organization succeed, can lead to new abilities through training

and increased knowledge and skills.

Existing studies, such as those by Li et al. [11], have employed inte-

grated frameworks like the Motivation-Opportunity-Ability (MOA) frame-

work, combining constructs from the Theory of Planned Behavior (TPB)

and the Norm Activation Model (NAM), to analyze energy-saving behav-

iors in office environments. These frameworks primarily focus on identifying

the determinants of energy conservation within workplace settings, particu-

larly in government and similar organizational structures. While these stud-

ies provide valuable insights into the role of social-psychological factors in

influencing energy-saving behaviors, they offer limited exploration of these

behaviors within private companies, especially in the context of Thailand.

Furthermore, much of the existing research has focused on organizational

influences in specific workplace types, leaving a gap in understanding how

these determinants may vary across different sectors and regions.
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This study seeks to bridge these gaps by employing a similar integrated

AMO framework to examine energy-saving behaviors in the office buildings

of the National Science and Technology Development Agency (NSTDA) for

Case 1 and Case 2, which closely align with the methodologies and con-

texts of prior research. However, Case 3 introduces a novel dimension by

focusing on private companies in Thailand, an organizational setting that

remains underexplored in the existing body of literature. Through this com-

parative approach, the study offers fresh insights into the determinants of

energy-saving behaviors across a more diverse array of organizational con-

texts, thereby expanding the scope of current understanding in this field.

1.6 Research Significance

This study makes substantial contributions to the academic field by present-

ing a comprehensive theoretical model of energy-saving behavior, aimed at

identifying the determinants of such behaviors in the workplace. By doing

so, we clarify the influential factors of behavior and measure the impacts of

these behaviors on energy-saving. The proposed variables have proven to

be effective predictors of energy-saving behavior, thereby supplementing the

AMO model.

1. Theoretical Contributions: Theoretical Contributions:

Integration of Models: By integrating the Norm Activation Model

(NAM) and the Theory of Planned Behavior (TPB) with the Ability-

Motivation-Opportunity (AMO) framework, this study provides a multi-

dimensional perspective on energy-saving behaviors. NAM strengthens

the implications by focusing on personal norms and moral obligations,

while TPB reflects the cognitive deliberation process involved in effec-
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tive behaviors.

Clarifying Influential Factors: The study identifies and elucidates the

key determinants of energy-saving behavior, including personal norms,

awareness of consequences, subjective norms, and perceived behavioral

control. This detailed analysis enhances our understanding of the fac-

tors that drive such behaviors in the workplace.

2. Practical Implications:

Policy Development: The implications of this study can enhance the

efficiency of energy interventions by informing policymakers about the

need to adapt strategies to the specific characteristics of workers in

different contexts. Policies designed with an understanding of these

determinants can be more targeted and effective.

Behavioral Interventions: By understanding the role of personal norms,

awareness, subjective norms, and perceived behavioral control, organi-

zations can develop interventions that foster a culture of energy-saving.

This can include training programs, awareness campaigns, and incen-

tive structures tailored to these factors.

3. Flexibility and Adaptability:

Modifiability of the Framework: The proposed framework is flexible

and can be modified to suit different indicators, allowing for a com-

prehensive understanding of the characteristics of workers in various

workplace settings. This adaptability makes the model useful for a

wide range of applications and contexts.

Cross-Cultural Applicability: While this study was conducted in Thai-

land, the model can be extended to examine energy-saving behaviors
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in other countries. This cross-cultural applicability allows for compar-

ative studies and the generalization of findings across different cultural

and organizational contexts.

This study significantly contributes to the academic understanding of

energy-saving behaviors in the workplace by developing and validating

an integrated theoretical model. The insights gained from this research

offer valuable guidance for both theoretical exploration and practical

application, enhancing the effectiveness of energy-saving interventions

and policies in diverse workplace environments.

1.7 Study Area Scope

The scope of the study was defined as follows.

• This study focuses on workers’ energy-saving behavior in Thailand.

• The online survey was distributed twice: once at the NECTEC building

of the National Science and Technology Development Agency (NSTDA)

and at several private companies in Thailand, with the survey conducted

between July 2021 and April 2022.

• PLS-SEM is used to analyze the data.

1.8 Organization of the Thesis

There are five chapters in this study. The chapters are arranged as follows:

• Chapter 1 “Introduction” divides into 6 sections: Background of Thai-

land’s Energy Sector, energy-saving Behavior and Workers, Research

Gap and Study Purpose, Study Area Scopes, and Organization of the

Thesis.
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• Chapter 2 is Theoretical framework and research hypothesis.

• Chapter 3 is Methodology that introduces the partial least square struc-

tural equation (PLS-SEM).

• Chapter 4 explains the result and discussion.

• Chapter 5 illustrates the conclusion and recommendation which discusses

the overall work for this research.
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Chapter 2

Theoretical Framework and

Research Hypotheses

2.1 Overview of Global Sustainable Energy Practices

Sustainable energy practices have become a focal point in global efforts to

mitigate climate change and transition away from fossil fuels. Nations world-

wide are increasingly adopting renewable energy sources, such as solar, wind,

and biomass, to reduce greenhouse gas emissions and enhance energy security

[33]. However, the effectiveness of these practices varies significantly across

different countries due to factors like socioeconomic conditions, technologi-

cal capabilities, and policy environments. Understanding these global trends

and challenges provides a foundation for examining the specific approaches

taken by Thailand and Japan [10].

2.2 Sustainable Energy Practices in Thailand

Thailand’s approach to sustainable energy development is characterized by

a strong reliance on policy-driven initiatives. The Alternative Energy De-
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velopment Plan 2018 (AEDP 2018) is central to these efforts, aiming to

increase the share of renewable energy in the national energy mix to 30% by

2037. This plan emphasizes expanding solar and biomass energy, targeting

the rural-urban energy divide, and improving energy access nationwide [9].

Additionally, the Thailand Power Development Plan (TPDP) for 2015–2036

outlines a comprehensive strategy for reducing total electricity demand by

25% while increasing the use of alternative energy by the same percentage

over the plan’s duration. These initiatives reflect Thailand’s commitment to

reducing its reliance on imported fossil fuels and enhancing energy security

through domestic renewable energy production [7].

Despite these ambitious plans, Thailand faces several challenges in its

transition to sustainable energy [34]. Financial constraints, technological

limitations, and the need for widespread public acceptance are significant

barriers. The country’s reliance on imported energy and its developing econ-

omy further complicate efforts to implement large-scale renewable energy

projects. This section examines the successes and challenges of Thailand’s

sustainable energy policies, drawing insights from recent studies and govern-

ment reports.

2.3 Comparative Insights: Japan’s Approach to Sus-

tainable Energy

In contrast to Thailand’s policy-driven approach, Japan’s strategy for sus-

tainable energy development is heavily focused on technological innovation

and regulatory reforms. Following the Fukushima disaster, Japan shifted

its energy policy to prioritize renewable energy sources, particularly solar

energy. The introduction of the Feed-in Tariff (FiT) system in 2012 signifi-
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cantly boosted investments in solar energy, leading to substantial increases in

solar energy capacity [35]. Japan’s emphasis on integrating smart grids and

advanced energy management systems has further enhanced energy efficiency

and grid stability [36].

Japan’s approach demonstrates the role of technological leadership and

regulatory stability in overcoming structural barriers to energy innovation.

While Thailand focuses on policy frameworks to drive energy transitions,

Japan leverages its technological capabilities to achieve similar goals. This

comparative perspective provides valuable insights into how different nations,

depending on their unique contexts, can successfully navigate the challenges

of transitioning to renewable energy.

2.4 Socioeconomic and Policy Impacts on Sustainable

Energy Adoption

Socioeconomic factors play a critical role in shaping the adoption of sustain-

able energy practices. In Thailand, public awareness campaigns and govern-

ment incentives have been central to encouraging energy-efficient behaviors

and promoting renewable energy technologies. Programs like the ”No. 5

Energy Label” and ”EGAT’s energy-saving Campaign” aim to raise public

awareness about energy conservation and promote the use of energy-efficient

appliances [6].

Conversely, Japan’s approach to promoting sustainable energy practices

focuses more on technological innovation and regulatory measures. The

”Cool Biz” and ”Setsuden” campaigns, for example, were launched to reduce

energy consumption during peak periods, particularly after the Fukushima

disaster [4]. These campaigns, coupled with technological advancements like
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smart meters and home automation systems, have significantly influenced

energy-saving behaviors in Japan.

2.5 Factors Influencing Energy-Saving Behavior

Beyond these broad socioeconomic and policy influences, specific factors at

the individual and community levels significantly impact energy-saving be-

haviors. Understanding these factors is essential for designing effective poli-

cies and interventions that align with cultural, demographic, and psycho-

logical characteristics. Research has shown that energy-saving behaviors are

influenced not only by economic and policy incentives but also by sociodemo-

graphic factors, psychological motivations, and contextual conditions [37, 11].

Energy-saving is a domain instance where behavioral changes have ben-

eficial effects on carbon emission reduction and global warming prevention

[38, 39]. Not only because of the above behavior but also attracted atten-

tion of many researchers in recent years. Most studies focused on residential

(domestic) settings [40, 20, 24]not in the workplace. There are three general

groups with different themes.

The first theme is focused on the effect of the socio-demographic factors

[41, 42, 43]. Demographic variables comprising gender, education, income,

age, marital status, and home ownership status were observed as statistically

related to residential’ energy-saving activities and behaviors [41, 40]. Yang

et.al showed that females contribute more energy-saving than males as in a

family, most of the energy-saving actions are observed by wives [42]. Ding

et.al pointed out that urban residents tend to have more positive saving

behavior and engage in more energy reduction activities than rural residents

[43]. They also suggested that low-income residents are more focused on

energy-saving than those of high-income, which is not wonderful.
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The second theme is focused on the government’s energy management

policy to prompt the household owner to save energy. The most used in-

terventions are taxes and subsidies, prizes, feedback, and money [40]. Many

studies mentioned that financial rewards are a favorable method for reducing

electricity consumption [44]. Nonetheless, other studies give feedback that

financial rewards can only be helpful for short periods. Some studies showed

that the comparison of saving levels among neighborhoods or social groups

can reduce their consumption [41].

The last one is focused from the perspective of psychological behaviors

which have strong effects in reaching the goals of energy-saving. The per-

spective of psychological behavior targets realizing the domestic electricity

consumption saving by underscoring specific factors from psychology, such

as attitudes, social norms, beliefs, environmental awareness, and values to

activate energy-saving behaviors [41]. There are many psychological theories

and frameworks that have been presented in previous studies for interpret-

ing energy-saving behavior in families. Among those models and theories,

TPB was largely utilized. Some researchers also believe that moral norms,

emotion, and habit are also influential in energy-saving behavior [24].

Many people generally put in two-thirds of their time in the workplace.

Workers’ energy-saving behavior in the workplace can be noted as an en-

vironmental behavior, and important to reduce the energy cost and carbon

emissions. Moreover, workers are not responsible for electricity costs, group

dynamics, and normative beliefs become major factors in reducing electric-

ity consumption. Therefore, many researchers have also started to focus on

the antecedent of energy-saving behavior in the workplace [20]. Emerging

studies have mainly concentrated on the impacts of workers’ psychological

factors as well as the characteristics of socio-demographics on energy-saving
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behavior. Many studies targeted energy-saving for reducing electricity con-

sumption in office buildings do not identify the goals or reasons they used to

boost workers for reducing energy use.

Since energy in the workplace is often considered a public asset, energy

is more likely to be wasted in the workplace than in the residential sec-

tor. Zhang et. al examined the influencing factor of workers’ energy-saving

behavior in the organization. Findings showed that personal norms posi-

tively affect on energy-saving behavior, whereas energy-saving behavior in

the workplace moderates the effect of personal norms [39]. Gao et. al ex-

plored the individual’s energy-saving intention and improved the intention

model, which increased explanatory power by twelve percent by extending

the original TPB model. Findings pointed out that the workers’ attitude,

personal moral norm, perceived behavioral control, and descriptive norms

positively influenced the energy-saving behavior intention, whereas the sub-

jective norm is not supported [20]. Hong and Lin explored the consumption

of electricity among occupants such as cooling/or heating set-point turning

on/ off behavior in the private office [16]. They suggested that 50 % of

electricity can be reduced if the occupants are proactive in energy-saving.

In sum, the above-mentioned studies provide insights into the energy-

saving area, and there is still more emphasis on researching energy-saving

behavior in the workplace. Most researchers extend the studies in household

energy-saving behavior studies. Although workers are a crucial target in the

energy-saving area, there are few studies focused on energy-saving behavior

to promote workers’ motivation in the workplace. Moreover, some started to

explore the workers’ behavior, they mostly used the theory of NAM or TPB.

This study presents the essential knowledge gap by targeting an integrated

theoretical model of interdisciplinary research.

19



2.6 Theoretical Integrated Framework

Knowledge gained from energy-saving areas, especially in the workplace where

social norms exist can give detailed insight into the determinants of energy-

saving behavior. The environment of the workplace is interesting research

since the workers may lack interest in the behavior of saving where they

are not responsible for the electricity bill. A previous study conducted in

Bangkok found that environmental factors and education of people have a

positive relationship with energy-saving behavior [28]. The majority of en-

ergy conservation research is based on social and behavioral research. How-

ever, important behavioral factors in energy-saving have not been fully under-

stood in existing research [29, 30]. Constructing a theoretical model based on

the TPB requires analyzing the factors that dominate an individual’s energy-

saving behavior in the office. The three key variables in the TPB are attitude,

perceived behavior control, and subjective norm. Many researchers have ap-

plied the TPB to investigate the pro-environmental behavior of individuals,

such as household energy-saving behavior, and the sustainable consumption

behavior of others. Norton et al. used the TPB to investigate an individual’s

pro-environmental behavior in an office/workplace setting [31].

Therefore, it is suitable to incorporate the Theory of Planned Behavior

(TPB) into the theoretical framework of this research to understand individ-

ual energy-saving behaviors in the workplace. Shi et al. combined the Norm

Activation Model (NAM) with TPB to investigate behavioral intentions to

reduce particulate matter PM 2.5 [32].

The Ability-Motivation-Opportunity (AMO) model posits that employee

performance can be enhanced by an organization’s ability to leverage these

three concepts beneficially for both parties. The AMO model includes three
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key factors: ability, motivation, and opportunity. Ability refers to the cog-

nitive, emotional, financial, physical, or social resources an individual can

utilize to perform a specific behavior. Motivation involves the incentives

or encouragement for the behavior, influenced by an individual’s needs and

desires. Opportunity is described as the relevant constraints that enable

behavior. For employees, motivation is provided through incentives and re-

wards that promote behaviors beneficial to the organization. Opportunities,

such as involving employees in activities that contribute to the organization’s

success, can lead to the development of new abilities through training and

skill enhancement.

The NAM and TPB are frequently used to study energy-saving behav-

iors. Relevant studies on NAM, TPB, and AMO are listed in Table 2.2. To

address gaps in existing research, we propose an integrated AMO framework

that combines social-psychological constructs from TPB and NAM to ex-

amine the determinants of energy-saving behaviors in both government and

private companies. Figures 2.1 and 2.2 illustrate how these three models are

integrated. The perceived behavioral control (PBC) construct within TPB

complements one’s ability by incorporating physical ability and perceived

ease in enacting a behavior. In the workplace, employees may be hesitant to

save energy if it is inconvenient or requires significant effort. In this study,

PBC is used to measure ability in the energy-saving behavioral process.

The attitude construct of TPB, which reflects the evaluation of the favor-

ability or unfavorability of behavior concerning associated costs and benefits,

serves as the primary psychological aspect. The more positive the employ-

ees’ attitude towards energy-saving, the more motivated they are to perform

the behavior. While NAM focuses on individual moral considerations, it of-

ten neglects the social environment, which significantly impacts behavior and
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Figure 2.1: Integration of NAM, AMO, and TPB Models (1): Conceptual
Framework for Assessing Energy-Saving Behavior

perception. Since employees are part of a collective environment, their behav-

ior and perception are heavily influenced by their work context. Therefore,

the attitude from TPB is used to measure motivation.

Subjective norms within TPB reflect the behavioral expectations of oth-

ers. In the workplace, the expectation that colleagues will turn off the lights

when leaving a room is an example of subjective norms improving opportu-

nities through social interaction. The more inclined individuals are to save

energy, the more likely they are to do so. Motivation supports intention,

which in turn significantly influences energy-saving behavior. The integrated

research framework for government and private companies in Thailand is

depicted in Figure 2.3.

While subjective norms of the TPB reflect the behavioral expectations

of others, descriptive norms (an extension of the TPB) reflect the impact

of social influences. In the workplace, the majority of workers expect other

workers to turn off the lights when they leave. Both subjective and descrip-
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Figure 2.2: Integration of NAM, AMO, and TPB Models (2): Detailed
Framework for Energy-Saving Behavior Determinants

Figure 2.3: Research Framework (1): Theoretical Structure for Analyzing
Energy-Saving Behavior

23



Figure 2.4: Research Framework (2): Expanded Theoretical Model for
Energy-Saving Behavior Analysis

tive norms will improve the opportunity via social interaction. Thus, these

two norms are regarded as a measurement of opportunity. The extended

construct is intention which is the essential impact factor of behavior and re-

flects how keen individuals are in planning to decide [45]. In the workplace,

workers are assumed to have an effective intention of saving energy. The

last construct is the individual’s comfort. Thailand’s climate is subtropical,

so the weather is hot and humid year-round. Individual comfort is closely

related to energy saving. While the weather is very hot, it may not be easy

to reduce the use of AC in the workplace, so it is included as part of the

integrated model. The integrated research framework of private companies

in Thailand is shown in Figure 2.4.
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Figure 2.5: Graphical Representation of Norm Activation Model

2.7 The Norm Activation Model

The norm activation model (NAM) aims to increase the understanding of pro-

environmental decision-making. NAM theory was published in 1977 and is

owned by Shahlom Schwartz [46]. NAM is the exploration of the anticipated

guilt and pride in pro-environmental behavior such as sharing [47], environ-

mental protection [48], recycling [49], energy-saving behaviors [50, 24, 51].

There are three key antecedents of NAM personal norm, ascription of respon-

sibility, and awareness of consequences. Mostly, behaviors are influenced by

personal norms which are obligations and expectations [46]. Being aware

of the action consequences is awareness of consequences. Ascription of re-

sponsibility is defined as the responsibility feeling to take action. The latter

two variables are the essential antecedent variables to the personal norm as

shown in Figure 2.5. NAM is mainly focusing on the individual inner moral

considerations and neglects the social environment where an individual lives

which has a great impact on their behavior and perception. In particular,

workers are not alone, and they participate in the workplace which has a

great effect on behavior and perception. In the study, NAM is used as a

measurement of the capturing of Motivation in the energy-saving behavior

process.

The Theory of Planned Behavior (TPB) is a psychological theory that

connects the belief of behavior proposed by Icek Ajzen [52]. TPB is based on

the Theory of Reason Action. TPB states that one’s behavior is a function

of three constructs: Attitude, Subjective Norms, and Perceived Behavioral
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Figure 2.6: Graphical Representation of The Theory of Planned Behavior

Control. These three constructs lead to the desire to perform behavior as

shown in Figure 2.6. Descriptive Norms are also included as an additional

construct in TPB recently [53, 54]. According to TPB, attitudes indicate

the behavioral evaluation that is favorable or unfavorable. Subjective norms

specify the thinking of others to execute the behavior. Perceived behavioral

control describes how easy or difficult it can do the act.

Descriptive norm determines one belief about the behavior of others. TPB

is self-interest theory which is the rational choice of one benefits as the op-

posite of NAM. TPB has contributed to the prediction of behaviors which

include health-related behavior [45, 55], Environmental Psychology [56], vot-

ing behavior [57], and energy-saving behavior [24, 20, 58, 59].

2.8 Ability Motivation Opportunity Framework

The ability-motivation-opportunity (AMO) framework was developed by Macin-

nis, Moorman, and Jawoeski [60] and applied to understand the behavior of
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Figure 2.7: Graphical Representation of Ability-Motivation-Opportunity

consumers in the process of information in advertisement [61, 62, 63, 64].

AMO hypothesizes the workers’ performance that can be influenced by the

ability of the organization to leverage upon the three concepts (Figure 2.7)

as a win-win capacity.

Ability reflects one’s belief in the accessing of results and the capacity of

the performance. Applied to the energy-saving context, ability refers to the

workers’ perception of their capacity to apply energy-saving in the workplace.

This perception has a significant effect on saving behavior. Motivation di-

rects individual viewing as a force towards a goal. Under the AMO approach,

motivation organizes readiness, interest, desire, and willingness to engage as

a determined behavior. Extending this to the context of energy-saving, mo-

tivation refers to the worker’s desire to save energy because of the perceived

benefits of the organization. Opportunity indicates the availability of fa-

vorable conditions which enable the action. In the energy-saving context,

opportunity is speculated to be available and it occurs when the workers

have time and desire to save energy. The AMO framework has been strongly
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accepted for explaining numerous types of behaviors such as health moti-

vation [64], enjoyment [65], Financial advantages [66]. Recently, the AMO

framework has also been addressed in the energy-saving behaviors [37].

While both the Motivation-Opportunity-Ability (MOA) framework used

in the referenced study [11] and the Ability-Motivation-Opportunity (AMO)

framework used in this thesis share the same core components, they differ

in the emphasis and order of these components. The AMO framework pri-

oritizes ’ability’ as a crucial starting point for understanding energy-saving

behaviors, particularly in the context of Thailand. This adjustment is not

merely semantic; it reflects a theoretical adaptation to better suit the unique

socio-cultural and technological challenges faced in Thai office settings. Fur-

thermore, this thesis introduces Case 3, which expands the framework’s appli-

cation to new contexts, providing a broader understanding of energy-saving

behaviors.

2.9 Integrated AMO framework and hypotheses

2.9.1 Case 1 and 2: Integrated AMO Framework and

Hypotheses for the Government and Private Com-

panies Workplace

This study advanced an integrated AMO framework for analyzing the deter-

minants of behavior and characteristics of energy-saving according to social

psychology and the disciplines of building science. The three factors which

are ability, motivation, and opportunity are the main factors in the AMO

framework. They are the high-level outlines of the behavioral antecedents.

Generally, the three main factors in the AMO framework are not precisely

indicated from the survey measures however they are implied from other
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constructs. Therefore, NAM and TPB models are integrated with the AMO

framework to give a clear understanding and define measurable components.

Each factor in the AMO framework incorporates various constructs. Unique

factors in the integrated AMO framework are outlined as follows.

Ability

Ability refers to the skills necessary for performing specific mental or physical

acts, as well as existing competencies and the basic physical and psycholog-

ical capabilities required to achieve a result [67]. In this study, perceived

behavioral control from the Theory of Planned Behavior (TPB) is used as

a measurable component representing ability. Perceived Behavioral Control

(PBC) indicates the perceived difficulty or ease of executing a particular be-

havior [68]. In other words, people are more likely to perform a behavior if

they perceive it as easy to do [32, 24], proving that PBC significantly affects

awareness of energy-saving. In the workplace, employees may be reluctant

to save energy if they perceive the behavior as requiring significant physical

effort. Based on previous studies, the first hypothesis of this study is:

Based on the previous study, the first hypothesis of this study is

H1. Ability has a direct and positive influence on energy-saving

behavior

H7. The effect of ability on energy-saving behavior will be de-

termined by motivation.

Motivation

Motivation is generally regarded as the force that drives individuals toward

goals and desired behaviors [67]. In the workplace, motivation encompasses

employees’ values, needs, involvement, and concern in performing the behav-
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ior. From a social-psychological perspective, three constructs of the Norm

Activation Model (NAM) are adopted to represent motivation: personal

norm, awareness of consequence, and ascription of responsibility.

• Personal Norm: Acts as a form of self-expectation and serves as an

internal requirement for committing to pro-environmental or pro-social

behavior.

• Awareness of Consequence: This construct highlights the importance

of expectancy in driving behavior and plays a crucial role in cognitive

choice-based theories of motivation.

• Ascription of Responsibility: This cognitive component is also signifi-

cant in motivation theory.

The following hypotheses are proposed:

H2. Motivation has a direct and positive influence on energy-

saving behavior

H4. Motivation has a direct and positive influence on personal

norm

H5. Motivation has a direct and positive influence on the as-

cription of responsibility

H6. Motivation has a direct and positive influence on awareness

of consequences.

Opportunity

Opportunity refers to the external factor that inhibits or enables a behav-

ior. In the workplace, it incorporates both interpersonal and environmental

factors that constrain or facilitate energy-saving behavior. Subjective norms
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Figure 2.8: Case1 and 2: Research Framework of Government and Private
Companies’ Energy-saving Behavior in Thailand

from the TPB theory are adopted to stand for the opportunity as a measur-

able component.

• Subjective Norms: Defined as the belief about whether most people

approve or disapprove of the energy-saving behavior.

H3. Opportunity has a direct and positive influence on energy-

saving behavior

H8. The effect of opportunity on energy-saving behavior will

be determined by motivation.

The research framework for the case 1 and 2 is shown in Figure 2.8.
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2.9.2 Case 3: Integrated AMO Framework and Hy-

potheses for the Private Companies Workplace

In Case 3, two constructs are Intention and Individual Comfort added in the

first case as shown in Figure 2.9.

Intention

Intention is the essential impact factor of behavior which reflects how keen

individuals are in planning to decide [45]. In the workplace, workers are

assumed to have an effective intention of saving energy. The extended hy-

pothesis is

H4. Intention has a direct and positive influence on energy-

saving behavior

Individual Comfort

Saving energy should not come at the expense of individual comfort. There

is a strong association between individual comfort and energy-saving mea-

sures. Implementing energy-saving strategies while compromising individual

comfort is challenging, as it involves navigating the trade-off between energy

conservation and maintaining thermal comfort for individuals.

H5. Individual Comfort has a direct and positive influence on

energy-saving behavior
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Table 2.1: Research Hypotheses Summary

H1 Ability has a direct and positive influence on energy-saving behavior

H2 Motivation has a direct and positive influence on energy-saving behavior

H3 Opportunity has a direct and positive influence on energy-saving behavior

H4 Intention has a direct and positive influence on energy-saving behavior

H5 Individual Comfort has a direct and positive influence on energy-saving behavior

Figure 2.9: Case 3: Research Framework of Private Companies’ Energy-
saving Behavior in Thailand
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Chapter 3

Methodology

3.1 Data Collection

There are two cases, conducting the surveys for this study. The first one is

targeting the workers in the government building in Thailand. Therefore, the

workers in the NECTEC building of the National Science and Technology

Development Agency (NSTDA) were sent an online survey for evaluation.

The targeted next case is the private company building. The online survey

was distributed to the workers in private companies in Thailand.

3.1.1 Data Collection at the Government Workplace

The data for our evaluation were collected by conducting an online sur-

vey targeting workers in the NECTEC building of the National Science and

Technology Development Agency (NSTDA) in Thailand. The survey was

distributed in August 2021. A total of 121 responses were collected.

37



3.1.2 Data Collection at the Private Companies Work-

place

The data were collected by conducting an online survey through mail to

the company’s directors and managers in Thailand. Then, they distributed

within the companies. More than three hundred companies were sent emails

from this survey. A total of 105 responses were collected.

3.2 Questionnaire Design

3.2.1 Design of Questionnaire for Government Work-

place

The survey consisted of the following major measures in the following order:

(1) behavior (e.g., turning off electrical devices when not using), (2) ability

(perceived behavioral control), and (3) motivation (i.e., personal norms, as-

cription of responsibility, awareness of consequences, and attitude), and (4)

opportunity (subjective norms). These measures were taken from the previ-

ous studies [88, 89, 90, 91]. Variables were measured on a 5-point Likert-like

scale, a minimum of 1 and a maximum of 5.

3.2.2 Questionnaire Design for the Private Companies

Workplace

There are two parts extended in this survey. Intention and Individual comfort

are also included. The survey consists of the following orders: (1) behavior

(e.g., turning off electricity devices when not using), (2) ability (perceived

behavioral control), (3) motivation (i.e., personal norms, ascription of re-

38



sponsibility, awareness of consequences, and attitude), and (4) opportunity

(subjective norms), (5) Intention and (6) Individual Comfort. These mea-

sures are taken from the previous studies [69, 30, 71, 92, 70]. Variables were

evaluated on a 5-point Likert-like scale, with a minimum of 1 and a maximum

of 5.

3.3 Adaptation of Measurement Factors for the Thai

Context

In adapting the AMO framework to the Thai context, this thesis employs

modified measurement factors that better capture the local nuances of energy-

saving behaviors. Unlike the MOA framework applied in American office set-

tings [11], where motivation and opportunity were emphasized, this research

focuses on ability as a starting point, reflecting the technical knowledge gaps

and infrastructural challenges prevalent in Thailand. The measurement fac-

tors include additional variables such as access to energy-efficient technologies

and technical training, which are critical in the Thai office environment [11].

These modifications not only enhance the explanatory power of the models

(Case 1 and Case 2) but also provide a more contextually relevant analysis.
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3.4 Survey Structure and Measure

Table 3.1 to 3.3 show the survey structure of detailed measures for each case.

Table 3.1: Survey Items on Energy-Saving Behaviors at the Workplace

Constructs Description

Energy-Saving Behaviors

How frequently do you turn off the following devices
when they are not in use to save energy?

1. Light
2. Computer
3. Air Condition (AC)

Table 3.4.1 outlines the key survey items used to measure energy-saving

behavior constructs for Case 1 and Case 2. These constructs focus on three

primary dimensions: ability, motivation, and opportunity. Ability mea-

sures the respondents’ perceived control over energy-saving actions within

the workplace, reflecting their confidence and skills. Motivation is assessed

through various psychological aspects such as the sense of responsibility, per-

sonal norms, and emotional responses related to energy-saving behaviors.

Opportunity captures the social expectations within the workplace, where

colleagues’ behaviors influence the respondent’s energy-saving practices.

Table 3.4.2 presents the survey items designed for Case 3, which extends

the constructs of ability, motivation, and opportunity with additional fac-

tors such as intention and individual comfort. In this case, intention assesses

the respondents’ willingness and effort to engage in energy-saving behaviors.

Individual comfort evaluates personal satisfaction with workplace environ-

mental conditions, like temperature and lighting, and how these conditions

influence their energy-saving decisions. This extension aims to capture a

broader range of determinants that affect energy-saving behavior in private
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companies, distinguishing Case 3 from Cases 1 and 2.

3.4.1 Case 1 and 2

Table 3.2: Survey Items (1 and 2): Measurement Items for Government
Workplace and Private Companies’ Workplace Energy-Saving Behavior

Construct Items

3*Ability
1. Raising energy-saving behavior in the
workplace is entirely within my control.
2. I am confident that if I want I can save energy
in the workplace.
3. I have the knowledge and skills to save energy
in the workplace.

7*Motivation
1.1. When I reduce electricity use in my
workplace, I do something good.
1.2. When I reduce electricity use in my
workplace, I cut down the cost
2.1 I feel responsible for the energy use in the
workplace.
2.2 I feel responsible for reducing energy use in the
workplace.
3.1 I feel good about myself when I do not use a
lot of Energy.
3.2 I feel guilty when I use a lot of energy in the
workplace.
3.3 I think I have a responsibility to save energy in
the workplace.

3*Opportunity
1. Most of my colleagues expect me to turn off the
computer when leaving.
2. Most of my colleagues expect me to turn off the
light when leaving.
3. Most of my colleagues expect me to shut down
or change the thermostat setting according to
weather conditions.
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3.4.2 Case 3

Table 3.3: Survey Item (3): Measurement Items for Private Companies’
Workplace Energy-Saving Behavior

Construct Items for measurement

3*Ability
1. Raising energy-saving behavior in the
workplace is entirely within my control.
2. I am confident that if I want I can save energy
in the workplace.
3. I have the knowledge and skills to save energy
in the workplace.

9*Motivation
1.1. When I reduce electricity use in my
workplace, I do something good.
1.2. When I reduce electricity use in my
workplace, I cut down the cost
2.1 I feel responsible for the energy use in the
workplace.
2.2 I feel responsible for reducing energy use in the
workplace.
3.1 I feel good about myself when I do not use a
lot of Energy.
3.2 I feel guilty when I use a lot of energy in the
workplace.
3.3 I think I have a responsibility to save energy in
the workplace.
4.1 energy-saving in my workplace can contribute
the sustainability development of our society
4.2 energy-saving in my workplace contributes
to alleviating energy shortage issues
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Construct Items for measurement

3*Opportunity
1. Most of my colleagues expect me to turn off the
computer when leaving.
2. Most of my colleagues expect me to turn off the
light when leaving.
3. Most of my colleagues expect me to shut down
or change the thermostat setting according to
weather conditions.

2*Intention 1. I will make an effort to save energy in my workplace.
2. I am willing to save energy in my workplace.

3*Individual Comfort 1. I am satisfied with the temperature in my workplace.
2. I am satisfied with the light in my workplace.
3. I am satisfied with other indoor environments
in my workplace.

3.5 Research Method

3.5.1 Structural Equation Modeling (SEM)

Structural Equation Modeling (SEM) is a statistical family model that looks

to explain the relationship among the variables. SEM is an analytical tool

that extends from the concepts the structural model was developed. the late

1970s, Joreskog [93] introduced the emergence of the measurement model

and the advancement of the common factor-based structural equation mod-

eling (CB-SEM). Variables are the actual components that are measured by

surveys, measurement devices, and observation. Constructs are latent or

observable factors which are described by a variate consisting of multiple

variables. There are two models needed for developing a measurement spec-

ification model and a structural specification model. There are six stages in

the decision process [94, 95, 96, 97].
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Figure 3.1: Six Stages Process for SEM

3.5.2 Partial Least Squares Structural Equation Mod-

eling

Partial Least Squares Structural Equation Modeling (PLS-SEM) is a combi-

nation of dependence and interdependence techniques that belongs to the sta-

tistical family model continuously seeking to explain the relationship among

the variables. Representing how the measures variables, perform the con-

structs is the measurement model while showing how the constructs are cor-

related with each other. The measurement model is referred to as the outer

model, while the structural model is known as the inner model.
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Measurement Model

The measurement model defines the latent constructs and gives the relation-

ship between a latent variable and its measures. In former times, researchers

have tried to identify latent constructs or variables that are factor-based and

composite-faced [98]. As the covariance-based modeling, PLS-SEM gives the

metrics for evaluating the validity, reliability, and associated measurement

error with the constructs.

Structural Model

The structural model represents the relationships between latent variables. It

illustrates the dependency relationships between dependent and independent

constructs/variables, even when a dependent variable becomes an indepen-

dent construct/variable in another relationship.

3.6 SmartPLS

SmartPLS is a graphical user interface software designed for variance-based

structural equation modeling (SEM), utilizing the partial least squares (PLS)

path modeling method. It is a new beneficial product and is mainly used in

the management and information systems environment to create, validate,

and calculate the models. It is a technique of the second SEM generation

that validates the theoretical hypotheses, explains the causal mechanism, and

utilizes predictive-oriented measures [99].

Moreover, SmartPLS presents the path model which can describe the re-

lationship between the indicators and variables. It shows an essential point

providing a comprehensible picture and supporting to demonstrate the out-

comes.
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3.6.1 Difference between SmartPLS and Amos

The common factor-based approach to structural equation modeling (SEM)

uses common factors to represent unobserved conceptual variables. Amos

is a software package for estimating factor-based models. In contrast, the

composite-based approach to SEM uses weighted composites to represent

unobserved conceptual variables, with SmartPLS being a software package

designed for estimating composite-based models. Amos does not estimate

composite-based models, and SmartPLS does not estimate factor-based mod-

els. SmartPLS is primarily used for developing new theories (exploratory

research), whereas Amos is used for testing existing theories (confirmatory

research).
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Chapter 4

Result and Discussion

4.1 Analytical Strategy

In this study, we used the multivariate statistical tool which is PLS-SEM

for testing the integrated model. SmartPLS [100, 101] is used to analyze the

collected data. It represents a significant advancement in latent variable mod-

eling, integrating state-of-the-art methods such as Importance-Performance

Map Analysis (IPMA), complex bootstrapping routines, and Partial Least

Squares Prediction-Oriented Segmentation (PLS-POS) within an easy-to-use

and intuitive graphical user interface. Bootstrapping is a non-parametric

procedure that tests the statistical significance of various PLS-SEM results,

including path coefficients, Cronbach’s alpha, HTMT, and R² values. Since

PLS-SEM does not assume normally distributed data, parametric significance

tests (e.g., those used in regression analyses) cannot be applied to determine

the significance of coefficients like outer loadings, outer weights, and path co-

efficients. Instead, PLS relies on non-parametric bootstrapping procedures

to test the significance of the estimated path coefficients in PLS-SEM.
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4.2 Case 1: Energy-saving Behavior in the Govern-

ment Workplace

There are two models to fit the structural equation model: the PLS-SEM

measurement model and the structural model with Bootstrapping which are

portrayed in Figures 4.1 and 4.2.

4.2.1 Determining Measurement Model Validity and

Reliability for Case 1

A solution is predicted to provide the empirical result of the relationship of

the constructs and variables represented by the theory once the structural

model equation is defined.

Figure 4.1: PLS-SEM Measurement Model for Case 1 (∗p < 0.05, ∗ ∗ p <
0.001)
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Figure 4.2: Structural Model with Bootstrapping for Case 1

Path Coefficient

The relationship between the constructs and the indicators which is the path

estimates to link constructs to variables of the indicators is one of the most

basic conditions in evaluating the measurement model [102, 103]. Table 4.1 is

the path coefficient for the relationship between each construct. Loading can

be effectively significant when the p value is less than 0.05 and considerably

below 0.5. Except for behavior motivation, the rest are within the range.

Construct Reliability (CR)

Reliability is the degree measurement of the variables which is based on

how greatly interrelated the indicators are with each other. There are two

approaches in the PLS-SEM [104]. The traditional approach is Cronbach’s

Alpha (CA) as composite reliability (CR)[105]. The reliability coefficient of

CA is normally between 0 and 1. A value of 0.80 or higher is considered
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Table 4.1: Path Coefficient for Case 1

Original

Sample

Sample

Mean

Standard

Deviation

t-value p- value

Ability Behavior 0.385 0.38 0.139 2.772 0.000

Ability Motivation 0.734 0.732 0.044 16.566 0.000

Motivation Behavior 0.004 0.023 0.141 0.03 0.976

Motivation Ascription of

Responsibility

0.92 0.92 0.021 43.769 0.000

Motivation Awareness of

consequences

0.895 0.892 0.029 30.503 0.000

Motivation Personal Norms 0.959 0.959 0.01 93.782 0.000

Opportunity Behavior -0.308 -0.308 0.099 3.109 0.002

Opportunity Motivation -142 -0.14 0.063 2.265 0.024

a good scale, an acceptable scale is 0.7, and 0.60 is an exploratory scale.

Except for behavior, all the other indicators were acceptable. CA ranges

from a low of 0.742 for the Behavior construct to a high of 0.943 for the

Motivation construct, as shown in Table 4.2. Composite reliability (ComR):

ComR is a preferred alternative to CA as a test of convergent validity in a

reflective model. It may be preferred as a reliability measure since CA may

overestimate or underestimate scale reliability, usually the latter. ComR

varies from 0 to 1, with 1 representing excellent estimated reliability. For a

model suitable for exploratory purposes, ComR should be at least 0.6; for

a model suitable for confirmatory research, it should be at least 0.70; and
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Table 4.2: Construct Reliability and Validity for Case 1

Cronbach’s Alpha
Composite

Reliability

AVE

Ability 0.815 0.889 0.729

Motivation 0.93 0.943 0.676

Opportunity 0.789 0.857 0.669

Behavior 0.526 0.742 0.512

Personal Norms 0.833 0.89 0.672

Ascription of Responsibility 0.889 0.948 0.9

Awareness of Consequences 0.868 0.938 0.883

for confirmatory research, it should be at least 0.80. The results of this

analysis indicate that CR values of ability (0.889), motivation (0.943), and

opportunity (0.857) prove that all have internal consistency reliability.

Construct Validity (CV)

Construct Validity (CV) refers to the degree to which a measured set accu-

rately reflects the latent construct it is intended to measure. Confirmatory

composite analysis evaluates CV based on the Average Variance Extracted

(AVE). The AVE estimates range from 51.2% for Behavior to 90% for As-

cription of Responsibility, as shown in Table 4.2.

Discriminant Validity (DV)

Discriminant Validity (DV) refers to the extent to which a construct is dis-

tinct and separate from other constructs. The two methods for assessing DV
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which is provided by SmartPLS software are Fornell-Larcker [106, 107] and

Heterotrait-Monitor Ratio (HTMT) [101]. Fornell-Larcker Criterion (FL) is

the most commonly used one which compares the mean-variance extracted

values of any two constructs within the estimated correlation square between

these two constructs. HTMT is the ratio between trait correlations which is

utilized in this study for assessing DV. HTMT is the average of all indica-

tors’ correlation between different constructs relative to the mean of indicator

correlation of the same construct. The value of HTMT which is above 0.9

suggests a lack of DV. The suggested value is lower than 0.85 [108]. The

HTMT test result is shown in Table 4.3.

All ratios except motivation to the ascription of responsibility and moti-

vation to awareness of consequence which are 1.0074 and 0.9923 are below

0.85 significant levels giving strong evidence of DV.

Most researchers used bootstrapping to derive the distribution of HTMt-

value. Bootstrapping is handled with HTMT statistic for deriving the stan-

dard errors of the estimates which are used to advance confidence intervals of

bootstrapping. The value of confidence level 1 means a lack of DV. Table 4.4

shows the confidence intervals for the HTMT test. There are no estimated

confidence intervals including 1. This table provides additional evidence of

DV.

Nomological Validity

Latent correlation variables for each construct developed by SmartPLS soft-

ware are shown in Table 4.5. The result shows there is a negative relation

between motivation and opportunity. The rest supports the estimation that

these constructs are positively related to each other.
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Table 4.4: Biased Confidence Intervals derived for HTMT testing for Case 1

Original

Sample (O)

Sample

Mean (M)

Bias 2.5% 97.5%

Ability ->Behavior 0.3850 0.3800 -0.0050 0.0980 0.6320

Ability ->Motivation 0.7340 0.7320 -0.0030 0.6390 0.8110

Motivation ->Ascription

of Responsibility

0.9200 0.9200 0.0000 0.8670 0.9490

Motivation ->Awareness

of Consequence

0.8950 0.8920 -0.0030 0.8180 0.9340

Motivation ->Behavior 0.0040 0.0230 0.0190 -0.2570 0.2680

Motivation ->Personal

Norm

0.9590 0.9590 0.0000 0.9280 0.9720

Opportunity ->Behavior -0.3080 -0.3080 0.0000 -0.4710 -0.0620

Opportunity ->Motivation -0.1420 -0.1400 0.0020 -0.2730 -0.0290
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4.2.2 Evaluating Structural Model Validity for Case 1

Assessing the structural model are the following steps: evaluating the sig-

nificance of the path relationship, assessing R2, and examining the f 2 effect

as shown in Table 4.6. Bootstrapping run to get the significant levels. The

information in Table 4.7 shows the coefficient, t-value, and p-value.

1. The p-value of the hypothesized path of ability to behavior is 0.000.

Therefore, the inner model of this path is statistically significant.

2. The p-value of the hypothesized path of ability to motivation is 0.000.

Therefore, the inner model of this path is statistically significant.

3. The p-value of the hypothesized path of motivation to behavior is 0.976.

Therefore, the inner model of this path is not statistically significant.

4. The p-value of the hypothesized path of motivation to the ascription

of responsibility is 0.000. Therefore, the inner model of this path is

statistically significant.

5. The p-value of the hypothesized path of motivation to awareness of

consequence is 0.000. Therefore, the inner model of this path is statis-

tically significant.

6. The p-value of the hypothesized path of motivation to personal norms is

0.000. Therefore, the inner model of this path is statistically significant.

7. The p-value of the hypothesized path of opportunity to behavior is

0.002. Therefore, the inner model of this path is statistically significant.

8. The p-value of the hypothesized path of opportunity to motivation is

0.024. Therefore, the inner model of this path is statistically significant.
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Except for Motivation to Behavior, all the path coefficients are statistically

significant.

4.2.3 Key Findings of Case 1

The measurement model confirms several relationships critical to understand-

ing energy-saving behavior in the workplace. Specifically, it verifies the fol-

lowing connections:

• Ability to Energy-Saving Behavior: Employees’ ability significantly in-

fluences their energy-saving behaviors.

• Ability to Motivation: Employees’ ability also positively affects their

motivation to engage in energy-saving activities.

• Opportunity to Energy-Saving Behavior: The opportunities available

to employees are crucial for promoting energy-saving behaviors.

• Opportunity to Motivation: Opportunities also enhance employees’

motivation to save energy.

• Motivation to Ascription of Responsibility: Motivation influences how

employees ascribe responsibility for energy-saving.

• Motivation to Awareness of Consequences: Motivated employees are

more likely to be aware of the consequences of their energy use.

• Motivation to Personal Norms: Motivation also strengthens personal

norms related to energy-saving.

However, the model indicates no statistically significant direct effect of

motivation on energy-saving behavior. This suggests that while motivation
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impacts other factors, it does not directly translate into energy-saving ac-

tions.

From the Structural Equation Modeling (SEM) results, the path coeffi-

cients for awareness of consequences and personal norms, which are compo-

nents of motivation, are relatively low. This indicates that these motivational

aspects are not strong predictors of energy-saving behaviors in this context.

Another significant finding pertains to the specific devices used for energy-

saving behaviors. Among the three devices studied (lights and computers),

the path coefficient for computers is notably low. While most workers habit-

ually turn off lights and air conditioning when not in use, computers tend to

remain plugged in and running even when not needed.

In the case of NECTEC, a government workplace, numerous experiments

have been conducted focusing on computer usage. Despite these efforts,

computers often remain on even when employees leave for the day, due to

specific operational requirements. This highlights a particular area where

energy-saving practices could be improved, emphasizing the need for targeted

interventions to encourage the shutdown of computers when not in use.
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4.3 Case 2: Energy-saving Behavior in the Private

Companies Workplace

The two models fitting the structural equation model are the PLS-SEM mea-

surement model and the structural model with Bootstrapping which are por-

trayed in Figures 4.3 and 4.4.

4.3.1 Determining Measurement Model Validity and

Reliability for Case 2

Path Coefficient

Loading can be effectively significant when the p value is less than 0.05 and

considerably below 0.5. Except for Motivation and the Opportunity to be-

havior, the rest are within the range.

Construct Reliability (CR)

CR ranges from a low of 0.628 from motivation constructs to a high of 0.930

from Motivation constructs, as shown in Table 4.8.

Construct Validity (CV)

AVE estimates the range from 0.5437 for ability to 1.06 for Ascription of

Responsibility, as shown in Table 4.8.

Discriminant Validity

All ratios except awareness of consequence to ability, awareness of conse-

quences to the ascription of responsibility, motivation to the ascription of

responsibility, motivation to awareness of consequence, the personal norm
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Figure 4.3: PLS-SEM Measurement Model for Case 2 (∗p < 0.05, ∗ ∗ p <
0.001)

Figure 4.4: Structural Model with Bootstrapping for Case 2
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Table 4.8: Construct Reliability and Validity for Case 2

Cronbach’s Alpha
Composite

Reliability

AVE

Ability 0.761 0.768 0.542

Motivation 0.913 0.930 0.628

Opportunity 0.647 0.757 0.517

Behavior 0.690 0.821 0.635

Personal Norms 0.853 0.901 0.695

Ascription of Responsibility 0.663 0.821 0.696

Awareness of Consequences 0.744 0.847 0.735

to the ascription of responsibility, and personal norm to the ascription of

responsibility are below 0.85 significant level, giving the low effect of DV,

as shown in Table 4.10. Table 4.11 shows the confidence intervals for the

HTMT test. There are no estimated confidence intervals including 1. This

table provides additional evidence of DV.

Nomological Validity

Latent correlation variables for each construct developed by SmartPLS soft-

ware are shown in Table 4.12. The result shows there is a negative relation

between motivation and opportunity. The rest supports the estimation that

these constructs are positively related to each other.

63



Table 4.9: Path Coefficient for Case 2

Original

Sample

Sample

Mean

Standard

Deviation

t-value p-value

Ability Behavior 0.348 0.373 0.148 2.345 0.019

Ability Motivation 0.734 0.732 0.044 16.566 0.000

Motivation Behavior 0.002 -0.013 0.147 0.013 0.990

Motivation Ascription of

Responsibility

0.972 0.972 0.005 197.859 0.000

Motivation Awareness of

consequences

0.909 0.910 0.015 59.217 0.000

Motivation Personal Norms 0.951 0.951 0.009 110.447 0.000

Opportunity Behavior -0.476 -0.476 0.095 5.024 0.000

Opportunity Motivation 0.054 0.045 0.110 0.491 0.624

4.3.2 Evaluating Structural Model Validity for Case 2

Assessing the structural model are the following steps: evaluating the sig-

nificance of the path relationship, assessing R2, and examining the f 2 effect

as shown in table 4.13. Bootstrapping run to get the significant levels. The

information in Table 4.14 shows the coefficient, t-value, and p-value.

1. The p-value of the hypothesized path of ability to behavior is 0.000.

Therefore, the inner model of this path is statistically significant.

2. The p-value of the hypothesized path of ability to motivation is 0.000.

Therefore, the inner model of this path is statistically significant.
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Table 4.11: Biased Confidence Intervals derived for HTMT testing for Case
2

Original

Sample (O)

Sample

Mean (M)

Bias 2.5% 97.5%

Ability ->Behavior 0.348 0.373 0.025 0.148 2.345

Ability ->Motivation 0.734 0.732 -0.002 0.044 16.566

Motivation ->Ascription

of Responsibility

0.972 0.972 0.000 0.005 197.859

Motivation ->Awareness

of Consequence

0.909 0.910 0.001 0.015 59.217

Motivation ->Behavior 0.002 -0.013 -0.015 0.147 0.990

Motivation ->Personal

Norm

0.951 0.951 0.000 0.009 110.447

Opportunity ->Behavior -0.476 -0.476 0.000 0.095 5.024

Opportunity ->Motivation 0.054 0.045 -0.009 0.110 0.491
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3. The p-value of the hypothesized path of motivation to behavior is 0.990.

Therefore, the inner model of this path is not statistically significant.

4. The p-value of the hypothesized path of motivation to ascription of

responsibility is 0.000. Therefore, the inner model of this path is sta-

tistically significant.

5. The p-value of the hypothesized path of motivation to awareness of

consequence is 0.000. Therefore, the inner model of this path is statis-

tically significant.

6. The p-value of the hypothesized path of motivation to personal norms is

0.000. Therefore, the inner model of this path is statistically significant.

7. The p-value of the hypothesized path of opportunity to behavior is

0.002. Therefore, the inner model of this path is statistically significant.

8. The p-value of the hypothesized path of opportunity to motivation

is 0.624. Therefore, the inner model of this path is not statistically

significant.

Except for Motivation to Behavior and Opportunity to Behavior, all the path

coefficients are statistically significant.

4.3.3 Key Findings of Case 2

The measurement model for Case 2 confirms several critical relationships

related to energy-saving behavior in the workplace. Specifically, it validates

the following connections:

• Ability to Energy-Saving Behavior: Employees’ ability significantly in-

fluences their energy-saving actions.
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• Ability to Motivation: Employees’ abilities also enhance their motiva-

tion to engage in energy-saving behaviors.

• Opportunity to Motivation: The availability of opportunities positively

affects motivation, although this relationship is not statistically signif-

icant in this case.

• Motivation to Ascription of Responsibility: Motivation influences how

employees ascribe responsibility for energy-saving.

• Motivation to Awareness of Consequences: Motivated employees are

more likely to be aware of the consequences of their energy use.

• Motivation to Personal Norms: Motivation strengthens personal norms

related to energy-saving.

However, the model indicates that there is no statistically significant di-

rect effect of motivation on energy-saving behavior, nor is there a significant

effect of opportunity on motivation. This suggests that while motivation

influences other factors, it does not directly lead to energy-saving actions.

Similarly, the presence of opportunities does not necessarily enhance moti-

vation in this context.

The SEM results reveal that the path coefficients for personal norms and

awareness of consequences, which are components of motivation, are rela-

tively low. This indicates that these motivational aspects are not strong

predictors of energy-saving behaviors in this particular case. Moreover, the

relationship between opportunity and energy-saving behavior shows a neg-

ative effect. This suggests that even when opportunities for energy-saving

actions exist, such as management-led initiatives to save energy, they may

not be effectively utilized or perceived by the workers.
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Additionally, the relationship between opportunity and motivation also

shows a negative effect. This implies that the more opportunities employees

have, the less motivated they may feel to take energy-saving actions. One

possible explanation for this counterintuitive finding is that, in the workplace

context, most workers are not directly responsible for paying the electricity

bills. As a result, they may lack the personal financial incentive to be moti-

vated, even when opportunities for energy-saving behaviors are present.

In summary, the key findings from Case 2 highlight several critical in-

sights:

• The direct impact of motivation on energy-saving behavior is limited.

• Opportunities for energy-saving do not necessarily enhance motivation

and may even reduce it.

• There is a need for more effective strategies to increase workers’ aware-

ness and personal norms related to energy-saving.

• Management-led initiatives should focus not only on providing oppor-

tunities but also on enhancing motivation and personal responsibility

among employees.

These insights suggest that policymakers and organizational leaders need

to consider these dynamics when designing and implementing energy-saving

interventions in the workplace.
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4.4 Case 3: Energy-saving Behavior in the Private

Companies Workplace with New Framework

The two models fitting the structural equation model are the PLS-SEM mea-

surement model and the structural model with Bootstrapping which are por-

trayed in Figures 4.5 and 4.6.

4.4.1 Determining Measurement Model Validity and

Reliability for Case 3

Path Coefficient

A load can be significantly effective when the p value is less than 0.05 and

considerably below 0.5. All are satisfied with the condition.

Table 4.15: Path Coefficient for Case 3

Original
Sample (O)

Sample
Mean (M)

Standard
Deviation
(STDEV)

t-value p-value

Ability ->Energy
Saving Behavior

0.3078 0.3344 0.0928 3.3160 0.0010

Individual
Comfort ->
energy-saving Behavior

-0.3565 -0.3545 0.1180 3.0220 0.0026

Intention ->Energy
Saving Behavior

0.3036 0.3049 0.0998 3.0426 0.0025

Motivation ->Intention 0.7621 0.7582 0.0388 19.6267 0.0000
Opportunity ->Energy
Saving Behavior

-0.4194 -0.4073 0.0718 5.8387 0.0000
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Construct Reliability (CR)

CR ranges from a low of 0.6467 from the Opportunity construct to a high of

0.9003 from the Motivation constructs, as shown in Table 4.16.

Construct Validity (CV)

AVE estimates the range from 0.5437 for ability to 1.06 for Ascription of

Responsibility, as shown in Table 4.16.

Figure 4.5: PLS-SEM Measurement Model for Case 3 (∗p < 0.05, ∗ ∗ p <
0.001)
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Figure 4.6: Structural Model with Bootstrapping for Case 3

Discriminant Validity

All ratios except motivation to individual comfort and Individual comfort to

ability which are 1.0750 and 0.9790 are below 0.85 significant level, giving

the strong evidence of DV, as shown in Table 4.17. Table 4.18 shows the

confidence intervals for the HTMT test. There are no estimated confidence

intervals including 1. This table provides additional evidence of DV.

Nomological Validity

Latent correlation variables for each construct developed by SmartPLS soft-

ware are shown in Table 4.19. The result shows there is a negative relation

between opportunity and individual comfort. The rest supports the estima-

tion that these constructs are positively related to each other.
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Table 4.16: Construct Reliability and Validity for Case 3

Cronbach’s Alpha rho A
Composite
Reliability

Average
Variance
Extracted
(AVE)

Ability 0.7612 0.8503 0.6586 0.5437
Energy
Saving
Behavior

0.7898 0.8868 0.7606 0.5539

Individual
Comfort

0.6562 0.3820 0.3759 0.5693

Intention 0.6490 1.7410 1.0405 1.0600
Motivation 0.9003 0.9065 0.8939 0.5908
Opportunity 0.6467 0.8659 0.5954 0.5947

4.4.2 Evaluating Structural Model Validity for Case 3

Assessing the structural model are the following steps: evaluating the signif-

icance of the path relationship, assessing R2, and examining the f 2 effect,

Table 4.20. Bootstrapping run to get the significant levels. The information

in Table 4.21 shows the coefficient, t-value, and p-value.

1. The p-value of the hypothesized path of ability to energy-saving be-

havior is 0.0010. Therefore, the inner model of this path is statistically

significant.

2. The p-value of the hypothesized path of motivation to intention is 0.000.

Therefore, the inner model of this path is statistically significant.

3. The p-value of the hypothesized path of opportunity to energy-saving

behavior is 0.0000. Therefore, the inner model of this path is not

statistically significant.

4. The p-value of the hypothesized path of Intention to energy-saving be-
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Table 4.18: Biased Confident Intervals derived for HTMT testing for Case 3

Original
Sample (O)

Sample
Mean (M)

Bias 2.5% 97.5%

Ability ->Energy
Saving Behavior

0.3078 0.3344 0.0266 0.0852 0.4668

Individual
Comfort ->Energy
Saving Behavior

-0.3565 -0.3545 0.0020 -0.5722 -0.1408

Intention ->Energy
Saving Behavior

-0.3036 -0.3049 -0.0012 -0.5309 -0.1261

Motivation ->Intention 0.7621 0.7582 -0.0039 0.6860 0.8336
Opportunity ->Energy
Saving Behavior

-0.4194 -0.4073 0.0121 -0.5456 -0.2784

havior is 0.0025. Therefore, the inner model of this path is statistically

significant.

5. The p-value of the hypothesized path of Individual Comfort to energy-

saving behavior is 0.0026. Therefore, the inner model of this path is

statistically significant.
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4.4.3 Key Findings of Case 3

The measurement model for Case 3 confirms several critical relationships

concerning energy-saving behavior in the workplace. Specifically, it validates

the following connections:

• Ability to Energy-Saving Behavior: Employees’ ability significantly in-

fluences their energy-saving actions.

• Motivation to Intention: Motivation positively impacts employees’ in-

tentions to save energy.

• Opportunity to Energy-Saving Behavior: The availability of opportu-

nities directly affects energy-saving behaviors.

• Intention to Energy-Saving Behavior: Employees’ intentions strongly

predict their actual energy-saving actions.

• Individual Comfort to Energy-Saving Behavior: Personal comfort levels

also play a significant role in energy-saving behaviors.

The results from Partial Least Squares Structural Equation Modeling (PLS-

SEM) indicate that opportunity, intention, and individual comfort have a

positive and direct impact on energy-saving behavior. However, the presence

of a negative coefficient in some relationships requires further consideration.

Among the three factors of the AMO framework, ability has the strongest

effect on energy-saving behavior, followed by motivation and intention. De-

spite workers having the ability and motivation to save energy, a lack of

opportunity, intention, and individual comfort in private companies in Thai-

land reduces the overall impact on energy-saving behavior.
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Given Thailand’s hot climate, individual comfort is a critical factor. For

example, turning off air conditioning to save energy can significantly reduce

comfort levels, leading workers to use electricity excessively to maintain a

comfortable environment. This highlights a unique challenge where energy-

saving efforts may conflict with maintaining comfort in the workplace.

Moreover, as a developing country, Thailand faces additional challenges

in advancing energy-saving initiatives. There is a need for focused efforts

to create energy-saving zones that provide opportunities for effective energy

conservation. Additionally, the presence of a bystander effect among em-

ployees—where an individual believes that their energy-saving efforts are

unnecessary because others will compensate—hinders the establishment of

strong organizational norms in energy-saving.

Addressing individual comfort is crucial given the hot climate of Thailand.

Strategies to maintain comfort while saving energy could involve investing in

energy-efficient air conditioning systems or promoting flexible working hours

to reduce peak cooling demands. Enhancing opportunities by creating ded-

icated energy-saving zones and providing clear opportunities for employees

to engage in energy-saving behaviors can help bridge the gap between abil-

ity and action. Building strong social norms is also essential to counteract

the bystander effect. Organizations should emphasize the importance of col-

lective effort in energy-saving by highlighting the actions of individuals and

teams who consistently engage in these practices, thereby encouraging others

to follow suit.

Incentivizing energy-saving behaviors is another effective strategy, espe-

cially since employees are not directly responsible for electricity costs. Intro-

ducing social and financial rewards, such as recognition programs, bonuses,

or other incentives, can enhance motivation and intention, encouraging active
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participation in energy-saving efforts. Additionally, conducting educational

campaigns to raise awareness about the importance of energy-saving and spe-

cific actions employees can take is essential. These campaigns should focus

on improving motivation by helping employees understand why energy needs

to be saved and highlighting descriptive norms by showing how others are

contributing to energy-saving efforts.

The findings from Case 3 underscore the complexity of promoting energy-

saving behaviors in the workplace. While ability, motivation, and intention

are crucial, they must be supported by opportunities and considerations for

individual comfort to be effective. By addressing these factors through tar-

geted interventions and fostering a culture of collective responsibility, orga-

nizations can enhance their energy-saving efforts and contribute to broader

sustainability goals.

4.5 Comparison of Cases 1, 2, and 3

The study explores energy-saving behaviors in the workplace through three

distinct cases, each highlighting different factors and dynamics. The com-

parison of Cases 1, 2, and 3 reveals critical insights into the determinants of

energy-saving behaviors and the effectiveness of various interventions.

In Case 1, conducted at NSTDA (a government organization in Thai-

land), the measurement model confirms that ability significantly predicts

energy-saving behavior. Motivation indirectly influences behavior through

other factors but does not have a significant direct effect on energy-saving be-

havior. Opportunity significantly impacts energy-saving behavior, although

there is no significant direct effect of motivation on energy-saving actions.

Case 2, which focuses on private companies in Thailand, similarly finds that

ability strongly influences energy-saving actions, with motivation affecting
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intention but not directly impacting energy-saving behavior. The presence

of opportunities also does not significantly enhance motivation, and it neg-

atively impacts energy-saving behavior, possibly due to contextual factors

within the private sector. In Case 3, also set in private companies, ability

remains a substantial factor, while motivation positively impacts intention,

which in turn influences energy-saving behavior. This case highlights a clear

pathway from motivation to action through intention, with opportunity and

individual comfort positively and directly influencing energy-saving behavior.

The three cases present different organizational dynamics and contextual

challenges. Case 1, set in a government workplace, suggests enhancing abil-

ity and opportunity but lacks specific policy recommendations. In contrast,

Case 2 identifies a lack of opportunity and intention in private companies,

pointing to organizational and cultural barriers to energy-saving. Case 3

emphasizes the need for creating energy-saving zones and addressing the by-

stander effect, where employees rely on others to take energy-saving actions.

The hot climate of Thailand is a significant factor in Case 3, where main-

taining individual comfort can conflict with energy-saving efforts. This is

particularly challenging in a developing country like Thailand, where there

is much progress to be made in terms of energy-saving initiatives.

The cases underscore the importance of addressing individual comfort,

especially in hot climates, to prevent excessive electricity use. They also

highlight the need for creating opportunities and strong social norms within

organizations to enhance energy-saving behaviors. While all cases suggest

enhancing ability, motivation, and opportunity, Case 3 provides the most

detailed and actionable recommendations, including improving individual

comfort, creating dedicated energy-saving zones, building social norms, in-

centivizing behaviors, and conducting educational campaigns. Table 4.22

85



presents a comparison of energy-saving behavior drivers across three work-

place settings.

In summary, across all cases, ability consistently emerges as a crucial

factor influencing energy-saving behavior. Motivation and opportunity also

play significant roles, though their impact varies depending on the context

and specific dynamics of each case. Case 3 uniquely highlights the impor-

tance of intention and individual comfort, providing a more comprehensive

understanding of how these factors drive energy-saving behaviors. Each case

underscores the unique challenges faced by workplaces in Thailand, particu-

larly the need to balance energy-saving efforts with maintaining comfort in

a hot climate and addressing organizational barriers. While all cases suggest

the need for enhancing ability, motivation, and opportunity, Case 3 provides

the most detailed and actionable recommendations for improving energy-

saving behaviors through targeted interventions and policy measures. This

comparative analysis highlights the multifaceted nature of energy-saving be-

haviors and the need for tailored strategies that consider both individual and

contextual factors.
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Table 4.22: Comparison of energy-saving behavior drivers across different
workplace settings

Drivers Case 1: Gov-
ernment
Workplace

Case 2: Pri-
vate Compa-
nies Work-
place

Case 3: Pri-
vate Compa-
nies Work-
place with
New Frame-
work

Ability Strong influence Moderate influ-
ence

Strong influence

Motivation Moderate influ-
ence

Strong influence Strong influence

Opportunity Moderate influ-
ence

Moderate influ-
ence

Strong influence

Intention Not measured Not measured Strong influence
Individual
Comfort

Not measured Not measured Moderate influ-
ence

Norm Acti-
vation Model
(NAM)

Used to capture
motivation

Used to capture
motivation

Used to capture
motivation

Perceived Be-
havioral Con-
trol

Strong influence
on behavior

Moderate influ-
ence

Strong influence

Personal
Norm

Strong influence Strong influence Strong influence

Ascription of
Responsibility

Moderate influ-
ence

Moderate influ-
ence

Moderate influ-
ence

Awareness of
Consequences

Moderate influ-
ence

Strong influence Strong influence

Subjective
Norms (TPB)

Moderate influ-
ence

Moderate influ-
ence

Strong influence
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4.6 Comparative Analysis Between American and Thai

Offices

A comparative analysis of the findings between American and Thai office

settings reveals distinct differences in energy-saving behaviors influenced by

organizational support, social norms, and access to energy-saving technolo-

gies. In American offices, as studied in the referenced paper, motivational

factors such as organizational support and social norms play a dominant

role. However, in Thai offices, the emphasis shifts towards enhancing the

occupants’ ability through technical training and knowledge dissemination.

These differences underscore the need for context-specific strategies when

applying behavior change frameworks like MOA or AMO, highlighting the

unique challenges and opportunities in different socio-cultural settings. The

following table is the summary of comparative analysis between American

and Thai offices.

Table 4.23: Comparison of Effective Drivers for Energy-Saving Behavior in
American and Thai Offices

Drivers Similarities Differences

Ability Both American and Thai of-

fices recognize ability as an

important factor in energy-

saving behavior.

AMO framework in Thai of-

fices starts with ability, empha-

sizing technical training and skills

development, while the MOA

framework in American offices

focuses on ability being secondary

to motivation, often relying on ex-

isting technological systems.
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Motivation Motivation is a critical

driver in both contexts and

influences energy-saving be-

haviors.

In American offices, the MOA

framework emphasizes motiva-

tion as the primary driver, sup-

ported by organizational incen-

tives, while in Thai offices, mo-

tivation is shaped by collective

norms and the ability to act, as

highlighted by the AMO frame-

work.

Opportunity Opportunity in both set-

tings affects behavior by en-

abling conditions conducive

to energy-saving.

American offices tend to

emphasize individual auton-

omy in accessing opportunities,

whereas Thai offices focus on

collective actions and opportuni-

ties driven by workplace policies

under the AMO framework.

Intention Both American and Thai

workers exhibit strong in-

tentions to save energy

when they feel responsible.

In American offices, intention

is more closely tied to personal

environmental values, while in

Thai offices, intention is linked

to organizational support and

collective group dynamics, re-

flecting the AMO framework’s

focus on ability and opportunity.
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Individual

Comfort

Both acknowledge that in-

dividual comfort plays a

role in energy-saving efforts,

particularly in hot climates.

Comfort is a stronger factor in

Thai offices due to the tropical

climate, while American offices

are more flexible about adjust-

ing thermal comfort for energy-

saving, aligned with the MOA

framework’s focus on motiva-

tion and technological ability.

Norm Acti-

vation Model

(NAM)

Personal norms are a driver

in both American and Thai

offices, influencing energy-

saving behavior.

American offices emphasize

individual responsibility under

the MOA framework, whereas

Thai offices highlight collective

responsibility and norms as out-

lined by the AMO framework.

Perceived Be-

havioral Con-

trol

Both contexts recognize

that perceived control

over actions influences

energy-saving behavior.

American offices associate per-

ceived control with access to

advanced technologies, while in

Thai offices, it reflects the

AMO framework’s emphasis on

ability and the training necessary

to take energy-saving actions.
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Ascription of

Responsibility

Workers in both settings

feel responsible for con-

tributing to energy-saving

behaviors.

American offices frame re-

sponsibility as individualistic,

driven by personal norms, while

Thai offices focus on collective

responsibility under the AMO

framework, where the ability to

act collectively is emphasized.

Awareness of

Consequences

Awareness of the conse-

quences of energy use drives

behaviors in both contexts.

American offices raise aware-

ness through corporate initia-

tives, while inThai offices, pol-

icy directives play a stronger

role, consistent with the AMO

framework’s focus on ability

and collective efforts.

Subjective

Norms (TPB)

Subjective norms (what

others think) influence

behavior in both contexts.

Subjective norms play a

stronger role in Thai offices,

emphasizing group conformity,

while American offices stress

individual motivation through

MOA.
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Descriptive

Norms (TPB)

Descriptive norms (what

others do) impact energy-

saving behavior in both con-

texts.

In Thai offices, descriptive

norms are peer-driven and vis-

ible, aligning with the AMO

framework’s collective focus,

while in American offices,

they align with environmental

trends and individual action un-

der the MOA framework.
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Chapter 5

Conclusion

5.1 Integrated Framework and Findings

This study integrates the AMO model with the Theory of Planned Behavior

(TPB) and the Norm Activation Model (NAM) to evaluate energy-saving

behavior within Thai companies. The AMO model, focusing on Ability,

Motivation, and Opportunity, is combined with TPB, which emphasizes In-

tention, and NAM, which highlights Norms and Responsibility. This multi-

dimensional framework incorporates individual, social, and contextual factors

to provide a comprehensive understanding of energy-saving behavior. The

findings reveal that personal norms and awareness of the consequences of en-

ergy consumption significantly motivate energy-saving behaviors. Employees

who understand the environmental impact of their actions and feel person-

ally responsible are more likely to adopt energy-saving practices. Subjective

norms, or the influence of others’ expectations and behaviors, create opportu-

nities for energy-saving behaviors, as employees are affected by their peers’

actions and workplace expectations. Perceived Behavioral Control, a key

component of TPB, influences employees’ ability to engage in energy-saving
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behaviors. When employees believe they have control over their actions and

access to necessary resources, they are more likely to practice energy-saving

behaviors. Structural equation modeling (SEM) results indicate that Abil-

ity and Opportunity have a positive direct effect on energy-saving behavior,

while Motivation does not show a significant direct effect. This suggests that,

although motivational factors are important, practical aspects like Ability

and Opportunity play a more crucial role in influencing energy-saving be-

haviors in the workplace.

5.2 Research Implications

This study offers several important implications for research and policy in

the field of energy-saving behaviors. By developing an integrated framework

that combines the AMO model, TPB, and NAM, we contribute to the liter-

ature by providing a new perspective on workplace energy-saving behaviors.

The results highlight that while motivation alone may not be sufficient to

drive energy-saving behaviors, a combination of ability and opportunity can

effectively promote such behaviors.

1. Theoretical Contributions:

Expanding Existing Models: The study extends the AMO model by

incorporating social-psychological constructs from the TPB and NAM.

This integrated model provides a more comprehensive understanding

of the factors influencing energy-saving behaviors in the workplace.

New Insights into Workplace Behaviors: The study offers new insights

into how personal norms, awareness, and perceived behavioral control

impact energy-saving behaviors, thereby enriching the existing knowl-

edge base.
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2. Practical Recommendations:

Policy Development: The findings suggest that policies aimed at en-

hancing employees’ abilities and opportunities for energy-saving behav-

iors are more effective than those focused solely on motivation. Organi-

zations should consider implementing energy-efficient technologies and

providing training to improve employees’ skills and knowledge Incentive

Structures: Introducing social and financial rewards can be an effective

strategy to boost employees’ motivation and reinforce energy-saving

behaviors. Reward systems can align employees’ personal norms with

organizational goals, thereby creating a more supportive environment

for energy efficiency.

3. Future Research Directions:

Broader Scope: Future research should extend this model to different

sectors, including government organizations and other building types,

to compare behavioral intentions and identify sector-specific barriers

and opportunities for energy savings.

Detailed Analysis: Further research should explore more detailed as-

pects of the model, such as the interactions between different factors

and their cumulative effects on energy-saving behaviors.

5.3 Policy Implication

Based on the findings of this research, several policy recommendations are

proposed to enhance energy-saving efforts in Thailand. Recognizing that

workers are a significant target group for energy conservation, policymakers

and stakeholders should acknowledge the critical role employees play in this
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area. It is essential to prioritize initiatives that encourage energy-saving be-

haviors among workers to achieve substantial reductions in Thailand’s overall

energy consumption. To create energy-conscious workplaces, policies should

be crafted to establish environments that support and value energy conserva-

tion. This includes setting clear, attainable energy-saving goals and providing

the necessary support and guidance to help workers develop energy-saving

habits. Promoting best practices can also increase awareness and knowledge

about energy conservation within workplaces.

To effectively foster energy-saving behaviors, it is crucial to enhance both

the opportunities and motivations for workers. The government should reg-

ularly launch public campaigns to educate the public about the negative

impacts of excessive energy consumption, such as global warming and the

depletion of energy resources. These campaigns should aim to raise aware-

ness and motivate individuals to adopt more sustainable energy practices.

Additionally, the government should implement supportive policies and in-

centives to encourage organizations to adopt energy-efficient practices. This

could involve offering financial incentives for companies that meet energy-

saving targets and recognition programs for businesses that lead in energy

conservation efforts.

Regular training sessions and educational programs should be provided

to workers to keep them updated on the latest energy-saving techniques and

technologies, ensuring continuous engagement in energy conservation efforts.

Encouraging collaboration between the government, the private sector, and

non-governmental organizations can lead to the development of comprehen-

sive energy-saving strategies. Partnerships can facilitate the sharing of re-

sources, knowledge, and best practices, thereby amplifying the impact of

energy-saving initiatives. By adopting these policy recommendations, Thai-
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land can make significant progress in reducing energy consumption and pro-

moting sustainable energy practices in the workplace.

5.4 Synthesis of Findings and Theoretical Implications

for Energy-Saving Behaviors in Thai Workplaces

This study effectively combines the AMO (Ability-Motivation-Opportunity)

framework with the TPB (Theory of Planned Behavior) and NAM (Norm

Activation Model) models to present a comprehensive approach to under-

standing energy-saving behaviors in workplace settings. The research under-

scores the significance of ability and opportunity as key determinants of these

behaviors, while motivation plays a less direct role. By addressing existing

gaps in the literature and providing practical recommendations, this study

advances the field of energy-saving behaviors and lays the groundwork for

future research initiatives.

Furthermore, this thesis not only validates the applicability of the AMO

framework in a new context but also introduces a unique Case 3 model, which

explores additional dimensions of energy-saving behaviors that have not been

previously covered. Focusing on the Thai context, this research offers valu-

able insights into how different behavioral frameworks can be adapted and

applied across diverse cultural and organizational settings. This adaptation

extends both the theoretical and practical understanding of energy conser-

vation strategies, highlighting the need for tailored interventions that con-

sider local socio-cultural and technological environments. The findings of this

study provide a foundation for crafting effective strategies and policies aimed

at promoting energy efficiency in workplaces, demonstrating the versatility

and relevance of the AMO framework in diverse settings.
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By integrating these new insights with existing theories, this research

contributes uniquely to the academic discourse on energy-saving behaviors

and suggests pathways for future research to explore additional contexts and

variables. This work lays a critical foundation for further studies aimed at

refining and expanding the understanding of the determinants of energy-

saving behaviors, thereby enhancing the effectiveness of energy conservation

efforts globally.

5.5 Limitations and Future Research

This study is limited to government organizations (NSTDA) and private

companies in Thailand, which may not fully represent the diverse range of

workplaces and sectors. Future studies should include a broader range of

organizations, including public institutions, to validate and extend the find-

ings. Additionally, future research should explore more specific and detailed

aspects of energy-saving behaviors, such as individual differences in response

to different energy-saving measures and the long-term effectiveness of various

interventions.
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assessing industrial worker behavior regarding energy saving consider-

ing the theory of planned behavior, norm activation model and human

reliability. Resources, Conservation and Recycling, 145:268–278, 2019.

105



[52] Icek Ajzen. The theory of planned behavior-organizational behav-

ior and human decision processes 50. Ajzen, I.(2002) Perceived Be-

havioural Control, Self-efficacy, Locus of Control and the Theory of

Planned Behaviour. Journal of Applied Social Psychology, 32(4):665–

683, 1991.

[53] Sonja E Forward. The theory of planned behaviour: The role of de-

scriptive norms and past behaviour in the prediction of drivers’ inten-

tions to violate. Transportation Research Part F: traffic psychology and

behaviour, 12(3):198–207, 2009.

[54] Amanda Rivis and Paschal Sheeran. Descriptive norms as an additional

predictor in the theory of planned behaviour: A meta-analysis. Current

psychology, 22(3):218–233, 2003.

[55] Mark Conner, Sara FL Kirk, Janet E Cade, and Jennifer H Barrett.

Environmental influences: factors influencing a woman’s decision to use

dietary supplements. The Journal of nutrition, 133(6):1978S–1982S,

2003.

[56] Muhammad Mehedi Masud, Abul Quasem Al-Amin, Ha Junsheng, Fer-

dous Ahmed, Siti Rohani Yahaya, Rulia Akhtar, and Hasanul Banna.

Climate change issue and theory of planned behaviour: Relationship

by empirical evidence. Journal of Cleaner Production, 113:613–623,

2016.

[57] Gregory J Tung, Jon S Vernick, Erin V Reiney, and Andrea C Gielen.

Legislator voting and behavioral science theory: a systematic review.

American Journal of Health Behavior, 36(6):823–833, 2012.

106



[58] Zhaohua Wang, Bin Zhang, and Guo Li. Determinants of energy-saving

behavioral intention among residents in beijing: Extending the theory

of planned behavior. Journal of Renewable and Sustainable Energy,

6(5):053127, 2014.

[59] Razlin Mansor and Low Sheau-Tingi. The psychological determinants

of energy saving behavior. In IOP Conference Series: Materials Science

and Engineering, volume 620, page 012006. IOP Publishing, 2019.

[60] Deborah J MacInnis, Christine Moorman, and Bernard J Jaworski.

Enhancing consumers’ motivation, ability, and opportunity to process

brand information from ads: Conceptual framework and managerial

implications. Journal of Marketing, 55(1):32–53, 1991.
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Appendix

Appendix A: Framework Terminology and Justifications

This appendix compares the Motivation-Opportunity-Ability (MOA) and

Ability-Motivation-Opportunity (AMO) frameworks as applied in different

contexts. The MOA framework, extensively applied in American office set-

tings, emphasizes ’motivation’ as the primary driver of energy-saving behav-

iors, whereas the AMO framework adopted in this thesis emphasizes ’ability’

as the starting point, reflecting the specific needs of Thai office environments.

A.2 Measurement Factors and Their Contextual Relevance

The measurement factors used in this thesis have been adapted to better

suit the Thai context. For instance, while the MOA framework in Ameri-

can settings emphasizes social norms and organizational support, the AMO

framework used here integrates additional factors such as technical training

and knowledge access, which are critical in the Thai context. This adaptation

enhances the model’s relevance and provides a more accurate representation

of the determinants of energy-saving behaviors in different settings.

A.3 Implications for Future Research

The findings from this thesis suggest that while foundational frameworks

like MOA can be universally applied, their specific adaptations, such as

AMO, can provide more tailored insights. Future research should consider

these contextual differences when designing and applying behavioral frame-

works across different cultural and organizational environments.
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Appendix B: Questionnaires for Case 1 and 2

Construct Items

3*Ability
1. Raising Energy-saving behavior in the
workplace is entirely within my control.
2. I am confident that if I want I can save energy
in the workplace.
3. I have the knowledge and skills to save energy
in the workplace.

7*Motivation
1.1. When I reduce electricity use in my
workplace, I do something good.
1.2. When I reduce electricity use in my
workplace, I cut down the cost
2.1 I feel responsible for the energy use in the
workplace.
2.2 I feel responsible for reducing energy use in the
workplace.
3.1 I feel good about myself when I do not use a
lot of Energy.
3.2 I feel guilty when I use a lot of energy in the
workplace.
3.3 I think I have a responsibility to save energy in
the workplace.

3*Opportunity
1. Most of my colleagues expect me to turn off the
computer when leaving.
2. Most of my colleague expect me to turn off the
light when leaving.
3. Most of my colleague expect me to shut down
or change the thermostat setting according to
weather condition.
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Appendix C: Questionnaires for Case 3

Construct Items for measurement

3*Ability
1. Raising Energy-saving behavior in the
workplace is entirely within my control.
2. I am confident that if I want I can save energy
in the workplace.
3. I have the knowledge and skills to save energy
in the workplace.

9*Motivation
1.1. When I reduce electricity use in my
workplace, I do something good.
1.2. When I reduce electricity use in my
workplace, I cut down the cost
2.1 I feel responsible for the energy use in the
workplace.
2.2 I feel responsible for reducing energy use in the
workplace.
3.1 I feel good about myself when I do not use a
lot of Energy.
3.2 I feel guilty when I use a lot of energy in the
workplace.
3.3 I think I have a responsibility to save energy in
the workplace.
4.1 energy-saving in my workplace can contribute
the sustainability development of our society
4.2 energy-saving in my workplace contributes
to alleviating energy shortage issues

3*Opportunity
1. Most of my colleagues expect me to turn off the
computer when leaving.
2. Most of my colleagues expect me to turn off the
light when leaving.
3. Most of my colleagues expect me to shut down
or change the thermostat setting according to
weather conditions.

2*Intention 1. I will make an effort to save energy in my workplace.
2. I am willing to save energy in my workplace.

3*Individual Comfort 1. I am satisfied with the temperature in my workplace.
2. I am satisfied with the light in my workplace.
3. I am satisfied with other indoor environment
in my workplace.
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