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Graphical abstract Abstract

Effective communication among project participants in construction site is a real dilemma
for construction projects productivity. To improve the efficiency of participants in
construction projects and ensure a speedy delivery of these projects, this research presents
the development of a mobile-based project monitoring system to support construction site
communication. In line with the Industrial Revolution (IR) 4.0 as mobile phone as Internet of
Thing (loT), the mobile apps (Ufren Workers Mobile Apps) is designed to enhance or improve
communication between project manager, site supervisors and site workers at the
construction sites. Development of Ufren Worker was conducted based on the main
objectives; current requirement existing mobile-based apps, real-time progress tracker
features and validate the practicality of user friendly mobile-based project monitoring
system to construction site team. The analysis was conducted on developed program
according to its practicality and suitability. There were 11 respondents involved as beta-
users to evaluate their satisfaction level and validation rating on the Ufren Workers Mobile
:'T?;Z"Z":L:‘y:t’mm””icm" Apps from the questionnaire given. Overall, Ufren Workers Mobile Apps scored 4.5 (good)
* Costoverruns mean in total based on perception toward satisfaction evaluation that has been rated. Ufren
* Poor moble optimization Workers Mobile Apps provide simplicity of system, good optimization, attractive user
interface design, useful updating progress and top notch performance. Nonetheless,
features on Ufren Workers Mobile Apps should be upgraded due to the demand of
4.5/5 technological growth. There are many competitors developing mobile worker apps in the
market that provide the latest features with good optimization. This app is imperative to
facilitate communication in construction sites, which is much needed in this information

intensive sector.
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practitioners have paid close attention to the role of
information technology in mobile project monitoring
management because it plays a crucial role in communication
management issues in the construction workplace [1].

1.0 INTRODUCTION

Lately, Industrial Revolution 4.0 (IR 4.0) has been widely

mentioned through its significant using mobile application
system as Information and Communication Technology (ICT)
tools for communication efficiency. Both academics and

Traditional way of doing things is not able to fulfil industry
needs. Currently, it is difficult and slow to deliver necessary
information to a construction site or to return collected data to
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the office [2]. One of the main reasons for using mobile project
monitoring systems is to improve communication between
project participants over and above traditional paper-based
poor communication, which is thought to have a significant
negative impact on projects by adding delays and inefficiencies
[3].

Based on a preliminary study, 40 respondents have given
their responses toward questionnaire on mobile apps for the
project monitoring system to improve communication among
workers at construction sites. Top 2 from the analysis shows
poor mobile optimization contributes to (50%) and long
subscription progress contribute (45%) of a score which is the
major weakness of mobile apps features that exist in the
current market.

Thus, user-friendly mobile apps for project monitoring at
construction sites need to be magnified of its importance
requirement to solve communication problem between
workers that contribute to less efficient or failure of mobile
apps implementing on Malaysia based on study current
requirement of existing mobile-based project monitoring
system on construction sites; develop a user-friendly prototype
of the mobile application project monitoring system using real-
time progress tracker; and validate the practicality of user-
friendly mobile-based project management system to the
construction site team.

2.0 LITERATURE REVIEW

This section reviews the industrial revolution 4.0 and the
application of mobile device as Internet of Things (l10T) in term
of Industrial Revolution 4.0. Besides, the importance and the
problem of site communication at construction site area are
reviewed. Also, the requirement and implementation of mobile
apps development will be explained based on studies that
researchers had done.

2.1 Industrial Revolution 4.0 in Construction Industry

IR 4.0 refers to innovative new technologies pushing a huge
shift toward high efficiency and productivity in the construction
industry. In addition, it describes the current trend of
digitalisation, automation, and widespread ICT application in
the construction industry by referring to the nine pillars of IR
4.0, which include advanced robotics, additive manufacturing,
augmented reality, system integration, simulation, internet of
things (loT), cyber-security, cloud computing, and big data
analytics [4]. Digitalisation in construction industry ensures the
information to be store and share information through
technology advancements of Building Information Modelling
(BIM), Augmented Reality (AR), Cloud Computing, Internet of
Things (loT) and Big Data. It offers an ecosystem where
industrial automation can connect with one another to function
and exchange information without a human operator to
increase the effectiveness of the building process [5].
Additionally, the loT is always integrated with ICT (wireless
communication, smartphone, sensor network technology),
allowing for real-time monitoring without the need for project
stakeholders to physically be present [6].

2.2 Mobile Apps as Cloud-based Software

Construction companies are already using cloud-based
software for some project management, analytics and tracking
applications, but with Industry 4.0, more production-related
undertakings will require increased data sharing across sites
and company boundaries. At the same time, the performance
of cloud technologies will improve, and they will eventually be
able to achieve reaction times of just a few milliseconds [7].
Figure 1 shows the top perceived loT benefits after
implementation of a certain period. Perceived loT benefits are
improving productivity, reducing costs and internal processes
automation.

loT in organizations | &%

Moving beyond pilot projects - toward scalable deployments

Top perceived loT
benefits

Have launched Look to deploy See |oT as strategic
loT solutions loT solutions to business
Improving ek
productivity
31.4% 43% 55%
(data September 2016) (in next 12 months) {as means to better compete)

(loT decision makers, Sept 2016)

Top perceived loT deployment concerns Jf Scalable loT deployments incorporate:

Internal
processes
automation

* Security/privacy

* Upfront/ongoing costs

* Lack of internal skills * Security capabilities

Figure 1 IoT implementation in various industrial (Source: IDC report
organization, 2016)

2.3 Importance of Effective Communication in Construction
Industry

Several researchers indicate that ineffective communication
practices are one of the serious factors that contribute to the
poor performance of the construction industry in terms of low
productivity that leads to higher project cost and time
overruns. Gamil & Rahman (2018) reported that the most
recurring consequence of lack of effective communication was
time overrun, followed by cost overrun [8]. Lew et al., (2019)
emphasised that cost overruns and delays in construction
projects can be attributed to poor coordination caused by
inadequate information handling and exchange, inadequate,
insufficient, inaccurate, inappropriate, inconsistent, or a
combination of all of them [9]. Sun et al., (2018) and Meland et
al., (2014) identified inadequate information and
communication exchange as one of the main causes of project
failure. Figure 2 shows the relative importance of good
communication exchange [10, 11].
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Figure 2 Relative importance good communication exchange (Source:
Meland et al., 2014)

2.4 Mobile and Wireless Application System at Construction
Site

The use of wireless technology and mobile devices to enable
business transactions, information access, and communication
from any device, from anyone, from anywhere, at any time
[12].

Table 1 Mobile-commerce benefits (Source: Carlsson et al., 2006)

Benefit Mean  Agree (%)  Disagree (%)
Enhanced communication features 374 689 189
Flexibility (anywhere, anytime) 373 649 149
Convenience and handiness 340 554 251
New dimensions of communication 307 431 330
Reminder and information services inreal time  3.01 414 364
Uniqueness: exclusively mobile services 298 49 361
More effective use of time 218 378 40
Lower pricas/special offers 272 27 42
Personalized information and services 224 27 64.1
Entertaining features 215 177 655
Being trendy/ahead of my time 204 154 68.8
Lack of proficiency with computers 1.89 16.5 751
Only connection to the internet 1.84 137 752

Accentuation of social status 1.65 84 813

Based on Table 1, a 5-point Likert scale was used (5 = strongly
agree, 1 = strongly disagree) for the response. In the table, the
first column represents the mean value. The next two columns
represent the percentage of people who responded, ‘strongly
agree’ or ‘agree’ respective ‘strongly disagree’ or ‘disagree’.
From the interviews with people working in the construction
industry, it can be concluded that computers and, to some
extent, mobile technology have become a part of everyday life
in this industry as well. Usually, people who are in charge of the
construction site, or have other managerial responsibilities, rely
on laptops and or mobile phones. Additionally, Rebolj and his
friends emphasised how the information system can improve
information integration and information flow efficiency in the
construction industry [14].

2.5 Implementing Mobile Apps in Construction Industry

Appropriate implementation of information technologies is a
key focus area that must be addressed by the construction
industry. The uniqueness of the construction industry poses
challenges to the implementation of automation and ICT
technologies such as mobile apps. But despite these difficulties,
a number of signs point to a changing nature of the
construction industry [13]. These factors include:

¢ Real-time monitoring and documenting of construction
operations;

* Reduced paperwork;

* Improved project management capabilities in terms of
tracking people, equipment, and assets;

* More accurate performance data which can be used for
planning of future projects.

3.0 METHODOLOGY

The flow of this methodology starts from the study to tackle on
development of Ufren Workers Mobile Apps to as project
monitoring system improve communication level among
workers on construction sites. There are two parts of the
methodology, quantitative method and develop a prototype in
collaboration with industry. For the quantitative method, the
data collection came from the sampling of selected beta user
respondents. Questionnaires were used as a medium to obtain
the required data. As the prototype is in collaboration with
industry, system implementation for software architecture and
layer customization was studied by both sides and create a
system of mobile apps by data collection. Figure 3 illustrated
the methodology flow chart.
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Pelangi Wira Sdn. Bhd. and ST Lim Value Sdn. Bhd. which have a
bigger implementation using mobile apps.

3.2 Questionnaire

In this study, questionnaires were distributed to 11 selected
beta users to demonstrate usage of Ufren Workers Mobile
Apps. The questions in the questionnaire were designed based
on previous literature review studies. Combination of different
literature review studies and articles were made to generate a
set of suitable questions.

3.3 Ufren Software Modelling Process

The Ufren Worker mobile app system development was
discussed in this section. The system development process was
divided into five stages which are application idea creation,
structure analysis, design process, main function development
and testing and validation. Table 2 illustrates the Project Ufren
Workers Apps development process.

Table 2 Project Ufren Workers Apps Development Process

\ Stage | Activities | Deliverable | Tool |
1) Application Identify: » Proposal Microsoft Word |
Idea Application idea creation
Creation  *Problem statement checklist
*Objective
*Scope
#Software & Hardware
requirement
Application content
2) Structure  Analyze: » Application structure *Microsoft
Analysis o checklist word & Excel
#Navigation
#Object ‘
3) Design  Create: + Navigation structure * Microsoft
Process o s Flowchart Word
'Na.“gahon el » Application Interface +Jonic
Le G framework
o User Interface
#Project Navigation
+ Add-on/delete project
button

Figure 3 Methodology Flow Chart

3.1 Respondent

For this study, 11 of respondents were grouped into three
categories which are the project manager, supervisor, and site
workers randomly via construction sites in Johor as beta users
of the app's development.

This study focused on the position of construction sites
workers who are from the big cities in Malaysia such as Johor.
Construction sites workers play an important role as
respondents and testimonial users for the mobile app that was
developed as a result. These cities have more construction
companies such as Chang Sheng Global Development Sdn. Bhd.,

¥

4) Man »Coding and programming  # Prototype * Android
function of application. Studio
development

5) Testingand Perform: + Output + Android
Validation ) + Questionnaire and Studio

*Alpha e validation form form » Google Forms
#Beta Testing (respondent) MR
Excel/Word
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3.3.1 Application Idea Creation

This application was developed to be a mobile-based
application that can help communication at construction sites
as a project monitoring tool. Although there are many
construction mobile apps already in existence in the market,
most of them are too complex, lack of apps optimization and
have a poor user interface. Thus there is a need to develop a
new mobile app to tackle the issues faced. Figure 4 shows the
idea discussion with industry.

119415 17:28

Figure 4 Idea discussion with industry

3.3.2 Structure Analysis

The structure analysis involved navigation analysis and object
analysis. The purpose of conducting navigation analysis was to
measure the functionality of the application while object
analysis was carried out to analyse the usability that is
contained in the application. Navigation analysis was
conducted to inspect the complete navigation path in the
application. Navigation menu consists of 6 directories to each
sub-task which are ‘my profile’, ‘project list’, ‘change
password’, ‘setting’, ‘about’ and ‘logout’. There are 3 subtasks
under the main task, which are ‘project scope’, ‘project task’
and ‘update task’. These sub-tasks assist the application to
accomplish its main task which is to create a new project in the
main navigation. Figure 5 (a) and (b) show navigation menu and
one of the sub-tasks in the app.

CN Cm—

% 20/09/2018 | 80%
M}' proﬂ\e 2 % D001 :Development
Develop new 2 Storey Hou.
Project List E 1. Team mobilziation 10% »
2. Site preparation 20% 4

X

Change password

3. Fondation construction 30% 3

Settin o
9 4. Other construction 20% »
About i 5. Commissioning 30% »
6. Project closure 5% »

Logout G)

Figure 5 (a) Navigation menu; (b) Sub-task

3.3.3 Design Process

Ufren has been developed using an ionic framework from the
design stage. Ufren has been designed in ionic.io for free. As
ionic is a hybrid platform, it comes with compiled JavaScript
and CSS for easier coding solution. Due to free subscription,
only basics features can be an add-on. All key-function and user
interface were recognized and selected. In the design process,
all navigation buttons are added to each main user interface
depending on its functionality. All types of button design were
chosen based on previous studies and surveys to ensure its
suitability for the targeted user and user-friendly. Figure 6
shows the navigation drawer and component that need to
develop while Figure 7 shows features and function that is
required of developing the software.

UFren Worker

Figure 7 Features and function add-on

3.3.4 Main Function Development

In Android Studio, the application interface layout is defined in
HTML while the behavior of the interface is programmed by
using JavaScript. The overall interface design of mobile apps is
most influenced by Components Design, which design was
developed by Google as a guideline to ensure the design
consistency across Android application. All design work on
lonic.io is in a coded form, so it needs to be exported for coding
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and programming purpose that was done in collaboration with
industry (Esra Technology) as shown in Figure 8. All coding and
programming of application are necessary to put logic on the
item that was designed and make them function and clickable
on the smartphone.

2018/11/9 19:53

Figure 8 Code and programming process by industry

3.3.5 Testing and Validation

There are mainly two methods of software testing; White-box
testing and Black-box testing (in collaboration with industry)
and Validation Test on beta users. White-box testing is a
software testing technique that inspects the application’s code,
its algorithms and their efficiency as opposed to its
functionalities. Black-box testing is a technique of software
testing that tests functions of an application. For the validation
test, beta-users were required to install the app on their
smartphone and validate its functionality with the validation
form. Results passed and failed are based on minimal lagging
issue and functionality of button from different kind of
processor performance and ram availability. Figure 9 shows the
validation test by beta users.

Figure 9 Validation test by beta-users

4.0 RESULTS AND DISCUSSION

This chapter explains the results and discussion towards the
development of user-friendly prototype of the mobile
application project monitoring system using real-time progress
tracker to help communication on construction industry
especially at field site work. This chapter also shows validation
data of using mobile apps practically and data analysis toward
satisfaction level of features on apps created based on the
requirement that has been researched before. There were two
types of the questionnaire given to targeted workers which is
validation form and satisfaction form that will help to analysis
data toward mobile apps implementation.

4.1 Data Analysis of Satisfaction over Using Ufren Workers
Mobile Apps Toward Construction Sites

In this section, 23 questions were given to the respondents
regarding respondents' satisfaction over their experience when
using Ufren Workers Mobile Apps. The questions given are
related to the user preferences, user interface design, system
data, updating progress and apps performance. Users were
asked to give their level of agreement or of disagreement with
the items using five points Likert scale. Each question was
scored according to the respondents' satisfaction based on
Likert Scale score. Summary of data was tabulated into bar
charts as shown in Figure 10 to Figure 14.

In general, the Ufrens Workers Mobile Apps receive
satisfactory responses from the users. Users find that the app is
easy to use. This is shown by the majority of user preferences
in Figure 10, receiving an average of 4.6 scores among 10 users.
Users also find that the design user interface meets their needs
because as shown by the mean point of 4.5 by 7 respondents
(very good) in Figure 11.

The system data by application of Ufren Workers provided
scored an average score of 4.7 (very good) by 8 out of 11
respondents in Figure 12. In Figure 13, users were satisfied
when conducting the test of the application. This is seen by a
mean score of 4.6 (very good). The performance of the
application was also perceived to be smooth, sleek and worked
well with user satisfaction over the smooth display
applications. Users gave an average rating of 4.8 (very good) in
Figure 14.

User’s Perception on User Preferences

10

]
g
- 6
=]
5_‘] 4 . B Neutral
()
‘ i Very Good
0 y
Menu's Personal info  Easy tosetup Simple to use
features were useful

User Preferences Features

Figure 10 User’s perception on user preferences
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Figure 13 User’s perception on updating progress

User’s Perception On Apps Performance
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Figure 14 User’s perception on apps performance

4.2 Results of Ufren Workers Mobile Apps Validation

In the study, validation and testing were carried out by a total
of 11 beta-user has confirmed the feasibility of mobile apps
application Ufren Workers Mobile Apps. Figure 15 below shows
an analysis of passed failure rate that run by beta-user who has
used the apps. It can be seen that most of the validation tests
conducted were passed by all of the 11 beta users. However,
there are two items failed, namely ‘navigation to project list’ (2
respondents) and ‘back and add button are functioning’ (2
respondents) with 18% and 18% respectively. This is because
some of the smartphones that were used had less than 2
gigabyte RAM and caused the app to lag.

Validation Rating Based on Passed and Failed Evaluation

12

8
. | |I
0

Navigate to data key-in  update able to able to ableto  able totake Back' and

project list onproject  profile  createnew update updatetask multiple 'Add’ button
scopeis information  project scope photos are
updated functioning

[
o

o

ES

mPassed W Failed

Figure 15 Validation rating based on passed and failed evaluation

5.0 CONCLUSION

The objectives were to study current requirement of existing
web-based project monitoring system on construction sites;
develop user-friendly prototype of the mobile application
project monitoring system using real-time progress tracker and
validate practicality user-friendly mobile-based project
management system to construction site team had been
obtained. As a whole, the satisfaction level toward the
development of Ufren Workers Mobile Apps was achieved
through satisfaction evaluation with an average score of 4.5 in
total based on the survey conducted. The current existing
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mobile apps requirement to develop a prototype of user-
friendly mobile app features and its validation on real-time
project tracking mobile-based project management system to
construction site team were approved through findings from
collaboration with industry partners, Ufren Workers Apps
targeted users and researchers who did researches on mobile
apps related issues.

5.1 Limitations

The limitation of this study is the lack of optimization on apps
performances. The lack of optimization had caused issues such
as slower performances on all types of smartphone chipset and
availability of RAM. As a result, there are two items rated “fail”,
namely that were ‘navigate to project list’ and ‘back and the
back button is not functioning’. Also, the issue of the absence
of application trials on its use in the project is part of the
limitation in this study.

5.2 Recommendation

The features of Ufren Workers Mobile Apps should be
upgraded due to the current demand for technological growth.
This is because there are many competitors in developing
mobile worker apps in the market that provide the latest
features with good optimization and apps performance.
Besides, some costs need to be invested for Ufren Workers
Mobile Apps to create its own cloud web server storage.

5.3 Future Study Plans
The proposed work can be extended to address the
development of user-friendly mobile apps for project

monitoring at non-construction sites, which is important for
solving communication problems among workers.
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