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KNOWLEDGE INTEGRATION
CHALLENGES AND CRITICAL
SUCCESS FACTORS WITHIN
CONSTRUCTION TRADITIONAL
PROCUREMENT SYSTEM

Abstract

The purpose of this study is to explore and identify the challenges and Critical Success
Factors (CSFs) of Knowledge Integration (KI) in terms of capturing, sharing and trans-
ferring knowledge within construction projects based on the Traditional Procurement
System (TPS). On the basis of available studies on KI and TPS within the industry
investigated, multiple case studies were developed to reach the aforementioned ob-
jective, involving two case studies to reflect the building sector within construction
industry. Furthermore, an Interpretive Structural Modelling (ISM) approach was used
to summarize and identify the relationships between the identified challenges. ‘Culture
of Organization, ‘Contractual Boundaries’ and ‘Knowledge Management System’ (poli-
cies and strategies of organization) are identified as the main challenges. Having an
‘open environment’ and ‘clear liability of project members for sharing knowledge at dif-
ferent phases of project’ are two of identified CSFs, which will assist project managers
to enhance the KI process within construction projects undertaken through the TPS.

Keywords Knowledge Integration, Knowledge Management,

Traditional Procurement System, construction project,
project management

JEL Classification 120

INTRODUCTION

Knowledge is meaningful, reflection and abstraction of information
that resides in people’s minds and is influenced by cognitive frame-
works, experiences, skills, perception and intuition. It is a meaning
made by the mind that can create rules, comprises lessons learned,
predicts outcomes, organizes principles, creates problem-solving
methods and explains relationships. As knowledge is a critical re-
source, Knowledge Management (KM) is a fundamental and manda-
tory issue that brings success to organization. It is essential for organ-
izations, specifically in knowledge-based industries like construction.
They recognize that an effective use of their knowledge may enable
them to be innovative and improve the project performance in terms
of reliability, cost, and quality while reducing project costs. In other
words, knowledge and KM can bring sustainable competitive advan-
tage, which is critical for construction organizations.

KM is a wide concept that includes various processes among which
the three main ones are: capturing, sharing and transferring. Using
these three processes together can integrate knowledge within project-
based organizations, which tend to embark on rework thereby often
repeating the same mistakes again. Researchers use different termi-
nology for Knowledge Integration (KI). Carlilo (2004) indicates that
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KT is the process of transferring, translating and transforming knowledge between individuals involved
within the same organization. KI is defined as “the process of transferring knowledge, both tacit and ex-
plicit, across organizational boundaries, sharing it with individuals and teams at the recipient site, and
applying the resultant knowledge to solve problems” (Haddad & Bozdogan, 2009). Farzin et al. (2014)
state KI as the process of combining and holding individuals’ information and knowledge in order to
create new knowledge. The operational definition of KI in this research is the process of capturing, shar-
ing, and transferring knowledge, both tacit and explicit, within and across projects. This will result in
reusing knowledge, enhancing problem-solving process and project performance. In the construction
industry, project knowledge mostly resides in minds of project members and is frequently not captured
and transferred across projects in order to be used in future (Shokri & Chileshe, 2014). This means that
knowledge is not integrated structurally between project members and across projects. In other words,
construction industry suffers from lack of KI. As the nature of construction projects and its teams is
temporary, the continuity of using the same project team members in the future projects will decrease,
which leads to project knowledge loss. Within this context, the failure to integration knowledge will re-
sult in increasing the possibility of ‘reinventing the wheel’, which means spending more time, cost and
losing competitive advantage within the industry. Therefore, one of the key factors in improving con-
struction project performance is how to structurally integrate knowledge and its utilization in projects
(Winch, 2010; Forman et al., 2011; Shokri-Ghasabeh & Chileshe, 2014). In this regard, project managers

face challenges to integrate knowledge that are required to be tackled.

1. LITERATURE REVIEW

1.1. Knowledge integration in
construction project

One of the main factors that cause the unnecessary
construction rework cost is the design mistakes
that are mostly caused by lack of training, experi-
ence and knowledge (Love et al., 2011). Researchers
(Heylighen et al., 2007) indicate that the design team,
specifically designers, are highly secretive, not keen
to share their knowledge and use KI techniques
(Panuwatwanich et al., 2012). In other words, the
social network between project members at design
phase needs to be developed and improved in order
to capture and share innovative knowledge, which is
created through designing process in construction
projects (Bashouri & Duncan, 2014).

The effective KI will enhance project members and
organizations to respond rapidly to problems and fa-
cilitate processes, specifically in the designing phase.
Each construction project is unique and has its own
problems and, therefore, it is the responsibility of the
members of the project team to use their previous ex-
perience and knowledge to resolve them. Moreover,
each project will add new experience and knowledge
to the project team. Salter and Gann (2003) suggest
that the project knowledge held by project team plays
a key role in solving problems. The competitive ad-
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vantage of organization and successful completion
of a project lie in the ability of effectively integrating
knowledge (Hari et al., 2005). Therefore, KI plays a
significant role in improving performance of organ-
izations in terms of quality, time, reliability and re-
ducing costs, specifically in project-based industries
like construction.

1.2. Knowledge integration
in Traditional Procurement System

The KI procedure is critical to project performance
(Nonaka & Takeuchi, 1995), especially in a pro-
ject-based industry like construction. Due to the
temporary nature of construction projects, people
who worked on these projects, both in the design and
construction team, tend to disperse after the project
ends. This means their experiences and the knowl-
edge they have achieved through the project will be
wasted and not be used in future projects, if it is not
captured structurally (Kasvi et al., 2003). The im-
portance of KI has attracted discussions in both ac-
ademia and industry. As knowledge is the most val-
ue-added input and output of projects, then the study
of KI between teamwork within project and across
projects will provide a meaningful insight for stake-
holders and academics that enable them to further
improve the performance and competitiveness of
the industry. This issue is more apparent in projects
undertaken through the Traditional Procurement

http://dx.doi.org/10.21511/kpm.02(1).2018.03



System (TPS) as its nature is based on the separation
of design and construction process. In other words,
the TPS does not guarantee an integrated line of
communication and reporting between consultants
and contractors.

The main factor that distinguishes the TPS from oth-
er types of procurement methods like ‘Design and
Build’, ‘Develop and Construct’, ‘Package deal’, and
“Turnkey’ is the separation of organizations that are
responsible for the implementation process of the
main elements of the project like designing and con-
struction. In this method, the design team works are
based on pre-defined conditions, which are differ-
ent from site conditions encountered by contractors
at construction phase. The contractors involve long
after the designing is finished, thus their knowledge
of constructability, value engineering and so forth is
slightly incorporated at the construction phase. This
separation directly impacts the process of KI during
project lifecycle.

According to CIOB report (2010), people involved
in the designing team have less experience on con-
struction practices. Furthermore, the report in-
dicates that lack of communication, design team
problems, and design faults are the most significant
problems that arise within the TPS. As the period of
the design and construction phases is lengthy, good
communication needs to exist between all members
of a project. Secondly, the TPS suffers from a lack
of buildability during the design and construction
phases. Designers are not motivated and well expe-
rienced enough to manage the construction work
and the cost and time of a project effectively. There
is no ethos of sharing knowledge between the design
and construction phases in a TPS due to the liability
concerns, misinterpretation of the information, risks,
and unauthorized reuse of intellectual properties
(Aziz et al., 2012; Love et al., 2013). Additionally, the
people involved in the construction phase are unable
to contribute to the design of a project until it is too
late. However, not only identifying the challenges
of KI that exist within the TPS, but also the Critical
Success Factors (CSFs) for tackling them will en-
hance the KI process and enable the project manag-
ers to improve the project performance, which ben-
efits all parties involved in a project. Therefore, the
aim of this research is to identify the challenges and
CSFs of KI within a construction project undertaken
through the TPS.

http://dx.doi.org/10.21511/kpm.02(1).2018.03

Knowledge and Performance Management, Volume 2, Issue 1, 2018

2. RESEARCH METHODOLOGY

The research aims to explore and identify the
challenges and CSFs of KI in terms of captur-
ing, sharing and transferring knowledge with-
in construction projects based on the TPS. The
first stage of this research included a thorough
study of the relevant literature, which aimed to
understand the concept of KI and its challeng-
es in the TPS. The main part of the research,
the second stage, involved conducting multi-
ple case studies that included two case studies
from the building sector within construction
industry. According to CIOB (2010), the TPS is
the most efficient and suitable method only for
projects up to £5m, but it is primarily used in
projects that overran in terms of costs and time.
Therefore, the selected projects were complex,
large and costed over £5m. The selected case
studies differ in that one of them is a complet-
ed project and the other is an ongoing project
at construction phase. As most of the problems
and errors occurred in project lifecycle are re-
lated to designing phase, the cases were selected
from same organization involved at designing
phase in order to analyze and compare the pro-
cess of KI. Overall, three organizations, includ-
ing one designing and two construction, were
involved in the case studies. The outcomes ob-
tained from the case studies allow to draw some
conclusions on the challenges and CSFs of KI
adopted by designing organizations.

The main research tool was semi-structured inter-
views, where a number of open-ended questions
were used in order to identify the key challenges
and CSFs of KI. The questions allowed respond-
ents to give their views based on their own experi-
ences concerning the challenges within tradition-
al construction projects and the factors that affect
KI within this type of procurement. Respondents
were selected based on their understanding and
knowledge of these concepts: KM, KI, Knowledge
Capturing, Knowledge Sharing, Knowledge
Transferring, and Construction Projects under-
taken through the TPS. The interviewees” profile
is illustrated in Table 1.

The interviews lasted one hour and some were

extended as the interviewees were very open
and eager to talk and discuss their experiences.
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Furthermore, all interviews were audio-recorded
- with interviewees’ permission — then transcribed
and entered into NVivo software. Thematic anal-
ysis was undertaken of the transcripts with a par-
ticular focus on the challenges of KI in terms of
capturing, sharing and transferring knowledge.
The results of both case studies analysis were syn-
thesized and compared with findings from the lit-
erature review in order to identify challenges and
CSFs. Furthermore, an Interpretive Structural
Modelling (ISM) approach was used to summa-
rize and identify the relationships between the
identified challenges. ISM is a quantitative tech-
nique to analyze qualitative data. This approach
has been used by researchers to identify and rep-
resent interrelationships among various variables
related to the issue (Raj & Attri, 2011). In this re-
search, for confidentiality reasons, the companies’
names mentioned in transcripts are pseudonyms.

Table 1. Interviewee’s profile

Experience

: i Case study : Total
Interviewee : : with : :
(s . organization &XPerience
Project : :
manager CS1, CS2 15 years 25 years
Architect CS1 8 years 13 years
Site manager CS1 10 years 18 years
Engineer CS1 4 year 3 months i 11 years
. : 3 years 7

Architect Cs2 months 6 years
Site manager CS2 15 years 35 years

. 6 years 5
Engineer CS2 myonths 16 years

3. FINDINGS

The unique characteristic of the TPS, also known
as the separated method, is the separation of re-
sponsibility within the design phase and the con-
struction phase in the procurement process of
the project. Previous research (Masterman, 2002;
Takhtravanchi & Pathirage, 2016) has only iden-
tified challenges of KM, in general, within a con-
struction project undertaken through TPS (Table
2). In this research, KI mainly focuses on three
main processes of KM. Therefore, these challeng-
es were further used in both structuring the inter-
views questions and analysis of findings from case
studies with the aim of identifying KI challenges
and their differences with KM challenges.
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Table 2. KM challenges within the TPS

Source: Authors.

No Challenges

1 i Lack of awareness of the importance of tacit
_ knowledge and its management

2  Lack of participation in knowledge management

3 i Lack of time for participation in knowledge
~: management (time pressure)

4  Lack of information and knowledge management

5 “ Lack of knowledge management system (policies and
i strategies)

{ Reinventing the wheel (high potential for the same
_ mistakes and problems occurring)

“ Lack of proper use of knowledge management
: techniques

6
7  Lack of incentives
8
9

 Lack of trust

| Culture of organizations

11 i Resistance to change (fear of change)

Knowledge integration
challenges

A cross-sectional analysis was conducted of the
case studies to identify the current challenges of
KIin TPS. The responses from the interviews were
analyzed with the help of computer software. The
process started using a qualitative content anal-
ysis of the interviews’ transcripts with the aid of
NVivo software, which generates codes according
to the identified concepts within the transcripts.
The findings establish that knowledge in the de-
sign phase is more problematic and harder to
manage due to the complexity of the design phase.
This knowledge refers mostly to personal, and the
company’s, experience. The analysis revealed 10
challenges, which are shown in Table 3 and fur-
ther analyzed through using ISM approach in or-
der to identify the relationship between them.

Table 3. Kl challenges within the TPS

Source: Authors.

Variables

1 Lack of awareness of the importance of tacit
. knowledge integration

: Lack of participation in knowledge integration

: Lack of time

H NI CUR N

: Lack of information and knowledge integration

: KM system (policies and strategies)

i Lack of incentives

* Lack of proper use of knowledge integration
: techniques

: Lack of trust

: Culture of organizations

: Contractual boundaries

d“‘ “
Sivimi N ioin
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3.1.1. Interpretive Structural
Modelling approach

The ISM-based approach can use practical expe-
rience and knowledge of experts based on var-
ious management techniques like brain storm-
ing, nominal group technique, etc. to decompose
a complicated system into several elements and
construct a multilevel structural model (Warfield,
1976). In other words, it can be used to identify
and summarize relationships among specific vari-
ables, which define an issue or a problem. The var-
ious steps involved in the ISM approach, which are
as follows (Charan et al., 2008):

Step I: Identify and select the relevant variables.
In this research, the challenges of KI in TPS have
been identified.

Step 2: Structural Self-Interaction Matrix (SSIM)
is developed. This matrix is used to indicate pair
wise relationship among variables of the system
under consideration

Step 3: Determine the reachability matrix. The
SSIM matrix is used to develop the reachability
matrix. However, the transitivity of the contex-
tual relationships is a basic assumption made in
ISM. This means if variable A is related to variable
B and variable B is related to variable C, then vari-
able A is necessarily is related to variable C.

Step 4: Decompose the reachability matrix into
different levels. The developed reachability matrix
from step 3 is partitioned into different levels in
order to create structural model, a directed graph
(diagraph), and the transitive links are removed.

A. Structural Self-Interaction Matrix (SSIM)

The SSIM is a contextual relationship among the
variables and is developed based on opinions of
interviewees. For this purpose, the interviewees
from case studies were consulted in identifying
the nature of contextual relationship among the
variables. In order to analyze the variables, a con-
textual relationship of ‘leads to’ and ’facilitates’
type must be chosen. This means that one variable
leads to another or one variable facilitates anoth-
er variable. Therefore, contextual relationship be-
tween the identified variables is developed.

http://dx.doi.org/10.21511/kpm.02(1).2018.03
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Bearing in mind the contextual relationship for
each variable and the existence of a relationship
between any two variables (i and j), the associated
direction of the relationship is questioned in a pair
wise manner. Four symbols are used to denote the
direction of relationship among variables:

1.V is used when variable i will facilitates or in
fluences variable j (the relation from variable i
to variable j).

2. A is used when variable i will be facilitated or
influenced by variable j (the relation from var-
iable j to variable i).

3. X is used when variable i and j will facilitate
and influence each other (both direction
relations).

4. O is used when variables i and j are unrelated
(no relation between the variables).

The developed SSIM (see Table 4) represents the
contextual relationships between identified KI
challenges.

Table 4. Self-Structured Interaction Matrix

Source: Authors.

V10

V3 V6

S
3

Variable

N
|
|
>
<i< <

<ixix >0

S
|
|
|
|
|

Xixi<idixixiQ

S
|
|
|
|
|
|
|
|
>3 0> xixin

00 >0 >>2>2>0

3
|
|
|
|
|
|
|
|
|

S
3
|
|
|
|
|
|
|
|
|
|

B. Reachability matrix

The next step in ISM approach is to transform the
SSIM into a binary matrix, called the initial reach-
ability matrix by substituting four symbols V, A, X
and O to 1 or 0. The rules for this substitution are
as follows:

1. If the (4, j) entry in the SSIM is V; then the

(i, j) entry in the reachability matrix becomes
1 and the (j, i) entry becomes 0.
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If the (4, j) entry in the SSIM is A, then the (i,
j) entry in the reachability matrix becomes 0
and the (j, i) entry becomes 1.

If the (4, j) entry in the SSIM is X, then the (i,
j) entry in the reachability matrix becomes 1
and the (j, i) entry becomes 1.

If the (4, j) entry in the SSIM is O, then the (i,
j) entry in the reachability matrix becomes 0
and the (j, i) entry becomes 0.

Following these rules, the initial reachability ma-
trix is illustrated in Table 5.

Table 5. Initial reachability matrix

Source: Authors.

Variable : V1 V2 V3 V4 V5 V6 V7 V8:V9 V10
Va0 0 100
DD ot
Vio

R U G S P S UG SN
[N QU JENS g e Yo B e B o)

©—-ooco-ooo!
- - ooo-ocooo
©So~-o - ~-0oo0o
© - ocooocoooo
—i0oi0oi0i0i0ci0icicio

0
1
1
1
1
1

The final reachability matrix is developed by con-
sidering the concept of transitivity, which was
described in step 3 of SSIM approach. The 1* en-
tries indicate the incorporate transitivity. The fi-
nal reachability matrix along with the dependence
and driving power is shown in Table 6.

Table 7. Partitioning of variables

Table 6. Final reachability matrix

Source: Authors.

Variable : V1 V2:V3:V4 V5 V6 V7 V8 V9 VIO
viooooto1. o1 1.0 01 100
V2 b v e w1000
V3 0 1 1 1 0 L | 0 0
vi 0 0 0 1 0 0 0 0 0 0
Vs o1 1 1 1.1 1.1 1.0 0
v 0 1 1 1.0 1.1 1.0 0
vV 0 1 1 1.0 1 1 1.0 0
Ve 0 1.1 1.0 1 1.1 00
[N/ LI WL T UL WL LA SOLIOE WL SO
V1o N | 1 T 1 11 10 1

C. Level partitions

According to Warfield (1976), the reachability and
antecedent set are derived from final reachability
matrix. The reachability set for each variable con-
sists of the variable itself and the other variables
that it may impact, whereas the antecedent set for
each variable consists of the variable itself and
the other variables that may impact it. Following
that, the intersection of these sets is obtained for
all variables. Subsequently, the variables for which
the reachability and intersection sets are the same
occupy the top level in the ISM hierarchy. The
top-level variables are those that will not lead the
other variables above their own level. After identi-
fying the top-level variable, it is removed from the
other remaining variables. Then the same process
is continued until levels of all variables are identi-
fied. These levels help in building the diagram and
the final model of ISM.

Source: Authors.

Variable Reachability set Antecedent set Intersection Level
Vi 1,2,3,4738 1,59 10 1 I
.\/72“ : 2,3, 4,6,7,8 ...... 1,.2.,.3, 5,..6., 7, 8.,.é,10.w .2.,.3, 6,..7,.8 Il
Vi 23,4678 1235678910 23,678 I
o S i...1’2.’.3./4/5;.6/7,5/.9’1(.).. e |
L 1,2/3/4;'5;6/”7;'5”' el 21T 5/.9./10... s N
V6 o 2,3, 47,76, 7,8 7 2,3,5,6,7,8,910 2,3,6,7,8 Il
Vi 23,4678 1,2,3,56,7,8,910 2,3,6,7,8 I
.\/78“ ) 2,3, 4,6,7,8 ...... 1,.2.,.3, 5,..6., 7, 8.,.9, 10.” .2.,.3, 6,..7,.8 I
o 1/2/34567/8/9 S o
Vo 1,2,3,4,56,7,810 10 10
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Source: Authors.

V4. Lack of information, and knowledge integration

A

V6. Lack V2. Lack V3. Lack of time V7. Lack of proper V8. Lack
of incentives 4 o | of participationin [, o 4 »| useofknowledge |, o of trust
- » - » - L . . - »
knowledge integration
integration techniques

A

A

V1. Lack of awareness of the importance
of tacit knowledge integration

T

V5. KM system (policies and strategies)

A

V10. Contractual boundaries

V9. Culture of organization

Figure 1. ISM-based model of KI challenges in the TPS

The reachability set, antecedent set, intersection 3.2. Critical success factors

and the participation level of variables are shown
in Table 7, where all variables are distributed in five
levels. Variable 4 (lack of information and knowl-
edge integration) is found to be at level I. Therefore,
variable 4 should be positioned at the top of the
ISM model. Variable 9 and 10 (contractual bound-
aries and culture of organization) are found to be
in the last level, V, which should be positioned at
the bottom of the ISM model. Positioning at the
bottom level of ISM model means that these vari-
ables are the main root of all variables positioned
above them.

D. Formation of ISM-based model

It can be seen in Figure 1 that the ‘Culture of
organization’ along with ‘Contractual bound-
aries’ are significant challenge when integrat-
ing knowledge in the TPS, as they come at the
bottom of ISM hierarchy. The ISM model high-
lights the major challenges of KI and provides
a mean for analyzing the interaction between
these challenges. These challenges need to be
tackled in order to ensure the success of KI in
the TPS.

http://dx.doi.org/10.21511/kpm.02(1).2018.03

for knowledge integration

This section presents the data analysis in relation
to the CSFs of KI in the traditional construction
projects that were highlighted by interviewees
in case studies. Figure 2 shows the themes that
emerged from the analysis of the semi-structured
interviews on the CSFs. The main themes are
‘Culture of organization’, ‘Contractual boundaries’,
and ‘KM system (policies and strategies), which
are further discussed.

3.2.1. Culture of organization

The organizational culture is one of the important
factors that affect the process of integrating tacit
knowledge within TPS where different organiza-
tions with different culture involved in the project.
Effective organizational culture depends on having
an open environment to communicate and share

individual ideas and experiences. An open envi-
ronment means providing a trusted working envi-
ronment, where project members dedicate enough
time to share their knowledge with each other.
Project manager CS1 and site manager CS2 stated:
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Critical Success Factors

Source: Authors.

. Name £ Sources  References
= ;) Critical Success Factors 0 0
() Contractual Boundaries 0 0
\:) Clear liability of project members for sharing knowledae at different phases 7 15
=-() Culture of Organisation 0 0
.:) Open Envirenment 7 13
= O KM System (policies and strategies) 0 0
\:) Adopting proper tools for Kl 7 15
:‘} Adopting two-stage process traditional procurement 7 13
() Building Trust 7 12
O Designing sub-contractors use software that can be synchronised 7 12
\:) Having Clear definition of objectives 7 "
,;} Improving awareness on the importance of Kl 7 15
\:) Incentivise project members for participation in Kl 7 15

Figure 2. Screenshot showing nodes on CSFs of Knowledge Integration

We have friendly environment. Internally, within
the department our team members easily approach
each other. We are working together as a one team.
I think this is because we trust each other. The pro
ject managers creates this environment and gave
us this feeling ... within each team, I know exactly
who I'm going to share my knowledge with and they
are willing to share their knowledge with me.

Participants believed that project members should
dedicate enough time to do lessons learned and
that it should be done as soon as each task is com-
pleted. The lessons learned could be achieved
through the meetings with contractors and con-
sultants and between contractors. Engineer CS1
and architect CS2 stated:

I think it is very important to always ensure as soon
as you finish the project to actually identify what
works well and what doesn’t. We always had prob-
lem in arranging meetings with contractors and
consultants to document the problems and how
they were solved after each phase of project, because
contractors and consultants are recruited to anoth-
er project whilst one is finished ... I think the first
is the reflection; we need to dedicate enough time to
reflect and identify what went wrong.

3.2.2. Contractual boundaries

Project managers (CS1 and CS2) and site manager
CS1 argued that in the TPS, contractual bounda-

34

ries play a significant role in sharing knowledge
between project phases, because it is the provi-
sions of the contract that dictates the amount of
knowledge and the liability of project member for
sharing knowledge with other contractors.

It was clearly mentioned in our contract how to
communicate and respond to ‘3Styles Group’. In
the traditional, because we are liability for the de-
sign, we are responsible for the type of information
and knowledge to share with Balbo Ltd’ ... In the
traditional, the ethos of sharing knowledge is not
there, and it depends on the contracts how much
knowledge you shared.

Participants believed that the liability of project
members on sharing information and knowledge
at different project phases should be clarified in the
contract. Furthermore, this clarification will enable
both the project and knowledge manager to adopt
appropriate policies and strategies for managing
knowledge. Project and site manager CSI stated:

AsIexplained earlier, we communicate with 3Styles
Group’ according to our contract. It is mentioned in
the contract that I, as a project manager, should re-
spond to enquiries that comes from them in a short
time ... Although their communication is according
to their contract, but it takes time, as they have to
send their request through email with full details of
issue and asking for meeting, then we will arrange a
date to discuss about the issue and resolve it.

http://dx.doi.org/10.21511/kpm.02(1).2018.03



3.2.3. KM system (policies and strategies)

The importance of KM lies in the fact that knowl-
edge if managed properly is a valuable, compet-
itive asset for organizations. It is more significant
in construction projects undertaken through the
TPS due to the fragmentation nature of this system,
where the design team is separated from construc-
tion team. Therefore, it is important for organiza-
tions to adopt appropriate policies and strategies for
managing knowledge in this type of project. The
KM system includes how to integrate knowledge in
terms of capturing, sharing, and transferring.

Participants (architect CS1 and project manager
CS2) believed that effective the KM system in or-
ganization should initially improve the awareness
of project members of the importance of KI in all
its categories: capturing, sharing, and transferring.

I think everybody knows the value of knowledge
and their experience, but the idea of integrating
knowledge needs a bit more exploration, specifical-
ly in this type of procurement. The issue is in shar-
ing and transferring part, in our organization I am
willing to share my experiences with colleagues, but
in this type of procurement, we have to share and
collaborate with other organizations, that’s where
people have doubts. In terms of transferring, I think
it is a good idea and needs a good strategy and plan
from the beginning of project to prevent similar
problem occurrence.

“Not in this particular project, in another project
when it was over budget the client suggested having
a meeting with contractors and consultants to iden-
tify what went wrong and where the problems was.
Things like that are very helpful to make sure in the
next time doing a project with a same and similar
nature you won'’t do the mistakes twice.

This improvement requires adopting the proper
tools in techniques and technologies for KI and
having a clear definition of objectives. Most of in-
terviewees highlighted that an effective KM sys-
tem should build trust between project members
and incentivize them to participate in KI. Project
managers and site managers CS1 and CS2 stated:

I think the first is the reflection; we need to dedi-
cate enough time to reflect and identify what went
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wrong. Two, now when we identify what went
wrong, when we are working on second project,
how clear are objectives, and how maybe some kind
of methods statement or some kind of procedures
which uses what we have learnt and how that is go-
ing to achieve our next objective. However, we also
need to use the best tools for both achieving objec-
tives and recording the lessons learned. When there
is clear objective, it is easy to identify what you are
trying to achieve and by then it is easy to actually
see what works and what being used then in project.

We have friendly environment. Internally, within the
department our team members easily approach each
other. We are working together as a one team. I think
this is because we trust each other, the project manag-
ers creates this environment and gave us this feeling.

I think KM and specifically KI will achieve greater
success if there is good support from management
and team leaders. People should be incentivized to
participate in recording their experiences, sharing
them with their colleagues and reusing their lessons
learned. This motivation from leadership has a pos-
itive influence on team performance.

However, in terms of sharing knowledge between
different phases of the project, participants be-
lieved that construction team can be involved a
bit earlier (ahead of completion of the design) in
the TPS in order to improve the teamwork, ad-
vice on best practice and decrease the possibility
of ‘reinventing the wheel” by sharing their knowl-
edge and experiences. This requires improvement
in the awareness of the client on the importance
of appointing the contractors earlier (two-stage
tendering traditional project). Furthermore, in-
terviewees stated that the use of the BIM technol-
ogy can facilitate the project’s performance. They
reported that sub-contractors at the design phase
use the different designing software that leads to
designing clashes: therefore, it is required to use
software that can be synchronized to improve the
communication of information. In this regard,
participants noted that implementing BIM tech-
nology would minimize the occurrence of design-
ing clashes and could improve the project perfor-
mance. Architects CS1 and CS2 stated:

I think one problem that leads to designing clashes
is using different software by sub-contractors that
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cannot synchronized. It depends on the policy of or-
ganization to use what type of software. We didn’t
use BIM in this specific type of project, but we used
it before. Although this technology is more used in
other types of procurement, but I think it is applica-
ble in the traditional procurement.

I think team-working and collaboration are impor-
tant in this type of procurement, the early you can
appoint and import contractors, more knowledge
will be shared, and the less likely the common mis-
takes occur. As I mentioned before, this project is
based on two-stage traditional project and we re-
ally benefit from having construction team earlier
in terms of saving time and preventing designing
clashes.

The mentioned CSFs are further discussed based
on the classification of challenges after imple-
menting the ISM approach.

4. DISCUSSION

Carrillo et al. (2000) stated that one of the main
challenges that confront KM in construction
industry is ‘tacit dimension of project knowl-
edge’. Regarding this, Aziz et al. (2014) said that
this issue is more common in integrating tacit
knowledge in construction projects undertak-
en through the TPS due to the nature of this
system which is based on fragmentation rather
than integration. In other words, knowledge is
not properly integrated in this system in terms
of capturing, sharing, and transferring, because
the design and construction team are separated
and project members are recruited in another
project ahead of the completion of the current
project.

The aim of conducting a case study as part of
the research strategy was to explore KI within
the traditional construction project in order to
identify existing challenges and CSFs that or-
ganizations have for integrating tacit knowledge.
In this regard, two cases were selected with hav-
ing the same designing organization, one com-
pleted and one ongoing. The purpose was to
analyze, compare and evaluate the process of KI
within projects that have been designed by the
same organization. The findings revealed that
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the KI was not structurally and completely im-
plemented by the designing organization. The
synthesis of case studies identifies a set of chal-
lenges that exist in the TPS (Table 3).

Comparing these findings with findings from
literature (Table 2) reveals that most of them are
similar and one of them is new. The ‘Contractual
boundaries’ is identified as a new variable that
affects the KI in the TPS. Figure 1 reveals that
‘Culture of organizations’ is positioned at the
bottom level of ISM hierarchy along with the
new variable ‘Contractual boundaries’. The im-
pact of these variables on the other variables is
through ‘KM system (policies and strategies)’.
This means that these variables are the root of
other variables that finally lead to lack of infor-
mation and KI, which is positioned at the top
level of ISM hierarchy. Project managers should
consider these challenges and investigate them
in order to effectively integrate knowledge. The
rest of variables are mainly affected by these
challenges.

Kamara et al. (2002) stated that transferring
knowledge between different organizations
involved in a project highly depends on the
type of contract and contractual clauses. The
‘Contractual boundaries’ plays a significant role
in bidirectional flow of knowledge between the
design and the construction phase of a project,
because it is the contract that dictates the way of
communication of project members at different
phases. Additionally, positioning this challenge
below of ‘KM systems’ means the KM policies
and strategies that are adopted by organizations
for sharing knowledge between project phas-
es in the TPS depends on the provisions of the
contract.

In order to tackle this challenge, it is suggested
to thoroughly consider and improve the com-
munication and collaboration of the design and
construction team in the provisions of their
contract. This requires clarification of the li-
ability of project members on sharing knowl-
edge at different phases of project. Additionally,
the awareness of the client and his consultants
should be improved on the importance of KI
and the benefits of importing contractors before
completing the designing phase in the project
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(two-stage tendering traditional procurement).
According to Masterman (2002), the involve-
ment of contractors ahead of completion of the
designing phase means more collaboration and
sharing of knowledge with the designing team
on best practices and lessons learned, which
will lead to saving time, cost, and minimizing
the designing and buildability issues. In other
words, this would improve the project perfor-
mance and decrease the possibility of reinvent-
ing the wheel.

Hari et al. (2005), Bessick and Naicker (2013)
highlighted ‘organizational culture’ as the most
important challenge in integrating knowledge
in construction projects. The case studies find-
ings highlighted the ‘Culture of organizations’
as another main challenge of KI within the tra-
ditional construction project. Existence of the
supporting culture in organizations is required
for having an efficient collaboration between
project members in capturing, sharing and
transferring tacit knowledge within the tradi-
tional construction project. This supporting
culture means having an open environment in
which project members are incentivized to work
and communicate with each other. Additionally,
it depends on the culture of the organization to
adopt an appropriate KM strategy that prior-
itizes and incentivizes project members to par-
ticipate in integrating tacit knowledge.

The key to this challenge is having an open envi-
ronment (supporting culture), which improves
the awareness of the project manager in the im-
portance of KI. In this regard, Kwawu et al. (2010)
stated that the organizational culture should be
supportive in terms of improving awareness and
willingness to participate in the KI process. This
will lead to adopting an effective KM system that
uses the appropriate tools and techniques to build
trust, increase awareness of project members on
the importance of KI and encourage them to par-
ticipate in KI process, specifically in capturing
and using lessons learned.

The KM system (policies and strategies)’ along
with variables 9 and 10 are at the bottom levels of
the ISM model and are considered to be the main
challenges in the TPS. Participants stated that
motivation and collaboration between different
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project phases was not efficient enough and only
based on their contract’s clauses. This means that
‘Contractual boundaries’ play a significant role in
adopting an effective KM system for collabora-
tion and sharing knowledge between the design
and construction phase in the TPS. Additionally,
participants explained that even though their
organization identified the lessons learned after
each project, but they still had difficulty in find-
ing the relevant knowledge. Fong and Chu (2006)
stated that this difficulty is caused by lack of pro-
active management strategies in organization.
This means the KM strategy and policies that are
adopted by organizations were not effective for
capturing and retrieving tacit knowledge in the
traditional construction project. This requires
proper guidelines and techniques for capturing
knowledge that should be considered by project
manager when determining the KM policies and
strategies of projects.

It is clearly stated by participants that they only cap-
tured and shared their experiences and were not
aware of the importance of transferring their expe-
riences to another project in this type of procure-
ment system. This means there were no guidelines
provided by their organization to integrate tacit
knowledge, and the adopted KM system by organ-
izations did not improve the awareness of the im-
portance of transferring knowledge between pro-
jects. Furthermore, recruiting experts is an effective
strategy for keeping the knowledge inside organiza-
tions. Some participants stated that their organiza-
tions had this strategy and recruited experts who
left the organization before and then returned for
the current project. Other participants stated that
their organization did not adopt effective a KM sys-
tem and easily let experts leave their organization.
This means that their organization was not aware
of the importance of keeping their experts’ knowl-
edge, which is a competitive asset for an organiza-
tion. Therefore, the CSFs for tackling this challenge
is for the project managers to adopt an effective KM
system (policies and strategies) that covers:

1. considering contractual boundaries (what
type of knowledge and who is liable to share
that knowledge) in implementing appropriate
tools (techniques and technologies) for collab-
oration and sharing knowledge between the
design and construction team;
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Source: Authors.

KNOWLEDGE INTEGRATION FACTORS (CHALLENGES)

Culture of organization

A 4

CSF: Open environment (mutual
trust, willingness to share
knowledge, enough time for KI)

\ 4

Contractual boundaries

\ 4
CSF: Clear liability of project
members for sharing knowledge
at different phases of project

\ 4

Knowledge Management system (policies and strategies)

CSF1:
CSF2:
CSF3:
CSF4.
CSF5:
CSF6:
CSF7:

Adopting proper tools for Kl
Building trust

Having clear definition of objectives

Improving awareness on the importance of Ki
Incentivizing project members for participation in KI

Designing sub-contractors use software that can be synchronized
Adopting two-stage process in traditional procurement

Figure 3. Kl challenges and its CSFs within the TPS

2. clarifying objectives of a project;

3. improve the awareness of project members on
the importance of KI;

4. freeing up time, building trust, and incentiv-
izing project members in order to create an
open environment and to participate in KI
process;

5. implementing appropriate tools and tech-
niques for identifying lessons learned and
for capturing, sharing, and transferring
knowledge;

6. using synchronized software by designing
sub-contractors at designing phase in order to
reduce designing clashes and save time and cost;

7. adopting two-stage tendering TPS.

The relationships of three main challenges of KI

and the CSFs for each of them are illustrated in
Figure 3.
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The effective KM system will increase the aware-
ness of project members on the importance of
knowledge capturing and their willingness in
sharing their knowledge during the project life cy-
cle (Pan & Flynn, 2003; Carillo et al., 2004; Lin,
2007). The ‘Lack of awareness of the importance
of tacit knowledge integration” is positioned at
the third level in ISM hierarchy. The ISM model
(Figure 1) depicts this variable having no direct
influence on the two specific challenges at the sec-
ond level of the ISM hierarchy, which are ‘Lack of
incentives’ and ‘Lack of trust’, because they are
directly influenced by ‘KM system (policies and
strategies)’. Additionally, this challenge is changed
from ‘Lack of awareness of the importance of
tacit knowledge and its integration’ (Table 2, V1)
to ‘Lack of awareness of the importance of tacit
knowledge integration’ (Table 3, VI) because find-
ings revealed that most of the people and organi-
zations involved in the construction projects are
aware of the importance to their experiences and
skills, but they are not aware of its importance of
the process of KI in terms of transferring knowl-
edge to the next project.
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CONCLUSION

The aim of this study was to explore and identify the challenges and CSFs of KI in terms of capturing,
sharing and transferring knowledge within construction projects based on the TPS. The study investi-
gated this issue by analyzing relevant literature on the concept of KI and its challenges in the TPS, fol-
lowing by comparing this analysis with the findings from case studies in order to have a better under-
standing of this research phenomenon. Comparing the findings indicated that there were three main
challenges that hinder KI process within the TPS in terms of capturing and sharing knowledge within
a project and transfer it to the next project. These challenges were ‘Organizational culture’, ‘Contractual
boundaries’, and ‘KM system (policies and strategies)’. In order to tackle the first challenge, ‘having an
open environment” was identified as a CSF, which means providing a trusted working environment
where project members dedicate enough time to share their knowledge with each other. As knowledge
is an asset of organizations, the amount and liability of sharing knowledge is important for organiza-
tions. It is more significant in projects undertaken through the TPS due to the separation of the design-
ing and construction team. This means the communication and collaboration of these team are based
on the provisions of their organizations’ contract. Therefore, clarifying the liability of project members
on sharing knowledge at different phase of project was identified as a CSF for tackling the ‘Contractual
boundaries’. Poor management of knowledge within the project life cycle leads to considerable amount
of knowledge loss. This is more common in the traditional construction projects due to the fragmen-
tation nature of TPS which means different organizations that involved during the project life cycle
run and maintain their own KM systems and disperse after completion of the project. Therefore, their
knowledge would not be available and accessible when it is needed in other projects or at other phases.
CSFs were identified to tackle the challenge of ‘KM system (policies and strategies)” which are adopting
proper tools for KI, improving awareness on the importance of KI, building trust, incentivize project
members for participation in KI, having clear definition of objectives, designing sub-contractors use
software that can be synchronized, adopting two-stage process in traditional procurement. This re-
search extends the previous research on KM and would enable project managers and stakeholders to
be aware of the key challenges and CSFs of KI within the TPS, enhance the project performance, and
decrease the possibility of reinventing the wheel.
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