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ABSTRACT
Lean construction is considered one of the newest research areas that are
adopted in construction industry. It is defined as a continuous process of eliminating
waste, increasing value, and meeting or exceeding customer requirements. Reducing the
wastes in process, time and costs, and maximizing the value added are considered a
crucial strategy to be implemented in construction projects. This practice is applicable
throughout the lean construction principle.
The aim of this research is to improve and enhance the awareness and
understanding of the applicability of lean concept in the Gaza construction industry. The
objectives of this research are to investigate the key factors supporting the applicability
of lean concepts in construction projects, identify the challenges of lean construction
principles, and to investigate the proper tools/techniques that can be conducted
effectively in lean construction.
This research relied principally on analytical, descriptive and field study
methodologies. The first approach is by reviewing the studies and literatures in this area.
The second approach was a questionnaire which targeted the construction industry
companies. A questionnaire was applied on a sample of 92 contracting companies.
Collected data was analyzed and results were illustrated.
The results showed that the team work and leadership management are the main
factors that affect the applicability of lean construction principles in the Gaza strip.
Concurrent engineering processes with integrating engineering aspects during each stage
of work, comprehensive and continuous productive maintenance for all equipment by
expert team, and Just In Time tools are considered the most important tools that will
support lean construction adaptation.
The study recommended that high collaboration and strong relationship between
labors and top management should be exerted to enhance and develop the lean
construction implementation. Contractors are recommended to keep continuous
development and learning from the previous projects that they completed. Clients are
recommended to start injecting mandatory clause in the contract that supports Lean
construction.
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ﻣﻠﺨﺺ اﻟﺒﺤﺚ
ﯾﻌﺘﺒﺮ اﻟﺘﺸﯿﯿﺪ اﻟﻤﺮن واﺣﺪا ً ﻣﻦ أﺣﺪث ﻣﺠﺎﻻت اﻷﺑﺤﺎث اﻟﻤﻌﺘﻤﺪة ﻓﻲ ﺻﻨﺎﻋﺔ اﻟﺘﺸﯿﯿﺪ .وﺗﻌﺮف ﺑﺄﻧﮭﺎ اﻟﻌﻤﻠﯿﺔ
اﻟﻤﺴﺘﻤﺮة اﻟﺘﻲ ﺗﮭﺪف إﻟﻰ اﻟﺤﺪ ﻣﻦ اﻟﮭﺎﻟﻚ واﻟﺰﯾﺎدة ﻓﻲ اﻟﻘﯿﻤﺔ ﻣﻊ ﺗﻠﺒﯿﺔ اﺣﺘﯿﺎﺟﺎت وﻣﺘﻄﻠﺒﺎت اﻟﻌﻤﻼء .إن ﺗﻘﻠﯿﻞ
اﻟﻔﺎﻗﺪ ﻓﻲ أداء اﻟﻌﻤﻠﯿﺔ واﻟﻮﻗﺖ واﻟﺘﻜﺎﻟﯿﻒ وزﯾﺎدة اﻟﻘﯿﻤﺔ ﺗﻌﺪ اﺳﺘﺮاﺗﯿﺠﯿﺔ ﺣﺎﺳﻤﺔ ﻓﻲ ﺗﻨﻔﯿﺬ اﻟﻤﺸﺎرﯾﻊ اﻹﻧﺸﺎﺋﯿﺔ .ھﺬه
اﻟﻤﻤﺎرﺳﺎت ﻗﺎﺑﻠﺔ ﻟﻠﺘﻄﺒﯿﻖ ﻣﻦ ﺧﻼل ﻣﺒﺪأ اﻟﺘﺸﯿﯿﺪ اﻟﻤﺮن.
إن اﻟﮭﺪف اﻷﺳﺎﺳﻲ ﻣﻦ ھﺬا اﻟﺒﺤﺚ ھﻮ ﺗﺤﺴﯿﻦ وﺗﻌﺰﯾﺰ اﻟﻮﻋﻲ واﻟﻔﮭﻢ ﻟﻤﺒﺪأ اﻟﺘﺸﯿﯿﺪ اﻟﻤﺮن وﻣﺪى إﻣﻜﺎﻧﯿﺔ
ﺗﻄﺒﯿﻘﮫ ﻓﻲ ﺻﻨﺎﻋﺔ اﻟﺘﺸﯿﯿﺪ ﺑﻘﻄﺎع ﻏﺰة .ﯾﮭﺪف اﻟﺒﺤﺚ إﻟﻰ اﻟﺘﺤﻘﻖ ﻣﻦ اﻟﻌﻮاﻣﻞ اﻟﺮﺋﯿﺴﯿﺔ اﻟﺘﻲ ﺗﺪﻋﻢ ﺗﻄﺒﯿﻖ ﻣﺒﺎدئ
اﻟﺘﺸﯿﯿﺪ اﻟﻤﺮن ,وﺗﺤﺪﯾﺪ اﻟﺘﺤﺪﯾﺎت اﻟﺘﻲ ﺗﻮاﺟﮫ ﺗﻄﺒﯿﻘﮫ ,وأھﻢ اﻷدوات واﻟﻄﺮق واﻟﺘﻘﻨﯿﺎت اﻟﺘﻲ ﯾﻤﻜﻦ أن ﺗﺠﺮي ﺑﺸﻜﻞ
ﻓﻌﺎل ﻓﻲ اﻟﺘﺸﯿﯿﺪ اﻟﻤﺮن ﻓﻲ اﻟﻤﺸﺎرﯾﻊ اﻹﻧﺸﺎﺋﯿﺔ ﺑﻘﻄﺎع ﻏﺰة.
اﻋﺘﻤﺪ اﻟﺒﺤﺚ ﺑﺸﻜﻞ أﺳﺎﺳﻲ ﻋﻠﻰ اﻟﻤﻨﮭﺞ اﻟﻮﺻﻔﻲ اﻟﺘﺤﻠﯿﻠﻲ وأﺳﻠﻮب اﻟﺪراﺳﺔ اﻟﻤﯿﺪاﻧﯿﺔ ,ﺣﯿﺚ ﺗﻢ ﻋﻤﻞ
ﻣﺮاﺟﻌﺔ ﻟﻠﺪراﺳﺎت واﻷﺑﺤﺎث اﻟﺴﺎﺑﻘﺔ اﻟﻤﺘﻌﻠﻘﺔ ﻓﻲ ھﺬا اﻟﻤﻮﺿﻮع ,وﻣﻦ ﺛﻢ ﻋﻤﻞ اﺳﺘﺒﯿﺎن ﯾﺴﺘﮭﺪف ﺷﺮﻛﺎت
اﻟﻤﻘﺎوﻻت ﻓﻲ ﻗﻄﺎع ﻏﺰة .ﺗﻢ ﺗﺼﻤﯿﻢ اﺳﺘﺒﯿﺎن ﻛﺄداة ﻟﻠﺪراﺳﺔ وﺗﻢ ﺗﻄﺒﯿﻘﮫ ﻋﻠﻰ ﻋﯿﻨﺔ ﻣﻜﻮﻧﺔ ﻣﻦ  92ﺷﺮﻛﺔ ﻣﻘﺎوﻻت.
أوﺿﺤﺖ اﻟﻨﺘﺎﺋﺞ أن ﻋﺎﻣﻞ )اﻟﻌﻤﻞ ﺑﺮوح اﻟﻔﺮﯾﻖ( وﻋﺎﻣﻞ )اﻹدارة اﻟﻘﯿﺎدﯾﺔ( ھﻲ اﻟﻌﻮاﻣﻞ اﻟﺮﺋﯿﺴﯿﺔ اﻟﺘﻲ
ﺗﺆﺛﺮ ﻋﻠﻰ إﻣﻜﺎﻧﯿﺔ ﺗﻄﺒﯿﻖ ﻣﺒﺎدئ اﻟﺘﺸﯿﯿﺪ اﻟﻤﺮن ﻓﻲ ﺻﻨﺎﻋﺔ اﻹﻧﺸﺎءات ﺑﻘﻄﺎع ﻏﺰة .ﻛﻤﺎ أظﮭﺮت اﻟﺪراﺳﺔ ﺑﺄن طﺮﯾﻘﺔ
ﻋﻤﻠﯿﺎت اﻟﮭﻨﺪﺳﺔ اﻟﻤﺘﺰاﻣﻨﺔ ,وطﺮﯾﻘﺔ اﻟﺼﯿﺎﻧﺔ اﻟﺸﺎﻣﻠﺔ و اﻟﻤﺴﺘﻤﺮة ﻟﻠﻤﻮارد ﺑﻮاﺳﻄﺔ ﻓﺮﯾﻖ وﺧﺒﺮاء ,وطﺮﯾﻘﺔ
اﻟﺘﻮرﯾﺪ ﻓﻲ اﻟﻮﻗﺖ اﻟﻤﻄﻠﻮب ) (Just In Timeھﻲ أھﻢ اﻷدوات اﻟﺘﻲ ﻣﻦ ﺷﺄﻧﮭﺎ أن ﺗﺪﻋﻢ ﺗﻄﺒﯿﻖ اﻟﺘﺸﯿﯿﺪ اﻟﻤﺮن.
أوﺻﺖ اﻟﺪراﺳﺔ ﺑﻀﺮورة ﺗﻮطﯿﺪ اﻟﻌﻼﻗﺔ واﻟﺘﻌﺎون ﺑﯿﻦ اﻟﻌﻤﺎل واﻹدارة اﻟﻌﻠﯿﺎ وذﻟﻚ ﻟﺘﻨﻤﯿﺔ وﺗﻌﺰﯾﺰ ﺗﻄﺒﯿﻖ
اﻟﺘﺸﯿﯿﺪ اﻟﻤﺮن .ﻛﻤﺎ أوﺻﺖ اﻟﻤﻘﺎوﻟﯿﻦ ﻟﻠﺘﻄﻮﯾﺮ اﻟﻤﺴﺘﻤﺮ واﻟﺘﻌﻠﻢ ﻣﻦ اﻟﻤﺸﺎرﯾﻊ اﻟﺴﺎﺑﻘﺔ اﻟﺘﻲ أﻧﺠﺰت .ﻛﻤﺎ أوﺻﺖ
اﻟﻌﻤﻼء ﺑﻮﺿﻊ ﺷﺮط إﻟﺰاﻣﻲ ﻓﻲ اﻟﻌﻘﺪ ﯾﺪﻋﻢ ﺗﻄﺒﯿﻖ ﻣﺒﺎدئ اﻟﺘﺸﯿﯿﺪ اﻟﻤﺮن.
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CHAPTER 1
INTRODUCTION
1.1 Introduction
Within all world industries, construction industry plays major role in world’s
business environment. The environment of construction tends to complexity rapidly and
continuously. With increasing higher users' requirements, environmental awareness and
limited resources on one side, and high competition for construction business
marketplace on the other side, contractors have to be capable of continuously improving
their performance. (Samson and Lema, 2005).
Several studies have been conducted to examine problems in construction
industry sector in Palestine such as; factors affecting performance of construction, and
some conducted to develop this sector, and before introduce the nature of this research,
here are some facts about the construction industry in Palestine.
According to Palestinian Federation of Industries report in April (2009), the
construction sector contributed around 2.5% of GDP and 11.6% of total workforce in
the country in 2007. The sector is susceptible to the political situation and to the trends
of international donations. This sector is featured by highly intermittent temporary
employment rates. It is roughly estimated that the total number of industrial firms
working in this sector is 350 working facilities regardless the size of the enterprise and
the field of specialty. The industry is weak in the processes of validation, inspection and
frequent controls and checks.
It is good to say that the country is moving towards reconstruction and
rehabilitation processes in Gaza Strip which will need a huge amount of building
materials. Moreover, the plans to build new cities and boroughs will also double the
potential demand for construction materials.
The industry needs great efforts to increase awareness among its players and
stakeholders. Educating the operators of industry is vital to consolidate the quality
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culture in the industry. It also needs a proper national campaign to capitalize on its
strengths. Promotional materials are to be published to convey the message of the
industry properly. This could include; website designs, catalogues, brochures and
others. The industry can be motorized by some initiative programs that can include firm
technical assistance, access to finance access to technology and knowhow, workforce
development and policy and regulatory reform.
This research introduces a new culture of management of projects in construction
industry. This culture called “Lean thinking or Lean management or Lean construction”.
All these terms lead to the same idea “Lean”. This culture introduced to the world by
Engineer Ohno, who was working in Toyota Motors (1988). Simply, this culture
developed the traditional approaches and visions of construction rapidly if it can
adopted rightly, and can be shorted in these words “managing and improving the
construction process to profitability deliver what the customer needs by eliminating
waste in the construction flow due to construction contract”.

1.2 Background
Nowadays, the traditional construction management became insufficient to meet the
dynamic changes of the construction industry. Minimizing all forms of wastes and
maximizing the value added become the radical challenge for all stakeholders in
construction industry. The lean construction concept was born by many researchers.
Johansen and Walter (2007) carried out a survey among German construction
companies to discover the understanding of lean principles, perceptions of lean and
trends in lean development. They concluded that there is little awareness of lean in the
German construction industry and that hardly any company uses lean concepts on a
company wide basis despite evidence that procedures and techniques that are used on
German construction sites are generally consistent with lean construction practice.
Johansen and Walter (2007) explained that implementing lean concepts means applying
tools and techniques throughout the stages of a project. It seems, however, that
implementing lean concepts requires a fundamental change of traditional structures in
terms of both organization and behavior.
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Alves and Tsao (2007) clarified that sustainability issues have become increasingly
important in construction projects due to owner awareness about energy efficiency, lifecycle costs and social responsibility. However, in International Group for Lean
Construction (IGLC) conferences showed the importance and potential benefits of this
research area i.e. (lean construction) not only to construction industry stakeholders but
to the society as a whole. Egan (1998) stated that construction industry is a slow
progressing industry with frequent problems such as low productivity, insufficient
quality, time over-runs, and poor safety which hinder customer delivered value. Egan
(1998), Alves and Tsao (2007) and others highlight the critical needs for more deep
studies in this area.

1.3 Lean versus traditional
Daeyoung (2006) studied major differences between lean construction and
traditional forms of project management include control, performance optimization,
scheduling viewpoint, production system and process, performance measurement and
customer satisfaction, for example the definition of control in traditional construction is
monitoring against schedule and budget projections, while lean construction defines
control as causing events to conform to plan. Pavez and Alarcon (2006) believed that
traditional construction pursues the optimization of a specific activity, while lean
construction optimizes the entire project and think the most fundamental difference
between traditional and lean can be found in scheduling. In scheduling, lean has the
“pull” work schedule as opposed to the “push” schedule of traditional construction.

1.4 Problem statement
Reducing the wastes in process, time, costs and other integrated entities and
maximizing the value added is considered a crucial strategy to be implemented in
construction projects. This practice is applicable throughout the lean construction
principle. Lean construction practices are spotlighted in this research to add a valuable
contribution to construction industry stockholders.
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During the life cycle of construction projects, most of contractors are striving to
reduce their losses and maximize their profits overall stages in the project life cycle.
Such attitude is traced strongly with the lean construction philosophy. The real challenge
that faces the clients and contractors is how to measure and quantify their achievements
of lean construction principle. The factors that contribute to strength the adoption of lean
construction concept were in a critical position being highlighted for all project
stockholders. Besides, the challenges that face the adaptation of lean construction was
also in the important track that clarified with the suggested proposals to overcome it.
Moreover, the proper tools/techniques that is effective to be used in construction
projects and empower the lean ideology were also add value in this research.
The research provides a strong value for the decision makers i.e. clients and
contractors to appraise the achievement level of lean construction in their projects. This
study

gives valuable contribution towards the continuous improvement strategy for

construction industry environment, stakeholders, local community and global
community as well.

1.5 Research aim & objectives
1.5.1 Research Aim
The aim of this research is to improve and enhance the awareness and
understanding of the applicability of lean concept in the Gaza construction industry.

1.5.2 Research objectives
1. Investigate the key Factors supporting the implementation of lean construction in the
Gaza strip construction industry.
2. Identify the challenges of implementing lean construction principles in Gaza
construction industry.
3. Investigate the proper tools/techniques that can be conducted effectively in lean
construction.
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1.6 Research methodology
Questionnaire tool was used to achieve the research objectives. The
questionnaire was used to identify the contractor's attitudes, perspectives and practices
of lean construction philosophy, and to investigate tools supporting this philosophy.

1.6.1 Questionnaire design
The questionnaire was designed based on the related studies (literatures) that are in the
line with lean construction concept. Each section in the questionnaire was structured to
attain one single objective.

1.6.2 Data processing and analysis
The collected raw data was sorted, edited, coded and then entered into computer
software. A software program Statistical Package for the Social Science (SPSS) was
used. Appropriate graphical representations and tables were obtained to understand and
analyze the questions. The ordinal scale was used in the analysis process. The relative
importance index (RII) was used in the analysis in addition to other approaches such as
the one way T-test, frequencies and percentiles. Kolmogorove- Smirnov test was used
also to identify if the data follow normal distribution or not, this test is considered
necessary in case testing hypotheses as most parametric test stipulate data to be
normality distributed.

1.7 Table of contents of the thesis
Chapter 1: Introduction.
Chapter 2: Literature review
Chapter 3: Methodology including (Pilot study, field survey)
Chapter 4: Questionnaire results and discussions
Chapter 5: Conclusion and recommendations.
References
Annexes
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CHAPTER 2
LITERATURE REVIEW
2.1 Introduction
Lean management and its development is considered one of the booming areas
overall the world. This concept was born in production engineering and extended to
many industries such as construction industry. The concept was studied by many
researchers like {Koskela, (1992), Tommelein (1999), Ballard (2000), Antonio (2002),
Alarcon et al. (2003), Bertelsen (2004), Alarcon et al (2006), Johansen and Walter
(2007), Muhamad and Mohamad (2011) and others}.
After World War II, Japan adopted the Toyota Production System (TPS) that
was based on a scenario of fluctuating demand. The model developed by engineer Ohno
(1988) was infinitely superior to the mass production system which was the spark of
lean management ideology (Antonio, 2002). Koskela (1992) introduced that Ohno’s
original ideas were based on the adoption of production strategies identified according
to the demand of the downstream production chain, part of a production planning that
ensured that the planned pace was maintained throughout the production process.
Antonio (2002) believed that lean Construction is a new management approach
to improve productivity in the construction industry much research is in progress to
develop lean concepts and principles for better implementation and to get results of the
successful adaptation of lean ideas from manufacturing for application in the
construction industry. Ballard (2000) mentioned that currently, several construction
companies are starting to implement lean construction with nebulous hopes of obtaining
better results from their current projects than from past projects not employing lean
construction. Tommelein (1999) proposed the ideas to achieve a continuous production
flow by adopting monitoring measures for each process phase, aiming to reduce
inventories. Alarcon et al. (2003) studied that if we add this rationale to an attempt to
reduce the waste associated to activities that add no Value to the final product we obtain
a systematic and consistent model.
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2.2 Definition of lean construction
Muhamad and Mohamad (2011) explained that “Lean construction is about
managing and improving the construction process to profitability deliver what the
customer needs by eliminating waste in the construction flow due to construction
contract, specification and agreement between client and other parties by using the right
principle, resources and measure to deliver things right first time”. Lean Construction
Institute (LCI) defined Lean Construction as a production management-based approach
to project delivery in other words, a new way to design and build capital facilities. LCI
defined the general idea of lean is to changes the way work is done throughout the
delivery process, and that Lean Construction extends from the objectives of a lean
production system - maximize value and minimize waste - to specific techniques and
applies them in a new project delivery process.
Womack and Jones (1996) introduced the summery of lean thinking concept as a
way to do more and more with less and less – less human effort, less equipment, less
time and less space – while coming closer and closer to providing customers with
exactly what they want. Macomber and Howell (2003) proposed that lean construction
management should be understood as a series of conversations between the parties
involved and that plans therefore may be seen as promises or commitments made by the
participants to each other, the principles of making and keeping reliable promises and
point at the importance of the person making a promise being also capable of fulfilling
it. Bertelsen (2004) mentioned the new understanding of lean project management as
management of complexity where delegation of responsibility, cooperation and learning
should be central principles.

2.3 Lean construction theory
Clough (1994) identified construction management as a field of applied science
that escaped canonical definition. But one typical definition is that of wherein
Construction management was defined as “The judicious allocation of resources to
complete a project at budget, on time, and at desired quality”, this definition captures
the essence of what inspired, drove, and guided practice and research in the
Construction Management field. Many researches are in progress to develop lean
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concepts and principles for better implementation and to get results of the successful
adaptation of lean ideas from manufacturing for application in the construction industry.

2.4 Conceptual framework of lean construction
It was observed that several researches illustrated the areas that integrated with
the lean construction. Johansen and Walter (2007) provided a conceptual framework of
lean construction as shown in Figure (2.1).

2.4.1 Procurement area:
The procurement method adopted should smooth the progress of design and
construction in such a way that they can take place concurrently. Moreover, the
procurement method should enable early involvement of downstream players in the
upstream process. In this respect integrated procurement strategies such as design &
build, management contracting, private finance initiatives and partnering have been
identified as most effective. In contrast, traditional contracts (e.g. general contracts or
sub-contracts) tend to separate the design from the installation process and also the
participants within. (Johansen and Walter 2007)

Figure (2.1): The conceptual frame work of LC
8
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2.4.2 Management area:
In terms of the development of management concepts in lean construction much
emphasis was given to improving information transparency, managing key service
provider, and initiating improvement strategies. The principles of supply chain
management, concurrent engineering and TQM have been recognized as successfully
applicable to the construction industry. Benchmarking could be added as a management
concept relevant to lean construction, since it helps to improve performance and
competitiveness. The importance of the visualization of processes and practices as well
as the positive consequences of a simplification of procedures has been acknowledged
by introducing principles such as visual management and standardization to the
management of construction. (Johansen and Walter 2007)

2.4.3 Planning and control area:
Further techniques that are significant for LC have been established in project
planning and control. These techniques aim at the reduction of variability and
uncertainty inherent in construction. Planning and control have been combined, because
control in lean construction is primarily achieved by accurate planning near to the
execution of the task. The LPS of production control has been identified as the leading
concept. Among others the system unifies techniques such as work structuring, pull
scheduling, look ahead planning and weekly work planning. Although it may be
possible to employ some of these techniques separately, it has been recognized that they
are most effective when applied together. (Johansen and Walter 2007)

2.4.4 Collaboration area:
Another fundamental feature of lean construction is collaboration. This term
covers many aspects from long-term contractual agreements with sub-contractors,
suppliers, consultants and clients, via the formation of multi-disciplined teams for a
project, to the joint use of information technology for several deliveries or document
exchanges. Techniques found to facilitate the collaboration aspect of lean construction
include partnering, cross-functional teams and the employment of document
management systems or project information systems. (Johansen and Walter 2007)
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2.4.5 Behavior area:
While considering behavioral aspects of lean construction it emerged that a
successful transformation from conventional practice to lean construction requires
participation and dedication from all hierarchical levels, as well as the ability to
critically analyze the structure and culture of one’s own organization. These
requirements can be generalized as ‘commitment to change’ and the ‘ability to selfcriticism’. It has further been acknowledged that certain lean planning techniques
demand a ‘long-term vision’; others require the ‘sharing of incomplete information’.
(Johansen and Walter 2007).

2.4.6 Design area:
The lean approach to construction design was found to employ techniques that
help to prevent value loss by diminishing inconsistent decision-making and to stimulate
flow by enhancing coordination and information procedures. Techniques that focus on
improving decision-making have been identified as concurrent design and a set-based
design strategy. The implementation of design structure matrix, virtual design studios
and virtual reality tools were made out as supporting co-ordination and information
procedures in lean design.

(Johansen and Walter 2007).

2.4.7 Supply area:
With regard to the provision of materials to the construction site, supply
principles have been outlined that facilitate the delivery of materials at the appropriate
time, of the desired quality and to the right amount. Apart from advanced information
technology typical techniques of lean supply have been acknowledged as JIT and
Kanban. In addition it has been noted that the depiction and evaluation of the entire
value stream of supply chains (value stream analysis) improve the delivery process and
the product itself. (Johansen and Walter 2007)

2.4.8 Installation area:
The organization and execution of the installation process in lean construction
has been recognized as primarily following flow principles. This applies to the
movement of work crews and materials as well as to the production processes
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themselves. first run studies and pre-fabrication strategies have been considered as
minimizing uncertainty in production processes. Regarding the effective administration
of the necessary materials on site, the utilization of a site logistic tool such as the 5Smethod has been proofed helpful. (Johansen and Walter 2007)

2.5 Principle of lean construction in project life stages
Howell (1999) explained that the lean production's concept traced to identify and
deliver value to the customer, eliminate anything that does not add value, organize
production as a continuous flow, perfect the product and create reliable flow through
stopping the line, pulling inventory, and distributing information and decision making,
Pursue perfection: Deliver on order a product meeting customer requirements with
nothing in inventory.
Howell (1999) agreed that the adaptation of lean concept in construction should
be integrated within each stage in the project life cycle including planning, design,
procurement, and implementation stages.
Koskela (1992) listed heuristic principles of the new production philosophy: 1)
reduce the share of non-value-adding activities, 2) Increase output value through
systematic consideration of customer requirements, 3) Reduce variability, 4) Reduce the
cycle time, 5) Simplify by minimizing the number of steps, parts and linkages, 6)
Increase output flexibility, 7) Increase process transparency, 8) Focus control on the
complete process, 9) Build continuous improvement into the process, 10) Balance flow
improvement with conversion improvement, 11) Benchmark.
At seventh Conference of the International Group for Lean Construction (IGLC)
and by proceedings editor Tommelein (1999) concluded that the concepts of lean are:
1) Identify and deliver value to the customer value: eliminate anything that does
not add value.
2) Organize production as a continuous flow.
3) Perfect the product and create reliable flow through stopping the line, pulling
inventory, and distributing information and decision making.
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4) Pursue perfection: Deliver on order a product meeting customer requirements
with nothing in inventory.
Womack and Jones (1996) think that lean techniques will be successful with five
keys principles, which are:
1) Specify Value: Garnett (1998) defined value by the ultimate customer’s needs
through tools such as value management, quality function deployment and
simulation.
2) Identify and Map the Value Stream: The value stream identifies all those steps
required to make a product. Koskela 1992 showed that value stream maps can be
understood as processes flow charts that identify what action releases work to
the next operation. At a more tactical level, the value stream map can identify
where waste lies in a particular process and this process analysis shows how
value stream can be achieved more effectively.
3) Flows: Womack and Jones (1996) explained that flows are characterized by
time, cost and value, Resources (labor, material and construction equipment) and
information flows are the basic units of analysis in lean construction. Ballard
and Howell (1994) divided flows into controllable and uncontrollable flows.
Controllable flows such as materials or instructions from the warehouse or
management respectively. Uncontrollable flows such as suppliers’ provisions of
resources and design information.
4) Pull: Thomassen et al. (2003) showed that pull identifies the real need to deliver
the product to the customer as soon as he needs it. The traditional construction
process pushes the client into an often-protracted development process where
risk and uncertainties are prevalent. Ballard (2000) showed the principle of pull
suggests a decision where the ability to define quickly what the client needs
from a building in relation to his business and subsequently customizing and
deliver them more predictably when the client requires them.
5) Perfection: Bohdan (2008) explained this key as a strategic level because what it
defines is the need for this way of working and organizing construction products
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to become a way of life with an inherent culture. To achieve perfection means
constantly considering what is being done; how it is being done and harnessing
the expertise and knowledge of all those involved in the processes to improve
and change it. Howell and Ballard (1998) listed the principles of lean thinking
and production: 1) Stopping the Line, 2) Pulling Product Forward, 3) One-Piece
Flow, 4) Synchronize and Align, and 5) Transparency.

2.6 Key factors supporting lean concepts in construction projects
Several researches showed that there are many factors supporting the
adoptability of lean concepts/principle in construction industry. Hook and Stehn (2008)
concluded that achieving the lean construction that aims to maximize quality and safety
and minimize cost and time can be attained throughout the following drivers/factors;
maintenance of equipment; standardized works; visual information; team work,
multifunctional workers, quality leadership, decentralization and motivation ( these
drivers reflect Involvement tool); small size lot, setup time and scheduling (these drivers
reflect JIT tool); continuous improvement, error proofing, response to defect and waste
reduction (these drivers reflect Continuous Improvement tool).
Salem et al. (2005) concluded that the commitment of the top management for
implementation of lean construction tools may prove to be the most important factor in
successful implementation of these tools. Kim and Park (2006) showed that without a
mandatory clause in the contract, there is no means to enforce all trades to get involved
in lean implementation. Macomber and Howell (2003) showed that most lean
approaches in construction are concentrated in the Lean Construction concept. The
academic debate in LC is to challenge the traditional understanding of projects based on
theories of economics, and adopt project management based on theories of production.
Picchi and Granja (2004) have employed an inductive approach analyzing work
performed in the LC field.
Howell and Ballard (1998) showed that lean management requires: 1)
decentralized decision making that will be fiercely resisted by those who equate it to a
loss in their power. Similar problems arise when a pull mechanism is installed to
manage materials, 2) get the knowledge: Koskela (1992) mentioned that this means to
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get enough knowledge to start and then continue to gain knowledge through
implementation. A focus on system thinking is in order because it is uncommon in
construction. Howell and Ballard (1994) advised to do not ignore the need to understand
basic production management, 3) Find a lever by seizing a crisis or creating one: In
Shingo (1992) showed that every construction project is one crisis after another so this
should not be difficult, This approach can be successful but it makes the experience
difficult to generalize to areas not in crisis.
Womack and Jones (1996) believed that correctly cautions against relying on
reengineering as it is often too narrow and lacks the sense of perfection that shapes lean
thinking. In construction, the value stream inevitably involves other organizations and
seeing them on the map is the first step to developing their participation. Howell and
Ballard (1998) believe that production planning system and the way assignments made
is the place to start.
Pavez and Alarcon (2006) believe that five key elements to support lean
implementation which are: 1) Enterprise vision, 2) Lean vision, 3) Technical capacity,
4) Management capacity, and 5) Social competence. Kovacheva (2010) in her master
thesis summarizes the factors which are most important for the Lean implementation:1)
Management commitment in the implementation process and communicating the vision
of the improvement program, 2) Necessary changes in the organizational culture,3)
Employee’s involvement, 4) Network relationships, 5) Holistic strategy for integrating
the system, and 6) Willingness to learn.

2.7 Lean construction tools/techniques in construction projects
At each stage of project life cycle there is a key drivers/tools to achieve lean
construction concept. Johansen and Walter (2007) investigated these tools over each
stage within their conceptual frame work such as {Partnering, Private Finance
Initiatives (PPI), Benchmarking,

Total Quality Management (TQM), Visual

Management, Standardization of Management, Last Planner System (LPS), Look Ahead
Planning, Weekly Work Planning, Just In Time, Document Management Systems,
Design Structure Matrix, Software systems in design, and other integrated tools and
approaches}.
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Several researchers like (Thomassen et al., 2003 and Salem et al., 2005) studied
the effectiveness of some lean construction tools i.e.(last planner, increased
visualization, daily huddle meetings, first run studies, the 5s process, and fail safe for
quality). These tools in construction aim to eliminate waste and increase profit in these
projects.
Koskela (1992) explained that the “root” of the new production philosophy in
construction could be traced to two terms. These terms are Just in Time (JIT) and Total
Quality Control (TQC). These two terms includes many concepts within their concepts
such as Total Productive Maintenance (TPM), Employee Involvement, Continuous
Improvement, Benchmarking, Time Based Competition, Concurrent Engineering, Value
Based Strategy (or Management), Visual Management, Re-engineering and Lean
Production, World Class Manufacturing.
Work Flow Management (2003) introduced that the Last Planner System (LPS)
is a lean production–based project planning and management system that aims to
improve project in all four dimensions i.e. (cost, schedule, quality, and safety). The
benefits from this system is shown throughout reducing project cost—workers spend
less time waiting for work or working around problems; reducing project duration—
available work does not sit idle waiting for workers; Improving quality—work is done
in its natural sequence and is released from one participant to the next only when it
meets established criteria; and improved safety—the work environment is more stable
so fewer ad-hoc efforts are required. With LPS, all parties benefit from improved
project performance.
Abdelhamid and Salem (2005) showed how Lean production practices are
increasingly accepted in the construction sector, as an opportunity to reduce waste and
add value in construction projects. And since this is a philosophy which shortens the
time line between the customer order and the product shipment by eliminating waste
and maximizing value to the customer so, waste can be introduced in its types and
explained, so lean techniques can be used to reach goal of lean philosophy. Koskela
(1992) defined waste as “ any inefficiency that’s results in the use of equipments,
materials, labor or capital in larger quantities than those considered as necessary in the
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production of a building “ and he added that the simple way to identify the waste is “
that which can be eliminated without reducing costumer value”.
Wockman and jones (1996), Mastroianni and Abdelhamid (2003) and Arbulu
and Ballard (2003) listed eight types of waste:1) Defects that must be corrected, 2)
Overproduction (producing more or doing more than is needed), 3)Inventory, 4)
Unnecessary processing steps., 5) Transportation of materials with no purpose, 6)
Motion of employees with no purpose, 7) Waiting of employees for process equipments
to finish its work or for an upstream activity to complete, and 8) Goods and services that
do not meet customer needs.
Ballard and Tommelein (1999) pointed that Employee Involvement is
considered one of the lean management tool that solve problems. Choo and Tommelein
(2000) showed that continuous improvement is heavily dependent on day-to-day
observation and motivation of the work force; hence the idea of quality circles. In order
to avoid waste associated with division of labor, multi-skilled and/or self-directed teams
have been established for product/project/customer based production.
Macomber (2003) referred the term “Learning Organization” partly to the
capability of maintaining continuous improvement. According to Camp (1989),
Compton (1992), Benchmarking refers to comparing one’s current performance against
the world leader in any particular area. Another concept/tool in lean construction is the
Time based competition. Stalk and Hout (1989) popularized this term. Time based
competition refers to compressing time throughout the organization for competitive
benefit. Essentially, this is a generalization of the JIT philosophy, well-known to the JIT
pioneers. Robinson (1991) mentioned that Ohno states that shortening lead time creates
benefits such as a decrease in the work not related to processing, a decrease in the
inventory, and ease of problem identification. Time based competition has become
popular, especially in administrative and information work where the JIT concepts
sound unfamiliar.
Carothers & Adams (1991) refers value based strategy to “conceptualized and
clearly articulated value as the basis for competing”. Firms driven by value based
strategies are customer-oriented, in contrast to competitor-oriented firms. And related
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directly to continuous improvement which is increasing customer value is one essential
characteristic of value based management.
Greif (1991) showed that visual management is an orientation towards visual control
in production, quality and workplace organization. Koskela (1992) showed that the goal
of visual management is to render the standard to be applied and a deviation from it
immediately recognizable by anybody, This is one of the original JIT ideas, regarding to
Koskela (1992), which has been systematically applied only recently in the West.

2.7.1 Last planner system
Ballard and Howell (1994) identified the Last planner system (LPS) as a side from
the simplest and smallest jobs; design and construction require planning and control
done by different people, at different places within the organization, and at different
times during the life of a project. Ballarad (2000) defined that Last Planner can be
understood as a mechanism for transforming what SHOULD be done into what CAN be
done, thus forming an inventory of ready work, from which Weekly Work Plans can be
formed. Including assignments on Weekly Work Plans is a commitment by the Last
Planners (foremen, squad bosses) to what they actually WILL do. Percent Plan
Complete (PPC): Ballarad (2000) introduced the PPC in production control and defined
it as the number of planned activities completed divided by the total number of planned
activities, expressed as a percentage. Koskela (1992) showed that PPC measures the
extent to which the front line supervisor's commitment (WILL) was realized. Analysis
of non-conformances can then lead back to root causes, so improvement can be made in
future performance. Kovachva (2010) thinks that measuring performance at the Last
Planner level does not mean you only make changes at that level. PPC analysis can
become a powerful focal point for breakthrough initiatives.
According to Ballard (2000), Production Unit Control coordinates the execution of
work within production units such as construction crews and design squads. Work Flow
Control coordinates the flow of design, supply, and installation through production
units. Choo and Tommelein (1999) studied the hierarchy of plans and schedules, and
identified the look ahead process which has the job of work flow control, and this
process within the LPS serves multiple functions such as; Shape work flow sequence
and rate, Match work flow and capacity, Decompose master schedule activities into
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work packages and operations, Develop detailed methods for executing work, Maintain
a backlog of ready work, Update and revise higher level schedules as needed.

2.7.2 Lean design
Ballard et al. (2002) explained that design is understood as encompassing not only
product design, but also process design. Product design determines what is to be
produced and used, while process design determines how to produce it or use it.
Womack and Jones (1996) showed that process design includes: 1) Structuring the
project, 2) Organization, 3) Deciding how to perform specific design. 4) Construction
operations, 5) Deciding how to operate or maintain a facility, and 6) Deciding how to
decommission and ‘un-assemble’ a facility. Thomassen et al. (2003) explained that
design of both product and process are understood to be undertaken in pursuit of the
transformation/flow/value (TFV) goals. Macomber et al (2008) suggested nine practices
that together help create the conditions for a design process to deliver the target value
within the client’s target price: 1) Engage deeply with the client to establish the target
value, 2) Lead the design effort for learning and innovation, 3) Design to a detailed
estimate, 4) Collaboratively plan and re-plan the project, 5) Concurrently design the
product and the process in design sets (see above), 6) Design and detail in the sequence
of the customer who will use it, 7) Work in small and diverse groups to support learning
and innovation, 8) Co-locate design team members in a big room, and 9) Review and
reflect throughout the process.

2.7.3 Lean supply
Mastroianni and Abdelhamid (2003) had referred supply to the hand-off between a
supplier and a customer. To stress the flow in the TFV perspective, and showed that
supply comprises three flows: 1)A two-way exchange of information, 2) A one-way
flow of goods (temporary or permanent materials) or services (people and equipment)
from the supplier to the customer, 3) A one-way flow of funds from the customer to the
supplier. Ballard et al. (2002) illustrate that today’s supply chains in construction are
long and complex. They include not only owners, designers, engineering specialists,
contractors and sub-contractors, but also manufacturers, shipping agents, and other
suppliers of goods and services, ranging from commodities to highly specialized madeto-order products. Pius (2006) showed that on any specific project, hundreds if not
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thousands of such companies may constitute the supply chain. And he added eight tools
to improve lean supply: 1) Product design for lean supply, 2) Organize in cross
functional teams, 3) Long-term supplier relationships, 4) Detailed engineering for lean
supply, 5) Fabrication and logistics for lean supply, 6) Transportation, 7) Purchasing vs.
releasing for delivery, 8) Information transparency. Koskela (1992) believed that there
is s a value-added should be considered in design of lean supply chain which should be
considered such as; Physical movement of products, Change in unit of hand-off,
temporary storage or velocity adjustment to allow for synchronization, And providing
timely information.

2.7.4 Lean assembly
Ballard et al. (2002) made the lean assembly is the fourth category in lean
construction tools and techniques because it includes Fabrication and Logistics,
Installation, and Commissioning. In construction, the final installation of components
(modular or not) take place in situ, lean aims to minimize this effort while also
expediting the entire delivery process. Howell and Ballards, (1999) added three
practical tools to achieve lean assembly: 1) Lean assembly for commissioning, 2) Lean
installation which include: First-run studies for operations design, Aiming for
continuous flow by multi-skilling of teams of workers so they will be able to perform
more than just a few specialist tasks and assemble a multitude of systems and 3)
Fabrication and logistics for lean assembly that according to Ballard and Tommelein
(1999) could include : 1) Preassembly: Picchi and Granja (2004) identified it as the
greater number of components that are pre-assembled prior to their final installation, the
more straightforward the final assembly process becomes, provided, of course, that
assemblies can be managed logistically. 2) Standardized and interchangeable parts.
Bohdan (2008) showed that the repeated use of standardized parts greatly eases
assembly; not only will crews be familiar with the parts, they will also be able to learn
from their repeated use. In addition, the use of a limited number of parts keeps matching
problems at a minimum. 3) JIT deliveries: Tommelein (1999) illustrate that lean
assembly must be closely co-ordinated with lean supply. Ideally, materials will be
received JIT and strategically located on site. And Camp (1989) showed that JIT does
not mean that everything is delivered at the last minute – a better translation from the
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corresponding Japanese concept is ‘at the appropriate time’. 4) One-touch handling:
Arbulu and Ballard (2003) identified one-touch handling as a lean ideal that provides a
good metric for otherwise numerous re-handling steps from receipt on site to lay down,
and from issuing to staging of materials prior to their final installation. Some materials
can be directly installed, whereas others are parts or components for sub-assemblies yet
to be produced. 5) Distributed planning: Choo and Tommelein (2000) showed the key
to effective distributed planning is to recognize that each planner needs to plan with
significant detail but not all that detail is to be revealed to everyone else with whom
work must be co-ordinated. Some others will want certain details, whereas others do
not. Detail must be selectively revealed as and when needed, depending on the
circumstances.

2.7.5 Lean construction techniques implemented in Japan
2.7.5.1 The Kanban (A set of lean construction techniques)
Arbulu and Ballard (2003) introduced the Kanban as a lean approach
developed in the automotive industry as a mechanism to pull materials and parts
throughout the value stream on a JIT basis. The Productivity Press Development
Team (2002) mentioned that in Japanese, word “Kanban” means ‘card’ or ‘sign’
and is the name given to the inventory control card used in a pull system. The
aim of a ‘pull’ system is to produce only what is needed, when it is needed, and
in the right quantities. The Productivity Press Development Team, (2002)
defined two different types of kanbans : 1) Transport kanbans, and used to signal
the need to replenish materials from a preferred supplier, and signal the
movement of parts or subassemblies produced within the factory to the
production line. 2) Production kanbans, and used to signals initiate production,
and communicate the need for machinery changeovers. Arbulu and Ballard
(2003) concluded that the evidence of the use of kanbans of any type is very
limited and have put five key principles for Kanban: 1) Materials must be pulled
through the supply network as needed at workface, 2) Materials must arrive at
the right place, at the right time, in the right quantity, 3) The supply network is
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achieved at the best value for the customer, 4) All necessary actions are taken to
minimize vehicle movements on site, and 5) All necessary actions are taken to
increase workflow reliability on site.
2.7.5.2 Gemba (the real place)
Compton (1992) explained it as a philosophy reminds us to get out of our offices
and spend time on the plant floor, the place where real action occurs, also promotes a
deep and thorough understanding of real-world manufacturing issues, by first-hand
observation and by talking with plant floor employees.

2.7.5.3 Heijunka (Level Scheduling)
Bounds (1991) defined it as a form of production scheduling that purposely
manufactures in much smaller batches by sequencing (mixing) product variants within
the same process, Greif (1991) explained the aim of this tool is to reduces lead times
(since each product or variant is manufactured more frequently) and inventory (since
batches are smaller).

2.7.5.4 Hoshin Kanri (Policy Deployment)
Choo and Tommelein (2000) identified the function of this tool to align the goals
of the company (Strategy), with the plans of middle management (Tactics) and the work
performed on the plant floor (Action), also it ensures that progress towards strategic
goals is consistent and thorough eliminating the waste that comes from poor
communication and inconsistent direction.

2.7.5.5 Jidoka (Autonomation)
Macomber (2008) showed this tool Design equipment to partially automate the
manufacturing process (partial automation is typically much less expensive than full
automation) and to automatically stop when defects are detected. Hirano (1996) believe
that after applying this tool , workers can frequently monitor multiple stations (reducing
labor costs) and many quality issues can be detected immediately (improving quality).
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2.7.5.6 Poka-Yoke (Error Proofing)
The Productivity Press Development (2002) defined this tool to design error
detection and prevention into production processes with the goal of achieving zero
defects. It is difficult (and expensive) to find all defects through inspection, and
correcting defects typically gets significantly more expensive at each stage of
production.

2.7.6 Increased Visualization
Salem et al. (2005) explained the increased visualization lean tool is
about communicating key information effectively to the workforce through
posting various signs and labels around the construction site. Workers can
remember elements such as workflow, performance targets, and specific
required actions if they visualize them.

This includes signs related to safety,

schedule, and quality. Mastrpianni (2003) concluded that project logistics plan
to achieve increased visualization on projects, Site Logistics plans are updated
weekly showing changes to 1) the site, 2) access to the site, 3) specific
subcontractor work areas, 4) material lay down areas, 5) toilet facilities, 6) trash
receptacles, 7) trash that needs to be removed and 8) recycling dumpsters. In
this case, the owner will be appreciative if this tool will be put in place and
managed well.
2.7.7 Daily Huddle Meetings (Tool-Box Meetings)
Abdelhamid (2005) concluded that two-way communication is the key of
the daily huddle meeting process in order to achieve employee involvement.
With awareness of the project and problem solving involvement along with
some training that is provided by other tools, employee satisfaction (job
meaningfulness, self-esteem, sense of growth) will increase. Antonio (2002)
believed this tool is similar to the lean manufacturing concept of employee
involvement, which ensures rapid response to problems through empowerment
of workers, and continuous open communication through the tool box meetings.
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2.7.8 First Run Studies
Granett (1998) showed that first Run Studies are used to redesign critical
assignments, part of continuous improvement effort; and include productivity
studies and review work methods by redesigning and streamlining the different
functions involved.

2.7.9 PDCA cycle (Plan, Do, Check, Act)
Abdelhamid and Salem (2005) referred plan to select work process to study,
assemble people, analyze process steps, brainstorm how to eliminate steps,
check for safety, quality and productivity. Do means to try out ideas on the first
run. Check is to describe and measure what actually happens. Act refers to
reconvene the team, and communicate the improved method and performance as
the standard to meet.

2.7.10 The 5s Process
Abdelhamid and Salem (2005) explained this tool about “a place for everything
and everything in its place”. Hirano (1996) and Kobayashi (1995) divided this
tool into five levels of housekeeping that can help in eliminating wasteful
resources, these levels are:
1. Sort: Separate like materials and equipment and remove or dispose of that
which is no longer needed.
2. Straighten or set in order: Put material into bundles or racks so there is order.
Equipment locations can be outlined to show where it is to be stored.
3. Scrub or shine: refers to clean up and it’s to broom swept areas., put trash in
designated trash bins, clean equipment.
4. Sustain or Standardize: Develop standards for 5S expectations and audit those
standards on a weekly basis.
5. Systematize: A system is in place to communicate the 5S expectations on a
regular basis.

The 5S audit process is done regularly.

The labor forces

understand the expectations and follow them. The system goes into “autopilot”.
The benefits from implementation of 5S include improved safety, productivity,
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quality, and set-up-times improvement, creation of space, reduced lead times,
cycle times, increased machine uptime, improved morale, teamwork, and
continuous improvement (kaizen activities).

2.7.11 Key Performance Indicator (KPI)
Crute (2003) defined it as a metrics designed to track and encourage progress
towards critical goals of the organization. Strongly promoted KPIs can be extremely
powerful drivers of behaviour, so it is important to carefully select KPIs that will drive
desired behaviour. Pius (2006) mentioned that the best manufacturing KPIs:
-

Are aligned with top-level strategic goals.

-

Are effective at exposing and quantifying waste.

-

Are readily influenced by plant floor employees.

2.7.12 Overall Equipment Effectiveness (OEE)
Motwani (2003) Framework for measuring productivity loss for a given
manufacturing process, Three categories of loss are tracked: 1) Availability, 2)
Performance, 3) Quality, Motwani (2003) believed it provides a benchmark/baseline
and a means to track progress in eliminating waste from a manufacturing process. 100%
OEE means perfect production (manufacturing only good parts, as fast as possible, with
no downtime).

2.7.13 Root Cause Analysis
Ballard and Tommelein (1999) believed it a problem solving methodology that
focuses on resolving the underlying problem instead of applying quick fixes that only
treat immediate symptoms of the problem. A common approach is to ask why five times
– each time moving a step closer to discovering the true underlying problem, Choo and
Tommelein (2000) believed it helps to ensure that a problem is truly eliminated by
applying corrective action to the “root cause” of the problem.

2.7.14 Total Productive Maintenance (TPM)
The Productivity Press Development Team (2002) identified this tool as a holistic
approach to maintenance that focuses on proactive and preventative maintenance to
maximize the operational time of equipment, TPM blurs the distinction between
maintenance and production by placing a strong emphasis on empowering operators to
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help maintain their equipment. Kobayashi (1995) believed it creates a shared
responsibility for equipment that encourages greater involvement by plant floor
workers. In the right environment this can be very effective in improving productivity
(increasing up time, reducing cycle times, and eliminating defects).

2.8 Challenges and barriers to adopt lean construction principles
Alarcon et al. (2006) explained that there are many difficulties in adopting lean
concepts and systems into construction projects and implementing lean construction in
real construction sites. Thus, there are demands to share information how other
companies implement lean construction, to identify the benefits and barriers of lean
implementation in the construction fields, and finally to improve their lean
implementation.
Hook and Stehn (2008) argued that the biggest challenge to achieve a long-term
benefit of lean application in industrialized housing production is returned to a lean
culture. Thomassen et al. (2003) explained that the main barrier to success appears to be
attitude, perhaps in particular the attitude of people not working on building sites. Kim
and Park, (2006) showed that there are barriers to lean implementation in construction
projects. These barriers are: 1) too long meetings with too much information that reflect
a difficulty to make a decision in short period. 2) The subcontractors may reduce the
effectiveness of the general contractor with inaccurate planning and PPC. It is also
shown to be difficult to qualify and assign proper subcontractors to a project if they
have little background in lean construction. 3) Lean implementation is too dependent
upon the quality and attitude of the subcontractors, and depends on participants’
keeping promises and being truthful. 4) Lean demands extra paper work and time for
training and meetings. Usually an extra person is to handle lean issues. 5) Lean
implementation is too oriented to computer work and to the spontaneous participation of
all trades.
Pavez and Alarcon (2006) summarized factors that influence the implementation
of lean construction and considered as challenges should be overcome, also human and
organizational aspects became important barriers that obstructed the efforts of
implementation and affected the team synergy, these challenge Factors: 1) Time, 2)
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Training, 3) Organization, 4) Parallel implementation with other improvement
programs, 5) Problematic projects, Kovacheva (2010) explained barriers that are related
with people such as ; 1) The role of site/office manager, 2) The importance of
commitment, 3) Resistance to change,4) Self-criticism, 5) Short term vision.
Crute (2003) considers five significant challenge factors in applying lean:
1. Change strategy targeted and holistic:

Alarcon and Pavez (2006)

showed that the main idea is to implement lean principles and techniques
in holistic strategy, not fragment tools and techniques to lead partial
benefits to the project. Womack and Jones (1996) suggest that managers
have drowned in techniques as they tried to implement isolated parts of
lean system without understanding the whole.
2. Effects of company culture:

Crute (2003) believed in changes of

mindset gives people an aim in their working life and have the potential
to change attitudes, so that the employees begin to think differently and
are more willing to contribute to company’s improvement initiatives.
3. Product focus: Mastroianni (2003) illustrate that lean changes need to
be focused on the specific product value stream, so that the control over
resources to be dependent mainly on the improvement team.
4. Senior management commitment: Kotter (2007) showed that
consistency in management commitment is emphasized as important
element in effective implementation of changes in organizations.
5. Timing for performance improvements: Crute (2003) explained that
companies need to be prepared for the lean transformation, but at the
same time manage change requires fast reaction with the implementation
activities even taking a risk and later deal with consequences.
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Pius (2006) identifies four key critical factors for lean implementation; challenges face
any implementation of lean philosophy:
1. Finance: Kovacheva (2010) illustrate that finance state of any company
considered critical factor influence implementation of lean construction, needed
for employee training programmes, external consultant and technical logistics.
2. Leadership: Pius (2006) said it’s desirable to have a certain degree of
communication skills throughout the company, long-term focus of management
and strategic team while implementation of a new initiative.
3. Organizational culture: Howell and Ballard (1998) showed that organizational
culture is an essential element in lean implementation process and high
performing companies are those with a culture of sustainable and proactive
improvement efforts.
4. Skill and Expertise: As crute (2003) showed, most companies experience
difficulties after employing people with low skills levels, who do not foster the
ideology of skill enhancement.
Motwani (2003) concluded that any significant process change requires the
following success factors: 1) Strategic initiative of top managers acting as leaders in
defining and communicating the vision of change, 2) Willingness to learn, 3) Culture
readiness, 4) Balanced network relationships, 5) Knowledge sharing, 6) Prescribed
process management and change management practices, And commented on these
factors “If managers apply these concepts collectively they can reap the full benefit of
lean techniques and significantly improve their products’ competitive edge”.
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CHAPTER 3
RESEARCH METHODOLOGY
3.1 Introduction
This chapter describes the methodology that was used in this research. The
adopted methodology to accomplish this study uses the following techniques: the
information about the research design, research population, questionnaire design,
statistical data analysis, content validity and pilot study and the method of processing
and analyzing the data. The questionnaire will be the main approach to collect the data
and perspectives of the respondents who were the contractors classified in the
Palestinian Contractors Union (PCU) under building category.
The purpose of any research is to discover answers to questions through the
application of scientific procedures. In line with this and as stated in chapter 1, the main
purpose of this research is to investigate the applicability of Lean Construction in Gaza
Strip Construction industry.

3.2 Research design
The first phase of the research thesis included defining research problems and
establishment of the research objectives. Literature review was conducted to investigate
Lean Construction concept, tools, barriers and key affective factors. The field survey
which was conducted throughout questionnaire tool to evaluate the applicability of Lean
Construction in the Gaza Strip construction industry. The pilot study was carried out to
ensure clear wording, concise structure and questions and perfect and related questions
to research area. The modification of the questionnaire was happened after feedback
from experts and contractors who answered the questionnaire. Finally, the questionnaire
was distributed, returned with high response rate and analyzed using SPSS to perform
the required analysis. The final phase includes the conclusions and recommendations.
Ninety five questionnaires were distributed to the research population. Ninety two
questionnaires were received with 97% respond rate which indicate very high response
rate.
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Figure (3.1) shows the methodology flowchart, which leads to achieve the
research objective.

Topic Selection
Identify the
Problem
Develop
Research Plan

Thesis
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Literature Review

Define the
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Questionnaires Design
Pilot
Questionnaires
Questionnaires

Questionnaires
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Reliability

Results and
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Conclusion &
Recommendation

Figure (3.1): Illustrates the methodology flow chart
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3.3 Data collection methodology
In order to collect the needed data for this research, books, journals, statistics
and web pages, were used in addition to preliminary resources that not available in
secondary resources through distributing questionnaires on study population in order to
get their opinions about the applicability of Lean Construction in the Gaza Strip
construction industry. Research methodology depends on the analysis of data on the use
of descriptive analysis, which depends on the poll and use the main program (SPSS).

3.4 Research period
The study started on March 2012 when the initial proposal was approved. The
literature review was completed on June 2012. The validity testing, piloting and
questionnaire distribution and collection took two month and completed on December
2012. The study was carried out in Gaza strip contractors. The analysis, discussion,
conclusion and recommendation are completed on the mid of February 2013.

3.5 Population and sample size
The population of the study included 150 contractors classified under building
category in the PCU in the Gaza strip. Based on Israel (2003) the sample size was found
110 at confidence level 95%. The total returned questionnaires were 92. Fellows and
Liu, (1997) defined the sample as a part of total population that represent this
population. Israel (2003) explained that, there are several approaches to determining the
sample size. These include using a census for small populations, imitating a sample size
of similar studies, using published tables, and applying formulas to calculate a sample
size. Fellows and Liu, (1997) showed that, three types of sampling can be conducted
during the research study; a systematic sampling, stratified sampling, and the cluster
sampling. The stratified sampling will be used in this study after the sample size
determination.
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3.6 Questionnaire content
The questionnaire was provided with a covering letter explaining the purpose of
the study, the way of responding, the aim of the research and the security of the
information in order to encourage a high response. The questionnaire included multiple
choice questions: which used widely in the questionnaire, the variety in these questions
aims first to meet the research objectives, and to collect all the necessary data that can
support the discussion, results and recommendations in the research.
Tables (3.1), (3.2), and (3.3) were used during the research process to design the
research tool. Many researches were used that are related to lean construction
management.

The sections in the questionnaire will verify the objectives in this research
related to the applicability of lean construction in the Gaza Strip construction industry
as the following:
Section 1: Profile of company consist from 8 questions
Section 2: Key Factors of lean construction firm consist from 20 questions
Section 3: Tools used as lean management supporters consist from 21 questions
Section 4: Challenges /barriers to implement lean construction consist from 15
questions. And all questions followed scale as the following:
Level Very Low Low Medium High Very high
Scale
1
2
3
4
5

3.7 Pilot study
A pilot study for the questionnaire was conducted before collecting the results of
the sample. It provides a trial run for the questionnaire, which involves testing the
wordings of question, identifying ambiguous questions, testing the techniques that used
to collect data, and measuring the effectiveness of standard invitation to respondents
(Naoum, 1998). In the process of the pilot study some questions were amended, others
were deleted and others were added. Moreover, rewording for some factors was applied.
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Table (3.1): References of the key factors supporting LC that used to design the
questionnaire
Key factors supporting lean construction
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Maintenance of equipments
Standardized works
Visual information
Team work
Multifunctional workers
Quality leadership
Decentralization and motivation
Setup time and scheduling
Continuous improvement
Error proofing
Commitment of the top management
A mandatory clause in the contract
Fragmented tools application
Integrated job site application
Forget grand strategy for the moment
A change agent: this person is who makes things
happen, and must have the courage to cause principle
driven action, and to stand against attempts to dilute
lean
Decentralized decision making
Begin as soon as possible with an important and visible
activity
As soon as you have momentum, expand your scope
Get the knowledge : get enough knowledge to start and
then continue to gain knowledge through
implementation
Find a lever by seizing a crisis or creating one
Map your value streams: the value stream inevitably
involves other organizations and seeing them on the
map is the first step to developing their participation
Demand immediate results
Management commitment in the implementation
process and communicating the vision of the
improvement program
Necessary changes in the organizational culture
Employee’s involvement
Network relationships
Holistic strategy for integrating the system
Willingness to learn
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Table (3.2): References of the tools used to support LC that used to design the
questionnaire
Tools used to support lean construction
Reference
Visual management: is an orientation towards visual
Johansen and Walter
control in production, quality and workplace
(2007)
1 organization, in other words is to render the standard to
Greif (1991)
be applied and a deviation from it immediately
Koskela (1992)
recognizable by anybody
2 Private finance initiatives
3 Standardization of management
Johansen and Walter
(2007)
4 Weekly work planning
5 Document management systems
6 Increased visualization
Thomassen et al. (2003)
Salem et al. (2005)
Daily
huddle
meetings
7
Koskela (1992)
8 Just In Time
Continuous improvement: maintain and improve the
9 working standards through small, gradual
Ballard and Tommelein
improvements
(1999)
Employee involvement: rapid response to problems
10
requires empowerment of workers
Time based competition: compressing time throughout Koskela (1992)
11
the organization for competitive benefit
Stalk and Hout (1989)
Concurrent engineering: improved design process
characterized by rigorous upfront requirements
Koskela (1992)
Ballard (2002)
12 analysis, incorporating the constraints of subsequent
phases into the conceptual phase, and tightening of
Clough (1994)
change control towards the end of the design process
Last Planner System: is a lean production–based project
planning and management system that aims to improve Work Flow Management
13
project in all four dimensions i.e. (cost, schedule,
(2003)
quality, and safety)
Crute (2003)
14 Standardized Work
Total Quality Control: Which means Expanding quality
control from production to all departments, Expanding
Shingo (1998)
15 quality control from workers to management,
Expanding the notion of quality to cover all operations
in the company
Total Productive Maintenance: autonomous
16 maintenance of production machinery by small groups
Polat and Ballard (2004)
of multi-skilled operators
Day-to-day observation and motivation of the work
Choo and Tommelein
17
force
(2000)
Benchmarking: comparing one’s current performance
Koskela (1992)
Camp (1989)
18 against the world leader in any particular area
Compton (1992)
Value based strategy (or management): conceptualized Koskela (1992)
19
and clearly articulated value as the basis for competing Carothers & Adams (1991)
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Cont. Table (3.2)
Re-engineering :radical reconfiguration of processes
20
and tasks
Lean Work Structuring: process design integrated with
product design and extends in scope from an entire
21
production system down to the operations performed on
materials and information within that system
Master schedules: Give us confidence that an end date
and milestone dates are feasible, Develop and display
execution strategies, Identify and schedule long lead
22
items, Divide the project into phases, identifying any
special milestones of importance to the client or other
stakeholders
Work Flow Control (look ahead process): this process
within the Last Planner system serves multiple
functions such as; Shape work flow sequence and rate,
Match work flow and capacity, Decompose master
23
schedule activities into work packages and operations,
Develop detailed methods for executing work, Maintain
a backlog of ready work, Update and revise higher level
schedules as needed
24 Structuring the project
25 Organization
26 Deciding how to perform specific process
27 Deciding how to operate or maintain a facility
Deciding how to decommission and ‘un-assemble’ a
28
facility
29 Promote the conversation (iteration)
Differentiate between positive (value generating) and
30
negative (wasteful) iteration
Minimize negative iteration are all critical design
31
management skills
Organize in cross functional team: downstream players
in upstream decisions, alternate between all group
32 meetings and task force activities, and create and
exploit opportunities to increase value in every phase of
project
33 Pursuer a set based strategy
34 Weekly work planning
Percent Plan Complete (PPC): The number of planned
35 activities completed divided by the total number of
planned activities
Lean supply: supply referred to the hand-off between a
36
supplier and a customer
37 Long-term supplier relationships
Lean assembly: includes Fabrication and Logistics,
38 Installation, and Commissioning. In construction, the
final installation of components (modular or not) take
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Cont. Table (3.2)
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40

41

42

43

44

45

46

47

48

place in situ, lean aims to minimize this effort while
also expediting the entire delivery process
Multi-skilling of teams of workers so they will be able
to perform more than just a few specialist tasks and
assemble a multitude of systems
Information transparency
First-run studies: used to redesign critical assignments,
part of continuous improvement effort; and include
productivity studies and review work methods by
redesigning and streamlining the different functions
involved.
Standardized and interchangeable parts: the repeated
use of standardized parts greatly eases assembly; not
only will crews be familiar with the parts, they will also
be able to learn from their repeated use.
One-touch handling: provides a good metric for
otherwise numerous re-handling steps from receipt on
site to lay down, and from issuing to staging of
materials prior to their final installation
Distributed planning: recognize that each planner needs
to plan with significant detail but not all that detail is to
be revealed to everyone else with whom work must be
co-ordinated, some others will want certain details,
whereas others do not. Detail must be selectively
revealed as and when needed, depending on the
circumstances
The Kanban: as a lean approach developed in the
automotive industry as a mechanism to pull materials
and parts throughout the value stream on a JIT basis.
The Productivity Press Development Team (2002)
mentioned that in Japanese, word “Kanban” means
‘card’ or ‘sign’ and is the name given to the inventory
control card used in a pull system
The Line of Balance (LOB): optimize the study of the
pace of the services to be executed. This technique
provides for the immediate identification of production
bottlenecks and eventual buffer insertion points
Increased Visualization: communicating key
information effectively to the workforce through
posting various signs and labels around the construction
site, workers can remember elements such as workflow,
performance targets, and specific required actions if
they visualize them
Site Logistics plans: are updated weekly showing
changes to the site, access to the site, specific
subcontractor work areas, material lay down areas,
toilet facilities, trash receptacles, trash that needs to be
removed, and recycling dumpsters
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Salem et al. (2005)
Antonio (2002)

Salem et al. (2005)
Antonio (2002)
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Cont. Table (3.2)
PDCA cycle (Plan, Do, Check, Act)
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50

51

52

53

54

55

56

57

58

59

Abdelhamid and Salem
(2005)
The 5s Process: a place for everything and everything
Abdelhamid and Salem
in its place, Sort, Straighten or set in order, Standardize, (2005)
Systematize
Hirano (1996)
Kobayashi (1995)
Andon: visual feedback system for the plant floor that
http://www.leanproduction.
indicates production status alerts when assistance is
com
needed, and empowers operators to stop the production Greif (1991)
process
Bottleneck Analysis: Identify which part of the
http://www.leanproduction.
manufacturing process limits the overall throughput and com
improve the performance of that part of the process
Continuous Flow: manufacturing where work-inprocess smoothly flows through production with
minimal (or no) buffers between steps of the
Robinson (1991)
manufacturing process, and it can eliminates many
forms of wastes (e.g. inventory, waiting time, and
transport)
Gemba (The Real Place): philosophy reminds us to get Compton (1992)
out of our offices and spend time on the plant floor, the http://www.leanproduction.
place where real action occurs
com
KPI (Key Performance Indicator): a metrics designed to
track and encourage progress towards critical goals of
the organization
Overall Equipment Effectiveness: Framework for
measuring productivity loss for a given manufacturing
process, Three categories of loss are tracked: 1)
Availability, 2) Performance
Visual Factory: visual indicators, displays and controls
used throughout manufacturing plants to improve
communication of information.
Value Stream Mapping: a tool used to visually map the
flow of production, It Shows the current and future
state of processes in a way that highlights opportunities
for improvement
Total Productive Maintenance : approach to
maintenance that focuses on proactive and preventative
maintenance to maximize the operational time of
equipment
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Crute (2003)

Motwani (2003)

Greif (1991)

Womack and Jones (1996)

The Productivity Press
Development Team (2002)
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Table (3.3): References of challenges & barriers to implement LC, that used to
design the questionnaire.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Challenges & barriers to implement LC
The examination of the mutual relationships of
lean planning systems
Organization structure
Attitudes of project participants and company
strategy
Lean culture
The attitude of people not working on building
sites
Too long meetings with too much information
that reflect a difficulty to make a decision in short
period.
The subcontractors may reduce the effectiveness
of the general contractor with inaccurate planning
Lean implementation is too dependent upon the
quality and attitude of the subcontractors
Lean demands extra paper work and time for
training and meetings
Lean implementation is too oriented to computer
work and to the spontaneous participation of all
trades
Time
Training
Organization
Parallel implementation with other improvement
programs
Problematic projects
The role of site/office manager
The importance of commitment
Resistance to change
Self-criticism
Short term vision

Reference

Alarcon et al. (2006)

Hook and Stehn (2008)
Thomassen et al. (2003)

Kim and Park (2006)

Pavez and Alarcon (2006)

Kovacheva (2010)

Crute (2003)
Alarcon and Pavez (2006)
Jones (1996)

21 Change strategy targeted and holistic
22 Effects of company culture
23 Timing for performance improvements
Product focus: lean changes need to be focused
on the specific product value stream, so that the
24
control over resources to be dependent mainly on
the improvement team
Senior management commitment: consistency in
25 management commitment is emphasized as
important element in effective implementation of
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Crute (2003)
Crute (2003)
Mastroianni (2003)
Crute (2003)
Kotter (2007
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Cont. Table (3.3)
changes in organizations
Finance: needed for employee training programs,
26
external consultant and technical logistics
27 Leadership

Pius (2006)
Kovacheva (2010)
Pius (2006)
Pius (2006)
Howell and Ballard (1998)
Pius (2006)
crute (2003)

28 Organizational culture
29 Skill and expertise
Strategic initiative of top managers acting as
30 leaders in defining and communicating the vision
of change
31 Willingness to learn
32 Culture readiness
33 Balanced network relationships
34 Knowledge sharing
Prescribed process management and change
35
management practices

Motwani (2003)

3.8 Validity of the research
Heffner (2004) explained that, validity refers to the degree in which our test or
other measuring device is truly measuring what we intended it to measure. Burns and
Grove (1993) defined the validity of an instrument as a determination of the extent to
which the instrument actually reflects the abstract construct being examined. Polit and
Hungler (1985) give another definition, "Validity refers to the degree to which an
instrument measures what it is supposed to be measuring". High validity is the absence
of systematic errors in the measuring instrument. When an instrument is valid; it truly
reflects the concept it is supposed to measure.
In this research content validity test was conducted by consulting two groups of
experts. The first was requested to evaluate and identify whether the questions agreed
with the scope of the items and the extent to which these items reflect the concept of the
research problem. The other was requested to evaluate that the instrument used is valid
statistically and that the questionnaire was designed well enough to provide relations
and tests between variables. The two groups of experts did agree that the questionnaire
was valid and suitable enough to measure the concept of interest with some
amendments.
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To insure the validity of the questionnaire, two statistical tests should be applied.
The first test is Criterion-related validity test (Pearson test) which measures the
correlation coefficient between each item in the field and the whole field. The second
test is structure validity test (Pearson test) that used to test the validity of the
questionnaire structure by testing the validity of each field and the validity of the whole
questionnaire. It measures the correlation coefficient between one filed and all the fields
of the questionnaire that have the same level of similar scale.

3.8.1 Criterion related validity test:
Internal consistency of the questionnaire is measured by a scouting sample,
which consisted of 30 questionnaires, through measuring the correlation coefficients
between each paragraph in one field and the whole filed. Tables (3.4 to 3.6) in the
annexes show the correlation coefficient and p-value for each field items. Since PValues are less than 0.05 or 0.01, so the correlation coefficients of this field are
significant at α = 0.01 or α = 0.05. It can be said that the paragraphs of this field are
consistent and valid to measure what it was set for.

3.8.2 Structure validity of the questionnaire:
Structure validity is the second statistical test that used to test the validity of the
questionnaire structure by testing the validity of each field and the validity of the whole
questionnaire. It measures the correlation coefficient between one filed and all the fields
of the questionnaire that have the same level of likert scale.
As shown in Table No. (3.7), the significance values are less than 0.05 or 0.01, so the
correlation coefficients of all the fields are significant at α = 0.01 or α = 0.05. It can be
said that the fields are valid to be measured what it was set for to achieve the main aim
of the study.
Table (3.7): Structure Validity of the Questionnaire
Number

Section

1
2
3

Key Factors of lean construction
Tools used as lean management supporters
Challenges /barriers to implement lean construction
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Pearson
correlation
coefficient
0.840
0.931
0.817

pvalue
0.000
0.000
0.000
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3.9 Reliability of the research
Reliability is synonymous with the consistency of a test, survey, observation, or
other measuring device. "The reliability test refers to the test’s consistency among
different administrations (Heffner, 2004). For the most purposes reliability coefficient
above 0.7 are considered satisfactory. Period of two weeks to a month is recommended
between two tests (Burns and Groves, 1993). Due to complicated conditions that the
contractors are facing at the time being, it was too difficult to ask them to responds to
our questionnaire twice within short period. Barakat (2007) explained that, overcoming
the distribution of the questionnaire twice to measure the reliability can be achieved by
using Cronbach's coefficient alpha and Half Split Method through the SPSS software.

3.9.1 Half split method
This method depends on finding Pearson correlation coefficient between the
means of odd rank questions and even rank questions of each field of the questionnaire.
Then, correcting the Pearson correlation coefficients can be done by using Spearman
Brown correlation coefficient of correction. The corrected correlation coefficient
(consistency coefficient) is computed according to the following equation:
Consistency coefficient = 2r/(r+1), where r is the Pearson correlation coefficient. The
normal range of corrected correlation coefficient 2r/(r+1) is between 0.0 and + 1.0
The results shown in Table (3.8) illustrate that correlation coefficients values
that measure the reliability are between 0.8183 and 0.887 and the general reliability for
all items equal 0.8599, and the significant α is less than 0.05, so all the corrected
correlation coefficients are significance at α = 0.05. This range is considered high; the
result ensures the reliability of the questionnaire.
Table (3.8): Split-Half Coefficient method
#

Personcorrelation
0.797
0.6924
0.7365
0.7542

Section

1 Key Factors of lean construction
2 Tools used as lean management supporters
3 Challenges to implement lean construction
Total
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Spearman-Brown
Coefficient
0.887
0.8183
0.8483
0.8599

Sig. (2(Tailed
0.000
0.000
0.000
0.000
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3.9.2 Cronbach's coefficient alpha
This method is used to measure the reliability of the questionnaire between each
field and the mean of the whole fields of the questionnaire. The normal range of
Cronbach’s coefficient alpha value between 0.0 and + 1.0, and the higher values reflects
a higher degree of internal consistency. The results shown in Table (3.9) illustrate that
the Cronbach’s coefficient alpha values are in the range from 0.8392 and 0.8910, and
the general reliability for all items equal 0.8847. This range is considered high; the
result ensures the reliability of the questionnaire.
Table (3.9): Cronbach's Alpha method for reliability
#

Section

1
2
3

Key Factors of lean construction
Tools used as lean management supporters
Challenges /barriers to implement lean construction
Total

No. of
Items
20
21
15
56

Cronbach's
Alpha
0.8910
0.8392
0.8604
0.8847

3.9.3 Kolmogorove- Smirnov test
In this research, Kolmogorove- Smirnov test was used to identify if the data follow
normal distribution or not, this test is considered necessary in case testing hypotheses as
most parametric test stipulate data to be normality distributed. The results test as shown
in Table (3.10) clarifies that the calculated P-value is greater than the significant level
which is equal 0.05 (p-value > 0.05), this in turn denotes that, the data follows normal
distribution, and so parametric tests must be used such as (person test, t- test, ANOVA
test).
Table (3.10): Kolmogorove- Smirnov test for normality
Number

Section

items
No.

Statistic

Pvalue

1
2
3

Key Factors of lean construction
Tools used as lean management supporters
Challenges /barriers to implement lean construction
Total

20
21
15
56

0.863
0.769
1.356
0.856

0.446
0.595
0.051
0.456
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3.10 Data processing and analysis
The collected raw data was first sorted, edited, coded and then entered into computer
software. We use SPSS software program. Appropriate graphical representations and
tables were obtained to understand and analyze the questions. The ordinal scale was
used in the analysis process. The ordinal scale is a ranking or rating data which
normally uses integers in a seconding or descending order. The relative importance
index (RII) was used in the analysis in addition to other approaches such as the one way
ANOVA and frequencies and percentiles.
The relative important index and the mean values were used in this research.
Formula Relative Importance Index =  w 
AN

5 n 5  4 n 4  3 n 3  2 n 2  1 n1
5N

Where W is the weighting given to each factor by the respondent, ranging from 1 to 5
,(n1 = number of respondents for Very Low, n2 = number of respondents for Low, n3 =
number of respondents for Medium, and n4 = number of respondents for High, and n5 =
number of respondents for Very high. A is the highest weight (i.e. 5 in the study) and N
is the total number of samples. The relative importance index ranges from 0 to 1(or
from 0 to 100%).
SPSS program was used to analyze all items. The main factors which are used in
analysis were the mean and the percentage weight. Ranking was followed by
comparison of Relative Importance Index among the items. The analyzed data was
finally presented using descriptive and analytical methods for easy interpretation and to
enable comparisons and inferences to be drawn.
The opinion of the respondent in the content of the sentences are positive
(relative important index greater than "0.60" and the p-value less than 0.05) or the
opinion of the respondent in the content of the sentences are neutral (p- value is greater
than 0.05) or the opinion of the respondent in the content of the sentences are negative
(relative important index less than "0.60" and the p-value less than 0.05).
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Chapter 4
Results and Discussions
4.1 Introduction
This chapter introduces the survey results and the discussion of the
questionnaire's sections for the contractors. Section one presents the company profile
and all necessary information about the respondents. Section two was designed to attain
research objectives which are to investigate the key factors supporting the adoptability
of lean concepts in construction projects, to investigate the proper tools/techniques that
can be conducted effectively in lean construction and identify the challenges of lean
construction principles in construction industry.

4.2 Profile of company
4.2.1 Company’s location
Figure (4.1) show that 44 % from the companies are based at Gaza and North
area, and that 23 % from the companies are based at Middle area, and that 33% from the
companies are based at South area. These proportions reflect actual cases of the
contractors at Gaza Strip in relation to the intensity of population.

South area
33%

Gaza & North
44%

Gaza & North

Middle area
23%

Middle area
South area

Figure (4.1): percentage of companies’ location
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4.2.2 Company experience
Figure (4.2) shows that 8% from the companies experience “Less than 5 years”,
23% from the companies experience "From (5-10) years”, 21.7% from the companies
experience" From (11-15) years “, and 46.7% from the companies experience “More
than 15 years “. Since the majority of respondents have experience more than 15 years,
this will strengthen the outcome of this research. It is newly conducted concept in
Palestine.

From(510)years
23%

Less than 5
year
8%

more than 15
years
47%

more than 15 years

From (11-15)
year
22%

From (11-15)year
From(5-10)years
Less than 5 year

Figure (4.2): Company experience

4.2.3 Capital of the company (Thousand $)
Table (4.1) shows that 15.2% of the companies have “capital of the money” Less
than $100 thousand ", 20.7% have between capital ($100-$250) thousand", 28.3% have
Capital of the company between “$251-$500 thousand", and 35.9% have the Capital of
the company more than $500 thousand ". This variety of financial capabilities reflects
that the size of Gaza strip construction projects is relatively small which are the same
results that verified by a lot of researchers in Gaza Strip.
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Table (4.1): Capital of the company (Thousand $)
Capital of the company
(Thousand $)
Less than 100 thousand $
100-250 thousand $
251-500 thousand $
More than 500 thousand $
Total

Frequency

Percentages

14
19
26
33
92

15.2%
20.7%
28.3%
35.9%
100%

4.2.4 Average size of projects that company involved in (Thousand $)
Table (4.2) shows the average sizes of projects that company involved in
(Thousand $). The results illustrate that 12.0% of the respondents involved in projects
with a value between " $100-$250” and 16.3% of them have an average of “$250-$500”
and 32.6% of them have the range of "$500-1 million$ " while 39.1% of the companies
have in average size of projects more than 1 million $". These results indicate that the
majority of participated companies in this research have financial capabilities and
experience with the highest financial ceilings.
Table (4.2): Average size of projects that company involved in (Thousand $)
Average size of projects involved (Thousand $) Frequency Percentages
100-250 Thousand $
11
12.0%
250-500 Thousand $
15
16.3%
500-1 million$
30
32.6%
More than 1 million $
36
39.1%
92
100%
Total

4.2.5 Number of engineers working in the company
The results shown in Table (4.3) illustrate that 39.1% of the responded
companies have in average between 1-5 engineers. Similarly, 32.6% of the respondents
have in average 10-15 engineer while 8.7% of the responded companies have high
number of engineer between 15-20. These results could reflect some reality since the
minorities of the companies have few permanent engineers while the majorities have
non-permanent Engineers.
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Table (4.3): Number of engineers working in the company
Number of Engineers working in the company Frequency Percentages
1-5 Engineers
36
39.1%
5-10 Engineers
18
19.6%
10-15 Engineers
30
32.6%
15-20 Engineers
8
8.7%
92
100%
Total

4.2.6 Number of permanent employee working in the company
Table (4.4) shows that 27.2% from the companies have between

“1-5”

permanent employees , 19.6% of them have "5-10” permanent employee “ , 27.2% have
between "10-15 permanent employee ' while 26.1% have greater than 15 permanent
employee. These results could reflect some reality since the minorities of the companies
have few permanent employee while the majorities have non-permanent employee.
Table (4.4): Number of permanent employee working in the company
Number of permanent employee working in the
Frequency
Percentages
company
1-5 permanent employee
25
27.2%
5-10 permanent employee
18
19.6%
10-15 permanent employee
25
27.2%
Greater than 15 permanent employee
24
26.1%
92
100%
Total

4.2.7 Average number of temporary employee working in the company
Table (4.5) show that 15.2% of the respondents have temporary number of
employees between 1-5 while the majority 57.6% of the respondents have more than
15 temporary employees. These results definitely reflect that the majority of the
construction companies in Gaza Strip hire temporarily staff upon the availability of the
projects in hands.
Table (4.5): Average number of temporary employee working in the company
Average number of temporary employee in the
company
1-5 temporary employee
5-10 temporary employee
10-15 temporary employee
Greater than 15 temporary employee
Total
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Frequency Percentages
14
8
17
53
9

15.2%
8.7%
18.5%
57.6%
100%
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4.2.8 Contractor’s classification under PCU category
The results observed in Table (4.6) show that 48.9% of the respondents are 1 st
category in the Palestinian Contractors Union (PCU), 31.5% of them are 2 nd PCU
building category, 14.1% of the respondents have 3rd PCU building category. These
results are very important since the main categories that might implement lean
construction are the high category such as 1st and 2nd.

1st category
2nd category
3rd category
4th category
5th category
Total

Percentages

Contractor’s
classification
under PCU category

Frequency

Table (4.6): Contractor’s classification under PCU category
Buildings

45
29
13
5
0
92

48.9%
31.5%
14.1%
5.4%
0.0%
100%

4.3 Evaluating the key factors supporting lean construction
One sample t- test is used to evaluate if the opinions of the respondents about the
key factors of lean construction are matched or not. The base of this evaluation was
according to the relative important index. The results shown in Table (4.7) illustrate that
“Team work” was ranked in the 1 st position as a key factor supporting lean construction
implementation in construction projects with Relative Important Index (RII) of 81.96%.
This result illustrates clearly that implementing lean construction necessitate huge
collaboration and strong relationship between the labors themselves and the top
management. The effective team building will support the lean construction which in
turn leads to the success of the project. “Quality leadership” was ranked in the 2 nd
position with RII of 80.87%. This means that if there are highly qualified managers with
clear understanding of Lean management in construction, they will exert all efforts to
support this. These results are very close to Hook and Stehn (2008) who found those
two factors in the highest positions as key factors supporting lean construction.
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The results illustrated that both “Mandatory clause in the contract” and”
Necessary changes in the organizational culture” don’t have the positive impact on the
implementation of lean construction. The first was ranked in the position 17 with RII of
65.87% while the second factor was ranked in the last important position with RII of
65%. These results emphasis that implementing lean construction still needs huge
efforts to change the mentality and culture of the parties operating in construction.
Moreover, enforcing the parties to implement lean construction mechanism through
special clauses in the contract will not be efficient and practical at this early stage. The
results did not match with Kim and Park, (2006) who found that “a mandatory clause in
the contract” is important factor to implement lean construction and did not match with
Kovacheva (2010) who found that “Necessary changes in the organizational culture”
will be valuable. This may relate to the social and cultural differences with Gaza strip.
For general the results for all items of the field show that the average mean equal 3.61
and relative important index equal 72.14 % which is greater than " 60%" and the value
of t test equal 10.132 which is greater than the critical value which is equal 1.99 and
the p- value equal 0.000 which is less than 0.05, that means key factors (Success
factors) for applicability of lean construction is good at significant level   0.05 .
Besides, these factors were considered after deep study and analysis.

4.4 Evaluating the tools and techniques used in lean construction
One sample t-test was used to explain the opinion of the respondent about the
tools used as lean management drivers. The tools were ranked according to the Relative
Important Index. The results shown in Table (4.8) illustrate that “Concurrent
engineering processes with integrating engineering aspects during each stage of work”
was ranked in the 1st position with RII of 77.83%. The respondents believe that this
tool is considered important to implement and support lean construction. These results
ensure the important role of engineering concepts for project success such as the
existence of clear and concise method of statement for planning and implementation,
existence of methodological activities during the implementation process, following the
exact technical instructions during implementation, meeting what was stated in
contractual terms and drawings, etc,. The important of this tool was highlighted by
many researchers such as Koskela (1992), Ballard (2002) and Clough (1994).
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8
15
5
20
14
2
1
7
13
3
18
16
19
12
17

Necessary changes in the
organizational culture
Total

0.878
0.797
0.977
1.008
1.059

81.96 11.996 0.000
80.87 12.556 0.000
79.35 9.495 0.000
78.48 8.791 0.000
78.04 8.169 0.000

3.83 1.135 76.52

6.981 0.000

3.77 1.017 75.43

7.275 0.000

3.74 0.948 74.78

7.480 0.000

3.64 0.720 72.83

8.544 0.000

3.49 1.000 69.78

4.692 0.000

3.47 0.831 69.35

5.392 0.000

3.46 0.931 69.13
3.43 1.102 68.70

4.705 0.000
3.783 0.000

3.43 1.051 68.70

3.966 0.000

3.38 1.025 67.61

3.559 0.001

3.37 1.056 67.39

3.357 0.001

3.33 1.007 66.52

3.107 0.003

3.33 0.985 66.52

3.177 0.002

3.29 1.064 65.87

2.645 0.010

3.25 1.001 65.00 2.395 0.019
3.61 0.575 72.14 10.132 0.000

Critical value of t at df "91" and significance level 0.05 equal 1.99
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rank

4.10
4.04
3.97
3.92
3.90

p-value

Team work
Quality leadership
Error proofing
Continuous improvement
Commitment of the top management
The presence of the scheduling and
planning
There is adequate knowledge to begin
the project
Workers within the company with
multiple tasks and experiences
Desire to learn the company and their
crews.
An integrated characterization of the
work on the project
Business combinations and make a
unified system
Periodic maintenance of the
company's equipment
Decentralization and motivation
Multiplicity of tools used in project
applications
Show the required information
visually
Involving company employees in
business activities plans
Begin as soon as possible with an
important and visible activity
There is a good network of contacts
in the company
A mandatory clause in the contract

T test

4
6
10
9
11

Relative
index %

Factors

Standard
Deviation

No.

Mean (5)

Table (4.7): Ranks of key factors supporting lean construction implementation

1
2
3
4
5
6
7
8
9
10
11
12
13
13
14
15
16
16
17
18
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“Comprehensive and continuous productive Maintenance for all equipment by
expert team” and “Just In Time” were ranked in the 2nd position with RII of 74.57%.
The availability of this tool or action will support the adoption of lean construction
philosophy. This action is important to enable workers and contractors staff to do their
tasks effectively and with minimum delay of accidents. Moreover, the periodical
maintenance is very critical to the success of the project, respondents ensure this fact by
ranking this action/tool in this high position. Delivering the material to the site on time
is very important if there is no space to accommodate many construction materials at the
site. Also, this is important to keep good financial balance to the contractor which is
related to the cash of expenditures. These two tools were introduced by Polat and
Ballard (2004) and Koskela (1992) as an important to implement lean construction
effectively.
The “Document management systems” was ranked in the last position as an
effective tool to attain lean construction with RII of 66.52%. The respondents still
believe that existence of administrative system for documentation and reporting is not
so critical. This needs more efforts from clients to enhance and change this attitude.
This tool was shown as an important tool by Johansen and Walter (2007) who explained
that documentation and reporting system is key tool to ensure lessons learnt and
continuous development.
For general the results for all items of the field show that the average mean equal
3.56 and relative important index equal 71.12% which is greater than " 60%" and the
value of t test equal 9.604 which is greater than the critical value which is equal 1.99
and the p- value equal 0.00 which is less than 0.05. That means the tools and
techniques used in lean construction is good at significant level   0.05 .
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10

13
20
7

19
2

11

18
5
14

6
9
12

15

Concurrent engineering processes
with integrating engineering aspects
during each stage of work
Comprehensive and continuous
Productive Maintenance for all
equipment by expert team
Just In Time
Continuous Improvement: Process of
performance improvement in small
jumps.
Existence of logistics plan for the
project (such as delivery mechanism
remove material from the work site the process of internal support)
Weekly planning meetings
Planning system is applied to the
composite which depends improve the
performance of the project in four
dimensions (cost - time - quality safety)
Process of measuring the proportion
of the work done for the business
college planned completion
There are daily meetings to assess the
work and performance
The process of follow-up business on
a daily basis with the use of incentives
for workforce
The process of supply for the project
at a specific time accurately in
advance
compressed the time is allowed to
complete the tasks as possible
Apply total quality management in the
project
Compared to the performance of the
company on an ongoing basis with the
best companies in the region, taking
advantage of the expertise and
knowledge of others
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rank

p-value

T test

Relative index
%

Factors

Standard
Deviation

No.

Mean (5)

Table (4.8): Tools & techniques used as lean management supporters

3.89 1.000 77.83 8.553 0.000

1

3.73 0.853 74.57 8.189 0.000

2

3.73 0.866 74.57 8.068 0.000

2

3.72 1.062 74.35 6.479 0.000

3

3.72 0.987 74.35 6.971 0.000

3

3.71 0.884 74.13 7.668 0.000

4

3.71 0.955 74.13 7.093 0.000

4

3.67 0.939 73.48 6.885 0.000

5

3.60 0.915 71.96 6.270 0.000

6

3.60 0.984 71.96 5.827 0.000

6

3.53 1.021 70.65 5.002 0.000

7

3.52 1.074 70.43 4.660 0.000

8

3.49 1.124 69.78 4.174 0.000

9

3.49 1.114 69.78 4.210 0.000
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Cont. Table (4.8)
16
1
8

17

4
21
3

Reengineering can be resorted to the
project (such as deleting process is
effective or delete useless sources)
Project management style regular and
consistent basis
Employee is involved in the
management of crises problems in
project
Schedule is used for all integrated
business activities and is placed in a
sophisticated project
Viewing tools are used in the
management of the project (signals Help – etc)
KPIs: measuring of performance
Document management systems:
Existence of administrative system
for documentation and reporting
Total

3.41 0.916 68.26 4.326 0.000

10

3.40 0.927 68.04 4.163 0.000

11

3.38 1.265 67.61 2.884 0.005

12

3.36 1.001 67.17 3.437 0.001

13

3.35 1.063 66.96 3.138 0.002

14

3.35 1.042 66.96 3.201 0.002

14

3.33 0.939 66.52 3.331 0.001

15

3.56 0.555 71.12 9.604 0.000

Critical value of t at df "91" and significance level 0.05 equal1.99

4.5 Evaluating the challenges and barriers of lean implementation
One sample t-test was used to read opinion of the respondent about challenges
/barriers to implement lean construction ranked according to the relative important
index as shown in Table (4.9). The results show that “LC application requires intensive
training” is the most effective barrier to implement lean construction. This was ranked
in the 1st position with RII of 75.22%. Practically, this is a fact especially in the Gaza
Strip since any training needs extra resources (financial and time) while the contractors
are not ready to overcome this barrier. The majority believe that they can invest better in
construction process itself instead of training the staff which is not right. This barrier
was introduced by many researchers such as Pavez and Alarcon (2006) who explained
that human and organizational aspects became important barriers that obstructed the
efforts of implementation and affected the team synergy, and one of it is the willingness
to train their staff. Besides, Kovacheva (2010) and crute et al. (2003) who illustrate that
finance state of any company considered critical factor influence implementation of lean
construction, needed for employee training programs, external consultant and technical
logistics etc.
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“Participants’ credibility and promises to be truthful” was ranked in the 2nd
position as a main barrier to apply lean construction effectively. This was ranked with
RII of 71.52%. This means that the respondents are still satisfied that many stakeholders
operating in construction projects have not the same level of credibility and the
punctuality to do the work as planned. Some of them may change their mind according
to their benefits more than what the work needs. This result is close to Kim and Park,
(2006) and Macomber and Howell (2003) who showed that there are barriers to lean
implementation in construction projects such as this one.
The respondents did not strongly believe that implementing lean construction
needs “Too much information that reflects a difficulty to make a decision in short
period.” They ranked this barrier in the last position with RII of 61.74%.
For general the results for all items of the field show that the average mean equal 3.40
and relative important index equal 68.03 % which is greater than “60%” and the value
of t test equal 4.883 which is greater than the critical value which is equal 1.99 and the
p- value equal 0.00 which is less than 0.05, that means the challenges and barriers of
lean implementation is acceptable at significant level   0.05 .
The overall results illustrated in Table (4.10) reflect that the average mean equal
3.53 and relative important index equal 70.66% which is greater than “60%” and the
value of t test equal 9.815 which is greater than the critical value which is equal 1.99
and the p- value equal 0.000 which is less than 0.05, that means applicability of lean
construction in the Gaza Strip can be applied with more focus on the concept accurately.
Many companies may use some of the tools that are part of lean construction but they
are not aware of the sensitivity of such tools to the success. Also, the key factors
supporting lean concepts are still in need to be highlighted more to all stakeholders
since the average mean of RII is still within (70-75%)
studied in lean construction is significant level   0.05 .
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7
15
6
14
9
12
8
1
5

4
13
2
11
3

3.76 1.063 75.22 6.868 0.000

1

3.58 1.051 71.52 5.259 0.000

2

3.57 0.918 71.30 5.909 0.000

3

3.51 1.043 70.22 4.698 0.000

4

3.51 1.074 70.22 4.562 0.000

4

3.48 0.966 69.57 4.748 0.000

5

3.42 0.986 68.48 4.124 0.000

6

3.40 1.080 68.04 3.572 0.001

7

3.36 1.012 67.17 3.400 0.001

8

3.36 1.173 67.17 2.934 0.004

8

3.34 0.986 66.74 3.276 0.001

9

3.34 1.082 66.74 2.987 0.004 10
3.18 1.005 63.70 1.764 0.081 11
3.13 1.188 62.61 1.053 0.295 12
3.09 0.945 61.74 0.882 0.380 13
3.40 0.789 68.03 4.880 0.000

Critical value of t at df "91" and significance level 0.05 equal 1.99
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rank

LC application requires intensive training
Participants’ credibility and promises to be
truthful.
Desire and willingness for Learning and
Development
Lean implementation is too dependent upon the
quality and attitude of the subcontractors
Extensive experience is needed and focused
on the concepts of LC
Usually an extra person is to handle lean issues
We need extensive experience and focused on
the concepts of LC
Lean demands extra paper work and time for
training and meetings
A change in the company culture
Difficult to qualify and assign proper
subcontractors to a project if they have little
background in lean construction
Subcontractors may reduce the effectiveness of
the general contractor with inaccurate planning
and PPC
A need to support and adoption of the principle
of the company
Attitude of people in not wanting to work at
the sites
There is a short-term vision among workers
and decision makers
Too much information that reflect a difficulty
to make a decision in short period
Total

p-value

10

T test

Factors

Relative index

No.

Standard
Deviation

Mean (5)

Table (4.9): Challenges /barriers to implement lean construction
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1
2
3

Key Factors of lean construction
Tools used as lean management
supporters
Challenges /barriers to implement
lean construction
Total

rank

p-value

T test

Relative index

Factors

Standard
Deviation

No.

Mean (5)

Table (4.10): Lean construction practices in the Gaza Strip construction industry

3.61 0.575 72.14 10.132 0.000

1

3.56 0.555 71.12

9.604

0.000

2

3.40 0.789 68.03

4.880

0.000

3

3.53 0.521 70.66

9.815

0.000

Critical value of t at df "91" and significance level 0.05 equal1.99

4.6 Fundamental hypothesis and relationships in lean construction
Fundamental Hypothesis: There are no differences at significant level   0.05 about
the lean construction practices in the Gaza Strip construction industry due to Profile of
company (Company’s Location, Company experience, Capital of the company, Average
size of projects that company involved, Number of Engineers working in the company,
Number of permanent employee working in the company, Average number of
temporary employee working in the company).
A. Ho: There are no differences at significant level   0.05

about the lean

construction practices in the Gaza construction industry due to Company’s Location.
To test the hypothesis the one way ANOVA was used and the result illustrated in Table
(4.11) that p-value equal 0.212 which is greater than 0.05. This means that there are no
differences between respondents about the effect of company’s location on the lean
construction practices at significant level   0.05 .
Table (4.11): One way ANOVA test of lean construction practices with Company’s
location effect
Field

Sources

Sum of
Squares

Df

Lean construction
practices in Gaza Strip
construction industry

Between Groups
Within Groups
Total

0.844
23.828
24.672

2
89
91

Mean
F value
Square

Sig.(PValue)

0.422
0.268 1.577

0.212

Critical value of F at df "2,89" and significance level 0.05 equal 3.10
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B. Ho: There are no differences between the respondents at significant level   0.05
about the lean construction practices in the Gaza Strip due to company years of
experience.
The result in Table (4.12 and Table 4.13) illustrated that p-value equals 0.000 which is
less than 0.05 and the value of F test equal 7.716 which is greater than critical value
which is equal 2.71. This means that there are differences between respondents about
the effect of Company years of experience on the lean construction practices at
significant level   0.05 . According to Scheffe’ test the main difference of
respondents opinions were shown for the companies that have less than 5 years and the
companies that have more than 15 years. Such difference may be traced to the huge
differences in such years in construction industry.

Table (4.12): One way ANOVA test for lean construction practices with company
experience
Field
Sum of
Mean F Sig.(PSources
df
Squares
Square value Value)
Between Groups 5.138
3
1.713
Lean construction
Within Groups
19.534
88 0.222 7.716 0.000
practices in Gaza Strip
construction industry
Total
24.672
91
Critical value of F at df "3,88" and significance level 0.05 equal 2.71

Table (4.13): Scheffe test for multiple comparisons- company experience
Difference
in means
Less than
5 years
From (510) years
From (1115) years
More than
15 years

Less than
5 years

From (510) years

From (1115) years

More than
15 years

-0.495

-0.426

-0.786

0.069

-0.291

0.495
0.426

-0.069

*

0.291

0.786

*

-0.360
0.360

C. Ho: There are no differences at significant level   0.05

about the lean

construction practices in the Gaza Strip construction industry due to capital of the
company.
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The result of one way ANOVA test illustrated in Table (4.13) that the p-value equal
0.000 which is less than 0.05 and the value of F test equal 9.858 which is greater than
critical value which is equal 2.71, that’s means that there are a differences at significant
level   0.05 about the lean construction practices in the Gaza Strip construction
industry due to capital of the company and from Scheffe test for multiple comparison
Table (4.14) show that the difference between " Less than 100 thousand $ " , and "
More than 500 thousand $ " in favor of " More than 500 thousand $ " .

Table (4.14): One way ANOVA test for lean construction practices with capital of
the company
Sum of
Squares
Lean construction practices Between Groups 6.206
in Gaza Strip construction Within Groups 18.466
industry
Total
24.672
Field

Sources

Mean
F Sig.(PSquare value Value)
3
2.069
9.858 0.000
88 0.210
91
df

Critical value of F at df "3,88" and significance level 0.05 equal 2.71
Table (4.15): Scheffe test for multiple comparisons- Capital of the company

Difference
in means
Less than
100
thousand $
100-250
thousand $
251-500
thousand $
More than
500
thousand $

Less than
100
thousand $

More
than 500
thousand
$

100-250
thousand
$

251-500
thousand $

-0.074

-0.223

-0.641 *

-0.149

-0.566

0.074
0.223

0.149

0.641 *

0.566

-0.417

0.417

D. Ho: There are no differences at significant level   0.05 about lean construction
practices in the Gaza Strip construction industry due to average size of projects that
company involved.
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One way ANOVA test in Table (4.16) showed that that the p-value equal 0.000 which
is less than 0.05 and the value of F test equal 10.556 which is greater than critical
value which is equal 2.71, that’s means there are a differences at significant level

  0.05 about the lean construction practices in the Gaza Strip construction industry
due to average size of projects that company involved, and from Scheffe test for
multiple comparison Table (4.17) show that the difference between "100-250 Thousand
$ " , and " More than 1 million $ " in favor of " More than 1 million $" . This result
means that there are differences in agreement between the respondents, about the lean
construction applicability. The companies that involved in projects more than $1 million
were not in agreement with the companies that involved in projects with an amount of $
100-250 thousand. Such differences may be traced to the fact that large companies
could be ready more to implement lean construction rather than medium or small
companies. Such variety could be traced also to the fact that most of large size
companies have stronger financial and technical capabilities that are absorbed as a result
of the complexity of the large size projects.

Table (4.16): One way ANOVA test for lean construction practices with average
size of projects that company involved
Sum of
Mean
F
Sig.(PField
Sources
Df
Squares
Square value Value)
Between Groups 6.529
3
2.176
Lean construction
10.556 0.000
Within
Groups
18.143
88
0.206
practices in Gaza Strip
construction industry
Total
24.672
91
Critical value of F at df "3,88" and significance level 0.05 equal 2.71

Table (4.17): Scheffe’ test for multiple comparison- Average size of projects
that company involved
Difference in
means

100-250
Thousand $

100-250
Thousand $
250-500
Thousand $
500-1 million$
More than 1
million $

250-500
Thousand $

500-1
million$

More than 1
million $

-0.098

-0.291

-0.692 *

-0.193

-0.594

0.098
0.291

0.193

*

0.594

0.692
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E. Ho: There are no differences at significant level   0.05

about the lean

construction practices in the Gaza Strip construction industry due to Number of
Engineers working in the company.
To test the hypothesis, one way ANOVA test was used as shown in Table (4.18). Pvalue equals 0.000 which is less than 0.05 and the value of F test equal 13.861 which
is greater than critical value which is equal 2.71, that’s means there are differences at
significant level   0.05 about the lean construction practices in the Gaza Strip
construction industry due to Number of Engineers working in the company, and from
Scheffe test for multiple comparison Table (4.19) shows that the respondents who have
in average (15-20) engineers were not in agreement with both the respondents who have
in average (1-5) engineers and ( 5-10) engineers. Such differences might be realistic
since the companies with more engineers are more interested in applying lean
constructions whereas more engineers in the projects will exert all efforts to achieve
high quality of the project with minimum losses in time and effort. What is recalled here
is the concept of lean construction that is to minimize wastes and maximize the value
added.
Table (4.18): One way ANOVA test for lean construction practices due to Number
of engineers working in the company
Sum of
Mean
F
Sig.(PField
Sources
df
Squares
Square value Value)
Between Groups 7.917
3
2.639
Lean construction
13.861 0.000
practices in Gaza Strip Within Groups
16.755
88
0.190
construction industry
Total
24.672
91
Critical value of F at df "3,88" and significance level 0.05 equal 2.71
Table (4.19): Scheffe test for multiple comparison- # of engineers in the company
Difference
in means
1-5
Engineers
5-10
Engineers
10-15
Engineers
15-20
Engineers

1-5
Engineers

5-10
Engineers

10-15
Engineers

15-20
Engineers

0.198

-0.193

-0.944 *

-0.391

-1.142 *

-0.198
0.193

0.391

0.944 *

1.142*
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F. Ho: There are no differences at significant level   0.05

about the lean

construction practices in the Gaza Strip construction industry due to Number of
permanent employee working in the company.
To test the hypothesis we use the one way ANOVA and the result illustrated in Tables
(4.20) which show that the P-value equal 0.006 which is less than 0.05 and the value
of F test equal 4.387 which is greater than critical value which is equal 2.71, that’s
means There are a differences at significant level   0.05 about the lean construction
practices in the Gaza Strip construction industry

due to Number of

permanent

employee working in the company, and from Scheffe test for multiple comparison Table
(4.21) shows that the difference between " 10-15 permanent employee " , and " Greater
than 15 permanent employee " in favor of " Greater than 15 permanent employee " .
Table (4.20): One way ANOVA test for lean construction practices due to number
of permanent employee working in the company
Field
Sum of
Mean
F Sig.(PSources
df
Squares
Square value Value)
Between Groups 3.210
3.000 1.070
Lean construction
21.462 88.000 0.244 4.387 0.006
practices in Gaza Strip Within Groups
construction industry
Total
24.672 91.000
Critical value of F at df "3,88" and significance level 0.05 equal 2.71

Table (4.21): Scheffe test for multiple comparison- number of permanent employee
working in the company
Difference
in means
1-5
permanent
employee
5-10
permanent
employee
10-15
permanent
employee
Greater
than 15
permanent
employee

1-5
permanent
employee

5-10
permanent
employee

10-15
permanent
employee

Greater
than 15
permanent
employee

-0.009

0.055

-0.404

0.064

-0.395

0.009

-0.055

-0.064

0.404

0.395
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4.7 Summary
To sum up this chapter, it can be noted that applicability of lean construction in
the Gaza Strip is not emerged strongly. Team work and leadership management are key
drivers that support lean management in construction. Although there are some
evidences of integrating lean concepts in construction such as continuous improvement,
Just In Time, weekly and bi-weekly meetings and others, many challenges are still
exited such as the needs for intensive training for all parties operating in construction
industry, the credibility, truthful and willingness of parties to learn and develop their
knowledge. Cultural resistance to change attitudes of contractors and labors are still
real challenge. In general the results were close to the mid- range (3.5 score mean)
which reflects that the respondents are not strongly up taking the concept of lean
management. The statistical tests (One Way ANOVA test and Scheffe test) show the
differences in the respondents opinions that traced to project location, size, number of
engineers, number of projects implemented, etc) these differences were discussed.
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Chapter 5
Conclusions and Recommendations

This chapter includes the conclusions and practical recommendations to improve
the process in the construction projects through investigating applicability and
challenges of lean concepts in the construction industry in the Gaza Strip. The
objectives of this research were to investigate the key factors supporting the
applicability of lean concepts in construction projects, investigate the proper
tools/techniques that can be conducted effectively in lean construction and to identify
the challenges of lean construction principles in construction industry.

5.1 Conclusions
The results of field study revealed that the majority of respondents have
experience more than 15 years which strengthen the outcome of this research since the
research area is considered one of newly conducted concept in Palestine. Moreover, the
results illustrated that the majority of the participated companies in this research have
financial capabilities and experience with high scale projects (over USD1 Million).
From these result it can be concluded that the investigated applicability of lean
construction concept can give real image of the construction status in our country
although there is no clear understanding of the “terminology” itself.
Section two of the field study which is related to evaluating the key factors
(Success factors) for applicability of lean construction, the results indicated that both
“Team work” and “Quality leadership” were considered as key factor that support lean
construction implementation in construction projects. It is concluded that high
collaboration and strong relationship between labors and top management should be
exerted to enhance and develop the lean construction implementation. Moreover, the
obtained results that showed low importance of “mandatory clause in the contract” and”
Necessary changes in the organizational culture” to enable implementation lean
construction may need huge efforts to change the mentality and culture of the parties
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operating in construction about how to implement lean construction. In general, the
agreement level was not strong enough to reflect real up-taking of lean construction
concept i.e. (RII was 73%).
The results obtained from Part II: Evaluating the tools and techniques used in
lean construction, illustrated that “Concurrent engineering processes with integrating
engineering aspects during each stage of work”, “Comprehensive and continuous
productive maintenance for all equipment by expert team” and “Just In Time” tools are
considered the most important tools that support lean construction. These results ensure
the important role of engineering concepts for project success such as the existence of
clear and concise method of statement for planning and implementation, existence of
methodological activities during the implementation process, following the exact
technical instructions during implementation, meeting what was stated in contractual
terms and drawings, etc. Out of these results, it can be concluded that implementing
effective tools such as JIT will definitely help to support lean construction concepts.
This will enable contractors to be well organized, keep themselves updated with the
lessons learned from the previous projects.
Under Part III in this research which is “Evaluating the challenges and barriers
of lean application”, the results revealed that there are many challenges and barriers to
integrate lean construction with its full techniques in Gaza construction projects. The
intensive training needed in Lean Construction tools and management practices was
ranked as the most effective barrier. This result may lead to a conclusion that the
shortage of resources (financial and time) may be the main factors that do not support
contractors to overcome this barrier. Also, “Participants’ credibility and promises to be
truthful”, “willingness for Learning and development”, “Lean implementation is too
dependent upon the quality and attitude of the subcontractors” Extensive experience is
needed and focused on the concepts of LC” are considered main barriers that disable
implementing lean construction properly.
Under the last section in this research which is related to: Fundamental
Hypothesis and relationships in lean construction, it was found that the companies that
have more than 15 years experience in construction have different opinion about lean
construction implementation. It can be concluded that more years of experiences prove
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the possibility to inject lean concepts strongly.

The results proved that there are

differences in the perspectives between the companies that have more than 10 staff
including engineers and other companies. From this result it can be concluded that the
large companies are more equipped and ready to implement and conduct lean
construction tools than the others. This is also indicator of the stability and continuity of
implementing projects in the construction industry.

5.2 Recommendations
In order to benefit practically of the research results and conclusions, the
following are the research recommendations:
Contractors are recommended to keep continuous development and learning
from the previous projects that they completed. These lessons learned will enable them
to benefit from the lean constructions tools that can be conducted. Since the results
illustrated that large companies are more ready to implement lean concepts, other
companies from low categories should benefit of this results. The contractors and clients
should reinforce the team building atmosphere inside the work between contractors and
clients teams. Also, both should strengthen the existence of quality leadership person in
order to support lean construction implementation in construction projects. Huge
collaboration and strong relationship between labors and top management should be
exerted to enhance and develop the lean construction implementation.
Clients are recommended to start injecting mandatory clause in the contract that
supports Lean construction. This needs huge efforts and collaboration to formulate
concrete and practical guidance inside the contract document.
Since the results indicated the importance of Just In Time” tools as the most
important one that will support lean construction. Contractors and clients are
recommended strongly to consider this tool in their projects. In order to integrate this
concept, it is recommended to hold periodical meeting with the contractors by the
Palestinian Contractors Union (PCU) to introduce the concept of JIT and its positive
impact in developing the construction projects and increase the effectiveness and
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efficiency. This will definitely help to support lean construction concepts. This will
enable contractors to be well organized, keep themselves updated with the lessons
learned from the previous projects.
Contractors, Clients and PCU are recommended to held intensive training course
in Lean Construction tools and management practices. This training course should be
organized monthly or quarterly by inviting all registered contractors to attend. The
suggested persons who can provide this training course are: consultants in Lean
construction (in-out-House trainers), experts, and academic staff in project construction
management.
Further recommendation that can be introduced here is to conduct this research
targeting contractors in infrastructure projects and to conduct comparative studies with
practical lessons learned.
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ANNEXES
Annex (1): The correlation coefficient between each paragraph and the
whole field

Table (3.4): The correlation coefficient between each paragraph and the whole
field (Key Factors of lean construction)
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Key Factors of lean construction
Periodic maintenance of the company's equipment
Business combinations and make a unified system
Show the required information visually
Team work
Workers within the company with multiple tasks
and experiences
Quality leadership
Decentralization and motivation
The presence of the scheduling and planning
Continuous improvement
Error proofing
Commitment of the top management
A mandatory clause in the contract
Multiplicity of tools used in project applications
An integrated characterization of the work on the
project
There is adequate knowledge to begin the project
Begin as soon as possible with an important and
visible activity
Necessary changes in the organizational culture
Involving company employees in business activities
plans
There is a good network of contacts in the company
Desire to learn the company and their crews
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Pearson
coefficient
0.636
0.551
0.558
0.503

pvalue
0.000
0.002
0.001
0.005

0.635
0.476
0.505
0.490
0.409
0.573
0.737
0.543
0.741

0.000
0.008
0.004
0.006
0.025
0.001
0.000
0.002
0.000

0.721

0.000

0.471

0.009

0.596

0.001

0.430

0.018

0.697

0.000

0.740
0.560

0.000
0.001
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Table (3.5): The correlation coefficient between each paragraph in the field and
the whole field (Tools used as lean management supporters)
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Tools used as lean management supporters
Project management style regular and consistent basis
There are weekly planning meetings
There are administrative system for documentation and
documents
Viewing tools are used in the management of the project
(signals - Help – etc)
There are daily meetings to assess the work and
performance
The process of supply for the project at a specific time
accurately in advance
The process of improvement in performance on an ongoing
basis in small steps
Employee is involved in the management of crises problems
in project
Compressed the time is allowed to complete the tasks as
possible
A continuous piece of engineering is consecutively in all
phases associated with the project
Planning system is applied to the composite which depends
improve the performance of the project in four dimensions
(cost - time - quality - safety)
Apply total quality management in the project
Ongoing maintenance work patrol machines used by a
dedicated team
The process of follow-up business on a daily basis with the
use of incentives for workforce
Compared to the performance of the company on an
ongoing basis with the best companies in the region, taking
advantage of the expertise and knowledge of others
Reengineering can be resorted to the project (such as
deleting process is effective or delete useless sources)
Schedule is used for all integrated business activities and is
placed in a sophisticated project
The process of measuring the proportion of the work done
for the business college planned completion
The presence of logistical plan for the project (such as
delivery mechanism remove material from the work site the process of internal support)
The process of arrangement of materials and sources (put
everything in place appropriate)
There is a measure of the performance of the predetermined indicators, such as how to achieve the goals set
by the plan
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Pearson
coefficient
0.675
0.594

pvalue
0.000
0.001

0.720

0.000

0.530

0.003

0.458

0.011

0.465

0.010

0.445

0.014

0.748

0.000

0.421

0.021

0.586

0.001

0.546

0.002

0.594

0.001

0.779

0.000

0.781

0.000

0.831

0.000

0.710

0.000

0.605

0.000

0.535

0.002

0.591

0.001

0.576

0.001

0.503

0.005
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Table (3.6): The correlation coefficient between each paragraph and the whole
field (Challenges /barriers to implement lean construction)
No.

Challenges /barriers to implement lean construction

1
2

A change in the company culture
Attitude of people not wanting to work at the sites
Too much information that reflect a difficulty to make a
decision in short period.
Subcontractors may reduce the effectiveness of the
general contractor with inaccurate planning and PPC.
Difficult to qualify and assign proper subcontractors to a
project if they have little background in lean
construction.
Lean implementation is too dependent upon the quality
and attitude of the subcontractors.
Depends on participants’ keeping promises and being
truthful.
Lean demands extra paper work and time for training
and meetings.
Usually an extra person is to handle lean issues.
LC application requires intensive training
There is a short-term vision among workers and
decision makers
We need extensive experience and focused on the
concepts of LC
We need to support and adoption of the principle of the
company
We need extensive experience and focused on the
concepts of LC
Desire and willingness for Learning and Development

3
4
5
6
7
8
9
10
11
12
13
14
15
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Pearson
coefficient
0.552
0.478

pvalue
0.002
0.007

0.617

0.000

0.581

0.001

0.632

0.000

0.497

0.005

0.614

0.000

0.581

0.001

0.596
0.840

0.001
0.000

0.824

0.000

0.791

0.000

0.793

0.000

0.461

0.010

0.675

0.000
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Annex (2): The questionnaire (Distributed version)

Islamic University of
Gaza
Engineering Faculty
Higher Education Deanship

Questionnaire for contractors in The Gaza Strip

The Applicability of Lean Construction in the Gaza
Strip Construction industry

Researcher: Mohammed Abu Ismaiel
Supervisor: Dr. Nabil El-Sawalhi
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Dear Contractor:
First of all, I would like to thank you for your value time and effort that will be
consumed in this questionnaire filling.
This questionnaire aim to study the ability of applying the “lean construction” in
construction companies placed in Gaza, which it’s a philosophy of projects
management based on improving the value of final product, eliminating waste
through all process of project and reduction of cost in same time.
In addition to spot the light on key Factors for lean application in Gaza.
And to investigate tools and techniques for lean construction that affect in
construction projects in Gaza.
Finally to study the challenges and barriers of lean applicability.

Content of Questionnaire:
Section one: Profile of the organization.
Section two: Facts and perspectives of contractor or who will be filling this
questionnaire.
Section three: Evaluating the key Factors (Success factors) for applicability of
lean construction.
Section four: Evaluating the tools and techniques used in lean construction.
Section five: Evaluating the challenges and barriers of lean application

* All responses and facts will remain fully confidential, and will be used for the
research purposes only
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Section one:

Profile of company
Gaza and North

Middle area

South area







1. Company’s Location.

2. Company experience.

3. Capital of the company
(Thousand $).

Less than
5 years

From (510) years

From
(11-15)

More than
15 years









Less than
100

100-250

251-500

More than
500









100-250

250-500

500-1
million

More than
1 million







1-5

5-10

10-15

15-20









1-5

5-10

10-15

>15









1-5

5-10

10-15

>15









4. Average size of projects that
company involved in

(Thousand $).
5. Number of Engineers
working in
the company.

6.

7.

Number of permanent
employee working in the
company.

Average number of
temporary employee
working in the company.

8. Contractor’s classification under PCU* category
Degree
st
nd
rd

1

2

3

4th

5 th

Buildings











Roads











Water & Sewage











*PCU: Palestinian Contractors Union
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Section Two:

Key Factors of lean construction

The next are keys success factors for lean construction which support the implementation of lean thinking
and make it applicable. Please identify the level of implementation for each factor:-

Level of Implementation
Factors- Key Factors of lean construction

Very
Low

Low

Medium

High

Very
high

1

Periodic maintenance of the company's
equipment
اﻟﺼﻴﺎﻧﺔ اﻟﺪورﻳﺔ ﻟﻠﻤﻌﺪات اﻟﺨﺎﺻﺔ ﺑﺎﻟﺸﺮﻛﺔ











2

Standardized works
ﺗﻮﺣﻴﺪ اﻷﻋﻤﺎل وﺟﻌﻠﻬﺎ ﺑﻨﻈﺎم ﻣﻮﺣﺪ











3

Visual information
إﻇﻬﺎر اﻟﻤﻌﻠﻮﻣﺎت اﻟﻤﻄﻠﻮﺑﺔ ﺑﺼﻮرة ﻣﺮﺋﻴﺔ











4

Team work
اﻟﻌﻤﻞ ﺿﻤﻦ ﻓﺮﻳﻖ











5

Multifunctional workers
اﻟﻌﻤﺎل داﺧﻞ اﻟﺸﺮﻛﺔ ذوي ﻣﻬﺎم وﺧﺒﺮات ﻣﺘﻌﺪدة











6

Quality leadership
ﺟﻮدة اﻟﻘﻴﺎدة











7

Decentralization and motivation
اﻟﻼﻣﺮﻛﺰﻳﺔ ﻓﻲ اﺗﺨﺎذ اﻟﻘﺮار وﻋﻤﻠﻴﺔ اﻟﺘﺤﻔﻴﺰ































8
9

Setup time and scheduling
وﺟﻮد اﻟﺠﺪوﻟﺔ اﻟﺰﻣﻨﻴﺔ واﻟﺘﺨﻄﻴﻂ
Continuous improvement
اﻟﺘﺤﺴﻴﻦ اﻟﻤﺴﺘﻤﺮ ﻓﻲ اﻷداء

10

Error proofing
ﺗﺼﺤﻴﺢ اﻷﺧﻄﺎء











11

Commitment of the top management
دﻋﻢ اﻹدارة اﻟﻌﻠﻴﺎ











12

A mandatory clause in the contract
وﺟﻮد ﺑﻨﺪ ﻣﻠﺰم ﻓﻲ اﻟﻌﻘﺪ ﺣﻮل ﺗﻄﺒﻴﻖLC) (































Fragmented tools application
ﺗﻌﺪد اﻷدوات اﻟﻤﺴﺘﺨﺪﻣﺔ ﻓﻲ ﺗﻄﺒﻴﻘﺎت اﻟﻤﺸﺮوع
Integrated job site application
14
وﺟﻮد ﺗﻮﺻﻴﻒ ﻣﺘﻜﺎﻣﻞ ﻟﻠﻌﻤﻞ ﻓﻲ اﻟﻤﺸﺮوع
13

15

Get the knowledge
وﺟﻮد ﻣﻌﺮﻓﺔ ﻛﺎﻓﻴﺔ ﻟﻠﺒﺪء ﻓﻲ اﻟﻤﺸﺮوع











16

Begin as soon as possible with an important and
visible activity
ﻳﺒﺪأ اﻟﻤﺸﺮوع ﺑﺼﻮرة ﺳﺮﻳﻌﺔ
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Necessary changes in the organizational culture
ﻫﻨﺎك ﺗﻐﻴﻴﺮ ﻣﺴﺘﻤﺮ ﻓﻲ ﺛﻘﺎﻓﺔ اﻟﻤﺆﺳﺴﺔ ﻟﻠﺘﻄﻮﻳﺮ

17











Employee’s involvement
ﺗﺸﺮك اﻟﺸﺮﻛﺔ اﻟﻤﻮﻇﻔﻴﻦ ﻓﻲ اﻷﻋﻤﺎل واﻟﻨﺸﺎﻃﺎت واﻟﺨﻄﻂ

18











Network relationships
ﻫﻨﺎك ﺷﺒﻜﺔ ﻋﻼﻗﺎت ﺟﻴﺪة ﻓﻲ اﻟﺸﺮﻛﺔ

19











Willingness to learn.
اﻟﺮﻏﺒﺔ ﻓﻲ اﻟﺘﻌﻠﻢ ﻟﺪى اﻟﺸﺮﻛﺔ و ﻃﻮاﻗﻤﻬﺎ

20

Level of Implementation
Very
high

High

Mediu
m

Low

Very
Low

2- Tools used as lean management supporters











Standardization of management
ﻧﻤﻂ اﻹدارة ﻓﻲ اﻟﻤﺸﺮوع ﻣﻨﺘﻈﻢ وﺛﺎﺑﺖ

1











Weekly work planning
ﻫﻨﺎك ﻟﻘﺎءات ﺗﺨﻄﻴﻂ اﺳﺒﻮﻋﻴﺔ

2











Document management systems
ﻳﻮﺟﺪ ﻧﻈﺎم إداري ﻟﻠﺘﻮﺛﻴﻖ واﻟﻤﺴﺘﻨﺪات

3





















Increased visualization
ﻳﺘﻢ اﺳﺘﺨﺪام اﻷدوات اﻟﻤﺸﺎﻫﺪة ﻓﻲ إدارة اﻟﻤﺸﺮوع )إﺷﺎرات-ﺗﻌﻠﻴﻤﺎت-إﻟﺦ(
Daily huddle meetings
ﻫﻨﺎك ﻟﻘﺎءات ﻳﻮﻣﻴﺔ ﻟﺘﻘﻴﻴﻢ اﻟﻌﻤﻞ واﻷداء

4
5











Just In Time
ﺗﺘﻢ ﻋﻤﻠﻴﺔ اﻟﺘﻮرﻳﺪ ﻟﻠﻤﺸﺮوع ﻓﻲ وﻗﺖ ﻣﺤﺪد ﺑﺪﻗﺔ ﻣﺴﺒﻘﺎً

6











Continuous improvement
ﺗﺘﻢ ﻋﻤﻠﻴﺔ اﻟﺘﺤﺴﻴﻦ ﻓﻲ اﻷداء ﺑﺼﻮرة ﻣﺴﺘﻤﺮة وﺑﺨﻄﻮات ﺻﻐﻴﺮة

7











Employee involvement
ﻳﺘﻢ إﺷﺮاك اﻟﻤﻮﻇﻒ ﻓﻲ إدارة اﻷزﻣﺎت واﻟﻤﺸﺎﻛﻞ ﻓﻲ اﻟﻤﺸﺎرﻳﻊ

8











Time based competition
ﻳﺘﻢ ﺿﻐﻂ اﻟﻮﻗﺖ اﻟﻤﺴﻤﻮح ﻹﻧﺠﺎز اﻟﻤﻬﺎم ﻣﺎ أﻣﻜﻦ

9











Concurrent engineering.
ﻳﺘﻢ ﻋﻤﻞ ﻫﻨﺪﺳﻲ ﻣﺴﺘﻤﺮ وﻣﺘﺘﺎﺑﻊ ﻓﻲ ﺟﻤﻴﻊ اﻟﻤﺮاﺣﻞ اﻟﻤﺮﺗﺒﻄﺔ ﺑﺎﻟﻤﺸﺮوع

10









Last Planner System.
 ﻳﺘﻢ ﺗﻄﺒﻴﻖ ﻧﻈﺎم اﻟﺘﺨﻄﻴﻂ اﻟﻤﺮﻛﺐ اﻟﺬي ﻳﻌﺘﻤﺪ ﺗﺤﺴﻴﻦ أداء اﻟﻤﺸﺮوع ﻓﻲ أﺑﻌﺎدﻩ
اﻷرﺑﻌﺔ )اﻟﺘﻜﻠﻔﺔ-اﻟﺰﻣﻦ-اﻟﺠﻮدة-اﻟﺴﻼﻣﺔ(

11











Total Quality Control.
ﻳﺘﻢ ﺗﻄﺒﻴﻖ إدارة اﻟﺠﻮدة اﻟﺸﺎﻣﻠﺔ ﻓﻲ اﻟﻤﺸﺮوع

12











Total Productive Maintenance.
ﻳﺘﻢ ﻋﻤﻞ ﺻﻴﺎﻧﺔ ﻣﺴﺘﻤﺮة ﻟﻶﻻت اﻟﻤﺴﺘﺨﺪﻣﺔ وذﻟﻚ ﻣﻦ ﻗﺒﻞ ﻓﺮﻳﻖ ﻣﺘﺨﺼﺺ

13











Day-to-day observation and motivation of the
work force

14
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ﺗﺘﻢ ﻋﻤﻠﻴﺔ ﻣﺘﺎﺑﻌﺔ اﻷﻋﻤﺎل ﺑﺼﻮرة ﻳﻮﻣﻴﺔ ﻣﻊ اﺳﺘﺨﺪام اﻟﻤﺤﻔﺰات ﻟﻠﻘﻮى اﻟﻌﺎﻣﻠﺔ
Benchmarking
ﻳﺘﻢ ﻣﻘﺎرﻧﺔ أداء اﻟﺸﺮﻛﺔ ﺑﺼﻮرة ﻣﺴﺘﻤﺮة ﻣﻊ أﻓﻀﻞ اﻟﺸﺮﻛﺎت اﻟﻌﺎﻣﻠﺔ ﻓﻲ اﻟﻤﻨﻄﻘﺔ

15

ﻣﻊ اﻻﺳﺘﻔﺎدة ﻣﻦ ﺧﺒﺮات وﻣﻌﺮﻓﺔ اﻵﺧﺮﻳﻦ
Re-engineering
ﻳﻤﻜﻦ اﻟﻠﺠﻮء إﻟﻰ ﻫﻨﺪرة اﻟﻤﺸﺮوع)ﻣﺜﻞ ﺣﺬف ﻋﻤﻠﻴﺔ ﻏﻴﺮ ﻓﻌﺎﻟﺔ أو ﺣﺬف

16































ﻳﺘﻢ اﺳﺘﺨﺪام ﺟﺪول زﻣﻨﻲ ﻣﺘﻜﺎﻣﻞ ﻟﺠﻤﻴﻊ ﻧﺸﺎﻃﺎت اﻟﻌﻤﻞ وﻳﺘﻢ وﺿﻌﻬﺎ ﺑﺼﻮرة











)Percent Plan Complete (PPC
ﺗﺘﻢ ﻋﻤﻠﻴﺔ ﻗﻴﺎس ﻧﺴﺒﺔ اﻷﻋﻤﺎل اﻟﻤﻨﺠﺰة ﺑﺎﻟﻨﺴﺒﺔ ﻟﻸﻋﻤﺎل اﻟﻜﻠﻴﺔ اﻟﻤﺨﻄﻂ































ﻣﺼﺎدر ﻏﻴﺮ ﻣﺠﺪﻳﺔ(
Master schedules
17

ﻣﺘﻄﻮرة ﻓﻲ اﻟﻤﺸﺮوع

Importance Level
Very
high

High

Mediu
m

Low

Very
Low

18

اﻧﺠﺎزﻫﺎ
Site Logistics plans
وﺟﻮد ﺧﻄﺔ ﻟﻮﺟﺴﺘﻴﺔ ﻟﻠﻤﺸﺮوع ﻣﺜﻞ)آﻟﻴﺔ إﻳﺼﺎل وإﺧﺮاج اﻟﻤﻮاد ﻣﻦ ﻣﻮﻗﻊ

19

اﻟﻌﻤﻞ(
The 5s Process:
ﺗﺘﻢ ﻋﻤﻠﻴﺔ ﺗﺮﺗﻴﺐ ﻟﻠﻤﻮاد واﻟﻤﺼﺎدر )وﺿﻊ ﻛﻞ ﺷﺊ ﻓﻲ ﻣﻜﺎﻧﻪ اﻷﻧﺴﺐ(
)KPI (Key Performance Indicator
ﻫﻨﺎك ﻗﻴﺎس ﻟﻸداء ﻣﻦ ﺧﻼل ﻣﺆﺷﺮات ﻳﺘﻢ ﺗﺤﺪﻳﺪﻫﺎ ﻣﺴﺒﻘﺎً  ,ﻣﺜﻞ ﻣﺪى ﺗﺤﻘﻴﻖ

20

21

اﻷﻫﺪاف اﻟﻤﻮﺿﻮﻋﺔ ﺣﺴﺐ اﻟﺨﻄﺔ

Challenges /barriers to implement lean
construction











Lean culture & Resistance to change
ﺛﻘﺎﻓﺔ اﻟﺘﻐﻴﻴﺮ ﻓﻲ اﻟﺸﺮﻛﺔ

1











Attitude of people not working on building sites.
ﺗﻮﺟﮫ اﻟﻨﺎس ﻓﻲ ﻋﺪم اﻟﺮﻏﺒﺔ ﻟﻠﻌﻤﻞ ﻓﻲ اﻟﻤﻮاﻗﻊ

2









































Too much information that reflect a difficulty to make a
decision in short period.
ﯾﺤﺘﺎج ﻟﺤﺠﻢ ﻛﺒﯿﺮ ﻣﻦ اﻟﻤﻌﻠﻮﻣﺎت وﻗﺮارات ﺳﺮﯾﻌﺔ ﻓﻲ ﻓﺘﺮة ﻗﺼﯿﺮةLCﺗﻄﺒﯿﻖ
Subcontractors may reduce the effectiveness of the general
contractor with inaccurate planning and PPC.
ﻗﺪ ﯾﻮاﺟﮫ اﻟﻤﻘﺎول ﻣﺸﻜﻠﺔ ﻓﻲ اﻹﻧﺠﺎز ﻓﻲ ﺣﺎﻟﺔ ﻋﺪم ﻓﺎﻋﻠﯿﺔ اﻟﻤﻘﺎول اﻟﺒﺎطﻦ
Difficult to qualify and assign proper subcontractors to a
project if they have little background in lean construction.
ﺻﻌﻮب اﻋﺘﻤﺎد ﻣﻘﺎول اﻟﺒﺎطﻦ ﻟﻠﻤﺸﺮوع إذا ﻟﻢ ﯾﻜﻦ ﻟﺪﯾﮫ ﺧﺒﺮة ﻛﺎﻓﯿﺔ ﻓﻲ ﻣﻔﮭﻮم
LCوأدوات
Lean implementation is too dependent upon the quality and
attitude of the subcontractors.
ﺑﺼﻮرة ﻛﺒﯿﺮة ﻋﻠﻰ ﺧﺒﺮة ﻣﻘﺎوﻟﻲ اﻟﺒﺎطﻦ وﺗﻮﺟﮭﺎﺗﮭﻢLCﺗﻌﺘﻤﺪ
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5

6
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7

Depends on participants’ keeping promises and being
truthful.
ﺗﻌﺘﻤﺪ ﻋﻠﻰ ﻣﺼﺪاﻗﯿﺔ اﻷطﺮاف اﻟﻤﺸﺎرﻛﺔ ﻓﻲ ﺗﻨﻔﯿﺬ اﻟﻤﺸﺮوع











8

Lean demands extra paper work and time for
training and meetings.
ﻧﺤﺘﺎج ﻷﻋﻤﺎل ورﻗﻴﺔ أو إدارﻳﺔ وﺟﻬﺪ ﻛﺒﻴﺮ ﻣﻊ اﻟﺘﺪرﻳﺐ واﻟﻠﻘﺎءات اﻟﻤﺴﺘﻤﺮة











9

Usually an extra person is to handle lean issues.
ﻧﺤﺘﺎج ﻟﺸﺨﺺ إﺿﺎﻓﻲ ﻓﻲ اﻟﻤﺸﺮوع ﻳﺨﺘﺺ ﺑﻌﻤﻠﻴﺔLC































Need Training
ﻳﺤﺘﺎج ﺗﻄﺒﻴﻖLC إﻟﻰ ﺗﺪرﻳﺐ ﻣﻜﺜﻒ
Short term vision
11
وﺟﻮد رؤﻳﺔ ﻗﺼﻴﺮة اﻟﻤﺪى ﻟﺪى اﻟﻌﺎﻣﻠﻴﻦ وﺻﺎﻧﻌﻲ اﻟﻘﺮار
10

12

Finance to implement lean system
ﻧﺤﺘﺎج ﻟﺪﻋﻢ ﻣﺎﻟﻲ ﻟﺘﻄﺒﻴﻖ ﻧﻈﺎمLC











13

Organizational culture
ﻧﺤﺘﺎج ﻟﺪﻋﻢ واﻋﺘﻤﺎد ﻟﻠﻤﺒﺪأ ﻣﻦ اﻟﺸﺮﻛﺔ































Skill and expertise
ﻧﺤﺘﺎج ﺧﺒﺮة واﺳﻌﺔ وﻣﺮﻛﺰة ﻓﻲ ﻣﻔﺎﻫﻴﻢLC
Willingness to learn.
15
اﻟﺮﻏﺒﺔ واﻻﺳﺘﻌﺪاد ﻟﻠﺘﻌﻠﻴﻢ واﻟﺘﻄﻮﻳﺮ
14
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Annex (3): The questionnaire (English version)

Islamic University of Gaza
Engineering Faculty
Higher Education Deanship

Questionnaire for contractors in The Gaza Strip

The Applicability of Lean Construction in the Gaza
Strip Construction industry

Researcher: Mohammed Abu Ismaiel
Supervisor: Dr. Nabil El-Sawalhi
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Dear Contractor:
First of all, I would like to thank you for your value time and effort that will be
consumed in this questionnaire filling.
This questionnaire aim to study the ability of applying the “lean construction” in
construction companies placed in Gaza, which it’s a philosophy of projects
management based on improving the value of final product, eliminating waste
through all process of project and reduction of cost in same time.
In addition to spot the light on key Factors for lean application in Gaza.
And to investigate tools and techniques for lean construction that affect in
construction projects in Gaza.
Finally to study the challenges and barriers of lean applicability.

Content of Questionnaire:
Section one: Profile of the organization.
Section two: Facts and perspectives of contractor or who will be filling this
questionnaire.
Section three: Evaluating the key Factors (Success factors) for applicability of
lean construction.
Section four: Evaluating the tools and techniques used in lean construction.
Section five: Evaluating the challenges and barriers of lean application

* All responses and facts will remain fully confidential, and will be used for the
research purposes only
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Section one:

Profile of company
Gaza and North
area

1. Company’s Location.

Middle area


2. Company experience.

3. Capital of the company (Thousand $).

4. Average size of projects that
company involved in (Thousand $).

5. Number of Engineers working in
the company.

6.

7.

Number of permanent employee
working in the company.

Average number of temporary
employee working in the company.

South area





Less than
5 years

From (510) years

From
(11-15)
years

More than
15 years









Less than
100

100-250

251-500

More than
500









100-250

250-500

500-1
million

More than
1 million









1-5

5-10

10-15

15-20









1-5

5-10

10-15

>15









1-5

5-10

10-15

>15









8. Contractor’s classification under PCU* category
Degree
st
nd

1

2

3rd

4th

5th

Buildings











Roads











Water & Sewage











*PCU: Palestinian Contractors Union
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Section Two:

Key Factors of lean construction

The next are the key factors for lean construction which support the implementation of lean thinking and
make it applicable. Please identify the level of implementation for each factor:-

Level of Implementation
Factors- Key Factors of lean construction
1
2
3
4
5
6
7
8
9
10
11
12
13
14

15

16
17
18
19
20

Very
Low

Low

Medium

High

Very
high

Periodic maintenance of the company's equipment











Standardized works











Visual information











Team work











Multifunctional workers











Quality leadership











Decentralization and motivation











Setup time and scheduling











Continuous improvement











Error proofing











Commitment of the top management











A mandatory clause in the contract











Fragmented tools application











Integrated job site application









































Employee’s involvement











Network relationships











Willingness to learn.











Get the knowledge : get enough knowledge to start
and then continue to gain knowledge through
implementation
Begin as soon as possible with an important and
visible activity
Necessary changes in the organizational culture
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Level of Implementation
2- Tools used as lean management supporters

Very
Low

Low

Medium

High

Very
high

1

Standardization of management











2

Weekly work planning











Document management systems











Increased visualization











Daily huddle meetings











Just In Time







































































Autonomous maintenance of production machinery by small
groups of multi-skilled operators











Day-to-day observation and motivation of the
work force
Benchmarking:











Comparing one’s current performance against the world
leader in any particular area











Re-engineering: radical reconfiguration of
processes and tasks











3
4
5
6

7

8

9

10

11

12

Continuous improvement: maintain and improve
the working standards through small, gradual
improvements
Employee involvement: rapid response to
problems requires empowerment of workers
Time based competition: compressing time
throughout the organization for competitive
benefit.
Concurrent engineering: improved design
process characterized by rigorous upfront
requirements analysis, incorporating the
constraints of subsequent phases into the
conceptual phase, and tightening of change control
towards the end of the design process
Last Planner System: is a lean production–based
project planning and management system that aims to
improve project in all four dimensions i.e. (cost, schedule,
quality, and safety).
Total Quality Control: Which means Expanding
quality control from production to all departments,
Expanding quality control from workers to management,
Expanding the notion of quality to cover all operations in
the company

Total Productive Maintenance:
13
14
15
16
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Master schedules: Give us confidence that an end date
and milestone dates are feasible, Develop and display
17

execution strategies, Identify and schedule long lead items,
Divide the project into phases, identifying any special



















































milestones of importance to the client or other stakeholders.

Percent Plan Complete (PPC): The number of
18

19

20

21

planned activities completed divided by the total number of
planned activities
Site Logistics plans: are updated weekly showing
changes to the site, 2) access to the site, 3) specific
subcontractor work areas, 4) material lay down areas, 5)
toilet facilities, 6) trash receptacles, 7) trash that needs to be
removed and 8) recycling dumpsters.
The 5s Process: a place for everything and everything in
its place, Sort, Straighten or set in order, Standardize,
Systematize
KPI (Key Performance Indicator): a metrics
designed to track and encourage progress towards critical
goals of the organization

Importance Level
Challenges /barriers to implement lean construction

1
2

Lean culture & Resistance to change
Attitude of people not working on building sites.

Very
Low

Low

Medium

High

Very
high





















3

Too much information that reflect a difficulty to make a
decision in short period.











4

Subcontractors may reduce the effectiveness of the
general contractor with inaccurate planning and PPC.











5

Difficult to qualify and assign proper subcontractors to a
project if they have little background in lean construction.











6

Lean implementation is too dependent upon the quality
and attitude of the subcontractors.











7

Depends on participants’ keeping promises and being
truthful.











8

Lean demands extra paper work and time for training and
meetings.





















Need Training











Short term vision











9
10
11

Usually an extra person is to handle lean issues.

89

The Applicability of Lean Construction in The Gaza Strip Construction Industry

12
13

Finance to implement lean system











Organizational culture































Skill and expertise
14

Most companies experience difficulties after employing people with
low skills levels, who do not foster the ideology of skill enhancement.

15

Willingness to learn.
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