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Abstract: Smart buildings conserve energy and create a responsive, comfortable, and productive
indoor environment for users and occupants. As a crucial component of smart buildings, smart
building management system (SBMS) should provide a wide range of functions and bring about the
intended benefits upon successful deployment. This paper identifies salient SBMS attributes and
explores key factors influencing building professionals” intention to use the system in commercial
buildings. Responses were collected from 327 Hong Kong building professionals. Data were analyzed
by exploratory factor analysis and structural equation modeling based on the refined Unified Theory
of Acceptance and Use of Technology (UTAUT). Exploratory factor analysis shows that intelligent
building operations and safety and recovery readiness are two dimensions of SBMS emerged. Specifi-
cally, intelligent building operations include intelligent and optimal scheduling of building systems,
monitor and control of building facilities, having an intelligent and interactive interface, and enabling
alarm settings and automatic notifications, showing the importance on the application of electrical
engineering in smart building management. Structural equation model (SEM) results indicate that
facilitating conditions affect habit, hedonic motivation, social influence, performance expectancy
and effort expectancy. Additionally, habit, hedonic motivation and effort expectancy significantly
affect building professionals’ intention to use SBMS. Practical implications of SBMS attributes for
energy management and the ways in which SBMS is encouraged to be used by building professionals
are given.

Keywords: smart buildings; building management system; technology acceptance; building professionals;
commercial buildings

1. Introduction

Commercial buildings consume a large portion of energy in many countries and
cities. According to the most recent energy review report published by the U.S. Energy
Information Administration [1], the U.S. commercial sector consumed over 5114 Terawatt-
hour (TWh) of energy in 2021, increasing 65 percent from 1980 and related to building
mostly. Commercial buildings consumed around 18 percent of all energy use in the U.S. in
2021 by estimation [1]. In China, the total floor area of commercial buildings and public
facilities reached 14 billion m? in 2020 approximately [2]. China’s commercial buildings
and public facilities consumed 2817 TWh of energy in 2016, which increased 150 percent
from 2007 [2]. In highly urbanized city like Hong Kong, commercial activities are crucial
to its longtime economic prosperity. Hong Kong’s commercial sector consumed 31.8 TWh
of energy in 2020, taking up 42 percent of the total energy consumption in Hong Kong [3].
Again, most energy consumption in this sector comes from commercial buildings and
public facilities [3]. In fact, the commercial sector consumes over 60 percent of Hong Kong's
total electricity, in which heating, ventilation, and air conditioning systems in commercial
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buildings are the largest consumers [3]. To et al. [4,5] assessed the fuel life cycle of electricity
consumption in Hong Kong, and reported that a kilowatt-hour electricity consumption
would produce 0.702 to 0.792 kg of CO,-equivalent with an average of 0.759 kg, depending
on the energy mix in power generation of the particular year [5]. As the commercial
sector consumed 28.4 TWh of electricity in 2020 [3], the city produced 21.6 million tons of
COs-equivalent indirectly. In addition, many commercial buildings in Hong Kong such as
hotels and shopping malls are equipped with gas-fired and oil-fired commercial boilers,
hot water heaters, and commercial clothes dryers that produce greenhouse gases and other
air pollutants such as particulate matter and sulfur dioxide directly [6,7]. Ramesh et al. [8]
reviewed studies on building life-cycle energy usage, and reported that energy use in
building operations contributes to 80 to 90 percent of a building’s life-cycle energy.

“Making a building intelligent” or smart building has attracted continued interests
in sustainability research over the past two decades [9-13]. Smart building is a common
and essential component of smart cities [14-16]. Yet, the definition of smart building varies,
depending on technological progress and stakeholder perspectives. Buckman et al. [10] re-
viewed the historical development of smart buildings, and concluded that smart building is
a building that integrates intelligent building systems, building materials, building design
and construction into a holistic building system to meet and exceed stakeholder expecta-
tions such as energy efficiency, longevity, user satisfaction, as well as comfort. Central to a
smart building is a smart building management system (SBMS) that can integrate and coor-
dinate a wide range of building systems to predict and accommodate stakeholder needs, as
implied in Buckman et al.’s study [10]. To ensure the smartness and sustainability in smart
buildings, this study explores salient attributes of SBMS and the intentions of building
professionals to use SBMS in commercial buildings. More specifically, the study addresses
the following research questions: Firstly, what are the essential attributes and dimensions
of SBMS? Additionally, secondly, what are the organizational and individual factors that
contribute to the intentions of building professionals to use SBMS? The study’s findings
should contribute to the characterization of SBMS from building operation’s (including
electrical engineering’s) perspective. Additionally, the identification of key factors and
mechanism for driving building professionals to adopt SBMS should shed light on how to
promote building professionals including electrical engineers to use SBMS in commercial
buildings. The study also tests the applicability of a refined model of the Unified Theory of
Acceptance and Use of Technology in the smart building context.

2. Literature Review and Hypothesis Development
2.1. Smart Building Management System (SBMS) Attributes

The Chartered Institution of Building Services Engineers [17] defined a building man-
agement system (BMS) as a computer-based platform that links building systems together.
Its primary function is to control, monitor, optimize, and report conditions of different build-
ing systems at a single point. Building systems normally include (i) heating, ventilation,
and air-conditioning systems, (ii) pumping systems, (iii) fire and safety systems, (iv) power
and energy systems, (v) lighting systems, (vi) elevators and lifts, (vii) telecommunications
systems, (viii) public address and alarm systems, and (ix) security and surveillance systems.
Upon effective BMS installation and operation, stakeholders may enjoy various benefits [17].
For example, owner(s) of the building can enjoy higher rental value; occupants and users
may reduce energy consumption, control lightning better, experience greater comfort, and
increase productivity. Facility managers and engineers may exercise remote monitoring and
control, receive alarm notifications, conduct fault diagnosis, and computerize maintenance
scheduling and documentation [17].

Kumara et al. [18] investigated whether and how BMS can contribute to a sustain-
able built environment. They conducted a comprehensive literature review and identified
some core attributes of BMS. These attributes include starting/stopping building systems
optimally, enabling the monitoring and control of building facilities, supporting optimal
equipment time scheduling, enabling alarm settings and automatic notification, and en-
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suring building safety. Kumara et al. [18] invited a small group of building professionals
(25 of them) to take part in a questionnaire survey. They reported that participants ranked
real time monitoring as the most important attribute of BMS, followed by trend analysis,
and alarm reporting. Minoli et al. [19] reviewed the development of the Internet of Things
(IoT) and how to intergrate IoT into smart buildings. Specifically, Minoli et al. [19] sug-
gested that a SBMS enables building operators and users to control energy management
and comfort level optimally. In addition, an IoT-ready SBMS can manage other functions
such as surveillance, access, and fire detection. The system should also be accessible and
operational remotely [19]. Chew et al. [13] evaluated the 5G implementation in Singapore.
They suggested that 5G would facilitate smart energy, maintenance, indoor comfort, space
utilization, and security management in buildings. Therefore, the Singaporean govern-
ment actively supports industries and higher education institutions to conduct research on
and provide training of integrating 5G into smart building and facility management [13].
Gunatilaka et al. [20] proposed a scoring system to assess smartness level of commercial
buildings in Sri Lanka. Based on opinions from 35 building experts, Gunatilaka et al. [20]
identified that automation is considered as the most important criterion, followed by com-
munication and data sharing. Furthermore, Eini et al. [16] indicated that SBMS is a real-time
management system controlling different aspects of smart buildings such as security, safety,
indoor conditions, and user comfort. They also presented design requirements, perfor-
mance specifications, and operating constraints for each smart building subsystem and
suggested that machine learning with model-based control approaches can optimize the
functionality and performance of smart buildings. All in all, SBMS as a smartness-enabling
technology should contribute to sustainability [10-16,18-20].

2.2. A Refined Model of the Unified Theory of Acceptance and Use of Technology
2.2.1. The Acceptance and Use of Technology

Technology acceptance has been investigated extensively in the information systems
and management literature [21-25]. By adapting the Theory of Reasoned Action [26] to
the information systems context, Davis et al. [21] proposed the theoretical framework—
Technology Acceptance Model (TAM) to predict people’s acceptance of computer tech-
nologies. TAM posits that two types of personal beliefs, namely perceived ease of use and
perceived usefulness, affect their intention to use the technology. Perceived ease of use mea-
sures the extent to which people believe that the use of technology is free from difficulty;
perceived usefulness measures the extent to which people believe the use of technology
enhances their job performance. Davis et al. [21] suggested that perceived ease of use af-
fects perceived usefulness while these two beliefs together affect people’s attitude towards
using the technology. Additionally, perceived usefulness and attitude towards using the
technology affect their intention to use the technology. However, their empirical results
showed that the mediating role of people’s attitude became much less significant, when
people gained more information and experience in the technology. In 1990s, many studies
applied TAM, Theory of Reasoned Action, Theory of Planned Behavior, Social Cognitive
Theory, Innovation Diffusion Theory, or their syntheses to explore people’s acceptance
of information and communications technologies [27-30]. In 2003, Venkatesh et al. [31]
reviewed the theoretical bases and empirical results of different technology acceptance
and use models, and proposed a synthesized approach—the Unified Theory of Acceptance
and Use of Technology (UTAUT), in which facilitating condition, social influence, effort
expectancy (analogous to perceived ease of use), and performance expectancy (analogous
to perceived usefulness) affect people’s intention to use the technology, leading to their
use behavior. In Venkatesh et al.’s study [31], facilitating conditions measure the extent to
which people believe organizations would provide resources to support the adoption of
technology. Social influence measures the extent to which people perceive that important
others believe they should use the technology. Venkatesh et al. [31] argued that effort
expectancy fully mediates the effect of facilitating conditions on people’s intention; insignif-
icant direct effect of facilitating condition on people’s intention supported their hypotheses
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empirically [31,32]. Subsequently, Venkatesh et al. [33] explored the use of UTAUT in the
consumer context. They proposed UTAUT?2 that incorporates three additional constructs
namely hedonic motivation, habit, and price value influencing people’s intention to use
the technology. They define hedonic motivation as the degree of fun or pleasure derived
from adopting the technology. Habit measures the extent to which people believe the
technology use behavior to be automatic. Price value characterizes people’s cognitive
tradeoffs between perceived benefits and the costs for using the technology.

Owusu Kwateng et al. [34] investigated health professionals” adoption and use of
health information systems from a UTAUT2 perspective. They found that hedonic mo-
tivation, habit, and performance expectancy predicted health professionals” intention to
use health information systems. Specifically, hedonic motivation is one of the significant
factors that influencing people’s intention to use new technologies, in particular among
those tech-savvy young professionals [35]. Schukat and Heise [36] applied the extended
UTAUT to investigate what motivates farmers to adopt smart products in Germany. They
found that hedonic motivation was the most significant predictor of farmers’ intention to
use smart products while price value did not have a significant effect on farmers” usage
intention. In the context of workplace technology use, price value can be excluded because
organizations bear the cost of buying or subscribing to the technology. Thus, the study
predicts building professionals’ intention to use SBMS with UTAUT2 and hypothesizes that:

Hypothesis 1 (H1). Effort expectancy positively affects user intention.
Hypothesis 2 (H2). Performance expectancy positively affects user intention.
Hypothesis 3 (H3). Social influence positively affects user intention.
Hypothesis 4 (H4). Facilitating condition positively affects user intention.
Hypothesis 5 (H5). Hedonic motivation positively affects user intention.

Hypothesis 6 (H6). Habit positively affects user intention.

2.2.2. Effort Expectancy and Performance Expectancy

Davis et al. [21] studied the relationship between perceived effort required to use a
technology, i.e., effort expectancy and perceived usefulness in terms of expected perfor-
mance gains. They found that perceived ease of use has a persistent influence on perceived
usefulness (or performance expectancy) across time in their empirical study. In addition,
the relationship between perceived ease of use (i.e., effort expectancy) and perceived use-
fulness (i.e., performance expectancy) was well-established in numerous studies [37-39].
Following the reasoning of Chen and Chang [38], the study hypothesizes that:

Hypothesis 7 (H7). Effort expectancy positively affects performance expectancy.

2.2.3. Role of Facilitating Condition

Effort expectancy plays a crucial role in influencing people’s acceptance of a technology
directly and/or indirectly [21,32]. When people find the technology too difficult to master,
lower usage of the technology is expected [40]. Venkatesh [32] identified the following
determinants of effort expectancy: (i) playfulness, (ii) anxiety, (iii) computer self-efficacy
(internal control) and (iv) facilitating condition (external control). Venkatesh [32] also found
that facilitating condition (external control) affects effort expectancy significantly, which
influences computer self-efficacy (internal control) in turn. Reyes-Menedez et al.’s [41]
recent investigation on search engine usage for sustainable water management in Spain
further reported that facilitating conditions significantly influence effort expectancy and
habit. In the context of workplace technology use, facilitating condition would have direct
effect on employees’ general beliefs and perceptions. Therefore, the study hypothesizes that:
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Hypothesis 8 (H8). Facilitating condition positively affects effort expectancy.
Hypothesis 9 (H9). Facilitating condition positively affects performance expectancy.
Hypothesis 10 (H10). Facilitating condition positively affects social influence.
Hypothesis 11 (H11). Facilitating condition positively affects hedonic motivation.
Hypothesis 12 (H12). Facilitating condition positively affects habit.
Figure 1 illustrates the theoretical model of the study, and indicates how facilitating

condition may affect building professionals’ intention directly and indirectly, through other
employees’ beliefs and perceptions.

Effort expectancy

Performance

expec lancy

Social

influence
Intention to use

smart building

management system

Figure 1. Theoretical model of the study.

3. Methods

The study was a cross-sectional questionnaire survey. It aimed at soliciting responses
from building professionals about the importance of SMBS features and perceptions of
organizational and personal factors that might influence their intention to use SMBS in com-
mercial buildings. Factor analyses and structural equation modeling were conducted. In
what follows, sample and data collection, the instrument used, and data analysis procedure
are presented.

3.1. Sample and Data Collection

In Hong Kong, building professionals involve in the design, procurement, installation,
operation, upgrade, and maintenance of building systems. They work for building owners
and developers, constructers, engineering consultancies, building contractors, building
system suppliers, system integrators, and facilities managers. Therefore, the study targeted
them as respondents. To reach as many building professionals as possible, 77 postgraduate
engineering students in a part-time master’s program were invited to participate in a
questionnaire survey. Each student was asked to forward 10 copies of questionnaire to



Sustainability 2023, 15, 80

6 of 15

his /her professional colleagues and friends in the building-related industries. This chain
referral sampling or snowball sampling approach is particularly useful for exploratory
studies [42]. In recent years, chain referral sampling has been utilized extensively to study
sustainability and environmental issues [43-45].

Adhering to Helsinki’s ethical principles, respondents were informed the purpose of
the survey and assured their anonymity and confidentiality of the collected data. More-
over, respondents could withdraw from the voluntary survey, at any time point. In total
847 copies of questionnaire were distributed. Over a two-and-a-half-month period, 362 re-
sponses were returned, among which 21 sets contained missing data and 14 respondents
were neither designers nor users of BMS in commercial buildings. The effective sample size
reduced to 327, yielding a final response rate of 38.6 percent. The response rate was similar
to the ones reported in other studies in Hong Kong [11,43]. Additionally, the questionnaire
had 35 Likert-scale items and Hair et al. [46] suggested that response per item should be 5
or more. Thus, the study’s sample size deemed to be appropriate because its response per
item was 9.34 (=327/35).

3.2. Instrument

A 35-item self-administered questionnaire was developed. It includes three sections.
Items of the questionnaire were adapted from the extant literature [16-19,33] to ensure
content validity. The first section comprises 12 items. The items cover important attributes
of smart BMS for commercial buildings such as a SBMS should “provide intelligent and
optimal start/stop of building systems” and “monitor and control building facilities.”
They were adapted from CIBSE Guide H—Building Control Systems [17], and the BMS
literature [16,18,19]. The 12 items are shown in Appendix A. The second section includes
23 items covering 7 constructs of the refined UTAUT2 namely effort expectancy, perfor-
mance expectancy, social influence, facilitating condition, hedonic motivation, habit, and
user intention (see Figure 1). These 23 items were adapted from the Venkatesh et al.’s
study [33], as shown in Appendix B. Respondents were asked to rate all 35 items on a
5-point Likert scale with 1 = strongly disagree and 5 = strongly agree. The third section
comprised 7 questions collecting respondents” demographic information including gender,
age group, education, occupation, position, and working experience, as well as their role
in designing/using BMS. The draft questionnaire was pilot tested with three engineering
faculty members and seven postgraduate students that were not included in the main
survey. They commented that the questionnaire was clear and easy to follow. They could
complete the questionnaire within 15 min.

3.3. Data Analysis Procedure

The collected data were analyzed with IBM SPSS 26.0. Respondent characteristics were
characterized by descriptive statistics. The importance of SBMS attributes was revealed by
the means, standard deviations, and whether the mean scores were statistically significantly
higher than the midpoint of 3.0 on the 5-point Likert scale. The core dimensions of SBMS
attributes were identified by exploratory factor analysis (EFA). EFA is useful to reveal
underlying dimensions of the topic of interest [46], i.e., SBMS in the present study. To
identify the direct and indirect effects of facilitating condition on building professional’s
intention to use SBMS, confirmatory factor analysis (CFA) and structural equation modeling
(SEM) using IBM SPSS Amos 26.0 with maximum likelihood estimation were used. CFA
ascertained the factor structure of the refined UTAUT2 and the validity of the selected
constructs shown in Figure 1. SEM tested the effects of facilitating condition and other
constructs on building professionals” intention to use SBMS.

4. Results

Among the 327 respondents, 267 were males and 60 were females. Most respondents
(230) belonged to the age group 20-29 and 58 respondents aged 30 to 39. A total of 152 re-
spondents obtained a bachelor’s degree while 106 respondents attained master’s level or



Sustainability 2023, 15, 80

7 of 15

above. Most respondents (210) worked as designers and consultants and 48 respondents
worked for constructers and contractors. A total of 157 respondents worked as junior or
assistant engineers and 95 respondents worked as engineers or equivalent. Numbers of
respondents experienced less than 1 year, 1 to 2 years, and 2 to 4 years, respectively are
about the same. A total of 249 respondents considered themselves as users of BMS. A total
of 31 respondents indicated themselves as designers of BMS only and 47 respondents iden-
tified themselves as both designers and users. Table 1 shows the demographic information
of the respondents.

Table 1. Demographic information of respondents (N = 327).

Variable Class Frequency Percent
Gender Male 267 81.7
Female 60 18.3
Age group 20-29 230 70.3
30-39 58 17.7
40-49 22 6.7
50 or above 17 5.3
Education High school 59 18.0
Bachelor’s degree 152 46.5
Master’s or above 106 32.4
Others 10 3.1
Profession Design and consulting 210 64.2
Construction and contracting 48 14.7
IT and computer 26 8.0
Facilities management 26 8.0
Others 17 52
Position Junior/assistant engineer 147 45.0
Engineer or equivalent 95 29.1
Senior engineer or equivalent 29 8.8
Manager/executive engineer 26 8.0
Others 30 9.1
Working experience <1 year 69 211
1 to <2 years 68 20.8
2 to <4 years 69 211
4 to <8 years 55 16.8
8 years or more 66 20.2
Role in BMS Designer 31 9.5
User 249 76.1
Designer and user 47 14.4

4.1. Dimensions of SBMS

Appendix A shows the descriptive statistics of the 12 SBMS attribute items for com-
mercial buildings. Respondents considered the ability to “monitor and control building
facilities” to be the most important attribute (mean = 4.24; SD = 0.765). The second most
important attribute is to “enable alarm settings and automatic notifications” (mean = 4.17;
SD = 0.807) while the third most important attribute is to “provide intelligent and optimal
start/stop of building systems” (mean = 4.14; SD = 0.777). On the other hand, respondents
considered the ability to “adopt open communication protocols” to be the least important
attribute (mean = 3.83; SD = 0.896).

One-sample t-tests were conducted to examine whether the mean scores of SBMS
attributes were significantly higher than the mid-point, i.e., 3.0 on the 5-point Likert scale.
Results of ¢-tests revealed that all mean scores were significantly higher than 3.0 (p < 0.001).
Independent-sample t-tests were performed to investigate whether gender had an effect
on responses. Among the 12 SBMS attributes, female respondents agreed with the items
more than male respondents in general but significant differences between the mean scores
of female and male respondents in only four items (p < 0.05) were found as shown in
Appendix A.
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EFA was performed with IBM SPSS 26.0. Results showed a Kaiser-Meyer-Olkin
(KMO) score of 0.901 and passed Bartlett’s test of sphericity with strong significance
(x* = 1303.7, df = 66, p < 0.001), confirming the suitability of the collected data for factor
analysis. The number of factors was determined using the eigenvalue-greater-than-one
method. Additionally, one item with communalities less than 0.4 and two items with cross-
loadings (difference < 0.20) were removed iteratively. These three items were “adopt open
communication protocols”, “enable trending and data analytics”, and “enable building
occupants to make adjustments.” Nine items remained and the two factors emerged,
accounting for 56.6% of the total variance. The first factor was named as “intelligent
building operations” and the second factor was “safety & recovery readiness.” Table 2
presents factor loadings of items, eigenvalues, percentage of variance explained, and the
Cronbach’s alpha values. The Cronbach’s alpha values of intelligent building operations
(0.83) and safety and recovery readiness (0.65) indicated the reliability of the two dimensions
to be good and acceptable, respectively [44].

Table 2. Exploratory factor analysis (N = 327).

Attribute Factor 1 Factor 2

A smart building management system should

- provide intelligent and optimal start/stop of building systems 0.82 0.09
- monitor and control building facilities 0.80 0.07
- have an intelligent and interactive interface 0.68 0.24
- enable alarm settings and automatic notifications 0.67 0.34
- provide optimal equipment time scheduling 0.63 0.30
- be expandable for Internet of Things (IoTs) 0.62 0.23
- enable disaster management and automatic recovery 0.08 0.82
- support maintenance processes 0.31 0.70
- ensure building safety. 0.22 0.69
Eigenvalue 3.96 1.14
Variance explained (in %) 349 21.7
Cumulative variance explained (in %) 34.9 56.6
Cronbach alpha 0.83 0.65

Notes: (i) Principal component analysis with varimax rotation was employed; (ii) The three items “adopt open
communication protocols”, “enable trending and data analytics”, and “enable building users to make adjustments”
were dropped due to low communalities and high cross-loadings.

4.2. Structural Equation Modeling

To identify whether and how effort expectancy, performance expectancy, social influ-
ence, facilitating condition, hedonic motivation, and habit affect building professionals’
intention to use SBMS in commercial buildings are related, CFA and SEM were conducted.
The measurement and structural models were assessed using the following two absolute
and two incremental fit indices: the normed chi-square (x?/df), the root mean square error
of approximation (RMSEA), the Tucker-Lewis index (TLI), and the comparative fit index
(CFI). The criterion values of x2 /df < 3.0, RMSEA < 0.08, TLI > 0.90, and CFI > 0.90 were
adopted [46]. As gender might have an effect on building professionals’ intention to use
the technology, a series of independent sample ¢-tests was performed on the 23 Likert-scale
items (see Appendix B) adapted from UTAUT2. The independent sample ¢-tests showed
no significant difference between responses from male and female respondents in 22 items,
except the third item of facilitating condition in which female respondents (mean = 3.85;
SD = 0.755) had a significant higher level of agreement than male respondents (mean = 3.58;
SD = 0.907). The third item of facilitating condition reads “smart BMS is compatible with
other technologies we currently use in the organization”.

4.3. Confirmatory Factor Analysis

The seven-factor measurement model comprising effort expectancy, performance
expectancy, social influence, facilitating condition, hedonic motivation, habit, and intention
to use SBMS produced the following fit indices: x/df = 1.66 (x> = 347.7; df = 209; p < 0.001),
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RMSEA = 0.05, TLI = 0.96, and CFI = 0.97, meeting all criteria for acceptable fit. The
seven-factor measurement model was then compared with alterative models as shown in
Table 3. The difference in the chi-square value between the seven-factor model and all other
models was significant (Ax? = 378.0, Adf = 6, p < 0.001), suggesting that the seven-factor
measurement model fits the collected data much better than all alternative models.

Table 3. Fit indices for the seven-factor model and alternative models.

Model RMSEA TLI CFI x> df x2/df Ax? Adf
Seven-factor model 0.05 0.96 0.97 347.7 209 1.66 - -
Six-factor model (i) 0.09 0.86 0.88 725.7 215 3.38 378.0 6

Five-factor model (ii) 0.10 0.81 0.84 899.5 220 4.09 551.8 11
Three-factor model (iii) 0.12 0.71 0.74 1304.8 227 5.75 957.1 18
One-factor model 0.13 0.65 0.68 1556.3 230 6.77 1208.6 21

Notes: (i) Hedonic motivation and habit formed a single factor in the six-factor model; (ii) hedonic motivation and
habit formed a single factor and effort expectancy and performance expectancy formed another single factor in the
five-factor model; (iii) hedonic motivation, habit, social influence, effort expectancy and performance expectancy
formed a single factor in the three-factor model.

Appendix B showed factor loadings of items. Composite reliabilities of the seven
constructs ranged from 0.76 to 0.89, supporting the constructs’ reliability. The average vari-
ance extracted (AVE) values ranged from 0.51 to 0.74, suggesting an adequate convergent
validity [47]. Table 4 shows the descriptive statistics, composite reliabilities, AVE values,
inter-construct correlations, and the square root of AVEs. As the square roots of AVE of
each construct were greater than correlations between the construct and all other constructs,
discriminant validity was assured [47].

Table 4. Descriptive statistics, composite reliabilities (CR), average variance extracted (AVE) values,
and correlations.

Construct Mean (SD) CR AVE EE PE SI FC HM HB INT
EE 3.652 (0.738) 0.87 0.62 0.789
PE 3.794 (0.673) 0.76 0.51 0.559 0.715
SI 3.555 (0.739) 0.82 0.60 0.533 0.635 0.773
FC 3.540 (0.707) 0.80 0.51 0.541 0.602 0.680 0.711
HM 3.614 (0.825) 0.89 0.74 0.488 0.544 0.532 0.533 0.860
HB 3.261 (0.942) 0.89 0.73 0.534 0.557 0.688 0.662 0.587 0.854
INT 3.682 (0.769) 0.84 0.64 0.542 0.542 0.603 0.580 0.606 0.740 0.802

Notes: EE—Effort Expectancy, PE—Performance Expectancy, SI—Social Influence, FC—Facilitating Condition,
HM—Hedonic Motivation, HB—Habit, INT—Intention to use smart BMS; (ii) The diagonal elements in bold and
italics were the square roots of AVE values.

4.4. Structural Equation Modeling Results

The structural model shown in Figure 1 was evaluated with IBM SPSS Amos 26.0
specifying maximum likelihood estimation. Results showed that x?/df = 1.89 (x> = 412.6;
df = 218; p < 0.001), RMSEA = 0.05, TLI = 0.95, and CFI = 0.95, meeting all criteria for an
acceptable fit. However, the calculated standardized estimates showed that the relation-
ships between performance expectancy and intention (3 = 0.05, p = 0.55), between social
influence and intention (3 = 0.08, p = 0.43), and between facilitating condition and intention
(B =0.00, p =0.99), were all insignificant. After eliminating these three paths iteratively,
a parsimonious structural model was obtained. The final structural model produced the
following fit indices: x?/df = 1.88 (x? = 414.7; df = 221; p < 0.001), RMSEA = 0.05, TLI = 0.95,
and CFI = 0.95, meeting all criteria for an acceptable fit. The standardized estimates of the
significant paths and the coefficients of determination (R?) were depicted in Figure 2. The
R? value of building professionals’ intention to use SBMS was 0.61, indicating that changes
in habit, hedonic motivation, effort expectancy, and facilitating condition explain 61 percent
of variance in the intention construct.
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Figure 2. Final structural model.

5. Discussion

Respondents indicated that SBMS should facilitate them to operate, manage, monitor,
and control various building systems and keep them informed about the status of opera-
tions through automatic notifications, implied by the top three important attributes that
they have agreement upon. On the other hand, they identified the ability to adopt open
communication protocol(s) as the least important attribute, probably due to concerns of
data privacy and protection. Kitchin and Dodge [48] indicated that smart technologies on
the one hand counter and manage uncertainty and risks effectively through the efficient
deployment of services, but on the other hand expose users to insecurity and vulnerability.
They suggested mitigating the insecurity issues by adopting a preventative approach to
security and other system management measures.

In answering the first research question, an EFA was performed that identified two
emerging dimensions of SBMS attributes for commercial buildings, “intelligent building
operations” and “safety and recovery readiness”. These dimensions are important because
all buildings including commercial buildings can be smart as humans, but they will get old
and fail, too. Intelligent building operations are crucial, as the smartness of a building is ex-
perienced and evaluated by its users; adaptive human—machine interfaces should hence be
deployed, to cater for the different needs of diverse users. In addition, safety and recovery
readiness emerges as an important dimension of SBMS, ensuring business continuity for
building owners, occupants, and users in commercial buildings. This dimension becomes
particularly relevant, when disasters such as pandemics hit a community while business
activities have to be carried out in commercial buildings [49].

In answering the second research question, the refined UTAUT2 was adopted to
explore what motivates building professionals to adopt SBMS in commercial buildings.
SEM results revealed that facilitating condition impacts effort expectancy, performance
expectancy, social influence, hedonic motivation, and habit strongly, significantly, and
directly with beta coefficients > 0.60 and p-values < 0.001, but it does not associate with the
intention construct significantly and directly. Moreover, there is a strong, significant, and
direct effect of habit on building professional” intention to use SBMS (5 = 0.53, p < 0.001).
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Hedonic motivation directly affects building professionals” intention to use the system mod-
erately (3 = 0.23, p < 0.001) while a weak, significant, and direct effect of effort expectancy
on building professionals’ intention to use the system exists ( = 0.16, p < 0.01). However,
when the direct and indirect effects are considered together, facilitating condition has the
greatest effect (0.67 = 0.78 x 0.53 + 0.66 x 0.23 + 0.64 x 0.16) on building professionals’
intention to use the system in commercial buildings.

Surprisingly, performance expectancy and social influence did not influence building
professionals’ intention to use the system significantly. The absence of performance ex-
pectancy effect probably resulted from the perception that using SBMS is not a rewarding
activity on top of their existing work, similar to the findings of a study on the use of building
information modeling in the United Kingdom [50]. As for social influence, it could result
from the background of our building professional respondents who hold either a bachelor’s
or master’s degree. Comparing with other people without technical backgrounds, our
respondents tended to act upon their own beliefs instead of being influenced by others in
their social environments, similar to reports from Singapore [51].

5.1. Practical and Managerial Implications

The findings on the three most important attributes (i.e., “monitor and control building
facilities”, “enable alarm settings and automatic notifications”, and “provide intelligent and
optimal start/stop of building systems”) imply their foremost and fundamental roles in a
SBMS in commercial buildings. Therefore, building professionals, particularly electrical
engineers, should pay extra attention to ensure the adequacy and recency of these attributes
when designing and renewing their SBMS. In addition, the study’s findings showed the least
importance of the ability to adopt open communication protocol(s) as a SBMS attribute.
As open communication protocols center the communication and integration between
devices or systems, respondents’ underestimation of the needs for current smart building
systems to integrate with other smart systems (e.g., smart power systems, smart disaster
warning systems) at city- or country-level in future may plausibly explain the study’s
findings, which implies that building professionals including electrical engineers should
develop a long-term perspective for future integration and expansion capacity of their
SBMS. Lee et al. [52] explored the use of a shared energy storage system for multiple smart
buildings equipped with photovoltaic systems using federated reinforcement learning.
They showed that the total energy consumption of heating, ventilation, and air conditioning
in smart buildings could be reduced by around 28% and electricity cost could be cut by
around 19.6% [52]. Additionally, Lourenco et al. [53] demonstrated that with the use
of key enabling technologies such as building-integrated photovoltaic, earth tubes, and
intelligent automatic system control, it is possible to significantly reduce heating energy
consumption by 22% in a yearly basis. With respect to the identification of two SBMS
attribute categories for commercial buildings namely “intelligent building operations” and
“safety & recovery readiness”, they pointed to the purpose of cultivating SBMS attributes
at the conceptual level. Building professionals can evaluate whether their BMS are “smart”
enough in terms of “intelligent building operations” and “safety and recovery”, drawing
on the above insights.

Additionally, the study’s findings identifying factors and mechanisms contributing
to intention to use SBMS offer certain practical and managerial implications. In order to
encourage building professionals to have higher intention to use SBMS in commercial build-
ings, organizations must provide favorable facilitative conditions, i.e., enough resources,
support, and training to employees. In addition, organizations should develop employees’
habit to use SBMS, so that they would use the system autonomously. Organizations can
locate office space in buildings with a SBMS, and provide incentives for employees to use
SBMS more frequently. Moreover, application developers should incorporate special fea-
tures making the system funny and enjoyable to use (i.e., introducing hedonic motivation),
because many building professionals today are Gen Zers who have been exposed to the
online environment for years and grown up using their mobile devices to play games,
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read news, search information, and communicate with friends. Application developers
should design SBMS which requires minimal effort to download, update, and use. User
expectation for rapid download, painless learning process and immediate application of an
app has already become a norm. Additional effort and system complexity can deter people
from adopting a however useful technology [54].

5.2. Limitations and Future Research

Limitations of the study include the cross-sectional design which captured respondent
perceptions of SBMS attributes and how they perceived factors influencing their intention
to use SBMS at the time of survey. Future research can set up a longitudinal design
to reveal changes in the opinions and perceptions of building professionals over time.
Second, postgraduate engineering students in a part-time master’s program in Hong Kong
and their professional colleagues and friends in building-related industries made up the
study’s sample, researchers and practitioners should generalize the study’s findings in
other contexts with cautions. It is suggested that the study can be replicated with a random
sample in the building-related industries. Third, common method variance could exist in
the data theoretically. Therefore, Harman's single factor test was performed as a post hoc
statistical test. The 23 items of the refined UTAUT2 did not form a single factor in an EFA.
Moreover, the first factor did not account for the majority of total variance in the unrotated
factor solution, implying minimal common method variance. Nevertheless, to further rule
out possible common method variance, future research should adopt procedural remedies
such as introducing data sources other than respondents reporting their own perceptions.

6. Conclusions

Smart buildings are building blocks of urban sustainability and SBMS is one of the
emerging technologies making commercial buildings smart. Sampling 327 building profes-
sionals in Hong Kong, the study identified two dimensions of SBMS attributes: intelligent
building operations and safety and recovery readiness. Specifically, intelligent building op-
erations include automated and optimal start/stop, monitoring, controlling, and schedule
building systems with intelligent and interactive interfaces, implying the importance of
electrical and control engineering in smart building management. Additionally, the study
identified factors influencing building professionals’ intention to use SBMS in commercial
buildings based on the refined UTAUT2, among which facilitating condition affect building
professionals’ intention to use the system mostly, through other factors. Habit, hedonic
motivation and effort expectancy also affect building professionals’ intention to use the
system significantly and directly. Based on the above findings, the study offered several
important practical and managerial implications for building professionals including elec-
trical engineers and their organizations to design and develop more effective SBMS in
commercial buildings.
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Appendix A

Table Al. Smart building management system attributes (means and standard deviation).

Total (N = 327)

Male (N = 267)

Female (N = 60)

Gender Difference

Attribute Mean SD Mean SD Mean SD (p < 0.05)
- A smart building management system should ...

- provide intelligent & optimal start/stop of building systems 4.14 0.777  4.09 0.773  4.37 0.758 Yes
- monitor and control building facilities 4.24 0.765  4.19 0.765  4.42 0.753 Yes
- provide optimal equipment time scheduling 4.08 0.830  4.06 0.837  4.20 0.798 No
- enable alarm settings and automatic notifications 417 0.807 412 0.798 442 0.809 Yes
- support maintenance processes 3.98 0913  3.96 0917  4.07 0.899 No
- enable disaster management and automatic recovery 3.87 0.878  3.83 0.853  4.03 0.974 No
- ensure building safety 4.07 0.893  4.01 0.876  4.33 0.933 Yes
- have an intelligent and interactive interface 4.08 0.773  4.06 0.768  4.18 0.792 No
- adopt open communication protocols 3.83 0.896  3.82 0.880  3.90 0.969 No
- be expandable for Internet of Things (IoTs) 4.02 0.893  3.99 0.905  4.20 0.819 No
- enable trending and data analysis 4.02 0.905  3.98 0.901  4.18 0.911 No
- enable building users to make adjustments 3.91 0.896  3.87 0.894 412 0.885 No

Note: Items rated on a 5-point Likert scale, ranging from 1 = strongly disagree to 5 = strongly agree.

Appendix B

Table A2. Measurement items (BMS stands for building management system).

Construct Item Factor Loading *
Effort expectancy - Learning how to use smart BMS is easy for me. 0.76
- My interaction with smart BMS is clear and understandable. 0.81
- I find smart BMS easy to use. 0.79
- It is easy for me to become skillful at using smart BMS. 0.79
Porf - I find smart BMS useful in my daily life. 0.73
erformance expectancy . . A .
- Using smart BMS increases my chances of achieving results that are important to me. 0.78
- Using smart BMS helps me accomplish things more quickly. 0.63
Social influence - People who are important to me think that I should use smart BMS. 0.75
- People (i.e., managers) who influence my behavior think that I should use smart BMS. 0.80
- People (i.e., professional peers) whose opinions I value think that I should us smart BMS. 0.76
Facilitati o - I have the resources necessary (from the organization) to use smart BMS. 0.82
acilitating condition . . o
- I have the knowledge necessary (including training) to use smart BMS. 0.74
- Smart BMS is compatible with other technologies we currently use in the organization. 0.71
- I can get help from others in the organization when I have difficulties using smart BMS. 0.56
Hedonic motivation - Using smart BMS is fun. 0.83
- Using smart BMS is enjoyable. 0.91
- Using smart BMS is entertaining. 0.84
Habit - The use of smart BMS has become a habit for me. 0.83
- I must use smart BMS. 0.84
- Using smart BMS has become natural to me. 0.89
- Tintend to continue using smart BMS in the future. 0.76
Intention to use smart BMS - I'will always try to use smart BMS in my work life. 0.80
- I plan to continue to use smart BMS frequently. 0.84

Note: * Factor loadings were obtained for confirmatory factor analysis.
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