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Capturing and reusing knowledge: Analysing the what, how, and why for
construction planning and control

Abstract
Learning from project experience is still lacking in the area of construction planning and control.
A significant challenge is in deciding precisely ‘what’ engenders learning and ‘how’ knowledge
can be reused. This study appraises critical learning situations (CLS) and the types of project
knowledge to be reused to sustainably build capacity and improve the performance of
construction projects. Given the underexplored area of study, an exploratory sequential mixed
method research approach was adopted. Twelve semi-structured interviews were conducted with
experts and local practitioners to gain an in-depth insight into CLS and reusable project
knowledge (RPK) pertinent to construction projects. Further, questionnaire survey responses
from 338 construction practitioners in Malaysia were analysed. The findings reveal that
construction time and cost control make a significant positive impact when past project
experiences enhance expert judgements and stimulate knowledge reuse on future projects. Thus,
the effective and efficient management of project knowledge should be optimised and considered
of strategic value, giving rise to improved competency and sustainability within the construction
industry.
Keywords: Knowledge management; knowledge reuse; project management; learning
organisation; construction projects; overruns
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Introduction
Many construction projects suffer from schedule delays and cost overruns. For example,
more than half of Malaysian construction projects experience cost overruns (Shehu et al. 2014)
while 9 out of 10 global transport infrastructure projects overrun their budgets according to
(Flyvbjerg, Holm, and Buhl 2003). The effects of schedule delays include poor quality
deliverables, project extensions, litigation, and cost overruns (Kaliba, Muya, and Mumba 2009).
Underachieved outcomes due to poor project management practices have been reported by
studies in Australia (Love, Edwards, and Smith 2016), Jordan (Khlaifat et al. 2019), Malaysia
(Yap, Chow, and Shavarebi 2019), Norway (Zidane and Andersen 2018), Sweden (Lind and
Brunes 2015), and UAE (Faridi and El-Sayegh 2006).
Against this background, a plethora of studies has linked poor performance with the
incompetence of project personnel (Le-Hoai, Lee, and Lee 2008; Luo et al. 2017), inadequate
experience among practitioners (Al-Kharashi and Skitmore 2009; Martin and Root 2010), and
lack of best practice project management (Alsehaimi, Koskela, and Tzortzopoulos 2013;
Oyewobi, Abiola-Falemu, and Ibironke 2016). Toor and Ogunlana's (2008) study of large
construction projects in Thailand notes a similar pattern of problems in most developing
countries too. In this vein, Le-Hoai, Lee, and Lee's (2008) comparison of construction delay and
cost overrun factors in Vietnam with various selected Asian and African countries reveals that
the underlying issues are related to human and management problems. These deficiencies often
result in many design changes (Chang, Shih, and Choo 2011) and extensive rework (Love et al.
2018). The increase in project costs and time because of design changes ranges from 5% to 20%
(Yap and Skitmore 2018), while the amount of rework involved amounts to an average of 34%
of the total cost (Love et al. 2018) and 3 weeks delay (Love et al. 2016).
Many mainstream management studies reveal the importance of managing knowledge to
sustain skills and enhance competitive advantage in engineering project-based organisations
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(e.g., Zanzouri and Francois 2013; Aerts, Dooms, and Haezendonck 2016; Koskinen 2012;
Aboelmaged 2012; Oun et al. 2016; López-Torres et al. 2019; Jayawickrama et al. 2019; Dang,
Le-Hoai, and Peansupap 2019). To harness the capabilities of current personnel, organisations
benefit from effectively managing the creation, retention, and exploitation of critical knowledge
(Beckett, Wainwright, and Bance 2000). However, experiential learning or lessons learned (LL)
is often ignored (Yap and Lock 2017; Ribeiro and Ferreira 2010; Carrillo, Ruikar, and Fuller
2013), hence risking the loss of valuable knowledge due to depletion of human memory (Tan et
al., 2007) and effort involved in recalling past incidents (Carrillo et al. 2004). This lack of
learning can result in unproductively ‘reinventing the wheel’ and repeating past mistakes (AbdulRahman et al. 2008). Moreover, valuable knowledge can be lost when employees leave their
organisations (Tan et al. 2010).
The lack of learning and knowledge management (KM) practices undermine construction
planning and control (Wang et al. 2019; Fuller, Dainty, and Thorpe 2011). According to AbdulRahman et al. (2008), there is a gap in the literature concerning the integration of the elements of
knowledge reuse and learning in the management of schedule delays and cost overruns. As Tan,
Carrillo, and Anumba (2012) underscore, knowledge loss is common in construction due to the
lack of integration between learning and work processes. These observations suggest that
essential learning from past experience and project failures does not effectively take place in the
construction industry. To improve the situation, it is therefore important to explore the above
issues from the perspective of analysing ‘what’ engenders learning and ‘how’ project-based
construction organisations can link learning and knowledge collaboration to support performance
development.
In response, the main aim of this study is to examine the reuse of project learning and
knowledge as a potential means of building capacity and improving performance, raising the
following research questions in the context of the dynamic setting of construction projects.
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RQ1. How does learning from experience occur?
RQ2. What kinds of knowledge and associated experiences are most beneficial?
RQ3. Why is reusing accumulated knowledge critical in planning and control?
After this introduction to the study, the next section presents the background literature on the
inextricable connection between knowledge, experience and competence in the construction
industry from the project management perspective. The critical need for learning, sharing and
then reuse of knowledge to attain a higher success rate for current and future projects are
contextualised.

From experience to knowledge
According to Kolb (1984, p. 38), experiential learning is “the process whereby knowledge is
created through the transformation of experience.” Davenport and Prusak (2000, p. 5) note that
knowledge is “a fluid mix of framed experience, values, contextual information and expert
insight … for evaluating and incorporating new experiences and information.” For Senge (2006),
learning constitutes the relentless evaluation of experience and transformation of that experience
into knowledge. The PMBOK Guide explains that knowledge can be regarded as either ‘explicit’
knowledge that “can be readily codified using words, pictures and numbers” or ‘tacit’ knowledge
“that is personal and difficult to express, such as beliefs, insights, experience and know-how”
(Project Management Institute 2017, p. 100). Nevertheless, the value of tacit knowledge is often
underrated when compared to its explicit counterpart (Tan et al. 2010). To enhance coordination
in the engineer-to-order supply chain in shipbuilding, Mello et al. (2017) suggest structuring a
lessons learned (LL) process to deal with similar problem situations, as effective decisions very
much rely on (tacit) experience. They also note that the knowledge obtained from post-project
appraisals can be used to assess both technical and management risks.
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Construction is a project-based industry where experience-based knowledge is generated in
every phase of the project (Kivrak et al. 2008; Alashwal and Abdul-Rahman 2014) – providing
various learning situations (Cheetham and Chivers 2001; Tserng and Chang 2008). As Kotnour
(1999, p. 32) explains, “for the project organisation to learn, organisation members must create,
share, and apply knowledge.” To avoid the repetition of similar mistakes, reduce abortive
rework, and optimise the use of human capital by not reinventing the wheel, Maqsood, Finegan,
and Walker (2006) propose exploiting project histories. In another study, Love et al. (2015) point
to the critical need for collective learning to reduce rework and improve the performance of
projects. In this vein, Love and Smith's (2016) work on error management in construction
observe that transforming critical error events into experiences can help prevent repeating the
same mistakes in future projects. This is akin to Kotnour's (2000) assertion that project learning
is essential in competency building from experiences on various projects over time. As such, KM
practices are essential for sustainability in operations (López-Torres et al. 2019).
Kanjanabootra and Corbitt (2016) auto-ethnographic reflexive study of Australian
construction practitioners reveals that inexperienced construction practitioners often rely on the
judgements of seasoned associates to resolve complicated issues. This is in agreement with
Kivrak et al.'s (2008) observation of Turkish contractors, in that project knowledge derives
primarily from team members, the organisation’s experiences, and personal experiences. Thus,
experience is often the best ‘teacher’ for informal learning (Savelsbergh, Havermans, and Storm
2016; Mello et al. 2017), which involves a combination of learning from personal experience and
the experiences of other people, often both together (Eraut 2014). To this end, Davenport and
Prusak (2000) advocate managing project knowledge as an asset, whereas Nonaka and Takeuchi
(1995) suggest leveraging people’s experiences in order to complete projects successfully.
According to Rezgui and Miles (2011, p. 184), “people think and act in a way that is
conditioned by what they have learned.” Learning elevates competitiveness and motivates people
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to attain better delivery, superior quality, and increased client satisfaction (Love et al. 2000;
Gosling et al. 2015). To capitalise on learning, Garvin (1993) outlines the following actions: (1)
systematic problem-solving; (2) trialling innovative approaches; (3) learning from own
experiences; (4) adapting the best practices of others; and (5) exploiting knowledge for
maximum impact. Such learning allows construction practitioners to gather diverse experiences,
derive coherent conclusions, and most importantly learn from others who have carried out
similar tasks in the past. Similarly, Zollo and Winter's (2002) knowledge creation model
encompasses experience accumulation, knowledge articulation, and knowledge codification
processes – empowering organisations to manage projects in an organised and reasonably
predictable manner. In another study, Alashwal and Abdul-Rahman (2014) use partial least
squares-path modelling (PLS-PM) to understand how inter-project learning and knowledge
transfer occur within 36 large construction sites in Malaysia, finding that sharing LL across
projects is essential to avoid the repetition of mistakes. In another study, Cheong and Tsui (2010)
report that personal knowledge management that contributes to individual competences is also
positively correlated with organisation competences. In this vein, active learning significantly
contributes to upgrading organisational capability (Chaston et al. 2001).
Learning situations in which new knowledge emerges involve a variety of events throughout
the project lifecycle, comprising both critical events and regular day-to-day operations (Tan et
al., 2010). However, construction practitioners often fail to recognise a specific event as a
potential learning situation as they are too engrossed in resolving the problems presented by the
situation (Tan et al., 2010). As such, the effective reflection on past construction project
experiences needed to facilitate learning is missing due to time pressures (Senaratne and Sexton
2009). Furthermore, Carrillo et al. (2004) and Disterer (2002) assert that post-project review
meetings are consistently neglected because of time constraints. Thus, being cognisant of the
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different triggers of knowledge creation circumstances is essential for the capture and reuse of
knowledge.

Knowledge management in project-based organisations
In project management, managing knowledge is essentially concerned with reusing existing
knowledge and creating new knowledge (Project Management Institute 2017). In acknowledging
the use of knowledge management practices for effective project management, the Project
Management Institute's (2017) Project Management Body of Knowledge (PMBOK) Guide has
introduced project knowledge management as one of the strategic processes needed to satisfy
project requirements, prompt organisational learning, and competency building with LL from
previous projects and organisational historical information.
Using data collected from a questionnaire survey of construction companies in Malaysia,
Hassan et al. (2016) employ PLS-PM to affirm the positive impact of knowledge management
(KM) practices on project performance. Likewise, Kotnour (2000, p. 404) concludes that
“increased knowledge is associated with increased project performance.” According to Robinson
et al. (2006), KM strategies stimulate the continuous learning needed to attain corporate
sustainability. Another study by Yong and Mustaffa (2013) examines the factors influencing
project success, the competency of project personnel being identified as one of the utmost
important aspects. This finding aligns with Dave and Koskela (2009), Ling and Ma (2014) and
Teerajetgul, Chareonngam, and Wethyavivorn's (2009) studies of the practice of project
knowledge management as an effective control strategy to address construction project
management problems that arise because of the scarcity of skilled personnel. Within this
framework, Abdul-Rahman et al. (2008) leverage continuous learning to mitigate construction
delay – presenting a construction delay mitigation model comprised of four phases: namely, (1)
knowledge identification; (2) knowledge sharing, creation and integration; (3) knowledge
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exploitation; and (4) knowledge storage. In this case, knowledge is reused efficiently in the
exploitation phase, where learned knowledge, learned mistakes, and the principles of problemsolving from previous project experiences are adopted to continuously improve construction
processes, sustain productivity, and facilitate more informed managerial decisions.
More recently, Elwakil and Zayed (2018) develop a U.S. knowledge-based management
system (KBMS) designed to forecast the duration and productivity of construction operations
using data from previous projects. Similarly, Arain and Low (2006) developed a Singapore
knowledge-based decision support system (KBDSS) to assist construction project teams make
informed management decisions by analysing the lessons learned from past projects to enhance
productivity and cost savings. On the other hand, Zhang and Li (2016) examine the effect of
team knowledge reuse on the adversarial influences of knowledge heterogeneity in China
engineering design teams, reporting enhanced efficiency and organisational performance, and
reduced cost. Additionally, trust and collaboration have been shown to be vital drivers for
knowledge sharing, both for project teams (Teerajetgul and Chareonngam 2008) and the entire
construction supply chain (Kim and Nguyen 2018).
Previous studies observe the lack of review meetings after project completion in the
construction industry. For instance, Forcada et al.'s (2013) evaluation of the status of KM in
Spain found that, although construction practitioners are aware of the benefits of KM, most
construction companies have not adopted any systematic KM processes. The same situation also
exists in other such parts of the world as Australia (Shokri-Ghasabeh and Chileshe 2014), Britain
(Carrillo et al. 2004), Malaysia (Yap and Lock 2017) and Portugal (Ribeiro and Ferreira 2010).
Kivrak et al.'s (2008) study of eight leading Turkish contractors reported that knowledge and
lessons learned from previous projects are seldom utilised as they are not available when needed.
Similarly, practitioners often face difficulties in identifying suitable lessons and what new
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knowledge should be captured (Aerts, Dooms, and Haezendonck 2016), impeding effective
learning from past project experiences.
According to Tserng and Chang (2008), the potential value of knowledge can only be
realised if it is reused. Tan et al. (2010, p. 29) construe RPK as
project knowledge which may be reused in subsequent stages of the same project, or other projects
with necessary adaptation to avoid the reinvention of the same knowledge, prevent recurrence of the
same mistakes and for continuous improvement

further elucidating that RPK is generated from a series of circumstances throughout the project
duration, adaptable to the required context, possible of being transferred across different sectors
for reuse, and capable of being transformed into best practice. With these, the project team can
learn from the best practices of others (Luu, Kim, and Huynh 2008; Garvin 1993). According to
Jitpaiboon, Smith, and Gu (2019), project management best practices can be capitalised to ensure
project outcomes. For Zhang and Li (2016), people can leverage the reuse of previous knowledge
in decision-making when information is lacking. Therefore, RPK is an amalgamation of both
tacit and explicit knowledge. To prevent the loss of valuable insights and knowledge due to the
lapse of time, Tan et al. (2007) develop a methodology for the live capture and reuse of
knowledge using a case study approach in the UK, by categorising the various types of RPK into
knowledge relating to construction processes, costing, legal and statutory requirements, best
practices and lessons learned, and “who knows what”. Thus, the positive contributions of reusing
knowledge include acquiring knowledge created by others, improving the quality of existing
knowledge, providing more time for innovation and creativity in problem-solving, as well as
supporting knowledge sharing (Zhang and Li 2016).
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Gaps in knowledge
Most of the literature focuses on developing somewhat effective KM processes (e.g., Tan et
al. 2007; Sun, Ren, and Anumba 2019; Kanjanabootra and Corbitt 2016; Bigliardi, Galati, and
Petroni 2014), and KM tools and techniques (e.g., Yap and Lock 2017; Chhim, Somers, and
Chinnam 2017; Poleacovschi and Engineering 2019; Ribeiro and Ferreira 2010), with a seeming
scarcity of studies that consider the fundamental aspects of learning situations and critical project
knowledge that needs to be captured for future use. Similarly, the PMBOK Guide highlights the
need for managing project knowledge but fails to recommend what knowledge to capture and
how to reuse it. The true benefit of capturing knowledge cannot be exploited unless knowledge is
being reused (Tan et al. 2007). As such, the gaps in existing literature are concerned with how
project learning occurs, what types of knowledge from a project is reusable in other projects, and
how much these parameters affect project outcomes. It is also worth mentioning that these
parameters of growing importance in literature have yet to garner the attention of construction
practitioners; their lack of understanding also hampering experiential learning and limiting
knowledge reuse in the industry.
In response, this study seeks to bridge these gaps by establishing the specific objectives of
understanding: the critical learning situations (CLS) that nurture proficiency (How?); the various
types of knowledge worth capturing so that practitioners have the appropriate knowledge to
reuse wherever and whenever they need it (What?); and how project learning and knowledge
reuse can improve project outcomes (Why?). Thus, the contributions of this study are twofold.
First, the literature gap is bridged by providing both theoretical and empirical rationalisation for
integrating project learning and knowledge reuse to prevent schedule delay and cost overrun
through improving organisational performance, and fostering a learning organisation that
facilitates the learning of its members and continuously improves the quality of its human
resources. Second, the CLS and reusable project knowledge (RPK) identified are useful in
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assisting knowledge reuse and nurturing expert judgement in managerial decision making for the
construction industry and other project-based industries that share common operating
characteristics. In light of this, project learning and knowledge reuse together provide strategic
support for effective and sustainable construction planning and control. Figure 1 shows the
research framework.

Figure 1. Research framework of the study

Research methodology
Given the limited research into creating effective time and cost control through a project
learning approach, exploratory sequential mixed methods provide an appropriate research design
to obtain more profound insights into the research area (Creswell 2014). Figure 2 illustrates the
two-pronged research method used. A qualitative research strategy in the form of in-depth
interviews was first utilised as an inductive approach where phenomena are observed and then
theories developed from the observations (Merriam and Tisdell 2016). A quantitative strategy in
the form of a structured questionnaire survey was then used for statistical analysis and to validate
the qualitative research findings (Creswell 2014). Hence, this study adopted a triangulation
method to better understand project learning and its influence on project performance in
construction projects, as well as to reduce complications associated with bias and validity (Love
et al., 2016).
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To receive feedback from
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interview protocol

Outcome
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project learning and knowledge reuse in
construction project management

The value of lessons learned is not capitalised in
construction but project learning has the capability
to deal with cost overruns and schedule delay issues

To explore the critical situations that engender
project learning and examine the various types of
project knowledge to be captured for future reuse

Identification of critical learning situations and
reusable project knowledge in building construction
projects

To appraise the Malaysian construction
practitioners’ perspective about the learning
situations and reusable project knowledge

List of critical learning situations and reusable
project knowledge from Malaysian perspective

Pre-test

Semi-structured
interviews
To test comprehensibility,
suitability and likely response rate
of questionnaire

Purpose

Pilot study

National survey

Figure 2. Research design of the study

Stage 1: Semi-structured interviews
Interviewing is a suitable data collection method in the exploratory stage of this study,
where the participants answer questions about what they think, do or feel (Creswell and Poth
2018), and recall regarding critical incidents (Flanagan 1954) in order to obtain in-depth insights
from their rich experiences. The critical incident technique (CIT) is a well-established technique
in interpretive and exploratory research that emphasises the subjectivity of experience to
facilitate theory building (Bott and Tourish 2016). In this respect, critical incidents encompass
the respondent’s experiences that are most salient, memorable, and most likely to be retold to
others (Tuuli and Rowlinson 2010). The practicality and appropriateness of the CIT in
organisational learning research has been demonstrated in several studies (Cope and Watts 2000;
Kaulio 2008). Here, the interviews aimed to explore the use of CLS and RPK by experienced
practitioners using standardised open-ended questions. The interview participants were asked to
answer the questions: In your opinion, what are the situations that will stimulate learning from
past experiences? Why are these important? and What are the reusable project experiences (or
knowledge) that are important to be captured for future use? How are these useful? To allow
probing, phrases such as ‘please tell me more’ and ‘can you explain with some examples’ are
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included to elicit detailed answers from the participants. Pre-testing involved five experts,
consisting of two academics with doctoral qualifications and three construction practitioners with
more than 20 years of working experience each. They were requested to provide feedback to
ensure the questions work as intended.
A purposive sampling technique was used to select the interview participants, comprising 12
practitioners representing three primary stakeholders (4 clients, 4 consultants, and 4 contractors)
in the building sector to maximise the quality of information. Similar to Tuuli and Rowlinson 's
(2010) work using CIT in a construction-based setting, the diversity of participants ensured that
the incidents collected comprehensively cover the diverse perspectives. All the participants were
currently in senior managerial positions with over 10 years of relevant construction experience
and tertiary education. In the semi-structured face-to-face interviews, they detailed the situations
they considered critical to learning, and the project experiences worth capturing, for future reuse
in building projects in which they were involved. They also elucidated how project experiences
and knowledge reuse influence project performance, particularly relating to schedule and cost
management. The interviews lasted between 45 and 60 minutes, audio-recorded with prior
consent and supplemented with note-taking for ease of transcription and to maintain validity, and
continued until data saturation was reached (Merriam and Tisdell 2016).
In the analysis, the participants’ anonymity is maintained by labelling them as X1 to X12 in
Table 1. As the number of interviews is manageable, the data was analysed manually following
the method of interview transcript analysis as suggested by (Creswell 2014). In the process of
coding, information with comparable patterns was assigned to predetermined and emerging
themes. The exploratory qualitative content analysis resulted in the identification of seven CLSs
and 11 RPK types (see Table 1). These parameters were further validated for aptness by 11
experts – 5 with over 30 years’ experience and 6 with 20 years’ working experience in the
Malaysian construction industry.
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Table 1. Content analysis of critical learning situations and reusable project knowledge
Ref
LS1

Description
Critical learning situations (CLS)
Project mistakes/errors

LS2

Painful experiences (loss of time, money,
fatality, injury)

LS3
LS4
LS5

Difficult obstacles
Self-improvement desires
Mentoring/sharing (willingness to share
experience with others)
Team working relationship (team spirit)
Debriefing sessions
Reusable project knowledge (RPK)
Construction process knowledge
Design and construction detailing

LS6
LS7
R1
R2
R3
R4

X1

X2

x

x

X3

X4

X5

X6

X7

X8

x

x

x

x
x
x

x
x

x
x

x
x
x

x
x

R5

Client expectations
Authority requirements and submission
procedures
Dealing with contractors and subcontractors

x

R6

Construction techniques

x

x

R7
R8
R9

Planning of work
Knowledge of good suppliers
Quality control procedures

x

x
x

R10
R11

Working as a team (team spirit)
Knowledge of who knows what

x
x

X10

X11

x

x

x

x

x

x

x

x
x

x

x
x

x

x
x

x

x

x
x

x

x
x

x
x

x

x
x

x

x

x

x

x

x

x

x

x

x

x

x

x
x
x

x

x

x

x

x

Manifestation in critical incidents
“individual needs to learn from his/her mistakes and not repeat the
same mistake twice” X8
“when previous experiences of project accidents involve loss of human
lives, you would definitely not want that to happen again as you will
always feel the pain” X3
“things that don’t kill you will make you stronger” X1
“use past experience to create design thinking in a new project” X10
“share knowledge to learn” X4

x

x

“repeat team spirit in every project” X8
“call a review meeting after the project” X2

x
x

x
x

x
x

x

“process sequence” X1
“always use the base drawings of previous projects to refurbish designs
to new requirements” X10
“customer feedback” X9
“plan submission… what is required by authority. Submission and
handover to authorities” X6
“Should specify requirements clearly before award. Not hoping
contractor can do their best” X5
“for high rise building, try to use system formwork instead of
conventional formwork for saving time and rubbish clearing, being neat
and tidy” X11
“forecasting capability” X2
“good people, good contractor/suppliers” X3
“after project completion, identify the defects… due to design detailing,
product specification, construction method or quality control process”
X5
“maintain good human relationship, working as a team” X6
“select the right people for the right project” X2

x

x
x

X12

x
x

x

X9

x

x

x
x

Note: The interviewees are coded X1 to X12 for anonymity.
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Stage 2: Questionnaire survey
An earlier qualitative approach was used to develop the questionnaire. Two parts of the
questionnaire involved are used in this study. The first consists of the respondents’ general
demographics (e.g., sector involved, positions, education background, and number of years
working experience) while the second provides for the individual rating of parameters. Each item
is measured on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). A
pilot study was first administered with 35 construction practitioners to confirm the suitability,
clarity, and comprehensibility of the questionnaire.
Table 2. Respondents’ background
Parameter
Sector involved
Private
Government
Designation
Executive
Manager
Senior Manager
Directors
Education background
Diploma
Bachelor
Master
PhD
Working experience (years)
1 to 5
6 to 10
11 to 15
16 to 20
more than 20

Client

Consultant

Contractor

Total

Frequency (%)

53
32

118
56

57
22

228
110

67.5
32.5

36
28
18
3

98
25
22
29

40
23
14
2

174
76
54
34

51.5
22.5
16.0
10.1

9
53
22
1

5
120
44
5

7
56
16
0

21
229
82
6

6.2
67.8
24.3
1.8

16
22
21
16
10

59
33
24
23
35

31
13
14
9
12

106
68
59
48
57

31.4
20.1
17.5
14.2
16.9

In the main survey, non-probability convenience- and judgement-based sampling was
adopted, in which 1100 electronic questionnaires were sent by email to selected practitioners
across Malaysia. The practitioners were chosen for the survey on the basis of two criteria: (i)
being from a client, consultant, or contractor organisation; and (ii) having been involved in
building construction projects in Malaysia. Over a period of 3 months, 338 (29.4%) valid
responses were returned, which is good for a survey of this kind (Malhotra and Grover 1998;
Roscoe 1975). Table 2 summarises the background information of the respondents, showing
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approximately 50% to be in managerial positions with over 10 years of experience in the
building sector, and most (around 95%) with a bachelor degree or higher.

Analysis and ranking of parameters
Cronbach’s α for CLS and RPK are 0.772 and 0.894 respectively, which is higher than 0.70
value needed for acceptable reliability and internal consistency of the research instrument (Hair
et al. 2010). Table 3 presents the ranking of the parameters using the mean score method, as this
approach is widely utilised to prioritise variables in construction and knowledge management
research (Manley and Chen 2017; Dang, Le-Hoai, and Kim 2018). The three most significant
CLS are: (1) team working relationship (mean = 4.18); (2) sharing of experiences with others
(mean = 4.08); and (3) project mistakes (mean = 4.07). Sharing knowledge between team
members is crucial to achieving organisational learning and collective competence (Hu and
Randel 2014; Irani et al. 2017). Similarly, Bishop et al.'s (2009) study of the British construction
industry asserts that collaborative working (“knotworking”) potentially enhances the quality and
quantity of learning, relative to the traditional adversarial ways. Leveraging on digital edge for
knowledge sharing, Irani et al. (2017) suggest using social media/Web 2.0 for sense- and
decision-making to improve quality, cost, and flexibility. Kotnour (2000) asserts that willingness
to address problems, mistakes, and errors openly and honestly stimulates learning, and produces
LL that can then be shared and reused. One contractor interviewee specifically stressed that team
spirit emboldens synergic relationships between the various professionals involved to complete
projects successfully, also opining that individuals should not repeat the same mistakes more
than twice; otherwise self-improvement has not materialised. As such, transforming error events
into experiences enables error management (Love and Smith 2016). Another client interviewee
suggested seeking guidance from experienced individuals as part of mentored learning to help
understand the issues with an open mind. Experienced-based and tacit knowledge can be
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effectively disseminated through storytelling and coaching programs (Terzieva and Morabito
2016). Another consultant interviewee added that managing human relationships is essential in
project-based work. This finding is akin to Eraut (2014) advocation that group activities
regularly give rise to project learning.
The practitioners ranked (1) construction process knowledge (mean = 4.43); (2) planning of
work (mean = 4.42); and (3) design and construction detailing (mean = 4.37) as the three most
significant RPK. Process knowledge concerns the execution of various stages of a construction
project, which includes briefing, design, estimating, and construction, as well as operation and
maintenance. These knowledge types are sometimes captured in the form of standard procedures
(e.g., a design manual for design knowledge) but mostly remain tacit (Tan et al., 2010). One
client interviewee advised that the procedures required for local council plans submission and
handover inspection processes can be considerably reused. In this regard, generic management
processes can be contextualised and adapted for new situations. Good pre-project planning
addresses project risk and commits resources to ensure project success (Lee, Thomas, and
Tucker 2005). As a client interviewee noted, the project manager could plan the development
schedule with well-informed judgement based on timelines from previous similar projects. The
majority of defects and rework in construction projects are due to poor technical detailing or
errors (Sommerville 2007), giving rise to design changes during construction stages (Mohamad,
Nekooie, and Al-Harthy 2012). Most interviewees highlight that good detailing needs to be
adopted in future projects. One contractor interviewee concurred that practical detailing helps
assure the quality of workmanship. Indeed, the replication and adaptation of knowledge to solve
common problems adds value through the efficiencies that result from not spending
time recreating existing knowledge.
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Table 3. Mean scores and ranking of CLS and RPK
Clients (N = 85)
Consultants (N = 174)
Contractors (N = 79)
Overall (N = 338)
Parameter
Mean
SD Rank
Mean
SD Rank
Mean
SD Rank
Mean
SD Rank
CLS
LS6
4.16 0.74
1
4.17 0.60
1
4.22 0.80
1
4.18 0.68
1
LS5
3.94 0.71
4
4.14 0.72
2
4.10 0.71
3
4.08 0.72
2
LS1
4.07 0.67
2
4.09 0.65
3
4.04 0.82
4
4.07 0.70
3
LS2
4.04 0.78
3
4.07 0.84
4
4.13 0.84
2
4.07 0.82
4
LS3
3.89 0.80
5
3.98 0.71
5
3.78 0.81
7
3.91 0.76
5
LS4
3.82 0.73
7
3.81 0.73
6
3.90 0.86
5
3.83 0.76
6
LS7
3.85 0.73
6
3.78 0.68
7
3.78 0.94
6
3.80 0.76
7
RPK
R1
4.41 0.62
2
4.40 0.63
1
4.51 0.57
1
4.43 0.61
1
R7
4.46 0.61
1
4.37 0.68
2
4.47 0.60
2
4.42 0.64
2
R2
4.35 0.61
3
4.34 0.65
3
4.44 0.59
3
4.37 0.63
3
R10
4.31 0.64
4
4.30 0.68
4
4.29 0.75
5
4.30 0.68
4
R6
4.15 0.66
7
4.28 0.63
5
4.30 0.67
4
4.25 0.65
5
R4
4.27 0.75
5
4.26 0.69
6
4.06 0.70
9
4.22 0.71
6
R9
4.25 0.69
6
4.20 0.67
8
4.15 0.66
6
4.20 0.67
7
R5
4.07 0.72
8
4.21 0.69
7
4.10 0.73
7
4.15 0.71
8
R11
4.04 0.76
9
4.10 0.87
9
4.10 0.87
8
4.12 0.76
9
R8
3.96 0.64
11
4.01 0.69
10
4.01 0.69
10
4.01 0.70
10
R3
4.04 0.76
9
3.80 0.91
11
3.80 0.91
11
3.91 0.79
11
Note: Criticality: 5 = extremely critical (E.C); 4 = very critical (V.C); 3 = critical (C); 2 = somewhat critical; 1 = not critical.

Criticality
V.C
V.C
V.C
V.C
C
C
C
V.C
V.C
V.C
V.C
V.C
V.C
V.C
V.C
V.C
V.C
C

The non-parametric Kruskal-Wallis test, used in previous similar studies (e.g., Yong and
Mustaffa 2013; Kwofie, Botchway, and Amos-Abanyie 2018). indicates the perceptions of the
three stakeholder groups are not statistically different at the 5% level. This corresponds with
Dang, Le-Hoai, and Kim's (2018) lack of significant difference between consultants and
contractors in assessing knowledge enabling factors that can contribute to organisational
effectiveness in Vietnam.

Project learning in time and cost control
Table 4 summarises the surveyed practitioners’ rating of the importance of capturing project
knowledge for reuse, use of past project experiences to facilitate decision-making in coming
projects, and effectiveness of project learning in time and cost control. This shows that they have
a high level of awareness of the significance of project learning in enhancing aptitude and expert
judgement of individuals as well as project time and cost performance. The Kruskal-Wallis test
again found no significant differences (at the 5% level) between the practitioner groups.
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Table 4. Project learning in time and cost control
Parameter
Knowledge reuse
Expert judgement
Time control
Cost control

Clients
Mean
4.54
4.62
4.25
4.22

SD
0.55
0.58
0.67
0.68

Consultants
Mean
SD
4.61
0.58
4.66
0.58
4.38
0.68
4.33
0.69

Contractors
Mean
SD
4.70
0.52
4.70
0.54
4.35
0.60
4.34
0.71

Overall
Mean
4.61
4.66
4.34
4.30

SD
0.56
0.57
0.66
0.69

Correlation analysis
The existence and strength of relationships between RPK and the critical parameters for
project learning in time and cost control is measured by Spearman’s non-parametric correlation
analysis (Shokri-Ghasabeh and Chileshe 2014). The results are summarised in Table 5, which
shows all 11 RPK to be significantly positively correlated (at the 1% level) with knowledge
reuse, expert judgement, and effective time and cost control. The strongest correlations for
knowledge reuse are (1) construction process knowledge (r = 0.565), (2) design and construction
detailing (r = 0.506), (3) dealing with contractors and subcontractors (r = 0.441), and (4)
construction techniques (r = 0.441). For expert judgement, the strongest correlated project
experiences are (1) construction process knowledge (r = 0.475), (2) design and construction
detailing (r = 0.475), and (3) planning of works (r = 0.457). In terms of time control, the most
significant experiences are (1) dealing with contractors and subcontractors (r = 0.488), (2)
construction techniques (r = 0.487), and (3) quality control procedure (r = 0.433). In terms of
cost control, the most significant experiences are: (1) dealing with contractors and subcontractors
(r = 0.449); (2) design and construction detailing (r = 0.443); and (3) construction techniques (r
= 0.414).
Project learning, therefore, has a positive and moderate influence in controlling the time and
cost of building construction projects through effective knowledge reuse and enhancement of
expert judgement of project team members. This is in agreement with Abdul-Rahman et al.'s
(2008) claim that project learning practices cannot entirely diminish overruns but their effective
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application could improve future project outcomes. In contrast, ‘functional stupidity’ refers to the
inability to learn and resolve current predicaments to improve project performance (Love et al.
2018).
Table 5. Spearman’s ƿ correlation test for project learning
Parameter
R1
R2
R3
R4
Knowledge reuse
0.565**
0.506**
0.310**
0.309**
Expert judgement
0.475**
0.475**
0.296**
0.269**
Time control
0.411**
0.423**
0.299**
0.352**
Cost control
0.349**
0.443**
0.326**
0.269**
Note: ** denotes significant at the ƿ < 0.01 level (two-tailed).

R5
0.441**
0.424**
0.488**
0.449**

R6
0.441**
0.426**
0.487**
0.414**

R7
0.428**
0.457**
0.385**
0.375**

R8
0.283**
0.307**
0.350**
0.333**

R9
0.380**
0.382**
0.433**
0.408**

R10
0.418**
0.392**
0.388**
0.384**

R11
0.391**
0.353**
0.368**
0.375**

Discussion
The most critical CLS are teamwork, mentoring/sharing, mistakes, and painful experiences
(see Table 3). Heeding Larsson and Larsson's (2018) caution that construction involves
multidisciplinary professionals working in a fragmented manner, collaborative work culture is
clearly important for effective communication and shared learning (Yap, Abdul-Rahman, and
Chen 2017; Manley and Chen 2017). According to Senaratne and Sexton (2009), different forms
of knowledge are created and shared between team members in construction projects but are very
much socially constructed and centred on tacit knowledge and the experience of the members.
As such, a collaborative environment is needed to stimulate knowledge sharing in project
meetings and informal gatherings (Teerajetgul and Chareonngam 2008). According to Eltigani et
al. (2019), the most widely used learning mode in most organisations is face-to-face interactions
where people learn from people. This can be seen in Nonaka and Takeuchi's (1995) knowledge
creation cycle which stresses socialisation in generating knowledge and sharing it with
individuals working collectively. Personal relationships strengthen peer-group networks in
sharing knowledge (Chen, Lin, and Yen 2014; Kim and Nguyen 2018). According to Lindhard
and Jesper (2016), improved experience sharing and communication enhance competencies,
commitment, and coordination, which ultimately increases the likelihood of project success.
Nonetheless, collaborative capability in networked organisations such as in the construction
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industry is influenced by past experiences as well as future promises (Ulbrich et al. 2011).
Organisations can stimulate work teams to bond, collaborate, and work efficiently toward
common goals by actively fostering motivational climates such as indicating the performance
and learning goals (Caniëls, Chiocchio, and van Loon 2019). Apart from learning by doing,
mentoring is also an important exploitative learning mechanism (Cheetham and Chivers 2001;
Maqsood, Finegan, and Walker 2006; Love and Smith 2016). Junior members will be able to
leverage LL from experienced members (Kanjanabootra and Corbitt 2016) to address similar
problems as well as make better-informed planning decisions concerning the most appropriate
quality control procedures and construction techniques to use. In this connection, BallesterosSánchez, Ortiz-Marcos, and Rodríguez-Rivero (2019) propagate executive coaching has positive
influences on personal competencies linked to leading, managing and problem-solving.
According to Mainga (2017), “fear of negative sanctions when disclosing project mistakes” is a
leading factor inhibiting knowledge transfer between projects. In this respect, a ‘no-blame
culture’ helps create a conducive learning environment (Lloyd-walker, Mills, and Walker 2014;
Love, Teo, et al. 2018). Those who cannot remember their past failures are likely to repeat their
mistakes (Kululanga et al. 1999). In continuous capability building, personnel need to think
about the past and learn from their mistakes (Garvin 1993). A project retrospective therefore
provides individuals with an opportunity to reflect on issues that have taken place as well as
compare personal experiences with different people to widen one’s social network and aptitude
(Terzieva and Morabito 2016). In essence, learning is needed to avoid making mistakes and
repeat successes (Carrillo, Ruikar, and Fuller 2013; Zhang et al. 2019; Eltigani et al. 2019).
As shown in Tables 3 and 5, good “knowing” or understanding of construction process
knowledge, careful construction planning, befitting design and construction detailing, effective
teamwork, and tried and tested construction techniques are vital RPK for successful time and
cost management – ultimately contributing to improved delivery outcomes. Building
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construction projects involves complicated processes from inception to completion. Even though
every engineer-to-order building project is unique, each time a new building is being built, the
process follows typical steps – an extremely valuable “factor of production”. For instance, a
previous building may not be identical with a new one, but the knowledge gained is capable of
adaptation to make it work in the new context (Tan et al. 2010). As underscored by Sørensen et
al. (2015), knowledge sharing is concerned with acquiring knowledge in one situation to be
utilised in another situation. Hence, acquiring process knowledge through on-the-job experiences
and shared-learning/mentoring is crucial for the effective planning and productive execution of
building projects. Designers can leverage relevant experiences from past projects – reducing trial
and error by adopting the current best industry practices. Good detailing inhibits the recurrence
of similar design and construction errors. In agreement with Hansen, Too, and Le (2018),
improved front-end planning can be attained through experiences gained from earlier projects,
which is also likely to minimise non-value added activities during the implementation stage.
Thus, an effective knowledge management system is then needed to capture and disseminate the
RPK (Bigliardi, Galati, and Petroni 2014; Tan, Carrillo, and Anumba 2012). This is consistent
with the PMBOK LL approach, where stories and cases occurring during a project are captured
and stored in organisational knowledge repositories to be made available to improve the
performance of future projects (Project Management Institute 2017).On the contrary, failure to
engage critical reflection or simply an inability to learn, creates more abortive rework (from
repeated mistakes), which persistently undermines project performance with “functional
stupidity” (Love et al., 2018).
In Table 5, how to deal with contractors and subcontractors is found to have the strongest
correlation with time and cost control. In any construction project, the performance of
contractors and subcontractors affects project outcomes (Mpofu et al. 2017). According to
Bagaya and Song's (2016) recent study of the causes of construction delays in Burkina Faso, the
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significant contractor-induced causes are poor subcontractor performance, inadequate planning
and scheduling, low bidding of the contractor, poor site management and supervision, and
inadequate contractor experience. This finding further supports the claim by Ling and Ma (2014)
that the competency of contractors is more associated with project outcomes than the
competency of consultants. The other two significant project experiences of construction
techniques and quality control procedures are related to contractors, whereas design and
construction detailing are associated with consultants. This is akin to many studies concerning
project overruns (Sweis et al. 2008; Sambasivan and Soon 2007), which rank contractor-related
factors higher than consultant-related factors in causing delays and cost overruns.

Theoretical contributions
The present study makes several theoretical contributions in two dimensions: originality and
utility (Corley and Gioia 2011). It explores the critical situations (what) in engendering
experiential learning and identifies various types of reusable knowledge (how) to add to the
small existing body of knowledge in the project and knowledge management domain. The
concepts of learning from experience and knowledge reuse are well known. However, there is
little empirical research aimed at integrating the elements of knowledge and learning in
mitigating construction overruns. For this reason, this study bridges the identified knowledge
gap, to assimilate active learning and knowledge reuse in the preventive management of
construction overruns (why), and building a capability for improved results with sustainable time
reduction and cost savings. For that reason, the study can be regarded as an incremental
contribution in integrated existing theories and processes to help develop a sustainable solution
to the perennial problem of poor project knowledge (competency gap) that continues to
undermine the performance of project-based and management-by-projects organisations.
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Managerial and practical implications
This study provides insights for practitioners to recognise the circumstances for learning that
facilitate knowledge creation and lessen the impact of knowledge loss. Effective project learning
contributes to an overall increase in organisational knowledge, wisdom, and efficiency while
knowledge reuse helps the skills, experience, and expertise of project personnel to be effectually
leveraged to improve project performance. To engender collective learning, the study indicates
the need to encourage collaborative teamwork in project-based organisations and sharing
experiences between team members. Moreover, a mentorship program would help connections to
be made to retain and share crucial project knowledge as well as establishing a supportive
platform for problem solving. Critical reflection of past mistakes helps avoid making similar
mistakes. As Love et al. (2018) observe, this involves detection – knowing an error has occurred;
explanation – knowing what was done and what should have been done; and handling and
recovery – knowing how to undo the effect of the error and achieve the desired state.
Given the relationship between competency and project delays/failures, the findings suggest
that engineering and project managers should adopt the practice of reusing project knowledge to
increase the prospects of the successful and consistent delivery of projects by improved
predictability, accurate and timely responses to problems, and management of project
constraints. Construction practitioners’ increased reuse of knowledge concerning engineering
and project associated processes, planning, and detailing aspects, helps avoid wasting valuable
time and resources in ‘reinventing the wheel’ or repeatedly experimenting with solutions to
previously solved problems. Additionally, useful technical and managerial best practices can also
be embedded into personnel development and training process to help bridge the competency
gap. From a project management perspective, reusable knowledge is capable of being ‘tailored’
to different contexts, and therefore needs to be considered a valuable asset for resource
optimisation. Thus, the effective and efficient management of project knowledge within project-
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based engineering organisations should be considered of strategic value along with improved
competency and sustainability.
A further important practical contribution is to reveal a consensus between the three
practitioner groups over the value and usefulness of project learning and knowledge reuse in
enhancing expert judgement and improving time-cost control. The parameters presented in Table
3 provide practitioners and researchers alike with insights into knowledge creation events and the
various types of reusable project knowledge for future projects.

Limitations and further studies
A limitation of the study is that a considerable portion of new knowledge created in the
learning situations is tacit, and therefore mainly shared through human interactions. Interpersonal
and team skills guide the level of knowledge sharing. However, soft skills and cultural issues are
not addressed in this study, making this a useful potential topic for further study. More work is
additionally needed to examine the most useful tools and techniques in the capturing and
dissemination of RPK for maximum impact. Moreover, as the current study is focused solely on
the building sector, it would be worth continuing this exploratory study by collecting opinions
from such other construction-based sectors as infrastructure and hydrocarbon. Finally, in-depth
case studies would broaden the validation of the CLS and RPK with greater context.

Concluding remarks
That delays and cost overruns often undermine the performance of the construction industry
worldwide has led to extensive research into how to alleviate the situation. Despite this, there are
little signs of improvement, implying a lack of understanding of the lessons learned and
competency to address the situation (Love et al. 2018; Carrillo, Ruikar, and Fuller 2013). Little is
also known of critical learning situations (CLS) and types of reusable project knowledge (RPK)
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involved in construction, and other project-based industries that share common operating
characteristics (Tan et al. 2010). This paper extends the limited knowledge available by
exploratory sequential mixed methods comprising a series of semi-structured interviews with
experienced construction practitioners, followed by a reasonably large-scale survey of industry
practitioners to reveal the CLS and RPK involved.
The first objective and research question is to examine how project learning can occur on a
construction project. The results show the most significant CLS to engender project learning to
be team working relationship (team spirit), mentoring/sharing (willingness to share experience
with others), and project mistakes/errors. The second objective is to investigate the types of
reusable project knowledge available, the findings revealing that the most useful RPK for
construction planning and control are construction process knowledge, planning of work, and
design and construction detailing. The third objective is to investigate the extent to which project
learning and knowledge reuse practices lead to a better construction planning and control. Here,
a significant positive impact is found of project learning and knowledge reuse on time and cost
control, in which past project experiences enhance expert judgement and support building the
capability of human resources – thus contributing to construction organisations’ competitiveness
and sustainability.
The adoption of project learning and knowledge reuse in construction could prevent or
reduce future overruns – with a potential for improved time and cost savings, process
efficiencies, and reduction in errors and rework. The findings presented above indicate that
project learning can improve competency in managerial decision-making, and the reuse of
project knowledge can significantly reduce the cost and time spent in resolving problems –
ultimately increasing the prospects of success with lessons learned derived from previous project
experiences and industry best practices. In this respect, this study bridges the knowledge gap
relating to project learning and knowledge reuse in construction planning and control, enabling
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sustainable project management through the increased effectiveness of knowledge management
practices.
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