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ABSTRACT: The use of Mobile Environmental Information System (MEIS) which integrates the use of mobile web,
devices and wireless sensor networks has the potential to enhance environmental information management and
communication processes among users and play an important role in field data acquisition and validation, to provide
real-time environmental data monitoring and, more importantly, to provide warning signs in the areas of construction
activities that require immediate corrective action. However, the understanding on the anticipated barriers for any
proposed systems that may arise during the implementation of the system are important to ensure the sustainability of
the systems in the long run. In this paper, this issue was addressed through the prototype demonstration and
evaluation sessions where the respondents had the opportunity to highlight the implementation barriers while testing
the functions of the ENSOCS web by using smartphones to perform the pre-defined tasks. As a result, the
practitioners in Malaysia and the UK had highlighted that these barriers include return on investment, operational
cost, legality issues, work procedures issues, technology and technical issues, technology adoption barriers and
network infrastructure. Therefore, from this research, the developers of mobile applications would obtain valuable
input with regards to understanding the requirements of construction environmental management teams as well as the
limitation for the implementation of MEIS within the construction industry.
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I. INTRODUCTION

It is widely accepted that Information and Communication Technology (ICT) contributes to the construction industry in
supporting tasks, easing communication barriers, speeding up processes and response time and in managing
information [1-3] and, as a result, brings increased effectiveness into the process of construction [4]. But unfortunately,
the industry remains behind other industries in many areas and it is still in the relatively early stage of adopting modern
internet technology [4-6]. Adoption is high in the design phase and in facility management but the use of ICT by
contractors and site workers is surprisingly low [7]. As construction work is mainly work out in the field and workers
are highly mobile [8-9], the traditional way of doing things is definitely not able to fulfil industry needs. Currently, the
delivery of necessary information to a construction site or of collected data back to the office is problematic and
slow [9].

Additionally, in some countries like Malaysia, research on, and the use of, IT and IT-enabled products for
environmental sustainability in the field (including within the construction industry) is low. Tushi et al. [10] in their
review of the literature from 2007 to 2013 have revealed that, based on the number of researches, most studies on
Green IS tend to focus on developed nations such as Australia (9), USA (6), UK (2), Sweden (2), New Zealand (1)
and The Netherlands (1). A lesser number of studies have reviewed still developing nations such as China (2),
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Morocco (1), Hong Kong (1), Serbia (1), South Africa (1), India (1) and Bangladesh (1) while research looking at
multiple countries has recorded (5) and none at all have focussed on Malaysia. Their findings might be limited to their
research methods but, based on the author’s 10 years’ working experience (2000-2010) as an environmental auditor
and manager at a well-known Malaysian public listed company and subsidiary within the field of construction and oil
and gas, it is fair to assume that the use of IT and IT-enabled products, especially for environmental surveillance,
among practitioners in Malaysia is still low as people generally only use desktop software and word processing
software (e.g. Microsoft Word, Lotus Word, Microsoft Excel, etc.) for the preparation of inspection reports, and use
emails and intranets for communication and the sharing of information and documents. Malaysian practitioners
currently rely on traditional communication tools (e.g. letters, e-mails, faxes and telephones) and paper-based
documents (e.g. the paper form of checklists, plans and manuals) while performing environmental surveillance and,
subsequently, manual reporting and record keeping processes e.g. paper-based reporting and filing cabinets. It is
envisaged that such current reliance on traditional communication tools will be re-confirmed in this research.

It is also important to note that, although the traditional methods are robust, they are certainly time consuming and
challenging [11]. Paper based checklists, plans and manuals, for instance, are difficult to carry in big quantities and
offer very limited sources of information at a particular time [12]. Most importantly, due to its nature, using paper
documentation means that practitioners are often unable to react swiftly to a rapidly changing context. Paper
documentation can often fail to demonstrate the interrelationship between activities and their consequences in a timely
manner. Moreover, the traditional paper based method is labour-intensive and exposed to deficiencies and
discrepancies [11, 13].

In contrast to the traditional paper based method, the use of mobile devices and real-time data streaming through the
Web has the potential to enhance information management and communication processes among participants and play
an important role in field data acquisition and validation, to detect potential environmental impacts [14] and, more
importantly, to provide warning signs in the areas of construction activities that require immediate corrective action
[15]. The ability to identify potential environmental impacts as early as possible is vital to any project of any size and
scale because ‘‘prevention is always better than cure’” (Nikander & Eloranta, 1997, cited in [15]). Environmental
professionals can easily carry mobile devices with wireless communication connection to field locations for their data
collection and validation tasks. They can easily retrieve data and information from the web servers and/or perform
real-time data updates, can exchange data between those servers and can receive a warning sign alert from an
environmental sensor on their mobile devices, simultaneously.

Furthermore, the Web also creates an opportunity for the development of an exclusive Knowledge Base for
environmental management. This Knowledge Base can include rules, guidelines, best practices, and so forth, for the
prevention and resolution of impacts and practices; this knowledge deriving from the practical experience of experts
and professionals in the field. This would allow for knowledge sharing and junior environmental staff, in particular,
would benefit from this Knowledge Base for their on-job training [16]. In addition, the Web would also enable new
opportunities for the development of distributed systems that can cross organisational boundaries and provide unique
opportunities for teamwork and workflow automation. Independent project participants could share the same system
over the Web even if they are using different hardware platforms [17].

However it is important to note that the use of mobile devices and real-time data streaming through the Web as well
as physical surveillance for environmental management at the construction site would add value to the existing
method and in some situation complements each other [18]. Therefore, within this research a prototype of a mobile
environmental information system (MEIS) which is better known as “ENSOCS mobile web” was prepared [19]. It
was designed and developed for internet browsing via a Smartphone and works together with telemetry sensors to
provide real-time environmental data monitoring; additionally the environmental enforcement officer uses a mobile
online checklist and tools to carry out the physical environmental surveillance. Fig. 1 shows the system architecture of
ENSOCS.
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Fig. 1. System Architecture of ENSOCS

As shown in Fig. 1, the ENSOCS architecture follows the four-layer structure of the Internet of Things (10T). In the
Sensing and Control Layer, the Wireless Sensor Networks capture the reading of PM10 concentrations and noise
levels, while the weather station obtains weather conditions’ data. GPS and WLAN are also being used for the
determination of the current location of the user. The server system (MySQL Database server and the web server) at
the Middleware Layer will process location data gathered from the built-in smartphone, the sensor data, the data input
from the user and the weather data. The server will then intelligently choose the right information and services from
the servers available in the system. In the Application Layer, a mobile device is able to deliver the inputs from the
user and, at the same time, receive the Short Messaging System (SMS), location coordinates, sensor and weather data
from the built-in GPS, the wireless sensor network (WSN) and the weather station. Finally, the Networking Layer of
the ENSOCS prototype consists of the Wireless Local Area Network (WLAN) and Local Area Network (LAN).

It is anticipated that the ENSOCS could improve environmental surveillance processes by providing a tool for
environmental enforcement officers to assist in managing their environmental surveillance activities and in enhancing
their decision-making capabilities. However, to ensure the success of its implementation in the future, it is important
to researchers studying the obstacles that may arise during the implementation of the system. Therefore, this issue has
been addressed in this research through the prototype demonstration and evaluation sessions with the practitioners in
Malaysia and the UK.

Il. METHODOLOGY

An effective prototype testing has to be able to elicit feedback from users as to whether they can use the application
without (or almost without) difficulty and how they liked using the application, as well as to evaluate the levels of
task performance achieved by the users [20]. There are various concepts, methodologies and approaches commonly
used in traditional human-computer interaction research for the testing of desktop applications. However, these may
not be directly applicable to a mobile environment due to the unique features of mobile devices such as limited
bandwidth, unreliability of wireless networks, as well as changing contexts (environmental factors) [21-22]. Zhang
and Adipat [21] argue that participants involved in a controlled laboratory setting may not experience the potential
adverse effects that are caused by changing and unpredictable network conditions and other environmental factors.
Therefore, the testing of a mobile application tested in a real environment may not work as well as it does when tested
in a controlled laboratory setting.

Taking into account these issues, the ENSOCS prototype needs to be tested in a real environment, within actual on-
going construction projects. However, it is important to note that a construction site is considered to be one of the
most dangerous working places where there are always safety concerns for the employees. Most construction activity
is difficult, dangerous, dirty, and can involve heavy machinery and scaffolding high above ground level. Most
accidents that happen on construction sites are caused by a lack of training, carelessness, a failure in the interaction
between the work team, workplace, equipment and materials, and not following basic safety rules while working in
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the site [23-24]. The most serious accidents which happen can result in injuries and death. For example in 2012, 177
accident cases on construction sites were reported in Malaysia [25]. Within this figure, almost 37.9% or 67 cases
resulted in death, while 6.8% or 12 cases resulted in permanent disabilities. For such reasons, construction companies
need to comply with any requirements (in addition to any security policy) that are created in order to meet federal,
state and local laws. In addition, construction companies also have contractual agreements with clients that are
associated with information protection and the control of the entry and exit from the project site. These limit the
access to the site as well as the information associated with it.

Therefore, to find actual on-going construction sites that can be used for the case studies is difficult. Not many
companies would allow outsiders to come in and explore their site or put any installation upon it for the purpose of
gathering information from it. Furthermore, the requirement of this research is to walk through a site and install the
wireless sensor networks on site that will capture the readings of air and noise level quality which would reflect the
level of compliance as regards statutory requirements. Thus, it is not surprising that many parties voiced their concern
over the future use of the data and on guaranteeing the safety of the author during his stay at the site. Because of this,
only two companies in Malaysia and one in the UK expressed their willingness to allow the use of their construction
sites as the case studies in this research. Details of the case studies and the rationale behind the selection are explained
in the Table 1.

Table 1 Details of the Case Studies and Justifications

Case Study Id. Location Rationale for Selection

Case Study A Selangor, Malaysia Case Study A is one of the on-going mega infrastructure
projects in Malaysia. The main contractor for Case Study A is
a well-known public listed company in Malaysia. As an iconic
development in Malaysia, they aim to put environmental
protection at the highest standard.

Case Study B Putrajaya, Malaysia Case study B is the development of a structural building within
a 2 acres’ piece of land in Putrajaya. Putrajaya is the Federal
Government Administrative Centre of Malaysia which is being
developed based on 2 underlying concepts; Putrajaya as a
garden city (sustainable development) and Putrajaya as an
intelligent city. To achieve these aims, all the development
must abide by stringent statutory environmental requirements
such as the Environmental Quality Act 1974, the
Environmental Impact Assessment Approval Conditions and
Putrajaya Environmental Management Guidelines 1998. Thus,
every contractor is required to conduct their own
environmental audit, surveillance and measurements while
going through enforcement programmes by the clients and the

authorities.
Case Study C Manchester, United The building construction company for Case Study C was one
Kingdom of the top ten construction companies, in terms of turnover, in

the UK in 2013 [26]. In addition, the company has put in place
their own online environmental monitoring system for waste
management. It is not a mobile system for environmental
surveillance or quality monitoring, but at least their personnel
are being exposed to the use of IT systems for environmental
management.

As for the respondent for this research, the selection of the respondent was a made easier as they were nominated by
the management of the companies for each case study. For this research, the selected three (3) environmental
managers and six (6) officers in Malaysia and another two (2) environmental managers and two (2) officers the United
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Kingdom were involved in the interviews during the prototype demonstration and evaluation sessions. In these
sessions, they had the opportunity to test the functions of the ENSOCS web by using smartphones. Prior to this, the
respondent were asked to fill in a questionnaire about their details and their current practices in environmental
surveillance and monitoring. The respondents were then required to evaluate the ENSOCS web. In order to perform
this evaluation, the respondents were asked to perform pre-defined tasks as follows:

e Task 1 - Pretend that you are new to environmental inspection on a construction site, and not very familiar
with best practice in sedimentation control. Find out the best practice for sedimentation control and the
important areas to emphasise during a site inspection particularly on sedimentation control. Please write
down the first three sentences under the heading of “Check”.

e Task 2 - You would like to carry out an environmental inspection on the selected construction site for the
first time, and are wondering what surrounding environmental sensitive receptors there are and the potential
source of pollution from the activities on site. Find and write down a list of environmental sensitive receptors
which are associated with the said construction site.

e Task 3 - Pretend you are now attending an environmental meeting at the site office, and you are required to
update your management on the status of the environmental checking and corrective action. Retrieve all the
relevant previous inspection reports and obtain real-time environmental monitoring data. Please write down
the date, reference number and the subject of the latest inspection report. Next, write down the frame number
and MCP value for the real-time environmental monitoring data.

e Task 4 - At the construction site, you have spotted that oil containers are placed on the bare ground and oil
spill has been spotted on the ground. Take a photo of this non-compliance using your smartphone. Then by
browsing the ENSOCS web through your smartphone, prepare the report by inserting this finding into the
Web, provide other relevant information to support this finding, and submit and review the report.

e Task 5 - Email the report as in Task 4 to the relevant authorised person.

e Task 6 - Update the report as in Task 4 by uploading and attaching the photograph to the report.

The participants were then interviewed (which always involved a discussion) about the anticipated barrier in the
implementation of the system for environmental surveillance on construction sites. The findings give an indication of
the practicality and provide useful feedback for any future implementation. Each evaluation session took almost two
hours to be completed. This included the presentation, demonstration, walk around the construction sites, evaluation
and interviewing.

I1l. RESULTS AND DISCUSSION

Based on the questionnaires and interviews with respondents of this research in the UK and Malaysia, a large number
of them claimed that they have a deep interest in the concepts presented. In fact, they were amazed, satisfied and
agreed that this prototype could improve existing environmental surveillance activities. However, at the mean time,
several major barriers to the implementation of such a system in environmental surveillance were highlighted by the
respondents. These barriers include return on investment, operational cost, legality issues, work procedures issues,
technology and technical issues, technology adoption barriers and network infrastructure.

a. Return on Investment

The decision to adopt this kind of system is subject to the approval of the top management of the company who
are always concerned about return on investment. Therefore, it is crucial to identify the ‘benefits’ it produces as
compared to the existing methods in order to justify the acceptance of the system by industry. Construction
companies are profit-oriented companies. Thus, it is important for them to know the return on investment (ROI)
so that they can ensure that they will achieve positive outcomes in terms of finances and business operations.
However, addressing specific ROI issues is beyond the scope of this research.

b. Operational Cost

Various implementational cost barriers were identified during the evaluation process. Details of these cost
barriers are:
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e It requires specialist dedicated and competent resources, i.e. staff with the knowledge to administer and
maintain the system. Appointment of new staff would add to company expenditure.

e |t is anticipated that, in future, the system can only be used by a license holder. There will be a cost in
obtaining the license.

e A majority of the respondents would refuse to use their smartphones for their work duties. But for those who
would be willing to do so, they would ask the company to bear the cost of the telephone bills. Thus, there is
likely to be costs incurred in giving smartphones to staff members and an incurred cost of telephone bills.

e  Proper training is needed for the system to be fully utilised by the targeted user. Cost to provide sufficient
training is anticipated.

This finding shows that cost is an obstacle for the implementation of the prototype. It is good to reveal these
issues and this area would provide a basis for future research.

c. Legality Issues

It was pointed out that agreement between the client and the contractors pertaining the usage of the system
would be required prior to implementation. It was also pointed out that the photographs attached to the report
produced by the prototype might not be valid due to an absence of a date stamp. But this should not be a problem
if the prototype is used for internal reporting purposes. The respondents of Case Study 3 (UK) had faced a
similar problem with their existing system for waste management. Their immediate action was just to stick to a
manual camera to capture an image while using the system. However, given that the role of mobile devices in
helping to resolve various tasks have now been recognized, of course, they will continually be improved and will
be equipped with the latest technologies in the future.

d.Work Procedures

The respondents highlighted that the implementation of this prototype would affect current working procedures.
Therefore, they anticipated that some changes to the current working procedures would have to be made if their
company pursued adopting the prototype. The following are the details that would affect the work procedures:

i Some companies will not allow their workers to use a phone at construction sites except for within the
designated areas.

il The client has to put in the requirement/request in order to instruct and enforce the contractor to use the
system.

Revision to works’ procedures can be expected as current work procedures are suited to the traditional work
methods. However, the respondents have admitted such a change can be managed as long as there are good
tangible benefits on the implementation.

e. Technology and Technical Issues

There was a concern about the technology and the technical issues as follows:

i Reliability of hardware: This concern was based on experiences of other systems; there were a few
occasions where systems were down due to server maintenance, damaged databases and the durability of
the mobile devices.

il Integration Issues: It would be good to have a prototype that can integrate with the existing company’s
system.
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These technological and technical issues will be addressed in future research, especially with the emergence of
new and more robust technologies (e.g. database replication, cloud web hosting), competent resources and the
use of a web hosting provider that is reliable and has a proven track-record.

f. Technology Adoption Barriers

Even though all the respondents were active smartphone users, it is important to note that not all construction
personnel have a smartphone and are familiar with it. Another important issue, highlighted by the respondents,
was that the older generation might find difficulties in adapting to this kind of system. This is due to several
reasons such as age factors, low technical literacy or reluctance to change. Human attitude would also affect
technology adoption as a good system might be abandoned due to a lazy user. These findings are expected. A
recent study by Global Web Index Device has revealed that when it comes to age, the 25-34 years’ demographic
is the most likely to be connected via smartphone, while those aged between 55 and 64 years are the least likely
to own the technology [27]. However, in addressing technology adoption barriers especially among the older
generation, proper engagement with targeted users through trainings together with improved interfaces and
features that suit their needs would address this issue.

g. Networking Infrastructure

Wireless connection reliability and wireless services may not be available in certain areas, especially in the case
of rural areas’ project development. These networking issues will be addressed in future research, especially with
the emergence of new and more robust technologies (e.g. WiMAX, 4G, 5G). Some of the technologies have
matured and are now expanding countrywide. The 4G system promises to bring a communication world with
high data rates’ transfer, high quality service for multimedia support, seamless connectivity and global roaming
across multiple networks [28].

IV.CONCLUSION

We have implemented the prototype demonstration and evaluation sessions with the practitioners in Malaysia and the
UK. One of the objectives of this session was to probe respondents’ subjective views on the anticipated barrier in the
implementation of the system for environmental surveillance on construction sites. In overall, the respondents were
amazed, satisfied and agreed that this prototype could improve existing environmental surveillance activities.
However, several major implementation barriers as identified in this research should not be neglected in the real
implementation in future. As the respondents had highlighted the barriers like return on investment, operational cost,
legality issues, work procedures issues, etc., future research to address these issues is definitely needed.
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