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Abstract. This study aims at developing a knowledge management (KM) model that construction companies can apply
for effective knowledge management implementations in their businesses. In developing the proposed model, a mixed
methodology of analysing related literature and identifying the gaps in some existing models intended for the construction
industry is applied. In addition, a questionnaire and interviews approaches are conducted to prepare, enhance, strengthen
and validate the developed model. The major finding of this study is proposing a new KM model - named as BAN mod-
el - that fits potential conditions for construction contracting firms, especially enterprises that are small in size and non-
adopting KM. The developed model comprises six main stages: (1) preliminary stage; (2) development of an organizational
strategy stage; (3) start-up stage; (4) implementation stage; (5) monitoring and evaluation stage; and (6) derivation of
short- and long-term KM values. The proposed model is capable of filling and solving the gaps in existing knowledge man-
agement models and defining major success factors in KM implementation. The benefits of the proposed model include the
enhancement of the KM implementation process, facilitation of the decision-making process, attainment and maintenance
of competitive advantages, improvement of innovation, and continuance of effective KM performance.
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Introduction

Construction companies operate in a highly competi-
tive environment, and to maintain their sustainability,
construction firms need to continuously improve their
performance through a knowledge management (KM)
approach. The repository of knowledge requires man-
agement processes for effectively capturing, storing, and
reutilizing knowledge and ensuring high-quality products
and services through the elimination of poor-quality costs
(Almomani et al., 2019; Kivrak et al., 2014). According to
Surbakti (2015), KM - as a tool and framework for creat-
ing and sharing knowledge - is used for solving problems
and making decisions.

Capturing, storing, and sharing existing knowledge
provide historical knowledge and lessons for future proj-
ects in organizations (Guribie & Tengan, 2019; Almar-
shoudi et al., 2018). The integration of different experi-
ences and forms of expertise in a variety of disciplines in
problem solving constitutes the most effective and efficient
approach in decision-making processes (Ahmad et al.,

2008). However, the systematic sharing of the knowledge
of the gained experience within the sector is missing (Arif
et al,, 2017; Yousef & Abu Baker, 2012). Decision-making
in the construction industry is typically described as a
process based on experience rather than on a scientific
approach. This type of decision making is causing a con-
cern that the loss of experienced experts and employees
results in the deterioration of the quality and efficiency in
the industry (Yousef & Abu Baker, 2012).

Recently, technological development in the construc-
tion industry provides a significant impetus to the use of
modern techniques and methods, but it could not success-
fully address the recurrence of previous problems and er-
rors in an efficient and effective manner and hence prevent
the adverse effects of increased project costs and work de-
lays due to unforeseen fluctuations in the economy and
politics (Mohammad & Anumba, 2006). Arif et al. (2015)
assert that one of the principal problems confronting the
construction industry in developing countries is the lack
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of a specific framework, method, or even an approach for
learning from other completed and non-completed proj-
ects, facilitating knowledge sharing, and recording the les-
sons learned from these projects. In particular, the lack of
KM implementation in some countries is one of the criti-
cal factors affecting the construction industry and a major
cause of many construction problems (Arif et al., 2015).
Consequently, the main goal of this study is to develop
a knowledge management model for enhancing the imple-
mentation of effective KM in the construction industry. To
achieve this goal, intensive study and analyses on related
literature reviews and existing KM model has conducted,
also a questionnaire is used to define critical success fac-
tors (CSFs) that underline implementing KM within con-
struction industry. The significance of the study is to de-
velop guidance on KM, which can help construction con-
tracting firms to effectively implement a KM framework.

1. Literature review

The research relies on the reviewing KM literature in order
to support the research work and provide a foundation
in developing the proposed model. This section provides
a brief review of CSFs of KM in construction, including
the tools and benefits of KM as well as the barriers facing
KM in construction. Moreover, it reviews in details some
of existing KM models in construction - the CLEVER,
IMPaKT, SeLEKT, and Guribie-Tengan KMIF models.

1.1. Knowledge management in construction

The construction industry deals with a large number of
stakeholders with different levels and areas of knowledge,
including partners, employees, clients, contractors, sub-
contractors, suppliers, competitors, and market (Yusof
et al., 2019). Therefore, having a structured system of KM
and a proper allocation of its resources is of crucial im-
portance (Davenport & Prusak, 1998, as cited in Robinson
et al,, 2005).

The construction industry is a knowledge-based in-
dustry (Li et al., 2019) that combines explicit and tacit
knowledge (Anumba et al., 2005). On the one hand, ex-
plicit knowledge is in the form of contract documenta-
tions, construction techniques, etc. The design sketches,
3D modeling, and testing procedures are also considered
to be part of explicit knowledge. On the other hand, tacit
knowledge is expressed through tendering skills, cost es-
timation, and interaction with clients, project teams, cli-
ents, etc. Tacit knowledge is a crucial type of knowledge
in the construction industry, which differentiates the ex-
perience and background of practitioners (Yuan, 2011).
Tacit knowledge provides a construction company with
a competitive edge (Feng et al., 2017). However, sharing
and transferring tacit knowledge in construction industry
is considered as a critical task due to the lack of under-
standing how to transfer and drive tacit knowledge (Saini
et al,, 2018).

According to Anumba et al. (2005), KM tools catego-
rized as KM techniques or non-IT tools such as face-to-
face interaction, training, and brainstorming. This type of
KM tool is important to all organizations due to its avail-
ability, simplicity, and nature of focusing on tacit knowl-
edge. Moreover, KM technologies refer to IT tools that are
closely integrated and aligned with KM strategies (Okere,
2017). Bhatt (2001) underscores that IT helps organiza-
tions to convert data to information and deal with new,
unexpected problems in the constantly evolving business
environment.

Arif et al. (2017) maintain the CSFs that affect knowl-
edge sharing (KS) within construction companies. These
factors include the importance and the role of (1) systems
and initiatives that guide to the trust growth among col-
leagues and employees through improving social and for-
mal activities, (2) management factor which include lead-
ership, motivation, organizational structure and manage-
ment commitment, and (3) communication factor which
include communication technology, social network, gen-
der differences and collective achievement.

Dang et al. (2018) identified 32 key knowledge en-
abling factors (KEFs) and 10 organizational effectiveness
outcomes (OEOs) specifically for knowledge management.
Dang and Le-Hoai (2019) in later research related knowl-
edge creation factors (KCFs) to construction organiza-
tions’ effectiveness, which can be measured by different
effectiveness outcomes.

Deepak and Mahesh (2019) developed a knowledge-
based safety culture questionnaire and examined its valid-
ity and reliability for construction industry in the Indian
context. Hota et al. (2015) presented an IT model of a
Knowledge Map which supports knowledge management
in a construction enterprise. Lin (2014) proposed a new
and practical methodology to capture and represent con-
struction project knowledge by using a Building Informa-
tion Modeling (BIM) approach.

1.2. Benefits and barriers of knowledge
management in the construction industry

Robinson et al. (2005) argue that the benefits resulting
from the application of KM in the construction industry
are not immediately recognized. In their book, Anumba
et al. (2005) summarize the following benefits of KM
implementation: (1) improvement of organizational per-
formance (i.e., efficiency is achieved through reduced
working time by assuming the best-practice solution); (2)
enhancement of the execution of construction projects;
(3) improvement of the delivery of construction projects
through lessons learned; (4) facilitation of knowledge
transfer across stakeholders, organizations, and disci-
plines; (5) reduction of the redundancy of past problems;
(6) improvement of the effectiveness and efficiency of re-
sponse to client needs; (7) sharing of lessons learned and
best practices within organizations; (8) enhancement of
agility and responsiveness to organizational changes con-
fronting construction firms; and (9) reduction of risks due
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to the expansion of the knowledge base as well as the al-
leviation of uncertainties.

Among the chief barriers to KM in the construction
industry are the dynamics and uniqueness of construc-
tion projects and complexity of applying a best practice
or a problem solution to projects (i.e., users may have rel-
evant and similar problems but different project types and
characteristics) (Ahmad, 2010; Arif et al., 2017; Okere,
2017). Other obstacles include shortage of time, lack of
commitment of senior management, absence of leader-
ship support, inadequacy of organizational culture and
structure, deficiency in IT infrastructure, influence of the
internal and external environments, inconsistency in pri-
orities, and more emphasis on individuals than on teams
(Robinson et al., 2005). Additionally, behavioral and per-
sonal attitudes could pose a significant barrier, in which
employees are reluctant to share the knowledge that they
consider as their personal intellectual property (Lin et al.,
2007; Holste & Fields, 2010). Insufficient funding also
standouts as a major barrier among achievement of KM
implementation (Yusof et al., 2019). Hari et al. (2005) es-
timate that 99% of the problems of construction firms in
the UK are due to the lack of awareness of the importance
of applying a KM approach within organizations, which is
also affirmed by Okere (2017).

However, the primary impediments to KM implemen-
tation in the construction industry are the multi-disciplin-
ary nature of projects and difficulty of knowledge sharing
and dissemination between stakeholders (Anumba et al,,
2005). A common practice in the construction industry
is the poor retention of knowledge, including technical
solutions and best practices, as such knowledge is based
on informal collaboration and communication (Kamara
et al., 2002b).

1.3. Existing knowledge management models
in the construction industry

Multiple KM models and frameworks have been devel-
oped to meet the distinct requirements of the construc-
tion industry. Among the KM models that have been rec-
ognized and implemented in the construction industry
are the CLEVER, IMPaKT, SeLEKT, and Guribie-Tengan
KMIF models. Each will be discussed next.

1.3.1. CLEVER approach

Kamara et al. (2002a) developed the Cross-sectorial
LEarning in the Virtual EnteRprise (CLEVER) approach
for the manufacturing and construction industry. The
model consists of four stages. The first stage of the CLEV-
ER approach involves the identification of the KM prob-
lem in a business context. During this stage, KM activities
are identified using a specific template. These activities in-
clude KM processes (e.g., generation, propagation, trans-
fer, location, and maintenance) and determination of KM
sources and user characteristics. At the second stage, and
according to the organizational strategy and policy, the
users define and mark the future (desired) and current

situation of KM within the organization using a sliding
scale of the so-called “Knowledge dimensions’ guide”. In
addition, some concerns at this stage are determined and
prioritized to define the critical migration path for each
KM problem. The third stage of the CLEVER approach
entails the drawing of a path to solve the problem based
on an “as-is” situation to a “to-be” situation (in the fu-
ture). In particular, (1) the drawing of a path for problem
solving depends on the organization’s resources; (2) each
problem’s path is independently drawn, and then the over-
all path of the KM problem is drawn to examine it; and
(3) a set of predefined matrices or squares is established
to map the current situation and move toward the desired
future situation. The fourth stage is highly dependent on
the previous stage. After defining each problem’s path, an
appropriate KM process(es) is selected from a standard
list of KM processes. Furthermore, this final stage requires
the identification of any resistors and/or enablers within
the organization, who affect the implementation of the
selected process.

A review of the CLEVER stages indicates that this ap-
proach converts mysterious and uncertain KM problems
to specific issues, thereby facilitating the selection of an
appropriate process for identifying and solving problems.
However, given the multi-dimensional nature of KM
problems, a system that constructs situations based on the
idea of “if-then-or-else” is deemed to be inappropriate for
experts to address these problems.

1.3.2. IMPaKT approach

Robinson el al. (2004) developed the IMPaKT (Improving
Management Performance through Knowledge Transfor-
mation) model which consists of three stages. Stage 1 in-
volves the development of a business strategy and a plan of
business improvement; it is a result of four main steps: (1)
identifying a problem and specifying knowledge dimen-
sions; (2) defining the external drivers (e.g., downsizing,
innovation needs, and expansion), organizational objec-
tives, and internal CSFs (e.g., employees and satisfaction
of stakeholders); (3) measuring the progress and perfor-
mance to confirm the achievement of strategic goals and
objectives and monitor the performance progress; and (4)
detecting performance gaps by determining and compar-
ing the current scores with target scores.

The second stage aims to ascertain whether KM di-
mensions exist for current business problems and align
the KM plan with the organizational strategy. In this stage,
users can obtain the required information using so-called
“skills yellow pages” and thus procure the appropriate
technical consultation from experts within the organiza-
tion. Therefore, the users can select any appropriate tools
and techniques from the organization’s database. The third
stage contains the evaluation of strategy and the influence
of KM on business performance occurs at this stage. In
this stage, the model suggests the use of tools such as
cause-and-effect map (i.e., readiness audit), cost-benefit
checklist, priority matrix, and evaluation roadmap. The
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results obtained from Stage 3 pertain to the development
of a priority matrix that facilitates the identification of the
worst and best performing KM initiatives, and the provi-
sion of a strategy of KM evaluation and an implementa-
tion plan of KM to confirm the effect of KM on the ef-
ficiency and effectiveness of organizational performance.

It can be noticed that the IMPaKT approach allows for
the alignment of the KM approach with the organizational
strategic plan and the measurement of the influence of
KM initiatives on organizational performance. Although
the IMPaKT approach is easy to use, it is not integrated
with existing KM tools, and it is only limited to the usage
of the tools within its framework.

1.3.3. SeLEKT approach

The Searching and Locating Effective Knowledge Tools
(SeLEKT) approach developed by Anumba et al. (2005)
comprises three main stages. The first stage entails the
identification of the appropriate tools and the determina-
tion of the organization’s KM dimensions, including the
current and required ones; this stage encompasses three
types of KM dimensions, namely “knowledge transfer
domain”, “knowledge conversion type”, and “knowledge
ownership form”. Stage 2 encompasses identification of
processes required for KM dimensions and their associa-
tion with the appropriate tools. In this stage, the processes
involved in the SeLEKT approach are locating, accessing,
capturing, sharing, and creating the knowledge. The fi-
nal stage in the SeLEKT approach entails the identifica-
tion and selection of suitable commercial software after
ascertaining the appropriate tools in the previous stage.
However, Stage 3 has some limitations because it depends
on certain factors such as the cost of software, available
applications within the organization, and capacity to link
tools with technological software.

Overall, the SeLEKT approach focuses on the selec-
tion of tools based on three KM dimensions. Although
this approach is an easy one, it requires the capacity to
identify the organizational status or the current and future
according to the three aforementioned KM dimensions.
The capability of linking dimensions with tools and tech-
nological software is likewise necessary. Finally, the imple-
mentation of the SeLEKT approach needs KM experts.

1.3.4. Guribie-Tengan KMIF approach

Guribie and Tengan (2019) developed the knowledge
management implementation framework (KMIF) fo-
cusing on construction firms in Ghana initiating KM
implementation for the first time. As a first step, KMIF
approach sets knowledge management prioritization as a
strategic objective of construction firms and incorporates
it into their overall business strategy. The approach shows
that firms must follow the five KM implementation pro-
cesses: identify, storing, sharing, applying, and creating
new knowledge process. Finally, KMIF affirms the impor-
tance of KM culture, KM infrastructure, KM technology,
and a periodic measurement and assessment of knowledge
management.

Although KMIF is easy to use, it relies on the chal-
lenges faced by Ghanaian construction industry. In ad-
dition, KMIF shows a unidirectional implementation of
knowledge management; it does not cover risk manage-
ment, monitoring and controlling, evaluation, making
feedbacks and updates, and obtaining outcome values of
implementing KM through its framework.

In summary, the highlights of the evaluation obtained
from the above analysis of the four models are as follows:

- The CLEVER, IMPaKT, and SeLEKT models are
lacking specifics on the roles of data workers, KM
team, and KM end users.

- The CLEVER, SeLEKT and KMIF models suggest
that KM activities and processes are to be performed
in a sequence defined by the model. However, this
case is relatively untrue, as some KM activities and
processes could be conducted simultaneously in par-
allel with others.

- The CLEVER, IMPaKT, and SeLEKT models offer
insuflicient consideration to management support,
culture of employees and organization, and other
factors.

- The CLEVER, SeLEKT and KMIF models neglect the
dynamic nature of knowledge and the need to update
existing knowledge.

2. Research method

A mixed methodology was adopted in the investigation of
Jordanian construction contracting companies that reflect
similar conditions to those who have a small or a nonexist-
ent KM adoption. The mixed methodology encompassed
(1) a literature review to obtain the required background
information on existing KM models in the construction
industry and establish the theoretical foundation for the
proposed model, (2) quantitative source from a question-
naire, and (3) interviews to validate the developed model.
Depending on the strategy, the mixed research method is
divided into three types: sequential procedures, concur-
rent procedures and transformative procedures. This re-
search follows concurrent procedures in which researchers
collect qualitative and quantitative data to provide com-
plete and comprehensive research (Creswell, 2003).

The target population chosen is building and highway
construction contractors companies classified — according
to Jordanian Construction Association (JCCA) — as first
and second-grade companies. The study population was
161: 58.4% were of first-grade contracting companies, and
41.6% of second-grade companies. A sample size of 114
was randomly selected to conduct the study.

2.1. Litreture reviews

As discussed earlier, relevant literature reviews used to fa-
cilitate understanding KM concept, role, barriers and sig-
nificant in construction industry. It is also providing gen-
eral understanding of some existing KM models used in
construction; the processes, advantages and disadvantages
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of these models discussed. Literature reviews analysis is
essential to strengthen and support the research topic, in
which gave better understanding to KM field and defined
gaps in other models in order to fill these gaps in the pro-
posed model. This provides the theoretical foundations
and enhance the outcome of the new model.

2.2. Questionnaire survey

To define CSFs for performing KM in small and non-
adopting KM in construction companies, a question-
naire survey was conducted to determine: (1) the CSFs
for performing KM in small to non-adopting KM in con-
struction companies, which include factors that are vital
for the success of implementing and applying KM in the
construction industry; (2) the degree of importance and
implementation of KM activities, tools and methods used
by construction contracting firms for successful KM im-
plementation and define which methods and activities are/
are not used currently within firms; (3) the set of impor-
tant KM activities, factors and tools that will be addressed
in developing the proposed model.

The questionnaire was adopted from Ahmad (2010),
upon his written consent, which was conducted in a de-
veloped country in KM implementation. However, the
framework has been adapted so its results reflect the de-
gree of KM implementation and importance. As a pilot
study, the questionnaire’s contents are checked, evaluated,
and audited by academics and KM experts.

The evaluation of implementation degree is based on
three-point Likert Scale: (1) “non-implementation’, (2)
“small-scale implantation”, and (3) “large-scale implanta-
tion”. The evaluation of importance degree is based on us-
ing seven-point Likert Scale: (1) represents “not important
at all’, while (7) “extremely important”. Additionally, the
questionnaire is used to define specifications, drivers and
challenges of implementing KM, as well as to identify the
CSFs that affect performing KM in construction compa-
nies. The evaluation of the environment of KM activities
is based on using three-point Likert Scale: (1) is an indica-
tion for a poor level, (2) for an acceptable level and (3) for
an excellent level. The evaluation of importance degree is
the same as three-point Likert Scale which is used in KM
activities, applications and technological tools. Further-
more, the survey asks about reasons of not implement-
ing KM approach for non-KM adopter, and if there is any
future intention to apply it in company.

2.3. Reliability and validity

Common practice is to test reliability and validity of the
questionnaire before proceeding in further analysis. Reli-
ability test is an indicator of the consistency homogeneity
of results, while validity test specifies whether the ques-
tionnaire truly measured what intended to be measured
(Golafshani, 2003). For this research Cronbachs’ Alpha
Coeflicient is used to test the reliability: If the value of
Cronbachs’ Alpha Coefficient equals or exceeds 0.7, the

measure is considered reliable (Cronbach & Shavelson,
2004). The reliability values for each factor, in terms of
importance and implementation, were checked and found
that the minimum obtained value was 0.709 and the maxi-
mum value was 0.955, since all the reliability values are
larger than 0.7, the questionnaire is reliable.

Validity splits into two types Drost (2011):

1. Content validity is defined as the qualitative type
used to ensure that the indictors cover the mean-
ing of research fundamental. It has been checked by
asking KM experts to estimate the content validity
for each factor.

2. Construct validity is the correspondence level be-
tween external factor(s) and a test measure; it is the
degree of efficiently translating and transforming
idea, concept, or behavior into functioning real-
ity. Construct validity was checked by conducting
Spearman test, and the results revealed that the
p-values are less than 0.05. Hence, the correlation
coefficients of the factors are statistically significant
meaning that the instruments used are valid.

3. Data analysis

Through this section the results of statistical analysis of
the collected data will be provided, including calculations
of the means for the levels of importance and the per-
cent of implantation of KM activities, tools and factors
for the study concerns. The level of importance indicates
how important the factor, specific activity, tool is for the
successful application of KM by calculating the means of
responses, and the level of implementation represents the
percent to which a specific activity, tool or factor is im-
plemented.

Respondents with different years of experience partici-
pated in answering the questionnaire. Around 32.3 % are
managers (HR managers, project managers, head of en-
gineering departments, and directors); 48.4% are seniors
(engineers in different disciplines, HR, and team leaders);
and 19.3% are juniors in different disciplines within con-
struction contractors’ firms. Tables 1a, 1b and 1c show the
analysis of responses on KM implementation activities,
KM application activities, KM technological tools, KM
environmental factors and activities, KM drivers, specifi-
cations and challenges and the opinions of non-knowledge
management adopters.

The major results of data analysis are:

- For KM implementation activities, 82.8% of respond-
ents believe that these activities are not important
and their organization in prototype stage of imple-
menting these activities, the most important activity
was system implementation and the least important
was system evaluation and design. Consequently, the
awareness of the importance of the application of KM
process and how to implement it is non-existing in
most of construction companies.
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Table la. Results of data analysis (Importance of KM implementation)

251

Items

Activities/
Tools/
Factors

Average of Importance Level (%)

Importance Mean
Values (out of 7)

Not
important
at all

Slightly
important

Moderately
important

Neutral

Important

Very
important

Extremely
important

Mean

Values

activities

Overall
average

of

KM Imple-
mentation
Activities

System
Analysis

System De-
sign

System
Implemen-
tation

System
Maintaining
and Moni-
toring

System
Evaluation

1.7

69.8

10.3

4.3

2.6

4.12

3.97

4.41

4.14

4.14

4.08

KM Ap-
plication
Activities

Knowledge
Capturing
and Storing

Knowledge
Reusing and
Sharing

Knowledge
Reviewing
and Ap-
proving

Using
Databases
to Create
Knowledge

16

64

12

4.9

4.6

4.4

4.6

4.4

KM Tech-
nological
Tools

System
Tools

54

21

15

4.47

Environ-
mental
Factors and
Activities

Culture

Manage-
ment Lead-
ership and
Support

Information
Technology

Perfor-
mance
Measure-
ment

Organiza-
tional Infra-
structure

15

64

4.55

4.62

4.56

4.5

3.94

4.8

KM Driv-
ers

Drivers for
KM

68

12

4.71

KM Speci-
fications

Specifica-
tions of the
KM System

62

20

4.24

KM Chal-
lenges

KM Bar-
riers and

Challenges

60

21

4.41
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Table 1b. Results of data analysis (Degree of KM implementation)

i 0,
Activities/ Average of Implementation Level (%)
Items Tools/ Not Implemented Small Scale Large Scale Overall Average
Factors (NI) Implementation (SI) | Implementation (LI) (ND) | (SD) (LD)
System Analysis 16.6 71.8 11.6
System Design 42.7 46.6 10.8
KM System
Implementation | Implementation 17.7 69.4 129 232 | 654 | 114
Activities R
System Maintaining 23.9 65.8 10.3
and Monitoring
System Evaluation 15.1 73.3 11.6
Knowledge
Capturing and 12.7 68.1 19.2
Storing
M Aoolicati fﬁé"gﬁiﬂ?ﬁg}{e“smg 7.8 65.1 27.2
 Apprication 127 | 676 | 197
Activities Knowledge
Reviewing and 18.7 69.0 12.3
Approving
Using Databases to
Create Knowledge 17 68.1 202
KM Technological System Tools 13.7 | 614 | 249
Tools
Culture 15.1 51.9 33.0
Management
Leadership and 11.9 75.4 12.7
Support
Environmental Information
Factors and Technolo 12.7 75.6 11.6 157 | 679 | 164
Activities gy
Performance 246 677 78
Measurement
Organizational 14.0 69.0 17.0
Infrastructure
KM Drivers 6.9 59.8 | 333
KM Specifications 14.1 | 749 | 11.0
KM Challenges 119 | 745 | 136
Table 1c. Results of data analysis (Non-KM adopters)
Non-Knowledge Management Adopters Percent (%)
Not Interested 7.2
Unsure of its benefits 8.2
Do not understand 10.8
Have never heard off 7.2
Respondents’ Reasons for Not Practicing KM Not needed 1.5
Top management does not support 27.4
Lack of human resources 7.2
Lack of financial resources 18.6
Lack of time 11.9
Want to implement KM in future 87
Respondents Considering Implementation of KM in Future
Do not want to implement KM 13
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- In reference to KM application activities, the results
show that 79% of respondents believe that these ac-
tivities are important and their organization in pro-
totype stage of implementing these activities and the
most important activity was “knowledge capturing
and storing”, while the least two important activities
were “knowledge reviewing and approving” and “us-
ing databases to create knowledge”. This result means
that there is an interest on initiating these activities
and test their effectiveness, which will lead to estab-
lish effective KMS.

- With regard to KM technological tools, 36% of re-
spondents believe that these activities are important
and their organization in prototype stage of imple-
menting these activities, the most important tool was
“subscribing and/or password entering to define au-
thority level” while the least important was “decision
support system and/or intelligent agent”. Regarding
environmental activities, the analysis indicated that
75% of respondents believe that these activities are
important and their organization in prototype stage
of implementing these activities. The overall average
4.5 indicates that respondents believe in the impor-
tance of taking environmental activities into consid-
eration through the adoption of KM in the construc-
tion sector. Furthermore, the questionnaire results
determine the significant outcomes include that the
crucial drivers of KM implementation were present-
ing accurate and timely knowledge to facilitate de-
cision-making process and the least important was
reducing cost and/or time to solve problems in pro-
jects, and the main reason of non-adopting KMS in
construction industry is the leadership support and
lack of financial resources. As a result, the main CSFs
that need to be focused on through performing KM
in construction companies were: leadership support,
trust building, risk management, proper technology,
teamwork and effective communications. According
to the obtained results from analyzing questionnaire
data and literature reviews, a proposed KM model
will be developed in the next section.

4. Proposed BAN model for
construction contracting firms

This section focuses on presenting the proposed model,
which pertains to the development of an organizational
strategy through the application of KM. For this pur-
pose, organizational strategy development is essential to
facilitate and enhance KM implementation within or-
ganizations and construction contracting firms as well as
attain sustainability. In this regard, the developed model
is named the “Business strategy development model for
Applying kNowledge management in construction” or the
BAN model. The proposed BAN model that works as a
cycle in the long run through its six stages applies the ma-
jor components of KM in construction contracting firms.
The CSFs - both internal and external to the organiza-

tion - that affect each stage are also discussed. Figure 1
illustrates the six stages cycle of BAN model that will be
explained as follows:

Stage 1: Preliminary stage

In the preliminary stage, a taskforce technique is imple-
mented in which the barriers, challenges, and problems
confronting a company are determined through inter-
views, meetings, brainstorming sessions with experts and
decision-makers, etc. The stakeholders are also identified
in this stage. Upon accomplishing this stage, a knowledge
management system (KMS) is defined to help an organi-
zation facing these challenges. The aim of this stage is to
ascertain whether a company is capable of applying KMS-
based on the available resources and infrastructure - and
decide whether to apply the proposed KM model or keep
it for future plans.

Stage 2: Development of an organizational strategy

This stage clarifies the identification and establishment
of an organizational strategy, as shown in the left side of
Figure 1. It consists of the following five steps: (1) set the
aims and objectives of applying KMS within company’s
environment to help the organization to successfully im-
plement the KM approach. (2) Prepare an appropriate
strategic plan based on the SWOT (Strengths, Weakness-
es, Opportunities, and Threats) analysis - through which,
an organization plans to achieve its goals by matching its
potential internal strengths and weaknesses with external
opportunities and threats to maintain its competitive ad-
vantages. (3) Based on the strategic plan and for its effec-
tive implementation, an action plan should be devised by
taskforce members that comprises sequence steps to be
performed. Moreover, action plans require the establish-
ment of specific tasks and responsibilities, identification
of the duration of tasks, and allocation of the necessary
resources. (4) Identify construction business processes
and procedures. This step is progressively elaborated; any
revisions and feedback in this step should trigger an up-
date of the action plan accordingly. It is represented by the
looping arrows that are displayed in the model. Business
processes and procedures occur through the recognition
of the available important knowledge within the organi-
zation, identification of the KM tools that are appropriate
for applying the KM system, and conducting of interviews
and questionnaire survey with employees to discuss the
processes and procedures of the KM approach. (5) identify
available project resources; these resources either facilitate
or eliminate the successful implementation of KM.

Stage 3: Start-up phase

Having defined the organizational strategy and the need to
apply KM, the next stage — start-up phase — can be under-
taken. Otherwise known as the awareness phase, the start-
up stage represents the foundation for implementing KM
within the organization; it provides the required aware-
ness for the organization’s team and individuals about the
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Figure 1. The proposed BAN knowledge management model for construction contractors

importance of the KM approach to quality, performance,
and preservation of competitive advantages. This stage
consists of three steps: establishing the KM office, link-
ing the KM office with organizational departments, and
indicating the appropriate KM tools.

The undertaking of a comprehensive KM implementa-
tion requires the establishment of a KM office or depart-
ment within the organization’s structure, which includes
the KM taskforce, KM team and document controllers.
The KM office plays a vital role in KM, particularly in
terms of (1) providing the requisite awareness through
sessions, workshops, and establishment of an e-library,
among others; (2) offering training to employees to de-
velop their skills and expertise; (3) supporting employees;
(4) specifying the rules and responsibilities for applying
the KM tasks; (5) preparing construction projects reports,
for example, reports for internal and external best prac-
tices as well as lessons learned and reports for evaluating
the progress of KM performance; (6) establishing skills
yellow pages, or tools that allow users or employees to
search and find other employees, consultants, and experts
for consultancy purposes regarding technical issues; and
(7) revising the action plan according to any updates made
by the KM office.

Linking the KM office with all the departments is
likewise important. For example, by linking with the hu-
man resource (HR) department, the KM office assumes
a pivotal role that encompasses the following activities:
(1) Determining key performance indicators (KPIs) which

include activities and actions vital for monitoring, control-
ling, and evaluating business performance (an example of
KPI is the number of accessed KM documents,) and key
results indicators (KRIs) which include the outcomes ob-
tained from many activities and actions (examples of KRI
are reduction of reworks, sustainability, etc.) Thus, KPIs
track activities while KRIs track values and goals. How-
ever, KRIs cannot be done without establishing KPIs. (2)
Connecting employees’ performance appraisal with their
contribution to knowledge sharing. (3) Developing incen-
tives and rewards that are compatible with the KM imple-
mentation. (4) Encouraging teamwork among employees.
(5) Providing appropriate training. (6) Recruiting employ-
ees to fill certain knowledge gaps within the organization.

The final step occurs through building an appropriate
environment by establishing the required KM tools, both
IT and non-IT tools. On the one hand, IT tools include
groupware, intranet, extranet, text mining, e-chatting, and
knowledge bases; on the other hand, non-IT tools include
face-to-face interaction, training, and brainstorming. Or-
ganizations critically need this step to (1) properly catego-
rize and update knowledge; (2) capture, share, and store
knowledge; and (3) match the KM approach with user
needs and KM objectives.

Stage 4: Implementation

The implementation stage is built on a solid foundation
for KM in the organization; it refers to KM execution, en-
compasses KM resources, application activities, and tools.
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Knowledge management resources pertain to the resourc-
es or dimensions from which knowledge is obtained. The
knowledge could be acquired through interaction between
individuals, groups, organization and employees. The KM
application activities can be applied after the identification
of the KM resources. This stage aims to establish the re-
quired knowledge database in the construction organiza-
tion by capturing, storing, sharing, and reusing the knowl-
edge created during the life cycle of projects. The first ac-
tivity of KM application entails the capture and storage
of the knowledge; this activity is the most important one
and is conducted through a questionnaire survey with
the goal of identifying the properties of KM application.
Knowledge may be captured and stored through different
practices such as recording and storing problem solutions
in electronic software; documenting the new ideas and
experiences of engineers and experts; attaching videos,
text files, and pictures to clarify the contents of knowl-
edge; and referring any obtained knowledge to its creator
or resources (e.g., websites, experts, engineers, and books).

Another activity used in the BAN model involves the
review and approval of the knowledge. It includes edit-
ing and publishing the approved knowledge through the
intranet; reviewing and editing knowledge content by the
KM team and office; and classifying, categorizing, and an-
alyzing the available knowledge to facilitate the retrieval
and reuse processes.

The next activity refers to the means of reusing and
sharing the obtained knowledge. Different methods can
be adopted for this activity, depending on the organiza-
tional culture and available tools. However, among the
chief methods for sharing and reusing knowledge are the
intranet or extranet and the usage of skills yellow pages
that contain the names and contact details of employees
for any consultation issues.

The final KM application activity in this model entails
the creation of knowledge using databases. In this activity,
the existing knowledge recorded in electronic copies or
organizational databases is reused to create a new knowl-
edge based on the lessons learned and the best practices of
construction projects. In this regard, the new knowledge
creation can be handled using the creation model theory
(SECI Model) proposed by Nonaka and Takeuchi (1995).
This model represents the interaction between knowledge
concepts, namely: Socialization (tacit to tacit; e.g. meet-
ing and discussion), Externalization (tacit to explicit; e.g.
writing report and form organization rules), Combination
(explicit to explicit; e.g. using number of reports to get
needed analysis), and Internalization (explicit to tacit; e.g.
learning from reports).

Based on the obtained knowledge, all of these activi-
ties of KM application may occur sequentially or even in a
parallel manner. Deciding on the specific KM application
activity leads to the third step of this stage, the selection
of the appropriate KM system tools. KM tools differ be-
tween organizations due to their type (i.e., IT or non-IT)
and availability. Some examples of KM system tools are
user manuals, reporting, meetings, discussion board, mes-

saging, emailing, skills yellow pages, and knowledge map.
Knowledge map, which is a tool that uses a graphical pre-
sentation, provides an overview of certain issues and the
linkages between elements in the existing knowledge. The
knowledge created or updated during any KM application
activity must be sent to the KM office to revise both the
knowledge base and the action plan.

Stage 5: Monitoring and evaluation

Throughout the model stages, the monitoring and evalua-
tion stage is a continuous process that is applied in plans,
procedures, and risks, among others. Additionally, this
stage involves the tracking and assessment of all the stages
while updating occurs during the model implementation.
It plays a vital role in investigating the improvement of
business processes, updating the action plan, and exam-
ining the applicability, usefulness, and simplicity of KMS.
This stage also plays a key role in monitoring and assessing
the risks throughout the stages, including the processes of
conducting the planning, analysis, and controlling risks
throughout the stages.

Stage 6: Derivation of knowledge management values

The outcomes obtained from the application of the BAN
model within contracting firms are short-term and long-
term values that are described below.

(a) Short-term values

The main short-term values obtained and produced
through the application of the proposed model are (but
not limited to) the following:

- Savings incurred from the reduction of rework and

resolution of redundant problems;

- Improvement of innovation;

- Enhancement of work quality and performance;

- Ease of retrieval of the required knowledge;

- Facilitation of the decision-making process;

- Resolution of problems with the least time and costs;

- Enhancement of relationships with stakeholders, cus-

tomers, suppliers, partners, and employees; and

- Documentation of the best practices and lessons ob-

tained from projects.

(b) Long-term values (Sustainability)

The application of the BAN model also helps to gen-
erate long-term values, including (but not limited to) the
following:

- Increase in profitability;

- Improvement of productivity;

- Retention of competitive advantages;

- Enhancement of shareholder value; and

- Attainment of sustainability (i.e., maintaining KM

performance, ensuring that KM becomes a routine
and integrated part of organization culture).

4.1. Critical success factors (CSFs)

The major CSFs identified from the questionnaires and
interviews encompass the six stages of the BAN model.
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In this research, the BAN model relies on the following
factors: Leadership support, teamwork, trust building,
effective communication, risk management, and proper
technology. These CSFs can be defined based on its inter-
nal and external influences to implement KM; for exam-
ple, if the proper technology factor is available within the
organization - such as intranet - this will have positive
internal influences, and if the technology interacted with
markets, suppliers and governments then it will be exter-
nal influence factor. Based on their availability and power
in implementing KM values, each identified CSF will have
its influence either internal to the organization, external,
or a combination of both influences. These factors vary
among organizations due to differences in organizational
cultures. Hence, every organization should identify its
own CSFs.

4.2. Validition of the BAN model

After developing BAN model and define its components,
semi-structured interviews were conducted with KM aca-
demics, experienced managers, and KM professional who
owned and/or worked for big companies where KMS is
applied and implemented in a prototype to large scale.
The aim of the interviews, which were conducted face
to face with KM experts and academics, is to assess the
model’s validity and evaluate the degree of its usefulness,
applicability, and simplicity. In general, the respondents
confirmed its validity and agreed with model usefulness
to construction companies; they also confirmed that BAN
model reflected the obtained results of data analysis. They
also agreed that the defined CSFs were vital to the model
development.

Discussion, Conclusions, and Recommendations

As the BAN model pertains to the application of KM in
construction contracting firms, it considers all of the con-
ditions, factors, and cultural environment of these firms.
The main anticipated characteristics and advantages of the
new model are as follows:

1. Simple;

2. Easy to apply and understand;

3. Covers constraints, conditions of not applying KM
in contracting companies;

4. Focuses on the major CSFs that confront contract-
ing companies, which vary among countries and
even companies;

5. Attempts to achieve both short-term and long-term
values;

6. Increases KM awareness; and

7. Covers and solves the gaps in the reviewed existing
models, as depicted in Table 2.

The CLEVER, IMPaKT, and SeLEKT models are ex-
tensively used in companies with an existing KMS. How-
ever, they cannot be utilized in companies that are not
adopting KMS. Nearly all Middle East and developing
countries have a few adoptions of KMS in the construc-
tion sector. On the other hand, KMIF framework relies
only on challenges similar to those faced by Ghanaian
construction industry in a unidirectional way.

The proposed BAN model aims to jumpstart the im-
plementation of a KM approach in contracting companies
and subsequently enhance and support KMS. The BAN
model follows the main phases of project management:
initiating, planning, implementation, monitoring and
evaluation, and closing. After finishing the preliminary
stage, the next step of the model is the definition of the
aims and objectives of KMS to determine the organiza-
tional strategy. The subsequent step constitutes the foun-
dation of KM implementation within the organization to
initiate the implementation stage. The developed model
is continuously improved by updating the relationships
among the stages and through persistent monitoring and
evaluation processes.

The unique feature of the BAN model is its focus on
KM values. Obtaining these values in the short- and long-
term results in a sustainable KM implementation. In addi-
tion, the new model covers the gaps in the existing models,
such as the establishment of a KM office, identification of
CSFs, inclusion of the dynamic nature of knowledge, and
consideration of risk during the implementation process.

As mentioned before, this research was based on ques-
tionnaire that was adopted from Ahmad (2010). Thus, it
is important to compare the results of this study with

Table 2. Gaps treatment by BAN model

Gaps in Existing models

Gaps’ treatment by BAN model

of data workers, KM team and KM end users.

1. |CLEVER, IMPaKT and SeLEKT models are lacking the roles

KM taskforce, KM office, team and data workers play an
important role in the model.

2. | KM activities and processes should be done in sequence

not relatively true, some of them could be done in parallel.

according to CLEVER, SeLEKT and KMIF models, and that’s

KM activities and processes in the new model can be done
either in a sequence or in parallel.

3. | CLEVER, IMPaKT and SeLEKT models do not refer KM
activities to its factors such as management support and
culture of employees and organization.

The new model incorporates crucial factors, namely,
communication skills, leadership support, trust building,
teamwork, technology and risk management. This is
important due to different organization cultures.

4. |CLEVER, SeLEKT and KMIF models do not discuss the
dynamic nature of knowledge and the need of updating
existing knowledge.

Dynamic nature of knowledge has been solved in the model,
through continuous feedback and updating processes of
activities.
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Ahmad’s results (Ahmad, 2010). Considering that Ah-
mad (2010) was conducted on developed country in KM
implementation. The major points to derive here are:

- For KM implementation activities, the results of this
study show that 82.8% of respondents evaluate that
these activities as neutrally important and their or-
ganization in prototype stage of implementing these
activities. While, Ahmad’s results (Ahmad, 2010)
show that 88% of respondents believe that these ac-
tivities are important and their organization in large
scale of implementing these activities.

- In reference to KM application activities, the results
of this study show that 79% of respondents believe
that these activities are important and their organi-
zation in prototype stage of implementing these
activities. This result was compatible with Ahmad’s
results (Ahmad, 2010) which show that 94.1% of re-
spondents see these activities are important and their
organization in large scale of implementing these ac-
tivities.

- For KM technological tools, the results of this re-
search show that 36% of respondents believe that
these activities are important and their organization
in prototype stage of implementing these activities.
While, Ahmad’s results (Ahmad, 2010) show that
81% of respondents believe that these activities are
important and their organization in large scale of im-
plementing these activities.

— In reference to environmental activities, the results of
this study show that 75% of respondents believe that
these activities are important and their organization
in prototype stage of implementing these activities.
This result was compatible with Ahmad’s results (Ah-
mad, 2010) which show that 88.8% of respondents
consider these activities important and that their
organization is in large scale of implementing these
activities.

— The results of this research and results of Ahmad
(2010) were compatible regarding to the most impor-
tant CSFs that affect implementing KM: leadership
support and financial resources.

From the obtained results, the BAN model provides
a new direction for future KM research. Therefore, this
study suggests the following recommendations:

- Construction contracting companies can use the
BAN model as a first step of establishing knowledge
management.

- Contracting companies must increasingly focus on
KM tools and activities to achieve the outcomes of
successful KM implementation.

- Concerned associations, governmental bodies, and
societies can conduct awareness campaigns to en-
courage and enhance KM implementation.

- Although the developed model is targeted toward
contracting companies, it can be applied to other en-
gineering sectors in terms of their cultural environ-
ment and existing conditions.

— Other researchers can improve the BAN model to
make the KM approach a routine to be applied in
construction companies and enhance the usefulness
of the model. Other researchers are encouraged to
evaluate the BAN model.

Contributions of the study
Contributions to the academic sector

The major contributions of this research to the academic
field are as follows:

- To the best of the researchers’ knowledge, the BAN
model in this study is the first model of its kind,
which illustrates the first step of starting up with KM.
Furthermore, the BAN model intends to develop KM
into a working lifestyle that contracting companies
can adopt.

- Research on the sharing and application of KM in
developing countries is scarce. Thus, this study en-
hances the existing ones and seeks to inspire future
research. It can be considered as a foundation for fu-
ture studies to improve both company performance
and work quality.

— This research has identified KM activities and CSFs
in a comprehensive manner.

Contributions to the contracting sector

The key contributions of this research to the construction
contracting sector are:

— This study provides companies with an opportunity
to apply KM throughout the organization. Based
on the analysis of questionnaires, most of the par-
ticipants’ companies have limited and shallow expe-
rience of KM. Many of these companies, however,
have demonstrated interest in implementing KM in
the near future.

- The BAN model provides contracting companies
with the benefits (both short and long term) of im-
plementing KM. It underscores the importance of
KM in reducing rework, avoiding the recurrence of
previous problems, and maintaining competitive ad-
vantages, among others.

- According to the results of this study, contracting
companies must increase their attention to leader-
ship and management support factors and encourage
teamwork among employees who play a vital role in
capturing and sharing knowledge and applying KMS.

- The BAN model can be applied in companies with
small to medium KM adoption.

Limitations of the study

This study has several limitations. First, the research was
only focused on contracting companies (buildings and
highways). Second, some members of the target popu-
lation refused to participate in the questionnaire survey.
Third, some respondents indicated that these studies are
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useless and that these fundamentals only exist in theories
and books. Fourth, as the KM approach is an unfamiliar
subject to a sufficient number of participants, the research-
ers spent an ample amount of time on explanations. Other
limitations, including the following: (1) many people be-
lieve that their knowledge is a personal asset that should
not be shared with others. (2) Some individuals do not
believe and trust in the knowledge provided or discovered
by others. (3) The idea of virtual locations presents dif-
ficulties. Many projects are constructed within areas with
different cultures and languages, whereas the head office
is located in another area with an entirely diverse culture.
This setup could affect the sharing of knowledge with the
head office due to many obstacles and constraints. (4) The
lack of technological infrastructure is a problem area. (5)
Organizational culture poses certain challenges. Another
major limitation of this study is that the KM values can-
not be obtained immediately in the near future. Thus, the
BAN model cannot be evaluated until it is implemented in
an organization and its values in the short and long term
are determined.
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