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Abstract

Construction business comprises a number of small and medium-sized contractors which form the
major part of the industry. The existing research on the new ICT development is creating more and
mor e sophisticated and complex systems which may not be applicable to the construction industry.
With regard to general limitations as design criteria, this research used a collaborative approach to
develop a cost control system for small and medium-sized contractors. Five suitable contractors were
selected to participate in this research study. The new efficient cost control system can be developed
using available ICT tools which are familiar and easy-to-learn. A collaborative approach can ensure
the diffusion of technology to these companies.

Keywords: Construction SME, small and medium-sized contractor, cost control, system development,

ICT application

Introduction

Construction is a very competitive business
mainly by prices. Thisforces contractors to cut
their unnecessary costs in every aspect unless
they reducethe quality of thework. To maintain
success, contractors haveto continuoudy improve
the efficiency of their business processes.
Modern information and communication
technology (ICT) holds promising advantages
to improve the business processes of the
construction industry particularly in the field of
management. Many new system developments
arebeing created inrelation to research findings
and they are getting more sophisticated with the
current trend of integrating everything. It is
interesting to realize how small and medium-sized
companieswith their limited resourcesand some

other constraints can obtain benefits from the
technol ogy.

The National Statistical Office has
conducted a nation-wide survey of IT applica-
tions in the construction industry in 2004. The
reports (Industrial and Business Statistics Group,
2005) shows that the construction industry in
Thailand is very fragmented. It consists of a
number of small and medium-sized companies
that represent about 92% of the whole industry.
95% of all construction companies have
registered capitals of less than 1.5 million US
dollars. The reports also show that the small
and medium-sized construction companies (or
construction SMESs) have developed very few
of their own in-house software which is only
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1.7%. Thisinsufficiency ispartly acause of many
problems in this industry, such as lack of
efficient control systems, project delays, poor
quality of work, and high costs. Kaplan (1996)
has argued that American Society of Civil
Engineers (ASCE) through their publications
is neglecting the big picture that the major
components of the civil engineering community
and their employers are indeed small-business
entities. He requested more attention to foster
small-business groups and local sections. These
construction SMEsare currently using primitive
business processeswhich rely largely on manual,
paper-based data, intuition, and experience, but
not ICT. Thegovernment isconcerned about this
issue and urges SMEs of many industries to
implement new ICT applications as their
competitive advantages. Many government
initiatives are now encouraging themto improve
their business processes and to increase their
capabilitiesthrough ICT.

This situation is similar to that of many
other developing countries. Jaafar et al. (2007)
have done a survey study to confirm that
construction companiesregardless of their sizes
have been seeing IT as their opportunity for
improvement. Goh (2006) concluded from his
survey study focusing on people, their I T needs,
and ability to manage change. The new system
must be compatible with their normal work
routines and easy to use because SMEs have
limited resources for training and time. Yang
et al. (2007) found that most field managers
prefer to use Excel for recording and processing
cost data, notwithstanding the introduction of
specialized computer applications for project
management. Cumbersome workloads associ-
ated with data update in the commercial project
management applications make managers
hesitant to use. Thusthey try to handle not only
the cost but also scheduling data using Excel.
Acar et al. (2004) studied the relationship
between an organizational size and the use
of ICTs within the SMEs in the building
construction sector in Turkey. They concluded
that the larger the firm sizes are the more
intensive use of ICTs contractors do. Thisis not
asurprising finding because the applications of

ICTs come with a large amount of investment
and that isalimitation of construction SMEs.

With their limited capital s, most construc-
tion SMEs are cost concerned. This paper
reports the research project which aims to
analyze the existing business processes of
construction SMEs and identify priority area of
improvement. It also aims to determine the
methodology and to develop anew ICT system
that can be successfully implemented on
construction SMES' business.

Recent System Developments for
Construction SMEs

ICT has already been adopted on the construc-
tion industry for a while. Aouad et al. (1996)
showed that all publications from 1990 to 1994
revealed the applications of IT in construction in
16 different fields. EI-Ghandour and Al-Hussein
(2004) also conducted a comparable study of
publications during 1992 to 2001 and they
categorized the applied IT in 9 main different
fields. Therearemany ICT system devel opments
available in the literature and commercial
packages. Most of these systemsarein thetrend
of data integration which prefers to combine
different functions together. This aimsto share
information across different disciplines,
platforms, and formats. Thistendsto makethese
devel oped systems more and more complex and
difficult to comprehend and operate. Despite
that, only a few of them were particularly
designed for construction SMEs or have
considered their limitations on implementation.
Among those available system develop-
ments that were created for construction SMEs
were investigated and summarized as follows.
Loveand Irani (2004) confirmed the benefits of
ICT to the management practices of construc-
tion SMEs. Primary motivationsfor I T adoption
of SMEs were identified as productivity and
business processesimprovement, cost efficiency,
competitive advantage enhancement, service
quality, and profitability. Apart from good f
unctions of the system, Stewart (2007) showed
that companies which provided reliable IT
systems that are well-supported and user-
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friendly would achieve higher IT-induced
performance improvement in their operational,
strategic competitiveness and benefit perspec-
tives.

Forcada et al. (2007) devised a tool for
automatically creating an organizational
document structure in order to improve both
internal and external document organization
and to remedy the inefficiency of document
management in SMESs. Pereraand Imriyas (2004)
have developed an integrated management
information system for project cost management
using DBM S (M SA ccess) and time management
software (MS Project). Their system is particu-
larly designed for SMEs. Zhiliang et al. (2004)
have developed a system for the multi-party
in construction projects to collaborate on the
Web using XML. The information exchanged
among the multi-party was identified such as
scheduling, cost control, quality assurance, and
contract management. Yang et al. (2007)
have developed a new method to maximize the
practicability of progress management of
multiple apartment buildings construction
projects. They designed awork-packaging model
based on the Cost Breakdown Structure which
has the lowest level is the cost items shown on
thebill of quantity.

Alshawi and Ingirige (2003) have
discussed the impacts of the latest advancesin
technology on project management and the
emerging paradigm of performing project
management over the Web. Abudayyeh et al.
(2001) have proposed an approach to implement
a cost control system over the Web. Cheung
et al. (2004) have developed a Web-based
construction Project Performance Monitoring
System (PPMS) that aimed to assist project
managers in exercising construction project
control. The project performance measure
categories were identified for inclusion in the
PPMS: people, cost, time, quality, safety and
health, environment, client satisfaction, and
communication. Chan and Leung (2004) have
a so developed a prototype of a metadata-based
information system for data exchange among
Web-based documents for construction project
management using XML technol ogy.

It can be summarized that those system
developments designed for construction SMEs
were kept simple and addressed on a certain
problem area of the existing business process.
The developments were based on the existing
practices and used low-investment tools such
as common office software, compact database
management software, XML, and web-based
technology. However, none hasreported the use
of acollaborative approach during the devel op-
ment stage.

Resear ch Framewor k

This research aims to find a methodology for
designing and developing a new IT system
for construction SMEs and also successfully
implementing it with regard to their limitations
identified in the next section. To overcomethese
limitations a collaborative approach is created
and employed. Some partner companies have
been recruited for the system development
process. The criteria for recruitment were the
size and the positive attitude toward the IT
benefits. This research has collaborated with
five different construction SMEs which are
representing various specializations in the
industry such as local infrastructures, public
buildings, commercial buildings, flats, and
residential houses. The key policies for the
development are asfollows:

1 To enhance involvement of both the
managements and the prospective
users in designing the system

2. To identify and improve the business
processin area of their high priority

3. To develop the system by referring
to the existing routine and to be
aware of any dramatic changes

4. To develop the system with the existing
software that they are using and
familiar with so that it will require a
minimum cost and learning time

Figure 1 summarizes the research frame-

work. The process starts with involving
construction SMEs in this research program.
Public announcements and invitations are
made to recruit five construction SMEs. The
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reason isthat these five different companies can
generalize the picture of the construction SMEs
business and are a reasonable humber of cases
for this study. The companieswho make contact
are the ones who are interested in the program.
They haveto have acertain level of confidence
in IT benefits and they should be ready to give
support to their commitment.

Then an investigation of business
processes of the five construction SMEs was
conducted through several meeting sessions
with their managements. Their business
processes must be well understood before
|etting them raise problem areasin their processes
that istheir own priorities. These prioritieswill
ensure that the new system is based on what
they really want. The problems of all five
partners are later analyzed and generalized
to determine suitable solutions. Then both
managements and prospective users participate
in designing the system and generating system
requirements. This ensures that the developed
systemwill suit their abilities. The new systemis
designed with a consideration of avoiding any
radical changes. Instead, it must imitate or
follow the existing business processes and rather
transform paper-based information system into
electronic-based and database system. The

system interface is designed by the prospective
users to ensure their acceptance and under-
standing. Also, tentative procedures and
functions of the system must be demonstrated
before actual use to prepare the users. Finaly,
the new system is developed with the existing
software which is being used and familiar to
them.

At the implementation stage, the
developed system is delivered to the companies
with ademonstration and explanations. Then the
companies are still assisted with facilitations
and encouragement to help them successfully
implement the new system. After launching the
system for four months, the systemis evaluated
with feedback from the managements and the
users.

Limitationsof Construction SMEs

With regard to limited resources available for
adopting IT in their businesses, Chau (1995)
found in his study the factors used in the
selection of software package in SMEs that
SMEs rated the vendor support as the most
important factor when selecting package
software. Thisshowsthat SMEshaveinadequate
technical personnel. The ease of use / user-

Design and Develop a new IT system

Implement the system

Involve construction
SMEs

Participate for
system requirements

.

.

Introduce the new
system

Investigate business|
processes

Demonstrate the
prospective system

.

.

.

Arrange facilitation
and helps

Identify problem area|
and generalize the
problem

Complete a new

system development|

.

Evaluate the system
after implementing

Figurel. Theresear ch framework
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friendliness of the software package were
viewed as an important factor. Their common
software packages are just accounting or word
processing-related software. Fink (1998) provided
anindication of factorsimportant to SMEswhen
adopting I T. Internal factorssuch as T benefits,
organizational culture, in-house IT expertise
and resources, | T implementation and selection
werejudged to be more significant than external
factorswhich wereexternal environment, outside
support, external resources. Nitithamyong and
Skibniewski (2006) have conducted a survey
study to identify the success and failure factors
of performance of commercia Web-based project
management systems. They concluded that the
two most influential groups of factors were the
characteristics of the system, such as ease of
use, system reliability, output quality, and the
project team, such asteam attitudes, support from
top management, and adequate training.
Peansupap and Walker (2006) have provided
an organizational level framework of ICT
innovation diffusion at theimplementation stage
of a construction project. They identified four
groups of factors that influence ICT use and
adoption such as management, individuals,
technology, and workplace environment.
Challenges are the acceptance of prospective

Limitations of
Construction SMEs

users and the diffusion of new applications.
From the literature reviews and many
interview sessions with collaborative construc-
tion SMEs, limitations of construction SMEsin
implementing the new IT developments are
generalized and clearly categorized into two
main groups, namely physical and psycho-
logical factors. Figure 2 shows the category of
generalized limitations of construction SMEs.
Thefirst group, whichisphysical factors, can be
considered as resources comprising money and
personnel. They are apparent limitations since
they usually are the criteria for classifying the
size of acompany. Construction companies are
generaly underfinanced. At any point in time
thereisonly limited capital availablefor invest-
ment and I T investment must compete with other
demands on capital (Andresen et al., 2000).
Although the managements are convinced of the
benefits of the new I T developments, they may
not be able to afford a highly-priced fully-
functioning commercial package. Also they
have limited personnel in terms of both
availabilities and abilities. With their small
number of employees, all personnel are fully
occupied with avariety of responsibilitiesrather
than focusing on a specialized work area. They
are not ableto afford ahigh-salary job to attract

Physical Factors

Psychological Factors

Personnel

Money

Management

System Users

Abilities

Availability

Commitment of

Support Fear of Change

Fear of

Belief in Benefits Technology

Figure2. Generalized limitationsof construction SMEsinimplementing I T system developments
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proficient personnel so it ismore likely that the
personnel they have possess limited ahilities.
Particularly they cannot operate sophisticated
IT systems.

Theother group of limitationsare psycho-
logical factors which are obstacles created by
their mindset. They are further separated into
two groups of people in the companies, namely
management and users. The management is
policy and decision makers who are directly
responsiblefor encouraging theimplementation
of the new IT systems and allocating necessary
resources for operating them. The management
can have its own levels of commitment of
support and levels of values and beliefs in the
benefitsfrom the I T systems. In addition, thelT
systems affect some parts of the work routine.
Userswho are at the operating level can have a
resistance to this change. Some users fear
technology and they think that it istoo difficult
tolearn.

Typical Business Processes

The research has carried out semi-structured
interviewswith thefive partner companies each
one at atime. They provided information on the
current business processes and also indicated

their problem areastogether. The analysisfound
that there wasacommon way of doing construc-
tion business. Figure 3 summarizes typical
business processes of construction SMEs in
a cross-functional diagram. All of them put
themselves as main contractors who are
responsible for managing projects such as
administrating contracts with clients, financing
projects, procuring materials and equipment
to construction sites, and monitoring and
controlling progress. They are outsourcing all
workforcesto local subcontractors. That explains
why their business sizes are small (using the
number of employees as criteria). Thiscan help
reduce the risk of fluctuating demands in the
construction industry and also their businesses
can be set up with a small amount of capital.
Their local subcontractorsarelong-term partners
whom they can trust and know proficiency well.
They usually work on afew projects at the same
time so that they can maintain relationshipswith
many local subcontractors in order to balance
their workload. When a new project arises,
construction SMEs assign suitable subcontrac-
tors who are available at that time for the new
project.

Local subcontractors are groups of
different skilled workers and general laborers.

Small-to-medium sized contractors’ typical business processes
2
K] Supply construction P
= materials P Submit invoices
Q
=3
2 A
A 4
S .
© e Provide materials as Payments and SENED
© subcontractors to —» performance at the
= . requested record expenses 5
= projects end of projects
o
(&) A
2 ﬁ
% \ 4
o
= Perform Request materials to Progress
8 construction work their sites construction work
5
(2]

Figure 3. Construction SMES' typical business processes
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They work for wages but they are not running
their businesses as a firm. They are doing their
jobs while being supplied with all required
materials and equipment. Thus they do not
invest anything in projects apart from their
physical labor. The construction SMEscover all
the expenses incurred and they record all these
expenses in an accounting journal.

All of thefive construction SMEs pointed
out a similar problem area which they were
concerning the most on the cost control system.
They are currently using a simple paper-based
cost control system which is not effective. The
cost information comes so late that they cannot
use it for controlling purposes. They reported
that all expenseswould become recognized long
after projectshad finished. In addition, sincethey
record all expensesin achronological order but
do not categorize the cost account items, they
do not know exactly how much profit they earn
from a single project. They can only roughly
approximate the amount. The irony is that they
all have personal computers and office software
package available, but they cannot use them to
help with their work. Despite their ineffective
control of a project, these contractors normally
work on more than one project at the same
time. This makes their situation worse. There-
fore, the potential area for ICT applications is
controlling the progress of tasks both in cost
and schedules.

System Requirements and Develop-
ment

The system requirements were gathered during
interview sessions with all partner companies.
The main requirements of the new cost control
system wereto monitor the progress of expenses
of aconstruction project and to makearea -time
comparison with the bill of quantities (BOQ) in
order to determinethevariance. The system uses
the budgeted cost and the quantity of materials
in the BOQ as a control reference. The type of
materials that are requisitioned from a subcon-
tractor should conform to the BOQ of that
project. Also at any time, the total number of
requisitioned materials should not exceed the

number stated in the BOQ. The main inputs of
the system arethe BOQ and materia requisition
data of construction projects. The system needs
to gather materia requisition data which have
occurred at any construction site to the
contractor’s office. The data gathering can be
done through the Internet. All these inputs are
finally stored in the database at the contractor’s
office. The main outputs of the system are many
kinds of reports regarding material usage and
cost. These reports will help the managements
to discover the source of any cost overrun and
allow themto take corrective actionsin time.

The system requires database utilities at
both construction sites and the contractor’s
office. These databases aretimely synchronized
through the exchange of data between the two
sides. Figure 4 shows the Entity-Relationship
Diagram (ERD) of the structure of the designed
database of the system. The structure is
organized into groups of data attributes. Two
main groups are Bill of Quantity and Material
Request. The group of Bill of Quantity has
attributesfor storing dataassociated with project
BOQs. The group of Material Request has
attributes for storing data associated with
material requisition transactions. The total
number of requisitioned materials can be
queried and compared with the allowable
quantity in the project BOQ. The other groups
areauxiliary groupswhich contain other supple-
mentary datasuch as Project, Material, Subcon-
tractor, and Supplier.

After the system requirements are estab-
lished, the cost control system is developed
through the collaborative approach. Microsoft
Access is selected as a developing tool for
the new system. MS Access provides many
advantages in this development. It is a reason-
ablerelational database management system that
is packed within the Office Solutions of
Microsoft. It is very available and all five
company partners are currently using Office
software such as MS Excel and MS Word
athough they have never used MSAccess. This
means that the new system can be installed in
their computers and run without any additional
cost. Since most of the users are familiar with
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some common user-interfacesand functionalities
of this M S Office package, they can understand
the new system developed with MSAccessfairly
rapidly. Also MS Access can be added with
Visual Basicfor Application (VBA) codes. This
will allow any customized automations as
required. Furthermore, MS Access provides a
separate group of interfaces such as Tables,
Queries, Forms, Reports and Modules that are
necessary for this development. As a database
management system, M S Access maintains the
integrity of data and also provides security for
those data. With these advantages, MS Access
can overcome the identified limitations of
construction SMEs.

Thetransfer of data between construction
sites and the contractor’s office is done via the
Internet and XML formatted files. The reason
for the selection of the XML format isthat itisa
compact format. The datacontained in an XML

Project ID

Project

Project Name

Project Detail

format can be of asmall size sothat it is conve-
nient to transmit through the Internet. Another
advantage is that much database management
softwareincluding M SA ccess can support XML
files. Data on the system database can be
directly convertedinto XML filesand read back.

Figure 5 shows the data flow of the
developed system through its different
functions. The system functions are detailed as
follows:

Add and Edit BOQ - the system assists
the contractors since the beginning of a new
project. It providesaformtofill inaBOQ of the
new project. It also allowsfor editing someitems
of the BOQ in case of any change-orders. This
form should be filled in by the users at the
contractor’soffice.

Add and Edit General Data - supplemen-
tary or general data such as descriptions
of materials, projects, subcontractors and

Subcontractor ID
Subcontractor
Name

Request ID

Subcontractor

1 Material

Material Name

Project ID
. 1
Material ID
|| Billof 1
Quantity
Quantity Takeoff 1
Quantity Used
Material ID M
— Material

Request
1 1

Request Date

Supplier ID
Supplier

-

Request ID

-

Request

Detail

Material ID

Figure4. Thestructureof the database of the devel oped cost control system
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suppliers can be added or edited through this
form. Thesedataareto give general descriptions
of materials, projects, subcontractors and
suppliers.

Material Reguisition Form - themaininput
data of the system comes from the material
requisition forms. The material requisitionform
which is used to be in a paper-based format is
transformed into a computer-based format. The
layout of thiselectronic formisimitated fromthe
existing paper-based one so that users can feel
confident ininputting all data. Theformisfilled
in by the users (subcontractors) at different
construction sites.

Material Usage Reports - are such as
Material Usage Daily Report, Material Usage
Summary Report and Material Usage by
Subcontractors Report. The system provides
various reportsto monitor the material usage on
the different progressing projects. First, the
material usagedaily report isused for summariz-
ing all materialsacquisition on any particular day
on any particular project. Each project then sends
this information centrally to the contractor’s
office via XML and the Internet. Second, the
material usage summary report calculates
guantities of materials that have been taken up
to the present date. The calculated quantities
arecompared with the number stated inthe BOQ
item by item. The system also notifiesthe users
of theitemsthat exceed the number stated inthe
BOQ. Thisfunction can help aert the manage-
ments to the cost overruns of a project which

Material
Requisition Form

—

Material Usage
Daily Report

()

Subcontractors at
Construction Sites

EXchanged E-mafis

have been a problem for contractors for along
time. Third, the system provides a report of
material usage by subcontractors. This report
helps indicate which subcontractor has taken
those materials. It can also keep records of how
each subcontractor uses his acquired materials.

Conclusions

From the statistics, it can be seen that the
construction SMEs are the majority of the
construction industry. While the main stream of
research isbeing directed toward theintegration
and increase in the size and complexity of the
ICT system developments, these developments
are very difficult to implement particularly on
construction SMEs. Construction SMEs have
many limitations of both physical and psycho-
logical factors such as human resources, capital
and management support. Therefore, a suitable
ICT system development must require low
investment, be easy to use and maintain,
convince the management of its benefits, and
target on their highest priority problems. This
research used a collaborative approach in the
system development and implementation
processes. This aims to increase the acceptance
of the users of the new system and the manage-
ments of the companies. Five partner construc-
tion SMEs were selected to participate in the
research program. All partners were concerned
about costs and needed a cost control system.
MSAccessand XML were selected asICT tools

Add/ Edit
Project BOQ

Add/ Edit
General Datal

@ ——
= ™o

Received XML

Material Usage
Summary Report]

Contractor at Office

Material Usage by|
Subcontractors
Report

Figure5. Thedeveloped cost control system for construction SMEs
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for this development. The functions of the
developed system were adapted from their
existing business process and their document
forms to ensure that users are familiar with.
Although it is difficult to change paper-based
work routines to electronic-based, the persis-
tence of helps and encouragements and the use
of the forms familiarity can ease the learning
process of users. The developed cost control
system can successfully be implemented on the
five partner companies. The system hel psgather
actual cost datafrom different construction sites
and centralize them to the database at the
contractor’s office. With this system the
contractor can keep monitoring the progress of
costs on their different sites and make a real-
time comparison with the controlling cost on the
BOQ. It is anticipated that this cost control
system with the collaborative approach can also
improve the efficiency of the business process
of other construction SMEs.
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