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Abstract 

The aim of this thesis is to investigate the knowledge, attitude and practice (KAP) of lean design (LD) 

held by the New Zealand (NZ) architecture, engineering and construction (AEC) industry by obtaining 

research input from multiple stakeholders including the project ownership group, architectural team, 

engineering designers and principle contractors. 

Data was obtained from semi-structured interviews conducted with thirteen AEC professionals with 

recent project experience that involved architects, civil, structural or geotechnical engineers, building 

services engineers, other engineers, project managers and client representatives. A KAP questionnaire 

was administered NZ wide and data was collected from 51 respondents who held experience in the 

design phase of a construction project. Responses were obtained representing the multiple 

stakeholders involved in the design process. 

The results indicated that the application of LD was unfamiliar to most research respondents and 

knowledge of LD was low. Most interview participants and survey respondents demonstrated a 

positive attitude towards LD, however, results indicated that LD practice is immature, and the concept 

is not widely adopted or applied during the design process for construction projects. No statistically 

significant differences were found between the means of each sample discipline group 

(owner/project leadership group, design team incorporating architects and engineers, and 

contractors) and the means of the population. 

The key conclusion drawn from this research is that the NZ industry may be failing to embrace a 

concept that can deliver advantages and contribute to a more effective and efficient design process. 

Four recommendations for enhancing LD KAP were proposed: (1) develop programmes to promote LD 

knowledge for AEC professionals, (2) support industry stakeholders to promote understanding of 

advantages, (3) train key industry practitioners about how to mitigate barriers to successful 

implementation, and (4) implement LD training in tertiary institutions and industry training forums. 

Two recommendations for future research were identified: (1) quantify current promotion and 

availability of LD training, and (2) identify benefits the design and construction process can gain from 

adopting LD. The findings of this paper may be applied to assist the development of strategies to 

improve the uptake of LD for the design process of construction projects. The data provides a baseline 

that can be used to track the performance of LD adoption within the NZ AEC industry. 

  



 
3 

Acknowledgements 

To all the staff at the University of Canterbury College of Engineering who have supported my Master 

of Engineering, thank you for your support and guidance throughout my studies. It has been an 

honour to work under the supervision of Dr Brian Guo with support from Dr Eric Sheepbouwer. Brian 

continually encouraged my passion for the research topic, providing his knowledgeable support to 

conducting the research process. 

Thank you to those who shared my passion for the research topic and shared your thoughts on the NZ 

construction industry and opportunities for design process improvement. Without your involvement 

in my research I would not have received your insights based on industry experience, and there would 

have been no evidence to supporting my findings. 

I would like to acknowledge the support of Dr Alasdair Noble, a work colleague. Alasdair provided 

ongoing support and shared his wealth of knowledge, greatly assisting me to keep my focus 

throughout my research. 

Importantly, thank you to my wife Kathryn. You always support the challenges I enjoy creating in life 

and selflessly allow me the time to pursue my dreams. 

  



 
4 

Table of Contents 

1. Introduction .................................................................................................................................. 10 

1.1. Context and background ....................................................................................................... 10 

1.2. Statement of research problem ............................................................................................ 10 

1.3. Research aim ......................................................................................................................... 11 

1.4. Thesis Structure ..................................................................................................................... 12 

1.5. Importance of research findings ........................................................................................... 13 

2. Literature Review .......................................................................................................................... 14 

2.1. Introduction .......................................................................................................................... 14 

2.2. Lean/Lean Production ........................................................................................................... 14 

 Evolution of Lean Production ........................................................................................ 14 

 Defining Lean/LP ............................................................................................................ 17 

 Benefits, Tools & Techniques of Lean/LP ....................................................................... 21 

2.3. Lean Construction ................................................................................................................. 23 

 Definition of LC .............................................................................................................. 23 

 Evolution of Lean Construction ..................................................................................... 26 

 Barriers to Implementing LC .......................................................................................... 33 

2.4. Lean Design ........................................................................................................................... 34 

 Defining LD .................................................................................................................... 34 

 Construction Design Challenges .................................................................................... 38 

 Adoption of Lean Design ............................................................................................... 40 

 Integration of LD ............................................................................................................ 42 

2.5. LD Summary .......................................................................................................................... 44 

3. Research Methodology ................................................................................................................. 47 

3.1. Research Methodology Introduction..................................................................................... 47 

3.2. Qualitative research: semi-structured interviews ................................................................. 48 

 Sample and Administration ........................................................................................... 48 

 Interview Design ............................................................................................................ 49 

 Participants .................................................................................................................... 50 

3.3. Quantitative research: KAP survey questionnaire ................................................................. 52 

 Sample and Administration ........................................................................................... 52 

 Survey Design ................................................................................................................ 53 

 Participants .................................................................................................................... 54 



 
5 

3.4. Data analysis .......................................................................................................................... 56 

4. Results ........................................................................................................................................... 58 

4.1. Results of Semi-structured Interviews ................................................................................... 58 

 Knowledge ..................................................................................................................... 58 

 Attitude ......................................................................................................................... 59 

 Practice .......................................................................................................................... 60 

4.2. Results of Survey Questionnaire ............................................................................................ 63 

 Descriptive Statistics ...................................................................................................... 63 

 Statistical Analysis ......................................................................................................... 73 

5. Discussion ...................................................................................................................................... 76 

5.1. Introduction .......................................................................................................................... 76 

5.2. Current AEC industry knowledge ........................................................................................... 76 

5.3. Attitude towards LD .............................................................................................................. 78 

5.4. Current application of LD in NZ ............................................................................................. 79 

5.5. Limitations ............................................................................................................................. 81 

6. Conclusions and Recommendations .............................................................................................. 83 

6.1. Conclusions and Recommendations ...................................................................................... 83 

6.2. Contribution to knowledge.................................................................................................... 85 

7. References ..................................................................................................................................... 86 

8. Appendices .................................................................................................................................... 91 

 

  



 
6 

Table of Figures 

Figure 1 – Relationship of adaptability and production scale efficiency between buffered and lean 

production (Krafcik, 1988) ..................................................................................................................... 16 

Figure 2 – Timeline marking the critical phases in the LP evolution (Shah & Ward, 2007) ................... 17 

Figure 3 – Performance improvement in conventional, quality, and new production philosophy 

approaches (Koskela, 1992) .................................................................................................................. 18 

Figure 4 – The seven wastes (Corfe, 2013), incorporating an eighth waste, identified by Terry & Smith 

(2011) .................................................................................................................................................... 22 

Figure 5 – Construction productivity in decline (Stevens, 2014) ........................................................... 26 

Figure 6 – Schematic overview of the diffusion of lean production by Jørgensen & Emmitt (2008) ..... 28 

Figure 7 – The construction process value stream, from Terry & Smith (2011) .................................... 31 

Figure 8 – Thirty lean construction tools (Ansah et al., 2016) ............................................................... 32 

Figure 9 – Lean construction design process (Ko & Chung, 2014) ......................................................... 41 

Figure 10 – Triads of the Lean Project Delivery System, plus facility use (Koskela et al., 2002) ............ 42 

Figure 11 – Issues, processes and methods crucial to integration of construction design and 

production from lean perspective (Jørgensen & Emmitt, 2008) ........................................................... 44 

Figure 12 – Diagrammatic representation of the key components of LD; conceptual framework model 

defining LD ............................................................................................................................................ 45 

Figure 13 – Research Methodology Framework .................................................................................... 47 

Figure 14 – Advantages of implementing lean during the design phase ............................................... 59 

Figure 15 – Barriers preventing the implementation of lean, categorised ............................................ 61 

Figure 16 – Number of LD tools and techniques per survey respondent .............................................. 65 

Figure 17 – Source of knowledge of LD, by combined respondent groupings ...................................... 66 

Figure 18 – Stakeholder combined grouping, with greatest influence for implementation of new 

methodology ......................................................................................................................................... 72 

  



 
7 

List of Tables 

Table 1 – Lean vs non-lean project delivery (Ballard & Howell, 2003) .................................................. 20 

Table 2 – Definitions for Lean/LP methodology as presented in research during the past 20–25 years 

(various authors, compiled by Jeff Fitzharding-Jones)........................................................................... 21 

Table 3 – Characteristics associated with lean production, sorted by accumulated frequency 

(Pettersen, 2009) ................................................................................................................................... 23 

Table 4 – Definitions for LC methodology as presented in research during the past 20–25 years 

(various authors, compiled by Jeff Fitzharding-Jones)........................................................................... 25 

Table 5 – The 13 benefits of LC (Ahiakwo et al., 2012) .......................................................................... 33 

Table 6 – Recent studies examining the barriers to successful implementation of LC (source: various 

authors, compiled Jeff Fitzharding-Jones) ............................................................................................. 34 

Table 7 – LD, concurrent engineering approach, which stresses flow and value generation in addition 

to conversion activities, by Huovil & Kokela (1997)............................................................................... 36 

Table 8 – Definitions of LD as presented in research during the past 20–25 years (various researchers, 

compiled Jeff Fitzharding-Jones) ........................................................................................................... 37 

Table 9 – Solutions used to allow design to progress in the absence of required inputs, Koskela et al. 

(1997) .................................................................................................................................................... 39 

Table 10 – Interviews, number of contacts vs number of interview participants by discipline ............. 50 

Table 11 – Semi-structured interviews, participant information by discipline and years of experience51 

Table 12 – Participant frequency by discipline; nine discipline groups ................................................. 55 

Table 13 – Participant frequency by three broad discipline categories................................................. 56 

Table 14 – Participant frequency by experience ................................................................................... 56 

Table 15 – Knowledge by discipline, grouped into three categories for each variable ......................... 64 

Table 16 – Knowledge by discipline, mean, and standard deviation ..................................................... 64 

Table 17 – Knowledge by experience .................................................................................................... 65 

Table 18 – Readiness of respondent to implement LD .......................................................................... 67 

Table 19 – Readiness to embrace LD by discipline, grouped into three categories for each variable ... 67 

Table 20 – Attitude by discipline, mean, and standard deviation .......................................................... 67 

Table 21 – Attitude towards the traditional design process vs applying LD .......................................... 68 

Table 22 – Participant reasons for choosing, or not choosing, to implement LD .................................. 69 

Table 23 – Frequency of application of lean methodology in the design process ................................. 70 

Table 24 – Practice by discipline, mean, and standard deviation .......................................................... 71 

Table 25 – Practice by experience ......................................................................................................... 71 

Table 26 – Practice, barriers preventing process improvement being embraced by the industry ........ 73 

Table 27 – Chi-square test of independence (summarised results) ...................................................... 74 



 
8 

Table 28 – ANOVA, KAP levels ............................................................................................................... 74 

Table 29 – Multiple comparison table (Tukey HSD), knowledge ........................................................... 75 

Table 30 – Multiple comparison table (Tukey HSD), attitude ................................................................ 75 

Table 31 – Multiple comparison table (Tukey HSD), practice ................................................................ 75 

  



 
9 

List of Appendices 

Appendix 1 – Semi-structured Interview Project, Design Process Flow Diagram .................................. 91 

Appendix 2 – Semi-structured Interview, Information Sheet and Consent Form .................................. 93 

Appendix 3 – Semi-structured Interview Script ..................................................................................... 97 

Appendix 4 – Semi-structured Interview Research Findings ............................................................... 103 

Appendix 5 – Survey Questionnaire (administered using Qualtrics online survey tool) ...................... 121 

Appendix 6 – Survey Questionnaire, Information Sheet and Consent Form ....................................... 126 

Appendix 7 – Survey Questionnaire, participants by NZ geographical zone ....................................... 129 

Appendix 8 – Survey Questionnaire, Descriptive Statistics.................................................................. 130 

Appendix 9 – Chi-square test for independence – Knowledge ............................................................ 141 

Appendix 10 – Survey Questionnaire, ANOVA and Tukey HSD Statistical Analysis .............................. 144 

 

  



 
10 

1. Introduction 

1.1. Context and background 

Lean is an improvement methodology that has been developed and refined over many years to 

transform the automotive manufacturing industry into a highly effective design and build 

process (Holweg, 2007). Terry and Smith (2011) suggested that construction can be 

transformed by applying lean thinking. Over the past 20 years countries such as the United 

Kingdom have actively pursued the application of lean attempting to improve productivity and 

quality in the construction industry (Sarhan & Fox, 2013). 

Freire & Alarcón (2002) noted the design phase can be generally identified as the phase during 

which the ideas and speculations of the customer are conceptualised into a physical model by 

defining the customer needs and requirements into procedures, drawings, and technical 

specifications. 

Ko & Chung (2014) assert that improper design in the construction industry leads to change 

orders, rework, decreased constructability, cost overruns, and delays, making it one of the 

biggest causes of waste. To improve design process efficiency in  the New Zealand (NZ) 

architecture, engineering and construction (AEC) industry, the concept of lean design (LD) can 

be applied. 

A vibrant construction industry is a key indicator of the health in the economy of any country 

(Low et al., 2015), therefore, NZ will benefit from a process to turn-around the construction 

sector that is currently languishing. 

Developing an adequate understanding of current LD knowledge, attitude and practice (KAP) in 

NZ will contribute to the development of interventions to improve LD implementation. Goh & 

Chua (2016) and Toh, Goh & Guo (2016) utilised KAP studies to undertake Design for Safety 

research. This research validated the application of the KAP framework to produce research 

data when involving technical respondents including developers/clients, engineers and project 

managers. 

1.2. Statement of research problem 

Currently, the application of lean principles by the AEC industry in the design phase of NZ 

construction projects is not well represented in academic literature. A search for LD literature 

using the University of Canterbury search database produced only four results. Narrowing the 

search criteria to LD application within NZ produced no search findings. Broad search criteria 

must be applied to extract research pertaining to LD. 

This result is consistent with finding of other researchers. Jørgensen & Emmitt (2007) noted 

that LD is discussed and investigated markedly less than production issues pertaining to 

construction. Citing research conducted by 10 other researchers, El. Reifi & Emmitt (2013) 

concluded that in lean literature the early design stages are under-researched in comparison to 

the construction phase. 

Regardless of this absence, evidence from the construction industry suggests that the benefits 

of lean principles are understood and well documented. Lean construction (LC) techniques offer 

the assurance to minimise, if not eliminate, the non-value-adding work in construction 
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processes. Ansah et al. (2016) claim that contractors have increased productivity by 20% and 

improved efficiency by 20% utilising lean principles on projects. The implementation of lean 

production principles and techniques to construction have shown reductions in production 

costs and times (Conte & Gransberg, 2001). Mossman (2009) suggests there are numerous 

benefits of LC, including: (1) improved client satisfaction, (2) productivity gains, (3) better 

financial returns, and (4) reduced costs and less waste. 

The NZ construction industry is currently considered to be in a state of turmoil, with several top 

tier companies failing in recent years as the industry struggles to manage costs spiralling out of 

control (Atherton, 2019). The sector claims they are being forced to accept unsustainable 

margins and the clients claim that high costs and schedule over-runs stifle project viability. 

There have been calls for a substantive review of the sector with the 2019 Construction Sector 

Accord (MBIE, 2019), and the impending need for the industry to realise efficiency gains 

presents an opportunity for AEC professionals to embrace a strategy that will support the 

reduction of inefficiency and developing a productive and sustainable NZ construction sector. 

Reference in academic publications to the current understanding and application of LD held by 

the NZ AEC industry is largely absent, resulting in a lack of understanding of KAP. To research 

this problem a KAP study will be utilised. Although typically popular in the area of medical and 

public health research, Goh & Chua (2016) and Toh et al. (2016) utilised KAP studies to 

undertake Design for Safety research. The KAP framework will enable the researcher to explore 

what AEC professionals know about LD (knowledge), their perspective of LD (attitude) and their 

application of LD to the design process (practice). Using the information obtained from this 

study will allow the researcher to present targeted recommendations to increase the 

implementation of LD (Goh & Chua, 2016). 

1.3. Research aim 

This research aims to identify and evaluate the LD KAP held in the AEC industry by analysing 

responses obtained utilising a KAP framework study. 

The KAP study will consist of two key components; semi-structured interview with stakeholders 

involved in the design process for a large-scale construction project, and a national survey 

questionnaire seeking input from industry AEC professionals and client stakeholders. The 

purpose of the semi-structured interviews is to provide initial insights of the LD KAP held by 

industry stakeholders. Drawing on the initial research findings a survey questionnaire will be 

developed and refined to ensure that meaningful data is obtained from the survey respondents. 

The questionnaire will consist of four main sections: 

1) Participant Information 

To ensure a fair representation of the AEC industry population, general respondent information 

will be collected, including professional experience and discipline. Geographical location by 

broad region will also be recorded to determine geographical representation. 

2) Knowledge 

The objectives of this section are to determine the knowledge of LD application that AEC 

professionals, clients and project managers currently hold. Questions will be asked with regards 

to respondents rating their knowledge/experience of applying LD, identifying where they 
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initially heard of the concept, and to list all the process improvement tools they were familiar 

with. Respondents with no prior knowledge of LD will be requested to continue with the 

questionnaire as their responses may contribute important research insights as to a lack of 

knowledge. 

3) Attitude 

These questions will assess the readiness for key project stakeholders to embrace the 

methodology and the effectiveness of LD to improve design outcomes. This section will also 

explore stakeholders’ personal attitude towards implementing an incremental, improvement 

focused approach to the design process, and ask respondents to identify reasons for their 

response. 

4) Practice 

This section will explore the implementation frequency of LD by industry stakeholders and 

identify barriers that may hinder the implementation of LD. Understanding the barriers that 

may exist will assist this research to identify factors contributing to a low-level uptake of the 

methodology. Questions will focus on respondents rating frequency of implementation, to 

identify the project stakeholder who can influence implement of LD, and to identify the 

advantages of implementing LD. 

From the findings, this research aims to provide practical application by presenting 

recommendations to better inform industry efforts for increasing awareness and promoting the 

adoption and use of LD. Recommendations for future research will also be presented. 

This thesis has two objectives: (1) to research and present the LD KAP of multiple AEC 

stakeholders with design process experience, including architects, engineers (civil, structural, 

geotechnical, building services), project managers and the client group, and (2) to present 

recommendations for improving LD adoption and further research opportunities, based on the 

research findings. 

1.4. Thesis Structure 

This thesis will be structured in five main sections: 

1. Literature Review 

2. Research Methodology 

3. Results 

a. Semi-structured Interviews 

b. Survey questionnaires 

4. Discussion 

5. Conclusions, including Recommendations 

First, a literature review will be conducted to provide an understanding of current KAP in the NZ 

AEC industry. From the literature review findings, the researcher will summarise LD in a 

conceptual framework and identify key KAP themes to be explored in the research phase. 

Two key research methodologies will be utilised for this KAP study: semi-structured interview 

and survey questionnaire. 

Based on accessibility, industry practitioners involved in the design of a regional construction 

project, including AEC professionals, clients and project managers will be interviewed. The 
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semi-structured interviews will gather qualitative data providing insights surrounding 

implementation of lean tools and techniques, and develop understanding of potential 

advantages and barriers to LD. 

A nationwide survey questionnaire will then be utilised to gather quantitative data to develop 

insights identified from the interviews. Random participation from industry practitioners 

involved in the design of any vertical or horizontal facilities or infrastructure project will be 

sought. 

The two KAP framework research tools will be described in detail, followed by a results section 

that analyses and presents the results obtained from both research methods. 

A discussion section will examine the results and discuss the research findings aligned to the 

aims and objectives. The thesis will be concluded with a section that develops conclusions from 

these findings and presents recommendations for LD KAP interventions tailored to the NZ AEC 

industry, combined with recommendations for future research. 

1.5. Importance of research findings 

For the validity of this research key stakeholders who are involved in the design process include 

the project owners/clients and the project managers/directors. Combined with AEC 

professionals, this group incorporates all involved in the design process, therefore 

encompassing all stakeholders to which these research findings are important. 

Understanding the KAP of all stakeholders will allow the NZ industry to progress the 

implementation of LD initiatives, enabling the design process to realise efficiency gains and 

become more effective. This is important for an industry that is currently struggling to maintain 

control and deliver projects in an affordable and timely manner. 
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2. Literature Review 

2.1. Introduction 

Utilising a review of previous publications that explore details of lean production (LP) and the 

genericised term “lean” this section aims to discuss and define these methodologies. The 

evolution of the Japanese production management philosophy that is typically credited as the 

origin of lean production will be outlined, followed by an overview of the lean production 

fundamentals. The progression of LC will be presented, including the motivators that promoted 

the application of lean tools and techniques to construction. An examination of research into LD 

will be conducted to investigate how the AEC industry currently applies lean fundamentals to 

the design phase of construction projects. 

2.2. Lean/Lean Production 

 Evolution of Lean Production 

The implementation of assembly line production for automobiles in the early 1900s by 

Henry Ford is generally considered to be the first application of mass production 

principles (Common et al., 2000 & Mossman, 2009). This system enabled automobiles to 

be constructed quickly and cheaply revolutionising production systems. Work undertaken 

by engineer Taiichi Ohno to develop management principles at the Japanese automotive 

manufacturer Toyota in the early 1950s led to the evolution of the modern lean 

production methodology. Developing methods to convert waste into value Ohno 

contributed to the development of the Toyota Production System (TPS) (Ohno, 1988). 

Post WW2 the focus on reconstructing Japan resulted in US based production 

management systems being introduced to local Japanese industry (Ohno, 1988 and 

Womack et al., 1990). In response to local demands the systems had to be adapted to 

become efficient. In the Japanese automotive industry machinery and materials were 

scarce, financial resources were limited, setbacks were encountered within production 

factories. Ohno’s LP philosophy broadened the traditional narrow focus on craft 

production by optimising the entire production system and enhancing worker 

productivity to create an effective system for mass production. 

The Japanese system was adapted to focus on eliminating waste and to have increased 

product flexibility instead of the US “Fordist” strategy of high-volume mass production 

with large inventory buffers to protect the production process from uncertainty and 

variation (Womack et al. 1990). Howell & Ballard (1999) note the fundamental purpose of 

Ohno’s system was to change production from responding to estimates of demand to 

meeting actual demand. Responding to the lack of a mass market in Japan at the time the 

system enables delivery of small lots of many product variants. 

By reducing inventories between processes, the LP system developed by Ohno withdrew 

the safety stocks that enabled a downstream process to continue working when a feeding 

process failed to deliver. When operators could not rectify problems on the production 

line, Ohno required that operators stop production rather than simply passing defective 

or sub-standard product to the next process. Consequently, problems became highly 
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visible since they could result in production stoppages and it became necessary to resolve 

problems (Womack et al. 1990). 

The first Toyota plant had a capacity of only 150 units per month and had to be adaptable 

to provide for both prototype development and production. In 1955, Shingo, an external 

consultant hired by Ohno, developed the single minute exchange of dies (SMED) to 

reduce change-over time. This resulted in the ability to produce a wide variety of vehicles 

in relatively low volumes at a competitive cost, thus changing the conventional approach 

of mass production (Holweg, 2006). It was not until the end of the 1950’s that the first 

high-volume car plant was opened. 

Krafcik (1988) in his paper Triumph of the Lean Production System, asserted that LP is 

essentially a Japanese interpretation and adaptation of the traditional Ford mass 

production system: “The Japanese translation of the Fordist system in this area was 

simple. Toyota was the great innovator here, taking the minds and hands philosophy of 

the craftsmen era, merging it with the work standardisation and assembly line of the 

Fordist system, and adding the glue of teamwork for good measure”. TPS differed from 

the Ford style large-batch mass production system as it focused on lean operations which 

included: inventory levels reduced to an absolute minimum, quick detection and 

resolution of quality problems, continuous-flow production achieved by bufferless 

assembly lines, and high engagement of workers and commitment to teamwork (Krafcik, 

1988). Figure 1 shows the relationship of adaptability and production scale efficiency 

between buffered and lean production during the evolution from craftsman production, 

through the Ford mass-production period, to the TPS system of the dominant automotive 

manufacturers in the 1980s. 
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Figure 1 – Relationship of adaptability and production scale efficiency between buffered and lean production 
(Krafcik, 1988) 

Research undertaken by Holweg (2007) in his paper, The genealogy of lean production, 

identifies key events in the evolution of LP from the early 1930s through to mid-2000s. 

This research highlights the influence the work undertaken to improve efficiency and 

performance in the Japanese automotive industry had on the evolution of LP. 

Shah & Ward (2007) in their paper, Defining and developing measures of lean production, 

presented a timeline marking the critical phases in the evolution of LP. The phases 

highlighted in their timeline (Figure 2) are consistent with those presented by Holweg 

(2007), however, they suggest that the evolution of LP commenced with the Henry Ford 

production philosophy that included the principles that underpinned the revolutionary 

Ford Production System (FPS). 
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Figure 2 – Timeline marking the critical phases in the LP evolution (Shah & Ward, 2007) 

 Defining Lean/LP 

The term lean was first coined by Krafcik (1988), when he introduced the term “lean” 

when exploring the fundamental differences between the Ford and Toyota production 

systems. Legge (2000) suggests that the subtle interpretation of the word lean may in 

part contribute to the popularity of the methodology. Lean embodies fitness and health 

in contrast to the negative connotations surrounding the words fat and thin. 

Koskela (1992) asserts that the fundamental concept that defines the new (lean) 

production philosophy is that two elements exist in all production systems, conversions 

and flows. In production flow the material is processed/converted, inspected, waiting or 

moving. For material flow through production the processing activities involve assembly 

or disassembly or altering the shape or substance of the material. Time, cost and value 

are expended or created in flow processes. When customer requirements are fulfilled 

value is created and typically only processing activities add value. 

Traditional production management principles had considered only conversions, treating 

all activities as value-adding conversions and not considering the control or improvement 

of flow processes. This resulted in a reduction of output value created by an expansion of 

non-value-adding activities and complex or uncertain flow processes (Koskela, 1992). 
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Figure 3 highlights the focus of the new production philosophy to improve the efficiency 

of value-adding activities whilst reducing or removing non-value adding activities. 

 

Figure 3 – Performance improvement in conventional, quality, and new production philosophy approaches 
(Koskela, 1992) 

Researchers have identified that a concise and agreed-upon definition for the term LP 

fails to exist, “…the definition for lean production is highly elusive” (Pettersen, 2009). For 

empirical or theoretical research on the topic to advance, Shah & Ward (2007) assert the 

“…semantic differences between lean production and its predecessors must be resolved, 

the conceptual definition of lean prodcution must be clarified, and operational measures 

must be more clearly specified”. The failure of a clear definition presents several 

consequences for researchers attempting to capture the principle of the concept and for 

practitioners seeking to implement lean. Citing work conducted by other researchers, 

Pettersen (2009) summarises the following issues associated with a lack of definition: 

• communication difficulties 

• difficulty conducting research 

• struggle to define overall goals for the concept 

• difficult to determine if changes implemented in an organisation can be attributed to 

LP or not 

• hard to make claims surrounding effectiveness of lean, therefore increasing need for 

researchers to specify precisely what they are researching 

Promising performance improvements and leaving room for interpretation are 

characteristics of organisational concepts (Jørgensen & Emmitt, 2008). Organisational 

concepts such as lean/LP tend to become a fashionable management term. Green & May 

(2005) suggest that “interpretive viability” is a necessary component, however this results 

in any management fashion having multiple meanings. 

Summarising findings of other researchers, Green & May (2005) note that LP is following 

the trend of previous management fashions such as business process re-engineering 
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(BPR) and total quality management (TQM), being presented as indispensable for modern 

managers by offering significant innovations. Selected elements of the terminology are 

used with authority by practicing managers, in many cases triggering change programmes 

that deliver physical outcomes. This often creates a tendency for the term to become 

dissociated with the original meaning as the term or word is adopted, adapted, translated 

and interpreted (Kieser, 1997). 

Benders & van Bijsterveld (2000) suggest in their paper Leaning on lean: the reception of 

a management fashion in Germany, that becoming a management fashion has had a 

notable impact on the diffusion of LP. The term has become de-coupled from its original 

meaning and subject to common “rhetorical adoption” resulting in the term covering 

many different initiatives aside from its original meaning. 

However, Jørgensen & Emmitt (2008) note that despite of the term being labelled with a 

variety of meanings, a commonality exists between the fundamentals used to interpret, 

conceptualise or define lean: 

• a focus on eliminating/reducing waste and sources of waste in relation to the delivery 

of artefacts or services that represent value to the end customer 

• end customer preference is adopted as the reference for determining what is to be 

considered value and what is waste 

• management of production and supply chain from a (customer) demand pull 

approach 

• approaching production management through focus on processes and flows of 

processes 

• an (at least to some degree) application of a system’s perspective for approaching 

issues of waste elimination/reduction 

Womack & Jones in their 1996 book Lean thinking: banish waste and create wealth in 

your corporation, summarise the concept of lean: “In short, lean thinking is lean because 

it provides 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”. 

Consistent with the common lean fundamentals identified by Jørgensen & Emmitt (2008), 

Brady et al. (2011) assert that the general principle of lean is focused on keeping waste in 

all processes to an absolute minimum whilst delivering a product meeting individual 

customer needs. In their 2011 CIRIA paper Build Lean – transforming construction using 

lean thinking, Terry & Smith define lean as: 

“a way of thinking and delivering value, innovation and growth by doing more with less – 

less human effort, less equipment, less materials, less time and less space aligning effort 

closer to meet customers’ value expectations. At the heart of Lean are flexible, motivated 

team members, continuously solving problems”. 

LP may be defined as an integrated socio-technical system whose main objective is to 

eliminate waste by concurrently minimising supplier, customer, and internal variability 

(Shah & Ward, 2007). Green & May (2005) propose that different understandings exist 

for the meaning of LP and the concept may be viewed as any one of the following: 
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• a set of techniques 

• a discourse 

• a “socio-technical paradigm” 

• a cultural commodity 

When implementing lean most enterprises focus on process (Dombrowski & Mielke, 

2014). Eliminating process waste has been significantly adopted, whereas implementing 

the “invisible” components of lean may be more difficult to adopt but equally important 

for successful implementation. Dombrowski & Mielke (2014) presented a 4P Model to 

explain a common approach to lean implementation. They suggest that lean leadership 

that incorporates 4Ps will provide a methodical system for continuous improvement and 

sustainable implementation of LP systems. The lean leadership 4Ps: 

1. Philosophy (long-term thinking), 

2. Process (eliminate waste), 

3. People and partner (respect, challenge and grow them) and 

4. Problem solving (Continuous Improvement Process CIP and learning). 

Based on their research findings, Ballard & Howell (2003) presented a summary of some 

of the differences between a lean and non-lean project delivery system, refer Table 1. 

 

Table 1 – Lean vs non-lean project delivery (Ballard & Howell, 2003) 

The researcher has conducted an extensive literature review seeking papers that define 

the key principles of lean or LP. Table 2 presents a summary of the descriptors & 

fundamentals of the methodology presented during the past 20–25 years by various 

researchers. This information provides a reference summary to define Lean/LP. 
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Table 2 – Definitions for Lean/LP methodology as presented in research during the past 20–25 years (various 
authors, compiled by Jeff Fitzharding-Jones) 

 Benefits, Tools & Techniques of Lean/LP 

From the 1960s to the 1980s the TPS evolved to become a highly successful system that 

provided Toyota a competitive edge by delivering high production levels and good quality 

whilst achieving low costs (Forbes & Ahmed, 2011). Liker (2004) interchanges the use of 

TPS and LP, suggesting that the tools and techniques of TPS may be synonymous with LP. 
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“The TPS has led to a movement of lean production focused on taking waste out of value 

streams” (Lander & Liker, 2007). 

Conte & Gransberg (2001) assert that Ohno (Toyota) developed a methodology that was 

exceedingly superior to Ford’s mass production system as it provided for batch 

production of small volumes of parts that could be produced in physically smaller 

factories, with a reduced inventory of raw materials and lower work-in-process levels. 

Combined with the implementation of root cause analysis, the requirement to confront 

and resolve problems produced a progressively smoother running and streamlined 

production process, with higher throughput and fewer end-of-the-line defects (Howell & 

Ballard, 1999). 

Shingo identified seven forms of waste in mass production systems, and Ohno identified 

that each waste contributed to a financial loss for the organisation (Ohno, 1988). Waste 

in the lean context refers to a broader concept than material waste alone. Waste can 

occur at any stage of the process or value stream and the lean process should focus on a 

collaborative process to deliver continuous improvement to eliminate waste (Corfe & 

Clip, 2013). An eighth waste: skills misuse, is now commonly agreed upon (Terry & Smith, 

2011), Figure 4. 

 

Figure 4 – The seven wastes (Corfe, 2013), incorporating an eighth waste, identified by Terry & Smith (2011) 

In his article Defining lean production: some conceptual and practical issues, Pettersen 

(2009) identified 33 of the most frequently mentioned characteristics of lean as identified 

in material published by notable researchers in the field of TPS/LP. These findings do not 

present an exhaustive list of the tools and techniques as Pettersen only presented 

characteristics that had been discussed by more than three authors. Table 3 presents a 

sample of the 33 tools and techniques that were identified as methodologies of the TPS. 
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Table 3 – Tools and techniques of TPS/LP (Pettersen, 2009) 

2.3. Lean Construction 

 Definition of LC 

Terry & Smith (2011) note “…construction practitioners and supply chain members 

believe that LC is another jargon or reinvention of the wheel being intertwined with 

continuous improvement, value engineering and innovation”. “Multiple storylines of LC 

continuously compete for attention with other management fashions”, Green & May 

(2005). 
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According to Jørgensen & Emmitt (2008), confusion exists regarding the meaning of lean, 

LC, and LD in current literature, and rivalling interpretations and definitions exist. They 

claim that existing definitions are vague, implied either fully or in part, interpretative or 

based on references that revert to popular literature, such as Womack et al. (1990) or 

Womack & Jones (1996). 

Green & May (2005) suggest that LC and LP are “variously understood as a set of 

techniques, a discourse, a socio-technical paradigm or even a cultural commodity”. Based 

on findings from research conducted within the UK construction industry, they assert 

there are three models that can summarise the practical application of LC: partnering, 

waste elimination, and structuring the content. While the applied practice and 

interpretation varies greatly, their findings suggest that rather than being a transferred 

copy, LC is inspired by LP. 

Construction management that utilises lean principles differs from contemporary 

construction management, as it aims to deliver the following: maximise performance for 

the customer at the project level, concurrently design the product and the process for 

product delivery, apply production controls throughout the life of the product from 

design to delivery, and define a clear set of objectives for the delivery process (Howell, 

1999). Koskela (2002) described LC as “a way to design production systems to minimise 

waste of materials, time, and effort in order to generate the maximum possible amount 

of value for the customer”. 

Green & May (2005) assert that the Egan Report (DETR, 1998) has contributed positively 

to the lean label becoming popular amongst construction industry professionals, and 

note it is evident that the authors of the report view lean as a set of techniques that can 

be directly applied to construction: “Lean thinking presents a powerful and coherent 

synthesis of the most effective techniques for eliminating waste and delivering significant 

sustained improvements in efficiency and quality” DETR (1998). 

Table 4 presents a summary of the descriptors & fundamentals of the LC methodology 

presented during the past 20–25 years by various researchers. Providing a reference 

definition for LC principles, the researcher compiled the table from a review of papers 

that investigated the application of lean within the construction sector. 
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Table 4 – Definitions for LC methodology as presented in research during the past 20–25 years (various authors, 
compiled by Jeff Fitzharding-Jones) 
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 Evolution of Lean Construction 

Bølviken & Koskela (2016) suggest that one of the major industries in the world is 

construction; however, it is often identified as an underperforming industry with high 

levels of waste. A 2013 PricewaterhouseCoopers (PwC) report suggests that a 1 percent 

rise in construction productivity in Australia would contribute $1.25 billion growth to the 

nation’s GDP (Pheng et al., 2015). In New Zealand, the construction industry has a 

significant impact on the buoyancy of the economy. Allan et al. (2008) noted that “the 

construction sector is an important contributor to the New Zealand economy…”. 

Figures from the US Department of Labor and the US Bureau of Economic Analysis 

highlight a generally declining trend in construction productivity (Stevens, 2014), refer 

Figure 5. In his article Construction productivity in decline, Stevens (2014) asserts that 

“Generally, the negative changes over the last three decades have outpaced the positive 

changes. Lack of consistent engagement by construction project stakeholders to each 

other has made project information flow unevenly, causing chaos. The contracts continue 

to be draconian, so each party acts with as much legal insulation as possible”. 

 

Figure 5 – Construction productivity in decline (Stevens, 2014) 

Construction is complex and involves a significant and extensive level of uncertainty. The 

absence of standardisation, the high number of parts, the numerous participants, and the 

multiple constraining factors all contribute to a complex process. Combining this 

complexity with the economic pressures to minimise time and cost results in a process 

with a high level of uncertainty (Ballard & Howell, 1999). 

During the past 60 years the industry has commissioned several reports with the 

intention of reviewing its performance and identifying methods for improvement (Sarhan 

& Fox, 2012). Many construction projects suffer from uncertainty and delays in terms of 

cost, and in many cases this results with the client or customer being unsatisfied with the 

final product (Egan, 1998). 

The construction industry is often described as an industry that lacks efficiency and is very 

problematic. It is said that the solution to all these problems is to utilise the concept of LC 

(Alinaitwe, 2009). Salem et al. (2005) suggest that although numerous approaches have 

been developed to improve effectiveness and efficiency of construction processes, 

applying the tools and techniques of LC offers the promise to reduce, if not eliminate, the 

non-value-adding processes. 
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Mossman (2009) asserts that the initial consideration of applying LP concepts to the 

construction industry was identified by Koskela in 1992 in his technical paper Application 

of the new production philosophy to construction. Koskela (1992) formulated the 

transformation-flow-value (TFV) generation model of production to improve performance 

when applied to construction. He proposed that the traditional thinking of construction 

involved focusing only on conversion activities, while ignoring flow and value 

considerations necessary to remove waste. 

Ballard & Howell (1998) assert that lean thinking in construction has predominantly 

focused on waste reduction. They suggest that value should be of primary consideration 

and that value is generated by a negotiation process between customer wants and 

customer affordability. “The concept of customer is central to lean thinking” (Jørgensen & 

Emmitt, 2008). It is a key principle to consider all downstream operations in the process 

as “customers”, and when applying the lean concept to construction this has important 

implications. They suggest that the construction process generally delivers value and 

produces waste over an extended time period, and that multiple customers exist in the 

process. The construction company is seldom considered as a client, only the ultimate 

customer is typically viewed as a project client. 

At the outset, the designer should convey to the customer the consequences of their 

desired outcomes and the cost, quality, or time implication for delivering these (Ballard & 

Howell, 1998). They suggest that if the customer provided the designer with a clear, 

complete, and fixed design brief, then the design process could be considered a 

conversion process. However, the designer typically coordinates an internal negotiation 

process with the customer, therefore facilitating value-adding activities. 

Jørgensen & Emmitt (2008) presented a flow diagram to illustrate the evolution of LC. 

This extended from early management concepts such as Fordism, to significant 

development and implementation in the Japanese – then the wider global motor industry 

– to adoption of lean by the construction industry in the early 1990s. Refer to Figure 6. 
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Figure 6 – Schematic overview of the diffusion of lean production by Jørgensen & Emmitt (2008) 

To improve the implementation of LC, Aziz & Hafez (2013) highlighted two fundamentals: 

harmonisation between main contractors and subcontractors is a prerequisite, and 

reduced variability will increase performance and labour flow reliability to deliver 

improved productivity. Ahmed & Forbes (2011) note that regardless of the methods 

utilised in a project, measuring productivity and performance provides a foundation for 

improving design and construction delivery. A foundation of measuring and monitoring is 

especially useful with LC methods, as the fundamental lean philosophy is based on a 

culture of learning and continuous improvement. 

Ballard & Howell (2003) describe projects as being temporary production systems. Lean 

projects incorporate structured systems that focus on minimising waste and maximising 

value whilst achieving the objective of delivering a product. In seeking to understand 

construction as a form of production, Ballard & Howell (1998) in their paper What kind of 

production is construction, conducted a comparison of production types. They identified 

several different types of production and suggest that construction most closely aligns 

with “fixed position” manufacturing such as aircraft or ship building. 

“LP has been increasingly adopted in complex systems, such as healthcare and 

construction sites.” Saurin et al. 2013. They claim that different characteristics of 

complexity exist in other sectors in comparison with manufacturing plants in which LP 

originated. There is minimal knowledge of the compatibility of lean methodology to other 

complex systems. In reference to recommendations for adapting lean practices, Lane 
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(2007) refers to high-mix low-volume environments as being more complex than the low-

mix high-volume manufacturing environment. Due to the lack of a long or well-

documented history of implementation in other sectors, Womack et al. (1991) noted that 

limited understanding applying lean is a barrier to executing LP outside manufacturing. 

Unlike manufacturing, where the product flows through the workstations, the workers 

move from one station to the next in construction. Thus, the operations conducted by a 

trade crew during the construction of a facility may be considered as flow for the project 

(Li, 2015). 

Ballard & Howell (1998) identified two characteristics of construction that when applied 

together contribute to the unique nature of construction in comparison to manufacturing 

forms of production. These two characteristics are: 

• construction belongs to the “fixed position manufacturing” category. Assemblies 

become too large to pass from one assembly station to the next and therefore the 

assembly stations themselves must move. 

• construction is “rooted in place”. They note that this characteristic contributes to two 

conditions that impact on the construction process. These are: 

o must possess value for a customer who is located close to the construction 

site, noting that construction customers are often intimately involved with 

the process, attending site as building progresses 

o increased uncertainty caused by local conditions such as site ground 

conditions or local regulations. 

In comparison to manufacturing, there is a lack of supplier integration in construction, 

and in general construction customers are not able to apply the same level of leverage on 

suppliers as in manufacturing. Summarising their findings, Ballard & Howell (1998) 

suggest that construction is perhaps closer to a new product development process and is 

essentially a design process, noting that the facilities being designed have a fixed location. 

Koskela (2000) suggests that the three peculiarities of construction: one-of-a-kind 

production, site production, and temporary multi-organisation structures, present a 

barrier to advancements in construction. Therefore, in order to reduce waste and value 

loss in the industry it is necessary to reduce the impact of these factors. He also asserts 

that a difference in organisational and managerial development exists between the 

manufacturing and construction sectors, and this contributes to a lack of performance 

within the construction industry. 

An integrated project construction team is described by Baiden et al. as being a “highly 

effective and efficient collaborative team responsible for the design and construction of a 

project”. They suggest that integration in this context promotes improved project delivery 

by the team bringing together: 

• various knowledge and skills 

• removing the traditional barriers between the designers and constructors. 

LC techniques offer the assurance to minimise, if not eliminate, the non-value-adding 

work in construction processes. On Danish projects where lean principles are 

implemented it has been claimed that contractors have reduced project duration by 10%, 
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increased productivity by 20%, improved efficiency by 20%, and enhanced overall project 

profitability by 20–40% (Ansah et al., 2016). 

Sarhan & Fox (2013) suggest that there is evidence of many benefits to applying lean 

thinking and principles to construction. They note that a fresh approach in thinking is 

required to apply lean-thinking principles into the industry, focusing on construction as a 

complete process. Implementing LC objectives will achieve the following: (1) remove 

waste, (2) create continuous flow, and (3) enhance value to the customer. 

This is supported by Bashir et al. (2010), who noted that the construction industry in 

various countries has gained significant benefits by adopting lean concepts, and that LC 

efforts could prove to be highly rewarding for the UK construction industry. Conte & 

Gransberg (2001) note that in their personal experience the implementation of lean 

production principles and techniques to construction have shown that production costs 

can be reduced by between 5 and 12 percent, and that construction times can experience 

an average reduction of between 20 and 30 percent of the initial estimate. Mossman 

(2009) suggests there are numerous claimed benefits of LC, including: 

• more satisfied clients 

• productivity gains 

• greater predictability 

• shorter construction periods 

• operatives able to make better money 

• subcontractors able to make better money 

• improved design 

• reduced costs, less waste 

• improved safety and health 

• improved quality, fewer defects 

Alarcón et al. (2008) in their paper Assessing the impacts of implementing LC, researched 

the implementation of LC techniques including Last Planner System (LPS) in over one 

hundred construction projects over a 5-year period. They presented six performance 

improvements as perceived by the project team members; (1) improved management 

and control, (2) higher involvement by middle management, (3) reduced urgent 

procurement requests, (4) improved in-process productivity, (5) better coordination and 

reduced down-time, (6) reduced project schedule. A small sample of the total 

respondents (two) identified no perceived benefits. 

Corfe & Clip (2013) in their CIRIA paper Implementing lean in construction: lean and the 

sustainability agenda, note the application of the five principles of lean established by 

Womack & Jones (1996) to the construction environment 
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1. Value 

Value defines what a process, or the overall project, needs to deliver. Once the team 

understands the needs and wants of all stakeholders, consideration is given to flow and 

how value can be delivered in the project. The project team defines the steps that add 

value, those needed for support, and the steps that contribute to waste. 

Value for construction projects may be expressed by one, or a combination of, the 

following outputs: 

• performance 

• function 

• timescale 

• quality impacts 

• whole life requirements 

• life cycle costs 

• environmental impact 

• economic impact 

• social impact. 

2. Value stream 

Pasqualini & Zawislak (2005) noted the idea that a Value Stream Map (VSM) creates a key 

opening for lean implementation because it permits a systemic view of the process (the 

value flow), identifies waste and real issues, and opportunities for improvements. They 

assert that in contrast to manufacturing, VSM for construction should not be initiated for 

the entire project, but by processes. In construction the VSM includes every step in the 

process, which may range from concept design to demolition of a facility (Corfe & Clip, 

2013). Refer to Figure 7. 

 

Figure 7 – The construction process value stream, from Terry & Smith (2011) 

3. Flow 

Construction flow is the movement of trade crews and their equipment as they flow 

throughout the construction site, adding value as they complete tasks (Sacks, 2016). 

Koskela (1992) suggests the conventional management concepts that are applied in the 

construction industry are counterproductive and generate flow problems: sequential 

method of project realisation, lack of quality considerations, and segmented control. 

Additionally, the Critical Path Method (CPM) is a specific cause of construction 

inefficiency, as it divides flow into specific activities. 

Womack & Jones (1996) define the three steps of flow as being (1) Define value and 

identify the entire value stream, (2) Ignore traditional boundaries, (3) Rethink work to 

enable the design and production to flow continuously. 
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4. Pull technique 

This technique focuses on working backwards from a target completion date, resulting in 

definition and sequencing of tasks so that their completion releases work. By applying 

pull techniques, work is only undertaken when it is requested by the downstream 

customer. Waste such as excess travel around site or waiting on completion of the 

previous task can be avoided, thus contributing to effective resource utilisation. 

The LPS was developed to facilitate the pull system. Implementation of the LPS involves 

construction teams identifying tasks that must be completed to enable work to be 

released to subsequent processes (Ballard & Howell, 2003). 

5. Perfection 

Perfection is the state where lean transfers from an initiative to becoming an embedded 

part of how the team works and how all project activities are undertaken. Lean is about 

the continuous improvement, striving to identify and eliminate waste in all areas of 

activity. Perfection is the focus of lean initiates to continually search for the next 

improvement; that is a Kaizen or continuous improvement. The aim is for the workers and 

management to continually improve the workplace, even if the improvements are small 

incremental changes (Gao & Low, 2014). 

Ansah et al. (2016) conducted a study to identify the suitability, applicability, and 

effectiveness of the lean tools that could be used to control waste in Malaysian 

construction projects. In total the study identified 40 lean tools. Following industry 

review, the 40 tools were refined to a list of 30 lean tools that can be applied to the 

construction industry, as shown in Figure 8. 

 

Figure 8 – Thirty lean construction tools (Ansah et al., 2016) 

As part of a study conducted by Ahiakwo et al. (2012), the benefits were compiled from 

research conducted on LC in eight different countries. From their research they 

summarised 13 benefits, refer Table 5. 
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Table 5 – The 13 benefits of LC (Ahiakwo et al., 2012) 

 Barriers to Implementing LC 

In 2000 Common et al. conducted a survey to investigate the adoption of lean concepts 

within UK construction companies. The findings indicated that the lean culture in the UK 

construction industry was remarkably less than was being stated. The study did not 

identify reasons for the disparity and recommended further research should be 

undertaken to investigate the transfer of lean principles from manufacturing to the 

construction sector. 

The results of a survey of Chinese building professionals conducted by Gao & Low (2014) 

suggest that the most crucial barriers to implementation of lean practices in construction 

include absence of a lean culture in organisations, use of multi-layer subcontracting, and 

lack of a long-term philosophy. Mossman (2009) noted barriers preventing successful 

lean implementation in the UK, including: fragmentation, new thinking verse old habits, 

squeezing middle management, and procurement and contracts. 

In order to develop an efficient construction process, identifying the barriers to the 

successful implementation of LC are an important focus area, and are extremely relevant 

for further development and success of LC (Wandahl, 2014). Barriers preventing the 

successful implementation may hinder the project performance if not properly managed. 

Leong & Tilley (2008) suggest that without identifying the factors that affect the 

successful implementation of LC, construction companies will not understand which 

efforts could obtain the best results or where improvement need to be made. 

The researcher compiled a summary of research that has been conducted within the past 

ten years to identify common barriers limiting the successful implementation of LC (Table 

6). The research has used varying terminology to describe the barriers; however, themes 
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have been identified to enable the barriers to be classified into categories. The barriers 

identified by the researcher are summarised as: (1) poor staff attitudes and industry 

culture, (2), sub-contracting and fragmented relationships, (3) lack of support from senior 

management, (4) minimal supply chain integration in traditional contracting models, and 

(5) lack of understanding of tools/inadequate commitment to training. 

 

Table 6 – Recent studies examining the barriers to successful implementation of LC (source: various authors, 
compiled Jeff Fitzharding-Jones) 

2.4. Lean Design 

 Defining LD 

Jørgensen & Emmitt (2008) claim that in keeping with the lack of definition regarding the 

concept of LC, there is a lack of clarity surrounding a universal definition for LD. In most 

cases it is unclear if authors discuss LD, lean design management or design for LC. This 

creates uncertainty surrounding if the terms describe the same phenomena or are being 

utilised to describe differing concepts. 

Focusing on a system-based methodology to reduce and enhance customer value, 

Jørgensen & Emmitt (2008) assert that lean philosophy and its basic elements are 
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applicable to both design and production processes. They note that in the case of 

construction design in comparison to construction production, the practical elements for 

applying a lean approach differ. For their research paper Investigating the integration of 

design and construction from a lean perspective, they proposed the following working 

definition can be applied to both LD and LC: 

1. Applies a systems’ perspective to enhance value and eliminate/reduce waste and 

drivers of waste in the construction project. 

2. Adopts customer (client/user/stakeholder) preference as the reference for 

determining what is to be considered value. 

3. Approaches design and construction management through a focus on processes and 

flows of processes. 

4. Adopts an understanding of design and construction/production activities from a 

perspective of three simultaneous conceptualisations: (1) transformation, (2) flow, 

and (3) value-generation. 

5. Manages design and construction/production processes with a (customer) demand–

pull approach as far as this is applicable. 

Huovila & Koskela (1997) suggest that the conversion process model was dominant in 

thinking and practice for both manufacturing and construction until around the mid-

1990s. The revolution of lean thinking around this time can be described as a conceptual 

revolution, identifying an expansion of the previous conversion process focus to 

incorporate flow and value. The flow model facilitates waste reduction and the value 

model facilitates value maximisation (Ballard & Howell 1998). 

Freire & Alarcón (2002) define LD as the application of LP principles to engineering and 

design, to support the reduction of waste and non-value-adding activities during the 

process. In contrast to the traditional view of design being a conversion model, LD should 

assimilate both flow and value as important components in the design process, as 

proposed by Huovil & Koskela (1997). Refer to Table 7. 
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Table 7 – LD, concurrent engineering approach, which stresses flow and value generation in addition to 
conversion activities, by Huovil & Kokela (1997) 

LD in construction refers to the approaches, principles, and methods for managing 

processes of product development and/or design. Publications on design management in 

relation to LC generally adopt the term LD. When referencing the term LD management, 

they stress that the specific emphasis is on the management aspects (Howell, 1999). 

LD involves a progression of functional systems towards the development and alignment 

of product and process design (Ballard & Howell, 2003). Differing from traditional project 

methodology, LD should systematically defer decisions until the latest responsible 

moment to afford designers more time for exploring and developing alternatives. Ballard 

& Howell (2003) suggest that the traditional practice of selecting options and executing 

design tasks at the earliest opportunity contributes to rework and disruption as a result of 

a design decision made by one specialist that conflicts with decisions made by another. 

The strategy utilised in LD permits interdependent specialists to progress their activity 

within the limits of the alternative design options being considered. Decision making can 

occur at the last opportunity for evaluating and implementing alternatives, hence the 

importance in reducing supply chain lead time. 

The researcher has conducted an extensive literature review seeking papers that define 

the key principles of LD. Table 8 presents a summary of the descriptors & fundamentals 

of the methodology presented during the past 20–25 years by various researchers. This 

information provides a reference summary defining LD. 
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Table 8 – Definitions of LD as presented in research during the past 20–25 years (various researchers, compiled 
Jeff Fitzharding-Jones) 
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 Construction Design Challenges 

Yeh (2004) suggest that since the industrial revolution, increased specialisation and 

diversification of construction-related professions has resulted in design and construction 

being separated into two distinct phases. The design phase can be generally identified as 

the phase during which the ideas and speculations of the customer are conceptualised 

into a physical model by defining the customer needs and requirements into procedures, 

drawings, and technical specifications. (Freire & Alarcón, 2002). 

According to Koskela et al. (1997), the management of design and engineering is one of 

the most neglected areas in construction projects. They note that findings from research 

highlight that chaos and improvisation in design are prevalent, rather than planning and 

control. “Improper design in the construction industry leads to change orders, rework, 

decreased constructability, cost overruns, and delays, making it one of the biggest causes 

of waste” (Ko & Chung, 2014). Based on research conducted by others, they identified the 

following significant causes of design problems: 

• poor briefing and communication 

• inadequacies in the technical knowledge of designers 

• lack of confidence in preplanning for design work 

• deficient planning and/or resource allocation 

• deficient or missing input information 

• frequent changes 

These problems resulted in delays in client approvals, late appointment of consultants, 

and insufficient time to complete design documentation. Josephson (1996) found that 

when measured by cost, design-caused defects are the biggest category. For design-

caused defects, those originating from lack of coordination between disciplines are the 

largest contributor to design-related issues. 

Based on findings from a case study, Koskela et al. (1997) suggest that solutions are 

implemented to allow the design process to continue in the absence of the required 

inputs. Invariably most solutions that are implemented to address the shortcomings in 

design inputs result in additional risk or added costs for the project. Refer to Table 9. 
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Table 9 – Solutions used to allow design to progress in the absence of required inputs, Koskela et al. (1997) 

It is generally accepted that managing the early design phases in a construction project 

efficiently and effectively is important; however, understanding the optimal manner to 

achieve this is not so obvious (El. Reifi & Emmitt, 2013). As highlighted in research, the 

early design phases are important to help reduce uncertainty and to improve quality. The 

importance of managing this phase methodically to deliver improved project outcomes 

for stakeholders has been identified by several researchers, including Bertelsen & Emmitt 

(2005) and Ballard (2008). 

Substantial effort has been, and continues to be, expended on the construction phase. 

Reifi & Emmitt (2013) assert that initiatives such as LC attempt to resolve the challenges 

that many would claim should have been considered and resolved during the design 

phase. The application of lean during only the construction phase makes it difficult to 

resolve elements of value and waste that have been embedded in the project during the 

design phase. 

Adding further complexity to the construction environment are the multiple methods of 

project delivery. Some delivery methods, such as Early Contractor Involvement (ECI) 

encourage client–designer–contractor interaction. ECI is a construction project delivery 

method in which the designers and construction contractors collaborate during the 

design phase to enable the contractor to have input into the design. Gransberg & Shane 

(2014) note that ECI projects require a high degree of interaction between the client and 

contractor. 
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Combined with the traditional conversion focus of construction design, ECI should assist 

incorporation of value generation and flow considerations. Song et al. (2009) identified 

that early input of construction knowledge into the design should improve key factors 

such as value engineering and constructability. The second stage of the ECI method is 

usually structured as a lump sum Design–Build contract, at which time the contractor bids 

to construct the design that has been refined to meet client cost, quality, and time needs. 

It is intended that this relationship-based culture fostered by ECI will result in fewer 

variations and disputes during construction (Song et al. 2009). 

 Adoption of Lean Design 

With some notable exceptions, including Freire & Alarcón (2002) and Emmitt et al. 

(2004), LD is discussed and investigated markedly less than production issues pertaining 

to LC (Jørgensen & Emmitt, 2007). El. Reifi & Emmitt (2013) support this assertion. They 

cite ten researchers, stating that in lean literature the early design stages are under-

researched in comparison to the construction phase. 

Marzouk et al. (2011) presented a detailed case study, concluding the application of lean 

principles during design significantly enhances construction process efficiency by 

improving resource utilisation and condensing process durations. The possibility of using 

LD management, utilising the philosophies largely developed by Toyota, to assist to 

develop a systematic approach to the creative design process has been identified by the 

successful application of LP principles. (El. Reifi & Emmitt, 2013). 

Based on research conducted by El. Reifi & Emmitt (2013), which was focused on the 

application of LD in AEC, findings from 125 responses indicate that inefficiencies can be 

attributed to ineffective design management processes, such as management of 

briefings, design etc., as well as procurement problems. Their research concludes that the 

implementation of LD management appears valid for the AEC industry; however, to 

achieve the desired value for all stakeholders, the process must be customised according 

to the project context. 

The current motivation for the industry to apply lean philosophies during the design 

phase of construction projects is not well represented in research literature. Despite 

frequent discussion of the advantages that LC can offer for construction projects, LD is 

investigated and discussed considerably less (Jørgensen & Emmitt, 2008). 

Preliminary design and detailed design are the two design stages into which construction 

projects can be broadly divided. Preliminary designs are usually prepared for client design 

selection, with the accepted design plan proceeding to the detailed design phase. In the 

typical design process, architects develop the selected design plan to meet the 

requirements of the owner, then relevant portions are handed to structural and building 

services engineers to generate detailed drawings. This design workflow may appear to be 

an effective process, but Ko & Chung (2014) assert it conceals underlying issues. Failure 

to uncover the issues in the design phase limits an efficient design process and can 

contribute to an ineffective construction phase. 

Ko & Chung (2014) propose a LC design process, refer to Figure 9. They propose that the 

entire design process is led by the architect, who is responsible for communicating with 

the owner. They suggest a basic design phase is incorporated between the preliminary 
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and detailed design phase, and that each phase includes an evaluation against a design 

correctness ratio. In addition to evaluating the design for correctness, this process would 

provide opportunity for general contractors to: (1) inspect the design for conflicts, (2) 

raise issues that may materialise during the construction process, and (3) identify any 

errors or design ambiguity and return to designers for correction. 

 

Figure 9 – Lean construction design process (Ko & Chung, 2014) 

The Lean Project Delivery System (LPDS) suggests that lean methodologies can be 

systematically applied to all project phases (Ballard, 2000). The model provides a practical 

framework for project delivery that includes customer and stakeholder values and 

purposes, design concepts, and design criteria. The model proposes that each element 
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can influence the other, therefore a conversion process results between the various 

stakeholders. 

Koskela et al. (2002) proposed a variation to the LPDS and included a fifth triad containing 

the phase of customer use. These activities complete the entire life cycle of a facility 

project from inception to end-of-life disposal, including commissioning, operations and 

maintenance, and alteration and decommissioning. Refer to Figure 10. 

 

Figure 10 – Triads of the Lean Project Delivery System, plus facility use (Koskela et al., 2002) 

 Integration of LD 

In reference to the design of construction projects, Freire & Alarcón (2002) note that 

design poses difficult management problems. According to Ballard & Koskela (1998), 

quality for site construction can be defined by conformance to requirements; however, 

design must produce these requirements by carefully identifying and translating 

customer needs into engineering specifications. “The nature of the design process is 

complex; it involves thousands of decisions, sometimes over a period of years, with 

numerous interdependencies, and under a highly uncertain environment. Large number 

of participants are involved, such as architects, project managers, discipline engineers, 

service engineers, and market consultants” (Freire & Alarcón, 2002). 

As lean is a whole system approach with the focus on optimising the entire process, 

focusing only on the design process may also contribute to problems with project 

execution (Ballard & Howell, 2003; Forbes & Ahmed, 2011). Baiden et al. (2006) note that 

integration can be regarded as “the merging of different disciplines or organisations with 

different goals, needs and cultures into a cohesive and mutually supporting unit”. The 

introduction of “working practices, methods and behaviours that create a culture of 

efficient and effective collaboration by individuals and organisations” is applicable to 
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integration in construction. They suggest that an integrated construction project team is 

characterised as being “a highly effective and efficient collaborative team responsible for 

the design and construction of a project”. Integration refers to the team improving the 

delivery of a project by removing the traditional barriers and bringing together the 

various skills and knowledge of those responsible for design and construction. 

Based on findings drawn from key research studies, Baiden et al. (2006) proposed that a 

construction project team can be described as fully integrated when the following 

characteristics are present: 

• has a single focus and objectives for the project 

• operates without boundaries among the various organisation members 

• works towards mutually beneficial outcomes by ensuring that all the members 

support each other, and achievements are shared throughout the team 

• predicts more accurately time and cost estimates 

• fully utilises the collective skills and expertise of all parties 

• shares information freely among its members such that access is not restricted to 

specific professions and organisational units within the team 

• has a flexible member composition and therefore able to respond to change 

throughout the project duration 

• has a new identity and is co-located usually in a common space 

• offers members equal opportunities to contribute to the delivery process 

• operates in an atmosphere where relationships are equitable, and members are 

respected 

• has a no blame culture 

In reference to the integration of LD/LC, Jørgensen & Emmitt (2008) note that the 

challenge from a research perspective is determining which aspects of integration the 

research should focus on. Based on research conducted by others, they suggest that 

when applying the lean philosophy of waste minimisation and value optimisation to 

building design and construction, there are four inter-related viewpoints to consider: 

1. Aspects of vertical and/or horizontal integration in the construction supply chain and 

in between construction delivery and the management of real estate facilities and 

related services. 

2. Integration of information systems for product and processes, which is often 

approached through a strong IT orientation. 

3. Integration of working practices and collaborative processes in the construction 

project organisation. 

4. Constructability, which is often dealt with from the perspective of specific practical 

advice for producing designs with a high level of constructability e.g. the “design for 

assembly” approach. 

The successful application of lean in construction projects, using the principles largely 

developed by Toyota, has identified the opportunity of using LD management in the early 



 
44 

phases of projects to strengthen a whole system approach (El. Reifi & Emmitt, 2013). 

From a review of LD management literature presented by other researchers, they suggest 

there are four dominant factors that may assist to improve performance (value) and 

reduce inefficiencies (waste): (1) briefing and client interaction, (2) value and value 

stream mapping, (3) lean culture and assembling the team, and (4)information flow. 

Based on findings from research conducted by Jørgensen & Emmitt (2008), effective 

management of integration of the design and construction processes from a lean 

perspective needs to consider both the client and project delivery team positions, as 

shown in their integration framework. Refer to Figure 11. 

 

Figure 11 – Issues, processes and methods crucial to integration of construction design and production from lean 
perspective (Jørgensen & Emmitt, 2008) 

Jørgensen & Emmitt (2008) suggest that matters crucial to optimising 

design/construction integration and value/waste considerations cannot be effectively 

dealt with if approached in isolation within the project framework. Individual 

organisations involved in the project must address important matters that impact the 

overall project effectiveness. 

2.5. LD Summary 

Although it has been identified that disparity exists between lean definitions, and some 

researchers suggest that a lack of common definition is problematic, this researcher advocates 

that based on the literature review findings, the definitions for lean, LP, LC or LD present similar 

themes allowing meaning to be interpreted. 

Spear and Bowen (1999) suggest that each study may have a different emphasis on the 

fundamentals of lean, however, a consensus exists that LP is essentially a set of management 

principles developed by Toyota that cannot be easily copied. The successful implementation of 

lean may embody more than the implementation of a set of tools & techniques; it may 

engender a cultural change. When the concept of lean became prominent, Diekmann et al. 

(2004) assert there was a tendency for it to be viewed as a collection of tools and techniques, 

however, it has become widely regarded as a fundamental business philosophy. They conclude 
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in their research: “…lean cannot be reduced to a set of rules or tools. It must be approached as 

a system of thinking and behaviour that is shared throughout the value stream. 

Based on these findings, the researcher presents a conceptual framework to define the 

application of LD in the AEC industry. This framework summarises the key themes identified 

from the Literature Review, refer Figure 12. 

 

Figure 12 – Diagrammatic representation of the key components of LD; conceptual framework model defining LD 
(Jeff Fitzharding-Jones, 2020) 

LD for the AEC industry it not a set of tools and techniques that cannot exist in isolation, it 

is a synergistic merging of three components: (1) lean tools and techniques, (2) 

constructability considerations, and (3) concurrent engineering practices. The entire 

system is encompassed by Socio-Technical Paradigm, representing that this is the over-

arching premise of the modern LD philosophy. A cultural change must be embraced by all 

project stakeholders to deliver a lean technical solution from the outset of the design 

process. 

To deliver improved design process efficiency and a more effective design outcome, the 

implementation of LD by the AEC industry requires a synergistic amalgamation of these 

components: 

1. Socio-technical paradigm: Lean has evolved to become an integrated socio-technical 

system. This forms the system boundary. LD must engender a cultural change by all 

project participants (architects, engineers, construction professionals, clients and 

project leads) to deliver a technical solution. LD cannot be viewed simply as a set of 

tools and techniques and must become engrained in organisational and stakeholder 

psyche. 
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2. Lean tools and techniques: The design process must be “leaned”, that is, lean tools 

and techniques must be applied to enhance value and eliminate and reduce waste in 

the design process. Lean tools have been identified that translate successfully to the 

design process, including pull scheduling, cross-functional teams, and reducing design 

element batch sizes. 

3. Constructability: Design cannot be considered in isolation; the design must be 

developed with lean constructability (and facility operation) in mind. The three 

components of the AEC industry, architects, engineers and construction industry 

professionals must engage during the design phase to incorporate constructability 

into the design. 

4. Concurrent Engineering: LD must embrace concurrent engineering approach: the 

design activities need to consider and incorporate components of transformation, 

flow and value generation. The value generation focuses on the importance of 

customer needs; all design decisions must promote the wider customer (clients, 

stakeholders, end users) needs in determining what value the project must deliver. 
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3. Research Methodology 

3.1. Research Methodology Introduction 

Expanding on themes identified in the Literature Review, two research methodologies have 

been utilised for this KAP study: a semi-structured interview and a survey questionnaire (Figure 

13). The purpose of the initial research phase was to explore key subject themes identified by 

the Literature Review utilising a semi-structured interview to gather qualitative data. 

Identification of insights surrounding implementation of lean tools and techniques to NZ 

construction project design and understanding of potential advantages and barriers to lean 

implementation were developed from this research. Industry practitioners involved in the 

design of a regional construction project were targeted, including AEC professionals, clients and 

project managers. Based on accessibility, a sample of potential interview participants was 

obtained from the design phase of the proposed Lincoln University and AgResearch Joint 

Facility (JF) Project. 

The purpose of conducting a questionnaire survey as the second phase of research was to 

gather quantitative data to identify further insights to support the semi-structured interview 

findings. Industry practitioners involved in the design of any construction project, for either 

vertical or horizontal facilities and infrastructure, were targeted including AEC professionals, 

clients and project managers. The sample of potential questionnaire respondents was obtained 

by administering an online survey that was distributed nationally. 

Utilising the methodologies, the research focus was to obtain data from multiple NZ 

construction industry stakeholders to identify LD knowledge, their perceptions towards, and 

current application of the methodology. Awareness of the level of LD KAP will allow 

interventions to be developed and recommendations for industry actions to be presented as an 

applied outcome of this research. 

 

Figure 13 – Research Methodology Framework 
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3.2. Qualitative research: semi-structured interviews 

 Sample and Administration 

Obtaining qualitative data provided the opportunity to identify themes and trends 

relevant to the research aim prior to administering an online research questionnaire 

seeking national participation. Further development of the preliminary research 

objectives and revision of the proposed questionnaire was conducted following the 

qualitative research phase. 

Convenience sampling was utilised and a list of participants from each discipline involved 

in the design phase was prepared based on accessibility. Participants from the following 

disciplines were included on the contact list; owner, developer, client, client 

representative, project manager, project director, architect (building), architectural 

graduate building, engineer – civil, structural, geotechnical, engineer – building services, 

engineer – other, general contractor and ECI contractor. Seeking participation from the 

range of design process disciplines assisted the researcher to identify KAP relating to lean 

application from the range of professionals typically involved in the design process of 

construction projects. 

The project was a large-scale public sector project subject to Government procurement 

rules, the owner being the Crown. The client consisted of two publicly owned entities 

seeking to build a joint use facility. Due to inaccessibility, participation from the Crown 

was not sought for this research. Each client was represented during the design phase by 

client representatives from different levels of management seniority dependant on their 

involvement within the design review and governance structure for the project. To 

ensure client bias was not introduced into the interview results, client representative 

involvement was sought from within both client organisations. 

Utilising a semi-structured interview process afforded the researcher the advantage of 

flexibility. Firstly, flexibility was available to the researcher to explore the answer that was 

being offered by a participant, thus enabling additional data of relevance to be collected. 

Secondly, the researcher was able to redefine questions based on concurrent data 

analysis to ensure research objectives were being answered during the research phase. 

The JF project was selected based on being a regional project that was accessible to the 

researcher. The research was seeking data pertaining to lean design KAP for construction 

projects, irrespective of scale. To identify trends and inconsistencies that describe the 

theme the researcher sought participant feedback based on experience gained from a 

range of projects. 

The proposed total design and build budget for the selected project was reported to be in 

excess of $200 million. The building floorspace was approximately 27,000 m2 and the 

design had to provide for a diverse range of built environment functionality from simple 

open-plan offices to complex specialist laboratory space. The procurement process was 

Design-Bid-Build with an ECI focus, with the design process following a staged design 

release and review process (Appendix 1). 

Being a complex and large-scale design, the design phase for the JF project involved a 

comprehensive range of AEC, project management, and client professionals. This 
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provided the researcher access to potential participants across the range of disciplines 

sought for the research, many of whom held experience in the design phase of a range of 

construction projects. 

Complying with Human Ethics requirements, each contact on the participant list was 

contacted by an introductory email, with an information sheet and consent form 

attachment (Appendix 2). To ensure confidentiality was maintained emails were 

individually addressed and each participant was assigned a code number for data 

collection, analysis and reporting purposes. Following a period of limited response from 

potential participants a second email was sent to each contact individually, again seeking 

their participation. 

To ensure participation was voluntary, the researcher only returned contact to 

participants who expressed an interest in being involved in the research, ensuring that no 

level of coercion to participate was applied. Completion of semi-structured interviews 

ceased when no further participants responded. 

Some participant information was collected. To eliminate the possibility that participants 

could be identified by connection to the organisation for whom they worked, 

organisation names were not recorded. This also protected the confidentiality of 

individual organisations. 

 Interview Design 

Common themes surrounding implementation of lean tools and techniques to 

construction project design were noted, and consideration to the advantages of, and 

barriers to lean implementation were identified. A semi-structured interview script was 

prepared that included 13 questions, designed to provide qualitative data gained from 

the design process experience of participants. Identifying fundamental variables and 

informal links between these variables that can explain each situation, or identify further 

research opportunities, was a principal consideration for this research phase. 

Interview questions covered a range of matters relating to the research focus, however, 

essentially the questions explored the themes relating of LD KAP: (1) knowledge of the 

methodology, (3) attitude surrounding the concept, and (4) practice based on participant 

experiences. 

Prior to seeking respondents to partake in the semi-structured interview a pilot study was 

conducted to test the validity of the proposed interview questions. The pilot study sought 

input from 3–5 AEC professionals, clients and project managers who were involved in the 

design phase of the case study project. Three participants volunteered to respond. This 

process identified that the meaning of some questions was unclear or ambiguous, and 

inadequate response options were provided for some other questions. In response to this 

feedback some questions were amended. 

The finalised interview script was designed to be around 30 minutes in duration, including 

a 5-minute pre-interview introduction. In practice the interviews ranged in duration from 

25 minutes to 35 minutes. Five interviews were conducted face-to-face at a café or in the 

workplace, three were conducted by Skype video call, and the remaining five by mobile 

telephone call. The participants were all involved in the design phase of the JF project, 
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however, four of the 13 participants were based in offices in NZ centres outside the 

researcher’s region. 

During each interview, the researcher transcribed the participant answers and comments 

directly onto a script sheet (Appendix 3). The notes were taken to reflect an accurate 

summary of the interview. At intervals, the participants were requested to pause to allow 

the researcher to remain current with note taking. For detailed answers, the recorded 

response was recited to the participant, providing the opportunity for the participant to 

verify that the transcript was an accurate record of the participants response, as shown in 

Appendix 4. 

 Participants 

A participant contact list was compiled to include all disciplines ensuring a sample 

representative of all practitioners involved in the design process was obtained. The 

participant sample was inclusive of all phases and processes within the design process, 

and project experience was considered of greater relevance that participant level of 

seniority for contributing relevant lean KAP observations. 

The researcher attempted to include consistency in contact numbers for each discipline. 

Each discipline was not represented by an equal participant number; therefore, it was not 

possible to include an identical number of contacts for each discipline. Refer Table 10. 

 

Table 10 – Interviews, number of contacts vs number of interview participants by discipline 

The purpose of collecting this information was to enable analysis to be conducted to 

identify any correlation that may exist between KAP and different design disciplines or 

different experience levels. A structured approach was utilised to determined what 

constitutes senior experience within the industry. Time frames were based on 

certification guidelines from relevant Industry Associations. For example, to obtain 

chartered membership, Engineering NZ typically requires an Engineer to have 10 years of 

experience. Therefore, 10 or more years was set as the high-level experience range. In 

NZ, a graduate engineer will typically hold experience less than 5 years, with the 

opportunity to advance to intermediate level status occurring above 5 years of 

experience, hence the intermediate experience range being 5–10 years. 

Project Discipline Contacts, No. Interviewees, No.

Owner, Client, Client Representative 7 4

Project Manager, Project Director 5 3

Architect, Architectural Graduate (Building) 3 2

Engineer – Civil, Structural, or Geotechnical 6 2

Engineer – Building Services (Mechanical , Electrical, Plumbing) 7 1

Engineer Other 4 1

General Contractor 3 0

ECI Contractor 4 0
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Thirteen participants volunteered to partake in the semi-structured interviews. 

Participants were grouped into eight categories based on industry disciplines that may be 

involved in the design process. 

Four participants were in the client stakeholder group, consisting of owner, client and 

client representative, creating the highest response group by number of interviewees. 

Engineer Civil, Structural and Geotechnical was the second highest participant group, 

followed by Project Manager/Project Director and Engineer, Building Services that each 

had participation from two interviewees. Engineer Other, that included engineer 

functions such as fire and traffic engineering, and Architects Building each had the lowest 

number of interviewees with one participant per group. Refer Table 11. 

Participants were asked to provide the years of experience they had as an AEC 

professional, project manager, or client representative involved in the design process for 

construction projects. Due to scale and complexity, interview participants involved in the 

JF design process were likely to be senior professionals who had gained comprehensive 

project knowledge in their respective field. 

Participants were asked to provide their years of applicable experience, within three 

bands: 0–5 years, 5–10 years or 10 or more years. Most respondents had 10 or more 

years of experience, with nine interviewees in this range. Combining the lower two bands 

of experience 0–5 years and 5–10 years contributed to the remaining four participants. 

 

Table 11 – Semi-structured interviews, participant information by discipline and years of experience 

Construction professionals involved in the design process, comprising of both ECI and 

general contractor, were not represented in the results for the semi-structured interview. 

Contact was made with ECI and General Contractors involved in the design process for 

the JF project on two occasions, however, no voluntary participation was received from 

this industry discipline. 

Participant Discipline Experience

SSI001 (1) Engineer – Building Services 10 or more years

SSI002 (2) Engineer – Civil, Structural or Geotechnical 10 or more years

SSI003 (3) Owner, Client, Client Representative 0–5 years

SSI004 (4) Owner, Client, Client Representative 10 or more years

SSI005 (5) Owner, Client, Client Representative 0–5 years

SSI006 (6) Architect, Architectural Graduate (Building) 5–10 years

SSI007 (7) Engineer Other 10 or more years

SSI008 (8) Project Manager, Project Director 10 or more years

SSI009 (9) Owner, Client, Client Representative 5–10 years

SSI010 (10) Engineer – Civil, Structural, or Geotechnical 10 or more years

SSI011 (11) Engineer – Civil, Structural, or Geotechnical 10 or more years

SSI012 (12) Engineer – Building Services 10 or more years

SSI013 (13) Project Manager, Project Director 10 or more years
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The LD definition model proposed by this researcher proposes that constructability 

considerations are integral component of LD. Obtaining input from the construction 

sector stakeholder group may have contributed positively to this research. 

3.3. Quantitative research: KAP survey questionnaire 

 Sample and Administration 

The secondary research phase provided the opportunity to quantify the themes identified 

from the interview, supporting further development of the research objectives and 

revision of the proposed questionnaire, ensuring effective data collection from the KAP 

survey questionnaire. 

Two platforms were used to administer the KAP survey. Firstly, an online survey was 

administered using the Qualtrics online survey software. A link to the online survey was 

sent to a range of industry associations and AEC companies throughout NZ utilising a 

contact list generated by the researcher. Seven industry associations including 

Engineering New Zealand (ENZ), New Zealand Institute of Architects (NZIA) and 

New Zealand Institute of Building (NZIOB) were targeted. Multiple construction 

companies operating in both the horizontal and vertical construction space were 

included, along with architectural and design consultants, and project management 

offices. Given a low initial response to survey completion the researcher re-approached 

all contacts. At the conclusion of the survey period 34 online responses were received via 

Qualtrics. 

Secondly, a paper-based questionnaire was administered utilising regionally based 

industry contacts. Paper copies of the questionnaire were distributed to regional offices, 

seeking potential respondents involved in construction project design meetings to 

complete the survey, refer Appendix 5. The questionnaire was shared throughout NZ as 

industry contacts shared the research outside their regional office, providing a 

geographical dispersed of responses. This method resulted in 17 responses at the 

conclusion of the survey period. 

In compliance with Human Ethics requirements, an information sheet and consent form 

were available for participants, Introductory and consent information was provided on 

both the online and paper version of the questionnaire (Appendix 6). Question 1 of the 

survey defined Voluntary Participation and Confidentially requirements for participants. 

Only respondents who answered yes to this question were eligible to proceed with the 

survey. 

The survey information requested that participants met the eligibility criteria for the 

research of prior involvement in the design of a construction project. Although the survey 

link was sent out by the researcher, the response remained random. Recipients of the link 

were requested to pass the link on to associates, and industry associations published the 

link on their forums, therefore resulting in a random and spatially dispersed selection of 

the survey sample from throughout NZ. 

To maintain confidentiality, participant name or contact information was not requested. 

Respecting Human Ethics considerations, some participant information was collected of 
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relevance to this research. Ensuring that participants could not be identified by 

connection to the organisation for whom they worked, organisation names were not 

recorded. Additionally, this would ensure that the confidentiality of individual 

organisations for whom respondents worked remained confidential. 

 Survey Design 

Common themes surrounding LD KAP were identified from the interviews. A survey 

questionnaire script was prepared that included 16 questions, designed to present 

quantitative data gained from analysis of the survey responses. 

Survey questions explored the key themes relating to this research; knowledge of the 

methodology, attitude surrounding the concept, and practice based on respondent 

experience, along with general participant information. 

1. Knowledge 

The objectives of this section were to determine the knowledge of LD application that 

AEC professionals, clients and project managers currently hold in NZ. Three questions 

were asked. First, utilising a 5-point Likert scale, respondents were asked to rate their 

knowledge/experience of applying process improvement methodology. Second, given a 

selection of six options respondents were requested to identify where they initially heard 

of the concept, and finally, respondents were asked to list all the process improvement 

tools they were familiar with. In this section participants were advised that if they had not 

heard of the concept prior to engaging in the survey questionnaire that their responses 

would provide important research insights. 

2. Attitude 

These questions were focused on assessing the readiness for key project stakeholders in 

NZ to embrace the methodology and the effectiveness of LD to contribute to improved 

design outcomes. Respondents were asked in their opinion if stakeholders in the design 

process would be ready to embrace LD, rating readiness to embrace on a 5-point Likert 

scale. Statements were then presented to participants surrounding LD advantages, 

seeking respondents’ agreement or disagreement with each statement. This section also 

explored stakeholders’ personal attitude towards implementing an incremental, 

improvement focused approach to the design process, and asked respondents to identify 

reasons for their response. 

3. Practice 

This section explored the implementation frequency of LD by industry stakeholders and 

identified barriers that may hinder the implementation of lean. The purpose of collecting 

information surrounding barriers was to understand the factors that may be contribute to 

a low-level uptake to the methodology. Five questions were asked. First, using a 5-point 

Likert scale, respondents were asked to rate their experience how frequently process 

improvement tools and techniques had been applied. Secondly, respondents were asked 

to identify the project stakeholder who had the greatest level of influence to implement 

the methodology. This section also explored stakeholders’ opinions on the advantages of 

implementing LD. Finally, statements were presented to participants, each representing a 

barrier that may adversely impact acceptance/implementation of the methodology. 
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Respondents were asked to agree or disagree with each statement across a 5-point Likert 

scale. 

Prior to publishing the survey questionnaire, a pilot study was conducted to test the 

validity of the proposed interview questions. Five industry professionals and the senior 

research supervisor volunteered to respond. This process identified the content of the 

draft questionnaire relied on respondents having high level knowledge of lean 

methodology and application. Based on the findings of the semi-structured interviews 

being representative of the entire population, it was deemed unlikely that industry 

stakeholders held this level of knowledge. In response, the questions were redrafted to 

engage improved level of participation and survey completion. The finalised 

questionnaire content and length was refined to take an average 5–7 minutes to 

complete, recognising that most respondents would be industry professionals with busy 

schedules. 

Additionally, following the interview phase, it was identified that the term “lean” was 

generally unfamiliar within the NZ AEC industry. To prevent negative impact on 

participant engagement and improve response rate the survey title and information 

utilised the generic terminology of process improvement and continuous improvement to 

describe the general lean concept. The survey topic was simplified to “How do we 

improve the design process for NZ construction projects?”. 

The survey questions were designed to produce reliable and valid results. Considerations 

that were incorporated in the question design included: (1) survey length, the survey 

length was kept short, (2) matrix tables, given high level technical competency of the 

target respondents to interpret charts, matrix tables using a Likert Scale were selected for 

use, and (3) open text responses. 

 Participants 

Respecting confidentiality, some general information was collected about each 

participant. This information allowed verification that the research obtained reliable and 

valid data. This information also enabled analysis to be conducted to identify 

relationships between KAP and different design disciplines and/or experience levels. 

Participants were asked how many years they had been working in the industry and the 

design process discipline they held the majority of involvement in. Additionally, 

geographical region was automatically recorded by Qualtrics or noted for paper-based 

responses (Appendix 7). 

Although the participant decision to respond to the survey was voluntary and the 

researcher attempted to distribute the questionnaire throughout the range of industry 

disciplines represented in the construction project design process, the sample was not 

representative of the entire NZ industry. The sampling approach that was utilised for this 

research adopted practical contact methodology. The contact list was geographically 

dispersed throughout NZ, and incorporated: seven industry associations, including the 

architectural, engineering and construction industries; ten medium to large construction 

companies undertaking both horizontal and vertical projects; ten design consultancies; 

five architectural firms; and five specialist project management offices. Industry 

professionals who received the survey link were asked to share the survey questionnaire 
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NZ wide, therefore incorporating industry dispersion and response randomness beyond 

the influence of the researcher. 

Survey responses demonstrating a systematic response pattern had not been used by the 

participant, and with 95% or greater completeness were retained for analysis, in 

accordance with Toh et al. (2016) recommendation. In total 51 responses were obtained, 

and all 51 responses were eligible for inclusion in the data set. Individual participant was 

the unit of study for this research. 

Discipline categories identifying all AEC professionals, clients and project managers 

stakeholders typically involved in LD were applied. Grouping disciplines by logical 

connection was conducted to facilitate data collection, resulting in nine discipline 

categories. For example, Engineer civil, structural and geotechnical were grouped due to 

their inter-relationship in the design process. 

The discipline groupings applied in the questionnaire were; owner/client, project 

manager/director, architect (building), engineer civil/structural/geotechnical, engineer 

building services, engineer other, contractor general, contractor ECI and other 

consultants Refer Table 12. 

 

Table 12 – Participant frequency by discipline; nine discipline groups 

To ensure statistical analysis validity for the relatively small data set and recognising 

logical grouping of stakeholder function, three broader discipline categories were created 

to produce larger category groupings. Refer Table 13. These groups were: (1) 

Owner/Representative (for the owner). All persons involved in the project who represent 

the client/owner, including owner, developer, client project director and project 

manager, (2) Contractor. All persons who work for a contracting entity, either general 

contractor or ECI contractor, and (3) Design Team. All persons who would generally 

undertake the design tasks, including architects, engineers (civil, structural, geotechnical, 

building services, other) and other consultants. 

Discipline Count %

Owner, Developer, Client, Client Rep 7 13.7%

Project Manager/Project Director 7 13.7%

Architect (Building)/Architectural Graduate 4 7.8%

Engineer – Civil, Structural or Geotechnical 4 7.8%

Engineer – Building Services (MEP) 5 9.8%

Engineer Other 2 3.9%

General Contractor 9 17.6%

ECI Contractor 6 11.8%

Other Consultant 7 13.7%

Total 51 100.0%
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Table 13 – Participant frequency by three broad discipline categories 

Most participants were in the design team discipline contributing 43.1% of respondents. 

Contractor, comprising both ECI and general contractor grouping, contained 29.4%, 

followed by Owner/Representative contributing 27.5% of the survey participants. 

Obtaining a representative sample count for each discipline category contributes to 

analysis validity. Although architects, or other consultants such as engineers, may be 

requested to perform the project management function, this is not their primary field of 

expertise. For the purpose of this research only project managers or directors who 

selected this as their primary function have been included in the owner category. 

From the 51 participants, the majority have 10 or more years of industry experience, 

representing 52.9% of all respondents. 23.5% have fewer than 5 years and 23.5% have 5 

to 10 years of industry experience, refer 

 

Table 14. Although the 10 or more years’ experience category contains slightly greater 

than half of the respondents, the two categories of less experience each contain close to 

one quarter of the respondents. This represents an acceptable sample count in each 

category to support validity of analysis. 

 

Table 14 – Participant frequency by experience 

3.4. Data analysis 

The following methods of data description and data analysis were used to review the findings of 

this research: 

1. Descriptive statistics 

Results were collated and analysed using descriptive statistics as these can be used to organise 

and summarise data (Holcomb, 1998). The results were presented by count, percentage of total 

Discipline Count %

Owner/Representative 14 27.5%

Design Team 22 43.1%

Contractor 15 29.4%

Total 51 100.0%

Experience (years) Count %

0‒5 years 12 23.5%

5‒10 years 12 23.5%

10+ years 27 52.9%

Total 51 100.0%

Experience (years) Count %

0‒5 years 12 23.5%

5‒10 years 12 23.5%

10+ years 27 52.9%

Total 51 100.0%
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population, mean and standard deviation conducted utilising Excel. Graphical format including 

bar charts and pie-charts were used as appropriate for concise display of the statistical data. 

Refer Appendix 8. 
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2. Chi-square test of independence 

Using Excel, crosstabulations were firstly applied allowing the distributions of two categorical 

variables to be presented in one contingency table, for example knowledge and discipline, with 

the intersection of the two categories appearing in the cells of the table. 

Due to its ability to ascertain if a relationship exists between two variables by comparing the 

observed pattern of responses in the cells to the pattern that would be expected if the variables 

were truly independent of each other, a chi-square test of independence was applied (Rana & 

Singhal, 2015). The null hypothesis for the Chi-square test is that no relationship exists between 

the variables, they are independent. Refer Appendix 9. 

3. ANOVA 

One-way ANOVA (Analysis of Variance) tests were conducted using R, to determine whether 

there are any statistically significant differences between the means of independent (unrelated) 

variables. The one-way ANOVA was applied to compare the means between the groups and 

determine whether any of the means are statistically significantly different from each other 

(Miller, 1997). 

For this research, the ANOVA test was selected as it is applicable when three or more unrelated 

(independent) groups are to be tested. t-test was not utilised as it is limited to testing only two 

groups (Kim, 2014). The null hypothesis for the ANOVA test is that there is no statistically 

significant difference between the groups. Refer Appendix 10. 

4. Tukey HSD 

Additionally, the Tukey HSD (honestly significant difference) post-hoc test was applied. 

Mandava & Narayanan (2009) note the application of this test to compare the means of all 

paired comparisons, identifying any statistically significant differences between the respondent 

discipline groupings (Appendix 10). 
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4. Results 

4.1. Results of Semi-structured Interviews 

In this section data obtained from the semi-structured interviews is analysed with reference to 

themes identified in the literature review and to present KAP findings relevant to the AEC 

industry. The results are structured in four sections: knowledge, attitude, practice and 

summary. 

 Knowledge 

The researcher explored the knowledge of LD held by the interviewees to determine the 

understanding of lean methodology held by the key stakeholders involved in the design 

phase. 

Predominantly participants share the view that there is very minimal knowledge of lean 

held by different stakeholders involved in the design process in NZ. In relation to 

participant knowledge of lean, seven participants noted that they held no knowledge and 

five participants noted that they held no knowledge prior to involvement in this research. 

They noted that they had undertaken an online search to gain pre-interview knowledge 

of the research topic. 

Interestingly, one respondent (4) [number in (brackets) refers to participant number] 

noted that lean fundamentals were known and commented on the Just-In-Time (JIT) 

system for the provision of components. When the researcher further explored the level 

of understanding of the topic held by the participant no further lean tools or techniques 

were offered. JIT is one of numerous lean tools and referencing only one technique may 

suggest that the knowledge of lean held by this participant was not high. 

All participants stated that they had not been trained in lean to any level. To verify if the 

level of knowledge of lean held by interview participants was as low as the initial 

response indicated, participants were asked “if they had not received any formal training, 

did they know what lean is”. Some participants provided a high-level definition that would 

indicate knowledge at a conceptual level only, including “reducing waste and improving 

value” (5 and 10), and “optimising design process” (6 and 10). These three participants 

indicated they had conducted pre interview research and they held no knowledge of lean 

prior to involvement in this research. 

The opinions of two participants support the view that lean implementation within design 

for NZ construction projects is very immature: 

• “no project they have been involved in was there a decision that lean would or would 

not be applied, it was not discussed” (8); and 

• “in their 15 plus years of industry experience that had never heard the term 

discussed” (11). 

Participant 11 noted they had been based in London for eight years involved in large-

scale European projects prior to returning to NZ. Interestingly they commented that in 
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their opinion “the UK was about 10 years ahead of NZ at that time” in reference to design 

process systems and methodologies. 

 Attitude 

These questions assess the attitude of the key stakeholders in response to the concept of 

LD and the effectiveness of LD to contribute to improved design outcomes. From the 

responses provided, this section explored if industry is ready to accept lean and the 

attitude towards the concept of LD. 

In general, most participants identified that there were advantages to be gained by 

implementing lean tools and techniques during the design phase. When asked in 

interview question 6 “Based on your knowledge or understanding of lean, what 

advantages could have been gained from implementing lean during the design phase of 

this project?”, 14 advantages were presented, refer Figure 14. Two participants noted 

that they had insufficient knowledge to specify any advantages. 

In the opinion of participants 7, 10 and 13, utilising lean “would reduce design 

variations/design rework”. The opinion of two participants support the view that the 

constructability will improve from applying process improvement methodology to the 

design process, by “providing for the inclusion of modular design” (1) and “off-site 

fabrication” (1 and 13). 

 

Figure 14 – Advantages of implementing lean during the design phase 

A common attitude from the interview respondents was that lean needs to be 

implemented in the early stages of the design process to deliver the best advantages. 

Several participants expressed this view in their comments: 



 
61 

• “If fully implemented from the outset, opportunities would exist to design the 

systems & services for the building in a more modular way, providing improved 

opportunities for offsite fabrication” (1); and 

• “Changing the detailed design is time consuming & expensive in redesign fees. It 

would be more effective to identify more efficient construction methods during the 

early design process” (1); and 

• “Clients should have been engaged at the start of the design process to develop a 

shared vision – consultants should have led this process with the design team” (9); 

and 

• “Cost reduction opportunities. The design team should have designed these in 

initially rather than at the end of the design phase when the project could not 

achieve funding targets (9); and 

• “Steel fabricators were involved in the ECI process. They were involved early in the 

detailed design phase, it would have been useful if they were engaged earlier, late 

involvement resulted in design variations/rework” (11). 

In the opinion of participant 7, these advantages would be achieved by “understanding 

most critical design features early in the design process”. Participant 2 and participant 7 

commented that applying lean during the design phase would further benefit the project 

by “eliminating or minimising rework during the construction phase”. 

Interview participants mostly agreed that implementing lean tools and techniques would 

contribute advantages, however, feedback from interview participants suggested that 

implementation was currently isolated to specific design disciplines. Responses from only 

two of the eight design categories, Engineer civil, structural or geotechnical, and Architect 

building, indicated that they implement continuous improvement tools and techniques 

during the design process. 

An engineer from the civil and structural discipline noted that they utilise some lean tools 

to develop their design. “Concurrent Engineering – civil & structural engineers are 

utilising this technique”; and “Work standardisation – engineers utilise a standardised 

process to enable them to deliver their design”. A building architect commented that 

within the architectural discipline lean is applied “under the banner of ECI and 

sustainability”. Participant 6 responded “Concept Design Report – this was a tool used by 

the architectural team to document and analyse all sustainability initiatives relevant to 

the design (lead architect, specialist (lab specific), interior & landscape architects)”. 

 Practice 

This section aimed to determine the frequency of LD implementation by AEC 

professionals, clients and project managers and to identify barriers that may hinder 

implementation. The purpose of collecting this information was to discover the barriers 

that exist within the NZ industry, and develop an understanding of how the barriers may 

impact on lean adoption. 

All participants were asked “…what barriers prevented implementation (of lean during 

the design phase)”. Interestingly, throughout the course of completing the interviews, the 

researcher noted a theme was evident in the responses being provided to this question. 
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Some participants were specifically referencing barriers to ECI as it was apparent that 

contractor involvement was terminology recognised from the JF project design phase. For 

example, participant 6 and 13 noted “lack of trust – ECI contractual relationship 

structured win-lose” and participant 1 and 8 commented that “early phase contractor 

input may stifle creative flair in the architectural design process”. The researcher suggests 

that constructability/ECI are an essential component of LD methodology, therefore, these 

responses were considered relevant to this research topic. 

Although the interviewees identified that the level of knowledge of lean in the NZ 

construction industry is low, the attitude of participants towards lean was generally 

positive. The majority of participants indicated that in their opinion implementing lean 

would produce a better design outcome, refer Attitude section. 

Therefore, questions were posed to the participants to understanding practice that 

adversely impacts successful lean implementation. Multiple challenges in the form of 

barriers were identified from the interviews. Refer to Figure 15. 

 

Figure 15 – Barriers preventing the implementation of lean, categorised 

From the responses provided to the interviews, the researcher was able to identify 

themes, thus categorising the barriers into nine categories: (1) use of management 

speak/jargon, stakeholders are wary of another fad or unfamiliar with terminology, (2) 

industry reluctance to accept change, reluctance to change historical/established design 

process, (3) fragmented relationships, lack of a united/integrated response to design 

process, (4) difficulty applying process improvement tools to construction processes, lack 
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of repetitiveness in construction tasks, (5) non-integrated supply chain model, lack of 

commitment to and understanding of multi-layered contracting model, (6) insufficient 

knowledge, NZ lags the world when embracing new systems, (7) lack of industry or 

organisational commitment and support to upskilling and training, (8) financial 

constraints, perception a process improvement approach will increase administration 

costs, and (9) time constraints, perception applying process improvement will lengthen 

the design schedule. 

Five barriers were identified as key themes as they were referenced by three or more 

participants as being barriers. Firstly, there is a low awareness or knowledge of lean 

within NZ (5, 7, 8, 10 and 11). This identifies a challenge as industry practitioners will be 

unable to embrace the implementation of a methodology that they are simply unaware 

of. Participant 11 noted “in their 15 plus years of industry experience that had never 

heard the term discussed”. Supporting this view participant 8 expressed “no project they 

had been involved in was there a decision that lean would or would not be applied, it was 

not discussed”. 

Given the low awareness and knowledge of lean, lack of clear vision, direction and 

support of lean from the client, unsurprisingly presented as a barrier This challenge 

reflects that clients, like industry practitioners, are simply unaware of the methodology. 

Participant 12, a client representative, stated “there is a lack of understanding of lean and 

lean tools”. Both these challenges present an expected outcome as all interview 

participants identified that they had not received any lean training. 

In order to embrace a new methodology, key stakeholders must accept the advantages 

obtained from improved process efficiency will exceed implementation costs. 

Construction design is a competitive environment, typically with multiple parties 

competing to win the design contract. “Bidding for the design work is a competitive 

environment, therefore, (designers) cannot invest too much time into implementing a 

new system” (2). Financial pressure to complete design within time and/or budget 

constraints was noted by participants as being one of the three highest ranked barriers. 

Several participants expressed comments that support the view that financial pressures 

may impose a barrier to implementing lean: 

• “Cost, there may be an initial cost in establishing a lean design team” (1); and 

• “Cost implications, the team would need to spend time up front before people see 

the benefits” (7); and 

• “Financial pressures, project stakeholders may consider lean increases project costs” 

(12). 

A further challenge to LD implementation is that established processes need to be 

amended and there may be unwillingness to accept change. Participant 8 expressed the 

opinion that a “reluctance to accept change” may be a barrier. Supporting this view 

participant 5 suggested that possibly why lean is not embraced within NZ is a “lack of 

willingness to engage”. Participant 1 noted “design consultants may see lean as intruding 

on their established design process”, thus creating a barrier to accepting LD. 

This challenge compliments a further barrier that was identified by two participants; use 

of management speak or jargon that stakeholders are wary of, or unfamiliar with. This 

may reflect in stakeholders being unsupportive of change if they do not understand the 
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terminology, or viewing the concept as being a management fad. Participant 12 noted 

“jargon – using terminology that people do not really understand the meaning of poses a 

barrier to them accepting the concept”. The view expressed by participant 13 further 

supports this; “management speak – New Zealanders are wary of new systems - can 

appear to be inaccessible and daunting to implement.” 

Some responses from participants suggest there is an attitude within the NZ construction 

that is unsupportive of a cohesive design process. The opinion of participant 13 of a 

prevalent blame culture may further contribute to a lack of integration within the NZ 

construction project teams; “blame culture – contractor blames designers, designers 

blames contractors rather than a united approach to what will deliver the best result”. 

Successful implementation of process improvement methodology is reliant on all team 

participants embracing a holistic approach and working together to achieve a common 

goal. Responses indicate that fragmentation is endemic within construction industry 

project teams with this lack of cohesion presenting a barrier to a successful design phase. 

Several interview respondents referred to a lack of integration within construction 

industry project teams as a significant challenge for the industry: 

• “Fragmentation – the construction industry does not apply an integrated approach” 

(2); and 

• “Lack of common understanding of project direction by all project stakeholders” (4, 9 

and 12); and 

• “Lack of team culture. Everyone needs to be incentivised, so they are openly 

contributing to the project. Often design consultant and client have been working 

together for some years before contractors are engaged creating relationship 

tensions that do not support teamwork” (13). 

4.2. Results of Survey Questionnaire 

The findings from the KAP survey are analysed in this section with reference to the 

research objectives and to further develop findings from the semi-structured interviews. 

Data obtained from the KAP survey is analysed, utilising descriptive statistics and 

statistical analysis to analyse each finding. The results are presented in two sections: 

descriptive statistics and statistical analysis. 

 Descriptive Statistics 

1. LD Knowledge 

The concept of LD is unfamiliar to many survey participants, with only 17.6% of 

respondents noting their experience of applying LD was high/very high (Table 15). Most 

respondents (47.1%) held no knowledge of applying the methodology having no 

experience of applying lean to the design process. 35.3% of respondents were ambivalent 

about their level of knowledge, rating it neither high nor low. This is supported by a 

comparison to the neutral point of 3. Most respondents (82.4%) rated their knowledge of 

LD as very low or low or neither high nor low, and the overall sample mean of 2.59 

presented below the neutral point. 
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Table 16 gives the means and standard deviations for participants self-rating of 

knowledge, represented by each discipline. Among the groups, Engineer Other 

comprising engineering disciplines including traffic or fire engineers presents the highest 

self-rating score (3.50). However, only two participants from this discipline responded to 

the survey with one respondent rating their knowledge to be very high. The remaining 

AEC professionals responding to the survey, represented by eight of the nine disciplines, 

all presented below the neutral point of 3 with self-rating scores ranging from 2.29 to 

2.75. This suggests that experience of applying LD is independent of discipline and that 

efforts to improve LD adoption must apply to all disciplines. Considering that several of 

these disciplines, including the ownership group, project leaders and architects 

determine the design process path this is important as they can influence the application 

of LD from the outset. As this research identifies that practice in immature, further efforts 

should be made to improve their level of knowledge to increase their readiness to 

promote LD application. 

 

Table 15 – Knowledge by discipline, grouped into three categories for each variable 

 

Table 16 – Knowledge by discipline, mean, and standard deviation 

The concept of LD is independent of industry experience, with the level of knowledge, or 

lack of, not presenting higher within any experience group (Table 17). Most respondents 

(47.1%) held minimal knowledge of LD rating their experience of applying the 

methodology as either very low or low. The respondents holding the lesser experience, 

those with 0–5 years and 5–10 years, each presented an equal number of responses as a 

proportion of their total group count (50.0% respectively). Respondents holding the 

Discipline Count % Count % Count %

Owner/Client 7 13.7% 6 11.8% 2 3.9%

Design Team 11 21.6% 8 15.7% 3 5.9%

Contractor 6 11.8% 4 7.8% 4 7.8%

Total 24 47.1% 18 35.3% 9 17.6%

LD Knowledge

Very Low/Low Neither High nor Low High/Very High

Discipline Mean SD

Owner, Developer, Client, Client Rep 2.57 0.976

Project Manager/Project Director 2.38 1.061

Architect (Building)/Architectural Graduate 2.75 1.708

Engineer – Civil, Structural, or Geotechnical 2.75 0.500

Engineer – Building Services (MEP) 2.40 0.894

Engineer Other 3.50 2.121

General Contractor 2.75 1.488

ECI Contractor 2.67 1.033

Other Consultant 2.29 0.951

Total 2.59 1.099
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higher experience of 10 or more years presented 44.4% of responses as a proportion of 

their total group count indicating consistency between experience groupings. 

No level of industry experience contributes to a higher or lower level of knowledge. This 

identifies a need for the AEC industry to promote LD training to their stakeholders 

irrespective of the number of years of industry experience they hold in order to improve 

knowledge. 

 

Table 17 – Knowledge by experience 

To further explore the level of knowledge held by NZ industry stakeholders, Question 6 

asked participants to list the process improvement (LD) tools and techniques they were 

familiar with. 45.1% of respondents did not list any, or responded they had minimal 

knowledge. The majority of respondents listed three or less (78.4%), and only one 

respondent noted ten tools or techniques (Figure 16). 

 

Figure 16 – Number of LD tools and techniques per survey respondent 

Additionally, respondents were asked to identify the source of the LD knowledge they 

held. Question 5 asked, “where did you initially hear about the concept of applying 

process improvement to the constructions design process”. 33.3% answered that they 

Experience Count % by Group Count % by Group Count % by Group

0‒5 years 6 50.0% 3 25.0% 3 25.0%

5‒10 years 6 50.0% 5 41.7% 1 8.3%

10 or more years 12 44.4% 10 37.0% 5 18.5%

Total 24 18 9

Very Low / Low Neither High nor Low High / Very High

LD Knowledge
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had never heard of the concept prior to this research, thus supporting the finding that 

knowledge of LD is low. 

Figure 17 presents findings for source of LD knowledge, grouped by relevant 

combinations. Personal development combining continuing professional development 

(CPD), in-house training and self-learning presented the highest knowledge category at 

31.4%. On the job development including project involvement provided the source of LD 

knowledge for 29.4% of respondents. Tertiary education accounted for the least 

responses, with only three participants hearing about LD through tertiary education. This 

suggests that training should be promoted in the education sector, to enhance the 

knowledge of LD in the AEC industry and generate understanding of application to the 

design process. 

 

Figure 17 – Source of knowledge of LD, by combined respondent groupings 

2. LD Attitude 

Although most survey participants held minimal knowledge of LD, a positive attitude 

exists towards the methodology. As shown in Table 18, 86.3% of respondents indicated 

they would implement an incremental improvement focused approach to the design 

process. Only 13.7% would choose not to. Two stakeholders responded they would not 

choose to implement LD, noting they held insufficient knowledge to provide an informed 

answer. 

The readiness of different disciplines involved in the design process to embrace LD is 

presented in Table 19. Survey results demonstrate the majority of respondents (51.0%) 

believe the industry is very ready/ready to embrace LD, and only 15.7% consider the 

industry is unready/very unready. Interestingly one third of the respondents (33.3%) 

answered that NZ construction project stakeholders were neither ready nor unready to 

apply process improvement methodology. The researcher suggests that this level of 

ambivalence may be attributable to the low level of knowledge, contributing to 

Personal devt (CPD, 
in-house, self 

learning) 31.4%

On job devt (project involvement)
29.4%

Tertiary education
5.9%

N/A ‒ never heard of 
concept prior 33.3%
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insufficient respondent experience of LD application to form an opinion either for or 

against. 

 

Table 18 – Readiness of respondent to implement LD 

 

Table 19 – Readiness to embrace LD by discipline, grouped into three categories for each variable 

Furthermore, respondents indicated that in their opinion the AEC industry was ready to 

embrace LD in their projects (Table 20). The overall sample mean of 2.57 presents below 

the neutral point of 3. Among the groups, Engineer Other comprising engineering 

disciplines including traffic or fire engineers presents the lowest self-rating score (2.00). 

However, only two participants from this discipline responded to the survey with one 

respondent rating the industry as being very ready to embrace LD. All disciplines 

presented below the neutral point of 3 with self-rating scores ranging from 2.00 to 2.86 

suggesting that a readiness to embrace LD is supported by all AEC industry disciplines 

who participated in the survey. 

 

Table 20 – Attitude by discipline, mean, and standard deviation 

Implement LD Count %

Yes 44 86.3%

No 7 13.7%

Total 51 100.0%

Discipline Count % Count % Count %

Owner/Client 7 13.7% 6 11.8% 2 3.9%

Design Team 13 25.5% 5 9.8% 4 7.8%

Contractor 6 11.8% 6 11.8% 2 3.9%

Total 26 51.0% 17 33.3% 8 15.7%

LD Attitude 

Very Ready/Ready Neither Ready nor Unready Unready/Very Unready

Discipline Mean SD

Owner, Developer, Client, Client Rep 2.86 1.069

Project Manager/Project Director 2.38 0.518

Architect (Building)/Architectural Graduate 2.75 0.957

Engineer – Civil, Structural or Geotechnical 2.25 1.258

Engineer – Building Services (MEP) 2.60 0.548

Engineer Other 2.00 1.414

General Contractor 2.63 0.916

ECI Contractor 2.67 0.816

Other Consultant 2.57 0.976

Total 2.57 0.855



 
69 

Investigating if a relationship existed between attitude and AEC industry experience, a 

comparison was made between the three bands of 0–5 years, 5–10 years, and 10 or more 

years industry experience and the attitude towards LD held by each participant. 

Consistent with the result for knowledge, the years of industry experience held by a 

respondent had no influence on a positive, negative or ambivalent attitude towards LD. 

The opinion of the survey participants attitude towards the traditional design process 

compared to the LD process was researched in survey question 8, summarised in Table 

21. Responding to the statement “The traditional process used to design construction 

projects typically produces the best design outcome” the highest number of respondents 

(45.1%) disagreed or strongly disagreed. This response suggests that a better design 

outcome could be achieved using a non-traditional design process, presenting 

consistently with the readiness of respondents to embrace a new methodology such as 

LD. 

Statements 2–7 each presented an attribute or benefit of applying LD, including (1) 

embracing a systematic improvement process is likely to create a more efficient design 

process, (2) eliminating or reducing waste in the process is important, and (3) delivering 

improved value for the client should be a key consideration. The majority of respondents 

either strongly agreed or somewhat agreed with all six statements (S2, 76.5%, S3, 92.2%, 

S4, 86.3%, S5, 82.4%, S6, 72.5%, S7, 84.3%). Minimal participants exhibited an ambivalent 

response and the number of participants somewhat disagreeing or strongly disagreeing 

with the statements was low, ranging from 3.9% to 7.8%. This result is important as it 

indicates that respondents mostly identify with the benefits and positive attributes of LD 

in favour of the traditional design process. 

 

Table 21 – Attitude towards the traditional design process vs applying LD 

Additionally, 66.7% responded that if they could choose, they would implement LD for 

projects they are involved in. The reasons behind respondent willingness, or lack of, to 

implement LD are summarised in Table 22. The answers provided were grouped into like 

Statement Count % Count % Count %

S1. The traditional process used to design construction 

projects typically produces the best design outcome
20 39.2% 8 15.7% 23 45.1%

S2. Embracing a systematic improvement process is likely to 

create a more efficient design process
39 76.5% 9 17.6% 3 5.9%

S3. Eliminating or reducing waste in the process is 

important
47 92.2% 2 3.9% 2 3.9%

S4. Delivering improved value for the client should be a key 

consideration throughout the entire design process
44 86.3% 4 7.8% 3 5.9%

S5. All design participants should work collaboratively 42 82.4% 6 11.8% 3 5.9%

S6. Engaging contractors during the design process is likely 

to produce better design and/or construction outputs
37 72.5% 9 17.6% 4 7.8%

S7. Gaining input on client needs and effective construction 

methods early in design process is important
43 84.3% 5 9.8% 2 3.9%

* One participant did not select a response for S6 and S7

Attitude, Respondent Opinion on Statement

Strongly/Somewhat Agree Neither Agree/Disagree Somewhat/Strongly Disagree
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responses for ease of data presentation, with 16 different reasons why respondents 

would choose to implement LD being presented. In contrast, three reasons against were 

noted by seven participants who selected no to LD implementation. 20% of respondents 

did not provide a response to the question, mostly citing insufficient knowledge as the 

reason. 

Consistent with the common theme identified by semi-structured interviewees, who 

agreed the design process would benefit from applying LD, these reasons in favour of 

implementing LD identify advantages including: (1) improving design process value, (2) 

delivering client needs, (3) reducing schedule, (4) lowering cost, (5) reducing waste, and 

(6) improving constructability. Similar LD advantages were identified from Literature 

Review findings. 

 

Table 22 – Participant reasons for choosing, or not choosing, to implement LD 

The advantages provided by survey participants reflect common themes that were 

identified in the interviews supporting the proposition the design process would benefit 

from applying lean tools and techniques. Common benefits that were identified include: 

improving design process value, delivering client needs, reducing schedule, lowering cost, 
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reducing waste and improving constructability. All these themes are additionally 

supported by advantages of lean methodology identified in the Literature Review. 

3. LD Practice 

Survey results indicated that LD practice is immature in the AEC industry, regardless of 

the positive attitude towards LD. As shown in Table 23, in the experience of 12.0% of 

respondents the practice of applying process improvement tools and techniques was 

never and 38.0% have infrequent experience. 36.0% of respondents had experienced LD 

application neither frequently nor infrequently. It is evident that opportunity for 

increased LD application exists with only six respondents (12.0%) selecting frequent 

application and only one respondent having always applied the methodology. 

 

Table 23 – Frequency of application of lean methodology in the design process 

Analysis of frequency by discipline (Table 24) for the means and standard deviations for 

respondents’ experience indicates a low frequency of application. The group presenting 

the highest mean score (3.29) was Other Consultant, comprising Resource Management 

Consultants and Landscape Architects, presenting above the neutral point of 3. Assuming 

this finding is represented in the population (NZ AEC industry) this suggests a further 

opportunity for research. Understanding the factors contributing to a higher level of LD 

practice in this discipline may uncover learnings that are transferrable to the other 

disciplines to assist in increasing the level of LD practice. 

The remainder of disciplines responding to the survey, represented by Owners/Clients 

through to ECI Contactors had self-rating scores ranging from 1.80 to 2.75, all presenting 

below the neutral point. This is represented by the finding that 50.0% of respondents had 

never or infrequently applied LD and 36.0% rated their frequency of application as 

ambivalent. With over one third of the respondents answering they had neither 

frequently nor infrequently applied LD this presents a similar finding to attitude. The 

researcher suggests that this level of ambivalence may again be attributable to the low 

level of knowledge, with insufficient knowledge of lean methodology limiting participant 

willingness to present an opinion either way. 

Practice Count %

Never 6 12.0%

Infrequently 19 38.0%

Neither Frequently nor Infrequently 18 36.0%

Frequently 6 12.0%

Always 1 2.0%

* One participant did not respond to Q11
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Table 24 – Practice by discipline, mean, and standard deviation 

Aligned with the findings for knowledge and attitude, it was identified that no relationship 

exists between LD practice and industry experience (Table 25). No level of industry 

experience contributes to a higher or lower frequency of LD application. Consistent with 

knowledge, this identifies a need for the AEC industry to promote LD implementation to 

their stakeholders irrespective of the number of years of industry experience they hold in 

order to improve practice. 

 

Table 25 – Practice by experience 

A question was designed to test whether respondents believe that one discipline holds a 

greater ability to influence the implementation of a new methodology during the design 

phase. 40.0% of respondents identified the owner, developer, client and client 

representative group as having the greatest level of influence. A further 28.0% of 

participants selected project manager/director. Presenting the results based on 

functional combination of disciplines, the project ownership/leadership group has the 

greatest level of influence with 68.0%, refer Figure 18. This presents an important finding 

as it identifies the stakeholders able to motivate the AEC industry to adopt LD. 

Discipline Mean SD

Owner, Developer, Client, Client Rep 2.17 0.408

Project Manager/Project Director 2.75 0.707

Architect (Building)/Architectural Graduate 2.75 0.957

Engineer – Civil, Structural, or Geotechnical 2.25 0.957

Engineer – Building Services (MEP) 1.80 0.447

Engineer Other 2.50 0.707

General Contractor 2.38 1.302

ECI Contractor 2.67 1.033

Other Consultant 3.29 0.951

Total 2.54 0.930

* One participant from the Owner/Client discipline group did not respond to this question

Experience Count % by Group Count % by Group Count % by Group

0‒5 years 5 41.7% 5 41.7% 2 16.7%

5‒10 years 7 58.3% 4 33.3% 1 8.3%

10 or more years 13 50.0% 9 34.6% 4 15.4%

Total 25 18 7

* One participant from the Owner/Client discipline group did not respond to this question

LD Practice

Never/Infrequent Neither Frequent nor Infrequent Frequent/Always



 
73 

 

Figure 18 – Stakeholder combined grouping, with greatest influence for implementation of new methodology 

Based on themes identified from the literature review and interviews, barriers were 

categorised by the researcher, seeking to understand factors adversely impacting the 

adoption of LD by project stakeholders. Question 14 asked respondents to rate each 

barrier, ranging from strongly agree to strongly disagree (Table 26). 

According to the respondents, use of management speak/jargon, industry reluctance to 

accept change, time constraints and financial constraints were ranked as the highest four 

barriers preventing greater levels of LD practice. The participants selected they strongly 

agree or somewhat agree 75.0% or higher for each of these four barriers that may 

contribute to limiting adoption of change such as adopting process improvement 

methodology. In addition, the KAP survey identified fragmented relationships as a 

significant issue within the AEC industry with 70.8% of respondents in agreement that this 

presents a barrier. 

In contrast, the barrier receiving the lowest agreement response was lack of industry or 

organisational commitment and support to upskilling and training (38.3%). This result 

presents inconsistently with the response given in the knowledge section of the survey in 

which respondents identified in-house development (company/employer) or attendance 

of seminars and training (CPD) as contributing to the highest source of LD knowledge. 
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Table 26 – Practice, barriers preventing process improvement being embraced by the industry 

 Statistical Analysis 

1. Chi-square test of independence 

In general, the descriptive analysis of the survey results suggested that neither duration 

of industry experience nor the project discipline in which the stakeholder worked 

influenced LD KAP. Having obtained respondent level of experience and discipline in the 

participant information questions, analysis was conducted utilising a Chi-square test of 

independence to determine if a relationship existed between experience, discipline and 

KAP. 

Analysis of Chi statistical to Chi critical for KAP by respondent experience and discipline 

indicates that no relationship exists for either variable, as shown in Table 27. Low level of 

knowledge was independent of experience (Chi Stat 1.574, Chi Crit 9.488, H0, 

Independent) and discipline (Chi Stat 1.230, Chi Crit 9.488, H0, Independent). Positive 

attitude, measured by readiness to embrace LD, was independent of experience (Chi Stat 

0.560, Chi Crit 9.488, H0, Independent) and discipline (Chi Stat 2.365, Chi Crit 9.488, H0, 

Independent). Immature practice was independent of experience (Chi Stat 0.849, Chi Crit 

9.488, H0, Independent) and discipline (Chi Stat 3.012, Chi Crit 9.488, H0, Independent). 

Statement Count % Count % Count %

B1. Use of management speak/jargon, stakeholders are wary of 

another fad or unfamiliar with terminology
36 75.0% 8 16.7% 4 8.3%

B2. Industry reluctance to accept change, reluctance to change 

established design process
36 75.0% 6 12.5% 6 12.5%

B3. Fragmented relationships, lack of a united/integrated 

response to the design process
34 70.8% 8 16.7% 6 12.5%

B4. Difficulty applying process improvement tools to 

construction processes, lack of repetition in construction tasks
30 62.5% 11 22.9% 7 14.6%

B5. Non-integrated supply chain model, lack of commitment to 

and understanding of multi-layered contracting model
29 60.4% 12 25.0% 7 14.6%

B6. Insufficient knowledge, NZ lags behind the world when 

embracing new systems
21 43.8% 16 33.3% 11 22.9%

B7. Lack of industry or organisational commitment and support 

to upskilling and training.
18 38.3% 18 38.3% 11 23.4%

B8. Financial constraints, perception a process improvement 

approach will add administration costs
36 75.0% 7 14.6% 5 10.4%

B9. Time constraints, perception applying process improvement 

will lengthen the design schedule
38 79.2% 6 12.5% 4 8.3%

* Three participants did not select barriers in response to Q14

Strongly/Somewhat Agree Neither Agree/Disagree Somewhat/Strongly Disagree

Practice, Barriers to LD Implementation
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Table 27 – Chi-square test of independence (summarised results) 

2. One-way ANOVA 

ANOVA tests were then utilised to determine if statistically significant differences in LD 

KAP existed between the three combined discipline groups: owner/client including 

project managers, design team including architects and engineers, and contractors 

incorporating the construction industry professionals engaged during the project design 

phase. As indicated in Table 28 no statistically significant differences in LD KAP resulted 

among the three groups. 

There is no statistically significant difference in LD knowledge between the means of each 

discipline group, as the p value [Pr (>F)] of 0.838 is greater than 0.05 and the F value of 

0.178 is below 1, Therefore, for a 95% Confidence Interval (CI) hypothesis H0 is accepted. 

For a 95% CI there is no statistically significant difference in LD attitude between the 

means of each discipline group. The mean variance of each group and the mean between 

all three groups are close with a F value below 1 (0.129) and the p value [Pr (>F)] of 0.879 

is greater than 0.05. For LD practice the F value of 0.057 is below 1 and the p value [Pr 

(>F)] of 0.945 is greater than 0.05. For a 95% CI hypothesis H0 is accepted, indicating no 

statistically significant difference in LD practice between the means of each discipline 

group.  

 

Table 28 – ANOVA, KAP levels 

3. Tukey HSD test 

Additionally, the Tukey HSD post-hoc test was applied to compare the means of all paired 

comparisons, investigating any statistically significant differences between the 

respondent discipline groupings. 

For knowledge, the comparison of the difference between means of the three discipline 

groups is not statistically significant, based on the low mean difference values obtained, 

KAP Hypothesis dF Chi Stat Chi Crit H0 or H1
Independent / Not 

Independent

LD Knowledge Knowledge by Experience 4 1.57407407 9.488 H0 Independent

Knowledge by Discipline 4 1.23084416 9.488 H0 Independent

LD Attitude Attitude by Experience 4 0.56089744 9.488 H0 Independent

Attitude by Discipline 4 2.36528472 9.488 H0 Independent

LD Practice Practice by Experience 4 0.8497151 9.488 H0 Independent

Attitude by Discipline 4 3.01201814 9.488 H0 Independent

KAP Statement Sum of Squares df Mean square F value Pr (>F)

LD Knowledge
Knowledge of applying LD, 

based on own experience.
0.44 2 0.221 0.178 0.838

LD Attitude
Opinion of industry 

readiness to embrace LD.
0.20 2 0.0978 0.129 0.879

LD Practice
How frequently has LD 

been implemented.
0.10 2 0.0509 0.057 0.945
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Design Team-Contractor, M diff = -0.12, Owner/Client-Contractor, M diff = -0.24 and 

Owner/Client-Design Team, M diff = -0.12 (Table 29). 

 

Table 29 – Multiple comparison table (Tukey HSD), knowledge 

As shown in Table 30, the low mean difference values obtained for attitude (Design 

Team-Contractor, M diff = -0.14, Owner/Client-Contractor, M diff = -0.04 and 

Owner/Client-Design Team, M diff = 0.10) indicate there is no statistically significant 

difference for the comparison of the three discipline groups.  

 

Table 30 – Multiple comparison table (Tukey HSD), attitude 

The comparison of the difference between means of the three discipline groups is not 

statistically significant for practice, based on the low mean difference values obtained, 

Design Team-Contractor, M diff = 9.09e-02, Owner/Client-Contractor, M diff = -1.33e-15 

and Owner/Client-Design Team, M diff = -9.09e-02 (Table 31). 

 

Table 31 – Multiple comparison table (Tukey HSD), practice 

  

Discipline 1 Discipline 2 Mean P adj Lower bound Upper bound

difference (95% CI) (95% CI)

Design Team Contractor -0.1233766 0.9441732 -1.047104 0.800351

Owner/Client Contractor -0.247619 0.8226816 -1.251674 0.7564357

Owner/Client Design Team -0.1242424 0.941083 -1.028958 0.7804729

Discipline 1 Discipline 2 Mean P adj Lower bound Upper bound

difference (95% CI) (95% CI)

Design Team Contractor -0.14285714 0.8808737 -0.8620376 0.5763233

Owner/Client Contractor -0.04285714 0.9903565 -0.8245774 0.7388631

Owner/Client Design Team 0.100000 0.9371692 -0.6043782 0.8043782

Discipline 1 Discipline 2 Mean P adj Lower bound Upper bound

difference (95% CI) (95% CI)

Design Team Contractor 9.09E-02 0.9576735 -0.6941958 0.8760139

Owner/Client Contractor -1.33E-15 1 -0.8679661 0.8679661

Owner/Client Design Team -9.09E-02 0.9576735 -0.8760139 0.6941958



 
77 

5. Discussion 

5.1. Introduction 

The research problem asserts that reference in academic publications to the application of LD in 

NZ is largely non-existent, resulting in a lack of KAP information for the AEC industry. This 

section examines the findings with reference to the research aim and discusses observations 

pertaining to LD KAP. 

The aim is to identify and evaluate current knowledge of LD, attitude towards the methodology, 

and practice within the industry. Current LD KAP is explored by discussing the findings of 

interviews conducted with AEC professionals and client representatives, and information 

obtained from industry stakeholders who responded to a KAP survey administered NZ wide. 

Semi-structured interviews provided insights surrounding implementation of lean tools and 

techniques during the design process and identified potential advantages and barriers to LD 

implementation. The results section analysed and summarised evidence from the interview 

data, discussing the industry observations presented by the interviewees. 

As the second research phase the survey questionnaire gathered further industry data to 

support, or refute, key findings from the semi-structured interviews. Descriptive statistics and 

statistical analysis were used to examine LD KAP. Due to the small sample size of 51 

respondents the research findings do not present statistically significant results. 

This section discusses the findings deduced from the sample that was available, and the 

researcher presents insights with a practical industry focus based on observations presented in 

this research. 

5.2. Current AEC industry knowledge 

Applying the findings from the interview and survey, the AEC industry currently holds little 

knowledge of the methodology, evident from the research sample generally being unfamiliar 

with LD tools and techniques or the application of lean to the project design phase. 

The findings suggest that greater effort should be made to generate knowledge. Responding to 

an interview question exploring participant knowledge, most participants stated that they held 

no knowledge. Some participants noted that they had undertaken an online search to gain 

knowledge of the research topic prior to their involvement in the interview, indicating that 

inherent knowledge of the methodology is low. Only 1 participant from 13 interviewees 

responded they held any knowledge of LD, highlighting that generally the knowledge of LD held 

by interviewees was minimal. 

Further exploring the initial interview responses indicating a low level of LD knowledge, the 

researcher explored if respondents could define LD at the conceptual level. Most responses 

demonstrated no knowledge of lean fundamentals. Some participants noted that in their 

experience within the AEC industry the methodology had not been discussed, thus suggesting 

that combined with minimal knowledge, a general awareness of the methodology is largely 

non-existent in the AEC industry. 
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To understand if this result was consistent in the AEC industry NZ wide, the KAP survey was 

used to further examine the low level of knowledge. Respondents were asked to rate their 

knowledge of applying process improvement methodology to the design process, ranging from 

very low knowledge to very high knowledge. Almost half of the respondents rated their 

knowledge of LD as being very low or low. The low level of knowledge presented consistently 

across the majority of discipline categories, indicating minimal knowledge was generally 

independent of discipline. This result was consistent for experience with the results indicating 

that low respondent knowledge was generally independent of the years of industry experience 

they held. 

However, the sample means would not be statistically different from the neutral point, 

therefore, no evidence exists the average knowledge of the population (NZ AEC industry) would 

be very low or low. This is attributable to the small sample size and in the population the 

average knowledge of LD could present as being low. 

The ANOVA test result confirms there is no difference in LD knowledge held by disciplines 

involved in the design process. The comparison of the difference between means of the three 

discipline groups is not statistically significant, based on the low mean difference values 

obtained from the Tukey post-hoc test. The descriptive statistics and statistical analysis 

therefore support that low knowledge is independent of both discipline and experience. 

This finding was consistent for the three components of the KAP survey, with the Chi-square 

test of independence confirming that knowledge, attitude and practice were independent of 

both discipline and experience. This finding indicates that efforts to improve industry KAP 

should involve all AEC professionals, clients and project managers, irrespective of their years of 

industry experience. 

Interestingly, when asked “do you believe that the implementation of lean would produce a 

better design”, the majority of interview participants responded yes. When presented with a 

series of statements outlining the positive benefits of applying improvement methodology to 

the design process, a proportionally high number of survey respondents strongly agreed or 

somewhat agreed with the statements. 

These responses indicate, that aligned with the finding of the literature review, the research 

participants share the opinion that the design process would benefit by applying LD. This 

suggests the industry, that is currently struggling to deliver projects on time and within budget, 

may be failing to embrace a concept that can deliver advantages that will contribute to a more 

effective and efficient design process. 

As the interview findings identified that most stakeholders involved in the design process had 

never heard of the concept of LD, this suggested a strong need to understand what is 

contributing to this lack of knowledge. Interviewees suggested that a lack of training in LD 

exists. The research findings indicate that training currently does not exist or is not being made 

available to AEC professionals and people training to enter the industry. 

As the provision of training is essential to the development of knowledge, the KAP survey was 

utilised to further explore  this proposition, asking participants how they had initially heard 

about LD. Of those who had heard of the concept, training in the form of in-house training, CPD 

or self-learning is available for professionals engaged in the industry. This suggests that 

opportunities to develop LD knowledge exist within the industry. However, only two 

respondents had received lean training provided by tertiary institutions, suggesting that 
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minimal training is currently being provided for people studying prior to entering the industry. 

Therefore, training should be promoted in the education sector to enhance the knowledge of 

LD in the AEC industry and generate understanding of lean application to the design process. 

Interestingly, most survey respondents would implement an improvement focused approach to 

the design process if they were able to choose, therefore, presenting a willingness to embrace 

LD. However, based on the low level of knowledge this suggests a shortfall within the current 

system to promote knowledge, and specifically, a lack of lean training is being provided by 

tertiary institutions. This finding presents an opportunity for future research to explore LD 

training within NZ, and to understand if training is being promoted within the correct forums. 

5.3. Attitude towards LD 

Most interview participants and survey respondents demonstrated a positive attitude towards 

LD, with most agreeing that the methodology could provide benefits if applied to the design 

phase for NZ construction projects. 

The attitude of the semi-structured interviewees was explored, with participants being asked if 

they held a positive, negative or ambivalent attitude towards LD. Most participants expressed 

the view that stakeholders involved in the design process hold a positive attitude towards 

improving the process where-ever possible. Responding to a question asking participants if they 

believe the implementation of lean produces a better design outcome, most participants 

answered yes. 

Survey respondents were asked “if they were able to choose, would they implement 

improvement methodology to the design process”. A convincing 86% responded positively to 

this question, thus identifying a strong correlation between the interview and survey 

respondents supporting a positive attitude towards LD. 

This finding presents an interesting observation. The positive attitude presents an opportunity 

for the AEC industry to exploit. A positive attitude supports adoption of the methodology, 

presenting an immediate opportunity to develop knowledge and encourage LD practice. A 

positive attitude will prove beneficial to overcoming barriers. 

Additionally, KAP survey participants were asked if project stakeholders were ready to embrace 

LD. The assumption was applied that a positive readiness to embrace the concept indicates a 

positive attitude. The survey findings presented a positive attitude towards LD, with slightly 

greater than half of the respondents rating their readiness to embrace LD as being very ready or 

ready. 

The positive attitude presented consistently across all discipline categories, indicating attitude 

was generally independent of discipline. This result was consistent for experience with the 

results indicating that respondent attitude was generally independent of the years of industry 

experience they held. 

Most respondents rated their readiness to embrace as very ready or ready, as shown by the 

means presenting below the neutral point of 3. Consistent with the statistical analysis 

conducted for knowledge, the small sample size of 51 survey respondents influenced the 

statistical validity of this result. If a similar result reflected in a larger sample this could be 

statistically significant. It may infer that in the population the average could be below 

3,indicating the NZ AEC industry holds a positive attitude towards embracing LD. 
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As identified from the interview responses, it was considered likely that advantages would be 

realised from implementing lean methodology during the design process. Most interviewees 

presented benefits that could be realised with only two participants providing no advantages, 

attributable to having insufficient knowledge. 

Supporting a positive attitude, 66.7% of survey respondents selected they would implement LD 

for projects if they were able to choose. 16 different reasons why respondents would 

implement LD were presented and in contrast only three reasons against were given. 

Consistent with common themes identified by participants in the semi-structured interviews, 

some of the key advantages of implementing LD included: (1) improving design process value, 

(2) delivering client needs, (3) reducing schedule, (4) lowering cost, (5) reducing waste, and (6) 

improving constructability. 

The consistency of responses from both research methods supports the proposition the design 

process would benefit from applying lean tools and techniques. Furthermore, these themes 

were supported by advantages of lean methodology identified in the Literature Review. 

The AEC industry should develop industry awareness of the numerous advantages to generate 

wide reaching interest in the methodology, thus promoting implementation of LD to increase 

the current low level of practice. 

Given the ability of most research participants to identify advantages that could be gained by 

implementing lean, this would suggest the industry would benefit from implementing LD. 

Promoting a methodology that can provide multiple advantages would encourage a willingness 

by industry participants to adopt the concept. As previously discussed, adopting a concept that 

can deliver advantages will contribute effectively to an industry that is currently under pressure 

to deliver viable projects. 

5.4. Current application of LD in NZ 

Results from this research indicate that LD practice is immature, and the concept is not widely 

adopted or applied by AEC industry professionals. Many respondents identified common 

barriers, consistent with Literature Review findings, contributing to the low uptake of the 

methodology. 

Interview participants were asked if lean tools and techniques had been applied during the 

design process. Interestingly several participants expressed that some processes consistent with 

aspects of lean methodology were inherent in the design process used by engineers. These 

processes had been applied by default within their respective design disciplines. However, most 

participants expressed the view that the design process had not consciously applied lean 

methodology, and if elements of LD were applied it was more accidental than planned. 

To examine if the interview results were indicative of NZ AEC industry practice, the KAP survey 

asked respondents to rate how frequently process improvement methodology had been 

applied to the design process. Findings from the survey were consistent with the interview 

findings supporting that lean practice is immature, with exactly half of the respondents rating 

frequency of application as being never or infrequently. As identified by the K and P findings, 

this response suggests the industry is missing an opportunity to apply a methodology to 

improve design process efficiency. 
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The infrequent LD application presented consistently across all discipline categories, indicating 

immature practice was independent of discipline. This result was consistent for experience with 

the results indicating that low level of practice was independent of the years of industry 

experience the respondent held. 

However, the sample means would not be statistically different from the neutral point, 

therefore, no evidence exists that the frequency of LD application within the entire NZ AEC 

industry would be low. This is attributable to the small sample size and in the population the 

average LD practice could be low. 

The ANOVA test result confirms there is no difference in LD practice held by disciplines involved 

in the design process. The comparison of the difference between means of the three discipline 

groups is not statistically significant, based on the low mean difference values obtained from 

the Tukey post-hoc test. The descriptive statistics and statistical analysis therefore support that 

immature practice is independent of both discipline and experience. This finding indicates that 

efforts to improve industry knowledge should involve all AEC professionals, clients and project 

managers, irrespective of their years of industry experience. 

To further explore this theme, interviewees were asked to describe the lean tools and 

techniques that had been applied. Consistent with the response that lean practice was 

immature, respondents provided very few examples. The most prevalent response was the use 

of ECI. It was identified during interview interaction that ECI had been actively discussed 

throughout the design process, therefore, this concept was likely to be familiar to interviewees. 

As most stakeholders involved in the design process responded that LD had not been 

implemented, identifying factors contributing to the low uptake would provide useful research 

insights. The literature review had identified common themes surrounding potential barriers to 

the implementation of LD. When asked what barriers prevented implementation, interviewees 

noted multiple barriers that were summarised as nine barriers. 

To understand if these barriers presented consistently with the NZ AEC industry, the nine 

barriers were presented in the survey questionnaire and respondents were asked to rate the 

impact of each barrier. The survey results acknowledge that in general commonality exists 

between the barriers identified in each research phase. Most survey respondents identified 

seven barriers that limit the adoption and implementation of LD: (1) use of management 

speak/jargon, (2) industry reluctance to accept change, (3) fragmented relationships, (4) 

difficulty applying improvement methodology to construction processes, (5) non-integrated 

supply chains model, (6) financial constraints and (7) time constraints. 

Formulating strategies to overcome the impact the barriers present to adoption and 

implementation of LD presents an opportunity for the AEC industry to increase LD practice in 

NZ. Developing these strategies is outside the objectives of this research, however, this 

identifies an opportunity for further research. 

Although a positive attitude existed towards LD the level of knowledge was found to be low and 

practice immature. Understanding who could influence lean implementation at the design 

phase would provide a research outcome for industry application. Based on interview findings it 

was proposed that project owners, and those representing the owner, have the greatest level 

of influence for the design process to adopt a new methodology. Presented with five grouped 

discipline categories, survey respondents were asked to select the group having the greatest 
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ability to influence LD adoption. Almost 70% of respondents identified the project owners and 

project management group. 

This finding can support the industry to improve LD KAP. Additional industry training should 

focus on the owner, developer, client representative and project manager group to ensure 

these professionals are conversant in LD. They should become aware of the advantages of the 

methodology and strategies to overcome barriers. Along with supporting an improved level of 

practice, these industry stakeholders can share knowledge and encourage positive industry 

attitude towards LD. 

5.5. Limitations 

This study has limitations which should be given consideration for further application of the 

results of this research. 

No construction industry participation in the semi-structured interviews. No stakeholders 

representing the construction industry participated in the semi-structured interviews. Repeated 

attempts were made to involve this discipline, however, aligned with Human Ethics 

requirements participation was voluntary. No ECI or General Contractors opted to be 

interviewed. Accordingly, the views of the construction industry pertaining to LD are not 

included in the interview results. Based on literature review findings constructability 

considerations are an integral component of LD. Therefore, the absence of input from 

construction sector interviewees may be a notable omission from the interview findings. 

Construction industry professionals did respond to the survey questionnaire; thus their input is 

incorporated in the overall research findings. 

Survey questionnaire sample was not representative of the entire NZ industry. Industry 

professionals who received the survey link were asked to share the questionnaire NZ wide, 

therefore incorporating industry dispersion and response randomness beyond the influence of 

the researcher. However, as the final distribution of the link and the participant decision to 

respond to the survey was voluntary, the researcher was unable to ensure all geographical 

regions, disciplines and levels of experience obtained in the sample response represented the 

entire NZ industry. As discussed in this research paper, responses that were obtained included a 

range of experience, discipline and region. Therefore, this limitation is likely to present minimal 

impact on the validity of the survey findings. 

No data was collected pertaining to number of projects or project scale that each interview or 

survey participant held. The research did not collect the number of projects each stakeholder 

held experience in, or the scale of projects. This presented a limitation as it was not possible to 

analyse trends or themes relating LD KAP to either frequency of project involvement or scale of 

project. Identifying any correlation between these factors was beyond the scope of this 

research and may hold minimal relevance due to low level of maturity in NZ at the time of this 

research. This research aimed to explore LD irrespective of the number or scale of projects a 

participant held experience in. This limitation presents an opportunity for future research to 

investigate if any correlation exists to project number, project scale and KAP. 

Survey questionnaire sample size was small. Although the researcher compiled a 

comprehensive contact list and made extensive attempts to encourage response to the survey 

questionnaire by promoting the survey link, a survey sample of only 51 responses was obtained. 

The researcher was targeting 100 or more responses. This presented a limitation to the 
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accuracy of the statistical analysis. For the Chi-square test of independence to present 

statistically accurate results all cells in the crosstab should present a minimum of one response 

and 80% of cells should contain five or more. As a result of the small sample size the second 

requirement was not met. Analysis of the descriptive statistics failed to produce statistically 

significant results. Due to the small sample size this research does not present enough evidence 

to infer that the sample mean is representative of the population mean (entire NZ AEC 

industry). Future research can actively seek a larger survey sample size to address this 

limitation. 

Research was conducted involving NZ project stakeholders only. The research focus was on 

investigating KAP of LD as applied to the design process for NZ construction projects. Although 

some participants referred to experience they held from working globally, most responses to 

both the interview and survey research questions were based on local KAP. Accordingly, results 

may not be directly applicable to industry conditions in other countries and discretion should be 

applied if generalising the research findings. 
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6. Conclusions and Recommendations 

6.1. Conclusions and Recommendations 

The aim of this research thesis is to explore the levels of LD KAP held by AEC stakeholders, 

clients and project managers experienced in the design process. The study utilised findings from 

interviews and a survey questionnaire to compile an evidence base from which KAP themes and 

trends were analysed. 

The conclusions share an awareness of the current status of KAP, and present potential 

interventions to improve the uptake and application of lean methodology for the design 

process of NZ construction projects. Embracing a practical focus for the research findings, 

possible methods to better inform industry efforts for the adoption and use of LD are 

recommended. 

Findings from the interview and survey indicated that the application of LD was unfamiliar to 

the majority of research participants and that knowledge is low. The interview results indicated 

that the concept of LD was unfamiliar to many respondents, as highlighted by the finding that 

12 from 13 interview respondents had never heard of the concept. The findings from the survey 

support this, with almost half of the respondents rating their knowledge of LD as being very low 

or low. The low level of knowledge presented consistently across most design discipline 

categories. Some interview participants noted that in their AEC industry experience the 

methodology had not been discussed, further supporting the conclusion that knowledge of LD 

is minimal. Based on this finding it is recommended the AEC industry explores opportunities to 

spread knowledge of the concept throughout the NZ. 

In contrast to the low level of knowledge, the majority of interview participants indicated they 

believe that the implementation of lean would produce a better design. This finding was also 

supported by the survey results, with a proportionally high number of survey respondents 

strongly agreeing or somewhat agreeing that positive benefits would result from applying 

improvement methodology to the design process. This also aligns with the findings of the 

literature review, that suggest the design process would gain advantages from applying LD. This 

implies the industry may be failing to embrace a concept that can deliver advantages and 

contribute to a more effective and efficient design process. This research advocates the AEC 

industry should address this anomaly to assist the delivery of viable construction projects. 

Survey results indicate that training in the form of in-house training, CPD or self-learning is 

available for professionals engaged in the industry. However, only two respondents had 

received lean training provided by tertiary education facilities, suggesting that minimal training 

is currently being provided for people studying to be AEC professionals or project managers 

engaged in the industry. This result was consistent with the interview findings that identified no 

participants had completed any formal lean training. Many of the survey respondents 

demonstrated a willingness to embrace the methodology, expressing a willingness to 

implement an improvement focused approach to the design process. Given the low level of 

knowledge held by research participants this suggests a shortfall exists within the current 

system to promote knowledge and to provide training within the correct forums. This finding 

identifies an opportunity for future research to explore the promotion and availability of LD 

training within NZ. 
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Most research respondents demonstrated a positive attitude towards LD. Most interview 

participants expressed the view that stakeholders hold a positive attitude towards improving 

the design process for construction projects. Although many participants had minimal 

experience in implementing LD, most presented the opinion an improvement process would 

present benefits and provided multiple advantages if applied to the design phase. Presenting 

the assumption that a positive readiness to embrace indicates a positive attitude, findings of 

the survey supported this conclusion. The majority of respondents rated their readiness to 

embrace as very ready or ready, as indicated by all means presenting below the neutral point of 

3. This research concludes that a disparate result is evident between the positive attitude and 

minimal knowledge of the concept. The positive attitude towards the concept infers a 

willingness to embrace or adopt, however, the knowledge is low. This presents a future 

opportunity and it is recommended that further research is conducted to understand the 

factors that contribute to the disparity between positive attitude and low knowledge. 

Supporting the conclusion, the participants in the research presented a positive attitude 

towards LD, interviewees presented benefits that could be realised by implementing the 

methodology. Furthermore, 86% of survey participants responded that they would implement 

continuous improvement methodology to the design process if they could influence the 

decision to do so. This result supports that a consistently positive attitude exists within the 

industry NZ wide. This finding identifies that the positive attitude is not limited to geographical 

region and that nationally the industry holds a positive attitude towards LD. 

Although most interview participants identified that the case study project had not actively 

applied LD, aligning with the positive attitude towards the concept, all participants identified 

advantages to be realized by implementing the methodology. Most survey respondents 

supported this finding, noting 16 advantages that would be realised if lean is applied to the 

design process. This presents an opportunity for project design to become more efficient and 

benefit from the numerous advantages that the methodology can deliver. 

Results indicated that LD practice is immature, and the concept is not widely adopted or applied 

during the design process for construction projects. Interview participants expressed that the 

case study project had not consciously applied lean methodology. Findings from the survey 

were consistent with the interview findings supporting that lean practice is immature, with 

exactly half of the respondents noting that lean was never or infrequently applied during the 

design phase. Several interviewees noted that some aspects of lean methodology were 

inherent in the design process that was applied by engineers. Identifying lean tools and 

techniques that exist in established processes presents a further research opportunity. 

Advancing this research would develop an understanding if elements of LD are inherently 

applied and simply unknown by lean terminology. 

Immature practice presented consistently across all discipline categories involved in the design 

process, excepting the Other Consultant category. Some interviewees noted that if elements of 

LD were applied it was more accidental than planned. Additionally, interviewees were able to 

provide minimal examples of lean tools and techniques that had been applied during the design 

process. These findings support the conclusion that, based on this research, lean methodology 

is not being actively applied. This research advocates the AEC industry actively promotes the 

application of LD to advance the level of practice during the design phase. 

Consistent with a low level of maturity, barriers were identified that contribute to the low 

uptake of the methodology. Seven barriers were identified from the KAP survey that 
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significantly limit the uptake of LD. This result presents an opportunity for future research to 

identify actions that the industry can take to reduce the impact of these barriers. It is 

recommended that activity to mitigate the impact of barriers is advanced within the AEC 

industry to improve LD adoption, therefore increasing the level of practice. 

In addition, the survey results sought to identify the stakeholders who held the greatest level of 

influence to apply lean to the design process. Almost 70% of respondents identified the project 

ownership and leadership group as having the highest ability to influence change. This finding 

presents an important research finding for the industry to implement change. It is suggested  

the AEC industry works with this stakeholder group to share knowledge and encourage positive 

industry attitude towards the methodology, thus promoting LD KAP. 

6.2. Contribution to knowledge 

This research study makes the following contributions. Firstly, utilising interviews and survey 

questionnaires to compile an evidence base, it investigated the K, A and P of multiple 

stakeholders towards the application of lean in the design process for NZ construction projects. 

The results can be utilised as a method to monitor the level of KAP across time as this research 

presents a current baseline as the first LD KAP study undertaken in NZ. Additionally, this can 

provide an indicator to measure the effectiveness of LD interventions that are implemented 

subsequent to this research. 

Secondly, the findings add to the body of LD KAP in the construction industry. It provides base 

level data for the NZ industry and provides insights of the current status of the NZ industry for 

international researchers. The research investigated and analysed the differences of LD KAP 

across multiple project stakeholders, represented by discipline category and experience level. 

To enable effective interventions to be implemented the industry should facilitate change by 

targeting activity based on the findings of this research.  

Finally, from applying a practical perspective to the findings, this research has presented 

recommendations for improving the implementation of LD in the NZ AEC industry. Although the 

study was conducted in NZ, findings and recommendations from the research can be useful for 

the global construction community. Although caution should be made generalising the findings, 

countries in which the construction industry is experiencing similar results of low knowledge 

and immature practice may benefit from the lessons learned from this research. 
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8. Appendices 

Appendix 1 – Semi-structured Interview Project, Design Process Flow Diagram 

 

Conceptualisation > client group (utilising a project manager) engages with market via RFP 

↓ 

Conceptual (Bid) Design 

↓ 

Concept Design Review > high level client representative group 

↓ 

Preliminary Design 

↓ 

Preliminary Design Client Review > high level client representative group 

↓ 

Developed Design 

↓ 

Developed Design Client Review > client user groups (Design Review Group, DRG) 

↓ 

Detailed Design 

↓ 

Detailed Design Client Review > client user groups (DRG) 

↓ 

ECI Contractor Design Review and Value Engineering (VE) Recommendations 

↓ 

Detailed Design VE Review > PM team (incl SME consultants) assessment of VE viability 

↓ 

Conclusion ECI Contractor Involvement 

↓ 

Tender Evaluation > VE Recommendations requested in RFT 

↓ 

Further Design VE Review > PM team (incl SME consultants) assessment of VE viability 

↓ 

General Contractor Selection 

↓ 



 
93 

General Contractor Design Review and VE Recommendations 

↓ 

PM, Senior Client and General Contractor VE Review 

↓ 

Presentation of Final Business Case to project ownership stakeholders 
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Appendix 2 – Semi-structured Interview, Information Sheet and Consent Form 

Lean Design in New Zealand construction projects 

Information Sheet  

 

 

College of Engineering, Department of Civil and Natural Resources Engineering 

Telephone: +64 21 391133 

Email: jeff.fitzharding-jones@pg.canterbury.ac.nz  

5 April 2019 

HEC Ref: 2019/01/LR 

 

Project Title: Successful implementation of lean tools and techniques during the design phase; would high level 
uptake of Lean Design by architectural, engineering and construction professionals contribute to more cost 
effective and buildable designs for New Zealand (NZ) construction projects. 

Information Sheet for architectural, engineering and construction professionals asked to voluntarily participate 
in a semi-structured interview. The purpose of the interview is to obtain qualitative data from industry 
professionals who have had experience in the design phase of a large-scale NZ construction project. 

I am Jeff Fitzharding-Jones. I am currently conducting research for my thesis as partial completion of a Masters 
of Engineering at the University of Canterbury. 

Additional to being a mature student, I work for AgResearch, one of the two main partners in the proposed 
Lincoln University AgResearch Joint Facility (LUAgR JF). My current role is Infrastructure and Facilities Specialist 
and Site Manager for the AgR Lincoln Facilities. I was involved in the design process for the LUAgR JF as client 
SME for AgR, with involvement in Building Services elements of the design. 

Research Purpose:  

1. Provide a conceptual framework that defines the components of Lean Design (LD), applicable for the 
implementation of lean in the design phase of construction projects in NZ.  

2. Explore the knowledge, attitudes and practices (KAP) of Architectural, Engineering and Construction 
industry professionals pertaining to the application of LD to NZ construction projects. 

Research Description: 

Preliminary research has indicated that a commonly accepted definition for LD does not exist, and the uptake 
of lean in the construction industry has been minimal. Global construction initiatives have tended to focus on 
Lean Construction (LC), however, this research proposes that lean initiatives should be implemented during the 
design phase – at the outset of the overall process that contributes to the construction of a tangible asset. 

This research will explore LD in the NZ construction industry. The focus of the research is to 1) provide a 
definition, by conceptual framework, for the application of lean to the design phase, and 2) explore the factors 
that influence the application of LD by construction industry professionals during the design phase of large scale 
projects within NZ. 



 
95 

The purpose of conducting a semi-structured interview as the first phase in my research process is to gather 
focused qualitative data from Architectural, Engineering and Construction (AEC) industry professionals who have 
had recent experience in the design phase of an applicable project. 

Your Involvement: 

You have been approached to take part in this study because you have recently been involved in the design 
process for LUAgR JF that may be constructed in Lincoln, Canterbury. 

If you choose to take part in this study, your involvement in this project will be responding to a semi-structured 
interview, to be conducted via telephone call. The interview consists of 12 questions, some of which are yes/no 
or making a selection from a list of options. Your responses to the interview questions will be recorded by me 
on an electronic record sheet for each interview that I conduct. The interview will not be recorded. You can 
request an electronic transcript of your interview from me. I estimate that completing the interview, including 
the introduction and confirming your voluntary consent will take approximately 20 minutes. 

Disclosure: 

Due to the design phase being complete and construction tendering phase concluded for the project, I cannot 
foresee that any competitive or commercial advantage can be obtained by professionals who were involved in 
the design process contributing to my research. Accordingly, I cannot see any potential or conceived conflicts of 
interest resulting in relation to this project due to your employment in an organization that was involved in the 
design or pre-construction process. 

Participation is voluntary and you have the right to withdraw at any stage without penalty. You may ask for 
your raw data to be returned to you or destroyed at any point. If you withdraw, I will remove information 
relating to you. However, once analysis of raw data commences from 25 May 2019, it will become increasingly 
difficult to remove the influence of your data on the results. 

Anonymity and Confidentiality:  

The results of the project may be published, but you may be assured of the complete confidentiality of data 
gathered in this investigation: your identity will not be made public. 

There is no benefit to my research in identifying individual participants by name. For the purpose of identifying 
any relevant trends, you will be asked to identify factors such as the length of work experience & which technical 
field e.g. geotech engineering, you work in. However, your identity will remain confidential & your name will 
not be recorded for either of the two research phases. Participant coding shall be used to maintain 
confidentiality for data analysis and reporting. 

To eliminate the possibility that you could be identified by connection (e.g. you are a senior geotech engineer 
working for company A and company A only has one senior geotech engineer), company name will not be 
recorded. This also provides confidentiality for the individual organisation for which you work. 

Please indicate to the researcher on the consent form if you would like to receive a copy of the summary of 
results of the project. 
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University of Canterbury, Human Ethics Approval 

The project is being carried out as part fulfilment of for a Masters of Engineering in Construction Management 
by Jeff Fitzharding-Jones under the supervision of Dr Eric Scheepbouwer, who can be contacted at 
eric.scheepbouwer@canterbury.ac.nz. He will be pleased to discuss any concerns you may have about 
participation in the project. 

This project has been reviewed and approved by the University of Canterbury Human Ethics Committee, and 
participants should address any complaints to The Chair, Human Ethics Committee, University of Canterbury, 
Private Bag 4800, Christchurch (human-ethics@canterbury.ac.nz). 

If you agree to participate in the study, you are asked to complete the consent form and return your signed consent 
form by email to: 

Jeff Fitzharding-Jones, jeff.fitzharding-jones@pg.canterbury.ac.nz 

  

mailto:human-ethics@canterbury.ac.nz
mailto:jeff.fitzharding-jones@pg.canterbury.ac.nz
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College of Engineering, Department of Civil and Natural Resources Engineering 

Telephone: +64 21 391133 

Email: jeff.fitzharding-jones@pg.canterbury.ac.nz  

5 April 2019 

HEC Ref: 2019/01/LR 

 

Project Title: Successful implementation of lean tools and techniques during the design phase; would high level 
uptake of Lean Design by architectural, engineering and construction professionals contribute to more cost 
effective and buildable designs for New Zealand construction projects. 

Consent Form for: Jeff Fitzharding-Jones 

Your Consent: Please read, tick each box and sign below to acknowledge your consent to participate in this 
research. 

□ I have been given a full explanation of this project and have had the opportunity to ask questions. 

□ I understand what is required of me if I agree to take part in the research. 

□ I understand that participation is voluntary and I may withdraw at any time without penalty. 
Withdrawal of participation will also include the withdrawal of any information I have provided 
should this remain practically achievable. 

□ I understand that any information or opinions I provide will be kept confidential to the researcher and 
his research supervisors and that any published or reported results will not identify the participants or 
the organization for whom they work. I understand that a thesis is a public document and will be available 
through the UC Library. 

□ I understand that all data collected for the study will be kept in locked and secure facilities and/or in 
password protected electronic form and will be destroyed after five years. 

□ I understand the risks associated with taking part and how they will be managed. 

□ I understand that I can contact the researcher [Jeff Fitzharding-Jones, jeff.fitzharding-
jones@pg.canterbury.ac.nz] or supervisor [Dr Eric Sheepbouwer, eric.scheepbouwer@canterbury.ac.nz] 
for further information. If I have any complaints, I can contact the Chair of the University of Canterbury 
Human Ethics Committee, Private Bag 4800, Christchurch (human-ethics@canterbury.ac.nz) 

□ I would like a summary of the results of the project.  

□ By signing below, I agree to participate in this research project. 

 

Name: Signed: Date:   

 

Email address (for report of findings, if applicable):   

Please return your signed consent form by email to: Jeff Fitzharding-Jones, jeff.fitzharding-
jones@pg.canterbury.ac.nz  

  

mailto:human-ethics@canterbury.ac.nz
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Appendix 3 – Semi-structured Interview Script 

Semi-structured Interview Script 

Lean Design in New Zealand construction projects 
 

  

Introduction: 

You have recently been involved in the design process for the proposed Lincoln University / AgResearch Joint 
Facility project. With a construction budget reported to exceed $200M, on both a Canterbury and NZ scale this 
would be considered a large-scale construction project. As well as working for AgResearch, one of the two clients 
for this project, I am a mature student at the University of Canterbury conducting research for a Masters of 
Engineering thesis. 

The focus of my thesis is to research the application of Lean Design during the design phase of construction 
projects in NZ. My research seeks input from clients and architectural, engineering and construction industry 
professionals with recent experience in the design phase of such projects. 

The purpose of conducting a semi-structured interview is to allow me to qualify that findings from my literature 
review are applicable within the NZ industry, and prior to taking my research throughout NZ with a questionnaire, 
to allow me to verify my premise for further research is sound. Lean is a philosophy I am passionate about and I 
hope that findings from my research can benefit the NZ construction industry. 

 

Research Introduction: 

My Research Title is: Successful implementation of lean tools and techniques during the design phase; would 
high level uptake of Lean Design by clients and architectural, engineering and construction professionals 
contribute to more cost effective and buildable designs for New Zealand construction projects. 

Findings from an extensive literature review that I have conducted suggest that over the past 20 years efforts 
have been made to introduce lean within the global construction industry by using Lean Construction tools and 
techniques.  

For my research I propose that to maximise the advantages of lean in construction projects, lean initiatives should 
be implemented during the design phase. This would firstly allow the design process itself to benefit from being 
“leaned”, and secondly, incorporate LC principles into the design to facilitate a more efficient construction phase. 

The focus of my research is to explore the knowledge, attitudes and practises that influence the implementation 
of LD in the NZ industry by considering the following questions: 
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1. Are you aware of lean methodology that can be utilised during design? 
2. In your opinion, does the implementation of lean produce a better design? If so, what design process 

deliverables are enhanced by utilising lean tools and techniques? 
3. What are the barriers to implementing lean during the project design phase? 
4. What project advantages can be gained from implementing lean during the project design phase? 

 

Voluntary Participation, Confidentiality and Consent: 

I have emailed the Information Sheet, Consent Form and the interview Script to you. This study has been 
reviewed and approved by the University of Canterbury Human Ethics Committee. 

You have returned your signed copy of the Consent Form. Thank you for agreeing to be involved with my research 
and being willing to answer my interview questions. Now you have had the opportunity to understand the 
purpose of my research and to review the questions that I will be asking, do you have anything further that you 
wish to clarify please? If yes, Jeff to answer the participants questions. 

As explained in the Information Sheet I will not be recording this interview. I will be writing down your responses. 
You can review the transcript and will have the opportunity to withdraw your participation should you wish. In 
the interest of protecting your confidentiality and not disclosing who you work for, I will not be recording your 
name or the name of the organisation that you work for. 

Based in this information, are you prepared to proceed please? 

Participant confirmed agreement –    YES   /   NO 

Agreement given on (insert date / time) -   __________________________________________________  

Questions: Now the formalities are completed, I will ask the questions.  

Q1. What was your involvement on the design team for this project – 

 Owner / Developer / Client  

Client Representative  

Project Manager / Director 

Architect (Building) 

Engineer - Civil, Structural or Geotechnical  

Engineer – Building Services (Mechanical , Electrical, Plumbing) 

Engineer – Other e.g. Traffic, Fire 

Other consultant e.g. Resource Management Consultant, Landscape Architect 

General Contractor (contractor selected to undertake physical works) 

ECI Contractor (who may, or may not have been appointed the general contractor) 
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Q2. For how many years have been working as an architectural, engineering or construction professional – 

 0 – 5 years 

5 – 10 years 

10 or more years 

 

Q3.  Have you been trained in lean, lean six sigma or Lean Construction tools & techniques – 

YES   /   NO 

  

Q3B. If you have been trained, to what level are you trained please? 

 Short course (1 day or longer) 

 Yellow belt 

 Green belt 

 Black belt 

 

Q4. If you haven’t had any formal lean training, do you know what lean is? If Yes, can you please explain the 
common fundamentals of lean - 

 

 

 

 

Note. If No, Jeff to explain the origin & meaning in brief.  

What is lean: 

The term lean was first coined in 1988 by a Massachusetts Institute of Technology researcher who introduced 
the term “lean” when exploring the fundamental differences between the Ford and Toyota production systems. 
A researcher [Legge (2000)] suggests that the subtle interpretation of the word “lean” may in part contribute to 
the popularity of the methodology. “Lean” embodies fitness and health in contrast to the negative connotations 
surrounding the words fat and thin. 

The fundamental concept that defines the lean production philosophy is that two elements exist in all production 
systems, conversions (processes) and flows. A key consideration for lean in the construction context is that it 
must be viewed as fixed position manufacturing such as ship or aircraft building. Rather than the product flowing 
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between stations at which a process takes place, the workers move from one station to the next and undertake 
conversion processes at each station. 

The term is labelled with a variety of meanings, however, a common theme exists between the fundamentals 
used to define lean: 

• A focus on eliminating or reducing waste and sources of waste in relation to the delivery of products or 
services that represent value to the end customer. 

• Determining what is considered value and what is considered waste from the customers perspective. 
• The management of production and supply chain from a customer demand approach. 
• Approaching production management through focus on processes and flows of these processes 

 
Research conducted within the Malaysian construction industry identified 30 lean tools that can be applied to 
Lean Construction. Lean tools may be known by alternative terminology. For example, the Malaysian research 
identified the process of analysing and refining construction methods as Construction Process Analysis. Utilising 
Early Contractor Involvement (ECI) to improve constructability is undertaking Construction Process Analysis 
during the design phase. Therefore, regardless of terminology, both tools may be considered valid construction 
industry lean techniques. 
 
 

 
 
 
Q5. Based on your experience in the design process, was Lean Design applied for this project? 

YES   /   NO 

Q5A. If yes, please describe what lean tools and techniques were used. 
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Q5B. If no, based on your knowledge or understanding of lean, please describe what lean tools and techniques 
could have been used. 

 

 

 

Q6. Based on your knowledge or understanding of lean, what advantages could have been gained from 
implementing lean during the design phase of this project? 

 

 

 

Q7. If lean was not implemented, or if lean was sparsely applied during the design phase, what barriers 
prevented implementation? Please describe. 

 

 

 

Q8. Do you believe that the implementation of lean produces a better design? Better for construction design 
may be defined by one or more of the following – delivering a shorter design or construction programme, lower 
design or construction budget, fewer design variations etc. 

YES   /   NO 

DO NOT KNOW - Insufficient experience to provide an informed answer.  

Q8A. Thinking about the published advantages of lean, such as 

• eliminating or reducing waste in the design and/or construction process,  

• delivering improved value for the client, 

• improving efficiency during the design or construction phases,  
 

what design process deliverables would have been enhanced for this project by utilising lean tools and 
techniques? 

 

 

 

 

Q9. Note other general comments relevant to the research topic that are raised during the interview. 
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Conclusion: 

Thank you for agreeing to partake in this interview. Should you wish, you my read my transcript of our interview. 
If you wish to do this, please let me know & I will forward an electronic copy of the transcript to you for review. 
Again, many thanks for your time given to supporting my research that I hope may benefit the NZ construction 
industry. 
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Appendix 4 – Semi-structured Interview Research Findings 

Lean Design in New Zealand construction projects 

 

  

 

Q1. What was your involvement on the design team for this project – 

Number Involvement on design team  

4 Owner / Developer / Client / Client Representative 

2 Project Manager / Project Director 

1 Architect (Building) / Architectural Graduate 

3 Engineer - Civil, Structural or Geotechnical 

2 Engineer – Building Services (Mechanical , Electrical, Plumbing) 

1 Engineer Other 

 General Contractor (contractor selected to undertake physical works) 

 ECI Contractor (who may, or may not have been appointed the general contractor) 

 

Q2. For how many years have been working as an architectural, engineering or construction professional, or 
had involvement in large scale construction projects– 

Number Years involved in large scale projects  

2 0 – 5 years 

2 5 – 10 years 

9 10 or more years 

 

Comments: 

Participant had no prior involvement in a large scale construction projects, therefore, involvement has been the 
2 – 3 years that participant was involved in this project. 

JF project was first experience in large scale construction project. 

Participant has provided input to design teams on 3 large & 2 smaller science build projects while working for 2 
different govt organisations. None of the 3 large projects have proceeded. 
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Q3.  Have you been trained in lean, lean six sigma or Lean Construction tools & techniques – 

Number Lean training 

0 Yes 

13 No 

 

Q3A. If you have been trained, to what level are you trained please? 

Number Level of lean training 

0 Short course (1 day or longer) 

0 Yellow belt 

0 Green belt 

0 Black belt 

 

Q3A. Participant Comments: 

• Received 1 – 2 hours lean awareness training in a management course. 
 

Q4. If you haven’t had any formal lean training, do you know what lean is? If Yes, can you please explain the 
common fundamentals of lean – 

Participant Common fundamentals of lean Participant Knowledge, 
Categorised 

Comments 

SSI001 • Prior to reading the 
information sent thru by the 
researcher, participant had 
no specific knowledge. 

• Had heard of the general 
principle, but no detailed 
knowledge. 

• The ECI process is a lean tool 
that can be used in design as 
it allows the design team to 
better understand how the 
construction team will 
physically construct the 
building. 

• No prior knowledge, 
conducted pre interview 
research.  

• ECI process. 
Provides design 
team with 
constructability 
knowledge. 

SSI002 • Awareness of lean gained 
from the introductory 
information supplied as part 
of this research and 
discussion at start of this 
interview. 

• No prior knowledge, 
conducted pre interview 
research. 

 

SSI003 • Participant could not explain 
the fundamentals of lean, 
however, had read the 

• No prior knowledge, 
conducted pre interview 
research. 

 



 
106 

information supplied and 
actively listened to the 
explanation provided. 

SSI004 • JIT system for provision of 
components – don’t have 
cash tied up in inventory 

• Yes. Brief explanation of 
JIT process. 

• JIT system for 
provision of 
components. 

SSI005 • Participant had conducted a 
Wikipedia search. 

• Trying to deliver the best for 
the client in terms of 
reducing waste & improving 
value – value proposition. 

• No prior knowledge, 
conducted pre interview 
research.  
 

• Value proposition, 
best for client. 

• Reducing waste 
and improving 
value. 

SSI006 • Participant had conducted a 
Wikipedia search. 

• Prior to this absolutely no 
knowledge. No exposure to 
lean in Architectural or Mgt 
studies – had come across 
concepts but not known as 
“lean”. 

• Optimising all aspects of the 
design process from design 
team thru construction to 
end of life of the design. 

• No prior knowledge, 
conducted pre interview 
research. 

• Optimising design 
process.  

SSI007 • Participant recalls 
completing a short 6 sigma 
course, over 12 years ago in 
UK. Cannot recall details. 

• Safety In Design (SID) – to 
reduce safety issues in the 
design details. 

• No. • Improving safety 
through design. 
 

SSI008 • Participant could not explain 
the fundamentals of lean. 

• No.  

SSI009 • Participant could not explain 
the fundamentals of lean. 

• No.  

SSI010 •  Participant did not really 
know prior to engaging in 
this research. Had conducted 
some own research prior to 
the interview. 

• Trying to reduce waste – 
engineers time. Improve 
productivity. Potential 
budget savings. 

• Improving safety through 
design. 

• More efficient 
ways/methods to undertake 
the design process3 

• No prior knowledge, 
conducted pre interview 
research. 

 

• Reducing waste 
and improving 
value. 

• Potential budget 
savings. 

• Improving safety 
through design. 

• Optimising design 
process. 

SSI011 • No, can only vaguely recall 
hearing about it. 

• No prior knowledge, 
conducted pre interview 
research. 
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• Participant had conducted a 
Wikipedia search. 

 

SSI012 • Participant could not explain 
the fundamentals of lean. 

• No.  

SSI013 • No. Participant has heard of 
the term lean, but does not 
believe they can explain the 
fundamentals. 

• No.  

 

Q5. Based on your experience in the design process, was Lean Design applied for this project? 

Number Was LD applied for this project? 

4 Yes 

8 No 

1 Partially 

0 DO NOT KNOW - Insufficient experience to provide an informed answer. 

 

Q5 Participant Comments: 

• Not applied, if it was – more accidental than planned. 

• Aspects of the engineering design process by default may be lean in nature. 

• Not applied formally. There is an argument that the design process for a large building has embraced a 
formalised / sequential process Like an assy line, information & detail is developed throughout the design 
process as the level of detail builds. 

• It terms of a formalised process no – no one advised at the outset that the project would utilise lean design 
principles. By default engineers may use lean tools. 

• Within designers there is co-ordination between the designers & client to try to produce a better outcome.  
Trying to use time more efficiently to work to the project design budget. 

• Within engineering consultancy they try to utilise systems to work more efficiently. 
 

Q5A. If yes, please describe what lean tools and techniques were used. 

Participant If yes, what lean tools and techniques were used? Lean Tools and Techniques, 
Categorised 

SSI001 • Some aspects of LD were applied e.g. ECI. 
However, ECI was implemented at a stage 
once the design was quite advanced.  The 
opportunity to realise the advantages may 
have been minimal at this time.  

• Changing the detailed design is time 
consuming & expensive in redesign fees. It 
would be more effective to identify more 
efficient construction methods during the 
early design process. 

• ECI  
 

 

 

• VE 
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• VE opportunities investigated at a late phase 
once project was working with main 
contractors around tendering process. 

• The main driver for implementing VE at that 
phase may have been around cost reduction, 
program reduction or ease of on-site 
construction. Contractors were not sitting 
beside designers from the outset of design 
process. 

SSI002 • Concurrent Engineering – civil & structural 
engineers are utilising this technique. 

• Check sheet – QA. 

• Work standardisation – engineers utilise a 
standardised process to enable them to 
deliver their design. 

• Concurrent engineering – Civil 
and Structural engineers. 

• Check sheets – QA processes. 

SSI003 • N/A, participant did not feel that LD had been 
applied. 

• No lean tools utilised 

SSI004 • N/A • No lean tools utilised 

SSI005 • Participant noted that lean had been applied 
in some aspects. 

• ECI included in the design process – 
understand from the contactor what is 
possible/not possible during construction 
phase. 

• Extensive user engagement – would have 
contributed to fewer variations as the design 
was fully rationalised prior to moving to 
construction phase. 

 
 

• ECI 
 
 
 
 

SSI006 • Applied under the banner of sustainability & 
ECI - discussed easiest way to construct 
things, PBP on sustainability initiatives. 

• Concept Design Report - documenting all 
sustainability initiatives was used by the 
architectural team (lead architect, specialist 
(lab specific), interior & landscape architects).  

• ECI input captured in a spreadsheet prepared 
by PM & ECI contractor. 

• Sustainability initiatives. 

• ECI 

SSI007 N/A • No lean tools utilised 

SSI008 N/A • No lean tools utilised 

SSI009 N/A • No lean tools utilised 

SSI010 • Safety In Design (SID) – to reduce safety issues 
in the design. Considers the impact on the end 
user e.g. working at height - does the 
equipment need to located above ground 
level. 

• SID analysis 

SSI011 • Materials Optimisation. Designing to reduce 
the total quantum of structural materials in 
bldg. Is a daily activity but for this project a 
more rigorous optimisation was taken. 

• VE (Value Eng) - Standard part of a design 
process.  

• Materials optimisation process. 
 

• VE 
 

• User briefings. 
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• User briefing process. Led by the lab design 
team. Clients were well educated user group.  
More robust than typical.  

• ECI process. Steel fabricators were involved in 
the ECI process. Were involved early in the 
detailed design phase – would have been 
useful if they were engaged earlier – resulted 
in design variations/rework. 

 

 

• ECI 

SSI012 • ECI – Designers were involved with the ECI 
contractor & sub-contractors. Design Intent 
document was provided to ECI contractor – 
typical consultant practice. 

• ECI meetings were held with ECI contractor 
weekly over a 6 – 8 month period. 

• ECI 

SSI013 • ECI component in terms of constructability. 
ECI contractor engaged at beginning of 
developed design phase. 

• Benefits mapping. Used when considering 
investment objectives – evaluating design 
responses that would meet customer 
requirements to optimise the value 
proposition. 

• Off-site manufacturing / pre-fabrication. 
Modular approach was utilised for lab space 
design from the outset of the design process.  
It was proposed to manufacture lab fixtures & 
fittings off site then delivered to site at the 
right time in the construction phase. 

• BIM. Allowing the design team to identify 
potential issues in real time. Allowing all 
designers to access the current design model. 

• Local Building Consent Authority engagement. 
Working to ensure tightest fit between what 
was being designed and what was required.  
Improved communication - save time, rework 
etc. 

• ECI 
 
 

• Benefits mapping 

 

• Off-site manufacture / Pre-
fabrication. 

 

• BIM 
 

 
• Local Building Consent 

Authority engagement.   

 

Q5A Researcher Comments: 

• Disparity exists between the comments and the number of participants who replied yes, LD was applied for 
this project. 

• Although a participant may not have believed that LD was actively promoted for this project, by default they 
may have utilised lean tools during the design phase, for example: 

• Some engineers noted that they apply lean principles to their design process utilising standardised 
design methodology such as Design Optimisation or SID processes. 

• Some participants noted that they consider ECI is a lean tool and ECI was engaged for the project. 
 
Q5B. If no, based on your knowledge or understanding of lean, please describe what lean tools and techniques 
could have been used. 
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Participant If no, what lean tools and techniques could have been used? 

SSI001 • ECI & VE were used, but too late in the design process. 

• Insufficient knowledge to know other tools that could have been applied. 

SSI002 • Construction process analysis – utilised this more effectively. Engage with a 
contractor. Have someone involved who has detailed practical knowledge. 

• Innovation (Kaizen/Continuous Improvement) often comes from the contractor – 
contractor works out new/innovative way to improve constructability. 

SSI003 • Participant referred to the table of lean tools provided in the lean explanation. 

• Visual Management – the client reps did not understand the project in sufficient 
detail. 

• Work Standardisation / Concurrent Engineering. 

• 5 Whys – there was a lack of drilling down to gain detailed understanding. 

• First run studies. 

• Bottlenecks – in both the planning and design process. 

• Team preparation – from the client side there was a lack of cohesive 
understanding and agreed direction for this project. 

SSI004 • Design processed broken design down into sub-groups – meetings with all 
disciplines involved did not maximise productivity. 

• JIT e.g. IT professional could have been engaged in design meetings only when 
discussing IT related design issues – technology can provide for this to happen, e.g. 
Skyping into meetings. 

SSI005 • N/A 

SSI006 • Safety audits applied during Concept Design. Trying to identify potential safety 
issues & designing them out at an early phase. 

SSI007 N/A 

SSI008 N/A 

SSI009 • Daily huddle meetings were used – range of different groups. 

• Bottleneck analysis – once bottlenecks identified, meet to discuss/resolve these. 
May need to be forwarded up to a higher decision making authority. 

• Visual management – using computer models of bldg. 

SSI010 None provided. 

SSI011 N/A 

SSI012 N/A 

SSI013 N/A 

SSI014  

SSI015  

Q6. Based on your knowledge or understanding of lean, what advantages could have been gained from 
implementing lean during the design phase of this project? 

Participant What advantages could have been gained from 
implementing lean during the design phase of this 
project? 

Advantages of implementing Lean, 
Categorised 

SSI001 • If fully implemented from the outset, 
opportunities to design the systems & services 
for the bldg in a more modular way, providing 
improved opportunities for offsite fabrication. 

• Involving contractor at early stage to gain 
fabrication/physical construction detail input 
could have allowed further refinement of the 
design. 

• Modular design 

• Off-site fabrication  

• Design refinement utilising ECI 
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SSI002 • Eliminate or minimise rework – project did not 
progress to construction, if it had gone to 
construction there would have been rework. 

• Rework eliminated or 
minimised 

SSI003 • Designing a bldg that the clients could afford 
to build. 

• Reducing the design timeframe – significantly 
e.g. involving engineers from the outset would 
have identified the design would be expensive 
to construct. 

• Team prep – more efficient team/design 
process. 

• Design affordable to the clients 
/ cost reduced 

• Shorter design schedule 

• More efficient design team / 
process 

SSI004 • Would have added value for the project 
outcomes and been more rewarding for 
individuals involved in the design process. 

• Improved value proposition for 
client 

• More rewarding for design 
participants 

SSI005 • Participant does not know enough about lean 
to identify specifics. 

• Insufficient knowledge to 
specify 

SSI006 • None provided. • Insufficient knowledge to 
specify 

SSI007 • Consideration to all factors critical to the daily 
operation of the site – the design team was 
very focused on teaching/laboratory space – 
people overlook factors such as e.g. rubbish 
collection. Critical to operation of the site, yet 
may not be critical for the day-to-day activities 
of many users. 

• Understanding most critical design features 
early in design process. E.g. basement carparks 
– people draw up concept but do not consider 
structural elements – elements that support 
bldg. preventing cars from accessing 
basement. 

• Reduced design variations 

• Rework eliminated or 
minimised 

SSI008 • Visible framework - when dealing with clients 
who are not familiar with a construction 
process, the client may have benefited from 
understanding there is a structured process & 
that a structured process was being followed. 

• Visible framework may be reassuring to some 
clients. 

• Provision of clear structure for 
design process to follow 

SSI009 • Clients should have been engaged at the start 
of the design process to develop a shared 
vision – clients should have led this process 
with the design team. 

• Iterative process could have been utilised by 
clients at outset to determine their 
requirements for the bldg. 

• Cost reduction opportunities - the design team 
should have designed these in initially rather 
than at the end of the design phase when the 
project could not achieve funding targets. 

• Provision of client scope that 
articulates client needs 

• Design affordable to the clients 
/ cost reduced 

 

SSI010 • Improved efficiency. • Efficient design team / process 
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• Reduced waste. 

• Improved communication & understanding of 
project scope. 

• Fewer design variations. 

• Reduced design variations / 
rework 

• Improved communication / 
understanding 

• Provision of client scope that 
articulates client needs 

SSI011 • Participant stated could not explain lean well 
enough to understand what advantages may 
have been. 

• Researcher note: Participant had given several 
examples of the advantages of using a 
continuous improvement focus during the 
design process in answer to Q5. 

• Design Optimisation – used to reduce 
construction cost. 

• VE – should balance whole of life costs etc, in 
practice focuses on cost reduction. 

• ECI – reducing construction labour time to 
reduce cost. 

• Design refinement through ECI 

SSI012 • Design process could have worked better with 
the clients to explore utilisation of new 
technologies and new ways of doing things 
within the building. 

• Enhanced review and adoption 
of new technologies 

SSI013 • Design phase: 

• Improved communication - saved time, rework 
etc. 

• Identifying potential issues in real time. 

• Optimising the value proposition for the client. 

• Construction phase: 

• Reduced construction schedule. 

• Minimise site congestion. 

• Lower cost than on-site fabrication for pre-
fabricated components, fixtures & fittings. 

• Reduced design variations / 
rework 

• Shorter design schedule 

• Improved value proposition for 
client 

• Shorter construction schedule 

• Off-site fabrication 
 

Q7. If lean was not implemented, or if lean was sparsely applied during the design phase, what barriers 
prevented implementation? Please describe. 

Participant What barriers prevented 
implementation? 

Barriers – Broad Categorisation Barriers – Lean, ECI, 
Project Completion 
(PC) 

SSI001 • Possibly overall procurement 
model, possibly govt 
contracts do not allow for 
lean implementation. 

• Design consultants may see 
lean as intruding on their 
established design process. 

• Possibly architects would not 
welcome input from a 
contractor in the early 
design phase, they may 

• Govt project procurement 
model not supportive of 
lean implementation. 

• Unwillingness to accept 
change - amend 
historical/established 
design processes. 

• Early phase contractor 
input may stifle creative 
flair in the architectural 
design process. 

• Lean 
 
 

• Lean 
 

 
 

• ECI 
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consider that it would stifle 
their creative flair in the 
design. 

• Ethical considerations – code 
of ethics. Designers do not 
favour a particular supply 
chain, i.e. Contractor may 
work with / specify a 
particular supplier that they 
are familiar working with, 
may get preferential 
purchasing rights etc. 

• Cost – there may be an initial 
cost in establishing a “lean” 
design team. 

• Legal considerations – under 
the revised H&S Act 
designers are responsible for 
their design, therefore, they 
can receive input from a 
third party (ECI contractor) 
but ultimately must make 
the final design decisions. 

• Ethical considerations – 
designers must remain 
impartial. 

• Commercial pressure to 
complete design phase 
within time and budget 
constraints.  

• Legal liability – designers 
are liable/ must make final 
design decisions 
independent of third party 
input. 

• ECI 
 
 

• Lean 
 
 
 

• ECI 

SSI002 • Competitive environment – 
bidding for the work. Cannot 
put too much time into 
implementing a new system. 

• Contractor is protective of 
innovative ideas – these 
provide their advantage 
during construction to 
make/lose money. 

• Fragmentation – the 
construction industry is not 
integrated. 

• Longevity of relationship - 
construction projects have a 
relatively short defined life. 

• Structure of construction 
projects/contracts are not 
conducive to encouraging 
participation & sharing of 
information. 

• Commercial 
pressure/Financial 
Constraints to complete 
design phase within time 
and budget constraints. 

• Commercial 
sensitivity/Contractual 
structure – parties 
protective of design or 
construction innovation. 

• Fragmentation – lack of 
integration within 
construction industry 
project teams. 

• Short-term relationship 
duration for NZ 
construction projects. 

• Lean 
 
 
 
 

• ECI 
 
 
 
 

• Lean 
 

 
 

• Lean 

SSI003 • Lack of understanding of 
construction projects 
(budgets, timeframes) by 
people involved at a high 
level within the client 
organisations. 

• People pushing their own 
opinions & desires rather 
than commercial realism. 

• Lack of 
understanding/resourcing 
for project design process 
within client organisations. 

• Personal opinions and 
desires prioritised over 
project outcomes.  

• Lack of 
understanding/acceptance 

• Lean 
 
 
 

• PC 
 
 

• Lean 
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• People not paying attention 
to the available budget. 

• Lack of understanding with 
the AEC industry. 

• Unrealistic time expectations 
– clients very slow to agree 
decisions but expected the 
design to be completed 
quickly. 

of project financial 
constraints. 

• Unrealistic timeframes 
placed on design team 
stifling an improvement 
structured design process. 

 
 

• Lean 

SSI004 • Cultural barriers from both 
key client organisations – 
didn’t lend themselves to a 
collaborative approach, two 
organisation were trying to 
design / operate in one 
building – trying to merge 
two very different cultures in 
the way they operate. 

• Lack of engagement - one 
client stakeholder had much 
higher representation at 
meetings, therefore 
appeared their staff had 
better engagement. 

• Agreement to embrace lean 
approach to the design 
phase from the outset. 

• Lack of common 
understanding of project 
direction by all project 
stakeholders. 

• No commitment to 
embracing lean project 
methodology. 

• PC 
 
 
 

• Lean 

SSI005 • Awareness – in general lean 
is not visibly used within the 
NZ construction industry. 
The AEC professionals did 
not promote a lean 
philosophy for this project. 

• Lack of willingness to engage 
– possibly why is it not 
embraced within NZ. 

• Low awareness/knowledge 
of lean within NZ. 

• Lack of willingness to 
engage in lean. 

• Lean 
 

• Lean 

SSI006 • ECI contractor gets paid a 
fee for their services, but 
then has no guarantee they 
will win the project. No 
vested interest in sharing all 
the potential savings that 
could be obtained from 
optimising construction 
processes. 

• Contractors margin 
component in construction 
pricing. Contractor gets a % 
on everything, therefore, 
contractor may have an 
interest in keeping price 
high. 

• Lack of trust – ECI 
contractual relationship 
structured win-lose. 

• Shortfall in typical contract 
pricing model – contractors 
margin component 
encourages higher pricing. 

• ECI 
 
 

• ECI 
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SSI007 • Lack of knowledge or 
training on how to apply lean 
by the lead project team. 

• Cost implications – need to 
spend time up front before 
people see the benefits. 

• Lack of upfront work to 
understand the clients needs 
– sometimes what client 
thinks they want is not what 
they actually need. 

• Low awareness/knowledge 
of lean within NZ. 

• Commercial 
pressure/Financial 
Constraints to complete 
design phase within time 
and budget constraints. 
 

• Lean 
 

• Lean 

SSI008 • Awareness within NZ. No 
project that participant has 
been involved in was there a 
conscious decision that lean 
would or would not be 
applied at the outset. 

• Reluctance to accept change. 

• Creative element - design for 
construction is a fluid 
process & at times involves 
creative people such as 
architects. 

• Client understanding - often 
the client knows what the 
problem is (eg all our bldgs 
are old) but struggles to 
articulate this into the level 
of detail necessary for bldg. 
design. 

• Commercial & contractual 
barriers exist in the industry 
– difficult to break down 
these barriers. 

• Not truly embracing ECI 
principles - In public/govt 
space difficult to involve 
contractor at the outset. 
Always a clause that at end 
of design phase that if client 
not satisfied then their 
involvement can be 
terminated. In private sector 
– everyone gets around the 
table at the outset. 

• Small NZ construction 
market / economy – 
Contractors in NZ don’t 
typically have D-B 
experience. Most efficient 
system in Design-Build as all 
working as one to 

• Low awareness/knowledge 
of lean within NZ. 

• Unwillingness to accept 
change - amend 
historical/established 
design processes. 

• Early phase contractor 
input may stifle creative 
flair in the architectural 
design process. 

• Lack of 
understanding/resourcing 
for project design process 
within client organisations. 

• Commercial 
sensitivity/Contractual 
structure – parties 
protective of design or 
construction innovation. 

• Govt project procurement 
model not supportive of 
lean implementation. 

• Limited contractor 
experience /knowledge. 

 

 

 

• Lean 
 

• Lean 
 
 
 

• ECI 
 
 
 

• Lean 
 
 
 

• ECI 
 
 
 
 

• ECI 
 
 

• Lean 
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design/build as efficiently as 
possible. 

SSI009 • Lack of clear vision/ changing 
vision between the two 
clients – impacted on 
architects, engineers etc. 

• Funding constraints – these 
should be acknowledged & 
given consideration from the 
outset. 

• Entrenched opinions e.g. 
architects wedded to the 
design look rather than 
functionality of the bldg.  

• Individual client wants - 
people sticking to their 
wants at the expense of the 
overall needs of the bldg. 

• Lack of clear project plan / 
direction. Project appeared 
to be an evolving process 
e.g. no operating model 
from the outset that would 
have enabled designers to 
understand how users would 
have operated within the 
building (2 clients sharing 
bldg). Designing bldg ahead 
of having operating model. 

• Senior client staff changes 
throughout design process – 
lack of continuity. 

• Lack of common 
understanding of project 
direction by all project 
stakeholders. 

• Lack of 
understanding/acceptance 
of project financial 
constraints. 

• Unwillingness to accept 
change - amend 
historical/established 
design processes. 

• Personal opinions and 
desires prioritised over 
project outcomes.  

• Lack of clear vision, 
direction and support from 
the client. 

• PC 
 
 

 

• PC 
 
 
 

• Lean 
 
 
 

• PC 
 

 

• PC 

SSI010 • Not a high level of 
knowledge or understanding 
of lean within the NZ 
construction industry. 

• Different consultants use 
different tools & sometimes 
the tools do not align - may 
contribute to commn break-
down. 

• Low awareness/knowledge 
of lean within NZ. 

• Incompatibility of 
consultant tools/systems – 
not conducive to an 
integrated design 
methodology. 

• Lean 
 

• Lean 

SSI011 • Lack of knowledge, lack of 
formal understanding - 
Participant has not heard 
people in industry talk about 
lean.  

• Participant spent 2005 – 
2013 working in London on 
European based projects. 
Never heard the term 
discussed. Was involved in 
large-scale projects - Formal 

• Low awareness/knowledge 
of lean within NZ. 

• Lag in new 
technologies/systems 
implementation within NZ. 

• Lean 
 

• Lean 
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projects using formal 
processes. 

• Participant noted that in 
terms of CDM (SID) & 
Sustainable Design – UK was 
about 10 years ahead of NZ 
at the time. 

SSI012 • Key client contributors for 
the design process need to 
be identified at the outset. 

• Lack of understanding of 
lean and lean tools. 

• Financial pressures – people 
may consider lean increases 
project costs. 

• Client needs to embrace 
using the lean design process 
and promote their 
willingness to use lean - RFP 
needs to specify lean. 

• Willingness of people within 
the industry to implement. 

• Jargon – Using terminology 
that people do not really 
understand the meaning of 
poses a barrier to them 
accepting the concept. 

• Lack of common 
understanding of project 
direction by all project 
stakeholders. 

• Low awareness/knowledge 
of lean within NZ. 

• Commercial 
pressure/Financial 
Constraints to complete 
design phase within time 
and budget constraints. 

• Lack of clear vision, 
direction and support from 
the client/senior leadership. 

• Unwillingness to accept 
change - amend 
historical/established 
design processes. 

• Use of management 
speak/jargon that 
stakeholders are wary of or 
unfamiliar with. 

• PC 
 
 
 

• Lean 
 

• Lean 
 
 
 
 

• PC 
 
 

• Lean 
 
 
 

• Lean 

SSI013 • System for ECI 
implementation. In NZ const 
industry is not currently well 
structured to embrace ECI. 
Contractual nature of the ECI 
engagement – contractor is 
engaged for buildability 
ideas but typically still 
required to bid to win the 
construction phase. This 
creates a barrier to true 
collaboration. 

• Lack of team culture. 
Everyone needs to be 
incentivised so they are 
openly contributing to the 
project. Often design 
consultant and client have 
been working together for 
some years before ECI 
contractor is engaged 
creating relationship 

• Lack of trust – ECI 
contractual relationship 
structured win-lose. 

• Fragmentation – lack of 
integration within 
construction industry 
project teams. 

• Low skills/competency 
within construction 
industry, compounded by 
lack of succession planning. 

• Incentivisation of counter-
productive behaviours – 
focus on margin 
enhancement ahead of 
other project efficiencies. 

• Blame culture ahead of 
embracing a united project 
team. 

• Lack of trust - ECI 
contractual relationship 
structured win-lose. 

• ECI 
 
 

• Lean 
 
 
 

• Lean 
 
 
 

• ECI 
 
 
 
 

• Lean 
 
 

• ECI 
 
 

• Lean 
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tensions that do not support 
teamwork. 

• Affordability overpowering 
quality. ECI process focused 
on driving down the cost & 
contractor winning the job.   

• Skills/competency. Tier 1 
Contractors in NZ do not 
have depth of knowledge 
within inhouse team. NZ 
needs to change how major 
contractors resource their 
teams.  Internal succession 
planning needed to ensure 
skills depth is maintained. 

• Wrong behaviours 
incentivised. Construction 
industry KPI’s. Focused on 
margin enhancement – 
drives behaviours focused on 
cost only.   

• Cultural challenges.  Blame 
culture.  Contractor blames 
designers, designers blames 
contractor rather than 
united approach to what will 
deliver the best result. 

• Lack of systematic project 
planning and resourcing.  
Construction industry tends 
to plan short-term rather 
than engaging in the long 
game. 

• Clients attitude - Zero Sum 
game. Prevalent thinking on 
large govt projects there is 
thinking that the Master 
should win.  

• Lack of trust of construction 
industry. Has led to an 
industry where clients try to 
get the upper-hand using the 
contractual clauses.  
“Painting the contractor into 
the corner”.  

• Client team not being 
appropriately resourced. 
Time - capacity to contribute 
to project given existing daily 
tasks. Competency – lack of 
technical knowledge and 
project experience to 

• Use of management 
speak/jargon that 
stakeholders are wary of or 
unfamiliar with. 

• Lack of 
understanding/resourcing 
for project design process 
within client organisations. 

• Nation of DIYers/Lack of 
recognition of expertise. 

 
 
 

• PC 
 
 
 

• PC 
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contribute effectively to a 
large-scale / complex 
project. 

• Management speak – NZ’ers 
are weary of new systems.  
Can appear to be 
inaccessible and daunting to 
implement. 

• Lack of recognition or 
acceptance of expertise. NZ 
Nation of DIY’ers – many 
people think they are a 
construction industry expert. 

 

Q7 Researcher Comments: 

• The use of jargon that may include unfamiliar terminology to recipients was identified as a potential factor 
that may have initially limited the voluntary participation in the semi-structured interviews. 

• A comment was received from a potential participant, who did not proceed with participation, that they were 
unaware of the meaning of lean. They noted that having no subject knowledge would make their contribution 
of no value. 

• In the information being provided to potential participants the researcher then defined lean in more generic 
terms and explained how it may be utilised in projects. Examples were provided to describe how tools and 
techniques may produce the same impact on leaning the design process, yet be known by different 
terminology. 

• The researcher observed that an increase in response rate resulted following this action. 
 

Q8. Do you believe that the implementation of lean produces a better design? Better for construction design 
may be defined by one or more of the following – delivering a shorter design or construction programme, lower 
design or construction budget, fewer design variations etc. 

Number Does lean produce a better design? 

9 Yes 

0 No 

4 DO NOT KNOW - Insufficient experience to provide an informed answer. 

 

Q8A. Thinking about the published advantages of lean, such as 

• eliminating or reducing waste in the design and/or construction process,  

• delivering improved value for the client, 

• improving efficiency during the design or construction phases,  
 

what design process deliverables would have been enhanced for this project by utilising lean tools and 
techniques? 
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Participant What design process deliverables would have been enhanced for this project by utilising 
lean tools and techniques? 

SSI001 • Value outcome for the client. If const program shortened & risk designed out (due 
to contractor being involved in the detail during the design process) may have 
delivered lower cost building or more bldg for the same budget. 

• Reducing carbon footprint e.g. ECI would provide information as to what materials 
are readily available locally, what are readily available economic lengths to specify 
for ducting etc. This would result in less material & labour waste. 

SSI002 • Standardisation – standard solutions implemented during the design phase. 

• Constructability – lean design should provide a design that can be constructed 
more efficiently. 

SSI003 • Optimal design – a building that would meet the needs of the client & be 
affordable to build in the current construction market. 

SSI004 • Improved design efficiency – there was a focus on some design detail specifics too 
early in design process. 

• Reduced timeframe – using an iterative design process to contribute to a more 
optimal design result. 

SSI005 • Cost to construct bldg should be less 

• Design & construction schedule should be shorter 

SSI006 • Participant not sure if lean framework would add anything beyond what is already 
done. 

• Default in the way we design – always trying to manage resources – time / 
materials. 

SSI007 • Fewer design variations - better fit for purpose solution resulting from the design 
process.  

• Improved client value resulting from improved fit for purpose design. 

• Improved upfront analysis of user requirements. 

SSI008 • Participant not able to answer without more knowledge of lean. 

SSI009 • Shorter design process – may have saved a lot of money & resulted in the bldg 
being constructed. 

• Better bldg. design – the final design was not going to deliver what the clients 
actually needed in the bldg. 

• Waste could have been significantly reduced e.g. design variations / time and cost 
for re-design was significant. 

SSI010 • Summarised in answers Q6 above. 

SSI011 • If the design is optimised the construction phase will reap the benefits. 

SSI012 • Clarification of final design deliverables. At the end of detailed design phase there 
was still a lot of questions coming back to consultants – clients were uncertain that 
the design would deliver what they needed. 

• Reduced barriers between designer & client – more effective communication 
channels. 

SSI013 • Better quality outcome for the completed project.  

SSI014  

SSI015  

 

Q9. Note other general comments relevant to the research topic that are raised during the interview. 

Participant Other comments relating to the implementation of lean design. 

SSI001 • ECI projects involved in when working in Australia produced positive results. 
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• Lean would need to be included in design right at the outset, specified in a project 
charter – what the project aims to achieve by utilising lean. 

• Having a lean champion for the design phase would help facilitate the process. 

SSI002 • No further comments. 

SSI003 • Client didn’t have the right people engaged in the process – people with most 
knowledge in the organisation were not involved. 

• People not allowed time to contribute to the project – group of people should 
have been seconded into the team for the project. 

• Lack of commitment – lack of client representation at key meetings – often only 1 
or 2 people there. 

• Better organisation & management of specialists – how info was collected within 
client organisation & presented to project team. 

• Client didn’t need to engage consultants to gather much of the info. 

• Client lost control of consultants – client was not driving the project & clear 
customer needs were not identified throughout the process. 

• Excessive consultation – Client need to be clearer about what they wanted & 
articulate this to designers. 

• Consultation (internally, with client organisation) should have occurred so that the 
client could have presented a clear brief for the consultants to work to. 

SSI004 • No further comments. 

SSI005 • Poor internal client communication creating frustration e.g. architects may have 
been working to brief agreed by senior client management however, client reps 
not aware of decisions made at a higher level. 

SSI006 • No further comments. 

SSI007 • No further comments. 

SSI008 • More room in the construction industry for improvement. 

• In the US, looking to implement an integrated approach. Trying to remove the 
contractual barriers – an alliance approach – all-inclusive contract. Participants 
need to fund over-runs & share in gains. E.g. designers may be more accepting of a 
product substitution if it will perform & prevent a cost overrun. 

SSI009 • No further comments. 

SSI010 • Some systems used by designers do not integrate e.g. BIM. Some tools are good 
for horiz (12D, Civil 3D) & others vertical (Revit). They do not always communicate 
with each other. 

SSI011 • No further comments. 

SSI012 • No further comments. 

SSI013 • Client experience in other large-scale projects utilising Alliance approach – 
pain/gain sharing ethos. Client, consultants & contractors worked for the 
collaborative project entity. 

• Participant noted that this approach was implemented in response to a crisis on 
the first project in a series of projects. 

• Participant found this approach contributed to an improved, more focused project 
environment that delivered a better project outcome. 

• Helps to reduce the Master/Servant attitude that creates an adversarial 
environment. 

• The JF research project talked ECI but did not really embrace ECI. Was being used 
as a tool to get best possible price. Locking contractor in and attempting to 
transfer project risk to Contractor. 
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Appendix 5 – Survey Questionnaire (administered using Qualtrics online survey tool) 
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Appendix 6 – Survey Questionnaire, Information Sheet and Consent Form 

How do we improve the design process for NZ construction projects? 
 

Information Sheet  

 

College of Engineering, Department of Civil and Natural Resources Engineering 

Telephone: +64 21 391133 

Email: jeff.fitzharding-jones@pg.canterbury.ac.nz  

July 2019 

HEC Ref: 2019/01/LR 

 

Project Title: How do we improve the design process for NZ construction projects? 
 

Information Sheet for architectural, engineering and construction professionals asked to voluntarily participate 
in a questionnaire. The purpose of the questionnaire is to obtain qualitative data from industry professionals 
who have had experience in the design phase of  NZ construction projects. 

I am Jeff Fitzharding-Jones. In addition to being a mature student, I work for AgResearch, one of the two main 
partners in the proposed Lincoln University AgResearch Joint Facility (LUAgR JF). My current role is Infrastructure 
and Facilities Specialist and Site Manager for the AgR Lincoln Facilities.  

Research Purpose:  

Explore the knowledge, attitudes and practices (KAP) of industry professionals relating to the application of 
continuous improvement processes during the design phase of NZ construction projects. 

The purpose of conducting a random questionnaire as the second phase in my research process is to gather 
focused qualitative data from Architectural, Engineering and Construction (AEC) industry professionals who have 
had recent experience in the design phase of  a construction project. 

Research Introduction: 

As a client/owner/developer, project manager or Architectural, Engineering and Construction industry 
professional, I am looking to engage your support for research I am conducting into how the design process for 
New Zealand construction project may be improved. For my Masters in Engineering thesis at the University of 
Canterbury I am researching Lean Design… lean is a process improvement philosophy I am passionate about and 
I hope that findings from my research can benefit the NZ construction industry. 
 
If you are not familiar with the concept of applying process improvement / lean methods to the design process, 
please continue with the questionnaire. As you start answering questions you may find you are familiar with the 
concept by different terminology. Even if you are not familiar, your responses will still provide important 
research insights about how the design process can be improved. 
I understand you have many demands on your time. The questionnaire has only 16 questions (including a 
Consent question) that you can easily complete in around 6 - 8 minutes. 
Target Participants: This research is focused on any NZ construction project. If you have not been involved in 
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the design phase of a project, it would be much appreciated if you could forward this questionnaire to other 
professionals in your network to participate in this research. Please note that there is no obligation for you to 
do this. 

Disclosure: 

I cannot see any potential or conceived conflicts of interest resulting in relation to your involvement in this 
research due to your employment in an organization that was involved in the design or pre-construction process 
of a construction project within NZ. 

Participation is voluntary and you have the right to withdraw at any stage without penalty. You may ask for 
your raw data to be returned to you or destroyed at any point. If you withdraw, I will remove information 
relating to you. However, once analysis of raw data commences from 1 October 2019, it will become 
increasingly difficult to remove the influence of your data on the results. 

Anonymity and Confidentiality: 

The results of the project may be published, but you may be assured of the complete confidentiality of data 
gathered in this investigation: your identity will not be made public. 

There is no benefit to my research in identifying individual participants by name. For the purpose of identifying 
any relevant trends, you will be asked to identify factors such as the length of work experience & which technical 
field e.g. geotech engineering, you work in. However, your identity will remain confidential & your name will 
not be recorded for either of the two research phases. Participant coding shall be used to maintain 
confidentiality for data analysis and reporting. 

To eliminate the possibility that you could be identified by connection (e.g. you are a senior geotech engineer 
working for company A and company A only has one senior geotech engineer), company name will not be 
recorded. This also provides confidentiality for the individual organisation for which you work. 

University of Canterbury, Human Ethics Approval 

The project is being carried out as part fulfilment of for a Masters of Engineering in Construction Management 
by Jeff Fitzharding-Jones under the supervision of Dr Eric Scheepbouwer, who can be contacted at 
eric.scheepbouwer@canterbury.ac.nz. He will be pleased to discuss any concerns you may have about 
participation in the project. 

 

This project has been reviewed and approved by the University of Canterbury Human Ethics Committee, and 
participants should address any complaints to The Chair, Human Ethics Committee, University of Canterbury, 
Private Bag 4800, Christchurch (human-ethics@canterbury.ac.nz). 

 

If you agree to participate in the study, you are asked to complete the consent form and return your signed consent 
form by email to: Jeff Fitzharding-Jones, jeff.fitzharding-jones@pg.canterbury.ac.nz  

mailto:human-ethics@canterbury.ac.nz
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Consent Form 

 

College of Engineering, Department of Civil and Natural Resources 

Engineering 

Telephone: +64 21 391133 

Email: jeff.fitzharding-jones@pg.canterbury.ac.nz  

July 2019 

HEC Ref: 2019/01/LR 

 
Project Title: How do we improve the design process for NZ construction projects? 
Consent Form for: Architectural, Engineering and Construction professionals asked to voluntarily 
participate in a questionnaire. The purpose of the questionnaire is to obtain qualitative data from 
industry professionals who have had experience in the design phase of a NZ construction project. 

Your Consent: Please read, tick each box and sign below to acknowledge your consent to participate 
in this research. 

□ I have been given a full explanation of this project and have had the opportunity to ask 
questions. 

□ I understand what is required of me if I agree to take part in the research. 

□ I understand that participation is voluntary and I may withdraw at any time without 
penalty. Withdrawal of participation will also include the withdrawal of any information 
I have provided should this remain practically achievable. 

□ I understand that any information or opinions I provide will be kept confidential to the 
researcher and his research supervisors and that any published or reported results will not 
identify the participants or the organization for whom they work. I understand that a thesis is a 
public document and will be available through the UC Library. 

□ I understand that all data collected for the study will be kept in locked and secure facilities 
and/or in password protected electronic form and will be destroyed after five years. 

□ I understand the risks associated with taking part and how they will be managed. 

□ I understand that I can contact the researcher [Jeff Fitzharding-Jones, jeff.fitzharding-
jones@pg.canterbury.ac.nz] or supervisor [Dr Eric Sheepbouwer, 
eric.scheepbouwer@canterbury.ac.nz] for further information. If I have any complaints, I can 
contact the Chair of the University of Canterbury Human Ethics Committee, Private Bag 4800, 
Christchurch (human-ethics@canterbury.ac.nz) 

□ I would like a summary of the results of the project.  

□ By signing below, I agree to participate in this research project. 

Name: Signed: Date:  

Email address (for report of findings, if applicable): 
  

Please return your signed consent form by email to: Jeff Fitzharding-Jones, jeff.fitzharding-
jones@pg.canterbury.ac.nz 

mailto:human-ethics@canterbury.ac.nz
mailto:jeff.fitzharding-jones@pg.canterbury.ac.nz
mailto:jeff.fitzharding-jones@pg.canterbury.ac.nz
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Appendix 7 – Survey Questionnaire, participants by NZ geographical zone 
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Appendix 8 – Survey Questionnaire, Descriptive Statistics 

Q1. Voluntary Participation and Confidentiality:     

       

Your participation in this survey is voluntary and you may withdraw your participation at any time. 

Your responses will remain confidential and your name is not requested.   

Please confirm (by selecting YES) that you agree that your participation is voluntary.   

       

Yes 51      

No 0      

       

Q2. Participant Information: For how many years have you been working as an architectural, engineering or 
construction professional, project manager, or been the client for construction projects. 

       

Client includes – owner, developer or client representative.    

Please select only one option.       

       

Years’ experience Count %     

0–5 years 12 23.5%     

5–10 years 12 23.5%     

10+ years 27 52.9%     

 51 100.0%     

       

Q3. Participant Information: What was your role on the design team for projects you have been involved in. 

       

Discipline Count %     

Owner, Dvlpr, Client, Rep 7 13.7%     

Project Manager/Director 7 13.7%     

Architect (Bldg)/Arch Grad 4 7.8%     

Eng – Civil, Struct or Geotech 4 7.8%     

Eng – Bldg Services (MEP) 5 9.8%     

Engineer Other 2 3.9%     

General Contractor 9 17.6%     

ECI Contractor  6 11.8%     

Other Consultant 7 13.7%     

 51 100.0%     

       

Discipline, Grouped into three project stakeholder categories    

       

Discipline Count %     

Owner/Representative 14 27.5%     

Design Team 22 43.1%     

Contractor 15 29.4%     

 51 100.0%     
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Owner/Representative:       

Project stakeholders who represent the client/owner, incl owner, developer, client, project director. 

Contractor: Working for a contracting entity, either general contractor or ECI contractor. 

Design Team: Generally complete the design tasks, incl architects, engineers & consultants. 

       

Q4. Knowledge: Please rate your knowledge of applying process improvement methodology to the design 
phase of NZ construction projects. 

       

Knowledge/experience of applying process improvement methodology to the design phase. 

       

Knowledge Rating Count %     

Very Low 9 17.6%     

Low 15 29.4%     

Neither High nor Low 18 35.3%     

High 6 11.8%     

Very High 3 5.9%     

 51 100.0%     

       

Knowledge Rating, Grouped into three rating bands     

       

Knowledge, grouped categories Count %     

Very Low/Low 24 47.1%     

Neither High nor Low 18 35.3%     

High/Very High 9 17.6%     

 51 100.0%     

       

Knowledge by Discipline, Grouped into three categories for each variable  

       

 LD Knowledge 

 Very Low/Low 
Neither High nor 

Low High/Very High 

Discipline Count % Count % Count  % 

Owner/Client 7 13.7% 6 11.8% 2 3.9% 

Design Team 11 21.6% 8 15.7% 3 5.9% 

Contractor 6 11.8% 4 7.8% 4 7.8% 

 24 47.1% 18 35.3% 9 17.6% 
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Discipline Mean SD     

Owner, Dvlpr, Client, Rep 2.57 0.976     

Project Manager/Director 2.38 1.061     

Architect (Bldg)/Arch Grad 2.75 1.708     

Eng – Civil, Struct or Geotech 2.75 0.500     

Eng – Bldg Services (MEP) 2.40 0.894     

Engineer Other 3.50 2.121     

General Contractor 2.75 1.488     

ECI Contractor  2.67 1.033     

Other Consultant 2.29 0.951     

Total 2.59 1.099     

       

Q5. Knowledge: Where did you initially hear about the concept of applying process improvement to the 
construction design process. 

       

Source of LD Knowledge % Count     

Company/Employer 7.8% 4     

CPD (seminars, training etc) 9.8% 5     

Project Involvement – applied  29.4% 15     

Tertiary Education 5.9% 3     

Self-Learning – discussion, online etc 13.7% 7     

N/A – not heard of concept  33.3% 17     

 100.0% 51     

 

        

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

   

7.8%

9.8%

29.4%

5.9%

13.7%

33.3%

Company/Employer CPD (seminars, training etc)

Project Involvement - applied Tertiary Education

Self Learning - discussion, online etc N/A - not heard of concept
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Source of LD Knowledge, combined into four logical groupings 

       

Source of LD Knowledge, by combined 
groupings % Count     

Personal Development 31.4% 16     

On Job Development 29.4% 15     

Tertiary Education 5.9% 3     

N/A – not heard of concept 33.3% 17     

 100.0% 51     

       

Personal Development: CPD, in-house, self-learning     

On Job Development: Knowledge gained from project involvement   

       

Q6. Knowledge: Please list all the process improvement/lean design tools   
and techniques that you are familiar with:      

If you are not familiar with any, please leave this question blank and move on to the next question. 

       

# Tools/Techniques Listed Count %     

0 23 45.1%     

1 9 17.6%     

2 2 3.9%     

3 6 11.8%     

4 4 7.8%     

5 3 5.9%     

6 2 3.9%     

7 0 0.0%     

8 1 2.0%     

9 0 0.0%     

10 1 2.0%     

 51 100.0%     

       

Process Improvement/Lean tools and techniques listed:    

Kaizen, Six sigma, FMEA, RCA, 5 whys, huddle/tool box meetings, JIT, PDCA, LPS, 4S, Pareto analysis 

Agile, Value Stream Mapping, ECI, Modular Construction, Pre-fabrication, SiD, Value Engineering 

       

Q7. Attitude: In your opinion, would NZ construction project stakeholders be ready  

to embrace a process improvement methodology to the design process.  

       

Attitude Count %     

Very Ready 4 7.8%     

Ready 22 43.1%     

Neither Ready nor Unready 17 33.3%     

Unready 8 15.7%     

Very Unready 0 0.0%     

 51 100.0%     
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Attitude/Readiness to embrace, Grouped into three categories   

       

Attitude Count %     

Very Ready/Ready 26 51.0%     

Neither Ready nor Unready 17 33.3%     

Unready/Very Unready 8 15.7%     

 51 100.0%     

       

Attitude by Discipline, Grouped into three categories for each variable   

       

 LD Attitude 

 Very Ready/Ready 
Neither Ready 
nor Unready 

Unready/Very 
Unready 

Discipline Count % Count % Count  % 

Owner/Client 7 13.7% 6 11.8% 2 3.9% 

Design Team 13 25.5% 5 9.8% 4 7.8% 

Contractor 6 11.8% 6 11.8% 2 3.9% 

 26 51.0% 17 33.3% 8 15.7% 

       

Attitude: Measured by readiness to embrace.     

       

Attitude by Discipline, Mean and Standard Deviation    

       

Discipline Mean SD     

Owner, Dvlpr, Client, Rep 2.86 1.069     

Project Manager/Director 2.38 0.518     

Architect (Bldg)/Arch Grad 2.75 0.957     

Eng – Civil, Struct or Geotech 2.25 1.258     

Eng – Bldg Services (MEP) 2.60 0.548     

Engineer Other 2.00 1.414     

General Contractor 2.63 0.916     

ECI Contractor  2.67 0.816     

Other Consultant 2.57 0.976     

Total 2.57 0.855     
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Q8. Attitude: Based on your experience in the design for NZ construction projects, please provide your 
opinion regarding the following statements: 

       

       

 Attitude, Respondent opinion on statement 

 

Strongly/Somewhat 
Agree 

Neither 
Agree/Disagree Disagree 

Statement Count % Count % Count  % 

S1. The traditional process used to design 
construction projects typically produces the 
best design outcome. 

20 39.2% 8 15.7% 23 45.1% 

S2. Embracing a systematic improvement 
process is likely to create a more efficient 
design process. 

39 76.5% 9 17.6% 3 5.9% 

S3. Eliminating or reducing waste in the 
process is important. 

47 92.2% 2 3.9% 2 3.9% 

S4. Delivering improved value for the client 
should be a key consideration throughout the 
entire design process. 

44 86.3% 4 7.8% 3 5.9% 

S5. All design participants should work 
collaboratively. 

42 82.4% 6 11.8% 3 5.9% 

S6. Engaging contractors during the design 
process is likely to produce better design 
and/or construction outputs. 

37 72.5% 9 17.6% 4 7.8% 

S7. Gaining input on client needs and effective 
construction methods early in design process 
is important. 

43 84.3% 5 9.8% 2 3.9% 

* One participant did not select a response for S6 and S7.    

       

Q9. Attitude: If you were able to choose, would you implement an incremental, improvement focused 
approach to the design process for construction projects you are involved in? 

       

Would you implement LD? Count %     

Yes, positive attitude 44 86.3%     

No, negative attitude 7 13.7%     

 51 100.0%     

       

Q10. Attitude: Please provide reason(s) why you answered Yes or No to Q9.  

       

Questionnaire Q10 responses presented in separate table, refer Appendices.   

Respondents presented reasons for (Advantages) and against (Disadvantages) to implementing LD. 
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Q11. Practice: In your experience how frequently have process improvement tools  

and techniques been applied to the design phase of NZ construction projects.  

       

Practice Count %     

Never 6 12.0%     

Infrequently 19 38.0%     

Neither Freq nor Infrequently 18 36.0%     

Frequently  6 12.0%     

Always 1 2.0%     

* One participant did not respond to Q11.      

       

Practice/Frequency of application, Grouped into 3 categories   

       

Practice Count %     

Never/Infrequently 25 50.0%     

Neither Freq nor Infrequently 18 36.0%     

Frequently/Always 7 14.0%     

 50 100.0%     

* One participant did not respond to Q11.      

       

Practice by Discipline, Grouped into three categories for each variable   

       

 LD Practice 

 Never/Infrequently 
Neither Freq nor 

Infrequent Frequently/Always 

Discipline Count % Count % Count  % 

Owner/Client 8 16.0% 5 10.0% 1 2.0% 

Design Team 11 22.0% 8 16.0% 2 4.0% 

Contractor 6 12.0% 5 10.0% 4 8.0% 

 25 50.0% 18 36.0% 7 14.0% 

* One participant from the Owner/Client discipline group did not respond to this question. 

Practice: Measured by frequency of application.     

       

Practice by Discipline, Mean and Standard Deviation    

       

Discipline Mean SD     

Owner, Dvlpr, Client, Rep 2.17 0.408     

Project Manager/Director 2.75 0.707     

Architect (Bldg)/Arch Grad 2.75 0.957     

Eng – Civil, Struct or Geotech 2.25 0.957     

Eng – Bldg Services (MEP) 1.80 0.447     

Engineer Other 2.50 0.707     

General Contractor 2.38 1.302     

ECI Contractor  2.67 1.033     

Other Consultant 3.29 0.951     

Total 2.54 0.930     
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* One participant from the Owner/Client discipline group did not respond to this question. 

       

Q12. Practice: Which stakeholder has the greatest level of influence for the design  

process to actively implement/apply a new methodology.    

       

Greatest influence Count %     

Owner, Dvlpr, Client, Rep 20 40.0%     

Project Manager/Director 14 28.0%     

Architectural Team (Building) 12 24.0%     

Engineering Designers 3 6.0%     

Contractor (ECI or General) 1 2.0%     

* One participant Contractor (General) did not respond to this question.   

       

Greatest influence % Count     

Owner/Rep 68.0% 34     

Design Team (arch, eng, consultants) 30.0% 15     

Contractor (construction) 24.0% 12     

* One participant Contractor (General) did not respond to this question.   

       
 

        

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

Q13. Practice: In your opinion, what would be the advantages of applying process improvement 
methodology to the design process for construction projects? 

       

Refer Q10. By default, Q13 was answered in response to Q10, respondents provided advantages.  

All responses provided to Q13 had been previously incorporated in answers provided to Q10.  
  

68.0%

30.0%

24.0%

Owner/Rep Design Team (arch, eng, consultants)

Contractor (construction)
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Q14. Practice: What barriers may prevent change such as a process improvement  

methodology being embraced by stakeholders involved in the NZ construction industry: 

       

 

Practice, Barriers preventing LD being embraced by the 
industry 

 

Strongly/Somewhat 
Agree 

Neither 
Agree/Disagree 

Somewhat/Strongl
y Disagree 

Statement Count % Count % Count  % 

B1. Use of management speak/jargon, 
stakeholders are wary of another fad or 
unfamiliar with terminology. 

36 75.0% 8 16.7% 4 8.3% 

B2. Industry reluctance to accept change, 
reluctance to change established design 
process. 

36 75.0% 6 12.5% 6 12.5% 

B3. Fragmented relationships, lack of a 
united/integrated response to the design 
process. 

34 70.8% 8 16.7% 6 12.5% 

B4. Difficulty applying process improvement 
tools to construction processes, lack of 
repetition in construction tasks. 

30 62.5% 11 22.9% 7 14.6% 

B5. Non-integrated supply chain model, lack 
of commitment to and understanding of 
multi-layered contracting model. 

29 60.4% 12 25.0% 7 14.6% 

B6. Insufficient knowledge, NZ lags behind the 
world when embracing new systems. 

21 43.8% 16 33.3% 11 22.9% 

B7. Lack of industry or organisational 
commitment and support to upskilling and 
training. 

18 38.3% 18 38.3% 11 23.4% 

B8. Financial constraints, perception a process 
improvement approach will add 
administration costs. 

36 75.0% 7 14.6% 5 10.4% 

B9. Time constraints, perception applying 
process improvement will lengthen the design 
schedule. 

38 79.2% 6 12.5% 4 8.3% 

* 3 participants did not select barriers in response to Q14.    

        

Q15. Practice: Others, please list any other barriers that may prevent process  

improvement methodology being accepted by industry participants.   

List any additional barriers to those listed in Q14.     

       
31.4% of respondents (16 of 51) listed other barriers. Some participants noted that the 

barriers presented in Q14 of the survey represented a comprehensive list of the   
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barriers. Each of the additional barriers can be categorised into the existing list of 9 

barriers presented in Q14. 

• I think the key barrier involves lack of knowledge. The industry does not 

understand what lean is and how it can be applied to both construction 

design and build processes. People do not know what they do not know. This 

creates misconceptions around cost and time to implement. 

• Construction case studies showing benefits would be useful. 

• Most jobs don’t have the luxury of trialling a new process. Also, it would take 

a client that is building multiple projects to see the benefit of doing 

something different. 

• Most barriers captured in Q14. 

• The “old boys’ club” won’t like being told to try something new. 

• Agree with the reasons stated (in Q14). 

• I think pressure from the client or project manager around meeting 

milestones and delivering on time could make people reluctant to have 

another process wrapped around design. 

• If it’s not appropriate for that particular project. You need to appreciate that 

NZ is not only a very small market (e.g. the whole of NZ construction industry 

is only half the size of just one of the Aust cities), but that it is also 

geographically diverse. This means that there is not the project or supplier 

base or to build up “established” ways of working that are going to be 

appropriate for all types of a certain job. Projects can range from very small 

to very large, and one size does not fit all. Hence we tend to go bespoke, and 

pick the appropriate horse for the course, with economies of scale less likely 

to be effective. 

• Process improvement or anything relating to quality has a bad reputation 

and is generally seen as unnecessary. 

• Lack of knowledge/experience and hence reluctance to try something 

different. 

• Getting all parties to commit collectively to change. 

• Concern about allocation of risk and where the boundaries of design and 

construction responsibilities are. 

• Nothing else to those in question above (Q14). 

• I think the perception is that implementing change to the design process 

would introduce additional costs and time. The clients are not likely to 

support any changes that they think would create extra time and cost. 

• NZ behind UK embracing new methodologies. 

• Q14 covers wide range of barriers. 

• No commitment in NZ for clients to engage ECI contractor for build phase. 

• Lack of trained staff, process improvement typically the domain of business 

management and supply chain – logistics industries. 

• Lack of understanding of concept. 

• Contract structure, construction company may not want to share 

construction knowledge then have build contract awarded to another 

company. 
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Q16. Optional: Please note any other comments regarding your knowledge, attitude or practice (implementation) for 
applying process improvement/lean methodology to the design phase of NZ construction projects. 

        
Include any relevant feedback which may include your experiences within NZ, or whilst working in other 
countries. 

       

Limited additional comments were provided in response to Q16.     

All additional comments were captured in response to prior survey questions. Of note:  
1. A lack of understanding is seen as a weakness and people are scared to admit this, causing a 
lack/breakdown of communication and reluctance to do something out of one’s comfort zone. 
Incorporated in meaning of barrier B1. 

2. Be careful that the “lean construction” is focused on making improvements. Keeping the project team 
focused on solving the problem, rather than just doing things “lean”. Incorporated in meaning of barrier B5. 
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Appendix 9 – Chi-square test for independence – Knowledge 

 

 

 

Knowledge by Experience Responses 51

OBSERVED Knowledge (across) Row Total

Experience (down) Very Low / Low Neither High nor Low High / Very High

0 - 5 years 6 3 3 12

5 - 10 years 6 5 1 12

10 or more years 12 10 5 27

Column Total 24 18 9 51

EXPECTED

0 - 5 years 5.65 4.24 2.12

5 - 10 years 5.65 4.24 2.12

10 or more years 12.71 9.53 4.76

Chi-squared value

0 - 5 years 0.022058824 0.360294118 0.367647059 0.75

5 - 10 years 0.022058824 0.138071895 0.589869281 0.75

10 or more years 0.039215686 0.023238925 0.011619463 0.074074074

Chi 1.574074074

dF 4

Crit, Alpha 0.05 9.488

Chi stat < Chi crit Accept H0

Knowledge and Experience are Independent.

Knowledge by Discipline Responses 51

OBSERVED Knowledge (across) Row Total

Discipline (down) Very Low / Low Neither High nor Low High / Very High

Owner/Representative 7 5 2 14

Design Team 11 8 3 22

Contractor 6 5 4 15

Column Total 24 18 9 51

EXPECTED

Owner/Representative 6.59 4.94 2.47

Design Team 10.35 7.76 3.88

Contractor 7.06 5.29 2.65

Chi-squared Value

Owner/Representative 0.025735294 0.00070028 0.089635854 0.116071429

Design Team 0.040441176 0.007130125 0.200534759 0.248106061

Contractor 0.158823529 0.016339869 0.691503268 0.866666667

Chi 1.230844156

dF 4

Crit, Alpha 0.05 9.488

Chi Stat < Chi Crit Accept H0

Knowledge and Discipline are Independent.
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Chi-square test for independence – Attitude 

 

 

 

 

 

Attitude by Experience Respones 51

OBSERVED Attitude (across) Row Total

Experience (down) Very Ready / Ready Neither Ready nor Unready Unready / Very Unready

0 - 5 years 6 4 2 12

5 - 10 years 7 3 2 12

10 or more years 13 10 4 27

Column Total 26 17 8 51

EXPECTED

0 - 5 years 6.12 4.00 1.88

5 - 10 years 6.12 4.00 1.88

10 or more years 13.76 9.00 4.24

Chi-squared value

0 - 5 years 0.002262443 0 0.007352941 0.009615385

5 - 10 years 0.127262443 0.25 0.007352941 0.384615385

10 or more years 0.04248366 0.111111111 0.013071895 0.166666667

Chi 0.560897436

dF 4

Crit, Alpha 0.05 9.488

Chi stat < Chi crit Accept H0

Attitude and Experience are Independent.

Attitude by Discipline Responses 51

OBSERVED Attitude (across) Row Total

Discipline (down) Very Ready / Ready Neither Ready nor Unready Unready / Very Unready

Owner/Representative 7 5 2 14

Design Team 13 5 4 22

Contractor 6 7 2 15

Column Total 26 17 8 51

EXPECTED

Owner/Representative 7.14 4.67 2.20

Design Team 11.22 7.33 3.45

Contractor 7.65 5.00 2.35

Chi-squared Value

Owner/Representative 0.002639517 0.023809524 0.017507003 0.043956044

Design Team 0.283868093 0.742424242 0.087344029 1.113636364

Contractor 0.354751131 0.8 0.052941176 1.207692308

Chi 2.365284715

dF 4

Crit, Alpha 0.05 9.488

Chi stat < Chi crit Accept H0

Attitude and Discipline are Independent.
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Chi-square test for independence – Practice 

 

 

 

 

 

 

Practice by Experience Responses 50

OBSERVED Practice (across) Row Total

Experience (down) Never / Infrequently Neither Frequently nor Infrequently Frequently / Always

0 - 5 years 5 5 2 12

5 - 10 years 7 4 1 12

10 or more years 13 9 4 26

Column Total 25 18 7 50

EXPECTED

0 - 5 years 6.00 4.32 1.68

5 - 10 years 6.00 4.32 1.68

10 or more years 13.00 9.36 3.64

Chi-squared value

0 - 5 years 0.166666667 0.107037037 0.060952381 0.334656085

5 - 10 years 0.166666667 0.023703704 0.275238095 0.465608466

10 or more years 0 0.013846154 0.035604396 0.049450549

Chi 0.8497151

* Only 50 responses received for Practice.

dF 4

Crit, Alpha 0.05 9.488

Chi stat < Chi crit Accept H0

Practice and Experience are Independent.

Practice by Discipline Responses 50

OBSERVED Practice (across) Row Total

Discipline (down) Never / Infrequently Neither Frequently nor Infrequently Frequently / Always

Owner/Representative 8 5 1 14

Design Team 11 8 2 21

Contractor 6 5 4 15

Column Total 25 18 7 50

EXPECTED

Owner/Representative 7.00 5.04 1.96

Design Team 10.50 7.56 2.94

Contractor 7.50 5.40 2.10

Chi-squared Value

Owner/Representative 0.142857143 0.00031746 0.470204082 0.613378685

Design Team 0.023809524 0.025608466 0.300544218 0.349962207

Contractor 0.3 0.02962963 1.719047619 2.048677249

Chi 3.012018141

* Only 50 responses received for Practice.

dF 4

Crit, Alpha 0.05 9.488

Chi stat < Chi crit Accept H0

Practice and Discipline are Independent.



 
145 

Appendix 10 – Survey Questionnaire, ANOVA and Tukey HSD Statistical Analysis 

R version 3.6.1 (2019-07-05) – “Action of the Toes” Copyright © 2019 The R Foundation for Statistical 
Computing Platform: x86_64-w64-mingw32/x64 (64-bit) 

 

R is free software and comes with ABSOLUTELY NO WARRANTY. You are welcome to redistribute it un
der certain conditions. Type ‘license()’ or ‘licence()’ for distribution details. R is a collaborative project 
with many contributors. 

 

[1] “D:/JFJ ME Studies 2016–2019/ME Thesis Oct 2017 – 2019/Thesis Survey Write up Aug 19/JeffsStu
ff” 

> dat <- read.csv(here(“HowANOVANov19.csv”),skip=1, header=TRUE) 

 

 

ANOVA Discipline – Knowledge 

 

> aovK <- aov(Q4_1~ Named, data=dat) 

> summary(aovK) 

 

              Df  Sum Sq  Mean Sq  F value Pr(>F) 

Named         2 0.44  0.2221  0.178 0.838 

Residuals    48 59.91 1.2481 

 

> TukeyHSD(aovK) 

Tukey multiple comparisons of means 95% family-wise confidence level 

Fit: aov(formula = Q4_1 ~ Named, data = dat) 

$Named 

                                 diff  lwr  upr  p adj 

Design Team-Contractor -0.1233766  -1.047104  0.8003510 0.94417
32 

Owner/Client-Contractor  -0.2476190  -1.251674  0.7564357 0.82268
16 

Owner/Client-Design Team -0.1242424  -1.028958  0.7804729 0.94108
30 
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One Way ANOVA Tests 

KAP Question Sum of 

squares 

df Mean 

square 

F value Pr (>F) 

LD Knowledge Knowledge of applying process 

improvement methodology 

0.44 2 0.221 0.178 0.838 

LD Attitude Measured by readiness to embrace – a

 readiness/willingness reflecting 

positive attitude 

0.20 2 0.0978 0.129 0.879 

LD Practice Frequency of applying process 

improvement methodology 

0.10 2 0.0509 0.057 0.945 

 

Knowledge, Multiple Comparison Table (Tukey HSD) 

Discipline 1 Discipline 2 Mean 

difference 

P adj Lower bound 

(95% CI) 

Upper bound 

(95% CI) 

Design Team  Contractor -0.1233766 0.9441732 -1.047104 0.8003510 

Owner/Client Contractor -0.2476190 0.8226816 -1.251674 0.7564357 

Owner/Client Design Team -0.1242424 0.9410830 -1.028958 0.7804729 
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ANOVA Discipline – Attitude 

 

> aovA <- aov(Q7_1~ Named, data=dat) 

> summary(aovA) 

 

              Df  Sum Sq  Mean Sq   F value  Pr(>F) 

Named         2    0.20   0.0978     0.129   0.879 

Residuals    48   36.31   0.7565 

 

> TukeyHSD(aovA) 

  Tukey multiple comparisons of means    95% family-wise confidence level 

Fit: aov(formula = Q7_1 ~ Named, data = dat) 

$Named 

                                  diff          lwr  upr  adj 

Design Team-Contractor    -0.14285714  -0.8620376 0.5763233 0.8808
737 

Owner/Client-Contractor   -0.04285714  -0.8245774 0.7388631 0.9903
565 

Owner/Client-Design Team  0.10000000  -0.6043782 0.8043782 0.9371
692 
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One Way ANOVA Tests 

KAP Question Sum of 

squares 

df Mean 

square 

F value Pr (>F) 

LD Knowledge Knowledge of applying process 

improvement methodology 

0.44 2 0.221 0.178 0.838 

LD Attitude Measured by readiness to embrace – a

 readiness/willingness reflecting 

positive attitude 

0.20 2 0.0978 0.129 0.879 

LD Practice Frequency of applying process 

improvement methodology 

0.10 2 0.0509 0.057 0.945 

 

Attitude, Multiple Comparison Table (Tukey HSD) 

Discipline 1 Discipline 2 Mean 

difference 

P adj Lower bound 

(95% CI) 

Upper bound 

(95% CI) 

Design Team  Contractor -0.14285714 0.8808737 -0.8620376 0.5763233 

Owner/Client Contractor -0.04285714 0.9903565 -0.8245774 0.7388631 

Owner/Client Design Team 0.10000000 0.9371692 -0.6043782 0.8043782 

 

ANOVA Discipline - Practice 

 

> aovP <- aov(Q11_1~ Named, data=dat) 

> summary(aovP) 

 

             Df  Sum Sq  Mean Sq   F value  Pr(>F) 

Named         2    0.10   0.0509     0.057   0.945 

Residuals    47   42.32   0.9004                

1 observation deleted due to missingness 

> TukeyHSD(aovP) 

Tukey multiple comparisons of means 95% family-wise confidence level 

Fit: aov(formula = Q11_1 ~ Named, data = dat) 

$Named 

                                   diff          lwr  upr p   adj
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Design Team-Contractor     9.090909e-02 -0.6941958 0.8760139 0.9576
735 

Owner/Client-Contractor   -1.332268e-15  -0.8679661 0.8679661       1.0000
000 

Owner/Client-Design Team  -9.090909e-02  -0.8760139 0.6941958 0.9576
735 

 

 

One Way ANOVA Tests 

 

KAP Question Sum of 

squares 

df Mean  

square 

F value Pr (>F) 

LD Knowledge Knowledge of applying process 

improvement methodology 

0.44 2 0.221 0.178 0.838 

LD Attitude Measured by readiness to embrace –  

a readiness / willingness reflecting 

positive attitude 

0.20 2 0.0978 0.129 0.879 

LD Practice Frequency of applying process 

improvement methodology 

0.10 2 0.0509 0.057 0.945 
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Practice, Multiple Comparison Table (Tukey HSD) 

 

Discipline 1 Discipline 2 Mean 

difference 

P adj Lower bound 

(95% CI) 

Upper bound 

(95% CI) 

Design Team  Contractor 9.090909e-02 0.9576735 -0.6941958 0.8760139 

Owner/Client Contractor -1.332268e-15 1.0000000 -0.8679661 0.8679661 

Owner/Client Design Team -9.090909e-02 0.9576735 -0.8760139 0.6941958 

 


