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ABSTRACT

Student
Identification 81534683
Number

Name

Daum, Daniel

Title

Identifying Factors to Improve Real-Time Collaboration in High-Rise Construction

Abstract

Innovation with emphasis on information and communication technology (ICT) has become

both a success factor and impairment in high rise building (HRB) construction projects worldwide.

Construction is shifting from individual knowledge work to team-based collaboration but lags

due to its size and complexity behind other industries in respect of both acquisition and use of

mobile communication systems to improve collaboration of its workforce. According to interviews,

the level of skilled construction workers is expected to increase by 10% or more in the next years

and thus, identifying the potential of streamlining collaboration by construction personnel on

sites will be vital to success in future projects.

This exploratory study investigates the perceptions of three construction stakeholders, namely

construction workers, construction managers and technology providers, and identified forty-five (45)

factors including four (4) key implementation strategies that support or constrain real-time

collaboration in HRB projects. The paper aims at providing stakeholders a clearer understanding

on the implication of coordinated actions, strategies and policies.

The study revealed forty five (45) factors to improve real-time collaboration in high-rise

construction. Three countries have been observed and the differences between have been

concluded. The study identifies that emerging mobile communication technology has the

capability to not only improve data and information sharing but rather clearly confirms that it

improves work performance entirely in practice. A collaborative system model has been

developed by using Causal Loop analysis and Bayesian Network models to analyze systemic

actions. The most suitable devices and interventions for each country have been concluded.
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1. INTRODUCTION

In recent years the construction sector plays a vital role in society, accounting for 6% of the
global GDP [1] and will become even more important in future because of several global mega
trends such as migration into urban areas. Especially the construction of high-rise buildings (HRB)
has an ever increasingly complex nature and is entirely reliant upon efficient communication
between individuals and considered one of the most information-dependent industries [2]. Indeed,
the sheer number of construction workers involved in the processes undertaken during the
construction renders the communication networks on sites exponentially complex. But, HRB
construction is and has ever been by virtue of its harsh and dangerous conditions a follower not a
technology leader [3]. It has been hesitant to embrace latest innovation opportunities and in
contrast to other industries, its productivity has stagnated over decades. This development can be
attributed to several challenges: the persistent fragmentation and information dependency; poor
collaboration between construction workers involved in the project; the industry’s difficulty in
acquiring and using new information and communication technology (ICT); and constraints in
recruiting and training a talented and future-ready workforce. The amount of information
generated and exchanged during the construction process is substantial and the distance between
construction company headquarters or even the site offices with the actual construction sites
augments significant communication problems. On one hand, the emergence of efficient ICT
systems in recent years massively boosted the speed of information flow and reduced the cost of
information transfer for construction site offices. On the other side, construction projects take
place on construction sites where personnel have difficulty in gaining access to required

information.

Construction - by nature a team-based activity - requires its workforce collaborating, combining
skills and expertise and these, in turn, demand new levels of communication between the people
involved. Thus, although communication in construction led to improvements in project
performance, this paper argues that construction is lacking behind other industries in its acquisition
and use of ICT for effective collaboration in HRB construction. Emerging mobile communication
solutions have motivated numerous construction organisations to invest and adopt in promising
technology. Furthermore, the paper has found that wireless mobile computing systems have the

potential to improve the information flow on construction sites but have not been exploited by



today. In other words, a thorough implementation into the site environment has failed. Therefore, it
is essential to understand the context of cultural, technological and social factors in ICT
implementation on building sites and observe the real behavior, desires and the actual needs of field
workers. The advantages of mobile computing solutions have been identified as essential for not
only improving instant information flow by executives and management but also on the lowest level

of the corporate pyramid, the workforce.

This study demonstrates how systems thinking and design thinking can be used to deal with the
complex issues of collaboration in construction. Pairing technological with social aspects a
systemic framework was developed, that may enable stakeholders in HRB projects to benefit from
having a clearer understanding. Hence, the purpose of this paper is to understand the factors that
support or constrain collaboration of craftsmen in high-rise construction projects [2]. A major
driver for this development is that the construction industry lags due to its size and complexity
behind other industries in respect of both acquisition and use of mobile communication systems.
Not only time and cost, but quality control, in particular, getting accurate documentation of
events, progress and conditions, need to be thoroughly optimised to reduce time delays and
general downtime [4]. The objective of the construction industry, as of any other manufacturing
industry, is to produce its products to satisfy its customers [S]. Time is of the essence. However,
different is that the construction of a building is unique. When searching for how to increase
construction productivity one can take a look in the manufacturing industry. With Industry 4.0
manufacturing processes are said to increase revolutionary within the next decade [6]. But, other
than in manufacturing the construction industry remains year by year the same: Buildings take
time. Can manufacturing be considered as a valid model for the development, design and
production of a building? It can not. A building is a project not a product. Therefore, it is less
productivity that needs to be improved but rather the rate of failures and quality. HRB projects are
not only information-intensive but also involving a great number of people collaborating;
nevertheless, the construction industry is and has ever been by virtue of its harsh conditions a
follower not a technology leader. Despite an explosive growth in internet use in the last decade

among all industries, construction has not kept pace to the same degree.
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1.1. Growth of size and complexity

High rise buildings are becoming taller and being built faster, driven by rapid growth in Asia
and the Middle East. The number of super-tall buildings, that means 300 meter plus, in the
world has tripled in the last seven years. Also the total number of buildings over 200 meter in
the world has seen a 441% increase from the year 2000 [7]. Figure 1.1 shows the global
skyscraper surge in 2016 and indicates the projects until 2018. It must be pointed out that 107
out of 128 completed buildings in 2016 were constructed in Asia (see fig. 1.2) which represents
84% of the total projects and Asia, therefore, retained its status as the world’s skyscraper
epicenter. Building structures are becoming taller and being built faster, driven by rapid growth
in Asia and the Middle East. The number of super-tall buildings, that means 300 meter plus, in the
world has tripled in the last seven years. Also the total number of buildings over 200 meter in
the world has seen a 441% increase from the year 2000 [7]. Figure 1.1 shows the global
skyscraper surge in 2016 and indicates the projects until 2018. It must be pointed out that 107

out of 128 completed buildings in 2016 were constructed in Asia (see fig. 1.2) which represents

1



84% of the total projects and Asia, therefore, retained its status as the world’s skyscraper

epicenter.

In particular, even more sensational, 66% of the global 2016 total can be attributed to China
alone. This was the ninth year in a row that China achieved this distinction. And, with over 300
high-rise buildings currently under construction [7], it is plausible to assume that the county’s
momentum will continue in the near future. Why the research focuses on high-rise construction
projects rather than general large-size construction projects has to do with its nature. With the
exponentially increasing complexity of building structures and techniques also requirements of
skilled trade workers as well as their communication grow. BC projects are not only highly

information dependent, but involving a great number of people collaborating to produce

complex, one-off projects.
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nite .
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Fig. 1.2. # of buildings +200 completed in 2016 by region. Source: The Council on tall Buildings and Urban Habitat

1.2. Differences of high-rise constructions and conventional large-scale
constructions

Major difficulties faced and presented to constructing high-rise buildings that commercial
constructions do not face vary with scope and location but is mostly related to the enormous

volume and vertical building direction as described in section 1.1. Usually high-rise buildings

12



have construction phases of several years and be built in a high dense areas where pedestrians
on the ground need to be protected from falling items and where street traffic must not be
disturbed from the supply of materials and erection of scaffolding and cranes [8]. The
scheduling of material delivery must be precise to the day and the hour in the critical path, and
interfaces between hundreds of companies involved well coordinated. Additional, buildings
sway on top floors due to wind loading and seismic loading. To give an example on the forces
of wind on building structures: The balcony doors on the upper floors of Burj khalifa in Dubai
were designed to lock themselves if the wind is strong enough to blow inhabitants off the

building.

The study identified and categorised the major differences between high-rise building

constructions and commercial large-scale constructions as seen in Table 1:

Specific items High-rise building construction Conventional building construction
Scheduling process Critical path schedule Progress schedule

Location High density area Low density area

Environment High to extremely high wind loads No particular problems

Transportation Vertical transportation of goods and personnel Mostly at ground level and sufficient

only via provisional elevators

Safety measures High-altitude safety measures; Protection from  General safety levels
falling items required

Safety (Fire) Construction personnel cannot leave quickly Construction personnel can leave quickly

Practicalities Construction goods and personnel need long Construction goods and personnel need
travel times to and from the upper levels moderate time to reach levels

Personnel Highly specialised professionals required (Lack ~ Medium to high-skills required

of qualified professionals) Narrow selection of
construction companies

Table 1. Differences of high-rise constructions and conventional large-scale constructions

1.3. The value of knowledge as organisational asset

Knowledge and expertise, possessed by construction’s workforce, is a vital resource that
contributes to a very considerable extent to organisational success and project quality. The

process, by which knowledge is created or acquired, communicated, applied and utilised must be

13



effectively coordinated. Architects; general contractors; structural, civil, mechanical and electrical
engineers; subcontractors; tradesmen; project managers; laborers; building suppliers; and other
practitioners are involved in the daily exchange of information. But surely we first must start by
defining the meaning of the word "knowledge". It is important to understand what constitutes
knowledge and what is the difference of two other concepts, namely data and information. To
visualise: Data can be seen as the lowest item, an unstructured collection of facts and figures.
Information is the next level and regarded as processed and/or structured form of data.
Information thus paints a bigger picture; It is data with relevance and purpose. Knowledge is
defined as “information about information” [9]. The knowledge, possessed by each individual, is a
product of his experience and an ability to turn information and data into effective action [10]. We
think of knowledge as something that can be recorded in words, visualised or taught. But, this is not
always the case. Now that we have drawn boundaries between knowledge, information, and data we
can go one step further and look at the forms in which knowledge exists and the different ways that
it can be accessed and shared. The different forms of knowledge relevant in BC projects can be
grouped into two categories: Explicit knowledge and tacit knowledge. The former refers to
codified knowledge, such as that found in documents and software, while the latter refers to non-
codified and often personal and experience-based knowledge. Some researcher make a further
distinction and talk of embedded knowledge. This way, one differentiates between knowledge
embodied in people and that embodied in processes and organisational culture, but this won’t be
of germane to the present discussion. Explicit knowledge is articulated, expressed and recorded as
words, numbers and codes [11]. This type of knowledge is formalised and codified and is often
referred to as “know-what”, “know-why” and “know-who”. It is therefore fairly easy to identify,
store and retrieve. This is the type of knowledge most easily handled by knowledge management
and IT applications but only represents a minor part of 5%. From a managerial perspective, the
greatest challenge with explicit knowledge is similar to information: It involves that people have

access to what they need.

95% of applied knowledge on the other hand refers to the second form of knowledge: Tacit
knowledge stands for “know-how” and indicates intuitive, hard to define knowledge that is
largely experience-based. Because of this, tacit knowledge is often context dependent and personal
in nature. It is hard to communicate and deeply rooted in action, commitment, and involvement

and thus a challenge for IT. Firms would like to prevent knowledge loss due to employee
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turnover. However, tacit knowledge almost always goes with the employee. It is also regarded as
being the most valuable source of knowledge and the most likely to lead to breakthroughs in the
organisation [12]. J. Wellman argues that the exact extent to which IT systems can aid in the
transfer of tacit knowledge is rather difficult to define. Current solutions struggle to convey our
intuitive understanding gathered from years of experience and practice. Virtually all practitioners
rely on this type of knowledge, hence it is rather tacit than explicit knowledge which will be of

value for the evaluation of ICT implementation.

The implication of the above mentioned discourse is that information technology in BC projects,
that focuses on creating information access out of only explicit knowledge is and will be namable
limited in terms of its contribution to enhance project quality. A thorough identification and
understanding of the both types of knowledge available to projects’ executions is the first step in
understanding how to manage them. The view of knowledge as an asset to be guarded sees
humans as capital [11] and consequential the role of ICT in this relation must be that of an
important enabler, merging people, processes and knowledge. IT has contributed in the previous
two decades to enhance the pace of processing data but in recent years, however, information
communication technology (ICT) whose definition is rather the utilisation of digital technology to
communicate and coordinate the two forms of knowledge draws attention by the industry in
regard to achieving innovation. In recent years construction is shifting from individual knowledge
work to team-based collaboration and much more communication and coordination will be

needed to fill the usage-gap of the field labor.

1.4. Communication need in HRB projects

It is important to recognise the term communication to be multi-facetted and complex in itself,
having different meanings in different contexts. Despite the difficulties inherent in describing
what is meant by “communication” this section defines its concept relevant for collaboration on
HRB sites: To communicate means in this study ‘to bridge a distance between individuals or
groups’ from short and simple to long and complex. In construction these distances necessitate
communication within a high-noice environment. Construction may be seen as a social activity in
which communication plays a vital role [1]. If seen as this, communication activities can include
engaging in conversations, listening to colleagues, networking, collecting information, directing

subordinates, writing letters or transferring information through electronic devices such as

15



cellular phones or computers. The latter was found to be the best suitable tool to improve voice-
based communication. But, management practices have so far done little to engender an open
communication environment that ensures conjoined collaboration and improved performance via

the use of ICT.

The study found that current approaches to understanding and dealing with the complexities of
communication in construction projects are non-systematic and mostly used in the head office
and site office rather than on the building site, where face-to-face is still the main channel to
communicate and paper with imposing 79 percent still the major medium to share information
between trade workers on building site [3]. This paper argues that implementation of mobile
communication systems into site environment has failed by today and lacks of systemic
strategies. Hence, re-education and training for construction professionals will be necessary to

promote wide acceptance of technology which leads us to the next chapter.

1.5. Construction information problem

Before embarking on identified problems, it is worth-while to discuss briefly the nature of
construction information. Since the boundaries between knowledge, information, and data have
been drawn before, and knowledge in particular has extensively been discussed, it is possible to
go one step further and look at the forms in which information exists and the different ways that it
is shared in BC projects. Construction information can be grouped into three categories: Domain
information, organisation-specific information, and project-specific information. The domain
information is, in principle, available to all companies and is partly stored in electronic databases.
Organisation-specific information categorises all information available to a specific organisation
such as standardised solutions to design problems, often used as reference cases within the
organisation. It is company-specific and is the intellectual capital of the firm. The project-specific
information category is tie to one specific construction project, but shared by several
organisations that make up the supply chain. This category embodies the potential for usable
knowledge to share among project practitioners [13]. It is both knowledge each contractor has
about the project and the knowledge that is created by the interaction between several contractors

within a project.
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Linear Communication

Fig. 2.1. Actual linear communication paths in construction. (  Actual communication path)
Source: Tai S., Y. Wang and C.J. Anumba 2009
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Fig. 2.2. Direct communication paths in construction. ( Shortest communication path)
Source: Tai S., Y. Wang and C.J. Anumba 2009

According to Dawood and Hobbs [5], over thirty percent of construction problems are caused by
inadequate coordination and inefficient means of communication of project information and data.

Up to 12.4% of construction cost is wasted due to rework of failures detected late in the
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construction phase [14]. In a nutshell, lacking cooperation and communication between specialty
trade workers, field management and project management as well as the lack of prompt decision
makings on building sites need to be optimised. The purpose of this study is to generate a clearer
understanding of both the effects and opportunities of utilising IT-based communication tools on
sites. To design and communicate a proposal with sufficient clarity and to gain industry-wide
acceptance not only the technical but rather human impacts will be of essence to identify the benefits
and barriers of IT-enhanced communication in construction. The politics of knowledge sharing is an
issue in nearly all industries. Especially the information dependent construction sector needs a
supportive organisational structure to share and store knowledge. Intellectual capital, the brain
power of organisations’ workforce will be the true asset that needs the interest of IT. Information
technology and particularly ICT should be less exploited to store and share information but rather

in its potential to aid cooperation, collaboration and overall communication between people.

55%

Paper 79%
36%
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° Audio 13%
5%
3%
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Fig. 3.1. Communication channels in large-scale BC projects. Fig. 3.2. Communication medium in large-scale BC projects.

(FTF: Face-to-face; CN: Computer Network)

Previous research has shown that current approaches to understanding and dealing with the
complexities of ICT in BC projects are non-systemic and mostly used in head offices and site
offices rather than on building sites [15], where face-to-face is still the main channel to communicate
(see fig. 3.1) [3] and paper with imposing 79 percent still the major medium to share information
between trade workers on building site (see fig. 3.2). The development of appropriate
technologies for the use on sites should - similar to the use in site offices - ensure that Return of
Investment (ROI) exceeds the cost of obtaining the information wirelessly. For the sake of
discussion, this paper argues that implementation of ICT-based communication systems into site
environment has failed and lacks a systematic strategy. Therefore, thorough re-education and
training for construction professionals will be necessary to promote wide acceptance of

technology which leads us to the next chapter.
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Labor productivity factor

1.5.1. Global construction labor shortage

A major paradox in construction around the world is a skill and manpower shortage as building
projects boom, in which a downturn has led to a situation in which many specialty trade workers
and professionals have switched industries. Contractors face problems in hiring workers with
profound experience. On the other side, the major contribution to the industry by more then 40%

is provided by the age group 45 +, which is the next group to face retirement [17].
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Fig. 4. Labor productivity in large-scale BC projects. Source: Eastman C. BIM handbook 2011

With an existing existing skill shortage in certain supervisory roles and skilled craftsmen,
construction can do nothing than attract and sustain labor to not fully run out of balance. Job
growth and replacing older workers will require grace for workers which could be created by a
human-centred re-design of workers’ roles in future projects. Fig. 3 indicated an exponentially
increasing gap between construction and the non-farm industries in the labor productivity of
skilled field personnel, starting in the early 80s when information technology has emerged. To
catch up with other industries in the use of mobile communication systems, not only the
management level but all involved professionals in HRB projects have to go into higher gear.
Technology trainings and re-education should be measures to attract youths into the construction
sector. Because, when teams collaborate and work effectively, this can lead to group accountability
and mutual responsibility for achieving results. This forms the basis of ‘high performance’ team

environments. Hence, effective communication is a key enabler of high-performance team
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working, in that high performance teams thrive in open communication climates, where ideas and
information are freely exchanged in a collaborative workplace environment. Used correctly, ICT

may have the potential to redefine the ways in which the industry operates [17].

1.6. Innovation efforts in construction

Can Construction’s problems be solved by technology? Which technology, if so? As we will point out
in section 2.1, the trend in construction indicates an increase of self-performed work and therefore a
shift in resource management. In other words, general contractors (GC) change their focus from
hiring specialty trade contractors to perform the work towards self-performing most of it. The
complexity of managing the schedule of multiple separate companies on the labor side is significantly
more difficult than managing all labor under one roof. This is primarily due to the fact that each sub-

contractor is focused on its own profitability as opposed to the profitability of the group.

The progress of disruptive technologies such as Artificial Intelligence, Internet of Things, or
Knowledge Warehousing creates solutions that blur the boundaries between physical and digital
world. As a natural result, contractors must manage the increased transfer of data in their projects,
which has limited one of construction’s most important driver for success: Collaboration. An
organisation thrives not only from the technology skills and knowledge of younger employees but
also from the prudence and know-how of the older members of their personnel. Technology
companies must have a granular understanding and further identify not only functional but rather
emotional needs construction personnel to design solutions that meet their expectations. Data sharing
is knowingly simple to achieve and more or less on its way in construction’s every day projects.
However, talking of enhancing collaboration we can analyse why organisations struggle with
venturesome steps in technology adoption. According to a method from IDEO (Table 1), we can
evaluate the innovation efforts within an organisation in three categories namely incremental
innovation, evolutionary innovation, and revolutionary innovation [18]. By mapping innovation
efforts along a vertical axis representing existing to new offerings and a horizontal axis representing

existing to new users, we can get a clearer picture on the efforts for implementing latest technologies.
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New 1
offerings Extend g Create
(evolutionary : (revolutionary)
Manage : Adapt
Existing . : .
offerings (incremental) : (evolutionary) .
Existing Users New Users

Table 1.1 Innovation efforts within an Organisation (“Ways to grow” matrix by IDEO)

Technologies located in the bottom-left corner close to “Existing offerings” and “Existing users” are
incremental in nature. The majority of companies’ effort is likely to be put in this type of innovation. Both
the users and the product remain the same and companies secure theirs base. However, evolutionary
technologies stretch the base into new directions: Innovation efforts are spent by either extending existing
offerings to satisfy current users or adapting them to satisfy new users or new areas. Evolutionary
innovation along the user axis might involve adapting an existing product so that it can be manufactured
at lower cost and thus marketed to a wider user segment. The most challenging type of innovation is that
in which both the product and the user are new. Revolutionary innovation creates entirely new markets,
but happens only rarely. Sony achieved this with its Walkman and Apple twenty years later with its
successor, the iPod. In neither case was the core technology new but both companies succeeded in
creating a new market for a new form of experience. In the construction industry, the laptop pc and later
the tablet pc were evolutionary since both created new experiences for their current users. Architects,

Managers, and Engineers could open all their data nearly everywhere and to all time on building sites.

New {
offerings
Existing
offerings
7
Existing Users New Users

Table 1.2 Innovation efforts within an Organisation (“Ways to grow” matrix by IDEO) with available technology
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In-ear bluetooth headset Integrated headset Wearable camera

Tablet PC Cellular Phone / Smartphone /
PDA

= oms ® |
9 2 L4
Two-way Radio Software Applications Smart Hard Hat

Table 1.3 Technology used for communication in construction (Images used for illustration purposes only)

As seen on table 1.2 the study evaluates the innovation efforts spend in the last twenty years on a
multitude of mobile computing and communications solutions including smartphones, tablets,
handheld devices, and two-way radios implemented with the aim at contributing to streamline
information sharing and communication among the workforce on high-rise building sites.
Advances of mobile computing and communications solutions are enabling organisations to
exceed benchmarks in effectivity, collaboration, and decision-making. According to a survey by
VDC Research of 816 IT decision makers in 2014 [19], the annual mobile budgets to support the
mobility of workers was expected to grow by 10,3% over 2013. Construction firms have long
known the advantages of working with mobile communication solutions. With today’s increasing
size of construction project and distributed and mobile workforce, there is a great need to connect

these practitioners with appropriate and cost efficient tools. The study identified the common forms
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of technology used on building sites (table 1.3) and compares advantages and disadvantages of the

two most applied tools for voice-based communication (table 1.5).

Tool Purpose Reception / Audio Quality  Network Availability Physical
Coverage Access performance
In-ear
bluetooth Enabler - Moderate - High High
headset
Integr.
bluetooth Enabler - High - High High
headset
Wearable Enabler ) ) ) ) )
camera
Two-way Voice-based . . . .
Radio communication High Moderate High High High
Software
I Applications Enabler ) ) B ) )
Smart Hard Data / Voice-b. . . . . .
Hat communication High High High High High
Laptop PC Data / V(-)lce-_ b. Moderate Poor Moderate Poor Moderate
communication
Tablet PC Data/ V(')ICC'- b. Moderate Poor Moderate Moderate Moderate
communication
D ice-b. .
Smartphone / ata/ V(-)IC? b Moderate Poor Moderate High Moderate
PDA communication

Table 1.4 Specification ICT tools

1.7. Definition effective mobile communication

In this research, mobile computing and communications solutions are classified into “reception /
coverage, audio quality, network access, availability, and physical performance”. The role of a
two-way radio serves a very specific purpose as that it leverages a private network to provide
immediate and reliable voice-based communication. Smartphones and tablets, conversely,
represent multi-purpose devices that, while highly functional, cannot serve the required reliability
needed to make decisions in the fragmented workflows. Recent developments support the value
of two-way radios in the construction industry and in this section the study compares some of the
specific advantages and disadvantages of two-way radios when compared with cellular systems

(Table 1.5). Compared with cellular phones, two-way radios have a substantially lower total cost
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of ownership over smartphones, which have ongoing network service fees. Here it is worthwhile
to discuss the distinction between privately owned smartphones and the ones provided by the
organisation. In overall, two-way radios enjoy a great coverage on construction sites - e.g. in lifts
or basements - and have therefore the ability to work in places where cellular phones do not and
reduce worker downtime. Advances in two-way radio technology provides better reliability,
utility, lower overall costs [20], and above all retain the characteristic of the tools to be

manufactured extremely sturdy and durable and thus a convenient product for construction.

Two-Way Radio Cellular Phone
(Smartphone)
Ensures privacy via a closed network Exposes callers via an open network
Increases efficiency with one-to-many communication Decreases efficiency by limiting communication to either one-to-one

or one-to-two people

Excellent reception (within range) and wide coverage Prone to dead spots and poor reception

Works even in times of emergencies and natural disasters Subject to outrages from call overload, power failures, and natural
disasters

Effective in highly noisy environments Ineffective in highly noisy environments

Ruggedly built for work environments Too fragile for work environments

Low overall cost (Low or no monthly fee for usage) Costs money every month (Hidden fees and surcharges)

No web-based features such as social networks, email, or data sharing  Full usability of web-based features such as social networks, email, or

data sharing

Table 1.5 Advantages and Disadvantages of Two-way Radio versus Cellular

The listed key advantage of two-way radios “One-to-many communication” is in other words
simplified conferencing. All users of a system can hear every broadcast when dialled into a
particular channel, which makes coordinating group action much easier than having to call
individual employees via smartphone. Today, the advent of smartphones leaves decision makers
in construction with an ambiguous choice: Is cellular a better technology because of the rapid
introduction of new features, or do the pros of two-way radio still outweigh the cons? According
to a 2014 report by VDC Research on the benefits of two-way radio versus cellular [19], annual

failure rates of cellular devices are a whopping 18-20% compared to the relatively small 4-8% of
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rugged two-way radios. The same report estimates a loss of between 60 to 120 minutes each time
a device is damaged, highlighting the problem of downtime due to cellular device failure.
Furthermore, emergencies often leave cell networks vulnerable to systemic overloads, making
most cellular phones and tablets all but useless when they are needed the most [19]. This above
described analysis on both the advantages and disadvantages of two-way radios and cellular
phones grants the former as the top contender for building construction, where the reliability of
voice-based communications is paramount. Overall, two-way radio is ultimately more cost-
effective and easier to use than cellular, and keeps workers in-touch and productive even in

instances where communications networks are unavailable.

1.8. Development of hypothesis

Emerging information and communication technology has motivated numerous construction
organisations to invest and adopt in promising ICT systems. It has been found that wireless mobile
computing systems have the potential to improve the information flow on construction sites but have
not been exploited by today; in other words, a thorough implementation into the site environment has
failed. Therefore it is essential to clearly identify the context of workplace, organisational and
personal factors in ICT implementation on building sites and observe the real behaviour, desires and
the actual needs of field workers. The advantages of mobile computing solutions have been identified
as essential for not only improving information and communication flow by executives and

management but also on the level of field labor. Changing the exploitation of storing and retrieving

H1 | Propensity to share H2 | Technology adoption H3 | Labor training

Use of Mobile Communication Solutions in
High Rise Building Construction

Fig. 5. Research hypothesis
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information towards more voice-based collaboration in real-time between teams can counteract the
stagnating efficiency-level in construction, that has been shown in the previous section. The variables

and associated hypothesis are described below and are presented in figure 2.

The purpose of this paper is to understand the factors that support or constrain collaboration of
craftsmen in high rise construction projects. The term collaboration describes a subsystem within
the system “Construction” and is referred as the act in which two or more parties work jointly
towards a common goal and is a key tenet for transferring ‘know-how' among individuals in
construction projects. To interchange the different forms of knowledge, factors such as
organisational culture and policies, or personal propensity may influence individuals’ attitudes
about collaboration. The more the individuals believe that collaboration is correct, expected, and
therefore supported workplace behavior, the more they should be willing to share their know-

how. Hence, the study hypothesises that:

H1 | Propensity to share know-how is strongly associated with organisational culture
and greater use of mobile communication solutions

A survey by FMI Corporation in U.S. found that the level of skilled trade workers is expected to
increase in the next years [21] (See section 2) and one contributor to this large increase of
requirements is that organisations expect to increase the amount of self-performed work in future.
But, the more interdependent workers will perform their tasks, the more collaboration with others
will be required. Not only the impacts, technologies have on individual performance but also
social issues must be understood to improve collaboration on HRB construction sites. In other
words, the willingness to collaborate should be higher when the technology attributes and
conditions fall below the psychological cost of users (user-friendly solutions). As a result of this,

the study hypothesis that:

H2 | Implementing mobile communication solutions at the level of individual craftsmen in HRB construction

eliminates downtime caused by missing or ambiguous information
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For collaborative technology to have positive impact on individual performance, workers should
be motivated to use the technology . Even the best technology is of no use if people operating it do
not function correctly. In other words, to implement technology on the level of individual
craftsmen, the labor needs to be trained to be capable and comfortable with using it [22]. Hence,

the study hypothesises that:

H3 | Labor training is strongly associated with the level of responsibility and task independence of workers

1.9. Objective of this study

The main objective of this study is to investigate individual perceptions of factors that underlie
the acquisition and use of mobile communication solutions for collaboration in HRB
construction. Furthermore, to develop a strategic decision-making framework that may guide
organisations in the planning for effective collaborative working practices and the acquisition and
use of suitable tools. The associated objectives are to: identify and define the needs and desires
of construction site personnel; identify and define the perception of the three stakeholders,
namely construction workers, construction management, and technology provider; develop an
understanding of stakeholders’ inter-dependencies and the role and responsibility of each in the
entire system. This will provide stakeholders a clearer understanding on the implication of
coordinated actions, strategies and policies to streamline mobile communication solutions on

HRB construction sites.

1.10. Purpose and originality

Communication is a major problem on large-scale BC projects and as of today ICT systems have
done little to promote collective teamwork on site. The internet in general helped moving information
around but has done little either to bring project teams on site together. Effective collaboration
systems, however, may not only reduce financial and knowledge losses but create more value to

construction organisations and as consequence decisive competitive edge.
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Even though the quality in BC projects has been improved in recent years as well as the amount
of downtime has been reduced, most improvements have been achieved by maximising the access
to relevant data and information. Nonetheless, it is possible to not only further improve project
quality but achieve breakthroughs by enhancing team-based collaboration in real-time. The paper
presents a new and collaborative, human-cantered approach to harness the power of teams to
work on a wider range of complex problems. For construction it begins not elsewhere than at the
root of organisations’ brainpower: The workforce. In this paper, design thinking - as an approach
that puts design much closer to the center of the enterprise is suggested. While past research works
centred around specific team, project, or organisational levels, this paper illustrates a system
perspective and takes human into the center. In particular, Design Thinking methods, inherently
tentative and experimental, create a successful and fresh perspective into systems. Design has long
grown out of its comfort zone in studios and emerges as a powerful tool for large technical and social
problems. Creative and productive teams in construction projects need to be able to share their
thoughts not only verbally but visually and physically to any time and thus new products are needed.
However, to design and communicate the proposal with sufficient clarity and to gain industry-wide
acceptance, the study pairs creative and rationale processes. In other words, systems thinking methods
are paired with design thinking processes to present holistically systemic but human-centered output.
The central focus, as presented in section II, lies on the collaboration and communication of data and
information and particularly knowledge of construction’s workforce. Thus, the outcome of this
research will lead to clearer understanding of both the effects and opportunities on utilising IT-based

communication tools on sites for construction management as well as technology providers.

Design thinking and systems thinking have no strong relationship. They are neither opposites nor do they
have much in common. Both are not mutually exclusive but can be used together to solve problems. No
study has been found applying one of the two methods within the context of construction projects. Design
thinking is a process of synthesis, meaning it approaches problems by building things up from below.
Systems thinking is most often associated with analysis. This is the process of breaking things down into

their component parts in order to understand them.
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Systems Thinking Design Thinking

Definition The use of synthesis to create value and solve problems.  Thinking about strategy from an end-to-end perspective

that considers broad implications.

Associated with Synthesis Analysis; Big-picture thinking
Differences The stakeholders are the designers The design team observes and studies the
stakeholders

Table 2 Research Originality: Systems thinking and design thinking

The core differences in the systems thinking and design thinking approaches to problem resolutions are:
Design thinking methodologies arose from the consideration of products and artifacts. The problems are
ultimately resolved by people identified as designers by trade: The design team observes and studies the
stakeholders. Systems thinking methodologies arose from the consideration of social systems: The
stakeholders are the designers. System thinking cannot be a bottom-up operation nor can it be expert
driven. It must actively involve the stakeholders of the design in shaping a shared vision that represents
their ideas, perceptions, and values. The pairing of both top-down and bottom-up frameworks is it that

makes this study original and of value.

Systems thinking and design thinking complement one another. Systems thinking is holistic
following a method whereby the understanding of a system starts from the apparent issue and widens the
system’s boundary by expanding the circle to include those other factors that may not be apparent but
have an influence or are connected to it. This way, the “whole” system and the relationships are identified
prior to modeling the system and finding ways of improving the system to and moving towards a more
desired outcome. Design thinking on the other hand, is more empathetic and human centered and requires
the modeler to be inside the problem and design the solution after having walked in the shoes of the
affected as opposed to being an expert who is invited to come in and help identify and improve on the
problematic situation. This empathetic angle in design thinking will improve on the holism that Systems
thinking emphasizes and seeks. It will give stakeholders a chance to walk in the shoes of others and
increases their understanding of the problem and the potential to increase “innovativeness”/ innovation in
the solutions arrived at. An increased understanding of the people in the system and the “whole” system
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