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ABSTRACT Today’s increasing demand for electricity requires solutions that better align with energy
demand and supply. Innovative technological solutions such as smart metering applications are gaining
popularity among electricity providers. Despite numerous benefits, smart meters, a part of the technology
on the Internet of Things (IoT), continue to struggle for widespread consumer acceptance due to limited
knowledge on electricity savings and environmental awareness. These factors were examined in isolation
and have not been theoretically incorporated or examined. Hence, this study investigates the factors that
influence residential consumers’ acceptance of smart meters by integrating electricity-saving knowledge
and environmental awareness with the second generation of ‘‘unified theory of acceptance and use of
technology’’ (UTAUT2). The literature revealed an important link between users’ behavioural intention
and users’ use behaviour. Well-established theories of acceptance like ‘‘technology acceptance model’’
(TAM) andUTAUT, incorporate the behavioural intention variable in the nomological network of technology
adoption determinants. This study highlighted the impact of users’ behavioural intention on users’ use
behaviour, which was not examined previously by any of the smart meter acceptance models. The data were
collected from 318 consumers of residential smart meters in Putrajaya and Malacca, the cities in Malaysia,
and were statistically tested using SME-PLS The study confirms that adding electricity-saving knowledge
and environmental awareness to the UTAUT2 leads to a significant increase in the explained variance in
consumer acceptance of smart meter.

INDEX TERMS Acceptance model, IoT, smart meter, UTAUT2.

I. INTRODUCTION
The components of the power grids are connected to form
smart grids via communication networks that use sensors and
the Internet. The smart meter is a vital component of smart
grids. The smart meter has been introduced to the public
as an alternative to traditional electricity meters. Traditional
electricity meters must be separately inspected by meter-
ing workers from the energy provider companies. On the
other hand, smart meters that employ the Internet of Things
(IoT) technology enable consumers to monitor and regulate
energy consumption remotely and get accurate automated
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meters [1], [2]. Smart meters can promote extensive and
economical customer involvement in the utility segment and
increase the involvement of the end-user in energy conserva-
tion [3]–[5]. Besides that, smart meters can support a wide
range of goals geared toward reducing climate change and
provide energy security. Therefore, the rise of smart meters
has gained wide attention [6]. Driven by various initiatives,
such as liberalised markets, market competition, service qual-
ity, operations, and customer choice, utility providers are
investing in smart meter systems [7], [8] to facilitate and pro-
mote energy-efficient lifestyles by reducing CO2 emissions
and energy consumption, as well as increasing renewable
energy. A report on smart meter deployment stated the num-
ber of installed smart meters has increased by over 100 per
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cent from 2012 to 2013 across 35 countries in Southeast
Asia, Latin America, Central/Eastern Europe, Eurasia, South
Africa, and the Middle East/North Africa [9].

Meanwhile, in Malaysia, the first phase of the smart meter
programme arrived upon 1000 effective rollouts of smart
meters in 2016. Tenaga Nasional Berhad (TNB), the major
energy suppliers in Malaysia, plans to install smart meters
in 8.3 million homes all over the nation by the year 2021.
Additionally, TNB reported the low usage rate of the smart
meter application in its smart billing project [10]. Statistics
from systems’ logs indicated that only 10 per cent of the users
actively and regularly used the service. The low usage rate of
the application is an indication of the users’ low acceptance
level of using smartmeter systems.Whilemany technological
developments benefit society, sometimes they introduce new
risks [11] that are generally influenced by public controver-
sies and concerns [12]. For example, consumers’ backlash
against smart meter deployment can be incited by issues such
as privacy violation, influence on physical wellbeing due
to radiation from the radio frequency of smart meters, and
higher utility bills [13]. Negative reactions from consumers
may impede the implementation of smart meters, as seen in
the United States and several European countries [14]–[18].
Because consumers are the actual end-users of the systems,
their acceptance has a major impact on the effective imple-
mentation of smart meter systems. Therefore, a deeper insight
into the factors that contribute to consumers’ acceptance can
facilitate the widespread implementation of smart meters and
realise all their potential benefits. Furthermore, the proac-
tive effort to address consumers’ concerns may deter utility
companies from bearing costly consequences of rejection and
backlash by consumers after installation, which may result
in a slow diffusion of the new technology. When attempting
to predict users’ acceptance toward smart meters, it is very
important to consider the related attributes of environmen-
tal awareness and electricity-saving knowledge that could
affect the acceptance of several meters. For example, several
scholars have suggested that environmental awareness [19]–
[21] could affect the users’ acceptance of smart meters, while
other scholars have suggested that electricity-saving knowl-
edge [22]–[24] would have an effect on users’ acceptance
of smart meter. However, these constructs were examined
in isolation and have not been theoretically incorporated.
Furthermore, the findings of the effect of these constructs on
the acceptance of smart meters were inconsistent and required
further research.

Hence, this study aims to investigate the factors that influ-
ence the acceptance of smart meter systems in Malaysia,
specifically Putrajaya and Malacca as the residentials of
these cities have installed the IoT-based smart meters. The
underlying theory for this study is UTAUT2 [25], a the-
ory that has been developed to adapt the first generation
theory pertaining to users’ use behaviour. For this purpose,
the UTAUT2 model has been modified and extended to
include the two factors of environmental awareness and the
knowledge of electricity-saving. These are integrated within

the variables of UTAUT2 such as performance expectancy,
effort expectancy, social influence, habit, and facilitating
conditions. These extensions of the UTAUT2 promote the
generalisability of the UTAUT2 model to different technolo-
gies, which, in this case, is the users’ use of smart meters.
This study may enhance the understanding of consumers’
readiness to accept smart meters hence, become a guide to
utility companies in the effective deployment of smart meters.

II. LITERATURE REVIEW
Past studies have used a range of theoretical models to explore
the factors that influence consumers’ acceptance of smart
meters. Few studies focused on rational factors by employing
the technology acceptance model (TAM) or its combination
with other theories. The reference [26] shows a survey-based
study conducted online, applied TAM and included an addi-
tional variable, whichwas subjective control (referring to how
it can control a technology), besides its perceived ease of
use and usefulness. The regression approach identified that
all the three variables, perceived usefulness, ease of use, and
subjective control had significantly affected the users’ per-
ception regarding usage. In another study by [27], TAM was
used to investigate the factors that influence the consumers’
intentions of continuing to use smart metering technology.
They surveyed 212 smart meter customers in southern Ger-
many. The partial least square data analysis revealed that
perceived usefulness, ease of use, subjective control, and the
users’ attitude toward the use of smart meter were found to
have an important influence on the users’ intention of usage.
Reference [28] analysed the effect of social barriers, which
impede the implementation and diffusion of smart home tech-
nologies. They found that the public’s main concerns in the
smart home installation were related to the inability to man-
age and were also connected to factors such as trust, cost, reli-
ability, data security, privacy, and apathy. The reference [29]
adopted a quantitative approach and conducted experiments
to determine the motivation, the process, and the outcome
of the smart grid development in South Korea. They have
identified how macroeconomic policy is connected to the
role of the government. They also discovered that smart grid
technologies were endorsed by participants as a solution to
climate change and energy issues. These participants, there-
fore, preferred renewable energy and energy-saving policies
that help address problems pertaining to climate change.
Following the same line of inquiry, the reference [13] adopted
the methods in behavioural decision studies to determine the
perceptions of users in Korea concerning smart meters and
found that participants liked the smart meters and expected to
obtain instant savings. In addition, the researchers viewed the
threats, which include lower control over their use of power,
privacy breaches, and enhanced expenses.

III. THEORETICAL FRAMEWORK
A. ELECTRICITY-SAVING KNOWLEDGE (ESK)
‘‘Knowledge of electricity saving’’ refers to an individ-
ual’s possession of information regarding electricity savings.
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A positive correlation is expected between electricity-saving
knowledge and electricity-saving behaviour. In relation to
this, the cognitive variables that have an influence on envi-
ronmental behaviours have a basis in the cognition-attitude-
behaviour psychological framework explained by [30], which
indicated that knowledge influences environmental behaviour
via attitude. This subsection specifies prior studies’ findings
on the effect of users’ concern for energy saving on the accep-
tance of smart meters. The reference [22] found that users’
concern for saving electricity influenced the continuance
of behaviours to utilise resources and save electricity [22].
This confirms that if consumers are concerned about saving
electricity, they will intend to use the smart meter system.
The immediate data on energy use from smart meters can be
utilised to compute electricity usage and help in planning for
saving. Based on previous literature and empirical support,
this study describes ESK as a category of information, which
is related to electricity-saving, in which a consumer holds
toward electricity-saving behaviour. As such, ESK is pre-
dicted to influence the users’ behavioural intention of using
the smart meter system. Therefore, the proposed hypothesis
is presented below:

H1. Electricity-saving knowledge positively affects users’
behavioural intention in using a smart meter system.

B. ENVIRONMENTAL AWARENESS
Environmental awareness refers to the capability of a person
to understand the relationship between human actions and the
present status of environmental quality [31], [32], and their
inclination toward participating in environmental activities
[33]. The behaviour of using a smart meter system is a
type of behaviour that supports the environment, given that
electricity consumption may have adverse consequences on
the environment in the future [34]. However, [35] confirmed
that self-power savings of up to 10 per cent could be achieved
by using only smart meters without changing the tariff or con-
trolling the appliances. Thus, implementing smart meter sys-
tems may lead to the minimisation of the negative impacts
on the environment in the long run, which, in turn, may
lead to pro-environmental behaviours. Additionally, several
researchers have discovered that environmental awareness
is related to pro-environmental behaviours [34]–[39]. This
perspective has been further supported by [40], who contends
that people who are cognizant of the changes in the climate
are more motivated to participate in energy conservation and
renewable energy. Therefore, consumers who are conscious
of the adverse effects of using electricity, in the long run, will
probably feel morally obligated to save electricity. Previous
studies also highlighted the considerable consequences of an
individual’s behaviour to save electricity based on the aware-
ness of its negative effects [34], [36], [39]. Other researchers
assumed that environmental awareness would be positively
related to smart meter adoption if smart meters are perceived
primarily as pro-environmental technology [19], [20]. Hence,
the proposed hypothesis is presented below:

H2. Environmental awareness gives a strong influence on
users’ behavioural intention in using the smart meter system.

C. PERFORMANCE EXPECTANCY
Smart meters have other uses beyond allowing consumers to
occasionally view their electricity usage. For example, con-
sumers can receive hourly alerts of their consumption data,
and therefore, potentially empowering them to change or mit-
igate their overall usage of electricity. Subsequently, this
could support their goals by lowering energy bills and pro-
tecting the environment.

Besides that, consumers’ ability to access such facilities
through a smart meter could incentivise them to accept the
meter and achieve satisfaction when they reach their goals.
In other words, performance expectancy is anticipated to
favourably affect the acceptance of smart meters among con-
sumers. Therefore, when there is a high sense of smart meter
performance expectancy, their inclination to implement and
adopt the technology is likely high. The integration of perfor-
mance expectancy in the research model can be investigated
regarding whether there could be incentives for consumers’
acceptance of a smart meter. The next hypothesis is therefore
proposed:

H3. Performance expectancy positively affects the users’
behavioural intention of using the smart meter system.

D. EFFORT EXPECTANCY
With the traditional automated electricity meters, there is
practically no communication required by house occupants
apart from an occasional meter check to relay information
to the utility firm. With smart meters, consumers have more
interaction. They can, therefore; view in-home displays and
web applications to determine detailed information. Conse-
quently, the issue of effort expectancy can be applied as a
possible predictor of the consumers’ use and acceptance of
smart meters. Moreover, if effort expectancy is shown to have
a major effect in predicting users’ acceptance, the direction
of influence must be determined. In view of the foregoing
discussion, the present study argues that the intention to
accept a smart meter system would be significantly affected
by the supposed convenience of understanding and conve-
nience of usage. Users may accept services that do not need
to be prepared or familiarised extensively. This leads to the
following:

H4. Effort expectancy positively affects the users’
behavioural intention of using a smart meter system.

E. SOCIAL INFLUENCE
In recent studies, a significant direct impact on social influ-
ences was found to predict users’ behavioural intention to
accept new technology such as near-field communication
(NFC), radio frequency identification (RFID) or IoT-based
technology [41]–[43]. The reference [43] noticed that new
IoT users might have insufficient information regarding the
implementation of the technology. Therefore, the individuals’
perception of technology in a social network may play a
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vital role in determining their acceptance. In this research,
the impact of social influence is measured based on an assess-
ment in which consumers believe that they should or will
use a smart meter if they are convinced that it is important
to their social network. This contrasts with the way social
influence was measured in the case of the IT system. The
case study on the IT system revealed that users’ behaviour
(to adopt or refrain from adopting a new IT system) was
affected by the people who they believed were important to
them. Based on the theoretical review and empirical support,
predictions showed that social influence affected consumers’
behavioural intention to accept the smart meter system. Thus,
the proposed hypothesis is stated below:

H5. Social influence positively affects users’ behavioural
intention of using a smart meter system.

F. HABIT
This study defines a habit as the extent to, which a consumer
performs a particular behaviour automatically or instinctively
as a result of experience. The present study argues that the
habit of using applications that are similar to the smart meter
system would influence users’ behavioural intention of using
the smart meter. Other research has verified that a habit
can be transferred from one scenario to a similar scenario.
Reference [44] performed a study on consumers’ intentions
to use NFC mobile payments in hotels. The study indicated
that the use of mobile devices beyond hotel grounds (for
example at home) could be regarded as habitual. Since the
home and hotel share a similar environment, hence, it can
be deduced that a habit formed at home may facilitate the
transfer of behaviour to a related context. Therefore, users
with a habit of using mobile applications, in general, may be
more likely to use an individual mobile application [44], [45].
Thus, the habit of using mobile apps may transfer the users’
behaviour to a particular application, such as a meter system,
to become easier. Hence, the proposed hypotheses are as
follows:

H6. Users’ habits of using smart mobile applications posi-
tively affect their behavioural intention of using a smart meter
system.

H7. Users’ habits of using smart mobile applications posi-
tively affect their use of a smart meter system.

G. FACILITATING CONDITIONS
The smart meter system is inventive and recent and therefore,
most electricity consumers are probably not accustomed to
it. Smart meter systems require users to be able to config-
ure and operate the in-home displays and use a computer
to set up and activate a user’s account. If users do not have
the required operational skills, they may not adopt the smart
meter system. This research model considers the facilitating
conditions as the direct antecedents of behavioural intention.
Therefore, consumers’ perception of technical support will
influence their behavioural intention and behavioural use in
agreeing to the use of a smart meter system. Based on the

theoretical review and empirical support, facilitating condi-
tions are hypothesised as the following:

H8. Facilitating conditions positively affect users’
behavioural intentions of using a smart meter system.

H9. Facilitating conditions positively affect users’ use
behaviour of a smart meter system.

H. BEHAVIOURAL INTENTION AND USE BEHAVIOUR
Findings from past research revealed an important link
between users’ behavioural intention and users’ use
behaviour. Well-established theories of acceptance like TAM
and UTAUT, incorporate the behavioural intention variable
in the nomological network of technology adoption deter-
minants [46], [47]. The reference [48] regarding the part of
behavioural intention for the use of a system, revealed the
necessity to determine the related group of outside influences,
which will affect the users’ behavioural intention in the
adoption models (such as the UTAUT and the TAM) that
focus on triggers of behaviour that is cantered on technology,
such as using a smart meter. In this case, users’ behavioural
intention acts as a mediator for the influence of various
variables on users’ user behaviour. It is also notable that
users’ behavioural intention is more predictive of users’
behavioural use in cases where individuals are experienced
in using technology in general [49]. Several researchers have
conducted technology acceptance studies, observing users’
behavioural intention [50]–[52]. Users’ behavioural intention
plays a crucial role as a predictor of future use. Considering
this, the proposed conceptual model includes the effects
of behavioural intention upon users’ behaviour. Hence, the
proposed hypothesis is as follow:

H10. Users’ behaviour intention positively affects a users’
use behavioural of a smart meter system.

IV. METHOD
A. RESEARCH MODEL
In connection with this conceptual model, the associations
of the constructs were adapted from the literature con-
cerned on the subject. Figure 1 presents the proposed dia-
gram, which encompasses performance expectancy, effort
expectancy, social influence, habit, and facilitating condi-
tions [25], environmental awareness [53], and electricity-
saving knowledge [34]. Such a conceptual model evaluated
the connections observed between the constructs mentioned
above and offered a series of 10 hypotheses to be tested.

B. SURVEY DESIGN
A 29-item survey form was one of the instruments that had
been developed in this study. Based on the research methods
of the information system, a multi-item Likert scale was
utilised for evaluation [46], [54]. A 10-point Likert scale
that ranged from (1) ‘‘strongly disagree’’ to (10) ‘‘strongly
agree’’ was employed to gauge the constructs. In IS research,
particularly in IS/IT adoption and acceptance, a similar scale
had been used. Reference [55] found that a 10-point Likert
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FIGURE 1. Research model.

scale is preferred over a 5-point Likert scale or a 7-point
Likert scale; both measurement and structural models can
expect more success in determining the construct validity
with a more nuanced scale. Reference [56] listed the benefits
of using a 10-point Likert scale: (1) it offered a better pos-
sibility to detect changes and clarify different perspectives;
(2) it provided more diversity than smaller Likert scales, and
(3) it gave greater measurement accuracy. However, since
most participants wereMalay speakers, the survey forms have
been converted from English to Malay. The Malay version
of the instrument was validated using the back-translation
technique, a widely implemented approach in different inter-
cultural surveys [57].

C. SURVEY DISTRIBUTION AND COLLECTION
Based on the accessible information of the consumers and
their availability, an online survey and a self-managed survey
were used to gather the data. The survey was conducted from
October 2017 to March 2018 based on the households in
Malacca and Putrajaya that used the smart meters. Out of the
898 questionnaires, 698 were distributed via email to regis-
tered consumers and 200 were distributed by the personal-
administered distribution. Nevertheless, 85 questionnaires
remained undelivered because of incorrect or invalid email
addresses. After follow-ups, 179 email responses were
returned and the response rate continuously increased after
every follow-up. Out of the 200 personally administered
surveys, 159 responses were retrieved. Overall, among the
total of 338 questionnaires that were retrieved, 20 were
blank or had missing data, Therefore, overall the sample
consisted of 318 usable questionnaires—208 from Malacca,
93 from Putrajaya, and 17 from other locations— rendering
39.1 per cent response rate. According to [58] and [59], a
rate of response at 20 per cent or higher can be accepted
in the IS research. Table I illustrates the respondents’
demographics.

TABLE 1. Respondents’ demographic characteristics.

V. RESULTS
A structural equation modelling (SEM) based on partial least
squares (PLS) was employed to examine the research model
suggested for this study. The two-stage analytical approach
suggested by [60] and [61] was applied. It involved an evalu-
ation of the current measurement model in the first stage and
an evaluation of the current structural models in the second
stage. The measurement model presented the measurements
of constructs, and the structural model defined the connection
between the constructs in the structural model [61]. This
dual-stage analytical approach was superior to a one-step
evaluation [62].

A. DESCRIPTIVE ANALYSIS
Table I shows that female accounts for 109 of the total
respondents (34.3 per cent) and male accounts for 209 of the
total respondents (65.7 per cent). Most respondents (39 per
cent) were in the 45–54 age groups and the majority of the
respondents (61 per cent) held a bachelor’s degree. The anal-
ysis showed that most of the respondents were from Malacca
(64.5 per cent), while only 28.3 per cent of them were from
Putrajaya. The rest were from various other locations (7.2 per
cent). Finally, the lower portion of Table I shows the respon-
dents’ experiences in using a smart meter application. The
mean length of experience is 4.7 years (SD = 1.43 years).
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TABLE 2. Measurement assessment results.

B. ASSESSMENT OF THE MEASUREMENT MODEL
The measurement model was evaluated by applying the con-
struct validity and reliability, including discriminant valid-
ity as well as convergent validity. According to [63], [64],
to determine the item’s reliability, the threshold value for an
individual Cronbach’s alpha coefficient should be more than
0.7. In the present study, the Cronbach’s alpha coefficients for
all 29 items exceeded the threshold value, indicating that the
survey instrument was adequate to measure each individual
construct. The item loadings, as presented in Table II, ranged
from 0.865 to 0.989, and all of them indicated statistical
significance. In addition, the internal consistency and relia-
bility were assessed by determining the composite reliability
(CR) values, which, as presented in Table II, were all above
0.9 (exceeded the minimum value of 0.7) [65], [66]. This
indicated that the constructs’ reliability was satisfied, as, for

TABLE 3. Fornell–Larcker criterion results.

all constructs, the CR and Alpha Cronbach were relatively
error-free. Factor loading values were used to assess the indi-
cator’s reliability. According to [62], values that aremore than
0.70 indicated significant factor loadings. Table II illustrates
that each item in the present research model had a series
of factor loadings that were more than the recommended
value of 0.7. The average variance extracted (AVE) value was
utilised to assess the convergent validity. The AVE showed a
positive match between the measures and the similar alterna-
tive measures of the same construct. The AVE value should
exceed 0.50, as suggested by [62]. In this model, the AVE
values were all between 0.891 and 0.977, which indicated
that all constructs fulfilled the requirements of the conver-
gent validity. Next, the Fornell-Larcker criteria and cross-
loading were utilised to examine discriminant validity. This
step was considered essential in testing indicators’ discrim-
inant validity [67]. As illustrated in Table III, the external
loadings on various construct indicators were beyond the
external loadings of all the cross-loadings with additional
constructs. Therefore, the cross-loading criterion fulfilled the
discriminant validity satisfactorily.

The Fornell–Larcker criterion was employed to assess
the discriminant validity, as shown in Table III. The square
roots of the AVE values upon the diagonals (as presented in
bold) had been discovered to have exceeded those concerning
the correlations between the constructs (respective rows and
columns). This indicated the strong correlations between the
constructs and their corresponding indicators, compared to
other constructs in the model [68], [69]. According to [61]
such findings indicated good discriminant validity. Hence, all
constructs had satisfactorily fulfilled the requirements of the
discriminant validity.

C. ASSESSMENT OF STRUCTURAL MODEL
The structural model was assessed by computing R2,
beta (β), and the corresponding t-values via the bootstrapping
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FIGURE 2. Results of structural model assessment.

technique, which applied 500 samples and 5000 resam-
plings as suggested by [61]. Moreover, reference [61] empha-
sised the importance of predictive relevance (Q2) and effect
sizes (f2).

D. HYPOTHESIS TESTING
The results are shown in Figure 2 and Table IV illustrates
the structural modelling assessments, presenting the findings
of the different hypotheses tests. First of all, electricity-
saving knowledge predicted behavioural intention; therefore,
H1 is accepted, given that β = 0.148, t = 3.274, and
p = 0.001. Environmental awareness predicted behavioural
intention, confirming H2 (with β = 0.135, t = 3.078, and
p = 0.002). These findings were like those obtained for
performance expectancy and effort expectancy, in which
both predicted consumers’ behavioural intention to use a
smart meter. Hence, both H3 and H4 were respectively
proven (with B = 0.254, t = 7.888, and p = 0.000; and
β = 0.219, t = 5.241, p = 0.000, respectively). The social
influence could not anticipate behavioural intention, and
therefore, H5was not confirmed. Habit predicted behavioural
intention and users’ use behaviour in turn; hence, both
H6 and H7 were respectively verified (with β = 0.103,
t = 3.651, and p = 0.000; and β = 0.138, t = 2.329, and
p = 0.020, respectively). Similarly, facilitating conditions
predicted behavioural intention but not users’ behaviour.
Therefore, H8 was proven (with β = 0.203, t = 6.277,
and p = 0.000); however, H9 was not confirmed. Finally,
behavioural intention also meaningfully predicted the users’
behaviour; therefore, H10 was confirmed (with β = 0.564,
t = 4.227, and p = 0.000).

The effect size (f2) specified the effect level of exogenous
latent constructs (whether weak, moderate, or substantial)
on the endogenous latent constructs [70]. On the basis of
Cohen (1988), the obtained f2 value of 0.02 signified a
small influence; 0.15 represented a medium influence, and

TABLE 4. Structural assessment results.

TABLE 5. Variance explained and predictive relevance.

0.35 signified a large influence. As shown in Table IV, every
f2 result followed the size of the effects. Three of the relation-
ships had a medium effect, and all of the remaining associa-
tions had a small effect. As evident from Table V, the research
model managed to describe 85 per cent of the behavioural
intention variation toward smart meters. On the other hand,
it explained 29 per cent of the total smart meter use behaviour
variation. The variance explained revealed that all of the
dependent variables, except for the use of technology (29 per
cent of variance explained) exceeded 10 per cent. This proved
the cut-off for a good explanatory power established by [72].
Nonetheless, the use of technology recorded a value of 19 per
cent and above the cut-off established by [73]. The amount of
variance explained for the model variables illustrated a good
overall model fit.

The blindfolding technique was used to evaluate the pre-
dictive relevance of the proposed research model. Refer-
ence [61] asserted that this approach was most suitable to be
utilised on endogenous constructs that solely employ reflec-
tive measurements. Therefore, the following are the rules of
thumb for the selected endogenous construct in relation to
their values: 0.02 depicted weak predictive relevance; 0.15
depicted moderate relevance and 0.35 depicted large rele-
vance. The Q2 value of behavioural intention toward the
system used had a large predictive relevance value and users’
use behaviour had medium predictive relevance value (refer
to Table V).

42800 VOLUME 8, 2020



G. A. Alkawsi et al.: Empirical Study of the Acceptance of IoT-Based Smart Meter in Malaysia

VI. DISCUSSION
This study found that environmental awareness and
electricity-saving knowledge had a meaningful and
favourable impact on the consumers’ behavioural intention
when it came to the use of smart meters. Therefore, this
implied that consumers with greater awareness regarding
the environment and greater knowledge about electricity-
saving had greater intent to use smart meters. Moreover,
the findings revealed that the performance expectancy signif-
icantly affected the behavioural intention This implied that
the greater the performance expectancy of the smart meter,
in terms of its usefulness, ability to function, and degree
of response in disseminating complete, new, applicable, and
correct information, the greater the intention of consumers
to use smart meters because they align with their needs.
This aligned with past research [14], [41], [42], [74], [75].
Similarly, effort expectancy had a meaningful effect on
behavioural intention. Hence, this implied that the higher
the effort expectancy of the smart meter based on the con-
venience of usage, the greater the consumers’ behavioural
intention of using the smart meters. This result concurred
with that of the earlier studies— [27], [76]–[78]. As for social
influence, this research found that it had no influence on the
behavioural intention of consumers in Malaysia. This finding
aligned with prior findings on smart meter adoption [76]
and IoT [79]. Prior studies revealed that modern users had
a greater tendency to be independent in their decisions and
were not swayed even by those who were important to them
and held a special place in their lives (e.g., family members,
friends, or neighbours). Habit had a positive influence on
users’ behavioural intention and users’ use behaviour of the
smart meter system. This revealed that a habitual user of
smart mobile applications had the tendency to use a smart
meter system more than users who did not have the habit
of using smart mobile applications. Prior works supported
this result, including those by [44], [79], [80]. It was also
shown in this research that the facilitating conditions of the
smart meter systems influenced users’ behavioural intention
of using the system. This was evidenced by the signifi-
cant path coefficients of the facilitating conditions—a result
that aligned with the literature [76]. However, facilitating
conditions did not significantly affect users’ use behaviour,
which was also consistent with prior studies [81]–[83]. The
reference [84] had revealed that users had experienced using
the smart system, however, the facilitating conditions were
not a major element with regards to consumers’ acceptance
of smart meters. This was reflected in the results, which
showed that experience had a minor influence on the facil-
itating conditions. Perhaps greater experience eliminated
reliance on a facilitating infrastructure toward the use of
technology = [84]. While other studies found that users’
behavioural intention did not affect users’ use behaviour
[85]–[88], this study corresponded with prior research,
which examined the effects of user’s behavioural intention
on users’ use behaviour [50]–[52], [89]. Regarding smart

meter systems, the users’ behavioural intention had a signif-
icant impact on the users’ use behaviour. This study high-
lighted the impact of users’ behavioural intention on users’
use behaviour, which was not examined previously by any
of the smart meter acceptance models. Most importantly, this
result contributed to the conceptualisation of user behaviour
in the research on the acceptability of smart meter, whichmay
be a guide for future studies on IoT technology.

VII. IMPLICATIONS
A. IMPLICATIONS FOR RESEARCH
This study tested the feasibility of the UTAUT2 by
examining the model in an energy-saving context. Here,
the UTAUT2 was extended to investigate the use of smart
meters by electricity consumers and their intention to accept
this technology as an energy-saving tool. The existing con-
structs of the UTAUT2 were modified, and two new con-
structs from an energy-saving perspective were introduced.
This study is one of the first to use UTAUT2 to investigate
the acceptance of smart meters. Furthermore, it is the first
to examine the real usage of the smart meter systems in an
energy-saving context. Therefore, this study will probably
provide the groundwork for upcoming studies. The additional
constructs on the basis of the nature of the technology (smart
meters) and the context (energy) of the UTAUT2 model
enhanced the descriptive potential of the current theories on
the acceptability of the technology through the incorporation
of the latest intrinsic features into smart meters systems. For
example, the personal attitude towards energy saving was
inclusive of environmental awareness and knowledge about
saving electricity.

B. IMPLICATIONS FOR PRACTICE
The most influential factor in the research model was per-
formance expectancy. Based on the outcome, it is imperative
to develop performance interfaces with users so that user
expectations are met. The following suggestions are directed
to electricity providers, smart meter manufacturers, govern-
ments, and system developers regarding specific approaches.

Electricity providers should use the smart meter accep-
tance model developed in this study to update consumer
requirements into the system. This would eventually increase
the consumers’ acceptance level. The empirically significant
factors in the model will become the users’ requirements for
smart meter systems. Therefore, electricity providers should
work to increase the level of electricity-saving knowledge and
environmental awareness within their customers.

Smart meter manufacturers can support consumers’
acceptance of smart meter systems. Smart meter devices and
in-home displays (IHDs) are essential components of a smart
meter system. These devices allow users to interact directly
with the system. Most of the factors that affected the smart
meter system acceptance (e.g. performance expectancy and
effort expectancy) were related to the smart meter devices
and IHDs. To ensure the significant performance level, which
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will fulfil the consumers’ confidence, the smart meter makers
need to create these gadgets carefully for functionality and
operational ease. IHDs for smart meters, which improve the
consumer feedback, will increase the acceptance level of
smart meter systems. Manufacturers can use multiple chan-
nels, including mobile applications, web applications, and
IHDs to display consumption data in a timely and diverse
manner. Consumption feedback can include comparisons of
customised saving plans, forecast scenarios, neighbourhood
consumption data, and eco-alerts to maintain consumption at
desirable levels. In summary, adopting the smart meter accep-
tance model could guide makers in developing meters that
can better satisfy users’ requirements, which will increase the
level of consumers’ acceptance.

Developers must understand users’ requirements. The
determinants ascertained in the present study for the accep-
tance of the devices offer useful knowledge to developers.
During the early stage, developersmust understand individual
perceptions, perceptions within the energy sector, and those
in the IoT environment toward smart meters. Indeed, the pro-
posed model can help developers to create new methods
and update their strategies in managing and introducing the
service. For example, this study showed the importance of
environmental awareness and electricity-saving knowledge
on consumers’ intentions to use the smart meter system.
These factors can inspire developers to design functions and
interfaces that offer informative icons that can maintain the
consumption and allow the comparison between electric-
ity usage and usage and the connected devices or among
neighbours. Additionally, they can support user knowledge
by designing interfaces that include saving plans, tricks, and
forecasting scenarios.

C. STUDY LIMITATIONS
Firstly, those who participated in the present study provided
self-reported answers regarding their use and acceptance
of smart meter systems. Biasness could occur as a result
of the various adverse factors such as participants’ dishon-
esty or inability to provide the right responses. Another con-
straint was related to methodological. This research used
a cross-sectional method, and therefore, no empirical evi-
dence could distinguish the cases from the effects. Therefore,
the upcoming studies should focus on gathering longitudi-
nal data to facilitate the prediction of behavioural intention
over time and improve the knowledge of causality, and the
interconnections between variables, which are important for
consumers to accept the smart meter system.. Finally, this
study omitted theUTAUT2moderators of experience, gender,
and age. Although this omission was justified and was in line
with the previous literature, the initiative to investigate further
and determine the proposed model would be interesting.

VIII. SUMMARY AND CONCLUSION
The aim of this research was to explore determinants
that affect individuals’ decisions to agree and use smart
meter systems in the sector of electricity consumption.

Hence, a research model was formulated based on the
UTAUT2 model developed by [25]. Additionally, a cross-
sectional survey was conducted to test the research model.
The research participants were electricity consumers, primar-
ily from the cities of Malacca and Putrajaya in Malaysia.
The research model was tested by fitting the data obtained
in the survey via PLS-SEM. It was found that the per-
formance expectancy, effort expectancy, and habit affected
respondents’ behavioural intention of using smart meter sys-
tems. The present study did not find any imperative implica-
tions of social influence on consumers’ behavioural intention.
Nonetheless, this study observed the slight outcomes of the
facilitating conditions on consumers’ behavioural intention.
Facilitating conditions evidently did not affect the use of
technology. In contrast, habit exerted an effect. Moreover,
apart from the UTAUT2 factors, the knowledge about saving
electricity and environmental awareness were the two other
factors that helped form consumers’ attitudes toward the use
of smart meter systems. Additionally, these two factors also
affected consumers’ behavioural intention.

This research verified the viability of the UTAUT2 model
in terms of smart meter systems’ acceptance and the impor-
tance of including other related factors. Implications for prac-
tice suggested that the electricity providers use the smart
meter acceptance model to update consumers’ requirements
into their systems, thereby increasing the acceptance levels.
Adopting the proposed model could guide the manufacturers
of smart meters to develop products with better user require-
ments, which would increase user engagement. Meanwhile,
governments should set standards for using consumer data to
protect consumer privacy and reduce anxieties on the usage
of the smart meters.
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