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ABSTRACT 
The benefits of new technology can only be realized when and if the new technology is widely accepted and 
used.  Understanding the factors that may determine of an individual’s willingness to use new technology is 
important to improve the success rate of the implementation.  The use of a smart meter as an internet-of-
things based device is the focus of this study.  The smart meter is a power energy saving device that aims to 
enable consumers to have more control of their energy usage and save money. Apparently, there is still a lack 
of acceptance of smart meter services among consumers.  This study proposed a conceptual model using the 
unified theory of acceptance and use of technology (UTAUT2) as its underlying theories.  A survey 
instrument was developed by using existing scales from prior instruments and by creating additional items, 
which might appear to fit the construct definition.  The pilot study was conducted by distributing the survey 
to  32 users of a smart meter in order to evaluate the reliability and validity  of the instruments prior to 
performance of a full scale survey.  The results showed that the reliabilities of all scales in the survey 
instrument were above the target acceptance level. 
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1. INTRODUCTION  
 

The fast expanding advancement in 
information communication technology (ICT) 
mainly enhances the chances of providing smart 
applications and innovative services. It utilizes 
shared data from physical devices and sensors using 
internet to reach these devices. This has led to the 
Internet of Things (IoT); and has created a global 
infrastructure of tool for management and 
communication. The IoT includes the vital 
components of information technology (IT) 
including hardware, software and networks. This 
combination creates a powerful platform that can 
function as a foundation for innovative services. This 
technology enables the internet to reach out to the real 
world of physical objects in order to create a pool of 
connected devices or global infrastructure where 
sensors, machines, appliances, and wearable devices 
directly communicate with each other online. 

 The IoT has been applied to many areas of 
industry, including healthcare, smart cities, smart 
homes, power management, agriculture, industrial 

control and urban management.    Generally, IoT is 
expected to transform our lives, enabling a variety of 
applications across industries and markets and 
encouraging the growth of technologies and 
innovative services. Globally, most of the countries 
around the world look forward to the promises of 
smart cities that concentrate on power, building and 
transportation. According to the report by Frost & 
Sullivan (2014), the expectations from smart cities’ 
contribution show a high percentage to the overall 
economy at 54%, with an estimated market potential 
of US$392.94 billion (1). The expectations from the 
growth of  IoT in Malaysia is beyond 2020 and 
estimated to reach RM42.5 billion in 2025 (2) . 

However, industries from USA and some 
Europe countries indicated that there is a slow 
adoption of IoT (3–6). In Malaysia, comparing the 
state of adopting the IoT to the national plan and to 
the rate of adopting the IoT in developed countries, 
Malaysia is still beyond expectation. The slow 
adoption rate of IoT in Malaysia is also indicated by 
preliminary interviews conducted by researchers to 
understand the problem of accepting IoT-based 
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services (e.g smart meters). An application of IoT-
based services is the smart meter application; the 
smart meters are devices that record the consumption 
of electricity and transmit the data to the power 
company for monitoring and billing. The smart 
meters provide timely consumption information to 
the relevant, systems, including power consumers.  
This service provided by Tenaga Nasional Berhad 
(TNB), is the largest power utility in Malaysia. TNB 
has raised the project of smart billing. In their rollout 
plan, they have two phases of deployment program. 
In the first phase of this, rollout plan, they are 
targeting 340,000 consumers by end of 2017. Senior 
Manager of the smart billing project indicated that 
there is a low rate of usage in the  smart billing 
application. The statistics from the systems show that 
only 10% of the users are active and use the service 
regularly. Accordingly, the low rate of using the 
application reflects on the low acceptance level by 
individuals. 

 The current stream of research into the 
acceptance of IoT-based services shows there are 
restrictions in the intensive studies concerning the 
individual’s acceptance of IoT based services in 
comparison with the leading theoretical and technical 
articles.  On the other hand, only a few empirical 
works have defined the factors influencing the users 
in the form of obstacles (e.g., privacy, security, and 
experience) and drivers (e.g., usefulness, ease of use, 
and enjoyment). However, most of these studies 
examined the IoT-based services in general (7–11), 
but only a few researcher tested the specific service 
or product such as; electronic toll collection (ETC) 
(12), smart homes (13), and smart devices (14). In 
summary, no study has yet defined the factors 
influencing electricity consumers to accept IoT-
based service such as smart meters.   

The objectives of this study are (1) to apply 
the UTAUT2 to smart billing system and (2) to bring 
together other related factors that have been tested in 
prior studies into a more comprehensive model, and 
(3) develop an instrument to measure the acceptance 
of smart billing application.  

The goal of this study is to increase the level 
of individuals acceptance of IoT-based applications, 
by introducing smart billing acceptance model for 
developers and services providers. The proposed 
model  allows the prediction of the values of the 
technology, which is  reflected by the level of 
acceptance (15). In addition, identifying the factors 
that influence the individual acceptance of smart 
meters is essential for the marketing of IoT 
products/services and plans to retain users. (12). 
Hence, it is important that developers and service 
providers understand the individual’s perceptions 

towards this technology and how they perceive the 
IoT environment. Moreover, exploring individual 
intentions and investigating the factors that influence 
the individual beliefs at this early stage can help 
developers and service providers create new methods 
or update their strategy of managing and introducing 
the service for raising the acceptance level.  

 
2. CONCEPTUAL MODEL 

 
A conceptual framework was developed for 

this study and presented into two parts. The first part 
explains about the acceptance factors affecting 
electricity smart billing. The second part is about 
moderators and their influence on independent 
variables. Developing such conceptual framework 
assists to hypothesize and test the relationships, 
which will lead to improving the understanding of the 
phenomena. 

 The phenomena of technology acceptance 
can be best described by investigating theories of 
behavioral intention to use (16). The unified theory 
of acceptance and use of technology (UTAUT) is 
integrated of eight previous models of technology 
acceptance and is widely used to study technology 
adoption.  Its constructs adopted in this study for few 
reasons. 

First, the effectiveness of the model.  The 
cognitive construct element of this model improved 
the predictability of variance between intent and 
adoption to 70% (17). Second, it is the most widely 
used and validated within the technology acceptance 
domain. More on that, it is better suited for individual 
studies Oliveira and Martins.  Third, the progress of 
this model (resulting from similar studies on 
innovative technologies acceptance) is such that it is 
dominate in the domain. The model has been 
validated in the smart application context and seem 
suitable for explaining behavior in this domain. 

Existing knowledge of research into 
acceptance of IoT-based services and applications 
shows a few researches investigated the acceptance 
of IoT-based services by individuals (18–20). These 
studies empirically evaluated the direct and general 
factors that influence individuals’ intention (e.g. 
perceived ease of use, perceived usefulness) . No 
study has taken a holistic approach to empirically 
validate the direct and indirect factors that influence 
intention behavior of electricity consumers’ toward 
using smart billing application.  Smart meter is part 
of the IoT, but it has different implications. The 
technology of smart meter put on our hands an 
innovative tool for smart billing, with a good chance 
of saving electricity, however it raises privacy 
concern. In spite of its advantages, there is a 
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resistance by the consumers to accept this 
technology.  

The defined factors by existence research 
does not include fair justification about what 
influence electricity consumers behavior to accept 
smart billing system. There is a need to go deep to 
understand what kind of process that motivate or 
deny consumers from using this technology. 
However, the existing research called for further 
studies to boost understanding of individuals’ 
intention towards using IoT-based services.  Mital 
and Chang (2016) stated that there might be other 
factors that could boost their model as there is a lack 
to explain the user behavioral intention (20). 

 
 
 

 
                   Figure 1: Conceptual Model  
 
2.1 Factors Affecting Acceptance of Electricity 
Smart Billing System  

There are a number of factors pertaining to 
user acceptance have been identified from previous 
research. Majority of the factors are adopted from the 
unified theory of acceptance and use of technology 
(UTAUT2)(21). Some other factors are from the 
previous studies that are specific to electricity 
consumers and smart device users.. Moving on from 
this is an explanation on why these factors were 
included into the proposed research model. 
 
2.1.1 Performance Expectancy (PE) 

According to UTAUT,  the performance 
expectancy is defined as “the degree to which the use 
of new  ICT/IT will help an individual to attain gains 

in the  job performance” (22) .  The performance 
expectancy is a multi-dimensional concept with 
constructs from other models.   The five constructs 
that relate to performance expectancy are recognized 
as extrinsic motivation (MM), job fit (MPCU), 
outcome expectancy (SCT), relative advantage (DOI) 
and perceived usefulness (TAM and combined TAM-
TPB) (22). Performance expectancy is considered the 
strongest predictor of behavioral intention to accept 
new technologies (23,24) and has been confirmed as 
the most important factor influencing technology 
acceptance(25). Furthermore, many studies in m-
commerce services (26) and RFID (27,28) indicate a 
readiness by consumers to accept new technologies 
caused by performance benefits that confirm the 
significant role of performance expectancy on 
intention to accept new technologies. In addition to 
that, the recent surveys on investigating the  adoption 
of new technologies such NFC technology (29) and 
electronic toll collection as an IoT technology (19) 
support the importance of performance expectancy 
on behavioral intention.  

Based on the theoretical review and the 
empirical support, performance expectancy is 
predicted to influence behavioral intention. Thus, the 
proposed hypothesis is as follows: 

 
H1. Performance expectancy will have a 

higher effect on behavioral intention to use smart 
meter for electricity billing system. 
 
2.1.2 Effort Expectancy (EE) 

Effort Expectancy is another good factor to 
predict the behavioral intention to accept new 
technology.  It is defined as “the level of ease related 
with the use of the existing ICT/ IT systems” 
(22).Three similar significant constructs were found 
in other theories, namely, perceived ease of use 
(TAM), ease of use (DOI), and complexity (MPCU) 
(22).  The empirical studies on the testing effort 
expectancy varies. Some have found that the effort 
expectancy is not significant at all (24), while other 
surveys have reported that the effects of effort 
expectancy have a significant association with 
behavioral intention (22). .More recently, (19,29) it 
was found that the perceived ease of use (effort 
expectancy), is an independent variable, that these 
factors have directly and significantly influenced 
users’ intention to use new technologies such as NFC 
and IoT-based services. 

In view of the above discussion,  this 
research argues that the intention to accept smart 
meter for electricity smart billing is significantly 
influenced by the perceived difficulty to understand 
and to use the intended technology. Users might be 
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more likely to accept services that do not require 
extensive preparation or familiarization such as smart 
meter. This leads to the following hypothesis: 

 
H2. Effort expectancy will have a higher 

effect on behavioral intention to use smart meter 
for electricity billing system. 

 
2.1.3 Social Influence (SI) 

 Venkatesh (2003)  defined  Social Influence 
(SI) as “the degree to which a user perceives that it is 
important that others believe that the user should 
adopt and use the existing ICT/IT” (22). The 
influence of others is an important factor as some 
people are influenced by the perception of family 
members, friends or neighbors. Social Influence 
includes   construct of social influence found in 
different theories, namely, subjective norm (TRA, 
TPB and C-TAM-TPB), social factors (MPCU) and 
image (IDT) (22).  Social influence in a voluntary 
context seems to be unnecessary but it becomes 
important when people are involved  in the use of 
other systems . Lu et al. (2005) described  that social 
influence can be the determining force  of an 
individual’s behavioral intention to apply wireless 
internet services in mobile technology.  In addition,, 
in the recent studies, social influence has been found 
to have a significant direct influence in predicting a 
user’s behavioral intention to accept new technology 
such us NFC,RFID and IoT technology (19,26,29).  

IoT-based services are at its early stage. Gao 
& Bai (2014) noticed that users at this level might 
have insufficient information about usage of the 
technology. Therefore, social network perception of 
respective technology may play an important role in 
the intention of acceptance. Furthermore, the 
Diffusion of Innovation theory (31) indicated that, 
individuals may be influenced by perceptions of early 
adopters. Based on the theoretical review and the 
empirical support, social influence is predicted to 
influence behavioral intention to accept smart meter. 
Thus, the proposed hypothesis is as follows:  

H3. Social influence will have a higher 
effect on behavioral intention to use smart meter 
for electricity billing system. 
 
2.1.4 Facilitating Conditions (FC) 

UTAUT defined  Facilitating conditions  as 
“the degree to which an individual believes that the 
organizational and technical infrastructure exists to 
support the use of new technology systems”(22). 
Facilitating conditions mirror the  same constructs in 
other models, perceived behavioral control 
(TPB/DTPB and combined TAM-TPB), facilitating 
conditions (MPCU), and compatibility (DOI) (22). 

Some studies found that facilitating conditions 
directly influenced behavioral intention (22,32,33). 
On the other hand, few researches described the 
influence of facilitating conditions as indirect, as 
there is  only a significant impact on usage 
intention.(34). 

In the context at the  user’s level, where 
technology is available to each consumer, the 
technology can differ significantly among mobile 
devices, technology generation and so on. In this 
context, facilitating conditions will influence both 
intention and behavior (16). Thus, facilitating 
conditions will be like perceived behavioral control 
construct in (TPB) and influence both intention and 
behavior (35). More empirical surveys indicated that 
facilitating conditions have a direct influence on 
behavioral intention and usage behavior (16,36).  

Smart billing system is innovative and new; 
many electricity consumers may not be familiar with 
it. Smart meters systems require the users to have 
certain skills such as configuring and operating smart 
meters, computers and setting up user account in the 
system. If users do not have the operational skills, 
they may not adopt the smart billing system.  

Facilitating conditions as a direct antecedent 
on behavioral intention will be assumed in the 
intended research model where high-perceived levels 
of technical support will influence behavioral 
intention and behavioral use to accept smart meter 
billing system. Based on the theoretical review and 
the empirical support, facilitating conditions are 
hypothesized as follows: 

 
H4a. Facilitating conditions will have a 

higher effect on behavioral intention to use smart 
meter for electricity billing system.  

 
H4b. Facilitating conditions will have a 

higher effect on behavioral use of smart meter for 
electricity billing system.  
 
2.1.5 Hedonic Motivation (HM) 

Hedonic Motivation (HM) is defined as 
‘‘the fun or pleasure derived from using  
technology.’’(16). In the  technology acceptance 
research,  it has been recognized that hedonic 
motivation is an important determinant towards 
technology acceptance (37,38). Another similar 
important construct found in other researches, 
namely, perceived enjoyment which has a  high effect 
on technology acceptances (39–41).  In terms of 
utilities application and services, even though they 
are not developed to be  hedonic motivations, some 
of them have a few entertaining features to keep users 
engaged. Some of the application have been designed 
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with “gamification” features (using game-like 
features or mechanics) to user interaction more 
entertaining (42).Moreover,, in the recent researches 
towards acceptance of IoT-based services, hedonic 
motivation (perceived enjoyment) has been found to 
have a significant influence in predicting a user’s 
behavioral intention to accept new technology 
(19,43). 

Based on the theoretical review and the 
empirical support, hedonic motivation is predicted to 
influence behavioral intention to accept the smart 
meter. Thus, the proposed hypothesis is as follows: 

H5. Hedonic motivation will have a 
higher effect on behavioral intention to use smart 
meter for electricity billing system. 

 
2.1.6 Habit (H) 

M. Limayem et al (2007) (44) defined habit 
as “the extent to which an individual tends to perform 
behavior automatically because of learning”. X. 
Venkatesh et al (2012)  further discovered that habit  
relates to the perceptual construct that echoes the 
results of an individual’s prior experiences. 

  Habit has been further defined by S. Orbell 
et al (2001) [42]  as the automatic behaviors, which 
are in operation  after some degree of repetition. They 
all came to the point that the previous experiences 
will affect the beliefs and behaviors. Many studies 
indicated habit as a good predictor of behavioral 
intention to accept the use of new technologies 
(45,46). 

Morosan & DeFranco (2016) conducted a 
study  on the intentions of consumers’  to use NFC 
mobile payments in hotels.  The study pointed out 
that the repetitive use of mobile devices outside hotel 
services can be regarded as habitual  (e.g., home)  As 
both the  consumer’s home environment and hotel 
environment are almost similar thus making it more 
relevant for the technological habits to be adaptable 
for  hotel consumption setting.  (45) . Thus, habit may 
effect the facilitating of the transfer of behavior from 
a broader context to  more specific contexts (45,47). 

In the  smart billing portal, habit may 
happened  by repetition of  using of smart mobiles in 
other contexts, as the mechanisms that are necessary 
to guide users through the usage sequence are 
structurally similar to most smart mobile 
applications. Yet, the similarity in behavioral terms 
between smart billing application environment and 
other smart mobile application environment make 
technology habits  more relevant. Thus, habit may 
facilitate the transfer of behavior from broader to 
specific application (e.g., smart billing application).  
Hence, the proposed hypothesis is as follows: 

 

H6a. Consumers’ habit of using smart 
mobile applications will have a higher effect on 
behavioral intention to use smart meter for 
electricity billing system. 

 
H6b. Consumers’ habit of using smart 

mobile applications will have a higher effect on 
behavioral use of smart meter for electricity 
billing system. 

 
2.1.7 Technology Awareness (TA) 

Technology awareness has been defined by 
(48) as “user's knowledge about the capabilities of a 
technology, its features, potential use, and cost and 
benefits, i.e., it relates to awareness-knowledge”. In 
previous studies, the variable cognizance was used 
instead of awareness (49). The terminology of 
cognizance has been defined as a term that many 
labels use such as attention, consciousness, and 
noticing; in essence. It also represents knowledge 
about "facts" in the domain of information 
technology (50). Anderson (1985) defined 
cognizance as “the foundation for the initiation 
process as users may not contribute to the creative 
activity in the initiation phase of an information 
system unless they can  comprehend the technology, 
the duties and responsibilities and the environment 
where the system will be in operation.”(51).  

A study was conducted by (52) on the 
influence of attitude, perceptions and acceptance 
levels of Malaysian users towards smart meters of 
electricity at homes. They found that demographic 
profiles and awareness of technology play a vital role 
in getting positive feedback from users about 
technology. Nevertheless, (53) conducted an 
empirical study on the  relationship  between 
awareness and behavioral intention by investigating 
empirically the factors influencing e-government 
adoption among postgraduate students, and found 
that  awareness significantly influenced behavioral 
intention. Therefore, awareness is posited to be a 
good predictor of behavioral intention.  

Smart meter is an IoT-based technology, 
which uses the Internet to connect different elements 
of hardware and software. Therefore, understanding 
smart meter technology features and benefits will 
help to reduce  the level of ambiguity behind this 
technology 

On the other hand, the nature of normal 
electricity meter is to measure the electricity usage 
without interacting with the users. Here is a situation 
where users are used to working  with normal meters 
but  have no knowledge about the benefits and 
features of smart meters technology. They will just 
use smart meters like the normal meters and ignore 
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using the smart billing application.  Being aware of 
the smart meters and its benefits will further enhance 
the concept of electricity meters and drive the users 
to engage with the smart billing system. Thus, the 
proposed hypothesis is as follows: 

H7. Technology awareness will have a 
higher effect on behavioral intention to use 
electricity smart billing system. 

 
2.1.8 Willingness of Electricity Saving 

Behavior (WESB) 
Electricity saving behavior  is the expected 

effort aimed at households to reduce electricty 
consumption, such as turning off the light when 
leaving a room. The normal way of measuring the 
electricity saving behavior is carried out by checking 
on the usage of energy saving appliance or usage of 
electrical produced by renewable energy. (54).  Lai et 
al. (2016) found that consumers’ willingness to save 
electercity influences the sustaining of saving 
behavior by utlizing the electercity saving resources 
(55). This confirms that, if  households have the 
willingness to save electricity,  they will, therefore,  
have the intention to use the smart meters. The 
immediate data on electricity consumation given by 
smart meters can be utlized to measure electrcity 
consumption and assist in planning for saving. 

Spence et al (2015) carried out a survey on 
the public perceptions of transformations to the UK 
energy system, The findings stressed on the effect on 
relationship between preparedness to reduce energy 
use and acceptance of demand-side management 
(DSM) that involves smart meters.  Most respondents 
to the survey (58%) indicated that they were prepared 
to reduce current levels of personal energy use and  
are positively predicting the acceptance of DSM (56). 

Based on previous literature and the 
empirical support, the willingness  to accept   
electricity saving behavior is predicted to influence 
the behavioral intention to accept the smart meter 
system. Thus, the proposed hypothesis is as follows: 
 

H8. Willingness of electricity saving 
behavior will have a higher effect on behavioral 
intention to use electricity smart billing system. 

 
2.1.9 Environmental Awareness  

The behavior of using electricity smart 
billing system is  a kind of pro-enviromental  
behavior. Kollmuss & Agyeman (2002) defined pro-
enviromental  behavior as  a “behavior  that 
consciously seeks to minimize the negative impact of 
one's actions on the natural and built world”(57).  
Consuming the electricity may produce negative 
impacts on the environment in the future, e.g., 

exhaustion of electricity, ecological damage, and 
even global warming (58). However, (59) confirmed 
the  result of self-power savings by using only smart 
meters up to 10% without changing the tariff or 
controlling appliances . Thus, the use of smart billing 
system may lead to minimizing the negative impacts 
on the environment in the long run.  

Enviromental awareness may lead to  pro-
envionmental behaviors.When discovering in depth 
the factors influencing pro-envionmental behaviors, 
environmental awarness are found to be related 
(58,60–63)   The environmental awareness reflects on 
the  environmental perspective in a way  it tells that 
the environmental concern is taken into consideration 
in the selection of products and services.  This 
perspective has been further supported by N 
Zografakis et al (2010) (64).   who contended that 
people who take cognizance of  climate change are 
more inclined to subscribe to renewable energy and 
take part in energy saving activities.   

If consumers are aware of  the negative 
consequences of using electricity in the long run, they 
are likely to develop moral obligation of saving 
electricity.  Conversely, if consumers  are not aware 
of the negative consequences of electricity use, they 
are not likely to have the intention of saving 
electricity. Previous researches also highlighted the 
significant effect of awareness of negative 
consequences on personal behavior of electrcity 
saving (58,62,63). Similarly, it is expected that 
environmental awareness influences consumers  
electricity saving behavior by using smart billing 
system. Thus, the proposed hypothesis is as follows: 

 
 
H 9: Environmental awareness will have 

a higher effect on behavioral intention to use 
electricity smart billing system. 

 
2.1.10 Privacy Concerns (PC) 

According to Dinev & Hart (2006)  Privacy 
Concern is defined as the concern about opportunistic 
behavior related to the personal information 
submitted over the Internet by the respondent in 
particular (65). Using smart meters allow for the 
monitoring of user activities by measuring power 
consumption at specific time (e.g hours, day) not just 
accumulative per month like normal meters.  In 
addition, the smart meters can be used to monitor and 
manage power consumption of specific appliance by 
interference of third party. In this case, consumers 
electricity usage can be monitored minutely that will 
cause privacy concern for consumers.This concern of 
privacy was confirmed by (66).  A survey entitled 
“Internet of Things: Connected Home” was 
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conducted in 11 countries, including Malaysia on 
1800 respondents  who were the participants who 
showed a big concern over the issues of privacy and 
trust. The study revealed that 70% of the respondents 
noticed that they are either “extremely concerned” or 
“somewhat concerned” about the sensitive personal 
information being compromised, and they 
highlighted the need for the government to figure out 
how the data should be collected and managed.  
Privacy is generally known as “the right to be let 
alone”. Privacy concern reflects a user’s concern 
regarding information disclosure. Users may worry 
about whether service providers properly collect, 
store and use their personal information.  

In the context of the Internet, (65) developed 
the Extended Privacy Calculus Model (EPCM) to test 
factors influencing users for willingness to provide 
personal information  during internet transactions. 
The Privacy model  concerns factors  which  
significantly influences the willingness to provide 
personnel information. In a more specific context, in 
the IoT-based services (67) tested privacy concern on 
behavioral intention to use IoT-based services and 
concluded that the higher adoption rate of IoT- based 
services is related to the lower level of privacy 
concern.  

Recent studies which investigated the 
factors influencing the adoption of IoT-based 
services highlighted that privacy is a major concern 
when making decision to accept such technology 
(10,13,43,68). More studies have tested the effect of 
privacy concern on user behavior in different 
contexts, such as location-based services (69), online 
health information system (70), and social networks 
(71). Furthermore, (56), confirmed signficant 
relationship between privacy and  technology 
acceptance in the power management context by 
testing houshold perceptions.  

In summary, based on the theoretical review 
and the empirical support, privacy concern is 
predicted to influence behavioral intention to accept 
smart meter billing system. Thus, the proposed 
hypothesis is as follows: 

 
 H: Privacy concerens will have a higher 

effect on behavioral intention to use electricity 
smart billing system. 

 
2.2 Moderator  

 
2.2.1 Experience (EX) 

The word “Experience” has been defined as 
the user involvement into a particular technology and 
the accumulative skills the user gains by using the 
technology (72). In many research it has been found 

that the experience of using specific technology serve 
as a critical factor in determining the technology 
acceptance (16,73). This confirms that acceptance of 
technology is influenced by experiences in  using the 
technology, whereby an experience can inform  
whether the technology proved beneficial and was 
easy to use. Thus, familiarity with intended or similar 
technology would result in predicting technology 
acceptance. 

Research findings found that the higher use 
of the technology leads to a higher familiarity and 
that “people with more computer experience tend to 
have fewer negative feelings towards computers” 
(74). Venkatesh et al. (2003) confirmed that 
experience with a new technology influenced the 
strength of the effects of effort expectancy, social 
influence and facilitating condition on the intention 
to use the new information technology (22). Thus, 
after many years of experience with computers,  the 
ease of use becomes less important in predicting 
user’s behavioral intentions. 

 
H11a. Experience will moderate the effect 

of effort expectancy on behavioral intention to use 
electricity smart billing system.  . 

A meta-analysis report confirmed that users 
with low level of experience will need facilitating 
conditions more than users with a higher level of 
experience to facilitate their use (75). Venkatesh et 
al. (2012) operationalized experience at three levels 
of passage time and they found that the experience 
moderator on effect of facilitating conditions on 
behavioral intention is not significant (21). However, 
in this research the experience will be assessed at one 
time because the smart meters were installed two 
years ago and the investigated experience is not only 
about smart meters, it also covers similar 
technologies. Thus, the effect of the experience 
moderator on the entire research model is expected to 
be significant, specifically on the effect of facilitating 
conditions on behavioral intention. 

 
 H11b. Experience will moderate the 

effect of facilitating conditions on behavioral 
intention to use electricity smart billing system.   

 
Venkatesh et al. (2003) confirmed that the 

social influence will weaken with more experiences 
of using the technology. Users with a higher level of 
experience are pragmatically driven rather than social 
(22). Thus, the effect of social influence  on 
behavioral intention will decrease as experience 
increases. Based on the  experience moderator the 
hypothesis is as follows: 
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H11c. Experience will moderate the effect 
of social influence on behavioral intention to use 
electricity smart billing system.   

Venkatesh et al. (2012) found that when the 
users’ experience increases, the effect of hedonic 
motivation would be lower on behavioral intention to 
use technology (16).  In this case, consumers will use 
the technology for efficiency or effectiveness 
purpose. Thus, the experience moderator is 
hypothesized as follow:  

 
H11d. Experience will moderate the 

effect of hedonic motivation on behavioral 
intention to use electricity smart billing system.   

Experience strengthens the habit, (44) 
highlighted that because of repeated behavior the 
relationship between experience and habit is created 
and enriched. Users with high level of experience in 
specific technology will allow for a cognitive lock-in 
to happen (76). (16) confirmed that consumers with 
more experience will have the habit with stronger 
effect on behavioral intention and use. Thus, the 
experience moderator is hypothesized as follows: 

H11e. Experience will moderate the effect 
of habit on behavioral intention to use electricity 
smart billing system.   

H11f. Experience will moderate the effect 
of habit on use of electricity smart billing system.   

Behavioral intention to use a specific 
technology will diminish with more experience. 
Jasperson et al. (2005) pointed out that having vast 
experience , routine behavior becomes automatic and  
will be led more by the related  cues (77).  Resulting 
from this,  the impact of behavioral intention on the 
use of technology will decline as experience 
increases  (16). Thus, the experience moderator is 
hypothesized as follows: 

H11g. Experience will moderate the effect 
of behavioral intention on the use of smart meter 
for electricity billing system. 

Experience develops the knowledge and risk 
awareness. Many researches highlighted that the 
more experienced users, have greater trust towards 
the online technologies, because they are conscious 
of the expected risks by using such technologies  
(78,79). Therefore, the user with a high level of 
experience of smart billing system will show a higher 
influence of privacy concerns on behavioral 
intention. By contrast, users with no previous 
experience with similar application will have a lower 
effect of privacy concerns on behavioral intention. 
Thus, the experience moderator is hypothesized as 
follows: 

H11h. Experience will moderate the 
effect of privacy concers on behavioral intention 
to use electricity smart billing system.   

 
2.2.2 Personal Innovativeness (PI)  
 

Personal innovativeness in the field of  IT  is 
defined  as the desire of an individual to try out any 
new IT (80). Many researchers concluded  that 
personal innovativeness could influence perceptions 
by using a new technology (81). (80) and (82) 
proposed that personal innovativeness in the IT 
domain can play the role  of a moderator variable on 
the antecedents of perceptions to adopt a particular 
system. Xu & Gupta (2009) found that indviduals 
who are more innovative are likely to adopt 
innovation more readily than others (69). This 
confirms the fact that an innovative individual is 
more capable of cultivating positive attitudes towards 
the  divulging of information to use the innovation 
compared to a less innovative individual.. In this way, 
the greater the personal innovativeness in the IT field, 
the stronger the relation between his perceptions of 
the technology characteristics in terms of 
performance expectancy and effort expectancy and 
the behavioral intention to use (84). Thus, the more 
innovative consumers will have performance 
expectancy and effort expectency with a strong effect 
on behavioral intention to use the smart billing 
system. 

 H12a: Personal innovativeness in IT will 
moderate the effect of performance expectancy on 
behavioral intention to use electricity smart 
billing system.   

H12b: Personal innovativeness in IT will 
moderate the effect of effort expectancy on 
behavioral intention to use electricity smart 
billing system.   

Holbrook & Hirschman (1982) found that 
innovativeness and novelty seeking are associated 
with the hedonic motivation to use any product (85). 
When users start to use any technology, they will 
focus more on its novelty and may even use it for its 
novelty (e.g.  new functions of smart mobiles). As 
users with high level of innovativeness, the 
attractiveness of the novelty that contributes to the 
effect of hedonic motivation on technology use will 
be high and consumers will use the technology for 
more hedonic purpose. Therefore, a more innovative 
individual are more likely to novelty seeking in a way 
that will influence hedonic motivation perception 
towards the  service provider. Thus, the more 
innovative consumers will have hedonic motivation 
with strong effect on behavioral intention to use the 
smart billing system.  
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H12c: Personal innovativeness in IT will 

moderate the effect of hedonic motivation on 
behavioral intention to use electricity smart 
billing system.   

Few studies have demonstrated  that any 
innovation is associated with  risk, and uncertainty 
(27,80). Thus H.Xu and S. Gupta (2009) opined that 
“it is reasonable to argue that personal innovativeness 
characterizes the risk-taking propensity that exists in 
certain individuals and not in others.” (83). There 
are,of course,  risks when using smart meters 
especially relating to the  personal data of users which 
may be made public to other parties without consent.    
There is a higher possibility that more knowledgeable 
individuals are more likely to face higher privacy 
risks  in a way that will influence the  perception 
towards the service provider. Thus, the more 
innovative consumers will have privcy concern with 
strong effect on behavioral intention to use the smart 
billing system.  

 
H12d: Personal innovativeness in IT will 

moderate the effect of privacy concern on 
behavioral intention to use smart meter for 
electricity billing system. 

 
 

3. INSTRUMENT DEVELOPMENT  
 

The research model has twelve constructs:  
performance expectancy, effort expectancy, social 
influence, habit, facilitating conditions, hedonic 
motivation, behavioral intention to use, and actual 
use. These constructs are theoretically based on the 
unified theory of acceptance and use of technology 
(UTAUT2). The other factors :technology 
awareness, willingness of electricity saving behavior 
, environmental awareness , privacy concern, and 
personal innovativeness are theoretically based on 
literature review that has been conducted on related 
factors and directed by preliminary study conducted 
earlier.  
 

To develop the initial candidate items for all 
the scales in the proposed research model, all the 
items were adopted from prior studies and modified 
to fit the domain of IoT-based services. Prior to 
developing measurement instruments for the research 
model, previous research works were reviewed to 
ensure that a comprehensive list of measures were 
included from scales that were already developed and 
validated. 

 

Measures of peromance expectency, effort 
expecctency, social influence, faciliting conditions , 
behavioral intention to use, and actual use were 
adopted from UTAUT (22), and measures of 
headonic motivation , and habit were adopted from 
UTAUT2 (16).  

 
Other measures out from UTAUT are 

stemed from previous literature of  IS/IT acceptance 
and adoption domain; technology awareness (86), 
personnel innovitivness (87), and privacy conceren 
(88). Finally, the measures realted to the elctercity 
saving behavior and environmental awareness were 
searched out of the IS research domain. Sepecfically, 
in energy and  environment domain the list of sclaes 
were extracted; willingness of electercity saving 
behavior (89) , and environmental awareness (90).  

 
For all the constructs, most of items used in 

prior studies were adopted with very few adaptations. 
To ensure content coverage and content fit to the 
domain of IoT-based services adoption and 
acceptance. The justifcatin of selecting entire 
constructs and their rational to the research 
phenomena were discussed in section 2.1.  

The final version of the questionnaire is 
included in Appendix 1. Also, Table 1 illustrates the 
model’s constructs, number of items for each 
construct, and the source of these items. 

Table 1: Number of Items and Sources. 

Construct No.of  
items 

Source
 

Performance Expectancy  3 (22) 

Effort Expectancy 4 (22) 

Social Influence 3 (22) 

Facilitating Conditions  4 (22) 

Hedonic Motivation 3 (16) 

Habit 3 (16) 

Technology Awareness 5 (86) 

Willingness of Electricity 
Saving Behavior  

6 (55) 

Environmental Awareness 4 (55) 

Privacy Concern 4 (65) 

Personal Innovativeness 4 (91) 

Behavioral Intention  3 (22) 

TOTAL 46  
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4. METHODOLOGY  
 
4.1. The Pilot Study 

The pilot study is an essential part of the 
questionaiare survey design, according to Cresswell 
(2017).It  is important to establish the content validity 
of an instrument and to improve questions, format, 
and scales to ensure that the survey questionnaire is 
free of errors and ambiguities (92).  

In this pilot study, the methodology started 
with content validity followed with a reliability test. 
The validation of the instrument covers content, and 
constructs validity. Lastly,  a reliability test is used to 
clean up and optimize the measure of each variable. 

 
4.2. Participants  

In this pilot study, with the support of 
Tenaga Nasional Berhad (TNB) a sample of 40 
electricity consumers from Malaysia was surveyed. 
The response to the questionnaires were 36 with a 
response rate of (90%). From the  answered surveys, 
four were omitted as they were filled arbitrarily. The 
duration of the pilot survey was four weeks from 6 of 
October 2017 to 6 November 2017.  The data showed 
that 66% of the respondents were males and 34% 
were females. The majority of the respondents were 
from Melacca state 53% and 38 % from Putrajaya. 
Most of the respondents had considerable level of 
education where 68% had a bachelor degree. Finally, 
a large portion of the respondents,90%, had more 
than two years of experience in using smart mobile 
applications.  

 
4.3. Validity and Reliability  

The validation of instrument is important 
before starting the main survey. The assessment of 
the validity of the instrument had  gone through three 
stages. The first stage was to check the wording of 
the items and their clarity level. The feedback from 
five PhD candidates assisted in modifying the 
instrument during the first stage. The second stage 
involved two experts from the academic field and one 
from the industry field. The experts examined  
whether  the items are properly representing the 
variables and their degree of ambiguity and 
redundancy. Lastly, the instrument was translated by 
an academic translator to the Malay language (the 
official language in Malaysia), and then the 
instrument was translated from Malay to English to 
ensure there  is consistency between the original 
questionnaire and the translated one. 

The reliability of the measured items used in 
the survey was  examined using the internal 
consistency test Cronbach’s alpha. According to 
Sekaran (93), the reliability of the  research 

instrument is concerned with its consistency and 
stability. The internal consistency of a group of items 
shows the degree to which this group is 
homogeneous. The Cronbach’s alpha test has values 
ranging from 0 to 1; a higher level of range implies a 
greater value of reliability. Values that are 0.9 and 
above are excellent; values of 0.8 and above are 
good; values of 0.7 and above are acceptable; values 
of 0.6 and above are questionable; and values less 
than 0.6 are poor(93).  

Statistical Package for Social Sciences 
(SPSS 22) is employed to test the internal consistency 
of the individual items of each construct. To increase 
the reliability of the  variable  items, the “if item 
deleted” function was used to find the item with the 
lowest correlation with other items in the same group. 
Table 2 shows the value of Cronbach’s alpha and the 
number of items that measure a specific variable.  
The table shows that all the all values of reliability 
are above 0.9 means excellent, except value of TA (-
0.732). By applying “if item deleted” function, it was 
recommended to delet TA3 and TA5 for a better 
result. After delting these two items the reliability 
value of TA modfie to be e excellent,  (0.956). In 
total, all the scales have the excellent value of 
reliability.   

Table 2: Reliability Coefficient of Scales. 

Scale  Original Deleted 
Items 

 

Modified 
 

PE  0.977 - 0.977 

EE 0.986 - 0.986 

SI 0.982 - 0.982 

FC  0.922 - 0.922 

HM 0.974 - 0.974 

H 0.954 - 0.954 

TA -0.732 TA3,TA5 0.956 

WESB 0.981 - 0.981 

EA 0.971 - 0.971 

PC 0.982 - 0.982 

PI 0.990 - 0.990 

BI 0.987 - 0.987 

 
5. DISCUSSION  

This study has two axis; firstly, it proposes 
a model of factors influencing electricity consumers 
to accept the smart billing system in Malaysia. The 
proposed factors are mainly extracted from the 
unified theory of acceptance and use of technology 
(UTAUT2)(16), as well as from the literature of 
technology acceptance and electricity saving 
behavior.  In spite of the similarity between our 
model and previous models, our model has many 
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distinctions. The model discusses related factors in 
the context of energy and IoT users.  Also, the 
proposed model integrates factors which specficaly 
reflect the case of smart billing system such as 
technology awaeness and personal innovitvness.   

There is a little knowledge related to the 
acceptance of the smart billing system by individuals, 
most of these studies did not include factors related 
to the energy context such as electricity saving 
behaviors and attitude or environmental 
concern  (94–99). 

  In the other side, (100) proposed a model 
that is tailored to the developed societies which don 
not meet users’ requirements in developing country 
such as Malaysia. The most of identified factors 
concern about users’ personal information and 
consequences of using it (. e.g. risks beliefs, trusting 
beliefs, privacy concern, third-party access and 
psychological ownership). However, the privacy 
concern plays a role in affecting acceptance of the 
technology but it is not the major concern, there are 
other technological and personal factors balancing 
decision to accept such technology. 

The proposed model was further extended 
with additional factors derived from the context of 
the smart billing system in the energy sector and from 
experience of using smart applications. The extension 
of the UTAUT2 model that is tailored for 
investigating individuals’ acceptance of Internet 
applications, hence the proposed model. The nature 
of the factors in the model makes it suitable for 
application within the context of the Internet of 
things, which resides within Malaysian society.  

 
Secondly,   this study shows the process of 

developing the instrument to assess the research 
model. The proposed model and instrument 
development research introduced in this study offers 
few contributions. One of them is the development of 
instrument to measure the various perceptions in the 
adoption of smart billing system within IoT context 
in Malaysia.  

 
The instrument development process 

involved establishing the scale reliability and 
validity. In the beginning, the related items were 
adapted from empirical papers to form the 
instrument. Then, the validation of the instrument’s 
content was conducted.  The validity process 
confirmed that the measurement scales reflect the 
variables of interest. There are few techniques helped 
researchers to validate an instrument as explained in 
4.3. Subsequently, the pilot study was conducted 
using the instrument and collected data from 32 
consumers.  The reliability explained by Cronbach’s 

alpha coefficient is the extent to which the 
measurement scales consistently represent the 
constructs. Based on the reliability test results,   some 
items were deleted to increase the value of 
Cronbach’s alpha. After items deleted, all the scales 
got the excellent value of reliability which indicats 
good validity and reliabilty of the instrument.   

 
6. CONCLUSION  

This study proposed a conceptual model of 
factors influencing electricity consumers to accept 
the smart billing system. The model included factors 
from different disciplines and perspectives. These 
included factors from electricity saving perspective 
(willingness to save electricity behavior, 
environmental awareness),  factors   derived from 
impact of accepting IoT-base services ( Privacy 
concern , personnel innovativeness) , factors from 
perspective of accepting smart meter technology 
(Technology awareness), and factors from 
information technology acceptance and adoption 
theories (unified theory of acceptance and use of 
technology UTAUT2).  

In addition, the instrument was developed to 
test the validity and reliability.  After conducting the 
pilot test, the content of the instrument was modified 
to meet academic feedback and two items were 
deleted to increase the reliability of the items. Thus, 
the produced instrument from this study will be used 
to conduct the main study.  The contribution of this 
study has developed a specific model for energy users 
to define factors, which influences their acceptance 
of smart billing system based on consumer’s 
environment and technology characteristics. 
Furthermore, this study developed the related 
instrument and validated it empirically.  
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