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ABSTRACT: Computer integrated construction (CIC) has recently evolved to maximize the integrated utilization
of information systems throughout the project’s entire life cycle and across different business functions. CIC is
a broad and strategic concept, not a specific system. Complicating CIC solutions are the dynamics of business
requirements and technology development. It is difficult, therefore, to design systems that are based on the
available technology, resources, needs, and benefits. This situation calls for an effective CIC planning method-
ology, particularly on a company level. This paper proposes a planning methodology that incorporates compre-
hensive issues for real-world CIC implementation. Measures and factors influencing information systems as-
sessment are investigated. To represent the complex measurements in a simplified manner, a CIC portfolio is
also developed. Managerial issues are stressed throughout the planning process to help make CIC more viable
and efficient. A case study using this methodology is presented.
INTRODUCTION

Not long after the construction industry began to look for
tools that would help productivity improvement, rigorous ef-
forts for computer utilization occurred. Computerized infor-
mation systems (IS) are widely recognized as an enabler, not
only for effective project management, but also for automation
of engineering and construction tasks (Gibson and Bell 1992;
Tucker et al. 1994; Jung 1997). Moreover, the advent of recent
information technology (IT) has accelerated the adoption of
innovative IS in the industry.

Nevertheless, compared with other industry sectors, current
uses of computer applications in construction are not very ad-
vanced (Nam and Tatum 1992; Tucker et al. 1994). This fact
is also supported by the relatively low IS spending of con-
struction companies. In addition, these applications exist in-
dependently and have little or no capacity for communications
with each other (Tucker et al. 1994). As a concept to cope
with these problems, computer integrated construction (CIC)
has evolved to mean handling separate applications effectively
to maximize the utilization of new technologies.

CIC is a broad and strategic concept. However, there are so
many new information technologies (ITs) and innovative ap-
plications that many industry managers are often confused
when it is time to plan new systems. The dynamics of tech-
nology, coupled with limited resources and conflicting needs,
make this a daunting task. The role of IS, in the era of infor-
mation, is also changing and becoming more important for all
corporations. Although this situation calls for an effective
planning process for implementing IS, no regimented planning
methodology has been introduced for the construction in-
dustry.

The purpose of this paper is to outline a CIC planning meth-
odology for engineering and construction firms. The proposed
methodology includes a wide range of areas of IS concern,
while it spends relatively less effort and time focusing on an
evaluation for automating construction business functions. A
case study illustrates that the methodology provides critical
insights for decision making and a basis for further detailed
investigation in terms of CIC implementation.
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DEFINITION OF CIC

The concept of CIC is mainly derived from that of computer
integrated manufacturing (CIM) (Sanvido and Medeiros 1990).
As Scheer (1981) defines, ‘‘computer integrated manufacturing
(CIM) refers to the integrated information processing require-
ment for the technical and operational tasks of an industrial
enterprise. The operational tasks can be referred to as the pro-
duction planning and control system.’’ Scheer also points out
the requirements for the integration of these tasks. These re-
quirements include an application-independent data organiza-
tion, consistent process chains, and small feedback loops. An
application-independent data organization has generally meant
specific data structures. The reason for this is so that data are
suitable for various functions throughout the life of a project
or span of control of the organization. The process chains here
form a logical data flow between the performance of the tasks,
not between personnel, departments, or locations (Senn 1989).
Small feedback loops can mean that ‘‘planned to actual’’ com-
parisons are performed as frequently as possible to reduce hu-
man intervention and to improve the system (Scheer 1991).

Researchers in the construction industry describe CIC by
emphasizing the nature of construction project management,
while adapting basic CIM concepts. Sanvido and Medeiros
(1990) define CIC as being a ‘‘better use of electronic com-
puters to integrate the management, planning, design, con-
struction, and operation of constructed facilities,’’ and this def-
inition upholds the formulation of the CIC concept. In an
examination of integrated database (IDB) systems, Gibson and
Bell (1992) emphasized the importance of management issues,
such as top-management support and relationships between or-
ganizations, as well as IT issues. Gibson expands the IS issues
further, toward behavioral, managerial, environmental, cul-
tural, and even legal aspects. Miyatake and Kangari (1993)
add a strategic perspective, stressing that there is no typical
formula for CIC. In research investigating the impact of in-
tegration on the quality of an industrial facility, Fergusson
(1993) proposed a descriptive base for integration along three
dimensions: (1) Industry functions (e.g., planning, design,
manufacturing, construction, and operation); (2) disciplines
(e.g., architectural, mechanical, etc.); and (3) time. Teicholz
and Fischer (1994) accentuate the viability and benefits of a
shared, 3D data model. Betts (1995) develops a national view
of strategic IS.

To investigate how researchers perceive the concept of CIC,
six studies were briefly introduced above. The purpose, meth-
odology, and depth of CIC definitions in these six studies dif-
fer from each other. Yet, all of these studies significantly con-
tribute to conceptualizing CIC in a descriptive manner.
Nevertheless, none of these studies fully satisfies the compre-
hensive issues needing to be addressed for CIC planning. Man-
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FIG. 1. Framework for CIC

agerial issues need to be strongly emphasized, as they help
make CIC much more viable than it is when only dealing with
technical matters. The emphasis of managerial aspects in IS is
supported by Scheer’s (1991) CIM requirements, Gibson and
Bell’s (1992) IDB issues, Davenport and Short’s (1990) busi-
ness process redesign, etc.

In this context, the meaning of CIC needs to be extended
further. For the purpose of developing a CIC planning meth-
odology, this paper defines a more comprehensive concept of
CIC: CIC is the integration of corporate strategy, management,
computer systems, and IT throughout the project’s entire life
cycle and across different business functions.

Based on this CIC definition, a framework for CIC was
developed as shown in Fig. 1. This framework consists of
three variables: (1) Project life cycle; (2) business functions;
and (3) IS concern. Elements of each variable (six phases for
project life-cycle, 14 business functions, and four areas of IS
concern) were identified by incorporating the literature review,
corporate concerns through a case study, and guidance from
researchers (Jung 1997). Note that four elements of the IS
concern variable are the issues for CIC planning that are spec-
ified in the CIC definition given above.

MEASURES FOR CIC PLANNING

IS assessment itself is difficult due to intangible benefits that
are hard to objectively quantify. Difficulties also exist in the
variety of issues that must be incorporated within the assess-
ment process (Hawgood and Land 1986). Five measures for
CIC planning are detailed in this paper: (1) Corporate strategy;
(2) management; (3) computer systems; (4) IT; and (5) incre-
mental investment. These measures are objective in nature and
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they are broad, including business and social environmental
issues. The technique, procedure, appropriate respondents, and
deliverables for each measure are summarized in Table 1.

Organizing many considerations into a manageable manner
requires a dependable criterion to which the different measures
can be compared. The 14 business functions specified in the
CIC framework are chosen as the criteria because a method-
ology for prioritizing IS is needed for effective planning and
implementation, and the business function is a prime unit that
a company uses to specify its activities in detail. The 14 busi-
ness functions are identified through several sessions of a
workshop for universal applicability to construction and en-
gineering firms (Jung 1997). The detailed tasks for these 14
business functions can be decomposed by defining its own
project delivery process of an organization.

Measuring and Assessing Corporate Strategy

Corporate strategy at the highest level of an organization
directs IS, as well as all other activities. The strategic signif-
icance of IS has been asserted by many researchers (Bakos
and Treacy 1986; Henderson and Venkatraman 1993). The tra-
ditional role of IS has been to support business functions by
replacing labor intensive transactions. However, as IS have
proliferated and become deeply interrelated with business pro-
cesses, the role of IS has expanded further to supporting or
even shaping corporate strategy.

The measure, corporate strategy, assesses the strategic op-
portunity that can be improved or created by using IS. To
assess this opportunity, a strategic fit analysis was developed.
Strategic fit analysis initially prioritizes corporate strategies of
an organization to narrow down the organization’s emphasis.
Each business function is then evaluated to determine how it
supports such strategies. Executives within a company should
be involved in this analysis because they have representative
insight to pursue the company’s strategy.

Measuring and Assessing Management

The management measure is concerned with how IS can
attain management commitment, enhance business perfor-
mance, or change business processes. Incorporating all of these
issues into a measure is not simple. The most viable solution
is developing an IS that best provides valuable data to man-
agement and that yields more opportunities for the improve-
ment of management’s productivity. A critical success factor
analysis (Rockart 1979) was utilized in this research to meet
these requirements.

Large amounts of information flow from many sources
make it difficult for managers to access the data necessary for
their own needs. Therefore, executives and managers acquire
data using several methods, allowing their informal and rou-
tine requirements to be met (Rockart 1979). The critical suc-
TABLE 1. Five Measures for CIC Planning

Method details
(1)

Measure

Corporate strategy
(2)

Management
(3)

Computer systems
(4)

IT
(5)

Incremental investment
(6)

Issue Strategic fit CSF support Integration effectiveness IT impact Additional expenses
Technique Strategy formulation CSF’s identification Data sharing taxonomy Technology identification Cost survey
Procedure Scoring each business

function based on
strategic fit

Scoring each business
function based on
CSFs

Scoring each business
function based on
integration
effectiveness

Scoring each business
function based on IT
impact

Scoring each business
function based on
incremental
investment

Participants Executives Middle management Experts Experts Experts
Output Scored business

functions
Scored business

functions
Scored business

functions
Scored business

functions
Scored business

functions
Other deliverables Strategy list (prioritized) CSF list (prioritized) Functional data model IT list IS estimates

Note: Experts are those who are in construction engineering and management or IS area.
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FIG. 2. Integration Effectiveness Matrix (Example)
cess factor (CSF) analysis has been suggested to help effec-
tively define these information needs. Rockart (1979) explains
that, in general, CSF analysis identifies the ‘‘few key areas
where things must go right for the business to flourish.’’ The
CSF approach has been widely adopted as part of the meth-
odology used in planning and consulting practices. CSFs are
characterized as differing from corporate strategies. While the
strategy represents the goals or ends, CSFs represent the means
to those ends under a particular situation at a particular time
(Martin 1989; Parker and Case 1993).

CSF analysis for the measure of management in this study
was used to assess each business function. This analysis uti-
lized a survey of middle management. First, CSFs were sur-
veyed and prioritized. Each business function was then eval-
uated in terms of its importance in controlling these CSFs.

Measuring and Assessing Computer Systems

The technical component of CIC implementation is the in-
tegration between computer systems. Due to the advances of
database management systems, communications systems, and
other application systems, physical integration between any
computer system is viable. However, difficulties involve such
issues as common standards, business processes, and project
management skills (Gibson and Bell 1992). The measure,
computer systems, evaluates the contribution of each business
function for this integration in terms of data creation and shar-
ing.

There are techniques for representing the relationship be-
tween business functions and data, including the ‘‘entity-func-
tion matrix’’ by Martin (1989) and the ‘‘process-versus-entity
matrix’’ by McFadden and Hoffer (1991). Although these two
techniques can effectively represent the relationship between
business functions and data, the intensity of this relationship
is not clearly measured. To address these problems, a matrix
JOU
for integration effectiveness analysis is developed as depicted
in Fig. 2. This matrix utilizes the 14 predefined construction
business functions as a criterion for both entity and process to
identify the interrelationship between business functions. The
matrix is also enhanced by adding a mechanism that measures
the intensity of using data that are created by other business
functions to evaluate the contribution or the dependency of
one business function to another.

Each cell in Fig. 2 represents the creation and usage of data
(that is generated by a business function specified in the row)
by the business functions under which the cell is located. For
instance, estimating data (that are created by the estimating
function) are most often used by the sales, scheduling, mate-
rials management, contracting, and cost-control functions, but
are rarely used by planning, human resource management, and
general administration. Conversely, the estimating function it-
self most frequently uses data that are generated by the sales
and design functions, but rarely uses data from planning, hu-
man resource management, and general administration. A
group of experts who are knowledgeable with both the con-
struction business and IS can perform this analysis.

Measuring and Assessing IT

The purpose of technology assessment is mainly to deter-
mine how technology changes can create future business op-
portunities (Martin 1989). The measure of IT used in this pa-
per evaluates the productivity improvement or new business
opportunities that can be attained by utilizing an IT. To assess
an IT’s impact, currently used IS of an organization as well
as enabling technologies must be reviewed in advance. Once
this is done, each construction business function is then eval-
uated in terms of its potential improvement. Experts from both
industry and academia in construction are recommended to
perform this analysis.
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Measuring and Assessing Incremental Investment

Economic evaluation of IS has been the most commonly
utilized method of measurement in traditional IS assessment
(Ginzberg and Zmud 1986). However, the empirical evidence
hardly confirms that there are clearly positive benefits for gen-
eral IS (Lee and Barua 1994). Therefore, an interpretist per-
spective using strategic or managerial measurements should be
combined with analytic economic evaluation (Hirschheim and
Smithson 1986).

The measure of incremental investment in this paper offsets
the difficulties of quantifying the intangible benefits by re-
versing the common cost-justification process. In other words,
incremental investment (that are required to attain such intan-
gible benefits) are estimated for the decision-making process,
and this approach easily accommodates the economic analysis
of IS planning. Sunken costs need not be considered. Experts
from an organization for IS planning can estimate this invest-
ment as they better understand its IS requirements.

CIC PLANNING ASSESSMENT

Each measure proposed in this paper corresponds to areas
of importance for IS and highlights promising areas. Although
separate measurements can provide guidance for decision
making, the overall CIC planning process on a corporate level
requires a methodology that compiles all relevant considera-
tions. To facilitate this decision-making process, a CIC port-
folio was developed to incorporate five different CIC mea-
surements. This portfolio represents each business function’s
importance versus incremental investment cost. As shown in
Fig. 3, four measures (excluding the incremental investment
measure) are combined into an IS concern to indicate the rel-
ative magnitude of value-added enhancement for each business
function.
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IS Concern Index of Value-Added Enhancement

Synthesizing four different measures into an IS concern for
value-added enhancement necessitates a mechanism for bal-
ancing. A normalized scoring system and the analytical hier-
archy process are utilized for balancing purposes.

To normalize scores for business functions, each of the mea-
surements employs the same scale (1–5). The total score for
each business function is then normalized by comparing it with
total scores of all of 14 business functions. Because the nor-
malized score is a ratio of one business function to all others,
it can represent the relative degree of importance, where the
score of 100 means exact average and median. To examine
the degree of agreement among participants, an absolute de-
viation of scores for each business function and an average
difference for each participant are measured. The participant
average difference is calculated by summing up the absolute
values of the differences between a participant’s score and the
average score for each business function and dividing by the
number of business functions (‘‘Project’’ 1989). Fig. 4 illus-
trates the normalized scoring system.

The normalized scores for four different measures are bal-
anced by multiplying weights and then totaling, as described
in formulation (1). The weights for four measures are obtained
by using pairwise comparisons of the analytical hierarchy pro-
cess (AHP) developed by Saaty (1982). An AHP provides a
mathematical evaluation process for complex decision making
with interactive multiple measures. The four measures are put
into a matrix to compare their relative importance with each
other. These comparisons are calculated to develop a priority
vector

IS Concern Index = w 3 S 1 x 3 M 1 y 3 C 1 z 3 I (1)

where S = score for corporate strategy measure; M = score for
management measure; C = score for computer systems mea-
FIG. 3. CIC Planning Methodology
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FIG. 4. Normalized Scoring System
FIG. 5. CIC Portfolio Analysis

sure; I = score for IT measure; and w, x, y, z = weights of S,
M, C, and I, respectively (priority vector), with S, M, C, and
I independent of each other.

CIC Portfolio

The basic concept of a cost-concern matrix was developed
by Tucker et al. (1990), while investigating automation op-
portunities in construction, and it is adopted for the CIC port-
folio. As shown in Fig. 5, IS concern on the Y-axis indicates
the degree of value-added enhancement of computer integrat-
ing a business function, whereas incremental investment on
JOUR
the X-axis denotes the expenses required to attain the benefits
that are gained through enhanced effectiveness. The portfolio
represents complex information in a simple illustration with
four different quadrants where IS concern or investment is
high or low, respectively. A business function’s position in the
portfolio can effectively provide insight for decision making
with limited resources and conflicting needs. The following
discussion will illustrate the use of this methodology.

CASE STUDY AND FINDINGS

The proposed CIC planning methodology was applied to a
real-world case using a large Korean construction firm that
was progressively considering new IS. The case study took
approximately 6 weeks. Seventy-nine people participated in
both, or either, the questionnaires or the workshops, generating
108 individual data set for a response rate of 75%. Four dif-
ferent questionnaires and two workshops were utilized as listed
in Table 2. Unstructured interviews were also performed to
consolidate the corporate concerns into questionnaire devel-
opment. Results and implications of the case study are sum-
marized (Jung 1997). The questionnaires are not included be-
cause of their length.

Strategic Fit Analysis

Corporate strategy for the company was summarized into
five items based on the published strategic plan. Each partic-
ipant was asked to choose the two most important strategies
and then to evaluate the importance of each business function
TABLE 2. Survey Schedule

Part
(1)

Description
(2)

Respondent
(3)

Survey method
(4)

Number
sent out

(5)

Number
responded

(6)

Response rate
(%)
(7)

Usable
response

(8)

I Strategic fit analysis Executives Questionnaire 1 44 29 66 25
II CSF analysis-1

CSF analysis-2
Management
Management

Questionnaire 2
Questionnaire 3

43
43

31
34

72
79

31
29

III Integration effectiveness Experts Questionnaire 4 & Workshop 1 — — — —
IV IT assessment Experts Questionnaire 4 & Workshop 1 8 8 100 8
V IS concern index rating Experts Questionnaire 4 & Workshop 1 — — — —
VI Investment estimate Experts Workshop 2 6 6 100 6
Total — — — 144 108 75 99
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TABLE 3. Evaluation of Business Functions (Case Study)

Business
functions

(1)

IS Concern

Stategic fit
(2)

CSF
(3)

Integration
effectiveness

(4)
IT
(5)

Value-added
enhancement

(6)
Priority

(7)

Incremental
investment

(8)

Planning 111.3 108.9 92.5 114.0 106.7 6 57.7
Sales 127.1 121.5 99.7 135.4 120.5 1 86.5
Design 106.8 98.1 115.3 135.4 111.4 3 264.4
Estimating 112.4 108.9 114.7 110.4 112.0 2 76.9
Scheduling 100.1 102.6 110.1 106.9 104.0 7 129.2
Materials

management 81.0 82.8 102.9 106.9 90.5 11 57.7
Contracting 94.5 91.8 104.2 85.5 95.0 10 48.1
Cost control 99.0 108.0 125.1 103.3 107.7 5 115.4
Quality

management 103.5 108.0 107.5 85.5 102.6 8 38.5
Safety

management 94.5 95.4 89.3 67.7 89.4 12 19.2
Human resource

management 95.6 103.5 73.6 74.8 88.7 13 96.1
Finance/

accounting 103.5 102.6 98.4 89.1 99.9 9 134.6
General

administration 59.6 67.5 63.2 71.2 63.8 14 76.9
R&D 111.3 100.8 103.6 114.0 107.8 4 198.9
Absolute deviation 10.9 9.2 11.9 18.0 10.4 — 48.9
Total 1,400.0 1,400.0 1,400.0 1,400.0 1,400.0 — 1,400.0

Note: Value-added enhancement (column 6) = 0.4105 3 (column 2) 1 0.1964 3 (column 3) 1 0.2435 3 (column 4) 1 0.1496 3 (column 5).
in terms of supporting these two chosen strategies. A ques-
tionnaire was distributed to all of the executives of the case-
study company (44 directors). Twenty-five executives pro-
vided usable replies in the analysis, and increasing revenue
and diversifying markets was chosen the first priority.

Survey results, in column 2 of Table 3, show that the busi-
ness function of sales has the highest priority. Estimating,
planning, and research and development (R&D) followed in a
group of second priority. This finding reflects the project-re-
lated production of this company and also represents a trend
of forced-growth strategy (Andrews 1980) of large construc-
tion firms in Korea. Forced-growth strategy in construction
may include increasing revenue in domestic and foreign mar-
kets, diversifying markets and services, expanding specialized
projects, etc.

CSF Analysis

CSF analysis for the case-study company was performed in
two steps. The first questionnaire asked middle management
to brainstorm CSFs. Thirty-one managers answered and pro-
posed 161 items as being possible CSFs. These items were
compiled and consolidated into 25 items. In the second ques-
tionnaire, the same managers were asked to choose the two
most important CSFs and to score the importance of each busi-
ness function in controlling the two chosen CSFs.

Twenty-nine managers returned usable questionnaires, and
increase in contracts was selected as their first priority. Results
of evaluation (shown in column 3 of Table 3), showed sales
as being the most important business function. Planning, es-
timating, quality management, and cost control also ranked
relatively high. The survey results show that daily manage-
ment issues, such as quality and human resource issues, are
emphasized more in CSF analysis than in any other measure-
ment.

Integration Effectiveness Analysis

To evaluate the contribution of each business function for
entire systems’ integration, an integration effectiveness matrix
was developed as shown in Fig. 2. The eight experts partici-
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pating in this analysis all had a good understanding of IS, the
construction business, and the case-study company. They have
worked for an average of 8 years in the construction industry
and have been involved in various IS planning activities.

Fig. 6 shows the average scores of eight participants in
terms of business function integration. The average and aver-
age deviation of participant average difference for business
functions were 0.64 and 0.21, respectively, on a scale of 1–5.
Total scores for each business function’s contribution and de-
pendency are then normalized. A higher contribution score in-
dicates that the relative effectiveness for overall systems in-
tegration can be better enhanced by actively sharing the data
from that specific business function. A higher dependency
score implies that the relative performance of that specific
business function can be improved once the systems integra-
tion is achieved. Integration effectiveness is judged by the de-
gree of contribution. Cost control is proved to have the highest
contribution. Design and estimating contributions are rela-
tively high.

The matrix in Fig. 6 forms a distinctly dark area (scored 5)
along the upper-central-side of diagonal Cs, where the data
generated by the preceding business functions are frequently
used by the succeeding business functions. This area ranges
from planning to cost control and verifies that these business
functions are the key to data integration in this firm. Among
these business functions, design, estimating, scheduling, and
cost control have high contribution scores. This finding cor-
responds with recent research efforts (Parfitt et al. 1993; Kim
1995) investigating IDB modeling, in which the areas focused
on are design, estimating, scheduling, and cost control.

IT Assessment

The same eight experts who were used in the integration
effectiveness analysis performed IT assessment. The overall
features of current IS within the firm were reviewed and dis-
cussed. Currently used systems were able to handle the case-
study company’s information processing requirements fairly
well. However, the systems were developed independently for
specific business functions and did not effectively facilitate
standardization and integration. The mainframe environment
1999



FIG. 6. Integration Effectiveness Matrix (Case Study)
was also limited in utilizing advanced ITs to maximize the
benefits of recent information systems. A list of enabling ITs
was developed and cross examined for potential improvement
of business functions by utilizing these technologies. Finally,
business functions were evaluated by each participant on a
scale of 1–5 (the average and average deviation of participant
average difference for business functions were 0.81 an 0.22,
respectively). The normalized scores are listed in column 5 of
Table 3.

This survey identified sales and design as being the most
promising business functions for improvement. This result was
probably due to the fact that the case-study company has not
utilized IS very effectively for these two business functions
and that recent advanced technologies can dramatically en-
hance the efficacy of these business processes.

Concern Index Rating for Value-Added Enhancement

By using Saaty’s AHP methods (1982), an index for incor-
porating four measures of IS concern was calculated. The eight
experts did the evaluation process separately. Average weights
obtained for corporate strategy, management, computer sys-
tems, and IT are 41.05, 19.64, 24.35, and 14.96, respectively.
It is notable that a perspective of corporate strategy in CIC
planning is emphasized. These weights are used to calculate
the IS concern score for value-added enhancement of each
business function as shown in column 6 of Table 3. The result
of this reveals that the most important business functions,
in terms of value-added enhancement, are sales (120.5), esti-
mating (112.0), design (111.4), R&D (107.8), cost control
(107.7), etc.

Four measures of IS concern are assumed to be independent
of each other for the AHP evaluation. However, as observed
in columns 2 and 3 in Table 3, the presumable interrelationship
between the measures of strategic fit and CSF analysis is rec-
ognized. To check this dependency, another evaluation in de-
termining the weights for dependent measures was performed
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by using a method developed by Saaty and Vargas (1982). This
examination found no significant discrepancy in the result con-
cerning whether these two measures were independent or not.
Therefore, this case study holds to the assumption of indepen-
dence.

Incremental Investment Estimating

Six experts from the company participated in a workshop
for investment estimating. All of these experts have been in-
volved either in IS planning or in developing the company’s
current IS systems over the past 10 years. Because estimating
of planned systems without detailed requirements is very dif-
ficult, this case-study effort tried to make the most use of hard
data available. The number of modules in current IS was
counted. Based on this number, the number of modules for
new IS was estimated. The costs for developing new systems
were surveyed, and special costs such as expenses for profes-
sional engineering systems, technical support, and training
were also considered.

The result of this estimate is normalized and listed in col-
umn 8 of Table 3. The business functions of design and R&D
necessitate a higher investment (264.4 and 198.9, respec-
tively), whereas safety management and quality management
require the lowest investment. The incremental investment for
design implies that the company will diversify its engineering
services that are very limited at the present time. Investment
in R&D is for exploring new systems. Thus, the greater in-
vestment for these two business functions presupposes creating
a new business area or improving engineering capability.

CIC Portfolio and Implications

According to the survey results, a CIC portfolio of the case-
study company was developed, as shown in Fig. 7. The busi-
ness functions that are plotted in the upper-left quadrant (high-
high) are design and R&D. These business functions demand
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FIG. 7. CIC Portfolio Analysis for 13 Business Functions (Case Study)
a relatively large amount of incremental investment and are
rank high in value-added enhancement as well.

When resources are limited, the seven business functions in
the upper-right (high-low) quadrant of Fig. 7 have a higher
priority for development into new IS. These business functions
include sales, estimating, cost control, planning, scheduling,
quality management, and finance/accounting, which are ranked
high in value-added enhancement, while requiring less invest-
ment. For the purpose of prioritizing these seven business
functions, the upper-right quadrant can be further divided into
four smaller quadrants. Sales and estimating continue to show
the most promising opportunities.

Contracting, materials management, safety management,
and human resource management are positioned on the lower-
right (low-low) quadrant. Note that general administration is
in this group of business functions, but it is not shown in the
portfolio because of the low score for value-added enhance-
ment. These business functions are ranked lower in value-
added enhancement, but require relatively less investment to
develop comprehensive systems. No single business function
is plotted on the lower-left (low-high) quadrant.

This case study was implemented at the opportune moment
when the company was progressively preparing for implemen-
tation of new IS. Therefore, the case study was scheduled as
a part of the company’s IS planning process, and the results
were used as a guideline throughout the succeeding phases of
implementation.

CONCLUSIONS

CIC has evolved as a definition meaning the integrated uti-
lization of IS to improve the productivity of the industry. With
all of the potential that the CIC concept has to offer, to date,
most research efforts have focused on technical solutions with-
out having a logical, regimented effort to investigate a plan-
ning methodology. This lack of effort makes it difficult for the
RNAL OF COMPUTING IN CIVIL ENGINEERING / OCTOBER 1
industry to decide how to implement CIC, how far to develop
specific technologies, how to prioritize the needs, etc.

The proposed CIC planning methodology described herein
illustrates that managerial issues are critical in implementing
CIC, and that an overall strategy should be formulated to make
the implementation more viable and efficient. The methodol-
ogy has proven efficient enough to provide reasonable insights
for decision making as well as identifying a worthy point of
departure for subsequent planning efforts such as detailed data
modeling, process modeling, etc.

The writers feel that the proposed methodology is also uni-
versally applicable to any organizations in the construction in-
dustry, including owners, construction managers, designers, or
contractors, regardless of their size or discipline. This flexible
application, however, must be facilitated by individually de-
fining detailed tasks for the 14 different business functions in
the CIC framework.

The case study found that the business functions of sales
and estimating were the most promising areas in terms of its
effectiveness for CIC implementation for a large Korean con-
struction firm. Although case specific to this study, it is notable
that the need for IS for the sales function is high, whereas
literature in construction has rarely addressed this issue.

As ITs continue at an accelerated rate of advancement, tech-
nical integration will become more viable. In this era of in-
formation sharing, the construction industry will need a better
planning capability for CIC implementation, which shares
functional understanding, business-specific implications, and
economics.
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