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ABSTRACT

The main purpose of this research is to improve the effectiveness of information
management in small medium sized building contractor companies. A quantitative
questionnaire survey has been conducted to determine the current practice of
information management among the contractor companies. Analysis has shown that
the cost and equipment information are the best managed information. In contrast,
material information is being ranked at last on the effectiveness of management.
Therefore, further study has been conducted in order to address the material
information management issue. It has been found out that most of the respondents
adopted ICT in managing material information, but its effectiveness is not satisfying.
The setback that are disappointing the industry players are such as the software is not
user-friendly, and it does not give any direct benefit for the users in winning a tender.
Hence, a web-based information system is developed by considering all the feedbacks
from the industry with the goal of improving the effectiveness of information
management. The main function of the system is to record any material transaction
made. Secondary functions such as suppliers’ transaction history checking, material
quality rating, and ordering point notification are also provided in order to improve the
material information management of target population. The system proposed had been
validated by the industrial players where a number of respondents were approached to
try the system by themselves. Lastly, it is reccommended to integrate all the information

management in one system as this can greatly increase the productivity and efficiency

of the company.
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ABSTRAK

Tujuan utama kajian ini adalah untuk meningkatkan keberkesanan pengurusan
maklumat dalam syarikat-syarikat kontraktor binaan bersaiz sederhana kecil. Tinjauan
soal selidik kuantitatif telah dijalankan untuk mengkaji pengurusan maklumat di
kalangan syarikat-syarikat kontraktor di Malaysia. Analisis tinjauan tersebut telah
menunjukkan bahawa maklumat kos dan peralatan adalah maklumat yang terurus.
Sebaliknya, maklumat bahan-bahan binaan adalah maklumat yang paling tidak teratur.
Oleh itu, kajian lanjut telah dijalankan untuk menangani isu pengurusan maklumat
bahan binaan. Ia telah didapati bahawa kebanyakan responden menggunakan ICT
dalam menguruskan maklumat bahan binaan, tetapi keberkesanannya adalah tidak
memuaskan. Antara factor-faktor yang mengecewakan pemain industri adalah seperti
perisian yang tidak mesra pengguna, dan ia tidak mendatangkan apa-apa manfaat yang
langsung kepada pengguna ketika bersaing dengan syarikat pelawan untuk
mendapatkan perniagaan. Oleh itu, satu sistem maklumat yang berasaskan web telah
direka selepas mengambil kira semua komen daripada industri dengan matlamat untuk
meningkatkan keberkesanan pengurusan maklumat. Fungsi utama sistem ini adalah
untuk merekodkan transaksi bahan binaan. Fungsi sekunder seperti semakan rekod
transaksi pembekal, penilaian kualiti bahan, dan peringatan untuk menambabh stok juga
telah disediakan. Sistem yang direka telah disahkan oleh pemain industri. Responden
telah mencuba sistem tersebut dan beberapa komen telah dicadangkan. Akhir sekali,
ia adalah digalakkan untuk mengintegrasikan pengurusan semua maklumat dalam satu

sistem kerana dengan ini, kecekapan dan productiviti syarikat bina dapatlah

ditingkatkan.
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CHAPTER ONE

INTRODUCTION

1.1 Background of Study

As one of the main economic contributor in Malaysia, the construction industry
contributes roughly 3-5% to the Gross Domestic Product (GDP) annually, which in
turn provides about 10% employment of the total labor force (CIDB, 2009). However,
statistics has indicated that the industry is facing 20% of decline in performance as
compared to other industries, despite having strong support from the government.
Researches had been done to investigate the causes of the declination, and one of the

factors found is due to lack of information sharing in the industry (JBIM, 2007).

Construction projects are highly complex collaborative events that involve various
bodies and organizations, e.g. clients, designers, consultants, contractors, and
inspectors. Throughout the life of a project, huge amounts of information will be
accumulated by all these parties. For example, (Garza & Howitt, 1998) has found out
that the information required during construction phase of a building include of request
for information, materials management, equipment management, cost management,
schedule and means and methods, jobsite record keeping, submittals, safety, quality
control and quality assurance, and future trends. However, due the reactive nature of

construction contracts and the increased vulnerability of project personnel, these



information is often not transferred nor stored in the way it was intended to be. Xerox
(2002) has proven that the information generated within an organization is poorly
managed, and in many examples the volume of useful information exiting the
organization on a daily basis exceeds that available for immediate use within the
organization. From his research, as much as 42% of knowledge goes home at the end

of the day instead of being stored or shared within the organization.

The transformation in science and technology has improved the situation where the
Information and Technology (IT) has been introduced, enhancing the communication,
collaboration and information management processes (Bowden, et al., 2005).
Competitive pressures, desire in gaining more profit and client requirements have
catalyzed the implementation of new information technology in the industry,
especially those pertaining to how project information is exchanged, manipulated and
managed (Steward R. A.). Heavy investment has been done by numerous construction
firms into information and communication technologies in their quest for improved
competitiveness and profitability (Betts, 1999). However, majority of them are yet to
taste the proclaimed benefits of IT and are greatly dissatisfied by their IT investment
(Pena-Mora, Vadhavkar, Perkins, & Weber, 1999). Reasons such as high maintenance
or implementation cost, high cost of specialist software are found to be stopping the
industry from adopting IT systems in their projects. Therefore, research with the aim
of investigating the effectiveness of information management in construction industry
is required and recommendations on improving the issue especially by the method of

IT implementation should be provided to increase the productivity and efficiency of

the industry.



1.2 Problem Statement

The performance of construction industry is greatly influenced by the effective
management of information as huge amount of information flows will occurs during a
construction project. It had been identified that the problems related to transmission of
information is a very important factor of inefficiency in a construction project
(Otjacques, Post, & Feltz, 2003). Also, inappropriate coordination of information had
been stated as one of the causes of construction project delays (Sunjka & Jacob, 2013).
Besides, an estimation has been made by International Alliance for Interoperability
that about 30% of the cost of a construction project is due to the fractured processes

and communication of the AEC/Facility Management (FM) industry.

In addition, Memon, Rahman & Aziz (2012) have identified the information and
communication related factors as one of the groups of common causes of cost overrun.
Slow information flow between parties has been ranked as number 10 out of 35
common causes of cost overrun in construction project through the questionnaire

survey conducted by them.

Furthermore, a study conducted towards the construction projects in Tanzania showed
that the third major factors of project delays is information delays. Consequences of
this delay are determined to be time overrun, cost overrun, negative social impact,

idling of resources and disputes (Kikwasi, 2012).

Other than that, the incapability of small medium enterprises contractors in adopting
new information technologies such as Building Information Modeling (BIM) might
cause them unintentionally “frozen out” from the industry as they are uncompetitive
compare to those big players that implement information technology in their projects.

Without the IT, they will have to operate based upon traditional means of



communication such as face-to-face meetings and the exchange of paper documents
in the form of technical drawings, specifications and site instructions, which will

drastically pull down the performance of a company.

In a nutshell, an improper information management will result in additional
construction costs, delays, declination of performance and consequently, bad
relationships with the customers. Therefore, the purpose of this research is to
investigate the information management issues in small and medium construction
companies and improve its effectiveness by proposing a low-cost information

technology tool/system.



1.3 Aims and Objectives

The aim of this research is to solve the information management issue in small medium

construction company. Therefore, to achieve the aim, the objectives are set as bellows:

i.  To identify the types of information required by contractors in construction project

during construction phases in Malaysia.

ii.  To identify the types of information that is not being properly managed in jobsite

during construction phase.

iii. To propose an alternative solution for small, medium construction company

(contractors) to manage and organize the selected types of information.



1.4 Scope of Work

Due to the constraint of times and resources, there are certain limitations on this

research. The scope of work for this study are as listed below:

e The survey is conducted only to the Grade 5 contractors in Selangor area.

e The study only focuses on the contractors’ internal information management
during construction phase of a building project.

e The research will only focus on one type of the problematic information
(Material Information) obtained through surveys.

e Solution will be proposed to target only one type of the problematic
information (Material Information) obtained from surveys.

e The data of the survey is conducted through detailed questionnaire survey.



1.5 Significant of Study

As mention in previous section, improper information management will result in
numerous consequences such as additional construction cost, delays, and declination
in performance of construction industry. Therefore, the findings of this research will
indicate the types of information that are lack of proper management in construction
project. Also, the proposed information technology tool/system will help the small and
medium-size contractors’ company in managing the particular type of information in
their projects without investing large amount of resources. This will boost up their
performance and efficiency and enable them to be competitive in the industry. Lastly,
by having a proper information technology tool, delays and additional cost of

construction project can be minimized, and thus the profit of the company will increase.



1.6 Summary

Due to the importance of the construction industry towards the economy of the country,
any issues that contributes to the declination in performance of the industry should be
handled seriously. As supported by all the statistic and facts, information management
problem in construction jobsite is one of the contributing factors to the cost overrun
and delay issues in the industry, and therefore, researches should be conducted to come
out with potential remedies in addressing the issue. Hence, the research had been
proposed with the aim to solve the information management issue particularly in small
and medium building contractor companies. The population of study had been set to
be the Grade S building contractor companies in Selangor area as this is one of the
building contractor-concentrated state in Malaysia. The area of study had been scoped
into only focusing in detail on the material information management issues due to the
constraint of time and resources of the research. Last bu? not least, this study is
significant as it can help to boost up the performance and efficiency of the small
medium-sized building contractor company in Malaysia by minimizing the occurrence
of cost overrun and project delay problem that are caused by the inefficiency in

information management.



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

As one of the most information-intensive industry, huge amount of information flows
between the project’s participants throughout the lifecycle of a construction project.
The involvement of those distinct professionals makes the effective management of
information exchange crucial. It has been proven that the improper information flow
management will often lead to delays, additional costs and consequently bad
relationship with the customers (Otjacques, Post, & Feltz, 2003). Therefore, with the
transformation of science and technology, new information technologies (IT) has been
invented and introduced in the industry to support the fast, efficient development and
management of construction projects. However, even though implementation of IT
shows obvious improvement on the overall performance of the industry, the industry
seems to make slow progress towards implementing IT in their organizations. The
reasons behind include the very nature of how the industry operates one-off projects,
industry fragmentation, lack of client leadership, low level of technology awareness

and training, required up-front investment, on-going maintenance costs and resistance

to change. (Steward & Mohamed, 2016)

This chapter aims to review by literature research the types of construction project



ii.

information required during construction phase of building project, to study the
implementation of IT tools in the industry locally and abroad, the example of IT tools
used and the problem of implementation of IT tools in the industry. Also, focus will be
put on the selected type of problematic information (Material Information) obtained

through questionnaire survey as discussed in Chapter 4.

2.2 Project Information Required at Jobsite

In order to investigate the information management issues at construction industry, the
types of information need and requirements have to be figured out. Garza and Howitt
(1998) had come out with a list of categories of information needed for a construction
project completion. Although the list does not cover 100% of the jobsite information,
it includes all the essential information needed to successfully complete a construction
project (Ballan & El-Diraby, 2011). The list of information required at construction

site is as shown below:

Request for Information: All the information exchanged regarding pre-project,
correspondence, design, and construction startup. It contains items such as
documents pertaining to contract specifications, contract drawings, change orders,
shop drawings, and design intent clarifications. This category of information is the

most frequently exchanged information in a construction project.

Material Management: All the documents of material required for a construction
project, which includes request and procurement of material, determination of the

status and location of material inventory, and any special handling or delivery of

material.

10



iii.

1v.

vi.

vil.

Equipment Management: This category includes all the documents and
information exchanged which related to equipment required on site. For instance,

the equipment rentals and allocation.

Cost Management: Refer to all the information and documents related to cost and
accounting of a project. For examples, budget pricing, material, equipment cost

accounting and purchase orders.

Site, Schedule and Construction Information: Refer to all information flow
between construction site and office which includes scheduling updates,
productivity information, updates drawings, progress reports, visitor logs, and

daily site diaries.

Quality Control / Quality Assurance Management: Refer to all quality control and
quality assurance documentation. Examples are such as soil reports, inspection
results, deficiency lists etc. Main purpose of this documentation is to insure that

o

the work done is qualified according to the clients’ requirement.

Safety: This category includes all safety documentation exchanged between site,
office and sub-contractors. Some of the reports include accident reports, safety

violations and labor force contracts.

11



2.3 The Role and Importance of Information Technology in the Construction
Industry

In 1980s, technological revolution has made Information Technology (IT) an
important part of many core business activities (Gaith, Rashid, & Ismail, 2012). It is
expected that the implementation of IT in construction industry will soon expand
globally. According to (Li, Irani, & Love, 2000), the organizations begin to aware that
adoption of IT can maintain their competitive advantage. Bowden et al. (2006) told in
their research that information communication technology (ICT) provides new
chances to innovative construction companies to upgrade their process of collaboration,
communication and information. The conclusion made by Miyatake & Kangari (1993)
indicated that IT should be seen as an important resource in today professional practice
and that the automatic flow of vital information in a firm is essential. In addition,
Luiten & Tolman (1997) also stated in their research that IT can enhance the
information exchange among employees of the company or team that handle the design

process management and control.

Over the past 30 years, the role of IT in most industry sectors has changed. IT is
becoming more and more crucial especially for construction industry where it is used
by building practitioners to simulate, analyze and evaluate the anticipated performance
of the design, the design of the amenities’ delivery process and the design of
organizations in carrying out the processes (Gaith, Rashid, & Ismail, 2012). According
to Michel et al. (2000), the emphasis of IT application in the industry can be staged
into three generation. First generation is the general application on the data processing
method of accounting, payroll and analysis of complex numerical calculation, then it
evolves to decision support system where functions to manipulate and filter

information assisted the decision-making process, and finally, the third generation of

12



application emphasizes on strategic information system that are critical to company

survival in the industry as whole.

Furthermore, it has been shown by Zhang et al. (2009) the use of IT, computer vision
system in specifically, can assist in the task of project management to some extent.
This statement is made by referring to the application of computer vision in the
industry. Computer vision can be used in formulation of 3D objects from 2D images.
An image is automatically scanned and work in progress can be measured. In order to
evaluate the increase in productivity brought about by IT, Gaith et al. (2012) had
conducted a case studies in Jordan, reviewing the perceived benefits of IT adoption in
the construction industry. The respondents perceive the benefits of IT adoption as
better work quality, increased efficiency, better financial control, better
communication, faster and simpler access to public data, greater flexibility to satisfy
customers, the possibility of sharing information in general, easier to use a lot of data
and the convenience of telecommuting. Therefore, it can be concluded that the
implementation of information technology did help to improve the performance,

especially in the information management of the industry.

13



2.3.1 Example of IT Tool Used in Construction Industry — Building Information
Modelling (BIM)

With the revolution of science and technology, Information Technology (IT) has been
widely used in construction industry. Among the IT tools with feature of information
management, Building Information Modeling (BIM) is one of the most trending in the
industry recently. According to Azhar et al. (2008), BIM can be defined as the process
of development and use of a computer-generated model to simulate the planning,
design, construction and operation of a facility. It is a data-rich, object oriented,
intelligent and parametric digital representation of the facility, from which users can
extract and analyze the data from it to generate information that can be used for the
decision making. Other than that, BIM also can be defined as the intelligent plan metric
3D modelling (in particular for the architectural world), and it is also the process
undertaken through the lifecycle of a scheme. It provides the industry with a method
of collecting and using information across a construction project with the objective of
providing a seamless link between the designers, the client, construction professionals,
contractor and end user of a project from the project inception through to the final

decommissioning of the project after it intended life has expired (Smith, 2012).
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2.3.2 Benefits of BIM Implementation

It has been proven by researches and case studies that BIM did brought positive
impacts to the construction industry. Even though it has been long time ago since the
first introduction of BIM to the construction industry, the BIM processes and activities
that contribute to project success, are still evolving. The first generation of BIM
emphasized more on efficiency in generating 2D drawings particularly as the design
changed. The models at that time is something not essential to the industry. Only after
the construction industry began to use models for coordination and clash detection, the
industry players started to realize the benefits of BIM. Today, the implementation of
BIM is mandated or recommended by the governments worldwide as its value for
helping to deliver projects successfully is undoubtable. Some of the major advantages

are as discussed below (Brown, 2016).
a) Structural Building Information

BIM implementation improves the structural information management of a building
project due to the 3D modelling feature of the software. Information retrieval has
becoming much easier and accurate as BIM is a technology that provides users a visual
simulation and a digital prototype of a building prior to construction (Weygant, 2011).
Compare to the traditional 2D CAD which comprises graphical entities, BIM can
provide better visualization with detailed 3D view and thus making the building
information extracted from BIM becomes more accurate. This is parallel with a
statement made by Taylor and Bernstein, (2008) and Kymmell (2008) that mentioned
that the visualization process of BIM could give the project stakeholders a better
cognitive of the intended construction as it can provide them a detailed 3D view. For

example, compared to traditional method that use 2D drawings, the detail 3D
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visualization enables architects and engineers to resolve the “clash detection” disputes
more precisely (Harris, Ani, Haron, & Husain, 2014). This statement is further
supported by a case study done by (Migilinskas, Popov, Juocevicius, & Ustinovichius,
2013) on the implementation of BIM in the project of Vilnius Municipality complex
that shows the utilization of BIM in the project provides a single prepared 3D frame
model for visualization, structural analysis, final adjusted 3D model and Facility
Management model with related model. Last but not least, BIM is not only beneficial
to the industry during the construction phase, it can be, useful during the post-
construction phase wherein all the information collected throughout the project phases
can be utilized to help the clients to maintain their buildings precisely (Harris, Ani,

Haron, & Husain, 2014).

b) Time Saving

Other than that, BIM also can be used to manage the site and schedule information as
it can be used to simulate and analyze the construction sequences to cut down the
construction duration as much as 7% (Azhar, Hein, & Sketo, 2008). The case study
done by Migilinskas et al. (2013) on a project in Klaipeda also indicated that the BIM
3D technology had assisted the CM team to reduce time spent for corrections of
construction drawing during design stage. Same result had been shown by their case
study on the project of MG Valda Victoria office building, where the information in
early stage about missed design and potential arising issues provided by BIM was said

to help in eliminating delays, and saving time of the project during construction work.
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c) Cost and Material Estimation

In addition, BIM also helps in providing material and cost information of a building
project. As mention by Azhar et al. (2008), BIM improves the efficiency of cost
estimation with up to 80% decrement in time taken, about 3% of cost estimation
accuracy and 10% saving of the contract value through clash detection. Furthermore,
BIM also assists in managing the information of material and equipment as it can be
utilized to manage site planning and logistics which may include machineries’ location
and temporary access points as quoted by Khanzode et al. (2008). The findings from
the case study done by Migilinskas et al. (2013) on the implementation of BIM in the
project of Vilnius Municipality complex too shows that the negotiation process with
subcontractors and suppliers had been simplified by using the 3D model to estimate
the bill of quantities for the work packages. The order and supply of manufactured
elements and details for the project too had improved essentially. In addition, his case
study on the project of PET plastic raw material plant in Klaipeda had shown that the
utilization of BIM can minimized human errors in orders of the materials and products

needed at strict time.
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2.3.3 Barriers and Issues in Implementing BIM in Malaysia

In order to improve the adoption of BIM in Malaysia construction industry, studies had
been conducted to identify the barriers and issues in implementing BIM in Malaysia.
In June 2013, a one-day workshop had been held through the collaboration between
the Construction Industry Development Board (CIDB), Malaysia and Universiti
Teknologi Mara (UiTM) to investigate the obstacles, remedies and advantages of BIM
adoption in Malaysia, particularly among the contractors. The table below shows the
percentage of issues raised by the participants of the workshop who consist of 51
contractors (Grade 3 — Grade 6), 18 academics from local universities, 8

representatives of government agencies and 13 consultant representatives.

Table 2-1: Barriers of BIM implementation in Malaysia (source: Harris et al., 2014).

Key variables Issues Raised Percentage%
Cost 16 26.2
Time 10 16.4
IT (software, hardware, computer) 14 23.0
Readiness 9 148
Knowledge 5 8.2
Technology 5 82
Information 2 33

As shown by the table above, among all the variables raised by the participants, cost
factor is the most discussed issue, which occupies 26% of the total variables. The
output of the workshop shows that technology financial risk of BIM is the major
obstacle as contractors and consultants are burdened to spend on the hardware,
software, employment of professionals and to provide staff training in implementing
BIM in their organizations. According to contractors, the high initial capital outlay to
implement BIM does not assure them to secure any future projects, causing them to

lose trust on the Return on Investment (ROI) of BIM implementation. In contrast, this
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dilemma might influence the cash flow of a project, especially for minor projects.

Besides, the variable of hardware, software and computer too had been raised during
the workshop. CIDB and consultants point out that the compatibility of the BIM
software that enables communication and data interoperability between contractors,
sub-contractors and other parties is very important as it determines whether the BIM
software will improve the productivity and efficiency of the organization or not.
Furthermore, the insufficient of competent BIM modelers in Malaysian AEC industry
is also found to be one of the barrier of BIM implementation in Malaysia. Also, the
contractor’s representative did highlight that some local organizations are still resisting
to change or are still unready to adopt BIM as a tool in their projects. Both the top
management and staffs of the organization play an important role in this issue. The
inexpert in-house technical staff to undergo training and not be IT savvy despite the

usefulness and economic benefits of BIM.

Table 2-2 summaries the findings of the workshop on the barriers, potential solution

and benefits of BIM implementation in Malaysia.
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Table 2-2: Obstacles, Potential Remedies and Advantages of BIM Adoption in Malaysia (source:
Mohd Harris et al., 2014)

Organisation p a'rqt?c.iggnt Barriers Potential Solution Benefits
« The initial upfront
expenditure such as
purchase of software, « Compelitive
conduct BIM training; to e Govemment advantage
appreciate and use of BIM incentives * Proposals are
are time consuming prior lo | ¢ Enforcement and better understood
Contractors 1 being familiar with BIM policy on BIM through accurate
« Not ready with BIM ¢ Accreditation and visualisation
(hardware and software) recognition
» Staff resistance to change
 Lack of expertise and
knowiedge in BIM
« |mprove design
. erors
« The cost of initial A
c investment of BIM is high | * Sovemment to * Detailed
onsultants 13 : provide incentives understanding of
¢ Stabibty of the:sysiem « Sufficient training the design
¢ Avoid clashes on
drawings
* Awareness program
¢ AHordable training .
and software cost * mﬁaﬁzﬁd
e Rolling out National « Early detection
e Software capability, policy on BIM of problem
Government 8 compalibility and ¢ Cany out further o Asa database
Agencies interoperability are R&D on user- for operation and
questionable friendliness of the maintenance
software and phase
systems ’
+ CIDB affordable BIM
program
« To include a BIM e
course in IPTA new paradigm
teaching syilabi shift
Relevant i
« Insufficient pool of BIM 2 « Lifecycle data
Academician 18 experts in the industry govemment ) can be used in
gencies to provide the maintenance
support in terms of and operation of
trainings and facility
awareness program.
Total 90

On the other side, a survey that has been conducted by Zakaria et al. (2014) shows that

the top five obstacles that slowing down the adoption of BIM in Malaysia are (1) Lack

of knowledge about BIM, (2) Clients do not request/enforce BIM, (3) Reluctance from

clients, contractors or consultants to implement BIM, (4) BIM is not required by other

parties in collaboration and (5) Lack of data of Return on Investment of BIM. The

table below is extracted from the work of Zakaria et al. (2014), showing the ranking

of their finding on barriers of BIM implementation in Malaysia.

20



Table 2-3: Rank for Factors of Barriers (source: Zakaria et al., 2014)

Factors why BIM is not being implemented in Malaysia RII Overall Rank
‘1 Lack of knowledge about BIM 0.950 1 :
2 Existing CAD system fulfils our need to design and draft 0.804 8
3  BIMis oo expensive 0.592 15
4  Lack of training on BIM software 0.608 14
5  BIM does not reduce the time used on drafting compared 0.650 12 1
. with the current drawing approach i
6  BIM lacks features or flexibility to create a building model/ 0.650 13
drawing
7  Clients do not request/enforce BIM 0.950 2 |
8 BIMis not required by other team members 0.838 4
9  Application of BIM will affect the current process practice 0.779 9 /
10  Application of BIM will affect the current productivity 0.779 10
11  Legal or contract issue 0.817 6
12  Lack of working procedures and standards 0.675 11
13  Reluctance from Client, Contractors or Consultant to 0.875 3 ?
implement BIM oA
14  Lack of data of Retumn on Investment of BIM 0.833 5
15  Software related (i.e.: ease of use) 0.808 7 i
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2.4 Material Management in Construction Industry

Material management is the process of planning and managing to make sure that the
optimum quality and quantity of materials and installed equipment are properly
specified in a timely manner, procured at reasonable cost and are available when
needed. The purpose of material management is to improve any activities related to
the material flow. It should coordinate purchasing, inventory control, receiving,

warehousing, materials handling, planning, and transportation (Dobler & Burt, 1996).

The brief explanation for the material management processes are as shown below

(Kasim, 2011).

e Planning: Quantifying, ordering and scheduling of material. Planning process
is indeed vital to increase productivity, net income, and facilitate the timely

completion of construction project.

e Procurement: Obtaining of materials and services from other companies to
assist the company’s operations. It is important to assure the material

availability. The typical purchasing procedure is shown in the figure below.

e Logistics: Process includes of planning, implementing, and controlling the
flow and storage of all goods from raw materials to the product to meet

customer requirements.
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e Handling: The flow component that provides for the material movement and

placement.

e Stock and Waste Control: Stock control can be defined as the technique used
to cover and ensure all items are available when required. It is important to

have a proper management of stock control for construction materials delivery.

TENDER STAGE
TENDER RECEIPT
\
ESTIMATING
Y
SEND OUT ENQUIRIES - suppliers and sub-contractors
\
QUOTES RECIEVED
\j
ANALYSES » Records kept
\
SELECTION OF QUALITY/PRICE/
DELIVERY FIT ———= Paperwork filed
TENDER PRJ!PARED AND
SUBMITTER POST-CONTRACT STAGE
CONTRACT AWARDED ————  Purchasing function
v
Re-enquiry.....Negotiation
v
Sclection
V
Ordered placed
v
Progress measured
V
Record kept and review for feedback

Figure 2-1: Typical Purchasing Procedure (source: Canter, 1993)
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2.4.1 Problems of Material Management

The performance of a project might be severely influenced by the poor handling and
management of materials on construction sites (Ogunlana, Promkuntong, & Jearkjirm,
1996). Dey (2001) had summarized the major issues relating to materials management,

as shown below:

e Receiving materials before they are required, causing more inventory cost and
chances of deterioration in quality.

e Not receiving materials at the time of requirement, causing loss of productivity

e Incorrect materials take-off from drawings and design documents

e Subsequent design changes

e Damage / loss of items

e Selection of type of contract for specific materials procurement

e Vendor evaluation criteria

e Piling up of inventory and controlling of the same

e Management of surplus materials

In addition, the use of paper-based work during the construction process for
conventional construction methods will produce excessive paperwork and causing
poor materials management in construction project. It also contributes to problematic,
error-prone and inefficient in the recording and exchanging information of materials

component within a supply chain (Zakeri, Olomolaiye, Holt, & Haris, 1996).

24



2.4.2 Information Communication Technology (ICT) Implementation in
Material Management

According to Bjork (1997), ICT are electronic machines and programs including
computers and the software, other devices like the telephone, the photocopying
machine and the telefax for processing, storage, transfer and presentation of
information. The development of ICT in construction industry greatly improve the
efficiency of information transfer (Kasim, Improving Materials Management Practices

In Construction Projects, 2012).

The implementation of ICT in material management could facilitate the effective and
efficient control of materials of construction project. For instance, software such as
Microsoft Excel and Lotus 1-2-3 are commonly used in estimating cost for material
management (Sun and Howard, 2004). Also, Internet is widely used for electronic mail
(e-mail) and electronic commerce including electronic invoicing, payments and receipt
of materials process (Harris and McCaffer, 2001). Contractors have to get rid of the
conventional means of materials management that dominated by paper documents
such as drawings and specifications and emerge the sophisticated or innovative tools

and techniques to improve efficiency in procurement and quotation activities.

Construction Software (2005) has listed out some software that can support

construction activities including material management. They are as listed below.

e Construction Materials Management System — link engineering, construction
accounting, vendors and other critical functions to manage the procurement,

warehousing, delivery and reporting;

e Material Management System QMS — system for managing all phases of

material management process;
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e Estimate Builder — estimate materials and labor quickly and accurately

2.4.3 Barriers of ICT Implementation

According to the case studies done by (Kasim, 2011), the main barriers that the
industry think are stopping them from ICT implementation can be summarized into
four categories, which are people, cost, supplier issues, and profit. Among these four
categories, cost issues are the most critical barrier. It refers to the high cost required
for the ICT implementation in their projects. Contractors cannot afford to cover the
implementation cost incurred, which include the staffs training cost, equipment and

software purchasing cost, and also the maintenance cost.

This situation is worsened when the return of investment is uncertain. Contractors
doubt that their investment in ICT implementation will give extra profit to their
company. The last barrier is on the suppliers, where contractors claim that some of
their suppliers unable to cope with and provide their service to the ICT transformation

in material management process.
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2.5 Summary

Construction industry is one of the most information intensive industry in the world.
Bulks of information flow occurs every day during the construction phase of a project.
The types of essential information required at construction sites can be categorized
into a few groups, which consists of Request for Information, Material Information,
Equipment Information, Cost Information, Site, Schedule and Construction
Information, Quality Control / Quality Assurance Information and Safety Information.
However, there is no survey that had been conducted directly on the issue of
information management at construction project in Malaysia. Hence, there is a need of

planning a survey in order to further investigate this issue in this country.

Besides that, it had been proven by many researches that ICT tools can assist and
improve the information management of construction industry. Therefore, literature
review had been done on this topic as ICT implementation is one of the potential
solution for the information management issue. It was found that the adoption of ICT
tools for example BIM had practically benefited the industry. It assists the industry
players in managing the structural information, the site and schedule information, the
material information and also the costing information of the project. However, the
implementation of IT tools (BIM) in AEC industry of Malaysia especially those Small,
Medium enterprises (SME) is not as satisfied as expected. It had been determined that
there are barriers that are stopping the industrial players from implementing IT tools
in their organization. The top barriers of the issue are the cost and time factor. Part of

the industry players are unassured that whether their investment on BIM is profitable

or not.

One of the example of information required in construction jobsite is material

information. The material management process in construction project include of
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planning, procurement, logistics, handling, stock and waste control. Improper
management of these processes will create issues such as receiving material at the
wrong timing (earlier or later), incorrect material take-off, damage or loss in material
and etc. Also, the application of traditional paper-based method of management too
will reduce the productivity and efficiency of the construction companies. Therefore,
implementation of new technologies especially ICT such as software, Internet,
computer based system should be done to prevent all these issues. However, similar to
the situation of implementing BIM, there are barriers that are stopping the industry to
embrace the ICT in their projects. These barriers are mainly the cost factor, staff
compatibility factor, profit factor and the factor of suppliers’ incapability to cope with
the ICT transformation. As this is one of the alternative solutions to address the issue
of information of management, market survey is required in order to further investigate
the current practice attitude of the population towards the ICT implementation in

managing material information in their construction projects.

Therefore, by using these variables found from literature review, a questionnaire
survey will be conducted to achieve the objective (2) stated in Chapter 1. Also,
questions will be asked in order to determine the market requirements and opinions on

the ICT tool that will be designed to address the information management issue.
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CHAPTER THREE

METHODOLOGY

3.0 Introduction

This chapter intends to explain the methodology designed for the research topic in
order to achieve the objectives of this research, which are (1) To identify the types of
information required by contractors in construction project during construction phases
in Malaysia (2) To identify the types of information that is not being properly managed
in jobsite during construction phase and (3) To propose an alternative solution for small
construction company (contractors) to manage and organize the selected types of
information. Generally, the methodology had been staged into three phases, which

consists of preliminary phase, data collection phase, and data analysis phase.

The preliminary phase is where the initial desk study has been conducted to gather the
existing information of the research topic in order to provide a better understanding
about the title. After all the information has been collected and interpreted, they will
be used as the fundamental ideas to design the questionnaire, which is a method of
data collection to obtain answer for the stated research questions and hypothesis.
However, as the raw data obtained might be invalid due to several reasons, data

analysis is a must to eliminate and filter the raw data, and to draw conclusions

regarding the research questions of interest.
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3.1 Preliminary Phase

The sole purpose of this phase is to gather all the information available for the research
title which is the effective information management for small time contractors during
construction phase of a building project. In order to achieve that, literature review has
been conducted. Information has been collected from different sources of publications
which can include internal company information, relevant trade publications,
newspapers, magazines, annual reports, company literature, on-line databases and any
other published materials (Statpac, 1997). This phase is very vital to provide
understanding on the information management applied in construction industry all

around the world.

Also, the problem statements and objectives as stated in Chapter One of the research
have been established and proven at this phase through the literature survey. Besides,
the first objective of the research has been achieved as well where the types of
information required at construction jobsite are obtained from a published journal

written by Ballan & El-Diraby, (2011).
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3.2 Data Collection Phase

Data collection is the process of collecting information on desired variables in an
established systematic way, which then enables one to answer relevant questions and
evaluate outcomes. In order to achieve the targeted objectives, a structured
questionnaire survey will be mailed to the target sample. A stamped, pre-addressed
return envelope will be attached together with the questionnaire to ease the respondents
for returning the set of questions. Mailing method of data collection is suitable when
conducting surveys on sample who comes from a wide geographic area which is as
handled in this research. The structured mailed questionnaire survey method is adopted
by referring to some similar research design conducted to the construction industry,
especially to the contractors which is also the target sample of this research. Some of
the examples of researches that adopted questionnaire survey are shown in the

following page.
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Table 3-1: Summary of methodology used by some researchers.

Author (year) Variables of | Method used Target sample
research
Assaf et al. (1995) | First phase: | First phase Contractors,
Causes of delay Literature review | architects/engineers
Second phase: | and Interview (A/Es), Public
Frequency of | Second Phase: | owners
occurrence  and | Questionnaire
degree of severity
for the causes of
delay
Sambasivan and | The causes and | Questionnaires Contractors and
Soon (2007) effects of consultants
construction
delays
Long et al. (2004) [ Issues relating to | Questionnaires Professionals
large construction involved in large
projects focusing construction
on the problems projects
experienced
Alaghbari et al. | To identify major | Questionnaires Government
(2007) causes of delays bodies, main
construction contractors,
projects in consultants and
Malaysia developers
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3.2.1 Questionnaire Development

The questionnaire form for this research has been prepared base on the information
gather from the literature review. Also, it is important that the questionnaire be
designed properly to satisfy its intended purposes (Constructing Effective
Questionnaires, 2006). Therefore, a step-by-step guide to develop an effective
questionnaire has been used to structure the questionnaire for this research. The

summary of the guide is as described in the following section.
a) Determine the purpose

The purpose of the questionnaire must be predetermined before constructing the
questionnaire. For this research, there are a few information that need to be gathered
through the survey, which include (1) the respondents’ background such as the
respondents’ post, representing firm, year of experience in the field and the contact
information, (2) the types of information that are poorly managed in the construction
project, (3) the current practice of information management in the industry, (4) the
opinions of the respondents to the implementation of BIM in the industry, (5)
suggestions or desired features of IT tools to manage the information. All these
information are not available from existing sources and thus questionnaire survey is

necessary to be conducted.
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b) Define target respondents

The target population for this study is the registered Grade 5 building construction
contractors in Selangor area. According to CIDB Malaysia, there are total of 791 nos.
of contractors of this grade. However, it will be very costly and time-consuming to
conduct the survey to all the members in the population. Therefore, Slovin’s formula
will be used in order to obtain the appropriate sampling size that can statistically
represent the entire population. Slovin’s formula is appropriate to be used when the

behavior of the target population is undetermined.

Slovin’s formula;

~1+N(e)?
Where:

n = sample size

N = total population

e = margin of error (confidence level = 90%)

By using the population number, N = 1200 and margin of error, ¢ = 0.1, the sample

size of this research is calculated as shown below:

1200
1+ 1200(0.1)2

n=
n= 92

The sample size obtained is 92, and it is rounded off to 100 as the bigger the sample

size, the better the sample can represent the population and thus the higher the validity
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of the study. After the sample size has been determined, simple random sampling
method is used to select the target sample, which means the 100 nos. of samples are
randomly selected from the population. The contact information of the samples can be

obtained from the CIDB Malaysia website.

c) Choose Measurement scale and scoring - Likert Scale

A Likert scale is the sum of responses on several Likert items. A Likert item is a
statement that the respondent is asked to evaluate by quantifying the item into any kind
of subjective or objective dimension. The Likert items must exhibit both “symmetry”
and “balance”, where symmetry means that they contain equal numbers of positive
and negative positions whose respective distances apart are bilaterally symmetric
about the “neutral”/zero value while balance means that to the distance between each
candidate value is the same, allowing for quantitative comparisons such as averaging
to be valid across items containing more than two candidate values (Burns & Bush,
2007). The Likert Scale is used to show the level of agreement/disagreement for this

study as shown below:

1 = strongly agree

2 = agree
3 = neutral
4 = disagree

5 = strongly disagree
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d) Conduct Pilot Test

It is important to ensure that the questionnaire developed is appropriate for the
respondents, so that the answers obtained are valid and reliable. Therefore, pilot test
will be conducted to a group of people who are similar to the respondents. Feedbacks
will be collected from them to improve the unclear questions or procedures and detect
errors beforehand. The group of people for pilot-testing include of civil engineering
students, some lecturers, and some seniors who has graduated and join the industry.

The steps listed below is used for the pilot test.

1. Observe the participants throughout the test. Disallow them to interfere

throughout the test.

2. Take note of any problems arise during the test. This should include under what
circumstances problems arise, and how the person attempted to resolve the
problem. Also, the reaction of the participants while doing the test has to be

observed.

3. Ask questions to clarify why and what the participants are doing. The questions

should help to make changes.

4. Allow participants to make notes while doing the test. It will likely get
confirmation of problems observed as well as some on-the-spot thinking which

cannot observe very easily.

5. Make sure the participants complete the entire questionnaire.
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There are several elements to check for the pilot test (Taylor-Powell, 1998):

1. Does each question measure what it is supposed to measure

2. Are all the words understood

3. Do all respondents interpret the question in the same way

4. Are all response choices appropriate

5. Is the range of response choices actually used

6. Do respondents correctly follow directions

7. Does it create a positive impression that motivates people to respond

8. How long does it take to complete

9. Does it collect the information required
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e) Choose the Methods of Reaching Target Respondents
The method used to distribute the questionnaire to the respondents are:

v Hand pass questionnaires
v' Mailed questionnaires

A small portion of questionnaires are delivered to the target respondents through hand
passing. This includes those companies that are located nearby the student’s house.
The reason of using this method is to increase the response rate of the survey. Mailed
method is used for the remaining companies where a stamped, pre-addressed return
envelope will be attached together with the questionnaire to ease the respondents for

returning the set of questions.
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3.3 Data Analysis Phase

This phase is where all the data collected from the questionnaire survey are analyzed
and the results are extracted to be discussed in Chapter 4, After eliminating the void
results, the raw data from the accepted surveys will be inserted into Statistical Package
for Social Sciences, SPSS. The data is first checked for its reliability. Then, descriptive
statistics such as mean, standard deviation and percentages will be obtained. For the
data that consists of comparison of the .means of a normally distributed interval
dependent variable for two independent groups, an independent samples t-test will be

conducted to verify the difference in mean value is statistically significant.

3.3.1 Reliability Test — Cronbach’s Alpha Reliability Coefficient

Reliability is a measure of how consistent the results of using a measurement
instrument (i.e. questionnaire) will be. Cronbach’s alpha is used to check the reliability
of the Likert scale used in the questionnaire. The test can be done using the SPSS
statistic software. The acceptable values of alpha have been discussed by many
statisticians, mostly range from 0.70-0.95. T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>