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Abstract 

The interest in lean thinking in the UK’s civil construction industry is on the rise. 

The research presented in the paper evaluates the adoption of lean thinking in the 

highways construction sector by investigating 7 motivation factors, 20 lean 

techniques and 16 barriers through in-depth interviews with 20 sector managers 

and a questionnaire survey of 110 responses. The findings show the existence of 

strong external motivational factors for lean thinking such as clients’ push and 

companies’ expectation of winning more contracts alongside lean’s operational 

benefits. Limited adoptions of the lean techniques, mostly in the stepwise process 

improvement cycle, the Last Planner System and Visual Management, were 

determined. This raises concerns about “pseudo-lean” practices in the sector. 

Lack of standardisation, insufficient benefit capturing, insufficient know-how, 

insufficient control of the entire value stream and limited view to the techniques 

were found as the top barriers. Small and medium sized enterprises (SMEs) are 

significantly different than large main contractors and subcontractors with respect 

to their lean implementations and views to barriers before lean thinking within 

their organisations. 

Keywords: lean thinking; motivation; implementation; barriers; construction; 

civils; survey; highways 

  



1. Introduction 

The aim of this research is to evaluate the adoption of lean thinking in the highways 

construction sector in the UK by investigating its motivation factors, the characteristics 

of the implementation of some lean tools and techniques, and the barriers before lean 

thinking in the sector. The origins of lean thinking can be found on the shop-floors of 

Japanese manufacturers and, in particular, innovations put in effect at Toyota Motor 

Corporation between the 1930s and the 1970s, which were first conceived as 

improvement opportunities to be built-up on mass automotive manufacturing practices 

in the US (Monden 1983; Shingo 1986; Ohno 1988; Fujimoto 1999). In parallel with 

Japan’s successful post-war recovery and emergence as a global economic power, 

Japanese manufacturing techniques have been benchmarked by Western manufacturers 

since the 1970s (Drucker 1971; Sugimori et al. 1977). Although the diffusion of lean 

thinking had started in discrete manufacturing industries in the West in the 1980s, the 

publication of a business book, “The machine that changed the world” by Womack, 

Jones and Ross (1990), fuelled a debate in both the practitioner and academic 

communities concerning the applicability of the lean approach outside discrete, 

repetitive industries (Oppenheim 2011; Lyons et al. 2013; Costa and Godinho Filho 

2016; Dora, Kumar, and Gellynck 2016; Colicchia, Creazza, and Dallari 2017). 

The start of discussions on the applicability of lean thinking in the construction 

industry concurred with this broader diffusion period of lean in other industries. In 

parallel with this attention to lean thinking, its adoption in the construction industry 

started to be discussed extensively in the early 1990s (Koskela 1992, Koskela 1996; 

Ballard 1997; Tommelein 1998). The construction industry is shaped by low-entrance 

barriers and low-profit margins, temporary production configurations exposed to many 

uncontrollable parameters, a slow take-up of change and fragmented supply chains 



(Behera, Mohanty, and Prakash 2015), which produce challenges before the diffusion of 

lean thinking in the industry (Ballard and Howell 1998; Thomas et al. 2002; Johansen 

and Walter 2007; Viana, Formoso, and Isatto 2017). Unlike some other industries 

(Storch and Lim 1999; Yusuf and Adeleye 2002; Achanga et al. 2006; Wilson and Roy 

2009; Hodge et al. 2011; Panizzolo et al. 2012; Lyons et al. 2013; Martinez-Jurado and 

Moyano-Fuentes 2014), broader empirical research, investigating the adoption of lean 

thinking in different supply chains of the construction industry has generally remained 

scarce. Lack of sector level analyses is conspicuous as lean thinking in construction has 

mostly been investigated from a process improvement perspective through some lean 

techniques at the operational level (Alves and Tsao 2007). 

With two high-profile industry reports published in the mid/ late 1990s, a 

climate of change highlighting lean thinking as one of the way-forwards was induced 

for the construction industry in the UK (Latham 1994; Egan 1998). For the past 10 

years, the civil construction sector in the country has been increasingly adopting lean 

thinking in its operations with explicit requirements from the main public clients 

(Wolbers et al. 2005; Ansell et al. 2007; Chen et al. 2012; Drysdale 2013; Fullalove 

2013; Daniel et al. 2017). Consequently, lean thinking in the civil sector has been driven 

by large service suppliers and client organisations to date with some reported benefits. 

Despite those efforts, not much is known as to the general characteristics of this surge in 

the interest in lean thinking. 

The article has the following structure. In the next section, a review of lean 

thinking in the construction industry is presented, discussing the key literature in the 

area, alongside the main lean tools and techniques used in the construction phase, and 

the motivations for and barriers before lean thinking in construction. Following the 

general lean thinking discussion, the main characteristics of the highways construction 



supply chain in the UK, in which lean thinking has been treated as a strategic direction 

since the late 2000s, are outlined. After setting the research background, the research 

methodology and the data collection methods are presented. Following the research 

methodology section, the analysis of the data collected from the interviews and the 

survey questionnaire are presented and discussed. The article is concluded with a 

summary of the key findings and some recommendations. 

2. Literature review 

2.1. Lean thinking in the construction industry 

The application and adaptation of the underlying concepts and principles of lean 

thinking to construction is referred to as Lean construction (LC) (Sacks et al. 2010). 

Those underlying concepts and principles are (1) elimination of the process wastes 

(Hodge, Goforth Ross, and Joines 2011; Thürer, Tomašević, and Stevenson 2017), (2) 

effective management of the value stream and establishing long-term alliances with the 

supply chain (Serrano Lasa, Castro, and Laburu 2009; Colicchia, Creazza, and Dallari 

2017), (3) maintaining a continuous and reliable flow of the production and process 

elements (Storch and Lim 1999; Negrão, Godinho Filho, and Marodin 2017), (4) pull-

based production planning and control (Slomp, Bokhorst, and Germs 2009; Zegarra and 

Alarcon 2017), (5) just-in-time delivery of materials and components (Bamber and Dale 

2000; Chiarini 2017), and (6) instilling a continuous improvement culture (Lyons et al. 

2013).  

Lean thinking deployments are affected by industry characteristics (Storch and 

Lim 1999; Lyons et al. 2013; Vlachos 2015) and the construction industry possesses its 

own defining characteristics which necessitates an adaptation of the lean thinking 

principles and techniques rather than a direct adoption from manufacturing. The 



industry is shaped by temporary multi-organisations, fragmented supply chains and 

project delivery systems, regulatory intervention, different work trades moving around 

the capital asset (the product) leading to frequent time and space conflicts, lack of a real 

industry direction  - the traditional laissez-faire policy justified by the industry's 

"flexibility", taxation and insurance policies leading to acute self-employment and 

labour casualisation, low entry barriers with small firms and self-employment 

dominating the industry scene, a strong focus on individual projects narrowing 

perspectives on general supply development, a high emphasis on initial delivery costs 

instead of whole life-cycle costs, suppliers tending to compete on cost efficiency rather 

than technical expertise, relationships between actors influenced by a culture of conflict 

(low-trust economy), economic climate affecting organisations’ relations quickly 

(amicable/supporting vs. adversarial/aggressive), superficial supply chain integration 

practices, low-profit margins, a high risk aversion and a slow-take up of innovation and 

technology (Koskela 1992; Shirazi, Langford, and Rowlinson 1996; Vrijhoef and 

Koskela 2000; Dubois and Gadde 2002; Harvey 2003; Green and May 2005; 

McGuinness et al. 2006; Segerstedt and Olofsson 2010; Behera, Mohanty, and Prakash 

2015; Viana, Formoso, and Isatto 2017; Zegarra and Alarcon 2017). According to 

Oppenheim (2011) and Oehmen et al. (2012), to successfully implement lean in 

complex systems like construction projects, (1) managers must treat people as important 

assets, (2) strive to maximise the project value, (3) optimise the value stream, (4) create 

a project flow, (5) create pull planning and control systems in the project and (6) pursue 

perfection.  A list of the frequently discussed lean techniques deployed by the 

construction industry can be seen in Table 1. The Last Planner System is almost the 

only method specifically developed for the industry. Actually, there is evidence that 



many lean techniques developed in the manufacturing context seem to work well in 

construction with some adaptation. 

There is evidence of the use of lean thinking within the construction industry for 

more than 25 years (Koskela 1992; Howell and Ballard 1998). LC aims to improve the 

performance of the construction industry from a production management perspective by 

analysing construction projects as temporary production systems (Howell 1999). A 

recent market report by McGraw-Hill (2013) documented the positive effect of lean in 

attaining higher construction project performance and customer satisfaction, alongside 

challenges associated with lack of lean knowledge and a limited understanding of lean 

thinking in the industry. After an in-depth study of ten successful building projects in 

the United States and Canada, Cheng (2016) concluded that Integrated Project Delivery 

(IPD), a relational contracting and partnering strategy, sets the terms and provides the 

motivation for collaboration and lean provides the means for construction teams to 

optimise their performance and achieve project goals, further highlighting the need to 

approach lean in construction with a firm supply chain management perspective. While 

LC is claimed to offer a new paradigm for construction production management, the 

field has also been criticised for lacking firm theoretical underpinnings and concrete 

definitions, for having an overriding positive bias based on enthusiastic arguments, for 

inherently being too process focused neglecting the supply chain dynamics and for 

superficial implementations in some lean techniques like the Last Planner System 

(Green 1999, 2002; Green and May 2005; Fearne and Fowler 2006; Jorgensen and 

Emmitt 2008; Eriksson 2010; Daniel et al. 2017).  

According to Green and May (2005), lean construction implementation efforts 

can be divided into three different stages, with increasing degree of sophistication: 



(1) Stage 1: waste and variability elimination from a technical and operational 

perspective using specific lean tools and techniques like good housekeeping 

(5S), visual management systems, Just-in-Time (JIT) production and IT systems 

that can be adopted in any construction project striving for operational 

efficiency. Most of the research in the field have consolidated around exploring 

Stage 1 (Alves and Tsao 2007). 

(2) Stage 2: optimising the supply chain through eliminating adversarial 

relationships and enhancing cooperative relationships, teamwork and partnering 

among supply chain actors (Eriksson 2010).  

(3) Stage 3:  supply chain implementation. According to Alves and Tsao (2007) , 

supply-chain level lean thinking implementation research is the most scarce. 

Lean Construction Institute (2017) defines lean thinking implementation in 

construction as a triangle with the following edges;  

 Lean techniques at the operational level (operating systems),  

 Integrated project delivery strategies (commercial) and  

 Transformational change (organisational) mostly concerned with strategic 

decisions like the use of off-site/modular systems and leadership. 

Regarding motivational factors for lean thinking in construction organisations, 

alongside an expectation of increase in operational performance, secondary factors like 

client and competitive pressures, and aspirations toward building a positive publicity/ 

image of the company were found important (Green 1999; Alarcon and Seguel 2002; 

Almeida and Salazar 2003; Barros Neto and Alves 2007; Mossman 2009; Arbulu and 

Zabelle 2012; McGraw-Hill 2013; Ogunbiyi, Goulding, and Oladapo 2014). At the 

operational level, employee resistance, lack of know-how, lack of management support, 



backsliding (going back to the old of ways of working), a temporary, short-sighted view 

to the implementation (viewed as “flavour of the month”), budget constraints (risk 

aversion), lack of proper planning and coordination in implementation, insufficient 

control of the entire value stream and training issues were identified as important 

barriers before the implementation of lean thinking in the construction industry 

(Diekman et al. 2004; Jorgensen, Emmitt, and Bonke 2004; LEI 2007; Leong and Tilley 

2008; Arbulu and Zabelle 2012; Wandahl 2014; Sarhan and Fox 2013; Berroir, 

Harbouche, and Boton 2015; Pasquire, Sarhan, and King 2015a, 2015b; Ward 2015; 

Zanotti, Maranhão, and Aly 2017). 



Table 1. Lean thinking techniques as applied in the construction industry. 

 References 

No Lean construction tools/ 

techniques 

Definition Manufacturing  Construction 

1 The Last Planner 

System(LPS) 

A collaborative task planning and control framework for the construction industry that 

emphasises collectively removing production blockages and self-planning (pull) of work by 

construction work trades. The proponents of the LPS claim the framework can more realistically 

integrate construction process flows and value capturing into the planning and control process 

than the commonly used Critical Path Method (CPM). 

 Ballard and Howell 

1998; Kim and Ballard 

2010; Seppänen, 

Ballard, and Pesonen 

2010; Viana, Formoso, 

and Isatto 2017; 

Zegarra and Alarcon 

2017 

2 Visual Management A management strategy that is based on using easy-to-understand sensory systems (i.e. visual 

performance boards) in close-range communication to increase process transparency, and to 

facilitate work control and information flow. 

Parry and Turner 

2006; Murata and 

Katayama 2010 

Formoso, Santos, and 

Powell 2002; Tezel et 

al. 2015; Tjell and 

Bosch-Sijtsema 2015 

3 5S A systematic housekeeping methodology which is represented by its 5 distinctive steps all 

starting with s; sort, set-in-order, shine, standardise and sustain. 

Abdulmalek and 

Rajgopal 2007; 

Bayo-Moriones, 

Bella-Pintado, and 

Merino-Díaz de 

Cerio 2010 

Johansen and Walter 

2007; Stehn and Höök 

2008 

4 Value Stream Mapping 

(VSM) 

A material and information flow mapping technique, which is used to analyse the current and to 

design the future state of a production or service delivery from its beginning through to the 

customer. 

 

Seth and Gupta 

2005; Serrano Lasa, 

Castro, and Laburu 

2009; Ben Fredj-Ben 
Alaya 2016 

Yu et al. 2009; 

Rosenbaum, Toledo, 

and González 2013 

5 Problem solving process 

(PDCA Cycle) 

A work improvement cycle that is based on identifying and analysing process problems (plan), 

developing and testing potential solutions (do), measuring the effectiveness of the test 

solution(check) and implementing and standardising the solution (act). 

Herron and Braiden 

2006; Sokovic, 

Pavletic, and Pipan 

2010 

Salem et al. 2006; Yu 

et al. 2011 

6 Continuous improvement 

cells   

A small-group work improvement activity that is based on Quality Circles (QC). Åhlström 1998; 

Kitazawa and Sarkis 

2000 

Nahmens and Ikuma 

2009; Miron et al. 

2016 

7 Line of balance method 

(Location based planning) 

A graphical work scheduling, control and balancing method, which is based on planning/ work 

balancing with respect to location and often used in linear construction projects (i.e. highways, 

high-rise buildings etc.) 

 Mendes and Heineck 

1998; Soini, Leskelä, 

and Seppänen 2004 



8 Takt time planning Work planning based on the time set for the supply of a certain process (takt) that is derived 

from the customer demand. It forms the basis for single-piece flow in lean thinking 

Seth and Gupta 

2005; Millstein and 

Martinich 2014 

Yu et al. 2009; 

Frandson, Berghede, 

and Tommelein 2013 

9 First run studies An alternative approach to work improvement through process observation and photo/video 

recording. It is often executed on critical construction tasks at the beginning of their execution to 

understand productivity rates for better work planning and work improvement opportunities, 

fine tuning the task design. 

 Ballard 1999; 

Hamzeh, Ballard, and 

Tommelein 2009 

10 Work structuring A term used to describe the effort of integrating product and process design throughout the 

project development process to optimise production on-site.  

 Tsao et al. 2004; 

Frandson, Seppänen, 

and Tommelein 2015 

11 Set-up preparation and 

improvement 

Systematic study of a work-setup to optimise each task involved in terms of efficiency and 

safety, which is also explained under the term Single-Minute Exchange of Dies (SMED) 

Shingo and Dillon 

1989; Mileham et al. 

1999 

Filho et al. 2005; Paez 

et al. 2005 

12 Supply chain integration   A close alignment and coordination within supply chains through partnering, long-term 

contracts, training support for service providers, transparency in information flow, shared risk/ 

benefits and so on. 

 

Fawcett and Magnan 

2002; Flynn, Huo, 

and Zhao 2010 

Dainty, Millett, and 

Briscoe 2001; Briscoe 

and Dainty 2005 

13 Mistake-proofing (Poka-

Yoke) systems 

Tools and systems to control or warn people of process errors to prevent them from turning into 

mistakes (the permanent, undesirable condition of a process outcome) for improved process 

quality, safety and set-up preparation. 

Shingo 1986; Saurin, 

Ribeiro, and Vidor 

2012 

Dos Santos and 

Powell 1999; 

Tommelein 2008 

14 In-station quality - Jidoka Providing machines and operators the ability to detect when an abnormal condition has occurred 

and immediately stop work. Together with Standard Operating Sheets (SOPs), Visual 

Management, Statistical Process Control (SPC) and mistake-proofing systems, it enables in-

station quality or quality at source. 

 

Bruun and Mefford 

2004; Pettersen 2009 

Kemmer et al. 2006; 

Heineck et al. 2009 

15 Standard Operating Sheets 

(SOPs) 

A visual documentation of a work process displaying the required material components, process 

steps and production rates. SOPs form one of the basis for work standardisation. 

Schuring 1996; Shaw 

and Edwards 2006 

Arbulu and 

Tommelein 2002; 

Nahmens and Ikuma 

2011 

16 Just-in-Time (JIT) material/ 

component flow 

Maintaining a construction material and component flow in a way that matches the 

internal/external customer demand and the pace of production to optimise stocks and work-in-

progress. 

Sugimori et al. 1977; 

Golhar and Stamm 

1991 

Tommelein 1998; 

Pheng and Chuan 

2001  

17 Pull production system using 

kanbans 

Controlling and harmonising production between work units based on the number of specific 

cards, tokens or signals called kanbans. 

Sugimori et al. 1977; 

Mukhopadhyay and 

Shanker 2005 

Tommelein 1998; 

Arbulu, Ballard, and 

Harper 2003; Ko and 

Kuo 2015 

18 Pre-fabrication and 

modularisation 

Extensively using pre-fabricated and modularised construction components to overcome the 

inherent production problems of on-site construction (i.e. low productivity, low output quality, 

high variability, health and safety hazards). 

 Gosling and Naim 

2009; Gosling et al. 

2016 



19 Cell production units (Multi-

functional construction work 

units) 

Forming teams of different construction trades (i.e. plasterer. electrician, carpenter) to work 

together as a work unit in a particular construction site location to minimise work-in-progress 

and to maintain a continuous production flow. 

Deif 2012; Saurin, 

Marodin, and Ribeiro 

2011 

Moser and Dos Santos 

2003; Mariz et al. 

2013 

20 Information technologies to 

support lean construction 

deployments 

Extensive use of digital technologies (i.e. mobile systems, distributed databases and cloud 

computing, sensor networks etc.), particularly the Building Information Modeling (BIM) 

technology, an object-based, parametric, virtual prototype of a construction asset that can be 

used from the asset’s design to demolition to facilitate the information flow in lean construction 

deployments. 

 Sacks et al. 2010; 

Becerik-Gerber et al. 

2011 

 

 



2.2. Lean thinking in the highways construction supply chain in the UK  

In the UK, lean thinking came under the spotlight mainly with the Egan report, 

“Rethinking Construction”, which was produced in 1998 to address concerns raised by 

clients engaging services of construction companies (Egan 1998). The aim of the report 

was to stimulate a change in the culture, style and management of the industry. 

However, after the report, the dissemination of lean thinking across the construction 

industry in the country could not be realised as intended (Mossman 2009; Sarhan and 

Fox 2013). Since the late 2000s, adoption of some of the lean production planning and 

control techniques outlined in Table 1 has been championed by Highways England 

(HE), the highways supply chain’s main public client in England, as a strategic decision 

to improve the overall performance of the supply chain and to meet HE’s ambitious 

performance and cost saving targets set by the UK government (Ansel et al. 2007; 

Drysdale 2013; HE 2016).  

HE first executed that strategy through engagement and contractual 

configurations with some large-sized main contractors (Tier 1s) and some specialised, 

large sized subcontractors operating in key delivery areas like soil works, 

paving/surfacing or traffic management (large Tier 2s) (Chen et al. 2012; Drysdale 

2013; Fullalove, 2013). Those large subcontractors are almost on par with large main 

contractors in terms of their annual turnovers and employee numbers. While those large 

contractors and specialised subcontractors form alliances to deliver series of projects 

within some framework arrangements with HE, small and medium sized construction 

and maintenance companies (SMEs), which are defined as companies operating with 

annual turnovers not more than 50 million GB £ and with employees not more than 250 

(EC 2015), are employed by Tier 1s, often for short terms on the minimum price basis 

with fixed-priced contracts (Tezel, Koskela and Aziz 2017). 



HE commonly imposes a cap contract price, from which deviations in the form 

of price overruns or savings are shared between Tier 1s and HE to incentivise Tier 1s to 

make operational cost savings and to encourage the development of lean thinking at the 

same time. Alongside this, HE is contractually imposing the use of some lean 

techniques like the Last Planner System (known as Collaborative Planning in the UK – 

see Figure 1a) (Daniel et al., 2017) or Visual Management (see Figure 1b) (Tezel and 

Aziz, 2017) in its contracts with Tier 1s. Also, Tier 1s and large subcontractors are 

monitored by HE for their lean maturity (Nesensohn et al., 2015). This active lean 

agenda drew management consultants into the sector. Those consultants are generally 

employed by large contractors and large subcontractors to develop on their current lean 

efforts and also they offer lean training services to the supply chain. 

Although lean thinking is on the rise and becoming a strategic direction in the 

UK’s civil construction sector, there is a scarcity of empirical research evaluating its 

characteristics of implementation by covering the whole supply chain beyond 

discussing some specific lean tools like Collaborative Planning or Visual Management. 

Moreover, client-led, large-scale lean thinking implementation efforts in the 

construction industry are relatively recent phenomena and little research has been 

identified focusing on the lean thinking deployment conditions of specific construction 

sectors (e.g. civil, building, energy etc.) in this regard.  



 

Figure 1(a). A Collaborative Planning board for planning and control at a highways 

construction project. The project has been divided into production areas and each 

subcontractor has been colour-coded. The Last Planner System is called the 

Collaborative Planning System in the UK. 

 

 

Figure 1(b). A visual planning and control board devised as part of the Visual 

Management effort at a highways construction project for electrical construction works. 

The production progress, plan and issues can be tracked visually. 

3. Methodology 

With the fundamental aims of understanding the motivation factors behind the surge in 



the adoption of lean thinking, the characteristics of the adoption of lean tools and 

techniques, and their associated barriers in the civil construction supply chain, a mixed-

method study of exploratory nature was designed. Following a literature review on lean 

in the construction industry, 20 senior managers (4 from HE, 5 from large contractors, 4 

from large subcontractors, 7 from SMEs) from England’s highways sector were 

interviewed face-to-face for circa 45 – 60 minutes between December 2015-May 2016 

(see details of the interviews in Table 2). The interviews were semi-structured and 

open-ended. The primary advantages of open-ended interviews are that that they can 

provide more detailed information on a subject matter than survey studies and their 

potential to reveal rich-insights for exploratory research (Rapley 2001; Berg 2004). The 

interviewees were identified in collaboration with HE from managers actively engaging 

with the lean implementation in highways projects. Particular attention was given to 

interviewing managers from all the supply chain roles, from the client (HE) to SMEs, in 

order to capture a more complete picture of the issue, which is as an important aspect 

for interview reliability (Miles and Huberman 1994; Shao and Müller 2011). Also, to 

further increase interview reliability and validity, the interview protocol was reviewed 

by peers and supervisors, and the data and the analysis were linked to the existing 

literature as much as possible (Miles and Huberman 1994; Shao and Müller 2011). 

Table 2. Details of the interviewees. 

 
No Interviewee 

management role 

Experience in 

the sector 

Organisation’s role in the 

supply chain 

Main operational area 

1 Senior manager >  20  years SME Civil works 

2 Senior manager >  20  years SME Civil works 

3 Senior manager >  20  years SME Telecommunication works 

4 Senior manager >  30  years SME Telecommunication works 

5 Senior manager >  30  years Large subcontractor Aggregate/ surfacing 

6 Senior manager >  20  years Large subcontractor Aggregate/ surfacing 

7 Senior manager >  20  years Large contractor (Tier 1) General contracting/ project management 

8 Senior manager >  30  years Large contractor (Tier 1) General contracting/ project management 

9 Senior manager >  20  years Large contractor (Tier 1) General contracting/ project management 

10 Senior manager >  30  years Large subcontractor Traffic management 

11 Senior manager >  30  years SME Civil works 

12 Senior manager >  20  years Large subcontractor Surfacing 

13 Senior manager >  20  years Large contractor (Tier 1) General contracting/ project management 

14 Senior manager >  30  years Large contractor (Tier 1) General contracting/ project management 

15 Senior manager >  20  years SME Electrical works 



16 Senior manager >  20  years SME Surfacing 

17 Senior manager >  20  years Client (HE) Lean/ process improvement department  

18 Senior manager >  30  years Client (HE) Lean/ process improvement department  

19 Senior manager >  30  years Client (HE) Lean/ process improvement department  

20 Senior manager >  20  years Client (HE) Lean/ process improvement department  

 

To validate, rank and perform further analysis on the findings from the literature 

review and the interviews, a questionnaire survey was designed due to its ability to 

cover large number of respondents, its cost effectiveness and for a higher 

generalisability of results (Ngai, Cheng and Ho 2004; Yang and Wu 2009). The 

questionnaire includes; 

 7 motivation factors behind the lean implementation identified from the 

literature review and the interviews, for which the respondents were allowed to 

choose more than one motivation factor,  

 20 questions investigating the degree of the implementation of the main lean 

production planning and control techniques (Table 1) in construction 

organisations, where the respondents could choose either “implemented”, “some 

efforts towards implementation”, “seen useful but no real action”, “known but 

not seen useful” or “not known” by their evaluation of the condition of the 

techniques at their companies and  

 16 lean thinking barriers related questions on a Likert-type scale of 1 to 5, where 

1 represents “strongly disagree” and 5 represents “strongly agree”. 

 After the first draft of the questionnaire, a pilot study was conducted with the 

aim of testing the level of ease at which respondents would be able to complete the 

questionnaire. The pilot study examined the clarity of the language, the appropriateness 

and the logic of the questions, the layout, the degree of depth, the ease of navigation and 

user friendliness of the whole questionnaire. Additionally, it also gave the opportunity 

to ask the respondents if there were other statements beyond the ones in the final 



questionnaire. The pilot study involved 12 senior managers (with the highways sector 

experience more than 20 years) from 4 Tier 1 companies, 4 large subcontractor 

companies and 4 SMEs. Although no additional items were required to be included in 

the final list, the companies recommended re-wording some of the questions. These 

suggestions were implemented in the design of the final questionnaire.  

HE’s database was used to pinpoint relevant managers to send the questionnaire 

to, who are familiar with the lean adoption in the highways supply chain. This kind of 

purposive sampling strategies in survey studies can be necessary to obtain relevant 

results when investigating innovative, emerging or niche phenomena (Winch et al. 

2012; Stanworth 2012, Shishank and Dekkers 2013). The questionnaire was sent 

electronically. Of the outgoing 289 surveys, 110 responses were collected between June 

– October 2016 with 38% response rate, which is acceptable in academic studies 

(Baruch, 1999; Barlett, Kotrlik and Higgins 2001). Among the respondents, 49 

managers are from Tier 1s (45% of the respondents), 43 managers are from SMEs (40% 

of the respondents), 13 managers are from large Tier 2s (11% of the respondents) and 5 

managers are from management consultants (4% of the respondents). 67 of the 

respondents are senior managers (61% of the respondents), 35 of the respondents are 

middle managers (32% of the respondents) and 8 managers are junior managers (7% of 

the respondents) (see details of the respondents in Table 3). The questionnaire was 

analysed using the SPSS (Statistical Package for the Social Sciences) software. The 

research process can be seen in Figure 2. 

 

Table 3. Details of the survey questionnaire respondents. 

 
Supply chain role Years of experience 

Management role 0 - 10 years 10- 20 years 20 - 30 years >  30 years Total 

Consultant 1 2 
 

2 5 

Middle Manager 1 1 
  

2 

Senior Manager 
 

1 
 

2 3 

Large contractor (Tier1) 12 19 8 10 49 

Junior Manager 8 
   

8 



Middle Manager 3 15 3 2 23 

Senior Manager 1 4 5 8 18 

Large subcontractor 7 1 3 2 13 

Middle Manager 6 1 
  

7 

Senior Manager 1 
 

3 2 6 

SME 3 17 17 6 43 

Middle Manager 
 

2 1 
 

3 

Senior Manager 3 15 16 6 40 

Grand Total 23 39 28 20 110 

 

 

Figure 2. Research process 

4. Data analysis 

4.1. Interview results 

The interview findings revealed that companies in the civil construction supply chain 

were motivated for their lean implementation by seven main factors; (1) LC will help 

companies improve their operations/ processes, which is the expected outcome of those 

lean implementations. Additionally, (2) LC implementations will help companies win 

more contracts in the future, (3) LC can help companies promote their organisations for 

a better publicity/ image, (4) clients are asking companies to implement some LC 

techniques within their organisations. Similarly, (5) clients are asking companies to 

participate in their LC implementations/ plans in a supporting role, which was found 

more valid for large subcontractors and SMEs, (6) companies are contractually obliged 

by their clients to implement some LC techniques and (7) companies’ competitors are 



also implementing some LC techniques and consequently, companies do not want to lag 

behind. 

Regarding the lean techniques, the ones that were frequently referred to were the 

Last Planner System (or Collaborative Planning as known in the UK), Visual 

Management and the stepwise process improvement cycle (PDCA), which is mostly 

used to eliminate the process wastes. The findings were not surprising as those 

techniques are also frequently highlighted by the main client (HE), sometimes 

incorporated in contracts and are the main subjects of LC trainings in the supply chain. 

Other initiatives associated with LC such as the use of BIM, the use of prefabricated 

and modular construction components, and supply chain integration practices were also 

mentioned. However, beyond the lean initiative, those associated practices have already 

been on the agenda of the supply chain actors, due to various other reasons like the UK 

government’s BIM mandate on construction companies (Gledson and Greenwood 2016) 

or the main clients’ notable attention to off-site/modular construction (Gosling et al. 

2016). As for the adoption of the techniques, large Tier 1 contractors and large 

subcontractors were found to be leading with marginal efforts at SME organisations.  

The referred barriers before lean thinking by the interviewees were (1) lack of 

standardisation in the application, (2) problems associated with benefit measurement or 

demonstrating the business case, (3) insufficient know-how, and (4) the supply chain’s 

narrow view of the techniques as means to impress clients rather than actual means for 

improvement in processes/ operations. Also, the interviewees underlined (5) lack of 

metrics for the techniques, (6) employee resistance, (7) backsliding or going back to the 

old ways of working after a while, (8) lack of a long term vision, (9) budget constraints 

(high risk aversion), (10) problems in retaining experience and know-how associated 

with the techniques, (11) lack of continuous lean training in the supply chain, (12) 



insufficient management support, (13) insufficient planning and coordination in the’ 

implementation, (14) fragmented implementation of the techniques, (15) insufficient 

control of the entire value stream, particularly the design phase and (16) the techniques 

being seen as temporary “flavour of the month” by the supply chain. The interview 

findings matched well with the literature review and were used as the basis for the 

questionnaire survey study. 

4.2. Questionnaire results 

4.2.1. Motivation factors 

The seven motivation factors were compiled by the respondents’ supply chain roles (see 

Table 4). Each motivation factor was ranked by the number of respondents that had 

chosen the corresponding motivation factor within a supply chain role group and in 

total. According to this ranking, the top three motivation factors are: 

(4)  clients’ push for LC (clients are asking companies to implement some LC 

techniques),  

(5) companies’ expectation to win more contracts in the future and  

(6) companies’ belief that LC will help them improve their processes/ operations are 

the top three motivation factors in total.  

Also, as the data are of nominal type and multiple-choice, a non-parametric Chi-

square test (H0: LC motivation response does not depend on the supply chain role) 

investigating if there is any statistically significant difference in the perception of the 

motivation factors by the main supply chain roles (3 groups – large contractors, large 

subcontractors and SMEs) at 95% confidence was executed for each motivation factor 

(see Table 4). Consultants were excluded due to their small number of responses (5). As 



all the Chi-square test significance (Sig.) values were found bigger than 0.05, H0 was 

not rejected at 95% confidence; meaning the perception for the motivation factors does 

not depend on the supply chain roles and the existence of some consensus among the 

supply chain actors with respect to the motivation factors. The views of consultant 

organisations however were found to differ more significantly (see Figure 3 for relative 

response percentages) from the rest of the respondents. In particular, contrary to the rest 

of the respondents, consultants do not seem to think companies are motivated for LC 

mainly for the expected process/ operations benefits (see Figure 3). 



Table 4. Motivation factors for the LC implementation. 

 

    Large contractors Large subcontractors SMEs Consultants Total Chi-square test 

 LC deployment motivations 

No. of 

respon

dents 

% of 

respon

dents 

Rank 

within 

group 

No. of 

respon

dents 

% of 

respon

dents 

Rank 

within 

group 

No. of 

respon

dents 

% of 

respon

dents 

Rank 

within 

group 

No. of 

respon

dents 

% of 

respon

dents 

Rank 

within 

group 

No. of 

respond

ents 

% of 

respon

dents 

Ove

rall 

rank 

Chi-

square 

value Sig.a H0
b 

Companies believe LC will help them improve 

their operations/ processes 
30 61% 3 9 69% 3 30 70% 2 1 20% 7 70 64% 3 5.11 0.16 

Not 

rejected 

Companies believe LC implementations will help 
them win more contracts in the future 

32 65% 2 10 77% 2 29 67% 3 4 80% 1 75 68% 2 1.66 0.65 

Not 

rejected 

LC is a popular term that can help companies 

promote their organisations for a better publicity/ 

image 14 29% 7 2 15% 6 16 37% 5 2 40% 6 34 31% 7 2.59 0.46 

Not 

rejected 

Clients are asking companies to implement some 
LC techniques. 

34 69% 1 11 85% 1 33 77% 1 3 60% 3 81 74% 1 1.96 0.59 
Not 
rejected 

Clients are asking companies to participate in their 

LC implementations/ plans 
27 55% 4 9 69% 3 28 65% 4 4 80% 1 68 62% 4 3.08 0.38 

Not 
rejected 

Companies are contractually obliged to implement 

some LC techniques. 
22 45% 5 2 15% 6 11 26% 6 3 60% 3 38 35% 5 7.40 0.06 

Not 

rejected 

Competitors are also implementing some LC 

techniques and companies do not want to lag 

behind 18 37% 6 3 23% 5 11 26% 6 3 60% 3 35 32% 6 3.60 0.31 

Not 

rejected 
a. Significant at 95% confidence interval = 0.05 

b. H0: LC motivation response does not depend on the supply chain role (Large contractors, large subcontractors and SMEs) 

 

 



 

Figure 3. Percentage (%) of the motivation factors chosen by each supply chain group 

4.2.2. Lean techniques 

The responses as to the condition of the twenty lean techniques were compiled by the 

respondents’ supply chain roles (i.e. large contractors, large subcontractors, SMEs and 

consultants) (see Table 5). The condition percentages of the total responses by each lean 

technique can be seen in Figure 4. As the data are of nominal type, a pairwise non-

parametric Chi-square test (H0: There is no difference with respect to the 

implementation of the LC techniques between the two groups of companies) 

investigating if there is any statistically significant difference in the implementation of 

the techniques by the three main supply chain roles (i.e. large contractors, large 

subcontractors and SMEs) at 95% confidence was executed for each lean technique (see 

Table 5). Consultants were excluded due to their small number of responses (5). When 

the significance (Sig.) values were found smaller than 0.05, H0 was rejected at 95% 

confidence and the significance values were shown in italic and bold in Table 5; 

meaning there is a statistically significant difference in the implementation of a lean 

technique between two groups of companies. 

The results show that with respect to the condition of the lean techniques, there 

is no statistically significant difference between large contractors and large 

subcontractors. However, the conditions at both group of companies significantly differ 



from the conditions at SMEs. Most of the techniques seem to be unknown to SMEs (see 

Table 5). The top five implemented techniques in the supply chain (see Figure 4) are  

(1) extended prefabrication and modularisation,  

(2) the process improvement cycle (PDCA), 

(3)  the Last Planner System,  

(4) Visual Management and  

(5) supply chain integration efforts, which are in line with the findings from the 

interviews and the literature review.  

However, with the Last Planner and Visual Management, there are notable “not 

seen usable” percentages (22% and 20% respectively) as well, which supports the 

argument for the need for a better demonstration of the business case for those 

techniques. Also, some techniques like mistake-proofing or in-station quality seem to 

have not been implemented at all and to be mostly unknown by the supply chain. 

Consultants as external actors also acknowledged that although there are efforts for the 

implementation of some lean techniques such as the PDCA process improvement and 

problem solving cycle, the Last Planner System or Visual Management, the lack of 

know-how is a challenge in the supply chain. 



Table 5. Condition of the lean construction techniques 

 Large contractors Large subcontractors SMEs Consultants Total 

LC techniques 

Imple- 

mented 

Some 

efforts 

No 

real 

action 

Not 

seen 

useful 

Not 

known 

Chi-square 

test statistic 
Imple- 

mented 

Some 

efforts 

No 

real 

action 

Not 

seen 

useful 

Not 

known 

Chi-square 

test statistic  
Imple- 

mented 

Some 

efforts 

No 

real 

action 

Not 

seen 

useful 

Not 

known 

Chi-square 

 test statistic 
Imple- 

mented 

Some 

efforts 

No 

real 

action 

Not 

seen 

useful 

Not 

known 

Imple- 

mented 

Some 

efforts 

No 

real 

action 

Not 

seen 

useful 

Not 

known 
Siga. 

vs. 

Large 

subc. 

Siga. 

vs. 

SMEs 

Siga. 

vs. 

Large 

cont. 

Siga. 

vs. 

SMEs 

Siga. 

vs. 

Large 

cont. 

Siga. 

vs.Large 

subc. 

The Last Planner 

System 25 15 3 6 0 0.96 0.00b 7 3 1 2 0 0.96 0.00b 2 4 14 14 9 0.00b 0.00b 0 3 0 2 0 34 25 18 24 9 

Visual 

Management 21 13 8 7 0 0.82 0.00b 4 4 2 3 0 0.82 0.01b 1 5 9 10 18 0.00b 0.01b 0 3 0 2 0 26 25 19 22 18 

5S 10 12 16 11 0 0.22 0.00b 2 1 6 3 1 0.22 0.00b 0 0 6 5 32 0.00b 0.00b 0 1 2 2 0 12 14 30 21 33 

Value Stream 

Mapping 5 4 10 7 23 0.2 0.00b 0 0 5 0 8 0.2 0.00b 0 0 0 2 41 0.00b 0.00b 0 0 1 0 4 5 4 16 9 76 

Process 

improvement and 

problem solving 

(PDCA) 22 17 9 1 0 0.78 0.02b 6 4 2 1 0 0.78 0.34 13 8 14 2 6 0.02b 0.34 3 2 0 0 0 44 31 25 4 6 

Continuous 

improvement 

cells/ teams 12 18 8 9 2 0.12 0.00b 3 4 3 0 3 0.12 0.01b 0 4 10 5 24 0.00b 0.01b 0 2 1 1 1 15 28 22 15 30 

Line of Balance 

Method  3 4 13 3 26 0.77 0.1 1 1 2 0 9 0.77 0.28 0 2 5 5 31 0.1 0.28 0 0 2 0 3 4 7 22 8 69 

Takt time 

planning 2 8 8 2 29 0.49 0.00b 1 0 2 0 10 0.49 0.01b 0 0 0 0 43 0.00b 0.01b 0 0 0 0 5 3 8 10 2 87 

First run studies 0 4 9 0 36 0.64 0.01b 0 1 1 0 11 0.64 0.12 0 0 1 0 42 0.01b 0.12 0 0 0 0 5 0 5 11 0 94 

Work structuring 3 6 9 2 29 0.6 0.00b 1 0 2 0 10 0.6 0.01b 0 0 0 0 43 0.00b 0.01b 0 0 0 0 5 4 6 11 2 87 

Set-up 

preparation and 

improvement 7 9 11 7 15 0.52 0.01b 1 4 4 0 4 0.52 0.01b 2 2 3 4 32 0.01b 0.01b 0 2 0 1 2 10 17 18 12 53 

Supply chain 

integration 15 29 5 0 0 0.46 0.00b 3 7 3 0 0 0.46 0.02b 5 9 29 0 0 0.00b 0.02b 0 3 2 0 0 23 48 39 0 0 

Poka-yoke 

systems 0 2 7 1 39 0.72 0.02b 0 0 1 0 12 0.72 0.04b 0 0 0 0 43 0.02b 0.04b 0 0 0 0 5 0 2 8 1 99 

In-station quality  0 3 7 1 38 0.64 0.02b 0 0 1 0 12 0.64 0.04b 0 0 0 0 43 0.02b 0.04b 0 0 0 0 5 0 3 8 1 98 

Standard 

operating sheets  12 10 18 2 7 0.63 0.03b 2 3 4 0 4 0.63 0.6 2 10 18 0 13 0.03b 0.6 0 2 3 0 0 16 25 43 2 24 

Just-in-Time 

material/ 

component flow 0 8 13 10 18 0.23 0.01b 0 0 5 1 7 0.23 0.09 0 0 5 5 33 0.01b 0.09 0 0 2 2 1 0 8 25 18 59 

Pull-production 

system using 

kanbans 0 5 7 9 28 0.19 0.00b 0 0 3 0 10 0.19 0.01b 0 0 1 0 42 0.00b 0.01b 0 0 1 1 3 0 5 12 10 83 

Extended pre-

fabrication and 

modularisation 36 12 0 1 0 0.32 0.00b 7 5 0 1 0 0.32 0.01b 9 8 22 4 0 0.00b 0.01b 1 4 0 0 0 53 29 22 6 0 

Cell production 

units  0 8 5 6 30 0.15 0.00b 0 0 3 0 10 0.15 0.01b 0 0 1 0 42 0.00b 0.01b 0 0 1 0 4 0 8 10 6 86 

Use of BIM to 

support LC 

practices 16 18 6 0 9 0.49 0.00b 3 3 3 0 4 0.49 0.01b 0 2 7 2 32 0.00b 0.01b 0 1 2 0 2 19 24 18 2 47 

a. Significant at 95% confidence interval = 0.05 

b. H0: No difference with respect to the implementation of the LC technique between the two groups of companies rejected. 

 



 

Figure 4. Percentages (%) of the conditions of the lean techniques. Each technique’s 

percentages for the “applied”, “some efforts”, “no real action”, “not seen useful” and 

“not known” conditions are shown. 

4.2.3. Barriers before lean thinking 

The respondents’ evaluation on the Likert scale from 1 (“strongly disagree”) to 5 

(“strongly agree”) for the fifteen barriers before the implementation of lean thinking 

was compiled by the respondents’ supply chain roles (i.e. large contractors, large 

subcontractors, SMEs and consultants) (see Table 6). The barrier evaluation response 

percentages (%) by each supply chain role can be seen in Figure 5 as percentage 

contours.  

Since the data were not drawn from a particular probability distribution, normal 

distribution was not assumed and the non-parametric Mann-Whitney test (H0: There is 

no difference between the two groups of companies with respect to their evaluation of 

the barriers) was performed pairwise at 95% confidence for each barrier (see Table 6). 



Consultants were excluded due to their small number of responses (5). When the 

significance (Sig.) values were found smaller than 0.05, H0 was rejected at 95% 

confidence and the significance values were shown in italic and bold; meaning there is a 

statistically significant difference in the evaluation of a barrier between two groups of 

companies. Also, in Table 6, each barrier was ranked within a group and in total by their 

agreement scores calculated by using the following formula: 

 

(
∑ Ri
N
i=1

𝑁𝑆
)  (1) 

 

where Ri is the rating given by the ith respondent ranging from 1 to 5; i= 1, 2, 

3.......N; N is the total number of respondents within a group (49, 13, 43 and 5) or in 

total (110); and S is the highest possible agreement rating, which is 5. The top five most 

agreed barriers in total were found as: 

(1) lack of standardisation in the implementation, 

(2) insufficient benefit measurement, 

(3) insufficient know-how, 

(4) insufficient control of the entire value stream and 

(5) a short-sighted view to the techniques as means to “impress the client”  

With respect to the different groups’ views as to the barriers, there is no 

statistically significant difference between large contractors and large subcontractors. 

However, the barrier evaluations from both group of companies significantly differ 

from the evaluations from SMEs. In particular, barriers such as budget constraints (risk 

aversion), lack of longer term vision and insufficient management support seem to more 



important for SMEs than large contractors and large subcontractors. Some more 

operational barriers like backsliding (going back to the old ways of working after a 

while) or fragmented implementation of the tools seem to be of lesser importance for 

SMEs than large contractors and large subcontractors. On the other hand, no significant 

difference was found between the three groups of companies with respect to their views 

on; 

 lack of standardisation, 

 insufficient benefit measurement, 

 insufficient know-how, 

 employee resistance, 

 problems in retaining experience and know-how, 

 viewed as a means to impress the client, 

 lack of continuous training, 

 insufficient control of the value stream and 

 insufficient planning and coordination in the implementation 

Consultants were found to be in general agreement with the overall rankings 

emphasising barriers like insufficient know-how, lack of standardisation in 

implementation, insufficient benefit measurement, backsliding and insufficient planning 

and coordination (see Figure 5). 



Table 6. Barriers before lean thinking in the highways sector. 
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Stron
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Over

all 

rank 

Barriers for lean 

thinking 

Siga. vs. 

Large 

subcontr

. 

Siga. 

vs. 

SMEs 

Siga.v

s. 

Large 

contr

actor

s 

Siga.

vs. 

SME

s 

Siga.

vs. 

Large 

contr

actor

s 

Siga. 

vs. 

Larg

e 

subc

ontr. 

Lack of 

standardisation in 

implementation 25 20 2 2 0 1 0.85 0.38 7 5 1 0 0 1 0.85 0.44 19 17 7 0 0 3 0.38 0.44 3 2 0 0 0 2 54 44 10 2 0 1 

Insufficient benefit 

measurement 25 15 5 4 0 2 0.76 0.89 7 4 2 0 0 2 0.76 0.84 20 19 4 0 0 2 0.89 0.84 2 3 0 0 0 3 54 41 11 4 0 2 

Lack of metrics 20 19 7 3 0 6 0.90 0.01b 5 5 3 0 0 5 0.90 0.10 10 13 14 4 2 11 0.01 b 0.10 1 2 2 0 0 8(9) 36 39 26 7 2 7 

Insufficient know-

how 13 32 4 0 0 4 0.52 0.07 4 6 3 0 0 6 0.52 0.11 22 18 3 0 0 1 0.07 0.11 4 1 0 0 0 1 43 57 10 0 0 3 

Employee resistance 10 15 13 6 5 12 0.23 0.10 1 4 3 3 2 12 0.23 0.99 8 6 12 10 7 14 0.10 0.99 0 2 2 1 0 14 19 27 30 20 14 13 

Backsliding 20 15 10 4 0 8 0.31 0.00 b 3 5 4 1 0 8(9) 0.31 0.04 b 5 10 14 14 0 13 0.00 b 0.04 b 2 2 1 0 0 4(5) 30 32 29 19 0 9 

Budget constraints 

(risk aversion) 0 5 14 17 13 16 0.29 0.00 b 0 2 5 4 2 15 0.29 0.00 b 14 17 8 4 0 5 0.00 b 0.00 b 0 0 3 2 0 15 14 24 30 27 15 15 

Lack of longer term 

vision 7 9 13 11 9 14 0.86 0.00 b 0 4 4 3 2 

13(14

) 0.86 0.00 b 12 15 13 3 0 8 0.00 b 0.00 b 0 2 3 0 0 

12 

(13) 19 30 33 17 11 12 

Viewed as “flavour 

of the month” 16 17 12 4 0 11 0.06 0.00 b 2 3 4 3 1 11 0.06 0.15 4 6 11 13 9 15 0.00 b 0.15 1 2 1 1 0 

10(11

1) 23 28 28 21 10 11 

Problems in 

retaining experience 

and know-how 22 19 4 4 0 3 0.17 0.11 4 4 3 2 0 8(9) 0.17 0.92 16 12 5 7 3 10 0.11 0.92 1 3 1 0 0 6(7) 43 38 13 13 3 6 

Viewed as a mean 

to 'impress client' 19 19 9 2 0 7 0.42 0.40 6 5 1 1 0 4 0.42 0.20 15 15 5 6 2 9 0.40 0.20 1 1 2 1 0 

12(13

) 45 37 16 10 2 5 

Lack of continuous 

training 8 10 12 11 8 13 0.62 0.12 1 2 5 3 2 

13(14

) 0.62 0.52 3 7 10 14 9 16 0.12 0.52 0 1 1 2 1 16 12 20 28 30 20 16 

Lean techniques not 

connected to each 

other 

(fragmentation) 18 19 5 7 0 9 0.73 0.00 b 4 5 3 1 0 7 0.73 0.03 b 6 8 20 6 3 12 0.00 b 0.03 b 0 4 1 0 0 8(9) 28 36 29 14 3 10 

Insufficient 

management 

support 2 9 12 13 13 15 0.47 0.00 b 1 1 2 5 4 16 0.47 0.00 b 16 18 8 1 0 4 0.00 b 0.00 b 1 2 1 1 0 

10(11

) 20 30 23 20 17 14 

Insufficient control 

of the entire value 

stream 20 19 8 2 0 5 0.45 0.40 7 4 1 1 0 3 0.45 0.25 17 13 5 6 2 7 0.4 0.25 2 1 2 0 0 6(7) 46 37 16 9 2 4 

Insufficient 

planning and 

coordination 17 16 12 4 0 10 0.23 0.91 3 4 3 2 1 10 0.23 0.27 14 16 8 4 1 6 0.91 0.27 2 2 1 0 0 4(5) 36 38 24 10 2 8 

a. Significant at 95% confidence interval = 0.05 

b. H0: No difference with respect to the views as to the barriers for lean thinking between the two groups of companies rejected.    

 



 

Figure 5. Response (%) contours of each supply chain group for the barriers. The 

colours at the intersection of a barrier (y-axis) and a supply chain role (x-axis) represent 

the number of respondents (%) for a particular agreement statement and a barrier. 

5. Discussion 

In addition to operational performance improvement expectations through lean thinking, 

external factors relating to project delivery (expectations toward more contract 

awarding after the adoption of lean thinking) and client pressure were found as strong 

motivation factors for the sector. Client or top-management pressures for lean thinking 

often pushed construction organisations to adopt a shallow implementation approach, 

typically conceived and mandated by the management and without proper stakeholder 

engagement (Arbulu and Zabelle 2012; Zanotti, Maranhão, and Aly 2017). Barros Neto 

and Alves (2007) noted from their analysis of Brazilian construction companies that 

construction companies often start implementing lean thinking with a few lean 

techniques, the most common of which is the Last Planner System. The current lean 



thinking adoption in the sector also seems to have started with and concentrated mostly 

around the process improvement cycle, the Last Planner System and Visual 

Management with many other techniques being marginally implemented or even 

completely unknown. This kind of fragmented lean adoptions were found common also 

in the manufacturing industry (Negrão, Godinho Filho, and Marodin 2017).  For the 

existing implementations, insufficient standardisation, know-how, lack of metrics and 

the need to see the business case for lean thinking were identified as the pending 

barriers, further indicating a shallow implementation. Recent investigations of the Last 

Planner System (Daniel et al. 2017) and Visual Management (Tezel and Aziz 2017) in 

the highways sector revealed the effect of client pressure in their adoption by companies 

and that their implementations were commonly unstandardized and partial across 

companies, with some steps or opportunities in those techniques being completely 

omitted or ignored. In the manufacturing industry, shallow, partial or selective lean 

thinking implementations, particularly at the earlier stages of a lean transformation, are 

sometimes classified as “pseudo-lean” (McCarthy et al. 1997; Baldwin et al. 2005; 

Dalal 2010). Although the defining characteristics of the term “pseudo-lean” in the 

construction industry is not fully known yet, which presents a research opportunity in 

the field; the authors assert there is evidence for “pseudo-lean” practices in the 

highways sector; similar to the ones seen in the manufacturing industry. This assertion 

is further justified by the fact that the adoption of even some fundamental lean 

techniques like Value Stream Mapping (VSM) (Seth, Seth, and Dhariwal 2017) has 

remained scarce in the sector. Given the different degrees or characteristics of lean 

thinking adoption in the construction industry, the generic, three-legged lean 

implementation definitions (Green and May 2005; LCI 2017) need to be refined further 

and expanded with sub-categories or stages. In that respect, an in-depth evaluation of 



lean thinking in the sector over a few case studies will be useful.  

The motivation factor related to the expectation as to winning more contracts 

can have interesting implications depending on if the expectation is fulfilled or not. If 

the expectation is not fulfilled, the shallow implementations leading to “pseudo-lean” 

practices may lose momentum, leaving mostly the intrinsically motivated companies 

deploying lean thinking for its positive implications on their operations. If the 

expectation is fulfilled, the “pseudo-lean” may broaden in parallel with the broadening 

lean thinking deployment in the sector. 

Except for the motivation factors and some specific barriers, SMEs were found 

to significantly differ from large contractors and subcontractors in terms of their lean 

thinking implementations and barrier perceptions, which is in many ways similar to 

findings from other industries (Dora, Kumar, and Gellynck 2016; Hu et al. 2016; 

Manfredsson 2016; Zhou 2016) . There is no agreement in the literature whether there is 

a difference in the applicability of lean thinking between large organisations and SMEs 

(Shah and Ward 2003; Achanga et al. 2006; Rose, Deros, and Ab-Rahman. 2013). 

Further, some researchers believe lean thinking should be applied fully at SMEs, while 

others claim partial or selective implementations should be acceptable and will yield 

gradual performance improvements at SMEs (Golicic and Medland 2007; Anand and 

Kodali 2009).  

From this study, SMEs’ operational lean implementations and know-how were 

found very limited (see Table 5). SMEs are also more concerned with strategic issues 

like lack of top management support and budget constraints (risk aversion). Given those 

strategic barriers, SMEs need to see the business case for lean thinking more than other 

supply chain actors. To mitigate those concerns, large contractors should consider going 

farther beyond Stage 1 (Green and May 2005)., the operational lean thinking phase, 



toward Stage 3 (Green and May 2005), a strategic change in the overall project 

governance with SMEs for relational contracting and partnering strategies like IPD. IPD 

type relational contracting strategies were found useful in disseminating innovative 

approaches (i.e. BIM, lean thinking or sustainable construction) to smaller 

subcontractors (Matthews and Howell 2005; Kent and Becerik-Gerber 2010; 

Lahdenperä 2012). On the other hand, it is promising that most of the companies have 

some efforts toward supply chain integration (see Figure 4). Souza (2015) reports from 

in-depth analyses of a large main contractor and the main client from the highways 

sector in the UK that there is a long-term strategic vision in those organisations toward 

their suppliers, particularly toward their strategic suppliers; however, this vision is 

hampered by short-sighted commercial practices and contracting mechanisms. The main 

client (HE) should also consider engaging directly with SMEs for lean thinking instead 

of leaving the engagement solely to large contractors. Some pilot SME organisations 

can be nominated for extensive lean thinking deployments to create the business case 

for SMES in the supply chain. Also, HE or large contractors can lead the formation of 

innovation sharing groups among SMEs to help build lean thinking knowledge and 

expertise, which was noted as an effective practice to disseminate lean thinking in the 

construction industry (Bertelsen 2004; Barros Neto and Alves 2007; Heineck et al. 

2009).  

A concern that was highlighted repeatedly by the interviewees was the 

disconnection between the design and construction (production) phase and construction 

companies’ limited ability to affect the product design process in the sector. Also, this 

disconnection has negative implications on the on-site production system design 

practices through lean thinking. The survey also confirmed that concern with high 

agreement scores given to the “insufficient control of the entire value stream” barrier. 



The need for integrating design and construction for an extensive deployment of lean 

thinking in the construction industry has been frequently underlined (Bertelsen 2004; 

Freire and Alarcon 2002; Jorgensen and Emmitt 2009). In order to deepen the current 

adoption of lean thinking, this link between the design and construction for lean should 

be established. 

Some further suggestions for lean thinking in the sector based on the findings 

are: 

 Control metrics and performance indicators for the lean techniques should be 

devised. The need for developing relevant control metrics and performance 

measurement strategies for lean thinking implementations in construction was 

identified as essential (Cheng 2016), 

 The current training curricula should be revised to cover issues associated with 

strategic deployment of lean thinking and the lesser known techniques as well, 

 The training should highlight how different lean techniques are linked with each 

other at the operational phase to overcome the fragmentation in the application 

(the techniques being applied in silos), 

 Pilot projects on the lesser known techniques, which can potentially be executed 

in cooperation with academia, will be useful, 

 Standard checklists and guidelines for the lean techniques should be prepared 

and disseminated to the supply chain. This will also help support retaining lean 

know-how. However, as underlined by Tatum (1987), construction project teams 

can be viewed as “skunk work” organisations that have autonomy to innovate. 

Therefore, this innovation capacity should not also be crippled with excessive 

standardisation, 



 Efforts for capturing both soft and hard benefits of the adoption of lean thinking 

should be given precedence.  

6. Conclusion 

Low-profit margins and high performance targets prompt construction organisations to 

consider lean thinking as a way-forward. The explorative research presented in the 

paper aimed at evaluating the condition of lean thinking in the highways construction 

sector, which has embarked on adopting lean thinking at the supply chain level, under 

the leadership of some large contractors and the main public client. The findings show 

the existence of strong external motivational factors for lean thinking alongside the 

expected operational benefits. Limited adoptions of the lean techniques, mostly around 

the process improvement cycle, the Last Planner System and Visual Management, were 

identified. It was also found that there are efforts in supporting lean thinking with other 

related technologies and concepts like BIM and off-site/ modular construction. Given 

the strong influence of the external motivation factors and the findings suggesting a 

generally shallow, partial or selective lean adoption condition, concerns about the 

existence of “pseudo-lean” in the sector are raising.  Lack of standardisation, 

insufficient benefit capturing, insufficient know-how, insufficient control of the entire 

value stream and limited view to the techniques (viewed as a mean to “impress the 

client”) were identified as the top five most strongly agreed barriers by the supply chain. 

Also, SMEs were found to be significantly different than large contractors and large 

subcontractors with respect to their implementation of the lean tools and their 

perception of the barriers. However, SMEs are generally in agreement with the rest of 

the supply chain in terms of the motivation factors for lean thinking. 

 As a limitation, the study does not investigate practices associated with the 

current product design management in the sector. An evaluation of the applicability of 



lean thinking in the product design phase and how design and construction can be 

linked in the highways sector by using lean thinking requires further research. Also, 

there is a need for a better understanding of what defines “pseudo-lean” or different lean 

maturity levels in the construction industry. The lack of understanding on how lean 

thinking can be deployed in construction SMEs offers another research opportunity. 

Currently, with many civil construction companies trying to adopt lean thinking in the 

UK, there is a ground for deeper research over case studies on the issue to further 

investigate and to develop on the findings. 
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