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E
nterprise resource planning (ERP) systems also
called enterprise systems (ES) are among the most
important information technologies to emerge in
the last decade. These systems are defined as com-

puter-based systems designed to process an organization’s trans-
actions and facilitate integrated and real-time planning, produc-
tion, and customer response. ERP systems attempt to unify all
systems of departments together into a single, integrated soft-
ware program that runs off a single database so that the various
departments can more easily share information and communi-
cate with each other [9]. These are basically the successor to
material resource planning (MRP) and integrated accounting
systems such as payroll, general ledger, and billing. The bene-
fits of ERP systems are potentially enormous: coordinating
process and information, reducing carrying costs, decreasing
cycle time and improving responsiveness to customer needs [6]. 

Although the construction industry is one of the largest con-
tributors to the economy, it is considered to be one of the most
highly fragmented, inefficient, and geographically dispersed
industries in the world. To overcome this inefficiency, a num-
ber of possible remedies have long been attempted. Recently, a
significant proportion of major construction companies
embarked on the implementation of integrated IT solutions
such as enterprise systems to better integrate their various busi-
ness functions, particularly those related to accounting proce-
dures and practices. However, these integrated systems in con-
struction present a set of unique challenges, different from those
in the manufacturing or other service sector industries. Each
construction project is characterized by a unique set of site con-
ditions, a unique performance team, and a temporary nature of
the relationships between project participants. That makes a
construction business organization need extensive customiza-
tion of pre-integrated business applications from ERP vendors.
Furthermore, selecting appropriate information systems for
their companies is a challenging job because of an abundance
and complexity of IT solutions. For these reasons, finding the
best implementation strategy of integrated enterprise systems is
mandatory to maximize the benefits from such integrated IT
solutions in construction companies.

Since each construction company has its own defined busi-
ness processes and organizational structure, an enterprise sys-
tem of each organization will be unique even if the system uses
similar modules developed and delivered by the same ERP ven-
dor. Because of this uniqueness, a company must have a differ-

ent ERP implementation strategy which meets its own needs.
Currently, ERP vendors provide multiple modules, some of
which may not be beneficial to a certain company compared to
their high costs. Therefore, an appropriate evaluation method
to identify the adequate information system modules of enter-
prise systems for a certain company is necessary in the early
stage of decision making.

RESEARCH OBJECTIVES

Management of a construction company typically poses the
following questions before adopting new IT solutions such as
enterprise systems:

• What is a potential functionality of an enterprise system in
our organization?

- What can the system cover? 
- What are the advantages of such a system? 
- What is the possible structure of an enterprise sys-

tem for the company?
• What should we consider in implementing the new inte-

grated systems?
- What are the factors affecting the selection of imple-

mentation projects?
- Which factors does our company consider most?

• What is the best implementation strategy for the company?
- What information system modules are needed for

the company?
- Which module is the first priority of implementa-

tion for the company?

The main objective of this paper is to provide an implemen-
tation strategy for implementing integrated enterprise systems.
To do so, the paper will identify possible representative informa-
tion system modules for construction companies. In addition,
factors affecting decisions on the implementation strategy for
the construction organization will be reviewed and analyzed.
Finally, the paper will provide the research model of evaluating
possible ERP modules for construction firms in terms of the
proposed decision criteria. This systematic model should allow
construction firms considering the implementation of integrat-
ed enterprise systems make informed decisions in regard to the
existing alternatives in the early stages of strategic planning.
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PREVIOUS RESEARCH OF IS/IT PLANNING 

IN CONSTRUCTION

The subject pertinent to information systems planning
methodology is rarely identified in construction-related litera-
ture. This section reviews two of the construction-specific infor-
mation systems planning methodologies and the prioritization
issues.

Computer Integrated Construction Planning Methodology
(CICPM)

Y. Jung and G.E. Gibson Jr. proposed computer integrated
construction (CIC) planning methodology of information sys-
tems for the construction industry. The purpose of this method-
ology is to judge the implementation priority of information sys-
tems for the identified construction business functions at the
firm level. In this methodology, 14 business functions are iden-
tified and used as objects of prioritization. The priority evalua-
tion measures for CIC planning are as follows [8]:

• Corporate Strategy: Degree of strategic fit of a business
function to the selected corporate strategies is measured by
executives of a firm. This can be abstracted to ‘Strategic
Fit.’

• Management: Importance of a business function in con-
trolling the selected critical success factors is measured by
middle managers. This can be abstracted to ‘Critical suc-
cess factor support’.

• Computer Systems: Contribution degree of data from a
business function to other business functions is measured
by experts. This can be abstracted to ‘Business Function
Contribution.’

• Information Technology: Potential improvement of a busi-
ness functions by selected enabling information technology
is measured by experts. This can be abstracted to ‘IT
impact.’

• Incremental Investment: Investment estimate of a candi-
date information system for a business function is measured
by experts. This can be abstracted to ‘Investment’ or ‘Cost.’

After measuring 1, 2, 3, and 4 by using a given scale (1-to-5)
and a normalized scoring system, this methodology calculates
the index of value-added enhancement by synthesizing 1, 2, 3,
and 4, with their weights calculated through analytical hierar-
chy process (AHP). The investment or cost is estimated based
on the number of new information system modules approximat-
ed from existing systems. This investment estimate is also nor-
malized for the equivalent comparison with the index. The final
decision relies on the information system portfolio including the
degree of value-added enhancement of business functions and
the expenses required to achieve the benefits through enhanced
effectiveness.

Strategic IT Planning Framework for Construction Projects
(SITPF) 

Peña-Mora et al. developed a framework based on IT diffu-
sion for maximizing the value of investments in strategic capa-
bilities. This methodology has four steps described as follows
[13, 14]:

• Understand the business of the A/E/C industry and the
dynamics of the overall economic environment in which a
firm operates. The result of this step is the identification of
the strategic forces and possible performance measures for
a firm. 

• Analyze the relevant processes and functions within a firm.
The result of this step is the identification of the inter-orga-
nizational information flow within or across functions and
processes. 

• Identify the IT diffusion phase of a firm. The IT diffusion is
categorized into two types: diffusion of IT funding and the
level of information. In this step, there are three phases of
IT diffusion model, i.e., substitution of existing technolo-
gies, enhancement of processes, and transformation of
organization and strategy. Analysis of the IT diffusion phas-
es identifies what phase a firm is in and where it should go.
In addition, knowing the particular diffusion phase of a firm
can provide the basis for an estimate of the existing IT infra-
structure and IT adoption decisions.

• Develop an IT investment model. This step consists of clas-
sifying and allocating investment and benefits, and evalua-
tion of the validity of investment. Investments are classified
into two types: initial investments and enabling invest-
ments. Initial investments are defined as investments in per-
sonnel, hardware and software, while enabling investments
are defined as investments on IT personnel, personnel
training and IT support. In this step, benefits are also classi-
fied into two types: tangible benefits and losses and intangi-
ble benefits and losses. The tangible benefits and losses
include productivity increase, quality increase, cost reduc-
tion, hardware, developed software, trained personnel and
employee turnover, while intangible benefits and losses
include risk reduction, IT methodology, knowledge man-
agement and employee satisfaction. The next process is to
allocate the investments and benefits, i.e. to detect the
recipients of the investments and the benefits. 

From the results of the final step, the top management staffs
can have a clear view on the IT investment because the results
can noticeably distinguish investments and benefits from the
inter-organizational perspective. However, it is difficult to direct-
ly address the priority setting problems in an implementation
planning process, because the methodology does not provide
any mechanism or tool to compare the business processes for
the adoption of information systems.

IMPLEMENTATION STRATEGY MODEL

The overview of the implementation strategy model is shown
in figure 2. The detailed description of the model will be shown
in the next section. The methodology used in the model will be
reviewed before we start explaining the model. 

Overview of Fuzzy Hierarchical Analysis (FHA)
Analytic hierarchy process (AHP) is considered to be one of

the extensively used multicriteria decision-making methods
[12]. One of the main advantages of this method is the effective
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handling of both qualitative and quantitative data. Decision
makers can reach their goal through a series of pairwise judg-
ments to measure the relative importance of criteria. The major
limitations are unbalanced scale of judgments, imprecision of
ranking and failure to account for the uncertainty associated
with the mapping of one’s judgment to a number [4, 10, 11].
The fuzzy hierarchical analysis (FHA) allows a more accurate
description of the decision-making process by taking advantage
of fuzzy set theory which deals effectively with uncertain (vague
and imprecise) information for approximate reasoning and sub-
sequently estimates the uncertainties throughout the decision
process. For instance, FHA can express an expert’s opinion that
a ratio of criterion A to B is approximately 5 to 1 instead of exact-
ly 5/1 by using fuzzy membership functions.

FHA was first discussed by P. Van Laarhoven and W. Pedrycz,
where fuzzy set theory and fuzzy arithmetic were applied to
pairwise comparison process in AHP using triangular member-
ship functions [16]. J.J. Buckley employed the geometric mean
method to calculate the fuzzy weights for fuzzy pairwise com-
parison [2]. Since perfect consistency in pairwise matrix is not
usually expected from expert’s opinion, this method can pro-
duce different weights from the eigenvector method [2,3]. By
modifying the Van Laarhoven and Pedrycz method, C. Boender
et al. presented a more robust approach to the normalization of
the local priorities [1, 16]. Obtaining correct fuzzy weights from
fuzzy pairwise comparison matrices has been a great challenge
for researchers [1]. Buckley and his coworkers attempted to
directly fuzzify Saaty’s original method of computing the
weights to obtain correct FHA [2]. However, this method needs
an evolutionary algorithm (EA) to calculate fuzzy weights for
the matrix sizes greater than 4x4. R. Csutora and J. Buckley
mathematically proved that fuzzy weights can be obtained
through the Lambda-Max method [5]. This method has strong
merit because it requires a straightforward process to calculate
fuzzy weights compared to the other methods and any form of
triangular or trapezoidal fuzzy numbers can be converted into
fuzzy weights [5].

The proposed implementation priority assessment framework
in this paper is based on Csutora and Buckley’s FHA. It consists
of the following five steps.

• development of a hierarchical structure;
• development of the Fuzzy Comparison Matrix (FCM);
• fuzzy weight determinations;
• assessment of score of ES module in each criterion; and,
• calculation of final value.

Pairwise comparison to assess the relative importance of the
criteria is performed by experts. Fuzzified numbers are used to
indicate the relative strength of the factors. In this study, four dif-
ferent linguistic notations are defined and used. They are
“about,” “at most,” “at least,” and “exactly.” These four fuzzy
notations are related to the expert’s confidence regarding the
relative importance of each criterion in the pairwise compari-
son. If the expert approximates that criterion 1 is m times as
important as criterion 2, he or she will use the term “About m”,
or if he is quite sure that criterion 1 is at least m times as impor-
tant as criterion 2, he will choose the term “At least m.” The
comparisons are made using number n C {1, 3, 5, 7, 9}.  The
fuzzy notations are converted into fuzzy numbers with degree of
membership based on fuzzy set theory as shown in Figure 1,
and can be described by (l, m, u), l < m < u , and l, m, u C{1, 3,
5, 7, 9}. 

STEP 1—Identify enterprise systems modules needed in con-
struction

Since many business processes in the construction organiza-
tion are different from those in the manufacturing, the research
identifies what ES modules are needed first in a project-based
business of construction. Although the business processes of
construction companies are also different depending on the
company’s culture and its major area of construction, there are
a lot of similarities from the business functions standpoint
because of the project based production in construction.
Therefore, the research classifies these representative functions
into several categories which can be developed to enterprise sys-
tems modules needed in construction. 

We reviewed two examples of enterprise systems and repre-
sentative modules in the construction industry, and finally
derived the general concept of enterprise systems structure and
major functions for construction companies. The structure of
enterprise systems in figure 3 was reviewed and confirmed by IT
experts.

As we can see in figure 3, there are many modules to be con-
sidered in enterprise systems for the construction industry.
However, the research needs to narrow down to specific areas of
enterprise systems in construction in order to facilitate the
progress of the research. Therefore, the research focuses on
project management modules and modules directly related to
project management. Groupware, KM (Knowledge
Management system), and EIS (executive information system)
are very important solutions in enterprise systems, but these
solutions support whole processes of enterprise system rather
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Figure 1—Membership Functions of Fuzzy Numbers
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than are directly connected to project management solutions.
Therefore, these solutions will not be considered in the imple-
mentation strategy model.

The major application areas for the construction industry are
financial accounting and project management. These two core
functions are tightly connected together, and all the other func-

tions support them to streamline the whole business processes.
There are several modules in financial accounting. According
to IT experts, these modules in financial accounting are usually
implemented in the same package. Otherwise, customizing
costs will be too expensive. In addition, most companies gener-
ally try to implement financial accounting solutions first, when

Figure 2—Implementation Strategy Model Overview
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they develop their own enterprise system. For these reason,
modules in financial accounting will be excluded in decision

making of the implementation strategy model. The possible ES
modules considered in the research are described in table 1.
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Figure 3—General Concept of Enterprise Systems in Construction

Table 1—Possible ES Modules in Construction
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STEP 2—Define the Criteria for Evaluating the Possible ES
Modules in Construction

Criteria which impact decision on the implementation prior-
ity are identified and hierarchically structured. The evaluation
criteria can be structured in three different levels as shown in
figure 4. The first level is the overall objective and second level
includes four categories of criteria, while the third level
includes specific factors for significance assessment in each cat-
egory. They include: benefit (both quantitative and qualitative),
cost (both direct and indirect), risk and strategic importance of
a possible ES module for a certain company. The hierarchy and
criteria were reviewed by IT experts and senior managers in con-

struction companies. Detailed descriptions of factors in each
category are shown in tables 2, 3, 4, and 5.

STEPS 3-5—Evaluate ES Modules in Benefit and Cost
Categories by Experts

Evaluating ES modules in the criteria of benefit and cost cat-
egories will be done by IT/construction experts who have been
involved in implementing information systems in the construc-
tion industry. A detailed description of these steps is shown in
Figure 5. Each ES module will be evaluated by directly scoring
with 1 to 9 scales in each criterion. Fuzzy Hierarchical Analysis
(FHA) will be used in assessing the relative importance of each

Figure 4—Structure of Evaluation Criteria

Table 2—Descriptions of Benefit Items
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criterion in benefit and cost categories. Figure 6 shows an exam-
ple of pairwise comparison when using FHA.

STEPS 6-7—Evaluate ES Modules in Risk and Strategic
Importance Categories by the Selected Company’s Decision
Makers

Evaluating ES modules in risk and strategic importance cate-
gories will be done by decision makers of companies such as
senior managers or higher levels because they have more spe-
cialty in these two categories than IT experts who evaluate ES
modules in benefit and cost categories. Different from the eval-
uation of ES modules, assessing the importance weights of deci-
sion criteria in these two categories cannot be evaluated by
external experts because the weights of these criteria are so sub-
jective and should be changed depending on the company’s sit-

uation. Therefore, these criteria evaluation in risk and strategic
importance categories will be done by the selected company’s
decision makers as a case study. A detailed description of these
steps is as shown in figure 7. Each ES module will be evaluated
by direct scoring with 1 to 9 scales in each criterion. Fuzzy hier-
archical analysis (FHA) will also be used in assessing the relative
importance of ES modules of each criterion in risk and strategic
importance categories. 

STEP 8—Evaluate Importance Weight of Each Category for
the Company by the Decision Makers

As a case study, the selected company’s decision makers will
evaluate the importance of decision categories depending on
the company’s mission and strategy. Some companies may pre-
fer benefit to other categories, but others consider more on the
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Table 3—Descriptions of Cost Items

Table 4—Descriptions of Risk Items

Table 5—Descriptions of Strategic Importance Items
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categories of cost and risk. Thus, the importance weights are
decided by the company’s preference. 

STEP 9—Calculate the Total Scores of ES Modules and
Rank the Priority

The final score of each ES Module for the selected company
will be calculated by the scores in each evaluation criterion and
the importance weights of the selected company. The order of
implementing ES modules for the selected construction com-

Figure 5—Descriptions of Steps 3-5  (Evaluate ES Modules in Benefit & Cost Categories)

Figure 6—Example of Fuzzy Comparison Matrix

Figure 7—Descriptions of Steps 6-7 (Evaluate ES Modules in Risk & Strategic Importance Categories)
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pany will be decided by the final scores calculated in this step.
A detailed description of steps 8 and 9 is as shown in Figure 8.

STEP 10—Reviews and sensitivity analysis
This step will review the final results from the proposed deci-

sion model. The final scores of ES modules are directly affect-
ed by the company’s weights of decision categories (i.e. á, â, ã,
and ä). Even though the implementation priority for the com-
pany is determined from the result of the research, we can show
different results by changing the weights of decision categories
intentionally (e.g. sensitivity analysis). 

T his paper provides holistic understanding about the con-
cept of integrated enterprise systems for construction
organizations. A general concept of enterprise systems

including structure and representative modules for construction
firms is presented and analyzed. In addition, the paper proposes
a decision model for construction firms to decide the priority of
business processes which can be developed to information sys-
tems in the future. We plan to conduct surveys based on the
model provided in this paper. The possible research deliverables
are “the ranking of ES modules in importance for construction
companies,” “Cost-Benefit Analysis of ES modules for construc-
tion companies,” and “the implementation priority of ES mod-
ules for the selected company” as a case study. This will be valu-
able information to decision makers in construction organiza-
tions when they consider implementing or upgrading their
information systems.
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