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ABSTRACT
JARRAR, SALIM, ATA., Masters : June : [2022, Master of Business Administration
Title:_ Using 10T to Support Operations in the Construction Sector

Supervisor of Thesis: Professor Emad Abu Shanab.

The concept of the Internet of Things (1oT) has become widely accepted within
a variety of industries. Many companies have already adopted and implemented the
technology. Construction companies today are striving to achieve their targets by using
the latest technologies at the lowest possible cost while ensuring maximum security and
safety. growing number of construction companies are focusing more on the benefits
of the internet in their projects to improve processes, reduce waste and optimally utilize
their resources and the Internet of Things (IoT) is making this possible in a much more
efficient way than before. 10T has now become the newest technology that is being used
in the construction industry. This paper aims to improve the understanding of the
importance of 10T and its implementation in the construction industry. The paper
examines how the Internet of Things can be applied to the construction industry based
on various studies done by researchers. This article discusses the factors influence the
adoption of based on the results of surveys conducted and identifies future work needs

related to the use of 10T in various fields.

Survey has been conducted and data has been collected from 375 workers and
142 staff and the data has been analyzed. descriptive analysis, reliability & correlations
were conducted on the survey given and then followed by multiple regression to
validate the significant variables which are specified in the research, and we found that
we have resistance and safety in the stuff model were insignificant. However, in the

worker survey, we found ease of use, security & accessibility & dependability of 10T



technology are insignificant which has been discussed thoroughly in the “Division of

results section
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CHAPTER 1: INTRODUCTION

1.1 Background information

The search for new opportunities begins by recognizing information technology
as a major driver of many of the developments that our society has witnessed recently,
especially in the field of industrial development, IT is always evolving and facilitating
business like no other.

In addition to enabling organizations, partners, workers, and customers,
information technology (IT) has been at the forefront of effectively automating and
expediting several business processes. Besides enabling simple and complex company
procedures, IT has now effectively invaded every industrial category to provide newer
and more customer-centric business solutions.

In a nutshell, IT can both create and improve business outputs and expectations
to a large extent. A strategic collaboration between businesses and IT is ensuring that
companies become and remain updated, adaptable, scalable, and instant-on enterprises.

The Internet is at the heart of this IT revolution, as the Internet is always
expanding and creating new applications and enterprises. Technology advancements
are expanding the Internet's limits, increasing its relevance to society, and providing
new value through its expansion as well as further use. Even in developing countries,
broadband Internet access is becoming more and more affordable and commonplace.
Also, devices are getting smaller, and their processing power and storage capacity keeps
growing. This not only changes the way individuals access the Internet but also opens
a variety of new opportunities for businesses.

Digitalization, distribution, and decentralization have led to renewed interest in
realizing a legion of digitized objects that are termed and promoted as smart objects
that are derived from everyday objects. That is, common and casual things are being

1



empowered or modernized to possess some of the IT capabilities such as computing,
networking, communication, sensing, actuation, and display. So, not only computers
and electronic devices but also everyday objects and artifacts become part of
mainstream computing. In short, the combination of minimization, integration,
collaboration, consolidation, and automation technologies provides affordable,
connected, reliable, context-aware, and dependable devices. Which is supporting the
move toward an "always connected"” paradigm, also known as the "Internet of Things"
(10T) (Coetzee and Eksteen, 2011).

The Internet of Things where things start to think. is a new approach to thinking
about connected things When physical objects are added to the Internet, it expands the
Internet and makes it smarter and more useful. As part of the 10T paradigm, all tangible
things will become digitalized, so they can have the sensors and communication
capabilities they need to be able to participate in the main computing process. A lot of
devices and things will become connected to the Internet, objects can be transformed
into useful, usable, and extraordinary artifacts with each of them providing data and
information, and some even offering services. This allows them to use their unique
functionalities and features to meet the needs of people and businesses in a variety of
ways.

The Internet of Things is already having an impact on a wide range of
applications in lot of industries, from Green IT and energy efficiency to logistics, Also,
there are many benefits from applying loT to construction projects, and these
advantages can be related to improving the efficiency of the project, safety, and
performance. These benefits can also be achieved by the implementation of a robust
and real-time method of collecting data and information. Also, construction sites

equipment’s will be interconnected through networking so that they can work



collaboratively together. Schedules and reports might be automatically updated with
the help of drones, Off-site prefabrication will be done, and on-site assembly will be
completed. The technology of the future is now available, but implementation is the
challenge(Jackson, 2021).

1.2 Purpose of the research

Focusing on using 10T to support operations in construction, the purpose of this
study is answering the following research questions:

e How does the loT contribute to achieving value in construction industry, and
what are its potential applications?

e What are the challenges facing any potential application of the 10T in
construction industry?

e What are the factors that are influencing the adoption of 10T in construction
industry?

In this paper we will deepen the reader's understanding of the importance and
the practical application of 10T in the construction industry and the major challenges
that might hinder any potential application of 10T. The paper presents a comprehensive
study on 10T's use in the construction industry based on the research that has been done
by various researchers in the field. As part of our research, we reviewed the findings of
their work. Also, we provided a discussion about the factors that might influence the
adoption of construction stakeholders for any future implementation of loT in
construction industry.

1.3 The scope of the study

In the scope of the study, there are two categories of construction stakeholders
working in Qatar. In the first category, we studied blue-collar workers, examining their

acceptance of the use of 10T technology during work, while in the other category, we



studied decision makers, examining their willingness to invest in 10T technology.

1.4 Motivation of the study

Constantly increasing competition and challenges for construction enterprises
in combination with the rapid development of information and communication
technologies require digitalization of business processes related to this industry, We
argue that one of the key steps for construction companies toward a better future in the
industry is to recognize a “planned IoT ecosystem”, where a systematic processing of
high volumes of sensor and machine data in real time to extract actionable insights is
essential for providing true business value. Even though 10T offers numerous benefits
to the construction industry, the adoption of l0T systems faces many challenges.
Therefore, this study aims to identify which of the factors influence 10T adoption in
Qatar and how they can be overcome. To ensure that any potential implementations of
loT systems in Qatar overcome these challenges and deliver their intended benefits to
construction business as well as organizations.

1.5 Benefits of the study

Construction stakeholders and those interested in the industry are expected to
find this study useful in many ways. Starting from clarifying the advantages that the
construction industry can gain from the application of 10T technology, in addition to
studying the challenges that may hinder any potential application of 10T in the
construction industry, passing through putting useful insights in the hands of decision
makers to enable them from developing an IoT implementation plan based on data
collected from construction stakeholders to increase the possibility of the success of
any potential application of the Internet of things and ensuring obtaining the best
desired results, taking into consideration the dispelling of fears that may circulate in the

minds of service beneficiaries at the construction site and, on the other hand, decision



makers themselves and facilitating the decision-making process of investing in loT
technology in construction.

1.6 Structure of the study

This study developed and evaluated a conceptual model with number of
hypotheses, which was based on the abovementioned explanations and assumptions. In
order to present the results and the practical implications of this study, the paper is
divided into five sections: The Introduction (Chapter -1), The literature review
(Chapter-2), which includes the key factors that underlie the conceptual model and
hypotheses beside the potential applications of 10T in construction sector, The research
methodology (Chapter-3). The data which has been analyzed by using SPSS IBM
(Chapter-4). The discussion of results and practical implications of the study (Chpapter-

5), then concludes with the outcome and lessons learned (Chapter-6).



CHAPTER 2: LITERATURE REVIEW

In the past few years, it has become the aim of construction companies to
employ the latest technologies to attain their targets in the shortest time as well as
maintain a high level of safety and security. The construction industry is paying more
attention to the benefits connected to the internet regarding improving processes,
reducing waste, and maximizing efficiency, and the Internet of Things (1oT) is making
this possible more efficiently than ever before. Currently, the Internet of Things has
quickly become among the newest technologies in the construction industry. In this
context, it is important to note the envisioned scale of the 10T, where billions of items
transmitting data, many of them having the potential to act and impact the world around
them. With usage of intelligent data analytics, it is possible that we will be able to make
better decisions and provide more effective services to the community (Coetzee and
Eksteen, 2011). Based on the forecast and analysis of future benefits of the 10T by the
McKinsey Global Institute in 2015, the output value of these fields is expected to reach
USD 3.9 trillion to 11.1 trillion in 2025, accounting for 11% of the total GDP. In terms
of building construction, the estimated output value is projected to reach USD 70 billion
to 150 billion by 2025 (McKinsey Global Institute [MGI], 2015). As result, loT and the
wider concept of digital transformation (DT) are becoming a more prominent topic of
discussion among academics as well as practitioners.
A. How does the Internet of Things contribute to achieving value in the
construction industry, and what are its potential applications?

With the steady development in everything related to information technology,
it is clear the impact that the Internet of Things may have on many aspects, including
the societal, environmental, and economic impact. The availability of accurate

information about the state, location and identity of things and the surrounding



environment is an important element in the mechanism for smart decision-making. loT
concepts have been demonstrate its capability in a variety of fields, including logistics,
transportation, asset tracking, smart homes to energy, defense, and agriculture. And still
the Internet of Things has the potential to greatly affect all aspects of our life (Coetzee
and Eksteen, 2011).

Recently, Multinational Construction companies have been among the adopters
of 10T, examining the benefits of using the embedded intelligence and network
connectivity of 10T devices to improve their own systems and products. Companies are
most interested in instrumenting their operations, looking for events that are a warning
of impending failure in systems, or squeezing additional efficiency out of their
operations. These are instances of simply upgrading or enhancing existing hardware in
factories, refineries, office buildings, and other physical plants with 10T goodness.

Internet of things presents great opportunities for the development of the smart
construction with many of potential application for loT and digital solutions in general
(Haikio et al., 2020).

Here we will try to answer the important question, which is how the construction
industry can benefit from the Internet of things and what are the applications made by
some companies in the field of the construction industry through a quick review of
some published literature for a group of researchers.

2.1 10T Applications
2.1.1 Safety

The construction industry is a challenging domain from the perspective of

occupational health and safety. According to reports from different countries the

mortality rate and fatal accidents in the construction industry showed an upward trend

from 2011 to 2015; resulting construction industry to be considered as one of the most



hazardous industries (Kim et al., 2020).

Although the increased number of non-fatal and fatal accidents at the
construction work site a lot of attention has been paid to monitoring the construction
site itself, while safety has remained relatively less addressed (Haikio et al., 2020).
Recently this has been changed and there has been expanded concern with respect to
workers safety at within the construction industry due to the nature of work which
mainly takes place outside and requires high levels of physical activity (Kim et al.,
2020).

In addition to accidents on the built environment, construction workers have
high tendencies to suffer from occupational illnesses, such as heat-related illness due to
their work which mainly takes place outside specially in gulf area and making
construction from top three sectors to suffer from work related injuries in Qatar
(Mehmood et al., 2018).

Traditionally, construction workers’ health conditions are measured by
subjective methods, corresponding to surveys. However, due to the character of self-
reported questionnaires, these measurements could also be partly biased. Additionally,
surveys usually ensue throughout break times; therefore, they will not mirror a worker’s
condition whereas they are active. (Kim et al., 2020). Therefore, the demand for sensing
and warning-based technologies are increased in the construction industry for
occupational health and safety (OHS) monitoring and management (Antwi-afari et al.,
2019)., moreover tracking of daily activities, stress, sleep, and any other type of health-
related measure gaining an importance (Choe et al., 2014), as it gives the opportunity
for better decision making based on trusted and real time data.

Recently, with the wide spread of wearable wristbands and smart watches and

using them to locate position or to check the physiological status, multiple attempts



have been made to replace traditional physiological test methods and adopting the new
technology in many areas including construction industry with potential usage to locate
workers position in large construction sites and track assets in real time (Kim et al.,
2020), beside monitoring the physical activities and movements to reduce the over-
exertion and prevent any potential life risk specially in high temperature places (Haikio
et al., 2020).

Kim et al., 2020 discussed an implementation of wearable smart band designed
for construction workers, the proposed platform collects a worker’s physiological data
through a  wearable armband that consists of three  sensors
(photoplethysmographic(PPG) sensor ,temperature sensor, accelerometer sensor), to
work in harmonized way to measures the volume of blood flow by detecting changes
in the intensity of the reflected light through the PPG sensor, and tracking the current
location of worker through the accelerometer sensor, and the temperature sensor will
be responsible for reporting the skin temperature of the worker, the collected date is
transferred directly to web deployed service for analysis and reporting any potential
risk.

The main purpose of the platform is observing the physiological conditions to
protect field workers from potential heat-related risk and specifying their need for break
time and their ability to continue working within the current environment. Giving the
opportunity for Personal Management System (PMS) to monitor individual health
status and report the individual risk assessment based the recorded behavior and the
collected data. The platform keeps notifying the construction manager through
smartphone about any potential risk to take the proper preventive action.

2.1.2 Maintenance of Machinery and Equipment

Equipment maintenance work is vital to avoid additional expenses due to



unexpected damages. Internet of Things using the sensor installed on equipment

allowing it to send data regarding the present status or any requirement for any

maintenance or repair. construction machinery is usually equipped with sensors

wherever these sensors will monitor remotely any sign of the mandatory maintenance

like temperature fluctuations, excessive vibrations so on. In addition, the long usage of

equipment most probably will require maintenance on the equipment. Through the

connected 10T sensors, work time are often logged giving better opportunity for

planning the required maintenance without affecting work progress.

(Xiaoli, Yunbo and Guoxin, 2011) introduced the concept of “IITEM” to outline the

main functionalities of 10T based equipment maintenance system.

1- Through the information network, provide technical support for remote

equipment fault diagnosis and scientific maintenance, provide feedback control
signals for optimal equipment operating status control, implement optimal
equipment operating status control, and ensure that the equipment operates in a
secure zone or in an energy-efficient and environmentally friendly state.

When an equipment's dynamic operating parameters surpass a predetermined
threshold value, an alert will be triggered immediately and automatically to
notify the appropriate personnel of the problem's progress. Not only does it keep
an eye on how well a piece of equipment is working, but it may also pinpoint
the source of the problem and identify the malfunctioning component.

Make early predictions about the possible failure of the equipment, figure out
when the work status is poor enough that the equipment needs to be shut down
for maintenance, and give a scientific and technological foundation for moving
from traditional time-based preventive maintenance to condition-based

predictive maintenance.

10



2.1.3 Remote Operation

(Mahmud, Assan, and Islam, 2018) highlighted the possibility of using the
Internet of Things to undertake remote operations. Because construction is exposed to
a variety of conditions, efficient observation is required to ensure that the project runs
smoothly. Through the Internet of Things, instructions from remote sources may be
generated if equipment are physically connected or wirelessly connected to the Internet.
A linked device can receive directions and then function independently in the connected
locations after receiving the directives. Take, for example, using a drone as a tool to
monitor worker health and safety while also periodically checking on the progress of
building projects.

2.1.4 Power, Fuel and Energy Savings

Unmanaged fuel and energy consumption will result in waste affecting the
cost of the project through the Internet of Things approach the site can send
information on the amount of electricity and fuel used and the use of lighting after
work hours can be adjusted to save energy In addition machinery can be controlled
to automatically shut down if they are not moving within specific period of time to
save fuel (Mahmud, Assan and Islam, 2018).

2.1.5 Prefabricated Buildings

Prefabricated buildings, consist of manufactured building elements being
created in factories in advance which are transported to the construction site and then
assembled on-site, prefabricated buildings are traditionally fully fitted with all required
utilities and ready for immediate use when delivered and connected ,prefabricated
buildings are widely promoted as one of sustainable construction ways for the benefits
of a short construction time, high quality, low cost and less energy consumption,

however, with the increased demand for prefabricated buildings, it is found that the low
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degree of informatization in the construction industry is one of the challenges for more
efficient application of prefabrication of buildings, therefore, the application of 10T
technology to facilitate the integration of project planning, design, build, operation and
maintenance of the smart building system for prefabricated buildings will contribute
greatly to achieving breakthroughs in addressing the current bottleneck in information
interaction in prefabricated buildings (Wang et al., 2020).

Wang et al., (2020) explained the implementation of loT-based Intelligent
Construction System for Prefabricated Buildings (ICSPB-10T) to achieve efficient
management of engineering quality, safety, cost, and schedule depending on
technologies like RFID, GPS, machine vison, and sensors to strengthens the
coordination and communication between all stages of prefabricated buildings.

The ICSPB-IoT, is a complex set of integrated systems and functions, to
effectively improve coordination and control within construction processes. Besides
ensuring that the information of the whole construction process is always in a shared
environment and accessible for all stakeholders to optimize the process of prefabricated
building. The implementation of ICSPB-I0T system can support the construction of
prefabricated building in the entire life cycle from design, component production,
transportation, lifting, product delivery and assembly.

This system is giving the opportunity to “transform construction resource
elements into intelligent construction objects (SCOs) that have the characteristics of
awareness, communicativeness and autonomy” (Wang et al., 2020).

2.1.6 Building Information Modeling (BIM)

The construction industry has been doing the same for years. Concrete is poured
and set, bricks are mounted on bricks, and heating and water systems are designed in

corners and on multiple floors, same process were repeated and executed in isolation
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without having a proper way of communication and sharing information between
stakeholders, Internet of Things (I0T) and Building Information Modeling (BIM) have
the potential to transform the current construction management behaviors and improve
the experience for all the construction stakeholder (Dave et al., 2018).

Building Information Modeling (BIM) is an innovative model has recently
attained widespread attention in the Architectural, Engineering and Construction (AEC)
industry, that incorporates interactive strategies, processes and technologies to produce
approaches to building production and information management throughout their life
cycle , depending on a digital representation of the project that integrate data from
different sources to simulate the planning, design, construction and operation of a
facility , giving the opportunity for project stakeholders to visualize what is to be built
in simulated environment and to identify potential design, construction or operational
problems. (Machado and Ruschel, 2018) ; (Azhar, Hein and Sketo, 2007), BIM-based
technologies can be strongly beneficial for construction industry through platforms
using loT technology for collecting and analyzing data to manage and control people,
material and equipment’s giving the opportunity to enhance construction site
management (Tagliabue and Ciribini, 2018).

With the rising popularity of the BIM platforms and increased demand to adopt
BIM concepts as abasis for future construction some governments started to mandate
BIM for example The UK government mandated BIM in April 2016 in every
construction project which requires that all projects funded by central government be
delivered with 'fully collaborative 3D BIM'. , so there is a chance to leverage this
technology to build open platforms that synchronize with various data sources like
wireless sensors and building automation systems to close the gap in integrating built

environment data with 10T standards (Dave et al., 2018).
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Various researchers have begun to explore the potential integration between
BIM and 0T in construction environment, Research has been conducted demonstrating
the usefulness of 10T in breaking down traditional silos in the built environment
throughout the entire life cycle from design to construction to delivery (Dave et al.,
2018), giving examples of the proposed integration to address some classes of
problems: Occupational Health and Safety Management, Smart Objects Detection and
Tracking, and Visualization, Energy Efficiency Awareness, Instrumentation and
Structural Health Monitoring, Intelligent Systems Planning, Indoor Environmental
Quality, Interaction and Communication between stakeholders in the workplace
(Machado and Ruschel, 2018).

The built environment provides significant opportunities to benefit from BIM-
loT technology, While the loT deployment in the built environment is growing
exponentially a gap in integrating these two technologies through open standards and
systems might be there. Therefore, efforts to develop a platform that integrates the built
environment data with 10T sensors has to be taken carefully (Dave et al., 2018).

2.1.6.1 BIM and IoT based Smart Objects Detection and Tracking

Pursuing the objective of accurately and efficiently monitor construction
progress in real time to allow project managers to detect schedule delays early and make
corrective decisions, the dependency on virtual models to simulate the physical
representations on the construction site have proved increased benefits in construction
progress monitoring (Akanmu, Anumba and Messner, 2012), Also, (Machado and
Ruschel, 2018) reflected on the development of RFID BIM solution to track the position
and state of objects at built environment and integrate the collected information into the
digital model through Autodesk Navisworks application, to monitor production

progress in real time and verify consistencies related to planning, to help with logistics
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control and supply chain management.

2.1.6.2 BIM and IoT based Visual Energy Conservation System

Recently, energy consumption of buildings and environmental pollution have
become increasingly serious issues and concepts like green building and smart
buildings has arisen to achieve more comfort and convenience of people in the building
space (Wu and Liu, 2020).

Wu and Liu, (2020) introduced an loT-BIM based system focused on
“persuasive energy conservation” through utilization of wireless sensing technology to
collect physical data of a real-world environment, and with the parameterization and
visualization functions of the proposed BIM multi-dimensional model data will be
presented using graphs and tables in the user interface. Through utilization of this
system, the gap between virtual models and real space could be reduced, so that system
users and space managers had more reference paths and tools to improve the operational
efficiency and objective comfort perception of the space, space users, and heating and
cooling equipment giving the opportunity to achieve the purpose of energy saving.

2.1.6.3 BIM and IoT based Facilities Management.

Use of BIM, and 10T technologies allow developing new kinds of applications
in many fields, including Facility Management (FM).

(Chang, Dzeng and Wu, 2018) discussed a proposed platform to integrate data
generated by data collection sensors into BIM model for visualization through usage of
Dynamo (Plugin for Revit) and Arduino, and then using Python programming language
to perform a Predicted Mean Vote analysis, the platform is transforming sensor data to
context-based visualized data (comfort level in this case) and presenting the resulting
color visualization via a BIM model. Such visualization allows a facility manager to

see the distribution of values from the perspective of the desired context, and thus make
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appropriate decisions about any required adjustments.

(Nguyen, 2016) also discussed case study for integration of BIM and loT
sensors to improve the indoor climate of Tyréns headquarter building through real time
data collection of temperature by sensors.

2.1.7 Tracking trades by room

Integration between Building Information Modeling (BIM) and Internet of
Things (l1oT) can help to provide a continuous progress monitoring function through
tracking the location of trades assigned to interior finishing tasks, (Teizer et al., 2017)
discussed a proposed approach focused on tracking and monitoring several trades in a
construction project to avoid spatial overlap of the trades in built environment. Through
assigning and coordinating the right workplace, the times to begin and finish the work,
etc. for a different type of trades that are concurrently present inside a building project
is critical to achieve a continuous production flow, the proposed approach is using nD-
BIM for planning the project topology to present the workplaces and locations in
conjunction with other date related to resource-loaded processes like quantity, cost and
required resources , then linking the geometric information to the construction schedule,
enabling the authorized users to have all the combined data in one central repository,
the proposed mechanism for this approach is happening through usage of Bluetooth
Low Energy wireless sensors (BLE) beacons installed at the work places for example
mounted inside the rooms at a wall, ceiling, or door frame and it is responsible for
transmit their signals as soon as a worker enters the work station. And communicate
the data in a real time connection to the 10T cloud-based platform for further data
processing. Time recordings per second or higher become feasible. Knowing the
presence of workers at a lower frequency might offer an opportunity to comply with

potential privacy regulations that are present in many countries. The same technology
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works for asset tracking, including tools and materials. In such a use case, smaller BLE
beacons are installed or embedded inside the tools’ casing or material, respectively.
Combining the traceability of the personnel’s location and timestamp enabled the
loT/BIM-platform to collect and visualize actual presence and duration of trades by
workplace.

To make this study more understandable, Table 1 summarizes all the loT
technologies and construction fields studied by the researchers in the above-reviewed

literature.

Table 1 : Summary of 10T technologies

Author Technology Application
Kim et al. Wireless Sensor Network Occupational health and
(WSN) Structural safety
Xiaoli, Yunbo and Guoxin RFID, GPS Maintenance of
Machinery and Equipment
Mahmud, Assan, and WAN, LAN Remote Operations
Islam
Wang et al. RFID, GPS, Machine Prefabricated Buildings
Vision
Machado and Ruschel RFID, BIM Object  Detection &
Tracking

Chang, Dzeng and Wu BIM, Python, Dynamo Facility Management
Teizer et al. Bluetooth, BIM Trades Tracking

B. What are the challenges facing any potential application of the Internet of
Things in the construction industry?
The 10T, comes with its own challenges, including a lack of standards, the

ability to scale globally, security concerns, and an immature ecosystem. For vendors,
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there is no homogeneous loT market—each industry and application are different. Also,
there are discussions on loT-related issues focusing on technical enablers and inhibitors

of the next-generation loT applications (Figure 1).
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Figure 1: Inhibitors and enablers of 10T

2.2 Challenges
2.2.1 Technological challenges

Internet of Things technology (1oT) is considered somewhat new, so there are
many efforts to put its definitions in addition to the well-known and distinctive nature
of it by finding a means of communication between different devices through network
connection This diversity and the lack of a specific definition of what may fall within
the scope of Internet of things technology and what are not permitted to be clearly
defined within their scope, it is extremely difficult, even complex, to set limits, in order
to clearly define the technologies that fall within its scope.

2.2.2 Scalability Challenge
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There is no limit for the number of devices could be connected through IoT,
“Even though full interoperability is not always feasible across products and
services”(Tawalbeh et al., 2020) managing the relationship and interoperability
between this number of connected devices is a challenge as the number of connected
objects seen to be outnumbered the current Internet capacity and poorly planned loT
gadgets would possibly mean that there'll be a negative consequence for the networking
resources that they connect to.

Moreover, some several factors and concerns might have an impact on
compromising the efforts to maintain interoperability within 10T environment like
Cryptography.

2.2.3 Energy Usage Challenge

Energy has always been a significant factor in any initiative related to
technological development. And major challenge due to the limited energy sources, the
need to save and harvest energy will always be taken into consideration with any
implementation for new technology like 10T.

2.2.4 Security Challenges

Sensitive and aggregated data must be protected from security breaches and data
leaks, encryption is crucial to confirm the integrity and reliability of data when it is
processed, transmitted and stored(Ahmed, Alwan and Ali, 2018).

loT security system must ensure that all parts of the framework are secure,
which can present a complex challenge for obtaining adequate security on devices with
limited capabilities that must be addressed and resolved convincingly. Likewise,
technological infrastructure that maintains respect for privacy must be developed and
used as a basis for any future development of loT environment (Villamil, Hernandez

and Tarazona, 2020).
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The nature of the interconnection of the 10T devices means if a tool is poorly secured
and connected it has the potential of touching the safety and the resilience of the whole
network. Besides the potential of some devices to be ready to automatically bond with
other devices, it means the users and the developers of 10T all have an obligation of
guaranteeing that they are not exposing the opposite users.

Typically, 10T deployment consists of a group of similar or nearly identical devices
with similar characteristics. This similarity amplifies the size of any vulnerability that
could significantly affect many of them (Tawalbeh et al., 2020).

2.2.5 Privacy Challenges:

The perspective of the quality of the 10T depends on however it will respect the
privacy choices of people. issues concerning the privacy and the potential harms that
come back together with 10T may be important in holding back the total adoption of
loT. it is essential to grasp that the rights of privacy and user privacy respect are basic
in making certain users’ confidence and sureness within the net of Things, the
connected device, and connected services offered. tons of labor are being undertaken
to confirm that 10T is redefining the privacy problems such things because the increase
of surveillance and tracking. the explanation for the privacy issues is attributable to the
ubiquitous intelligence integrated artifacts wherever the sampling method and the data
distribution within the 10T is also done nearly in any place. the ever-present property
via the web access is additionally a necessary issue that helps in understanding this
downside because of unless there is a novel mechanism place in place, then it will be
by all odds more leisurely to access the private information from any corner of the
world (Tawalbeh et al., 2020).

2.2.6 Ethical Challenges

Queries regarding issues that individuals could have regarding living in a future
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connected environment raised in polling regarding 10T, especially after founding that
Some companies collect information about their employees and it was sold to third
parties which raises not only privacy issues, but also ethical issues arising from
corporate responsibility (Woodhead, Stephenson and Morrey, 2018).

C. What are the factors influencing the adoption of IoT in the construction
industry?

Identifying the factors influencing the adoption of 10T technology requires an
understanding of the theoretical models contributing to the adoption process. To
achieve the objective of this research, a literature review has been conducted, looking
for the best model to justify technology acceptance and defining factors that impact the
adoption of loT.

2.3 Technology Adoption Theories

The acceptance and adoption of new technologies by users is affected by
numerous factors. These factors can be described, for example, by Davis' "Technology
Acceptance Model™ (TAM), as shown in Figure 1. According to the TAM, the
technological acceptance models are built on the assumption that user intention is
influenced by two major factors: perceived usefulness and perceived ease of use to
determine their willingness to use the technology, The TAM theory derives from the
influence of user beliefs on attitudes, the influence of intent, and the influence of
behavior on technology adoption (Davis, 1989).

According to (Chen et al., 2020) TAM model depends on the five main variables which
are described below:

1-  Perceived usefulness: This relates to how strongly users believe that the use of

specific information technology is considered as being a way of improving their

own performance and productivity.
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Perceived ease of use: This refers to the extent to which the technology is
perceived as easy to use. Where users will be more likely to adopt a positive
attitude toward.

Use attitude. The perceived usefulness and ease of use of a technology have an
impact on the attitude of users.

Willingness of use: Information systems are used when users are willing to
engage with them, which is determined by both the individual's attitude toward
technology and the perceived usefulness of that technology.

External variables: external variables such as the environment in which the user
is located, the characteristics of the system, convenience and the personal
characteristics of the user also have a high impact on how useful and easy the

system is perceived by the user.

' Attitude l Behavioral :
Externa Actun
toward using — intention to -
variabhles . syslem use
< (A) l use (B)

Figure 2 : Technology Acceptance Model, TAM

There are a variety of different theories about how people are going to react to new

technology in various areas.

Ajzen and Fishbein (1975) developed a theory of reasoned action in social

psychology. According to the theory, individuals' actions and behaviors can be

explained and predicted. A fundamental hypothesis of the theory is that individuals are
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rational. An individual, to determine whether to perform a certain behavior, is likely to
consider the meaning of the behavior itself and its result before choosing whether to

perform it or not.

Behavioral belief Attitude
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evaluation behavior \\
R Behavior = | Actual
//: intention i behavior

Attitude toward Subjective
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behavior norm

Figure 3 :Theory of Reasoned Action Model, TRA

In order to make the theory of reasoned action perform better. Ajzen (1991)
developed the theory of planned behavior in response to the difficulty of utilizing the
theory of reasoned action to predict and explain behavior where individuals are affected
by factors such as coordination problems or self-ability problems. As opposed to
rational action theory, this theory holds that individual behavioral decisions aren't

entirely controlled by the will, but also by resources and opportunities.
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Figure 4 :Theory of Planned Behavior Model, TPB+

2.4 Research Model and Hypotheses Development

The main objective of this research is to evaluate the readiness of construction
industry stakeholder to introduce and use loT applications. Based on the outcome of
two questionnaires targeting construction workers and decision makers (Staff) in
construction industry. First, we use the technology acceptance model (TAM), as the
basis for examining user readiness to adopt new information systems, then integrates
the theory of reasoned action (TRA) and the theory of planned behavior (TPB). to
explore the key factors influencing the willingness of construction industry
stakeholders to introduce and use 10T applications into their work.

Based on the above, in this paper we developed a set of assumptions that would
affect the extent to which the concerned parties accept the use of 10T, and they have

been divided into two groups as follows

2.4.1 Workers
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The hypotheses developed to assess the readiness of construction workers to
adopt 10T and the relation between their overall satisfaction and the developed

hypotheses explained Figure 4:

H1: Privacy is positively related to the intention to adopt loT.

H2: The Ease of use is positively related to the intention to adopt IoT.

H3: Accessibility level is positively related to the intention to adopt IoT.

H4: Health & Safety is positively related to the intention to adopt IoT.

H5: Security is positively related to the intention to adopt IoT.

Hi H4
—> Privacy 7 | Heztih
,f‘//—\\.
/ \
5 H2 { \
—>» EzssofUse 'l Viorkers Satisfaction to |‘_
. Use loT Devices '
-‘\ I""'
H3 v H5

—>  Accessibility

— Secunty

Figure 5 :Conceptual model for workers

2.4.2 Managers

The hypotheses developed to assess the readiness of decision makers (Staff) in
construction to adopt 10T and the relation between their overall satisfaction and the

developed hypotheses explained Figure 5:

H1: The productivity is positively related to the intention to adopt loT.

H2: Implementation Cost is positively related to the intention to adopt IoT.
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H3: The Ease of use is positively related to the intention to adopt IoT.

H4: Safety is positively related to the intention to adopt IoT.

H5: Technology is positively related to the intention to adopt IoT.
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Figure 6 : Conceptual model for managers
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CHAPTER 3: RESEARCH METHOD

The aim of the study is to explore the usage of Internet of Things (loT) to
support operations in construction sector and to measure up to what extent the
construction stakeholders are willing to use 10T, also assessing the challenges that may
face any potential application of lIoT technology in the construction sector and the
factors that help the success of the application and provide the necessary support and
adoption from all concerned parties.
Based on the review of the literature about the factors influence the adoption of 10T,
questionnaire and research hypotheses developed, the study uses a 5-point Likert type
scale questionnaire forms as an instrument for obtaining quantitative data.

3.1 Research Instrument

Since it is difficult for worker to use online based questionnaire, a simple on
paper questionnaire was used in a survey to determines the factors that explore the
usage of 10T to support operations in the construction sector.

The questions contain two sections with the first (staff) has general information
about age, years of experience. knowledge and previous interaction with 10T whereas
the second sections determine the level of agreement/disagreement of satisfaction with
regards to productivity, cost, recognition, safety and technology.

Also, we made a questionnaire which contains two sections for Workers has
general information about age, years of experience in construction, education level
knowledge and previous interaction with 10T whereas the section determines the level
of agreement/disagreement with privacy, ease of use, healthy usage, security and
dependability of 10T technology.

We have selected 5 different answers rating from 1 — 5, and the score provided

by participants based on the importance of each factor. The questionnaire used to carry
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out the survey provided the participants with the opportunity to give their ratings with
no interference. Questions has been asked by workers to make sure they understand the
questionnaire due to the language problem despite the fact that we have translated all
their questions in their language (Hindi).

Also, we have circulated the questionnaire to 475 (staff) and only 142 has
replied voluntarily and circulated 700 questionnaires to workers and only 375 has
provided answers. These participants were not required to provide their names or ID
details. Also, before starting filling the forms, we gave time about 15 minutes. Please
see the questionnaire used in the study in the appendix section.

3.2 Sample and Data Collection Procedure

The main target population of the research is divided into two groups. The first
group is the category of workers in the construction industry who will use loT devices
in the building environment, to measure their ability to participate and work on the
Internet of Things environment. The second category is a group of participants in the
decision-making to clarify the extent of their ability to invest in the work environment
of the Internet of things and the extent of their confidence in that technology, in addition
to knowing the extent of their expectations for the desired results from using the 10T.

The recruitment of potential participants from Urbacon Trading & Contracting
which is classified as the largest construction company in Qatar followed the below
steps.

- Forwarding IRB-approved recruitment materials to Urbacon Trading &
Contracting company to nominate potential participants for workers &
managers surveys.

- Distributing or displaying flyers, presenting potential participants with

information about the study, prior to their enrollment, to help establish interest
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and willingness to serve as research subjects.

Questionnaire data has been collected through hard copies distributed at main camp for
workers and head / site office for managers.

A total of 700 responses were obtained from workers out of which 375
responses were usable, representing a response rate of 100% and forming the sample of
workers data analysis. For managers, A total of 475 responses were obtained, out of
which 142 responses were usable, representing a response rate of 100% and forming
the sample of managers data analysis. The data were collected from 17" April to 24"
April,2022,a as a hard copy, then we have summarized it into two separate spread sheet,
one for worker and one for staff and transferred the data in to SPSS for data analysis.

Then the data were analyzed using Perform Regression analysis on the collected
data to measure the effect of the identified variables on the overall readiness and
satisfaction of construction stakeholders to use 10T. The analysis is then presented in

the form of graphs and tables.
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CHAPTER 4: DATA ANALYSIS

In order to test the hypotheses formulated and to further analyze the data
collected, many statistical methods such as frequencies, means, reliability, descriptive
analysis, correlations and regressions were used. The collected responses were analyzed
using the IBM SPSS statistics software, which provided additional statistical analysis
of the data. SPSS developed descriptive tables to display the frequencies of each
variable that further helped to describe and compare variables numerically. The used
statistical analysis investigated the level of perceptions of respondents and tested the
research model.

4.1 Data Demographics

The sample represented 142 staff and 375 workers and included 517 responses
from Managers, Project Directors, Executive Directors and Workers . The scale used
is divided into two parts, Section — 1 General Information ( i.e Age, Experience, 10T
Knowledge and previous interaction with 10T for Managers/ Staff and for workers Age,
experience, education, lIoT knowledge and previous interaction with 10T and Section 2,
determine your level of agreement/disagreement with the following items by choosing
one of the answers ( 1=Strongly Disagree 2= Disagree 3= Neutral 4= Agree 5= Strongly
Agree . The demographics of data are shown in Table 2 & 3. The respondents were
asked about their age and experience. Most of the respondents, 16 % were ages
between 18-25, 70.9% between 26-40, 12.3% 41-55 and 0.8% between >55 for workers
and Managers ages between 44.4% ages between 26-40, 43% between 41-55 and
12.7% were >55. 65.10 % workers are having IoT Knowledge and 34.90% do not have
loT knowledge and 47.50% workers are having previous interaction with 1oT and
52.50% do not have it. Whereas 61.30% of staff has 10T knowledge and 38.70% do

not have it and 22.50% of staff has previous interaction with 10T and 77.50% do not
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have previous interaction with loT. Finally, the sample of firms were 100% contracting

firms.

Table 2 : Demographics details of the respondents — Managers / Staff

Age Frequency Percentage
18- 25 Years 0 0.00%
26-40 years 63 44.40%
41-55 years 61 43.00%
>55 years 18 12.70%
Experience Frequency Percentage
0-5 years 2 1.40%
6-10 years 12 8.50%
11-20 years 71 50.00%
>20 years 57 40.10%
loT Knowledge Frequency Percentage
Yes 87 61.30%
No 55 38.70%
Previou_s interaction Frequency Percentage
with 10T
Yes 32 22.50%
No 110 77.50%

Table 3 : Demographics details of the respondents — Workers

Age Frequency Percentage
18 - 25 Years 60 16.00%
26 - 40 Years 266 70.90%
41 - 55 Years 46 12.30%
>55 Years 3 0.80%
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Experience Frequency Percentage

0-5 Years 112 29.90%

6 - 10 Years 240 64.00%

11 - 15 Years 21 5.60%

16 - 20 Years 1 0.30%

>21 Years 1 0.30%
Education Frequency Percentage

5th Grade Completed 103 27.50%

No Schooling 139 37.10%

Reading / Writing 133 35.50%
loT Knowledge Frequency Percentage

Yes 244 65.10%

No 131 34.90%
Previou_s interaction Frequency Percentage

with loT
Yes 178 47.50%
No 197 52.50%

4.2 Item Descriptive Analysis

The first step involved a descriptive test of items levels, including the

evaluation of all items means and standards deviations. Table 4 depicts the results.

Table 4 : Item Descriptive Analysis — Managers / Staff

Survey Questions N Mean  Std. Deviation
Satisfaction with 10T in construction
Q1 SCI I'm satisfied with using IoT devices in 142 4 0.923
my company
Q2 SC2 I recommend that all construction 142 3.99 0.949

companies should use 10T
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Survey Questions N Mean  Std. Deviation

Q3 SC3 I believe it is feasible to use 0T in 142 4.04 0.846
construction

Productivity-related concern

Q4 PRC1 I think 10T will improve workers 142 4.06 0.827
utilization

Q5 PRC2 I think IoT could help to eliminate 142 3.7 0.907
poor workmanship

Q6 PRC3 I think IoT increase the ability of 142 4.15 0.762
tracking workers condition

Q7 PRC4 Ithink IoT could establish effective 142 4.05 0.775
communication in construction field

Q8 PRCS5 I think 10T could help in eliminating 142 4.1 0.784
obsolete equipment

Q9 PRCS6 I think IoT could help reduce the rate 142 3.55 0.896
of reworks

Cost-related concern

Q10 CRC1 Irecommend IoT as a strategic 142 3.84 0.839
investment

Q11 CRC2 I recommend allocating budget for 142 3.86 0.804
loT implementation

Q12 CRC3 Ithink IoT implementation will not 142 3.46 0.881
increase the overall project budget
significantly

Q13 CRC4 I think loT could Reduce operational 142 3.79 0.849
costs

Q14 CRCS I think IoT could help in resources’ 142 4.06 0.801

cost monitoring

Resistance
Q15 RESL1 I think my company employees are 142 3.39 0.906
ready to use loT technology
Q16 RES2 I think my company employees 142 3.87 0.89
require minimal training to deal with 10T
devices
Q17 RES3 Ithink 10T is creating new opportunity 142 3.66 0.841

instead of replacing current function
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Survey Questions N Mean  Std. Deviation

Q18 RES4 | think implementing 10T will be 142 3.31 0.916
smooth and easy

Safety

Q19 SF1 1 think IoT implementation will increase 142 3.78 0.976
safety in construction.

Q20 SF2 I think loT could help in Identification 142 3.85 0.902
of personal health risks and wellbeing at
work

Q21 SF3 1 think IoT devices could help in 142 3.51 1.009
preventing fire accidents in construction
field

Technology

Q22 TG1 I recommend total reliance on 10T to 142 3.35 0.892
evaluate the work

Q23 TG2 I am confident that the 10T technology 142 3.85 0.833
can be applied in the construction.

Q24 TG3 I trust the quality of devices and 142 3.54 0.796

materials available in supporting 0T
functionalities.

Q25 TG4 I trust my company have the ability to 142 4.24 0.798
manage the device updates and compatibility
issues.

The majority of means for staff are considered high (means between 3.31 — 4.24).
The results shown in above table indicate that 10T is safe to be used and will reduce
the cost and it is a good technology for better productivity and can rely on it.
Consistency were shown by most of the value for standard deviation which indicates

that data is around the mean.
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Table 5 : Item Descriptive Analysis — Workers

: Std.
Survey Questions N Mean Deviation
Satisfaction with 10T devices

Q1 I’m satisfied with using IoT devices 375 3.98 0.827
in my company

Q2 I recommend that all construction 375 4.03 0.819
companies should use 10T

Q3 I’m satisfied with the amount of 375 3.98 0.816
information collected about me

Q4 I’m satisfied with wearing apparel 375 4.07 0.87
(wearables) with an embedded 10T
device during work

Privacy-related concern

Q5 | agree to collect data about my 375 4 0.929
health

Q6 | agree to collect data about my work 375 3.98 0.926
activities

Q7 | agree to share my data with my 375 3.99 0.845
work colleagues

Q8 | agree to share my data with third 375 4.06 0.86
parties

Health-related concern

Q9 I don’t think IoT technology has 375 4.02 0.807
influence on my health during work

Q10  Idon’tthink IoT technology has 375 4.01 0.751
influence on my health on the long
term

Q11  Idon’t think that IoT technology 375 4 0.779
could cause death

Q12  Ithink 10T devices could help me 375 4.05 0.774
monitor my health during work

Q13 I recommend using loT devices to 375 4.03 0.796

evaluate my health condition

Ease of Use
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: Std.
Survey Questions N Mean Deviation
Q14  Ithink IoT will not prevent me from 375 4.08 0.823
doing normal work activities
Q15  Ithink I’'m not required to do extra 375 4.03 0.851
work to handle 10T device
Q16  Ithink I need minimal training to be 375 4.06 0.889
able to use 10T technology
Q17  Using loT technology is not complex 375 4.08 0.943

Security & Accessibility

Q18 I trust my employer’s ability to 375 3.99 0.864
protect my data

Q19 My company have the latest security 375 4.07 0.908
technology
Q20 I think my Employer will not use the 375 4.06 0.899

collected data against my interest

Q21 I think I will be allowed to review 375 4.05 0.821
the data collected about me

Q22 | think my data will not be shared 375 4.06 0.822
with third parties

Q23 | Can select/define what information 375 4.06 0.86
to be collected during my work

Q24  All my data will be destroyed after | 375 4.1 0.825
leave the company

Dependability of 10T technology

Q25  loT technology is dependable 375 4.07 0.781
Q26 I highly trust 10T technology 375 4.11 0.747
Q27 10T will yield accurate data 375 4.11 0.749
Q28 10T technology would always be 375 4.13 0.769

available (even at risky situations).

The majority of means for workers are considered high (means between 3.98—
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4.13). The results shown in above table indicate that 10T is safe to be used and will
reduce the cost and it is a good technology for better productivity and can relay on
it. Consistency were shown by most of the value for standard deviation which
indicates that data is around the mean.

4.3 Reliability and Cronbach’s alpha

Reliability is conducted to determine internal consistency which is measured by
Cronbach’s alpha that represents a measure of the correlations between items within
the same construct. The value recommended for staff and worker is higher than 0.8
(values above 0.90 are considered excellent) ) (F.Hair, Black, Babin & Anderson,2010).
These results confirm the validity of the used instrument and its consistency if used in

further research.

Table 6 : Cronbach’s alpha value of major constructs — Managers / Staff

Staff - Overall

Cronbach's Alpha N of Items
0.865 5
N Number of Items C?Egﬁfgi@:gga
Productivity 142 6 0.835
Cost-related concern 142 5 0.821
Resistance 142 4 0.843
Safety 142 3 0.859
Technology 142 4 0.824
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Table 7 : Cronbach’s alpha value of major constructs — Workers

Worker - Overall

Cronbach's Alpha N of Items
0.906 5
Cronbach's Alpha
N Number of Items if Item Deleted
Privacy-related concern 375 4 0.886
Health-related concern 375 5 0.882
Ease of Use 375 4 0.873
Security &
Accessibility 375 ! 0.884
Dependability of loT 375 4 0.899
technology

4.4 Correlation

It is important to evaluate the correlations between the variables to find out
if there is a possibility of multicollinearity. The correlations shown in table 5
indicate significant bivariate correlations between the dependent variable and the
independent variables, this means that the variables are selected accurately and
based on a solid conceptual basis. Moreover, the correlations presented in table 8 are
within the accepted range < 0.85 (Jason Fernando, Margarte James & Vikki
Velasquez). If the correlations are over 0.85 a question of multicollinearity could be

considered. In addition, regression analysis enables us to test for multicollinearity.

Table 8 : Pearson’s Correlation Matrix — Managers / Staff

Productivity C%sé)t:éeelfr:ed Resistance Safety  Technology

Productivity 1
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Cost-related

Productivity Resistance Safety = Technology
concern
Cost-related 656" 1
concern
Resistance 492" .590™ 1
Safety 563" 563" 481" 1
Technology 601 638" 646" 554" 1

Table 9 : Pearson’s Correlation Matrix — Workers

Cost-related

Productivity concern Resistance Safety Technology
Privacy-related 1
concern
Health-related 206" 1
concern
Ease of Use 7117 747 1
Security & . . o
Accessibility .649 .639 .708 1
Dependability of 560" 5g5** 628" 659" 1

I0T technology

4.5 Regression Analysis

The last step is to test the assumed hypotheses therefore multiple regression
techniques were used for testing the research model. A Beta value inspection of
each predictor is used to test its hypotheses. The regression test estimates all
predictors for the dependent variable together. However, the test has been
conducted twice using an enter method based upon the assumed model and |
removed the unsignificant variables.

Table 10 indicates that the prediction of satisfaction for staff is significant

and resulted in an R1 = 0.771 (Adjusted R2 = 0.585) with an F (67.299) .The

regression test has run twice to get a result to support the hypothesis with a significance
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more or less than 0.0 or <0.001. Accordingly, the overall multiple regression equation

can be written as follows: -

S= +0333p+0.27/6 CRC+0.495TG

We can see that when we removed two variables (resistance and safety), we

found the R has increased from 0.597 to 0.771.

The same exercise has been done for worker also. The regression test estimates

all predictors for the dependent variables together. However, the test has been done

twice after we removed the insignificant variables. Table 11 indicate that the prediction

of satisfaction for labors are significant and resulted in an R =0.809 and R? = 0.653 for

health-related concern and privacy related concern and found all variables are

significant. Accordingly, the multiple regression equation can be written as follows: -

S=+0.533+0.568 PRC + 0.3 HRC

We can see that we have removed three variables to make the model more significant

which are (ease of use, security and dependability) in order to make it more significant,

despite the fact that both models has the same R & R?.

S=+0.333PRC+0.276 CRC+0.495 TG

Table 10 : Multiple regression coefficient — Manager / Staff

Unstandardized
Coefficients

Standardized
Coefficients

Model t Sig.
B ESrtrddr Beta
(Constant) 0.22 0.313 0702 0.484
Productivity 0.356 0.103 0.27 3.454 <.001
Cost Cost-related 0293  0.095 0254 3068 0.003

concern
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Unstandardized

Coefficients

Standardized
Coefficients

Model Sig.
B Std. Beta
Error
Resistance 0.007 0.091 0.005 0.073 0.942
Safety -0.063 0.065 -0.069 -0.958 0.34
Technology 0.513 0.104 0.407 4916 <.001
a. Dependent variable : Satisfaction
Table 11 : Multiple regression coefficient — Workers
Unstandardized Standardized
Model Coefficients Coefficients t Sig.

B Std. Error Beta
(Constant) 0.446 0.16 2.796  0.005
Privacy-related concern 0.553 0.046 0.576 11.907 <.001
Health-related concern 0.289 0.055 0.263 5217 <.001
Ease of Use -0.033 0.051 -0.035 -0.638 0.524
Security & Accessibility 0.063 0.051 0.06 1.23 0.22
Dependability of loT 0017  0.049 0.015 035 0727
technology
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CHAPTER 5: RESULTS

5.1 Summary of Findings

The main purpose of the study is to answer the research questions which were
the factors that are influencing the adoption of 10T in the construction industry. The
statistical data analysis and results obtained from Chapter-4. 375 workers and 142 staff
has replied to a questionnaire in the attached appendix -10 & 11 from my company
which were surveyed for the study.

Frequencies, means, descriptive analysis, reliability analysis (Cronbach’s
alpha), correlations & multiple regression techniques were executed in SPSS. In the
staff survey most of the respondents have an aged between 26-40 (mode) 44.40 % with
experience 11-20 years (50%), and knowledge of 10T with 61.3%. We have requested
to determine the satisfaction of use devices to use it in 10T in construction and we found
the 75.56% of the staff agreed and strongly agreed to use it. Staff has considered the
75.48 and a mean have agreed and strongly agreed that productivity will improve
tremendously if we use 10T. Also, a mean at 68.2% has agreed and strongly agreed that
it is cost effective to use. A mean of 55.275% has responded agreed and strongly agreed
they will have resistance to use 10T. Almost 65% has responded to agreed and strongly
agreed that using loT is safe.

Accordingly, we could conclude from the descriptive analysis (Appendix — 3)
that most of the answers are between (3.5 — 4.17) agreed and strongly agreed (see
Appendix -2) which shown the mode of 4.0 (agreed). Adopting 0T in construction,
multi regression done twice to get a better model with significant = about < 0.01, we
removed two variables (resistant and safety) and we found that R has increased from
0.597 to 0.771. Accordingly, the multi regression equation has been derived for

statistics as follows :-
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S=-0.204 +0.333P+0.276 CRC +0.495 TG
With a P < 0.001

In the worker survey, we found that 70.90% of the survey of 375 participated
are aged between 26 — 40 years and 64% of them are between 6-10 years of experience
and only 27.5% has completed 5" grade education. Also, we found that 57.5% has no
previous knowledge about 10T. Before we introduced what is 10T in a presentation to
them in their language, the survey is done in their language as attached in Appendix —
12.

The average / mean satisfaction with 10T devices was about 4.0 (agreed) which
is a good result. An average of 80 — 85% of worker agreed that to have privacy on their
data, 83 — 85% agreed that the IoT devices will not have an effect in their health & 882
— 85% agreed that it is very easy to use. 86% agreed that personal data will not be use.

Accordingly, we could conclude from the descriptive analysis (Appendix - 4)
that most of the workers answered agree with using the 10T in construction. Multi
regression has been done tice to eliminate the non-significant variables and to get a
better model with P < 0.001. We have removed the variable (ease to use, security &
dependability) and we got the following best regression model for prediction.

S=+0.533+0.568 PRC + 0.3 HRC
With a R? = 0.808 & adjusted R? = 0.651. The reliability status shows a value of 0.968

for all the 28 items.
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5.2 Discussion of Findings

One explanation for the insignificance of resistance and safety in the staff model
is the high level of competition within the job market in Qatar that is creating an
organizational culture focused on productivity and profitability. Managers also in Qatar
tend to adopt a techno-centric attitude towards technology focusing only on the benefits
the technology can bring to the workplace. Future research should measure these
possible explanations plus support for the sustainability goals. As for the laborers, again
they are facing high competition and are focused on the financial gains they receive

from working in Qatar given also the conditions in their home countries.
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CHAPTER 6: CONCLUSION

l0T is a rapidly emerging technology. The main purpose of this study is to
explore the factors that influence users' readiness to use loT applications. It
analyses how external factors and variables can affect the adoption of stakeholders
towards any potential 10T implementation in the construction sector. With the
analysis of data collected from two different categories of stakeholders in
construction, The results show that there are some factors that affect construction
worker's willingness to use 10T, in particular, privacy, the ease of use, and safety,
which are indicative of the users' feelings toward loT applications and whether
those applications can contribute to improving their work performance, whether
they find them easy to use, whether their private data will be protected and will not
be used against them and the degree to which influential people around them
support their use of the system are the most important factors affecting workers
acceptance to use loT.

Also, The results show that there are some factors that affect construction
decision-makers willingness to use 10T, in particular, productivity, the ease of use,
cost, and safety, indicating their feelings toward 10T applications and whether those
applications can contribute to improving productivity, whether they find them easy
to use and are easy to learn by their subordinates , whether the cost of
implementation will negatively affect the project budget and the degree to which
other stakeholders around them support the use of the system are the most important
factors affecting decision-makers acceptance to use & invest in 10T, As a result, it
is recommended that when 10T applications are introduced by an organization, the
organization should not only consider whether the system can improve work

productivity, but also ensure that the application is easy to use.
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However, the scale of 10T applications is still small. Therefore, there remain
a lot of opportunities for the development of facilities related to 1oT. The
construction industry can achieve positive results from loT application if the
selectivity and variety of future applications increases, and the relevant conditions
of use are met, and if future applications are diverse and meet the rights
requirements.

6.1 Implications and Recommendations

As reviewed in the literature, a considerable number of studies propose a
theoretical framework that can be used for evaluating the feasibility of different
projects. Construction is one of the largest industries, but when it comes to
adopting new technologies, it is very conservative.

This study has significant consequences for real-world companies. It gives
information for management to properly coordinate the adoption of an 10T system
throughout the organization. When deploying a complex system such as 10T,
organizations must understand and acknowledge organizational, individual, and
technological issues. It is critical to improve end users' perceived usefulness and
perceived ease of use in order to encourage 10T acceptance.

A wide range of industries in construction sector can benefit from the
Internet of Things (1oT). Site facilities and materials management is one example.
To track and locate items and machinery, it is possible to use RFID tags in
conjunction with Building Information Modeling (BIM) to collect structural
geometry information, which makes it possible for managers to create deployment
plans that save time and effort by locating materials and other facilities. The
prefabrication business is another area where RFID sensors may be quite useful.

The integration of BIM and 10T technologies allows for the direct visualization in
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the BIM model of the real-time visibility and traceability of various prefabricated
building components. In order to monitor the progress of the project without
relying on phone conversations and e-mails.

Also, 10T can prevent accidents on construction sites, which are the
leading cause of fatalities. Worker safety can be enhanced by alerting them if
heavy machinery or vehicles are nearby. Accidents can be prevented and a safe
working environment developed. As well as monitoring the workers' activity at
sites, 10T can alert them if the working environment deteriorates and poses a
health risk.

Taking advantage of loT technology creates an opportunity for the
construction organizations to enhance the quality of their work by implementing
the technology in smart objects and smart homes. With the arrival of 5G
technology , there will be vast opportunities for the construction organizations to
enhance their performance with this technology, which in turn will build a better
future.

6.2 Limitations and Future Directions

According to data analysis results, usage behavior is positively connected
with different factors influencing the stakeholder’s decisions. in terms of practical
applications, the 10T is still in the development stage. Given that technical
improvements are immature and unstable, considering the nature of the
construction industry as a high-risk, low-profit sector, implementing new
information technology systems will almost certainly raise operational costs.
Given that the public sector is frequently interested in saving costs by adopting
the lowest attainable standards, the added cost of implementing 10T applications

competes with manufacturers’ goals. Furthermore, the advantages of loT
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applications in the construction industry requires more study. While the Internet
of Things has proven beneficial in other businesses, the construction industry may
be different from others that produce significant money through loT applications.
This study was designed for construction workers and decision makers. However,
the industries represented in the construction sector are quite diverse, and the
respondents' decision-making powers differed. There is still a lack of in-depth
discussion concerning behavioral intention and actual behavior now. Follow-up
researchers might compare and discuss other important areas or conduct surveys
for workers in a specific job area to give a reference for real-world application.
There are several definitions and ways for measuring behavioral intention. Also,
Different research approaches and a larger sample size might be utilized to go
deeper into the issue and build more appropriate theoretical models, which will
enable a better opportunity in predicting user intention and behavior in the use of
technology and better understanding the relationships between them.

Also, future research should measure the insignificant sector that we found

in both models, plus the support for the sustainability goals.
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APPENDIX

Appendix — 1 : Demographics details of the respondents — Managers/Staff

Age
M %
26-40 years 63 44 40%
41-55 years 61 43.00%
=55 years 18 12.70%
Experience
N %

0-5 years 2 1.40%
6-10 years 12 8.50%
11-20 years 71 50.00%
=20 years af 40.10%

loT Knowledge

N %
Yes 87 61.30%
No 55 38.70%

Prev. loT Knowledge

N %
Yes 2 2250%
2 No 110 77.50%
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Appendix — 2 : Demographics details of the respondents — Workers

Age
N %o
18 - 25 Years 60  16.00%
26-40Years 266 70.90%
41 - 55 Years 46 12.30%
=55 Years 3 0.80%
Experience
N Yo
O-SYears M2 2990%
6-10 Years 240 G4 00%
11 -15Years 21 5.60%
16 - 20 Years 1 0.30%
=21 Years 1 0.30%
Education
N Yo
ath Grade
Completed "% oren
Mo Schooling 139 37 10%
Reading / o
Writing 133 35.50%

knowledge about loT

N %
\rlres 244 ....... 65_1[]0};0 .......
No 131 34.90%

Previous interaction with loT

N %
Yes 178 47.50%
No 197 52.50%
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Appendix — 3 : Item Descriptive analysis — Managers / Staff

N Range Min. Max. Mean SF:I.. Variance
Deviation
Statistic | Statistic | Statistic | Statistic | Statistic Es::lur Statistic Statistic
Age 142 2 2 4 2 68 0.058 0.688 0473
Experience 142 3 1 4 3.29 0.057 068 0.462
loT Knowledge 142 1 1 2 1.39 0.041 0.489 0.239
Prev. Interaction

with 16T 142 1 1 2 1.77 0.035 0.419 0.176
SC1 142 4 1 5 4 0.077 0.923 0.851
SC2 142 4 1 5 3.99 0.08 0.949 0.901
SC3 142 4 1 5 4.04 0.071 0.846 0.715
PRC1 142 4 1 5 4.06 0.069 0.827 0.684
PRC2 142 4 1 5 3T 0.076 0.907 0.823
PRC3 142 4 1 5 415 0.064 0.762 0.581

PRC4 142 4 1 5 4.05 0.065 0.775 0.6
PRCS 142 4 1 5 4.1 0.066 0.784 0614
PRCE 142 4 1 5 355 0.075 0.896 0.803
CRC1 142 3 2 5 384 0.07 0.839 0.704
CRC2 142 3 2 5 386 0.067 0.804 0.647
CRC3 142 4 1 5 346 0.074 0.881 0.775
CRC4 142 3 2 5 379 0.071 0.849 0721
CRC5 142 3 2 5 4 06 0.067 0.801 0.641
RES1 142 3 2 5 3.39 0.076 0.906 0.821
RES2 142 4 1 5 387 0.075 0.89 0792
RES3 142 4 1 5 366 0.071 0.841 0.708
RES4 142 4 1 5 KRCH 0.077 0916 0839
SF1 142 4 1 5 378 0.082 0976 0.952
SF2 142 3 2 5 3.85 0.076 0.902 0.813
SF3 142 4 1 5 3.51 0.085 1.009 1.018
TG1 142 4 1 5 3.35 0.075 0.892 0.795
TG2 142 4 1 5 3.85 0.07 0833 0.694
TG3 142 4 1 5 354 0.067 0.796 0633
TG4 142 3 2 5 424 0.067 0.798 0.637

142
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Appendix — 4 : Item Descriptive analysis — Workers

N Range |Minimum |Maximum| Mean Des:::tin Variance
n
Age 375 3 1 4 1.98 0.561 0.315
Experience 375 4 1 5 1.77 0.581 0.338
Education 375 2 1 3 2.08 0.79 0.625
loT Knowledge 375 1 1 2 1.35 0477 0228
p’i"\':i‘tt::)fi“ 375 1 1 2 1.53 05 0.25
SD1 375 4 1 5 3.98 0.827 0.684
sD2 375 4 1 5 403 0819 067
SD3 375 4 1 5 398 0816 0.665
sSD4 375 4 1 5 407 087 0.758
PC1 ars 4 1 5 4 0.929 0.864
PC2 375 4 1 5 3.98 0.926 0.858
PC3 375 4 1 5 3.99 0.845 0.714
PC4 375 4 1 5 4.06 0.86 0.74
HCA1 375 4 1 5 4.02 0.807 0.652
HC2 375 4 1 5 4.01 0.751 0.564
HC4 375 4 1 5 4 0.779 0.607
HC5 375 4 1 5 405 0774 06
HC6 ars 4 1 5 403 0.796 0633
EU1 375 4 1 5 4.08 0.823 0.678
EU2 375 4 1 5 4.03 0.851 0.723
EU3 375 4 1 5 4.06 0.889 0.79
EU4 375 4 1 5 408 0.943 0.889
SA1 375 4 1 5 399 0.864 0.746
SA2 375 4 1 5 407 0.908 0824
SA3 375 4 1 5 406 0.899 0.809
SA4 ars 4 1 5 405 0.821 0674
SA5 375 4 1 5 4.06 0.822 0.675
SA6 375 4 1 5 4.06 0.86 0.739
SA7 375 4 1 5 4.1 0.825 0.681
DT1 375 4 1 5 407 0.781 0.609
DT2 375 4 1 5 411 0.747 0.558
DT13 375 4 1 5 411 0.749 0.561
DT14 375 4 1 5 413 0.769 0.591
iswise) | ¥
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Appendix — 5 : Cronbach’s alpha value of major constructs — Managers / Staff

Reliability Statistics

Cronbach's N of ltems
Alpha
0.924 29
ltem-Total Statistics
. Scale Corrected Cronbach's
Scale Mean if . . .
ltems ltem Deleted Variance if Item-Total Alpha if ltem
Item Deleted | Correlation Deleted
Age 101.45 183.441 0.098 0.926
Experience 100.85 184.345 0.051 0.926
10T Knowledge 102.75 187.609 -0.157 0.927
Prev. Interaction 102 36 188 898 0289 0928
with loT
SCH 100.13 170.954 0.578 0.92
sSC2 100.14 169157 0.636 0.919
SC3 100.1 168.146 077 0.917
PRCA1 100.07 170.435 0.678 0.919
PRC?2 100.44 172.914 0.504 0.921
PRC3 9999 173.603 0.576 0.92
PRC4 100.08 172.248 0.634 0.92
PRCSH 100.04 177.921 0.345 0.923
PRCE 100.58 171.28 0.583 0.92
CRC1 100.3 169.841 0.695 0.919
CRC2 10027 170.754 0.683 0.919
CRC3 100.67 172.067 0.559 0.92
CRCH4 100.35 168.767 0.737 0.918
CRChH 100.07 172.08 0.62 0.92
RES1 100.75 172772 0.51 0.921
RES2 100.26 177.57 0.311 0.924
RES3 100.47 171.145 0.631 0.919
RES4 100.82 171.79 0.546 0.921
SF1 100.35 169.251 0.612 0.92
SF2 100.29 170.349 0.62 0.92
SF3 100.62 168.691 0612 0.92
TG 100.79 172.863 0.516 0.921
TG2 100.28 170.785 0.655 0.919
TG3 100.59 172.328 0612 0.92
TG4 9989 173.301 0.562 0.921




Appendix —6 : Cronbach’s alpha value of major constructs — \Workers

Reliability Statistics

Cronbach's

Alpha N of ltems
0.957 33
Item-Total Statistics
Scale Mean if |Scale Variance Corrected Crnnh:ach's
Items . Item-Total |Alpha if ltem
Item Deleted if tem Deleted .
Correlation Deleted
Age 119.99 295906 -0.103 0.959
Experience 1202 294 471 -0.029 0.959
Education 119.89 291.905 0.063 0.959
loT Knowledge 120.62 294 626 -0.038 0.958
Prev. interaction 120 45 294 472 _0.029 0 958
with 1oT

SD1 117.99 274.698 0.687 0.955
sD2 117.94 274125 0717 0.955
sSD3 117.99 274.38 0.71 0.955
SD4 117.9 273.392 0.698 0.955
PC1 117.97 270.437 0.75 0.954
PC2 117.99 270.866 0.738 0.954
PC3 117.98 272721 0.745 0.954
PC4 117.91 274166 0678 0.955
HC1 117.95 274.289 0.721 0.955
HC?2 117.96 275939 0.71 0.955
HC4 117.97 27517 0714 0.955
HC& 117.93 275.069 0723 0.955
HCE 117.94 274.013 0.743 0.954
ElU1 117.89 273.83 0.724 0.954
EUZ2 117.94 272.841 0.735 0.954
EU3 117.91 270.077 0.799 0.954
EU4 117.89 268581 0.801 0.954
SA1 117.98 275.556 0.625 0.955
SA2 117.9 272822 0.686 0.955
SA3 117.91 274 277 0643 0.955
SA4 117.92 272919 0.761 0.954
SAS5 117.91 273.646 0.732 0.954
SAB 117.91 273.325 0.709 0.955
SAT 117.87 274 623 0.692 0.955
DT1 117.9 277147 0.634 0.955
D12 117.86 277.836 0.636 0.955
DT13 117.86 2TTATT 0.661 0.955
DT14 117.85 277.024 0.649 0.955
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Appendix —7 : Pearson’s Correlation Matrix - Managers / Staff

Correlations (Staff)
Cost-
Productivity| related |Resistance| Safety |Technology
concermn
Pearso_n 1 656 497" 563" 601
Correlation
Productvty |~ oio) (2 tailed) <001 | <001 | <001 | <001
N 142 142 142 142 142
CZ‘??;Z%’;H 656" 1 500" | 563" | 638"
Cost-related
cancern Sig. (2-tailed) <.001 =.001 <.001 =.001
N 142 142 142 142 142
Pearsoln 490" 590" 1 481" 646
Correlation
Resistance | o0 otailed) | <001 <001 <001 <001
N 142 142 142 142 142
Pearsqn 553" 553" 481" 1 554"
Correlation
Salely | gig (failed) | <001 <001 <001 <001
N 142 142 142 142 142
Pearsoln 601" 638" 646 554" 1
Correlation
Technology | o0 tailed) | <001 <001 <001 <001
N 142 142 142 142 142

**_Correlation is significant at the 0.01 level (2-tailed).

58



Appendix -8 : Pearson’s Correlation Matrix - \Workers

Sangfactmn Privacy- Health-related Security & Dependability
with loT related Ease of Use o of loT
. concern Accessibility
devices concern technology
Pearson 1 784" 691" g2 587" 515"
S Rnican Correlation : ' ' ’ ’
with loT
devices
Sig. (2-tailed) =001 =001 =001 =001 =001
M 375 375 375 375 375 375
Pearson 784" 1 706™ Ak 49" 56"
Privacy- Correlation ’ i i ’ i
related
concern
Sig. (2-tailed) =001 =001 =001 =001 =001
M 375 375 375 375 375 375
Pearson . - 1 - - -
Correlation B 706 747 638 585
Health-related
concern
Sig. (2-tailed) =001 =001 =001 =001 =001
M 375 375 375 375 375 375
Pearson - - - 1 - -
Correlation 623 T 747 708 628
Ease of Use
Sig. (2-tailed) =001 =001 =001 =001 =001
N 375 375 375 375 375 375
Pearson - - - - 1 -
Correlation 587 649 639 708 659
Security &
Accessibility
Sig. (2-tailed) =001 =001 =001 =001 =001
N 375 375 375 375 375 375
Pearson 515" 560" 55" gog" 650" 1
Dependability Correlation : : : : :
of loT
technology
Sig. (2-tailed) =001 =001 =001 =001 <001
N 375 375 375 375 375 375

**_Correlation is significant at the 0.01 level (2-tailed).




Appendix -9 : Multiple regression coefficient — Managers / Staff

Model Summary®

Adjusted R Std. Error of

Model R R Square Square  the Estimate

1 A71° 0.594 0.585 0.50232

a. Predictors: (Constant), Technology Technology, Productivity
Productivity, Cost Cost-related concern

b. Dependent Variable: Satisfaction Satisfaction

ANOVA®
. Sum of Mean :
Model Squares Square Sig.
Regression  50.944 3 16.981 67299 <(001°
1 Residual 34 621 138 0252
Total 85.765 141

a. Dependent Variable: Satisfaction Satisfaction

b. Predictors: (Constant), Technology Technology, Productivity
Productivity, Cost Cost-related concern
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Appendix —10 : Multiple regression coefficient — Workers

Model Summary”®

. Adjusted R | Std. Error of
Mode R RSquare Square the Estimate
1 809° 0655 0.65 044141

a. Predictors: (Constant), Dependability of loT technology,
Privacy-related concern, Security & Accessibility , Health-
related concern, Ease of Use
b. Dependent Variable: Satisfaction with loT devices

ANOVA®
Sum of Mean .
Model Squares Square Sig.
Regression 136.343 ] 27269 13995 =<=001°
1 Residual 71.896 369 0.195
Total 206238 374

a. Dependent Variable: Satisfaction with loT devices
b. Predictors: (Constant), Dependability of loT technology, Privacy-
related concern, Security & Accessibility | Health-related concern, Ease

of Use
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Appendix —11 : The Questionnaire (Survey) — Managers / Staff

Using loT to Support Operations in the Construction Sector (Managers Survey)

We constantly strive to improve the quality of our work environment and services to give an
awesome experience to our workers and community. We would like to invite you to participate
in this research study (Using loT to Support Operations in the Construction Sector) approved
by (QU-IRB board) under the number (QU-IRB 1706-EF22). For inquiries or questions about
the ethical compliance of the study, contact the committee on the email: QU-IRB@au.edu.qa.

The study aims at exploring the factors influencing the satisfaction with loT in the construction
sector. The study will contrast both managers and workers perspectives. This survey is
directed to managers only.

** The Intemet of things (loT) describes an environment of physical objects (or people
camying such objects) that are embedded with sensors to exchange data with other devices
and systems over the Intemet or other communications networks.

Section 1:
General Information
1- Age: [18-25 O 26-40 O 41-55 O =h5
2- Years of expenence in construction: O0-5 O610 O1-20 O
=20
3- | have some knowledge about loT: O Yes O Mo
4- | have a previous interaction with loT: O Yes O No

Section 2:

Determine your level of agreement/disagreement with the following items by choosing one of
the answers:

1=Strongly Disagree 2= Disagree J= Neutral 4= Agree 5= Strongly Agree

Satisfaction with loT in construction 1 2 3 4 5
1 I'm satisfied with using loT devices in my company
2 I recommend that all construction companies should use
3 :EI.J-L.'liE‘JE it is feasible to use loT in construction

Productivity-related concern 1 2 3 4 ]
4 | think loT will improve workers ufilization
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I think 10T could help to eliminate poor workmanship

i] | think loT increase the ability of tracking workers
condition

T | think 1oT could establish effective communication in
construction field

] | think 10T could help in eliminating obsolete equipment

9 I think loT could help reduce the rate of reworks
Costrelated concern

10 | I recommend loT as a strategic investment

11 | I recommend allocating budget for loT implementation

12 | I think loT implementation will not increase the overall
project budget significantly

13 | I think loT could Reduce operational costs

14 | I think loT could help in resources’ cost monitoring
Resistance

15 | | think my company employees are ready to use loT
technology

16 | | think my company employess require minimal training
to deal with loT devices

17 | I think loT is creating new opportunity instead of
replacing current function

18 | I think implementing loT will be smooth and easy
Safety

19 | I think loT implementation will increase safety in
construction

20 | I'think loT could help in ldentification of personal health
risks and wellbeing at work

21 | I think loT devices could help in preventing fire
accidents in construction field
Technology

22 | I recommend total reliance on loT to evaluate the work

23 | I am confident that the loT technology can be applied in
the construction

24 | | trust the quality of devices and materials available in
supporting loT funciionalities

25 | | trust my company have the ahility to manage the

device updates and compatibility i1ssues

If you have any extra comments, please feel free to write in the space below:
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INFORMED COMNSENT FORM

Using 1oT** to Support Operations in the Construction Sector

We constantly strive to improve the quality of our work environment and services to give an
awesome experience to our workers and community. We would like to invite you to participate
in this research study {Using loT** to Support Operations in the Construction Sector), The study
is approved by the Qatar University Institutional Review Board with the approval number QL-
IRB 1706-E/22 If you have any question related to ethical compliance of the study you may
contact them at QU-IRB@qu.edu.ga .

This questionnaire will be used to collect the necessary data for the mentioned study to prepare
for the graduation project within the requirements of the MBA degree at the College of Business
and Economics at Qatar University.

The expected time to complete the guestionnaire is 10 minutes. The information provided by
you will be kept stricthy confidential. Your participation in this study is voluntary and
confidential.

Risks or discomforts: The risks of participating in this study are no greater than what is
experienced in daily life.

Benefits: While there are no benefits to you as a participant, your assistance in this research will
help gauge public opinion on the use of loT to benefit construction industry and could possibly
provide a basis for the adoption of such use.

Compensation: There is no compensation offered for taking part in this study.

Confidentiality of records: Your individual information will be protected in all data resulting
from this study. Your responses to this survey will be anonymous. No personal information will
be collected other than basic demographic descriptors.

Contact: If you have any guestions or would like additional information about this study, please
contact Salim Jarrar, 522000060 @student.qu.edu.ga, or the faculty member overseeing this

project, Prof. Emad Ahmed Abushanab, eabyshanab@gu edu.gg.

Voluntary Participation: Your participation in this study is completely voluntary. You may
discontinue your participation at any time without penalty.

Please answer YES if you wish to participate, confirming that you have read, reviewed, and
agread to participate.

[ ¥es [ No

**The Internet of things (1oT) describes physical objects or people that are embedded with
sensors to exchange data with other devices and systems over the Internet or other
communications networks.
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Appendix —12 : The Questionnaire (Survey) — — Workers (English)

Using loT to Support Operations in the Construction Sector (Workers Survey)

We constantly strive to improve the quality of our work environment and services to
give an awesome experience to our workers and community. We would like to invite
you to participate in this research study (Using 10T to Support Operations in the
Construction Sector) approved by (QU-IRB board) under the number (QU-IRB 1706-
E/22). For inquiries or questions about the ethical compliance of the study, contact the
committee on the email: QU-IRB@qu.edu.qga.

The study aims at exploring the factors influencing the satisfaction with 10T in the
construction sector. The study will contrast both managers and workers perspectives.
This survey is directed to workers only.

** The Internet of things (10T) describes an environment of physical objects (or people
carrying such objects) that are embedded with sensors to exchange data with other
devices and systems over the Internet or other communications networks.

Section 1:
General Information
1- Age: [118-25 [126-40 [J41-55 [1>55
2- Years of experience in construction: [10-5 [16-10 [111-15 [J16-20

[1>20
3- Educational Level: [ No schooling [ Reading/Writing O 5™ Grade
Completed
4- | have some knowledge about 10T: 1 Yes 1 No
5- I have a previous interaction with 10T: L] Yes L1 No
Section 2:

Determine your level of agreement/disagreement with the following items by choosing
one of the answers:
1=Strongly Disagree 2= Disagree 3= Neutral 4= Agree 5= Strongly Agree

Satisfaction with 10T devices 1 2 31415
1 | I'm satisfied with using IoT devices in my

company
2 I recommend that all construction companies

should use lIoT

3 I’'m satisfied with the amount of information
collected about me

4 | I'm satisfied with wearing apparel (wearables)
with an embedded 10T device during work

Privacy-related concern 1 2 314 |5
5 | agree to collect data about my health
6 | | agree to collect data about my work activities
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7 | agree to share my data with my work colleagues

8 | agree to share my data with third parties
Health-related concern 5

9 | Idon’t think IoT technology has influence on my
health during work

10 | I don’t think IoT technology has influence on my
health on the long term

11 | I don’tthink that IoT technology could cause death

12 || think IoT devices could help me monitor my
health during work

13 || recommend using loT devices to evaluate my
health condition
Ease of Use 5

14 | I think 10T will not prevent me from doing normal
work activities

15 | I think I’m not required to do extra work to handle
loT device

16 | I think I need minimal training to be able to use
I0T technology

17 | Using loT technology is not complex
Security & Accessibility 5

18 | I trust my employer’s ability to protect my data

19 | My company have the latest security technology

20 | I'think my Employer will not use the collected data
against my interest

21 | I think I will be allowed to review the data
collected about me

22 | 1think my data will not be shared with third parties

23 |1 Can select/define what information to be
collected during my work

24 | All my data will be destroyed after | leave the
company
Dependability of 10T technology

25 | loT technology is dependable

26 | I highly trust IoT technology

27 | 10T will yield accurate data

28 | 10T technology would always be available (even at

risky situations).

If you have any extra comments, please feel free to write in the space below:
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INFORMED CONSENT FORM
Using loT** to Support Operations in the Construction Sector

We constantly strive to improve the quality of our work environment and services to
give an awesome experience to our workers and community. We would like to invite
you to participate in this research study (Using loT** to Support Operations in the
Construction Sector), The study is approved by the Qatar University Institutional
Review Board with the approval number QU-IRB 1706-E/22 If you have any question
related to ethical compliance of the study you may contact them at QU-IRB@qu.edu.qga

This questionnaire will be used to collect the necessary data for the mentioned study to
prepare for the graduation project within the requirements of the MBA degree at the
College of Business and Economics at Qatar University.

The expected time to complete the questionnaire is 10 minutes. The information
provided by you will be kept strictly confidential. Your participation in this study is
voluntary and confidential.

Risks or discomforts: The risks of participating in this study are no greater than what
is experienced in daily life.

Benefits: While there are no benefits to you as a participant, your assistance in this
research will help gauge public opinion on the use of 10T to benefit construction
industry and could possibly provide a basis for the adoption of such use.
Compensation: There is no compensation offered for taking part in this study.
Confidentiality of records: Your individual information will be protected in all data
resulting from this study. Your responses to this survey will be anonymous. No personal
information will be collected other than basic demographic descriptors.

Contact: If you have any questions or would like additional information about this
study, please contact Salim Jarrar, sa2000060@student.qu.edu.qa, or the faculty
member  overseeing this  project, Prof. Emad Ahmed Abushanab,
eabushanab@qu.edu.ga.

Voluntary Participation: Your participation in this study is completely voluntary. You
may discontinue your participation at any time without penalty.

Please answer YES if you wish to participate, confirming that you have read, reviewed,
and agreed to participate.

0 Yes [No

**The Internet of things (10T) describes physical objects or people that are embedded
with sensors to exchange data with other devices and systems over the Internet or other
communications networks.
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Appendix —13 : The Questionnaire (Survey) — — Workers (Hindi)

frator & A TJaras &1 90T $31 & 1T 10T (Mg ) BT STYRT HIAT
(e gdeqor)

BH 307 HHATRA! 3R T &I U AMER 3IHT 37 & T 307 o1 & "8l
3R Farsff ST ol T YUR HRA & (o7T AR YA Hd g | 9 3MUdh! (F-
TS 3RE Te) GRT fHIfGd TBAT (QU-IRB 1706-E/22) & dad 39 Y 3eqg-
(Ffor & & aeF darem & fore sgaeid &1 I o HIT o o o emHfAd
BT T8 & | ST b A AT & dR H IBdIs a1 Ul & fog, 39 W
JiAfd ¥ ¥udh B QU-IRB@qu.edu.qal

T DT I AT & H SATZ3M & T FfS B THIfAd B a1 BRI Dl
WIS HAT B | 31T Yeeh| 3R HHh! gIH1 & =D & fauia g | a8 Tderm
Fad el & fow SR R

++ Faae A B (1oT) Wfdew axgait @ Tt avgsll & @ 9 a1 &) &
JIdTaRT BT Ui BT § Sl Se3AC T 3 IR Acdd R 3 IUBIN 3R
qunferdl & 1Y ST BT MMEH-UeH B & ol TR & qII TS S Bld g |

SIHRT UF:
IATHTY SIFHBTRT

1- AH1g: [ 18-25 [ 26-40 1 41-55 [ >55

2-FEm A g &1 eya: 00-5 O6-10 O11-15 016-20 0>20
-AIMHETR: O Bls ol &8l O TV O 5af e gt
4R ITHFIRAPS TSR 8: OF O

5- 10T & 1Y B el STaeid g8 o Oef O

YIRT 2:
fafiyd o 9 forh T IR &I ISR 3T Tgaf/SRgHld BT TR FUiRd H:
1= 31 ORE U 3gHd 2= 3EHA 3= IR 4= ¥gHd 5= [ kg I Ygdd

loT JUPHUN A TP 123 4[5
1| 3 3ot Ul H 10T SR o IUTNT F HIP
g
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TRT g3ma ¢ fos @t fmfor soafat & 1o . @
JUINT HRAT AT

ﬁ&mﬁaﬁﬁmﬁn‘émﬁw@r
qqe g

H BT & SR TH THESS loT fSagg & a1y
URYT (U8 a1Y) g I I8 §

M-tadT | "aferd foar

T 3 WG & IR § ST ThT B & o

T 3Ot B fAfaf o dR H Sl Thd
& fou geHd §

H 3 ST &l 3 Hrd Teaifiat & iy aren
& & fu Tgaa g

o U1 ST Jaiid Ul o T TR = o forg
HgHd §

g de ¢ fiar

TSI -5 IdT [ BTH b QR loT dh-1dh Bl
R WY R HIs THE USdT &

10

T ol ATl fob 10T T BT TR WA W
2IdepIfeles UHTd USdl &

11

T T AT [ 0T deb-i1h HIdl bl HIRUT
T §

12

S a1 8 [P 10T Saa oM & SRA W
WA &) TR & § 8% Aag R 9ha §

13

o Ut e RUfd &1 Jedidhd dRA o forg
10T SUBRUN DT IGINT B ! IS Gl §

START & ST

14

2 A1 € b 10T T T B Tifafafea
DI HRA g1 Ab
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15

3 A1 8 b loT Sa1ed &1 HHIeH & forg
T3 AR BTH B BT STILThal el &

16

T3 A1 ¢ [ 10T A1 BT UM H |

e B o fe1T Gt A URIe0T o
AT H T §

17

loT TH-11h BT IYTNT BT Slfed gl &

TRET 3R SrFAATRIaT

18

T3l 30 ST DI YR&M B o [T 30U
faedT B HAT R R

19

T U & U AT GR&T dbeh 8

20

2 a1 & [ IR Fiaar it 3 & e
ThAd ST BT IUANT 8! BT

21

T3 AT ¢ b g 310+ IR | Uah fhu 7Y et
o1 e R B SFAfd < STt

22

TS e ¢ b ART ST IR yel & 1y 1
ol fobaT SITE

23

T U= BT P SR Thiad Bl o dTel
SIHBRI BT TGH/ARUTIT B Fhdl/Abdl &

24

™R HU! BIG o §1G AR IRT Sl ¥ g1 SIEl

loT TN &t frvlzar

25

loT dh-ih HRIHS o

26

TS 10T TP IR §gd W1 §

27

loT Tt ST &

28

loT T SHM IUA g7 (SIRIH HRY
gifRyfaal & oY) |

g 3 U Pl Sfafed fewoft g, d puan 4 faw mu wim & sfderes ford:

70



ierd Feafd g
fwior &7 A e &1 IHda #A & folT 10T** ST IUTNT BT

B 30 HHATRA! 3R TG B U JMGR U ¢ & o8 30+ &1 & ARId
3R Faraff &1 orar H YR H & ol TR YA o3 & | §H 31U 39 Y
3T H YT o & for SmHfd &1 ared & (Ffor & & Tarer &1 aud= e
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GRT S{THIG IRSAT & W1 SFAITGd fdhaT T § QU-IRB 1706-E/22 Tfe 3199 &
ﬁﬁzﬁﬁgmﬁﬁaﬁa 3T DIs U B, A 3T 374 QU-IRB@qu.edu.ga TR U
IR |

Y UYTaa Bl IYART SR fayfaenay ¥ foomy Us seHiiey dias # THET
TSt &) anazgearsit & Hiar Frae uRaiem o1 darl & foe Sfeafad s &
I 3Tawgd ST Uhd B & foIu fhaT SIa |

THTITH I X1 HRA BT SUTET TH 10 e B | 31Uk §RT €} 718 STHGRY & gulear
U= AT ST | 59 3ieg | 3ust HifieR) Wiwss ik Mo B

SR a1 W= 39 399 § HE A4 & SIAH ¢ siiaq § 3igHd fpu g
oifeH & i TS g1

ATY: TafP Th HIiER & U H SUD! BIS o1H el 8, 39 WMy F U] Fgrd
¥ fEfor I ! Ay uga™ & o 10T & STIRT R SHdT &I - I | Hag
et 3R THad: 59 dRE & SUTNT B1 U & ol Uh TR UG B bl g

HATIT: ST LT H HF A1 & 1T Pis ganmast Taf fear smar g

i &t Muadr: 3us! TfeRTd STHBRI 59 3" & URUTHERT g+
ST & Wfad 1M g8 deor & ufr st wfdfbar e el givard
SR faar U] & Siarar Pis H AT STHB R Tha T8l ol S|

Qe Uriier): 33 sreqg= & omua! UrfieR T dRe ¥ Wafwsd g1 3 fam
fordft e & feht ot g oot yrfierdt s &R Tohd B

YD B3 TS TS DIg UY 8 T159 AT b R | Hfaad SHeRI Tgd 8, af
PHUAT Faild SRR, sa2000060@student.qu.edu.qa, T 38 URATSHT 1 GG HIA

aTel Gh1a e, Ul HIG 38HG HIGHG SRS, eabushanab@qu.edu.qa o F0®
Coy

g 3T YT 1 918d &, af HUdl 81 8§ SR <, T8 YfY o gU fob S i ferm
2, Teiten 1 8 SR HRT oA & forg TeHa g
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Appendix —14 : QU IRB Approval

£ l. Qatar University Institutional Review Board QU-IRB

QU-IRB Registration: IRB-QU-2020-006, QUIRB, Assurance: IRB-A-QU-2019-0009

QATAR UNIVERSTY

DATE: April 19, 2022

TO: Salim Jarrar

FROM: Qatar University Institutional Review Board (QU-IRB)

PROJECT TITLE: 1881450-1Using loT to Support Operations in the Construction Sector
QU-IRB REFERENCE #: QU-IRB 1706-E/22

SUBMISSION TYPE: New Project

ACTION: DETERMINATION OF EXEMPT STATUS

DECISION DATE: April 19, 2022

REVIEW CATEGORY: Exemption category # 2

Thank you for your submission of New Project materials for this project. The Qatar University Institutional
Review Board (QU-IRB) has determined this project is EXEMPT FROM IRB REVIEW according

to Qatar Ministry of Public Health regulations. Please note that exempted proposals do not require
renewals however, any changes/modifications to the original submitted protocol should be reported to the
committee to seek approval prior to continuation,

We will retain a copy of this correspondence within our records.

Documents Reviewed:

Application Form - IRB Application.pdf (UPLOADED: 02/26/2022)

Application Form - application material checklist pdf (UPLOADED: 02/26/2022)
Consent Form - Consent.docx (UPLOADED: 04/13/2022)

Consent Form - Consgent-Hindi.docx (UPLOADED: 04/13/2022)

Proposal - MBA-ProposalV2.docx (UPLOADED: 02/26/2022)

Qatar University - IRB Application - Qatar University - IRB Application (UPLOADED: 03/29/2022)
Questionnaire/Survey - IoT Workers survey V2 - Hindi.docx (UPLOADED: 03/29/2022)
Questionnaire/Survey - loT Workers survey V2.docx (UPLOADED: 03/29/2022)
Questionnaire/Survey - loT Managers Survey V2.docx (UPLOADED: 03/29/2022)
Training/Certification - citiCompletion certificate (Prof).pdf (UPLOADED: 02/26/2022)
Training/Certification - CTI Program Certificate.pdf (UPLOADED.: 02/26/2022)
Training/Certification - Completion Report.pdf (UPLOADED: 02/26/2022)

If you have any questions, please contact QU-IRB at 4403 5307 or qu-irb@qu.edu.qga. Please include
your project title and reference number in all correspondence with this committee.
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Best wishes,
V ¢ ﬂ
LA Lapeiigpan. (50 dnats.
Dr. Mohamed Emara SR Revion
: (IRB)
Chairperson, QU-IRB Office Of Academic Research

This letter has been issued in accordance with all applicable regulations, and a copy Is retained wathin Qiatar University’s records.

Qatar University-Institutional Review Board (QU-IRB), P.O. Box 2713 Doha, Qatar
Tel +874 4403-5307 (GMT +3hrs) email: QUIRB@qu.edu.qa
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