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ABSTRACT: As a knowledge-based economy is emerging, knowledge management (KM) is being rapidly 
disseminated in both academic circles and the business world. Accordingly, how to effectively manage knowledge is 
vital to the survival and advance of a company, particularly in project-based industries such as construction. For these 
reasons, construction companies have adopted IT-based Knowledge management systems (KMS), which is the 
technology platform and infrastructure that an organization employs to support knowledge management. However, many 
construction companies have spent resources on developing a KMS that only focus on codification. Furthermore, small 
and medium-sized companies have limited resources to afford extensive investments. This research addresses the 
problems found in the current KMS and develops a web-based construction knowledge management portal (CKMP). To 
achieve these objectives, a case study is conducted and requirements for implementing KM are identified. Based on the 
identified requirements, this paper builds CKMP using Expert Index (EI), blog, ontology based knowledge retrieval, and 
wikiblog. The most important functionality of CKMP is their fundamentals to synchronize and support KM process. In 
order to validate the CKMP, a pilot test with actual users is conducted, and the usability of the system is compared with 
the current systems. This study is relevant to both the construction industry and academia, as it provides a means of 
enhancing the performance of KM. 
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1. INTRODUCTION 

In today’s emerging knowledge-based economy, 
knowledge management (KM) is being rapidly 
disseminated in both academic circles and the business 
world. Accordingly, how to effectively manage 
knowledge is vital to the survival and advance of a 
company, particularly in project-based industries such as 
construction. In this context, the importance of KM is 
emphasized in the construction industry due to the 
industry’s unique nature. Construction projects are unique 
and are carried out by temporary allianced 
multidisciplinary teams. The knowledge gained and the 
lessons learned during the project execution are lost or 
dispersed at the end of the projects if not recorded or 
shared properly [1] [2] [3]. Therefore, effective KM is 
vital for construction companies to prevent such losses. 
Effective KM also has its positive impact on the 
construction company’s performance at the corporate 
level [4]. Knowledge is a critical resource, not only for 
carrying out projects successfully, but also for choosing 
the right projects and preparing winning bids.  

For these reasons, construction companies have 
adopted IT-based knowledge management systems 
(KMS), which are used as a technology platform and 
infrastructure to support knowledge management [5]. 

While IT does not address all of the issues of KM, it can 
support KM in various ways. Meanwhile, two types of 
strategies, which are codification and personalization, can 
be applied to developing KMS. Codification strategy 
relies upon the explicit knowledge and is more focused on 
the sharing of knowledge mainly through reutilization of 
existing knowledge. IT can contribute to this strategy by 
providing the means for storing the knowledge objects in 
databases and allowing for people to retrieve these 
objects without having to get in touch with the original 
creator [6]. The personalization strategy, on the other 
hand, relies on person to person contact to allow sharing 
experiences and knowledge directly between the 
organization’s workers. This strategy facilitates a 
controlled approach to information retrieval by letting the 
employees collectively arrive at deeper insights by going 
back and forth on problems they need to solve [6]. 

However, the problem is that many construction 
companies have spent resources on developing KMS, 
only focusing on the codification strategy. This approach 
is more appropriate in organizations where products or 
services are provided or performed in exactly in the same 
manner over and over again. This is known as the primary 
reason for most construction KMS, not to have been 
widely used so far. It is important to understand that in 
construction KMS there needs to be emphasis on both 
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codification and personalization. Best practice is to utilize 
an approach which allows for a mix of both strategies. 
Furthermore, small and medium-sized construction 
companies (SMCs), which predominately comprise of the 
construction industry, have limited resources to afford 
extensive investments on developing KMS.  

This research aims to address these challenging issues 
and develop a web-based construction knowledge 
management portal (CKMP) system. The proposed 
system targets SMCs users based on both the codification 
strategy and personalization strategy. To achieve these 
objectives, case studies are carried out to identify 
problems of the current KM, and then, the concepts and 
component methodologies of the CKMP are developed 
and they are justified according to the KM process. 
Finally, the CKMP system is implemented as part of the 
Web-based Distributed Lean Construction Information 
System (Lean Construction Research Center, LRC2) 
Project. In order to validate its applicability, field tests 
with actual users are conducted, and the outcome is 
compared with the current systems’ performance. Then, it 
is concluded that CKMP would provide SMCs with a 
more efficient way to KM at acceptable expenses and 
provide academia with a means of enhancing the 
performance of KM in the web 2.0 or web 3.0 era. 

2. CONSTSRUCTION KNOWLEDGE 
MANAGEMENT 

KM has been defined as the identification, optimization, 
and active management of intellectual assets to create 
value, increase productivity and gain and sustain 
competitive advantage [7]. It has also been defined as a 
systematic and organized attempt to use knowledge 
within an organization to transform its ability to store and 
use knowledge to improve performance [8]. Knowledge 
and expertise existing in organizations generate more 
value when they are rapidly applied, emphasizing the role 
of expertise transfer. Indeed, knowledge is of limited 
value if it is not shared. As a result, companies are 
beginning to implement information systems designed 
specifically to facilitate the generation, integration, 
sharing and dissemination of organizational knowledge 
[9] [10] [11]. Such systems are referred to as knowledge 
management system (KMS). KMS support and enhance 
the organizational processes of KM. 

2.1 Knowledge Management in Construction 

Although KM is not a new concept, it is still an emerging 
topic in the construction industry [1]. The construction 
industry is a knowledge-based industry and managing 
knowledge is important because its characteristics. The 
construction industry involves the diverse areas of a 
project where many stakeholders are interacting with 
different cognitive experiences and skills. Here, 
construction companies that heavily rely on human 
networks, such as experts and skilled worker, find it 
difficult to manage and preserve mainly knowledge 
intensive resources. It makes KM particularly attractive in 
construction industry. The ability to manage the 

knowledge generated from the projects not only can help 
to prevent the ‘reinvention of the wheel’ and the 
repetition of similar mistakes, but also serves as the basis 
for innovation, overall improvement, and sustaining 
competitive advantage [12]. In other words, effective KM 
can reduce construction project time and cost, improve 
quality, and provide a major source of competitive 
advantage for the construction organization [13].  

2.2 Requirements for Construction KMS 

Despite of potential benefits of KM in construction, 
construction companies face barriers to implementing 
KM. These barriers have been addressed by many 
researchers [14] [15]. According to Carrillo et al. [16], the 
major barriers to construction KM are the lack of standard 
processes, insufficient time, organizational culture, 
insufficient funding, employee resistance, and poor 
information technology infrastructure.  

These barriers are recognized as more serious issues in 
SMCs. In order to further examine KM barriers in SMCs 
and identify the causes of barriers, case studies have been 
conducted. The case studies found barriers to KM 
implementation as follows. First, insufficient funding is 
considered as the most important barrier. Financially less 
capable SMCs have limited resources to afford extensive 
investment and maintenance. Second, inconvenient 
interface are also seen as the barrier. The current KMS 
operates within an organization and runs separately with 
other information systems such as PMIS (Project 
Management Information System) and ERP (Enterprise 
Resource Planning). Third, knowledge workers rarely 
participate in a KMS voluntarily. Companies promote 
KM activities by providing incentives, but it’s not the 
fundamental solution for the problem. Fourth, expert 
master or expert groups are assigned too much works. In 
the current KMS, experts must evaluate and store 
knowledge in bulk. Furthermore, SMCs do not have 
capacity to organize an expert group. Sixth, knowledge 
workers rarely register knowledge for KMS. Knowledge 
workers are concerned about losing their intellectual 
property. Finally, knowledge worker confronts difficulty 
in creating a search query that includes their knowledge 
requirements. The characteristics of construction projects 
and the domain-specific content and context of 
knowledge are not properly captured and reflected in the 
knowledge retrieval process. Based on these barriers, 
requirements for implementing KMS are derived as 
follows: 1) motivating knowledge worker to use KMS, 2) 
Solving the problems of intellectual property, 3) Making 
use of collective intelligence, 4) Delivering the right 
knowledge to the right person at the right time, 5) 
Reducing cost of developing and operating KMS; and 6) 
Linking up existing information system with KMS. 

3. FUNDAMENTAL MODEL OF 
CONSTRUCTION KNMOWLEDGE 
MANAGEMENT PORTAL (CKMP) 

Considering to conditions of SMCs, the technology of 
setting up KMS for them should be different from that 
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used for large ones. Application Service Provider (ASP) 
is suitable for SMCs, which does not have enough 
resources to maintain an in-house IT department and/or a 
sophisticated networking infrastructure [17]. ASP is 
provided by professional information technology (IT) 
solution companies. It requires less technical, financial, 
and human resources to develop and operate it [18]. 
Along with ASP, portal provides a more efficient way to 
manage construction information and support more 
flexible collaboration, both among company’s own units 
and other project participants. According to Gartner 
Group [19], portal enables e-business by providing a 
unified application access, information management and 
knowledge management both within enterprises, and 
between enterprises and their trading partners, channel 
partner and customers. Therefore, KMS that is linked 
with portal enables construction participants to utilize a 
higher level of integrated information. 

 

 
Figure. 1 Fundamental Model of CKMP 

 
Based on the identified construction KM requirements, 

Construction Knowledge Management Portal (CKMP) 
for SMCs is proposed as shown in Figure 1. Fundamental 
components for developing CKMP are Expert Index (EI), 
blog, ontology and wikiblog. The most important 
functionality of CKMP is their ability to synchronize and 
support KM process. Based on the KM processes, 
knowledge creation, store, transfer, and reuse, the 
followings sections will present CKMP can functions and 
support each KM process. 

3.1 Knowledge Creation Process 

Organizational knowledge creation involves 
developing new content or replacing existing content 
within the organization’s tacit and explicit knowledge 
[20]. Knowledge creation is an activity enabled by user’s 
willing as well as technology. Under the current KMS, 
knowledge creation process lies in the lack of user’s 
motivation for KM activities. This is particularly 
problematic when the individual benefits to employees 
are not properly communicated or understood. 
Furthermore, how to filter and accurately evaluate created 
knowledge are significant challenges. When inappropriate 
knowledge results in accidents or impacts on productivity 
negatively, user’s motivation eventually can be reduced.  

This research adopted Expert Index (EI). EI is the level 
of specialty that users achieve in a certain field when 
engaging in a knowledge activity [21]. When users 
register their knowledge in a specific category, they 
receive EI point. Every user could receive points 
according to the knowledge activity performed. This 
approach is similar to the mileage point of knowledge 
compensation. However, EI is directly applied to 
knowledge evaluation and affects over the length and 
breadth of KMS. The overall model of KM activities 
using EI is illustrated in Figure 2. 

 

 
Figure. 2 KM activities using expert index [21] 

 
Introduction of EI enables to decrease evaluation 

workload because of many experts on each category. 
Then, this links to reduction in evaluation time and better 
sincerity of evaluation. Consequently, this leads to 
enhancement of KMS usability and user’s satisfaction on 
KMS. Besides, there is the other psychological factor 
influencing motivation. Use of KMS leads to bigger gap 
of EI between high users and low users, and this brings 
about psychological competitiveness. This sense of 
rivalry leads to anticipation for high EI, in the end, this 
encourages the motivation. 

3.2 Knowledge Storage Process  

The organization should classify the filtered knowledge 
and add it to individual memory and organizational 
memory. However, in current KMS, both memories are 
not standardized and do not conform to knowledge 
registration standards regarding storing at a knowledge 
map depository. Furthermore, as stated above, users are 
unwilling to register and store knowledge because they 
feel concern about losing their intellectual property.  

This research adopts blogs based at the personal, 
project and corporate level as knowledge repositories as 
illustrated in figure 3. Adopting blogs to construction KM 
has already been addressed conceptually by Mills [22]. A 
blog is a knowledge warehouse as well as a 
communication and collaboration tool for project 
members. From an individual perspective, blog plays a 
role of managing personal content. Employees can 
maintain their own topic of blog that allows adding 
commentaries to the contents. A repository of knowledge 
blog can link project members with documents and 
knowledge needed to read about best practices and 
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important parts of specification. Furthermore, 
construction companies heavily rely on knowledge and 
skills acquired and developed through project processes. 
It is important to maintain knowledge storage and human-
network, to be aware of where knowledge is and who 
retains knowledge.  

 

 
Figure. 3 Relationships among blogs as knowledge 

repository 

3.3 Knowledge Transfer Process  

Knowledge needs to be transferred and shared 
throughout the organization, before it can be exploited at 
the organizational level [24]. Knowledge retrieval is a 
way of transferring knowledge to where it is needed. 
Knowledge retrieval serves a role in transferring the 
captured and validated knowledge to an applicable 
situation or problem. However, current knowledge 
retrieval practice in construction projects occur due to 
that the characteristic of construction projects and the 
domain-specific content and context of knowledge are not 
properly captured and reflected in the knowledge retrieval 
process.  

To enhance the knowledge retrieval in construction 
project by delivering the right knowledge to the right 
person at the right time, this research applies construction 
ontology to the retrieval process. Among many different 
definitions of ontology, the most prevalent and frequently 
cited is perhaps the definition, an explicit specification of 
a shared conceptualization. As ontology is specification 
of common vocabulary in which shared knowledge may 
be represented, it is used as the link between knowledge 
from previous projects and the requirements made in the 
current project. The link is formed in the aspect of context 
and context of knowledge.  

 

 
Figure. 4 Main Concepts of Construction Ontology [25] 

The seven main concepts proposed by Lee [25] that 
compose the top-level of the construction ontology are 
‘project’, ‘actor’, ‘process’, ‘resource’, ‘product’, 
‘method’, and ‘failure’. As illustrated in Figure 4, the 
content of knowledge can be represented by the concepts 
of ‘process’, ‘resource’, ‘product’, ‘method’, and ‘failure’ 
and the context can be represented by the concepts of 
‘project’ and ‘actor’.  

Applying ontology in the retrieval process can increase 
precision rate by preventing retrieval of irrelevant 
knowledge in cases when same term is used in different 
meaning. Also, the precision rate can be increased by 
retrieving relevant knowledge that uses different 
vocabulary but has similar meaning with search word. 
Moreover, establishing a synonym relationship between 
concepts (terms) neglecting of relevant knowledge can be 
reduced and increase the recall rate. 

3.4 Knowledge Reuse Process  

An important aspect of the KMS is that the source of 
competitive advantage resides in the reuse of the 
knowledge rather than in the knowledge itself [9]. The 
organization’s knowledge worker should use the retrieved 
knowledge in performance tasks such as solving 
problems, making decisions, researching ideas, and 
learning. The reuse of knowledge is the most essential 
task of KM. IT can enhance knowledge reuse by 
facilitating the capture, updating, and accessibility of 
organizational directives. However, as increasing the 
speed of knowledge changes, organizations have 
difficulties in accessing and evaluating of their 
knowledge by only expert group. Furthermore, by 
increasing the size of individuals’ social networks and by 
increasing the amount of organizational memory 
available, IT is required for the speed of knowledge 
integration and application by codifying and automating 
organizational routines. Coping with knowledge growth, 
this research applies wiki concepts to blog, known as 
wikiblog.  

Wikiblog model is combination of the two internet 
concept of a blog and wiki. As with blogs, posts or 
articles appear in reverse chronological order on the front 
page, with the most recent one at the top. But editing is 
done in wiki style, with a version history for each page 
and special markup tag. Wikblog makes it possible to 
synthesize and synchronize knowledge as illustrated in 
figure 5. 

 
Figure. 5 Knowledge reuse model 
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Wikiblog improves the effectiveness of knowledge and 
knowledge sharing since the process of archiving allows 
knowledge to evolve through the wisdom of crowds, 
which repeatedly advance and retreat until a consensual 
advance is attained. Wikiblog supports KM in a simple 
user friendly people-centric manner, consistent with the 
opportunity to capture, share, reuse, and maintain 
knowledge as proposed by Tan, et al. [12], in their focus 
on ‘live’ construction KM and that of Chinowsky and 
Molenaar [26] in their work on “learning communities.” 

4.  DEVELOPMENT OF 
CONSTRUCTION KNOWLEDGE 
MANAGEMENT PORTAL  

In this section, based on the fundamental model, a 
proposed system called CKMP has been briefly explained. 
The primary aim of developing CKPM is to facilitate the 
knowledge creation, storage, transfer and reuse in SMCs. 
It is developed for all construction knowledge workers 
involved SMCs. CKMP will be a platform for sharing and 
identifying knowledge through the real-time participation 
of these users.  

4.1 System Development 

This system is built using ASP.net, HTML, and java 
scrip, and the data including knowledge on blogs is 
transferred in real time to project blogs in XML format. 
The entire web-based application is built based on IIS 
(Internet Information Services) and MS-SQL. 

The implication of CKMP is that the design of an 
interactive and collaborative information system should 
not reflect the needs of individual users but the social 
structure of the emerging network. It is required a 
relational and rich information systems design with 
innovative and collaborative approaches. A blog-based 
KMS can be more powerful if it is connected with web-
based communication technology. This research adopts 
email, forum and webhard as web-based communication 
technology. The knowledge management functions of 
each communication technology are illustrated in Figure 
7. 

 
Figure. 6 CKMP framework 

 

4.2 Applicability 

As discussed before, CKMP is designed to reflect 
user’s requirements for implementing KMS. In this 
respect, the applicability validation is designed by 
methodology of usability evaluation. The conventional 
KMS of firm A was selected as a comparable current 
system due to its relatively high usage. Twenty 
participants were recruited and they was chosen to be as 
close as possible in age, computer experiences, and 
experience in construction project in order to eliminate 
the effect of external elements on the results of the test. 
The participants were asked to complete two 
questionnaires, one for CKMP and one for a conventional 
KMS. And then, short and informal interviews were 
conducted with the participants.  

The main problems indicated by case studies were 
inconvenient interface, employee resistance and 
insufficient time. To overcome these problems, CKMP is 
developed based on EI, blog, ontology and wikiblog. As a 
result, CKMP received higher score in questions about 
confidence of use, ease to use, extent of motivation and 
the effectiveness of reusing found knowledge. It would be 
identified that in forms of portal improves ease to use by 
providing a unified application access. As a matter of fact, 
most participants revealed satisfaction with using 
collective intelligence such as EI and wiki. It can be 
inferred that Expert Index and wiki activate participants 
to do KM activities by the philosophy of web 2.0. 
Therefore, it is considered that these factors influence on 
enhancement of usability and make participants to use 
CKMP confidently hereafter. On the other hands, the 
question about the probability to find need knowledge 
shows still low score. Some participants indicated that 
maintenance of ontology considering the application is 
important. They were also concerned that no ontology can 
include every concepts of a domain. Therefore, further 
understanding of the nature of ontology is needed and the 
technical problems of the system should be solved. 

5. CONCLUSIONS 

In today’s knowledge-based economy, effective KM in 
construction industry is critical to the survival and 
advancement of company. The importance of this issue is 
increasingly being recognized in this industry, and 
companies have adopted the information systems in order 
to support and enhance the organizational processes of 
KM. However, despite of efforts, construction companies 
face barriers to implement KMS. This research identified 
requirements throughout conducting case study. To deal 
with requirements, component methodologies which are 
Expert Index, blog, ontology, wikiblog, ASP and Portal 
are suggested. This research presents how these 
component methodologies can support the KM process 
and developed the CKMS connected with email, forum 
and webhard. Thereafter, a field test with actual users is 
conducted to validate applicability.  

A significant contribution of this research is to present 
a web-based Construction Knowledge Management 
Portal (CKMP) for SMCs which have limited resources to 
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afford extensive investments on developing KMS, even 
with high demands of the system. CKMP can provide to 
an organization a great contribution of the potential 
improvement in social network between people, but 
reduction of the cost of information technology. As user-
oriented KM methodologies were adopted by carrying out 
case study, CKMS is straightforward and the interface is 
user-friendly. Furthermore, this research presents a 
possibility of commercializing web 2.0 or web 3.0 
technologies and would be fundamental model of process 
or methodology building for KMS development. The 
suggested CKMP makes the KM process more 
systemized that enhances the usability to arrive all 
participants jointly at practical and efficient solution for 
the KM activities. Consequently, the system can offer 
greater support for motivating KM activities than 
conventional system. 

ACKNOWLEDGEMENTS 

This research was supported by grants (05CIT-D05-01) 
from the Korea Ministry of Land, Transport and Marine 
Affairs. 

 

REFERENCES 

[1] Kazi, A.S., and Koivuniemi, A., Sharing through 
social interaction: The case of YIT Construction Ltd, 
Real-life knowledge management: Lessons from the field, 
KnowledgeBoard, Finland, 2006. 
[2] Patel, M.B., McCarthy, T.J., Morris, P.W.G., and 
Elhag, T.M.S., The role of IT in capturing and managing 
knowledge for organizational learning on construction 
projects, Univ. of Manchester Institute of Science and 
Technology, 1999. 
[3] Fong, P.S.W., and Wong,K., “Capturing and reusing 
building maintenance knowledge: A sociotechnical 
perspective.” Knowledge management in the construction 
industry: A sociotechnical perspective, Idea Group 
Publishing, Hershey, Pa., pp.67–89, 2005. 
[4] Kivrak, S., Arslan, G., Dikmen, I., and Birgonul T., 
“Capturing knowledge in construction projects: 
knowledge platform for contractors.” Journal of 
Management in Engineering, 24(2), pp.87-95, 2008. 
[5] Robinson, H.S., Carrillo, P.M, Anumba, C.J and Al-
Ghassani A.M., Linking knowledge management to 
business performance in construction organizations, 
Proceedings of ARCOM 2001 Conference, Salford, 
United Kingdom, 5-7 September, pp.577-586, 2001. 
[6] Hansen, M.T., Nohria, N., Tierney, T., “What is your 
strategy for managing knowledge?” Harvard Business 
Review, 77(2), pp.106–116, 1999. 
[7] Webb, S.P., Knowledge management: Linchpin of 
change, Association for Information Management, 
London, 1998. 
[8] KPMG, Knowledge management research report, 
KPMG Management Consulting, U.K., 1998. 
[9] Alavi, M., KPMG Peat Marwick U.S.: One Giant 
Brain, Case 9-397-108, Boston, MA: Harvard Business 
School, 1997. 

[10] Bartlett, C., McKinsey & Company: Managing 
knowledge and learning, Case 9-396-357, Boston, MA: 
Harvard Business School, 1996. 
[11] Sensiper, S., AMS Knowledge Centers Case, Case 
N9-697-068, Boston: Harvard Business School, 1997. 
[12] Tan, H.C., Carrillo, P., Anumba, C., Kamara, J.M., 
Bouchlaghem, D. and Udeaja, C., “Live capture and reuse 
of project knowledge in construction organizations.” 
Knowledge Management Research & Practice, 2006(4), 
pp.149-159, 2006. 
[13] Shelbourn, M.A., Bouchlaghem, D.M., Anumba, 
C.J., Carrillo, P.M., Khalfan, M.M.K., and Class, J., 
“Managing knowledge in the context of sustainable 
construction.” Electron J. Inf. Technol. Constr., 11, 
pp.57-71, 2006. 
[14] Al-Ghassani, A.M., Kamara, J.M., Anumba, C.J., 
and Carrillo, P.M., “Prototype system for knowledge 
problem definition.” Journal of Construction and 
Engineering and Management, 132(5), pp.516-524, 2006. 
[15] Tiwana, A., The knowledge management toolkit-
Practical techniques for building a knowledge 
management system, Prentice-Hall, Englewood Cliffs, 
N.J., 2000. 
[16] Carrillo, P.M., Robinson, H., Al-Ghassani, A., and 
Anumba, C. J., “Knowledge management in UK 
construction: Strategies, resources and barriers.” Project 
Management Journal, 35(1), pp.46-56, 2004. 
[17] Nitithamyoun, P., Skibniewski, M.J., “Web-based 
construction project management systems: how to make 
them successful?” Automation in construction, 13(4), 
pp.491-506, 2004. 
[18] Thorpe, T., Mead, S., “Project-specific web sites: 
Friend or Foe?” Journal of Construction Engineering and 
Management, 127(5), September/October 2001, pp.406-
413, 2001. 
[19] Gartner Group, “Knowledge management scenario.” 
Conference presentation, 1998. 
[20] Pentland, B.T., “Information systems and 
organizational learning: The social epistemology of 
organizational knowledge systems.” Accounting 
Management and Information Technologies (5:1), pp.1-
21, 1995. 
[21] Park, M., Lee, H.S., Kwon, S., “Construction 
knowledge evaluation using expert index.” Journal of 
Civil Engineering and Management, 16(3), pp.401-411, 
2010. 
[22] Mills, T., Wiki-based construction knowledge 
sharing, The ASC Annual Conference, Associated 
Schools of Construction, Flagstaff, Arizona, 2007. 
[23] Herman, J., “Blogs for business.” Business 
Communications Review, April, 33(4), 20-22, 2003. 
[24] Nonaka, I. and Takeuchi, H., The knowledge-
creating company, New York: Oxford University Press, 
1995. 
[25] Lee, K.W., Ontology-based Construction Knowledge 
Retrieval System, Master dissertation, Department of 
Architecture, Seoul National University, 2010. 
[26] Chinowsky, P. S. and Molenaar, K. R., Leadership in 
a knowledge era: Achieving a learning organization, 
Research Summary 201-1, Construction Industry Institute, 
Austin, TX., 2005. 

492




