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Abstract

A cursory review of the Building Management System (BMS) which optimizes building performance as a move towards smart cities has
been presented in the present study. The extant study is an effort to distinguish and analyze the circumstances as if the underdeveloped
economies are less likely to be benefitted by the contemporary trends of BMS as compare to the developed countries. Moreover, the
current study identifies the factors which may cause to render the managerial acceptance for using BMS through the Technology
Acceptance Model (TAM). TAM was used to measure four behaviors (latent factors) namely subjective norms, organization support,
compatibility, and technology complexity. The data were statistically evaluated via multiple regression analysis using the Statistical
Package for Social Sciences (SPSS). Results suggested that organization support and compatibility have a significant influence on
managerial intentions to use BMS while subjective norms, technology complexity have no significant influence. The findings of this
study may serve as guidelines for improvement in the acceptance process and using building management systems in commercial
sectors of developing countries.
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1 Introduction

Different sectors of a country consume energy to carry out
their desired activities for various purposes [1]. According
to the International Energy Outlook Report 2017 [2],
released by US Energy Information Administration, indi-
cated the energy demands expected to rise over the next
three decades in the countries outside the Organization
for Economic Cooperation and Development (OECD),
particularly in Asia. Non-OECD Asia, including China
and India, account for more than half of the world’s total
increase in energy consumption over the period spanned
from 2015 to 2040. Many Asian countries have adopted
or announced newer policies for implementing programs
regarding energy conservation [3]. In these programs, var-
ious points focus on energy management in large buildings

[2]. The energy in any building is mainly used for lighting,
equipment and for HVAC (cooling and heating) systems.
Making those buildings more efficient may help own-
ers to save their energy consumption and their expenses.
The conception referring to the shift of the globe towards
smart cities conferred to be the initial cells among oth-
ers in entire cities [4]. Smart buildings make smart cities
and hence help in making sustainable urban environment
and in managing important resources [5]. The main inten-
tion of the management of any organization is to focus its
activities in the line of reducing operating costs by intro-
ducing energy reduction practices. The operational phase
of a commercial building is significantly longer than the
design and construction phase of a project. The operational
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cost of a building is about 60 to 85 percent of the total life-
cycle cost, whereas the design and construction are about
five to ten percent [4, 6]. Acquisition, renewal, and dis-
posal costs are between five and 35 percent of the total life
cycle cost [6].

For converting the buildings into smart and intelligent
disposition, Building Management Systems (BMS) may
be utilized for saving their energy [3, 7]. BMS are gener-
ally installed in various facilities for the conservation of
energy and it has been shown in studies that implementa-
tion of these systems may help to reduce their consump-
tion of energies significantly when compared to normal
or conventional ways of doing energy reduction without
using BMS [8, 9].

In developing economies, few organizations are using
BMS so far and this behavior indicates that there might
be issues in not utilizing and accepting this technology
for energy conservation. Technology Acceptance Model
(TAM) has been used in various researches for exploring
behavioral intentions of users and is well known, frequently
applied and proven model in this regard for measuring the
acceptance of new technologies in various sectors [10].
Previous studies have focused on industrial and domestic
sectors, whereas, the extant study primarily focuses on the
commercial sector to employ BMS for energy conservation
and reduction in buildings' life cycle cost [11].

This article assesses the perspectives of managerial tiers
in the commercial sector by measuring the level of influ-
ence of four latent factors of Technology Acceptance Model
(TAM) that affect the behaviors in terms of accepted prac-
tices for using the Building Management System (BMS)
in Pakistan. However, Pakistan has been reckoned as well
defined since the last decade by foreign and local investors
for the construction of high rise buildings containing inter-
national chains of hotels, malls, residential facilities, and
corporate offices [12, 13]. By the addition of each high-
rise building, energy demand increases in the commercial
sector, which affects the total energy distribution and load
management. Pakistan has been facing an acute shortage of
power for more than a decade, therefore, energy demands
for the commercial sector could be higher in the future
than other sectors if the right approach would not be taken
into account [14, 15]. Hotel and lodging, health care, edu-
cational institutions, retail facilities, services, and office
buildings are generally considered in this domain.

The next section offers a brief overview of the literature
addressing the benefits of using BMS practices as well as
previous use of TAM to measure the acceptance of new

Magsoom et al. | 691
Period. Polytech. Civ. Eng., 64(3), pp. 690-701, 2020

technologies. The third section encompasses the study's
methodology and research framework and the fourth sec-
tion provides our main findings and discussion. The arti-
cle's final section offers conclusions and recommendations
as well as limitations of the current study and future work.

2 Literature review

2.1 Building Management System (BMS)

The basic principle of BMS is to automate every system
and to manage all the resources of the building [16]. This
system can provide monitoring and control over building
operational systems in order to get business and function-
ing efficiency. Buildings that have these systems installed
consume less energy as compared to the structures without
these systems [17], authors suggest that energy consump-
tion decreases significantly in the buildings where auto-
mated hybrid systems have been installed. However, the
current study compares both factors and draws the conclu-
sion that intelligent buildings consume less energy when
compared with traditional buildings (without automated
systems). It also suggests that these buildings can reduce
fuel consumption as well as CO, emissions (green build-
ing concept). Borkowski and Pawloski [16] suggested in a
study, which was carried out in Warsaw (Poland) for office
and residential buildings, that by implementing building
automation systems, it is possible to efficiently use energy
and power and can have financial savings that lead to
lower energy consumption and reduction in maintenance
costs. Sita and Dobra [18] were in view that city resource
management resource systems and the benefits including a
reduction in resource consumption in order to save energy
and resources for the future have characterized globally
accepted phenomenon. If BMS installed structures can be
integrated with city resource management systems, a huge
amount of city resources could be saved in that pattern.
The BMS application generally saves energy by 25 % and
manpower by 50 %; in a study of an airport, it was revealed
that the load of the HVAC system took up about 40 % of
the total power of that facility and the load on the lighting
system was about 35 % [19]. It can be easily observed that
both systems consume a considerable part of the energy of
the airport terminal. Kolokotsa et al. [20] concluded that
the fuzzy controller (for building automation) satisfies the
indoor comfort requirements giving priority to passive
techniques for heating, cooling, and lighting, thus mini-
mizing the energy use by almost 38 % without compro-
mising indoor comfort. Macarulla et al. [21] determined
that the results of the testing period revealed that the
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proposed control strategy reduced gas energy consump-
tion by 19.69 %, without compromising the building users'
thermal comfort. The energy demands in the developing
countries in South East Asia, Middle East, South America
and Africa will be increased by 3.2 % in 2020 on average
per annum. In other developed countries it will be 1.1 % on
average. In the categorization of overall energy consump-
tion, buildings will be using 20 to 40 % of produced energy
in any given country with third in ranking after industry
and transport [22]. Cingoski and Petrevska [23] suggest
that hotels in Macedonia consume a substantial amount
of energy for carrying its tourism operation. The tourists
are fully aware of numerous environmental concerns the
tourism development is facing, so they have shifted their
accommodation preferences towards eco-friendly hotel
establishments by preferring green products and showing
a willingness to pay for "green" services. Consequently,
the hotel industry is becoming increasingly environmen-
tally responsible for taking care of energy efficiency.

It is obvious from various works of literature that by
using a management system to control building opera-
tions, reduction in energy requirement has been observed
and implies that there will be a definite saving in energy
using BMS and where BMS is not yet installed, industry
people are focusing on energy reduction seriously.

2.2 Technology Acceptance Model (TAM)

In 1975, Fishbein and Ajzen [24] proposed the Theory of
Reasoned Action (TRA). This theory has become widely
accepted in psychological researches. According to this the-
ory, one's behavioral intention affects one's actual behavior.

It explained that one's behavioral intention for a specific
behavior is affected by one's attitude and subjective norms.
In terms of explanatory authority or theoretical basis,
TRA has received a considerable degree of support and
recognition. Keeping in view the aforementioned theory,
Davis [10] have worked on TRA to explore the relation-
ship among perception, factors of affections and technol-
ogy usage, he used his results to construct the well-known
Technology Acceptance Model (TAM) as shown in Fig. 1,
which proposes that users' acceptance of a new system is
affected by their attitude toward using the system. This
model discusses the human behaviors regarding accep-
tance or adoption of new technologies.

The model has four major attributes of human per-
ceptions or behaviors and these are highly dependent on
each other to accept the new technology. This model is
presented on the left side for placing appropriate external
factors that could be influential to both attributes i.e., per-
ceived usefulness and perceived ease of use at required cir-
cumstances. TAM basically defines the users' perspectives
of adopting new methods or technologies with the help of
perceived ease of use (PEU), perceived usefulness (PU)
and attitude (A). These three basic behaviors determine
the human perception of adoption. After the publication of
Davis' study, many researchers used this model for investi-
gation of user's perspectives towards acceptance of newer
technologies and found this model valid for results [25].

Dulcic et al. [26] found in Croatia and suggested that
perceived usefulness and perceived ease of use are import-
ant factors for using Decision Support Systems (DSS) in
the management decision process. Holden and Karsh [27]
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concluded in their research that Technology Acceptance
Model (TAM) helps to find out the future of health IT,
they suggested with appropriate factors, TAM could be
used in the future to have newer technologies in the health
sector. Ozbek et al. [28] used TAM to assess the accepted
behaviors in university students in their personality traits
by using smartphones. Belanche et al. [29] clinched their
study in Spain which tested the results of TAM with the
external factors of trust and personal values (time con-
sciousness and environmental concern) for e-government
services adoption. In a Malaysian study, Ariff et al. [30]
tested TAM with some external factors for acceptance of
the internet banking system in undergrad students of mar-
keting and was found valid. In Egypt, TAM was tested by
Farahat [31] to assess learning through the online educa-
tion system, university students have participated in this
research and it was found that factors of TAM play import-
ant role in accepting the system. In Tunisia, Ibrahim [32]
carried out research to find if the fantasy sports website
will be accepted or not and the results indicated that the
technology complexity factor led to higher perceived
ease of use. Al Jardali et al. [33] conducted a study in
Lebanon by using TAM for its model testing in order to
investigate the intentions of using balanced scorecard and
Information System in public sector organizations, this
study has also used TAM for its model testing. Rajan and
Baral [34] studied in India to find out the factors influ-
encing the usage of ERP systems to end-users with some
latent factors and suggested that organization support and
compatibility have a positive influence on end-users. Chin
and Lin [35] conducted research in Indonesia in order to
investigate the perspectives of BMS users in manufac-
turing industries. They used TAM with external factors
in their proposed model. Results suggested that only two
external factors, which are compatibility and technologi-
cal complexity, supported their model. The authors stud-
ied the workers' perspectives and suggested that manage-
rial perspectives with relevant latent factors need to be
studied for future researches.

Technology Acceptance Model (TAM) has been used
widely around the world to determine the acceptable
behaviors in different countries for the adoption of new
technologies and amazingly found this model valid for
almost all cases. Therefore, this study chose this model for
finding appropriate external factors for using BMS tech-
nology by managers and to carry forward with the gap
identified by Chin and Lin [35].
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2.3 Proposed external factors for TAM

This study considers four elements as external latent fac-
tors for TAM in order to explore managerial perspectives
of using BMS after reviewing a vast range of reputed jour-
nal papers. These elements include subjective norms (SN),
organizational support (OS), compatibility (C) and tech-
nological complexity (TC).

2.3.1 Subjective norms

Subjective norms possess the concept of a substantial
group or person's belief in order to support a specific code
of conduct. Subjective norms are determined by the per-
ceived social pressure from others for an individual to
behave in a certain manner and their motivation to comply
with those people's views [36].

2.3.2 Organization Support

In organizations that use technical systems, organizational
support affects behavioral intention to use the system [24].
Organization support was categorized by Lee et al. [4] into a
technology support and management support. Organization
support (OS) is defined as the willingness of top manage-
ment to provide the necessary resources and authority or
power for project success [37].

2.3.3 Compatibility

Compatibility (C) can be explained as the degree to which an
innovation is perceived as consistent with the existing val-
ues, past experiences, and needs of potential adopters [38].

2.3.4 Technological complexity

Aiman-Smith and Green [39] defined technological com-
plexity as the extent to which new technology is more
complicated for its user than the previous technology used
for the same or similar work, and represents an increase
in the number of things the user must do at once. It can be
explained also as an individual perception of the difficulty
understanding and using new technology [40—42].

These factors have been used in various pieces of litera-
ture in the past separately and have not been used simultane-
ously for TAM to analyze the adoption of BMS. This study
uses these factors in an integrated form and selects the com-
mercial sector of Pakistan as a case study. Some references
for their uses in the past studies are mentioned in Table 1.

Venkatesh and Davis [36], have conducted research by
using longitudinal studies. They used subjective norm to
test its influence on user acceptance and found that this
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Table 1 External factors for TAM

Factors Supported Literature

Subjective norms Venkatesh and Davis [36], Chin and Lin [35],
(SN) Chou and Yutami [40], Son et al. [42]

Wong et al. [11], Rajan and Baral [34],
Son et al. [42], Amornkitpinyo
and Wannapiroon [43]

Organization
support (OS)

Compatibility (C) Davis [10], Rajan and Baral [34]

Technology
complexity (TC)

Chin and Lin [35], Chou and Yutami [40],
Son et al. [42]

factor has a significant influence on PU and BI. Chin and
Lin [35] have studied user's perspectives on manufactur-
ing industries in Indonesia and tested the influence of sub-
jective norms, compatibility and technology complexity
on the Technology Acceptance Model. They found com-
patibility and technology complexity as critical factors for
TAM. Chou and Yutami [40] have studied regarding smart
meters' use in residential buildings in Indonesia. Their
study found subjective norms and technology complex-
ity as critical factors for user acceptance by using TAM.
Son et al. [42] have conducted research on the acceptance
of mobile computing devices in the construction industry
in South Korea. They used subjective norms, organization
support, and technology complexity to test their influence
on the user's acceptance and found that all three factors
have a significant influence on TAM. Amornkitpinyo and
Wannapiroon [43] have studied the causal relationship
model of the technology acceptance process for learning
innovation in the modern era. They used organization sup-
port to test the model in their study. Chuo and Yutami [40]
have conducted research on finding the effects of some

factors on the usage intention of e-learning in the hospital.
They used organizational support along with other factors
and found it as a critical factor for TAM.
Based on the literature discussed above, the following
hypotheses are proposed for testing the model:
H1: Subjective Norm (SN) has a significant influence on
Behavioral Intention (BI) of managers to use BMS
H2: Subjective Norm (SN) has a significant influence
on Perceived Usefulness to Use (PU) of managers
to use BMS
H3: Organizational Support (OS) has a significant influ-
ence on Perceived Usefulness (PU) of managers to
use BMS
H4: Compatibility (C) has a significant influence on
Perceived Usefulness (PU) of managers to use BMS
H5: Compatibility (C) has a significant influence on
Perceived Ease of Use (PEU) to use BMS
H6: Technology Complexity (TC) has a significant
influence on Perceived Expected Ease of Use
(PEU) of managers to use BMS
H7: Perceived Ease of Use (PEU) has a significant influ-
ence on Perceived Usefulness (PU) of the mana-
gers to use BMS
H8: Perceived Usefulness (PU) has a significant influ-
ence on Attitude (A) of managers to use BMS
H9: Perceived Ease of Use (PEU) has a significant
influence on Attitude (A) of managers to use BMS
H10: Attitude (A) has a significant influence on Beha-
vioral Intention (BI) of managers to use BMS
Based on these hypotheses, behavior analysis is perfor-
med to explain the managerial acceptance for BMS. The
proposed research model is presented in Fig. 2 indicating

Technology Acceptance Model

Fig. 2 Proposed research model



all hypotheses and external factors for TAM. The suggested
model is developed to elaborate on the influence of latent
factors on the Technology Acceptance Model (TAM).

3 Methodology

3.1 Procedure

The objective of this study aims to explore and analyze the
behaviors, which are essential for acceptance of a specific
technology called Building Management System (BMS)
generally used in large buildings for the conservation of
energy. It was achieved by conducting a behavior analysis
of functional managers, which are currently using this sys-
tem in the commercial sector. This study adopted a quan-
titative approach, which included a review of the literature
and an analysis of relevant publications for selecting appro-
priate latent factors for measuring behavior acceptance.
Knowledge was also gained from relevant sources for smart
buildings and energy-efficient concepts. The quantitative
approach covered data analysis obtained from the survey
questionnaires. For quantification, ten hypotheses have
been developed for testing their influence. This research is
a cross-sectional study i.e., taking information for one time
only and preparing results from that information.

3.2 Questionnaire development

A survey questionnaire was developed to conduct the
data collection part. The proposed model offers ten rela-
tionships for testing. These relationships were measured
through questions that were prepared after extensive study
of the literature and previous studies related to BMS and
TAM. Ten relationships, as shown in Figc2, were consid-
ered as hypotheses and each hypothesis was measured
through five items. In the questionnaire, research items are
referred to as questions, which are fifty questions in total.
The response for each question was gauged through a
S-point Likert scale where 1 represents strongly disagree,
2 represents disagree, 3 represents neutral, 4 represents
agree and 5 represents strongly agree. The questionnaire
consisted of three sections, first inquired about the respon-
dents’ general information, second questioned about com-
pany information and the third section included queries
regarding the evaluation of the proposed research model.
All participants in this study observed the same ques-
tionnaire. In the third part of the questionnaire survey, a
set of questions were asked about the main factors of the
model which are perceived ease of use (PEU), perceived
usefulness (PU), attitude (A) and behavior intention (BI).
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Another set of questions was asked about the external fac-
tors of the proposed model which are compatibility (C),
technology complexity (TC), subjective norms (SN) and
organizational support (OS).

3.3 Sample selection

BMS technology is not being used extensively in Pakistan
so far and there are very fewer companies and buildings
that are using it, therefore the total population for this study
was not much. Efforts were made to find out for all those
companies that are using the BMS system and with the
reference contacts, most of the buildings have been iden-
tified which are using this system in Punjab province of
Pakistan. The questionnaire was also sent to Sindh prov-
ince, but the response rate was very low because it was
sent through e-mail service only. In Punjab province, the
questionnaire was sent to approximately 90 % of the sub-
ject population while the snowball sampling technique was
used for Sindh province. Fifty-four (54) usable responses
were received out of 110 questionnaires sent to the main
cities of both provinces of Pakistan namely Islamabad,
Rawalpindi, Lahore, Faisalabad, Multan, Hyderabad and
Karachi on which analysis was carried out.

3.4 Statistical analysis

Statistical Package for Social Sciences (SPSS) was used to
analyze the received data. Demographic information was
collected and then after finding validity and reliability of
questions, study results were generated by using correla-
tion analysis followed by multiple regression analysis for
hypotheses testing.

4 Findings

4.1 Data Characteristics

The data was collected from organizations that have been
working in the commercial sector of Pakistan and are
working in different services areas like service provid-
ers, healthcare, hospitality, and shopping malls. Section 1
and 2 of the questionnaires were related to demographic
information of respondents and their firms. These sections
were focused on gender, age, qualifications, professional
experience, type of organization, a position attained and
their BMS usage experience (Table 2).

The data in Table 2 showed the respondents' ages, quali-
fications, positions and experience in BMS are lying on the
normal curve while professional experience and types of
organization are not following it. Most of the respondents
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Table 2 Profile of surveyed respondents

Characteristics Frequency Percentage
Age (years)

Less than 25 6 11
25t0 35 24 44
36to 45 15 28
Above 45 9 17
Qualifications

Diploma/Certificate 15 28
Bachelors 30 56
Masters 9 16
Professional experience (in years)

Ito5 21 39
6to 10 9 17
Above 10 24 44
Type of organization

Service providers 45 82
Hospitality 3 6
Healthcare 3 6
Malls 3 6
Position attained

General manager 18 33
Director 21 39
Head of department 15 28
BMS usage (years)

Less than 1 12 22
Ito5 30 56
More than 5 12 22

are representatives of service providers because many
organizations have outsourced the operation and main-
tenance of BMS technology to their service providers,
whenever a problem is detected in the system, represen-
tatives of service providers are contacted for problem rec-
tification. Few other organizations are related to hospital-
ity, healthcare, and malls. The participants of this study
have various BMS experiences and positions in their firms
at mid and top-level namely General Managers, Directors
and Heads of Department.

4.2 Validity and reliability results

Regarding the validity and reliability of results, the values
of factor loadings have passed through the minimum thresh-
old of 0.4 recommended by Straub et al. [44]. This indicates
that the content of the questionnaire was good enough to
explain the dimensionalities of SN, OS, C, TC, PEU, PU,
A and BI. The values of Cronbach’s alpha have been found
to be above 0.7 as recommended by Chou and Yutami [40].

4.3 Correlation coefficients

Pearson correlation coefficients have been found for know-
ing the strength of the relationships between the variables
of the proposed hypotheses. These coefficients indicate the
association between the variables chosen in the hypotheses
(Table 3).

Table 3 shows that the association between the variables
used in the hypotheses is good enough except for the sec-
ond hypothesis. Pearson correlation coefficients suggest
that the relationship between SN and PU is weak with the
insignificant level while the relationships of all other vari-
ables are strong at a good significance level. The results of
correlation analysis allow the study to proceed for regres-
sion analysis to find the influence of variables in all hypoth-
eses except the second.

4.4 Multiple regression analysis

Multiple regression has been used for making the regression
equation to predict the values for dependent or response
variables, which shows the unit changes in independent or
explanatory variables. This tool also calculates the influ-
ence and causal effects of independent variables on depen-
dent variables. The model of this study describes that there
are four dependent variables with more than one indepen-
dent variable therefore multiple regression has been used
for testing of proposed hypotheses. According to the pro-
posed model of the study, there are four dependent vari-
ables namely PU (perceived usefulness), PEU (perceived
ease of use), A (attitude) and BI (behavior intention). These
four dependent variables have more than one independent
or explanatory variable. In the following, multiple regres-
sion analysis was performed for each above-mentioned
dependent variable and the results are shown.

Table 3 Correlation coefficients of variables

Hypothesis Pearson's Correlation Significance
SN = BI 0.610 0.000
SN = PU 0.073 0.599
OS = PU 0.608 0.000
C=>PU 0.581 0.000
C = PEU 0.780 0.000
TC = PEU 0.569 0.000
PEU = PU 0.701 0.000
PU= A 0.790 0.000
PEU = A 0.782 0.000
A = BI 0.964 0.000




4.5 Analysis of perceived usefulness (PU)

The coefficient of determination tells us that the R square
value is 0.559 with a standard error estimate of 0.395
(Table 4). This indicates that the collective effect from all
independent variables on the dependent variable is approx-
imately 56 %.

In Table 5, it is obvious that the dependent variable PU
has four independent variables namely SN, OS, C and PEU.
SN has a standardized beta value of 0.100 with the signif-
icance of 0.373 and it is known that the significance level
should not be more than 0.05 for its acceptance. So, keep-
ing that in view, SN has no significant effect on PU. OS
has a standardized beta value of 0.496 with a significance
of 0.012 which indicates that OS has a considerable effect
on PU. C has a standardized beta value of -0.325 with the
significance of 0.151 which is again not acceptable accord-
ing to statistics. Finally, PEU has a standardized beta value
of 0.626 with a significance of 0.000 and this is the most
effective variable on PU.

4.6 Analysis of perceived ease of use (PEU)

The second dependent variable of the study is PEU, which
has two independent variables C and TC. The value of R
square is 0.616 with a standard error estimate of 0.407
(Table 6). The value of R square shows that the collected
effect of both independent variables on the dependent
variable is around 62 %.

C has a standardized beta value of 0.708 with a signifi-
cance of 0.000 while TC has a standardized beta value of
0.113 with a significance of 0.325 (Table 7). In this analysis,
it is clear, that C has a large effect on PEU with a greater

Magsoom et al. | 697
Period. Polytech. Civ. Eng., 64(3), pp. 690-701, 2020

for its acceptance. On the other hand, TC has a very low
impact on PEU with a significant level higher than the
acceptable range. Therefore, only C has to be considered
for the final model.

4.7 Analysis for Attitude (A)

The third dependent variable of the study is A with two
independent variables that are PU and PEU. Table 8 shows
that the R square value is 0.755 with a standard estimate
error estimate of 0.322 (Table 8). R square value suggests
that both independent variables have collected an effect on
the dependent variable equal to 76 %.

Table 9 suggests PU having a standardized beta value of
0.490 with a significance of 0.000 while PEU has a stan-
dardized beta value of 0.470 with the significance of 0.000
which indicates that both independent variables have con-
siderable weights in a regression equation with very high
significance level. So, both variables have been considered
for the final model of the study.

4.8 Analysis for Behavior Intention (BI)

The last dependent variable is BI, which is the actual con-
vincing behavior of the managers for using BMS tech-
nology. BI has two independent variables in the proposed
model, which are SN and A. Referring to Table 10 the R
square value is 0.931 with the minimum standard error
estimate value of 0.141 which is very good in statistical
analysis. This tells us that both independent variables have
collected an effect on the dependent variable around 93 %.

Table 7 Path coefficients

beta value of 0.708 and its significance is high enough Model St. BCoefficients Sig.
C 0.708 0.000
Table 4 Coefficient of determination (PU) TC 0.113 0.325
R R Square Adjusted R Square
0.748 0.559 0.523 Table 8 Coefficient of determination (A)
R R Square Adjusted R Square
Table 5 Path coefficients 0.869 0.755 0.745
Model St. BCoefficients Sig.
SN 0.100 0.373 Table 9 Path coefficients
os 0.496 0.012 Model St. BCoefficients Sig.
C -0.325 0.151 PU 0.490 0.000
PEU 0.626 0.000 PEU 0.470 0.000
Table 6 Coefficient of determination (PEU) Table 10 Coefficient of determination (BI)
R R Square Adjusted R Square R R Square Adjusted R Square
0.785 0.616 0.601 0.965 0.931 0.928
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Table 11 reflects SN having a standardized beta value
of 0.045 with a significance of 0.331. Effect value for SN
has a very low impact on the dependent variable BI with
an unacceptable significance level. A has a standardized
beta value of 0.937 with the significance of 0.000 which is
highly acceptable for the study. So, A has been considered
for BI as an important behavior to accept new technology.

Finally, the study has some significant behaviors for
suggesting the final model. Based on the statistical anal-
ysis, the following is the presentation of the hypotheses
testing results (see Table 12).

Table 12 shows the summary of results for hypotheses
testing. The test results show that 6 out of 10 hypotheses
are supported. The hypotheses that are supported in the
current research included H3, H5, H7, H8, H9, and H10.
Whereas, this study results couldn’t find any significant
support for hypotheses H1, H2, H4 and H6 as their p-val-
ues were greater than 0.05.

5 Discussions

This research identifies that subjective norms have no
impact on behavior intention (H1 not supported) and per-
ceived usefulness (H2 not supported). Organization sup-
port has a positive impact on perceived usefulness (H3 sup-
ported). Compatibility has a negative impact on perceived
usefulness (H4 not supported) and has a positive impact
on perceived ease of use (H5 supported). Technology com-
plexity has no impact on perceived ease of use (H6 not
supported). These are the external factors that have been
tested in the Pakistani commercial sector. As it has been

Table 11 Path coefficients

Model St. BCoefficients Sig.
SN 0.045 0.331
A 0.937 0.000

Table 12 Results of hypotheses testing
H# Hypotheses § p-Value Findings
H1 SN = BI 0.045 0.331 Not Supported
H2 SN = PU 0.100 0.373 Not Supported
H3 OS = PU 0.496 0.012 Supported
H4 C = PU 0.325 0.151 Not Supported
HS5 C = PEU 0.708 0.000 Supported
H6 TC = PEU 0.113 0.325 Not Supported
H7 PEU = PU 0.626 0.000 Supported
HS8 PU= A 0.490 0.000 Supported
H9 PEU = A 0.470 0.000 Supported
H10 A = BI 0.937 0.000 Supported

observed that subjective norms have no influence on man-
agerial behavioral intention and on perceived usefulness as
in today's world businesses are getting more intelligent and
people involved in any activity or business make their deci-
sions on data rather than on others' opinions. Organization
support has a significant influence on perceived usefulness
because decisions of top management are always consid-
ered to be important for future growth, therefore if man-
agement supports for new technology then its adoption will
be very easy and useful [45]. System compatibility does
not have any influence on perceived usefulness as compat-
ibility is not responsible for the importance of the system
while it has a significant influence on perceived ease of
use because if new technology has compatible properties
with existing systems then it will create more interest and
acceptability. If there is a genuine need for new technol-
ogy, then its complexity does not matter. The results of this
study are consistent with Magsoom and Charoenngam [12]
and Mohammad A. Hassanain et al. [46] for organization
support and with Lowry [38] for compatibility, whereas
they are partially consistent with Chin and Lin [35] and
Chou and Yutami [40] due to difference in sample form.

Basic TAM was also tested and found that perceived
ease of use has a positive impact on perceived usefulness
(H7 supported). Perceived usefulness (H8 supported) and
perceived ease of use have a positive impact on attitude
(H9 supported). Attitude has a positive impact on behavior
intention (H10 supported). All hypotheses in the original
TAM are supported because this was developed after a
rigorous study by Davis in 1989 [10]. The model explains
the inter-related behavior of users for the adoption of new
technologies. Any user may start using new technology
after his or her positive intention towards that particular
system. This positive intention (Behavior Intention) is
triggered by the attitude (A) of that person for that technol-
ogy or system. Now according to Davis, attitude may be
influenced through two behaviors namely perceived use-
fulness and perceived ease of use. Perceived ease of use
may trigger the perceived usefulness of a system. These
behaviors are all linked with one another in a particular
fashion and hence all hypotheses regarding these behav-
iors are supported in this study.

6 Conclusions

The aim of this research is to analyze the influence of exter-
nal factors of the Technology Acceptance Model (TAM)
on working managers for using Building Management
System (BMS) in the commercial sector, as this will serve



a guideline and the roadmap for energy conservation in
buildings. Therefore, this research relates to the factors
influencing managerial behaviors to accept this technol-
ogy in their respective organizations. These behaviors are
measured through a model proposed by Davis [10] called
the Technology Acceptance Model (TAM). The first ver-
sion of TAM is used for testing the proposed hypotheses
with four external factors namely, subjective norms, orga-
nization support, compatibility, and technology complex-
ity. However, it has been found that only two factors that
are organization support and compatibility influence the
user behaviors through perceived usefulness, perceived
ease of use and attitude. Finally, the results of the study
will be very useful for understanding the aspects of mana-
gerial intentions for using this state-of-the-art technology.
Previous researchers have mostly conducted their studies
in manufacturing sectors with a non-managerial popu-
lation as their samples. However, this study focused on
finding managerial perspective in the commercial sector
because in any organization decision-makers are always
the top management including CEOs, Directors, and
Managers, therefore viewpoints of these positions matter a
lot in accepting and using new technologies. The results of
this study point out the thinking and perspective of man-
agerial posts in the commercial sector for adopting the
Building Management System.

6.1 Implications

The research assessing the managerial perception of man-
agers regarding BMS usage in the commercial sector has
been limited. Some studies focus only on the industrial sec-
tor to measure acceptance behavior for using BMS [35]
or putting an accent only to the application of managerial
perspectives of Hoteliers to use energy conservation tech-
niques [23]. The current work doesn’t restrict itself to such
a focused approach in hotels or industry only, but it contrib-
utes to the previous literature by examining the whole com-
mercial sector having different businesses and operations,
which represents its novelty. The current research also has a
practical contribution as it recommends a new approach in
the commercial industry to decrease the operating costs and
suggests that managers are in need of a better understanding
of using BMS and the importance of energy efficiency. The
study proposed that managers should induce more pro-en-
vironmental attitudes that are easily manageable if prepar-
ing various types of plans that may assist in initiating, mon-
itoring and tracking the energy savings.
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The key findings of this study, which have been gener-
ated from empirical pieces of evidence, will be useful for
the policymakers and decision-makers in knowing about
the needs of the managerial tiers working in the commer-
cial sector. In addition, understanding of adoption factors
will drive policymakers to formulate and develop strat-
egies to increase the intention of the managerial tiers to
adopt Building Management Systems to get its benefits.

The increased usage of BMS technology can bring
many more benefits such as operational excellence, cost
and time savings, increased efficiency, effectiveness
and quality of public services. This point is significantly
important in the commercial sector as the business activ-
ities are mostly run in this area. The government should
implement energy-saving laws to make all sectors work-
ing in the same direction. Most of the owners and top
management in developing countries, predominantly, the
countries like Pakistan are unable to access these types
of beneficial technologies because of inadequate resources
and lack of awareness. The government should make the
commercial sector aware of these services to boost the
usage of those services and try to reduce the taxes on the
purchasing of these expensive technologies. BMS service
providers can use the results of this study for making their
future strategies for sale and services and can focus on
significant variables, which are organizational support and
compatibility of the existing systems in buildings to make
top management convinced and willing to use these valu-
able systems. However, it is anticipated that the findings
of this study will serve as guidelines for BMS users and
service providers to understand the required behaviors
regarding managerial perspectives.

6.2 Limitations and future directions

This study has some limitations that also need to be
addressed. The sample population is very small as this sys-
tem is not being widely used in Pakistan. Responses from
the Sindh province were very low due to the use of e-mail
services only. This research took a large amount of time
and faced data collection limitations; results could be bet-
ter if this study was a longitudinal one. Future research-
ers may try to explore other relevant perspectives by inte-
grating appropriate input variables or by applying TAM 2.
This study focuses on managerial tiers however future
studies may include owners, suppliers and other stake-
holders for empirical investigations.
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